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Abstract: Hematopoietic stem cell donation is a method used to treat both blood-related and non-blood-related malignancies. Graft- 
versus-host disease is a potentially life-threatening complication that can occur following a stem cell transplant from a donor. This 
happens after the transplanted grafts attack the recipient’s body as foreign cells, causing significant morbidity and mortality. Clinically, 
this condition can be classified as acute or chronic based on onset and pathophysiology. This review aims to provide an overview of 
recent studies on extracorporeal photopheresis as a treatment strategy option for graft-versus-host-diseased patients. It will explain how 
it treats graft-versus-host disease, summarize its promising effects, and provide future recommendations for its use in treating this 
illness. Extracorporeal photopheresis is used to treat graft-versus-host disease by collecting and separating white blood cells from the 
patient. This blood is fractionated into different parts, and white blood cells undergo treatment with 8-methoxy psoralen, 
a photoactivable drug, before exposure to ultraviolet light A. Lastly, the cells that have been treated are reinfused into the recipient’s 
body. It prompts the programmed cell death of lymphocytes and the engulfment of cellular debris by host antigen-presenting, leading 
to a subsequent rise in T regulatory cells. However, more experimental and randomized controlled studies are required to identify the 
best patient selection requirements, environments, and treatment regimens for graft-versus-host disease. 
Keywords: graft versus host disease, hematopoietic stem cell transplantation, 8-methoxy psoralen, extracorporeal photopheresis

Introduction
Hematopoietic stem cell transplantation (HSCT) is a high-intensity therapeutic procedure for a variety of hematological 
and non-hematological malignancies.1–4 Currently, the sole curative option for several hematologic disorders is allo
geneic HSCT.5,6 It is a blood product, bone marrow, and solid organ transplantation process that uses a half-matched 
donor’s human leukocyte antigen (HLA), a new approach to HLA-haploidentical blood or marrow donation.2 Over the 
last two decades, improved transplant techniques and supportive care have resulted in a global increase in the use of 
allogeneic HSCT.2,5,7 However, the scarcity of suitable donors limits its widespread use; and when allogeneic HSCT is 
used, the morbidity and mortality related to transplantation remain persistently high. Therefore, increased graft failure 
and the likelihood of grave and refractory graft-versus-host disease (GVHD) are the two drawbacks of allogeneic 
transplantation.1,2,7

The most common and serious complication that occurs after undergoing allogeneic HSCT is GVHD, limiting its 
widespread application.2,8 Immune suppressants can control the immune response and keep successfully engrafted 
recipients free of active GVHD. However, the recipient often has delayed immune reconstitution and remains susceptible 
to fatal infections. In addition, suppressing the host immune response can increase the risk of leukemic relapse.3,9

Patients with hematologic malignancies can benefit greatly from allogeneic HSCT because it replaces the recipient’s 
marrow with the donor’s, which contains immunocompetent cells capable of eliminating cancer cells. This process is 
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called graft-versus leukemia (GVL) or graft-versus-tumor (GVT). Moreover, the cytotoxic properties of the conditioning 
regimen used in the procedure can help to prevent GVHD.4,7,8,10

Conversely, cells derived from the donor might perceive recipient organs as foreign and initiate an immune assault 
against the patient’s tissues.4

When the transplanted cells perceive the host’s body as foreign and mount an immune response against it, the 
recipient’s body may experience GVHD syndrome.2,10,11 Billingham (1966) originally characterized GVHD as 
a syndrome in which T cells from the donor target and attack the tissues of an immunocompromised recipient.7 

GVHD affects various organ systems, encompassing the gastrointestinal tract, skin, mucosa, liver, and lungs.2,7 It is 
a prevalent complication following HSCT that hurts both overall survival and quality of life.12 It affects 40–60% of 
patients who undergo HSCT, contributing to 15–20% of deaths occurring after such transplantation.2,6,9,13

The positive effects of GVT and GVHD are both perplexing. Both are triggered by mature donor T cells in the 
injected graft. However, T-cell depletion (known as T-cell-depleted transplants) can diminish their occurrence.14 

Improved HSCT management has increased engraftment rates and quality of life. However, GVHD remains 
a prominent issue,15 limiting the efficacy of allogeneic HSCT.1,10

Without any preventive measures, almost all patients will develop GVHD.10 Regardless of up-to-date preventive 
techniques, death and morbidity from GVHD following allogeneic HSCT are still high. Managing the development of 
GVHD can be challenging, with only approximately forty percent of those treated with corticosteroids responding to the 
therapy.11 The prevention of GVHD occurrence in allogeneic HSCT patients is crucial for improving their survival and 
recovery rates. Thus, this study strives to present the results of the most recent studies on extracorporeal photopheresis 
(ECP), a pivotal component in the treatment plans for GVHD management. ECP is a form of leukapheresis-based 
procedure used for the treatment of GVHD where the patient’s mononuclear cells are reintroduced into the body 
following treatment with 8-methoxy psoralen (8-MOP) and exposure to ultraviolet A (UVA) light. The review also 
seeks to elucidate the mechanism of ECP in treating GVHD, summarize its promising effects, and provide recommenda
tions for future research.

Pathophysiology and Classification of GVHD
Achieving better clinical outcomes from allogeneic HSCT and the results of more effective GVHD treatments require 
a complete understanding of the disease’s biology. This will lead to leveraging the role of allogeneic HSCT in preserving 
the GVL effect after transplantation.8 In 1956, Barnes and Loutit discovered GVHD in a mouse model by exposing them 
to radiation and then injecting them with allogenic bone marrow and spleen cells. The mice initially showed recovery 
from both radiation injuries and aplasia. However, over time, they manifested symptoms such as diarrhea, weight loss, 
skin changes, and liver abnormalities, ultimately leading to secondary diseases and death- a condition known as 
GVHD.15,16

Billingham (1966) identified three critical pre-requirements for the event of GVHD.9 First, the graft must have 
immunologically competent cells, typically including T cells. Second, the patient’s tissue must contain antigens that are 
absent in the graft. Therefore, the host appears foreign to the graft, thereby eliciting antigenic stimulation. Finally, the 
recipient’s immune system must be unable to eliminate the transplanted cells. GVHD can arise when tissues containing 
T-cells, such as blood, bone marrow, and solid organs, are transferred from one individual to another who is unable to 
eliminate these cells. Individuals with impaired immune systems are especially vulnerable to GVHD if they receive 
a graft containing white blood cells from another person.15,17

GVHD Classically Develops Through Five Steps
Immune System Preparation
During the initial stage of acute GVHD produced by conditioning chemotherapy, damaged host tissues release tumor 
necrosis factor (TNF) and interleukin (IL)-1, contributing to a “cytokine storm”. This triggers an enhanced release of 
adhesion molecules, costimulatory molecules, major histocompatibility complex (MHC) antigens, and chemokine 
gradients. This generates the “red alert” in host tissue cells, particularly in the antigen-presenting cells (APC). In this 
stage, conditioning chemotherapy also harms the gastrointestinal tract, allowing for the systemic translocation of 
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lipopolysaccharide and direct activation of APC. As a result, some human randomized trials have linked intensive 
conditioning regimens to a higher risk of GVHD.4

T Cell Activation and Co-Stimulation
This phase constitutes a crucial component of the immune response in graft-versus-host interactions. When T cells from 
the donor come in contact with the APCs, they start to proliferate and mature into different types of cells. A group of self- 
renewing clusters of differentiation (CD) 44lo/CD62Lhi/CD8+ T cells, which are post-mitotic, are in charge of producing 
and maintaining all allogeneic T-cell subsets during GVHD reactions. This activation is further intensified by the “red 
alert” induced in the initial phase. The level of mismatch between HLAs is closely linked with the incidence of acute 
GVHD. Although HLA-identical grafts can be used for transplantation, the recipient might continue to experience acute 
GVHD because of genetic variations outside the MHC loci responsible for encoding minor histocompatibility antigens. 
The interaction between CD28/cytotoxic T-lymphocyte antigen 4 (CD152) and B7 molecules can initiate GVHD through 
a stimulatory and an inhibitory pathway. Inducible costimulatory (ICOS; CD278), another member of the B7 supergene 
family, binds to the ligand B7h (CD275) articulated on patient APCs. This leads to the enhancement of T effector 
responses. Reducing ICOS on the T cell of the donor can help reduce GVHD in the gut and liver. Likewise, TNF receptor 
family members act as costimulatory molecules that control GVHD. Once T cells become activated and cause tissue 
damage, the body responds by activating inhibitory pathways to prevent further harm. The immune response is 
suppressed by two proteins, Cytotoxic T-lymphocyte-associated protein-4 and programmed death-1 (CD279), which 
are typically present in the CD4+CD25+ regulatory T cells and cytoplasm of activated T cells. Along with such markers, 
interferon (IFN) activates the tryptophan catabolic pathway known as indole amine 2, 3-dioxygenase in targeted organs. 
This pathway reduces damage to T-effector cells through local mechanisms, leading to increased T-cell death and reduced 
expansion.4

Allo Reactive T Cell Expansion and Differentiation
GVHD is a medical illness that arises when various subsets of T lymphocytes attack the recipient’s organs. Studies on 
animals have revealed that T cells proliferate rapidly in lymph nodes and Peyer patches. Research has shown that 
regulatory T cells identified by the antigens CD4, CD25, and Foxp3 possess suppressor activities in both in vitro and 
in vivo investigations. In animal models, GVHD can occur after HSCT when CD25+ T cells are removed from the donor 
or the recipient. However, it still maintains the GVL result. Besides, immunosuppressive drugs can affect the growth and 
activity of regulatory T cells. Calcineurin inhibitors like cyclosporine reduce the secretion of IL-2, which causes a decline 
in regulatory T cells. However, in ex vivo culture systems, rapamycin has been shown to either preserve or increase the 
population of murine and human regulatory T cells in terms of total cell yield. The natural killer T (NKT) cell is an 
immune cell type that shares surface characteristics of both NK and T cells. Studies have shown that NKT cells can 
inhibit GVHD. Recent research in humans undergoing HSCTs has indicated that a higher proportion of donor NKT cells 
in a graft with a higher amount of mobilized T cells can minimize the frequency of GVHD. 17 helper T (Th17) cells, 
recently discovered, are associated with GVHD. This subset of the T-cell has been observed in animal models of GVHD 
on inflammatory bowel disease, lung disease, and skin.4

Activated T-Cell Trafficking
The process of T-cell migration towards secondary lymphoid organs during GVHD and other inflammatory responses is 
widely recognized. Fortunately, the passage of leukocytes toward parenchymal organs is not completely comprehended. 
In addition, changes in vascular permeability have been described, and the specific interactions required for this process 
among selectin-ligand, chemokine receptor, and integrin-ligand are not yet fully understood. In the course of the GVHD 
reaction, the donor T cells first travel to the peripheral lymphoid tissue and spleen. These tissues are crowded with naive 
donor T cells. Meanwhile, APCs send activation signals to allo-reactive T cells, which move towards a particular target 
organ where GVHD occurs. Although transplant antigens are expressed in all tissues of the recipient, acute GVHD is 
limited to specific organs, such as secondary lymphoid organs, the skin, the gastrointestinal system, the thymus, and the 
liver. The onset of acute colitis and the entry of CD4+ donor T cells into mesenteric nodes, resulting in GVHD of the gut, 
requires the expression of both CD62L and beta7 integrins. Donor T cells that cause GVHD infiltrate specific organs by 
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binding to corresponding receptors on host tissues and opposing receptors articulated on donor T cells, with the 
assistance provided by members of the chemokine family, such as macrophage inflammatory protein 1a and other 
chemokines like CCL2, CCL5, CXCL2, and so on.4

Destruction of the Target Tissues by Effector T Cells
Effector T cells initiate tissue destruction by recruiting leukocytes to GVHD target tissues and exerting cytotoxic activity. 
GVHD is a Th1/T cytotoxic-type disease due to the numerousness of cytotoxic T cell-mediated disease and amplified 
expression of Th1 cytokines, such as IL-12, IL-2, and IFN-γ. For the occurrence of GVHD, timing and cytokine amounts 
released into target organs are critical. IL-10 induces a Th2 and Type 1 regulatory T cell response, promoting allograft 
resilience. T cells exhibit the effects of GVHD via multiple pathways. Fas and Fas ligand expression boosts on both 
CD8+ and CD4+ donor T cells. The perforin-granzyme route has essential significance in GVHD pathogenesis. TNF-α 
gene polymorphisms in transplant recipients contribute to an elevated risk of GVHD due to increased levels of TNF-α 
production.4

Clinically, GVHD comprises two syndromes: acute and chronic.1 These syndromes affect various organs and tissues, 
resulting in different signs and symptoms. Post-allogenic HSCT patients may experience either one or both types of 
GVHD, or they may not experience either of these conditions. Formerly, the classification of GVHD was primarily 
determined by the timing of its occurrence. GVHD developed within 100 days after HSCT was known as acute, while 
GVHD occurred after 100 days known as chronic. However, new research implies that these two entities of GVHD are 
two separate pathophysiological disorders.10,18

Acute GVHD
Acute GVHD is a severe medical condition that arises when transplanted donor T cells rapidly target and harm the 
patient’s skin, liver, and gastrointestinal tract relatively soon after transplantation. The patients develop a skin rash, 
diarrhea, jaundice, and weight loss. Unfortunately, many patients with severe acute GVHD do not survive.1,3 The 
frequency of acute GVHD varies from 26% to 32% in individuals receiving grafts from sibling donors and from 42% to 
52% in those receiving grafts from unrelated donors. Depending on the degree (stage) of involvement of the liver, skin, 
gastrointestinal tract, or liver, acute GVHD can be graded as I (mild), II (moderate), III (severe), and IV (very severe), 
representing its overall severity.8 Overall, nearly 30% to 50% of individuals undergoing transplantation encounter acute 
GVHD.19,20 Acute GVHD frequency following allogeneic HSCT varies based on factors such as the level of HLA 
difference, the cutting-edge age of the recipient or donor, the advanced malignant condition at transplantation, the donor 
hematopoietic cell source, and other factors.8

Staging systems have been verified and proven effective in predicting mortality. The pathophysiology of acute GVHD 
involves an intricate series of immune events that can be categorized into distinct stages. Firstly, as the remaining host 
cells, capable of presenting antigens, become activated, they engage with donor T cells, producing inflammatory 
cytokines. This further attracts and stimulates donor cells, leading to direct cytotoxicity against the recipient tissue. 
This process is enhanced by IL-1, lipopolysaccharide, and TNF-a mediators. Eventually, this leads to the destruction of 
tissue and the clinical manifestation of acute GVHD.8,21 Although it commonly manifests within the initial 100 days 
following transplantation, patients undergoing non-myeloablative conditioning or exhibiting mixed-donor chimerism 
may experience its onset at a later stage.10,21

Chronic GVHD
The biggest challenges to improving outcomes after allogeneic HSCT are the return of the underlying malignancy and the 
occurrence of GVHD.10 Chronic GVHD is a severe and common complication that occurs after HSCT. It is a major cause 
of long-term illness and death in these patients.22,23 Chronic GVHD may develop in up to 50% of patients, and in 
moderate to severe cases, systemic immunosuppressive therapy is necessary for individuals who are undergoing 
allogeneic HSCT.1,22,24

Individuals who have survived allogeneic HSCT for more than two years face the risk of non-relapse-related illness 
and death, with chronic being the predominant cause. Even as procedures for transplantation improve, there is a potential 
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increase in the occurrence of chronic GVHD. Several risk variables have been identified through research for chronic 
GVHD, including the use of peripheral blood grafts, transplants from donors other than matched siblings, and older 
recipients.23,25

Chronic GVHD pathogenesis is quite intricate, reflecting its variability in clinical appearance. Its pathogenesis is 
primarily based on allo-reactive T-cells, dysregulated interactions with B-cells, and the involvement of innate immune 
effectors like macrophages, dendritic cells (DC), and neutrophils.25 Chronic GVHD can induce several symptoms 
affecting several body systems, including the mucocutaneous, myofascial, pulmonary, and other systems. Chronic 
inflammation can lead to various issues affecting the eyes, mouth, esophagus, skin, joints, fascia, and genital tissues. 
Fibrosis, an accumulation of extra fibrous tissue, can affect several organs in seriously affected patients, eventually 
leading to clinically significant cases. While uncommon, grave clinical manifestations of chronic GVHD may comprise 
polyserositis, characterized by pleural and pericardial effusions, and polymyositis, characterized by serious weaknesses in 
muscles and raised levels of muscle enzymes.24,25

The mechanisms of chronic GVHD partially overlap with those of acute GVHD, especially in cases where chronic 
GVHD develops from pre-existing acute GVHD. Allo-reactive T-cells and deregulated B-cells primarily drive chronic 
GVHD pathogenesis. Additionally, macrophages, DC, and neutrophils, which are innate immunity effectors, also 
contributed to the development of chronic GVHD.9,25

Managements of GVHD
The occurrence of moderate or severe GVHD can lead to critical illness and reduced survival rates. Unfortunately, it is 
challenging to treat once it has occurred. Therefore, it is essential to take preventative measures before and after 
transplantation to decrease the likelihood and severity of GVHD. Every precaution should be taken to avoid GVHD 
altogether. To prevent GVHD, donor T-cell function must be suppressed with immunosuppressive drugs. These medica
tions are given before and after the HSCT. Because there is no standard GVHD prophylaxis regimen, diverse drug 
combinations are employed at various institutions. Some commonly used medications for preventing GVHD include 
Methotrexate (Trexall®), Cyclosporine, Tacrolimus (Prograf®), Mycophenolate Mofetil (CellCept®), Sirolimus 
(Rapamune®), Corticosteroids (methylprednisolone or prednisone), Antithymocyte Globulin (ATG), Alemtuzumab 
(Campath®), and Cyclophosphamide (Cytoxan®). The main approach to managing both acute and chronic GVHD 
involves suppressing the immune system with corticosteroids. Managing GVHD using corticosteroids is a challenging 
task because this approach yields favorable outcomes in less than half of acute GVHD patients and approximately 40– 
50% of chronic GVHD patients. The treatment’s success is greatly affected based on the severity of the situation at the 
time of onset.26

When immunosuppressants are used to suppress the immune response, patients who have successfully received 
a transplant and are free of active GVHD may experience delayed immune reconstitution and be in danger of fatal 
infections. Additionally, suppressing the recipient’s immune response may increase the chances of leukemia 
relapse.3

Despite numerous advances in HSCT, the prevention and management of GVHD still face challenges. Many patients 
may not respond to standard first-line drugs, resulting in a high mortality rate, particularly when first-line steroid 
treatment fails. Although numerous next-line therapies are available, they lack more standardization. They are associated 
with various complications, such as severe suppression of immunity, harm to end-organs, an increased risk of secondary 
disease, and metabolic disorders. An approach that regulates the immune system without directly reducing its function is 
promising for preventing GVHD. Regardless of GVHD preventive measures, new strategies targeting other pathways 
involved in GVHD growth are strongly advised. An example of such an approach is ECP, which has demonstrated effects 
on regulatory T cells and dendritic cells (DCs). It is widely accessible and utilized for various medical conditions. It is the 
sole form of photopheresis therapy approved by the Food and Drug Administration (FDA) for cancer treatment. Its 
application has broadened to encompass other T-cell-mediated diseases, including GVHD and rejection following solid- 
organ transplantation. Even with its extensive utilization, the optimal function of ECP in the context of GVHD requires 
a clearer definition.21
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Role of Photopheresis in the Management of GVHD
Overview About Photopheresis
ECP is thought to initiate immunomodulatory effects, which help mitigate the immune response responsible for GVHD, 
all without the need for traditional medications. The process involves separating plasma containing white blood cells, 
then treating them with 8-MOP and exposing them to UVA light irradiation. The treated blood is then returned to the 
patient.21,27–29, the treatment is believed to work by triggering apoptosis in the patient’s lymphocytes and modulating the 
immune response. This can help improve the patient’s condition through the elevation of regulatory T lymphocytes 
(regulatory T cells, CD4+, CD25+, and FoxP3+), along with the secretion of IL-10 from B lymphocytes and of anti- 
inflammatory cytokines (eg, IL-10 and TGF-β). These components are primarily responsible for controlling immune 
responses. Due to these considerations, ECP is regarded as an immunomodulatory treatment rather than an immunosup
pressive therapy.30–32 The therapy was developed as an alternative for those individuals who showed unresponsiveness to 
their primary treatment options. It is a leukapheresis-based therapy. Originally employed to treat therapy-refractory 
cutaneous T cell lymphoma/leukemia (CTCL), specifically Sezary syndrome (a form of CTCL). Dr. Richard Edelson 
developed the procedure in 1987, and it was approved for palliative care of skin manifestations in CTCL patients in the 
late 1980s. Edelson et al found a response rate exceeding 70%.31,33

This procedure has been used for over three decades to treat erythrodermic CTCL and for over two decades to treat 
chronic and acute GVHD, as well as solid organ transplant rejection and some other kinds of autoimmune disorders, like 
scleroderma, lupus erythematosus, Crohn disease, and type 1 diabetes. The ECP procedure comprises three stages:

A. leukapheresis,
B. Photo activation with 8-MOP/UVA and
C. Re-infusion of buffy coat.

This process leads to the cross-linking of pyrimidine bases in Deoxy Ribonucleic Acid (DNA), resulting in significant 
mortality of the treated (patient) cells.1,14,24

In ECP therapy, the patient’s entire blood is subjected to leukapheresis. Then a leukocyte-enriched buffy coat is 
generated through centrifugation. Typically, 3–6 cycles of apheresis are required to remove enough whole blood to yield 
around 240 mL of buffy coat. Subsequently, the buffy coat layer is infused with a concentration of 20 µg/mL of soluble 
8-MOP (Uvadex®), photosensitizer agent. It is then exposed to UVA light for 25–45 minutes (1.5 J/cm2) and re-infused 
into the patient.34 It is supposed that the ECP causes lymphocyte apoptosis and inhibits the production of pro- 
inflammatory cytokines. This leads to a decrease in the motivation of effector T cells, variations in DC roles, and 
stimulation of regulatory T cells, ultimately leading to the energy gain of T41 cells. It is frequently employed as a second- 
line treatment for mucocutaneous chronic GVHD. This is due to its efficacy exceeding 80% and substantial enhancement 
in chronic GVHD with sclerosis.13,24,32

Each procedure targets 5% to 10% of circulating blood cells. Several patient variables must be considered when 
considering ECP treatment. These include the patient’s body weight, allowable extracorporeal volume, the device 
employed for cell collection, clinical condition during the procedure, various laboratory values such as platelet counts, 
bilirubin levels, total white blood cells, hematocrit, and potential requirements for central venous access. It is critical to 
consider these variables to determine the most appropriate treatment plan for each patient.21

Closed (inline) and open (offline) techniques are currently available as conventional techniques for ECP 
treatment.35,36 Closed ECP system (“one-step” process): This technique involves the process of separating cells, 
activating drugs through photoactivation, and re-infusing the treated cells within the fully automated and integrated 
device using a single instrument. The components used in this process have been tested and validated together for use 
with 8-MOP. When used as directed, there is no danger of an incorrect return of blood. Additionally, the likelihood of 
infection and contamination linked to the medical device is minimal.33,37 The procedure can be conducted using the 
Therakos CELLEX Photopheresis System (Mallinckrodt Pharmaceuticals in New Jersey, USA). Using centrifugal force, 
the device differentiates and collects a buffy coat rich in monocytes and lymphocytes before returning the remaining 
plasma and red cells to the patient. The buffy coat remains within the system, undergoing treatment with 8-MOP, 
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followed by exposure to UVA light. The instrument determines the photoactivation time, taking into account factors such 
as volume, hematocrit of the lymphomonocytic fraction, and the remaining power of the UVA lamps.38

The open ECP system (two-step method), which uses distinct equipment for separating cells and drug light activation, 
is also referred to as the “two-step” method. Distinct devices are employed for each step in this system, and they have not 
undergone validation as a combined unit. Therefore, closed systems are the preferred treatment technique.33,37 The 
offline method demands several devices and comprises three distinct phases. The initial stage involves the collection of 
mononuclear cells using various separation systems. In the second stage, these cells undergo treatment with 8-MOP, and 
the resulting buffy coat is transferred to a specialized bag permeable to UVA. Finally, in the third stage, the irradiated 
mononuclear cells are reintroduced into the patient.39 The closed system, the only FDA-approved system, adheres to the 
initial design developed by Edelson et al. In contrast, the open system involves the usage of various separation 
instruments.31 Due to the multifaceted process of administering therapy using the offline method, there exists a risk of 
infection, cross-contamination, and patient re-infusion error. Therefore, certified centers are limited to using open 
systems, which require separate handling of blood components. Conversely, closed systems do not face this constraint 
and are the recommended method for ECP treatment.33

Mechanism Action of ECP
The mechanism underlying ECP’s therapeutic activity is still being studied.19,31,33 However, several theories attempt to 
explain the impact of ECP on the collected lymphocytes. ECP primarily affects the T-cell section of immunological 
action.35 This results in an increase in the activity of the immune system. However, in situations following transplanta
tion with GVHD and rejection of solid organ allografts, it suppresses the immune system. Therefore, ECP affects the 
immune system for several reasons. Firstly, the harvested cells undergo environmental changes that induce several 
changes in the mononuclear cells. Secondly, combining psoralen treatment and UVA ray exposure alters cellular 
structure. Lastly, alterations in the function of immune cells and the recipient’s cytokine environment occur after the 
reinfusion of the treated cells.19,33 APCs subsequently phagocytose circulating apoptotic cells. This results in an increase 
in regulatory T cells and a decrease in proinflammatory cytokines.29,35

Early studies have shown that ECP can have a therapeutic effect on initiating apoptosis in lymphoid cells. To do this, 
UVA light exposure (320–400 nm) paired with 8-MOP is used. Despite an essential difference, this concept initially 
originated from oral psoralen plus UVA therapy. In the ECP procedure, an 8-MOP-incubated buffy coat is exposed to 
UVA light rather than 8-MOP-photosensitized skin (as in traditional oral plus UVA therapy). After 8-MOP incubation, 
UVA light irradiation of cells results in DNA crosslinking. Subsequently, primarily NK and T cells undergo apoptosis 
following reinfusion of the treated cells.31

8-MOP can enter cells passively and intercalate into DNA within just two minutes. 8-MOP causes DNA cross-linking 
when cells are exposed to UVA light, resulting in disruption in the cell duplication machinery. Conversely, ECP can 
inhibit cell proliferation, simultaneously triggering the apoptosis of T-cells and the release of immunomodulatory 
cytokines. It causes the death of T-cells while releasing substances that regulate the immune system. DC, activated by 
irradiation, transforms into APCs. These APCs can recognize and engulf apoptotic T-cells treated with ECP. This process 
results in the activation of regulatory T cells. In GVHD, regulatory T-cells suppress immune responses by releasing 
tolerogenic cytokines. However, in CTCL, ECP-induced regulatory T-cells secrete inflammatory cytokines that stimulate 
the immune response in neoplastic cells.40 ECP is thought to have two opposing immune effects: in CTCL, immune 
stimulation targets neoplastic cells, whereas immunosuppression addresses T-cell-mediated disorders like GVHD. It is 
improbable that the immune modulatory effects of ECP are directly attributed to the apoptosis of lymphocytes. This is 
because only a slim percentage of circulating leukocytes undergo ECP treatment. In addition, the observed responses 
have lasted longer than what could be attributed to apoptosis alone. Instead, it is thought that the way these apoptotic 
cells are processed and the subsequent immunological responses they produce are the clinical benefits of ECP that it 
provides.34

When the treated cells are reintroduced into the patient, APCs identify the cell surface markers associated with 
apoptosis, leading to a modification in their response. Apoptotic T-cells engulfed by APCs engage with cells from the 
identical antigen-specific lineage in the spleen. Regulatory T-cell production contributes to the inhibitory impact on 
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cellular immunity. These regulatory T cells exhibit antigen-specificity, corresponding to the identical clones of cytotoxic 
T cells found in the product of ECP’s apoptotic cell. Because the majority of the T-cells harvested in the whole blood cell 
product for ECP come from expanded clones that exist in circulating blood during an active immune response, ECP 
specifically exerts suppressive effects on cellular immune responses that re-active at the time of its administration.38

Treatment of GVHD Using ECP
ECP has been increasingly used for the control of GVHD.33 According to case reports and small uncontrolled research, 
patients afflicted with acute GVHD, and showing resistance to traditional immunosuppressive medication were almost 
entirely treated with ECP.29 Although there is more excellent experience with ECP in chronic GVHD, it is primarily in 
the form of case reports and small, uncontrolled trials. The preferred timeline for ECP involves two sessions on 
consecutive days, repeated every two weeks, for a minimum of three months. Patient evaluation is performed in the 
3rd month and thereafter, repeated every three months to ascertain the appropriate course for continuing the treatment. 
The ECP can be decreased to two treatments every three to four weeks after the therapy begins to show results. However, 
after the treatment has been proven to be effective, the standard procedure is to begin by reducing immunosuppressive 
agents, particularly steroids. If there is no response in 3 or 4 months, the procedure should be discontinued. Skin 
abnormalities due to Sclera dermatosis improve extremely slowly; it may take six to twelve months of treatment before 
tapering is needed.14,21,34 A study done by Malagola et al showed that among 94 GVHD patients undergoing ECP 
treatment, the overall response rate was greater than 80%.32 In another study, it was revealed that 75% of patients 
achieved an overall response, with 53% experiencing complete responses following the treatment of 99 GVHD 
patients.29 In summary, ECP has been approved for treating GVHD due to its lower viral reactivation and risk of 
infection compared to systemic immunosuppressants.41

ECP has demonstrated efficacy as a treatment for challenging cases of acute GVHD in children, especially those who 
have not responded to multiple immunosuppressive approaches. This procedure is both safe and well-tolerated, even 
among very young patients, resulting in significant reductions in the need for daily steroid intake.42 Of the two commonly 
used ECP instruments, CELLEX® is preferred over UVAR-XTS® due to its near-continuous flow system, which reduces 
fluid shifts and the occurrence of hypotension, making it suitable for use in small pediatric patients.43,44

Several short studies were conducted to investigate the significance of ECP in GVHD, demonstrating diverse 
responses in disease outcomes. Table 1 summarizes the studies on the outcomes of ECP in the second-line treatment 
of GVHD, it is notable that the assessment of responses exhibited variability among the studies.

Table 1 Result of ECP Treatment for GVHD by Different Authors

Author No. of 
Patients

ECP 
Method

Affected Organs Stage/Severity of 
GVHD

The Response 
Rate to ECP Based 
on the Stage of 
GVHD

Overall Response to ECP

OR  
(CR+PR)

CR % PR %

E.Kansu et al41 29 Closed Skin −19 

Liver- 1 

GIT-8

I-3 

II-4 

III-20 

IV-2

NA 81.1% 17.0% 64.2%

Sakellari I. et al45 82 NA Skin - 37(CR- 53%) 

Liver-31(CR- 83%) 

Lung-12(CR-27%)

NA NA 73% 42.7% 30.3%

Malagola et al32 49 Offline NA Mild-2 

Moderate-15 

Sever-15

0% 

58% 

33%

80% 45% 35%

(Continued)

https://doi.org/10.2147/ITT.S457366                                                                                                                                                                                                                                    

DovePress                                                                                                                                                        

ImmunoTargets and Therapy 2024:13 242

Berhan et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Contraindications of ECP
ECP treatment is strictly prohibited for people who have a documented sensitivity to psoralen compounds and aphakia 
(the absence of a lens in the eye) due to a significantly increased risk of retinal damage, uncontrolled infections, and 
pregnancy. In addition, the following conditions are the minimum restriction for administrating ECP: unsteady respira
tory or circulatory condition, low white blood cell count (1×109/L); patients who have low platelet count, low hematocrit, 
risk of bleeding or active bleeding, unsatisfactory cardiovascular function, and low body mass index active infection 
should be treated with caution.33,52,53 Stable patients may not need to provide additional samples in addition to their 
current course of medication, even though a recent complete blood count is recommended. Further pretreatment blood 
tests may be considered individually or as part of a standardized ECP routine. Total blood count; in patients receiving 
acid citrate dextrose-A, calcium, and potassium; in patients receiving warfarin, international normalization ratio; 

Table 1 (Continued). 

Author No. of 
Patients

ECP 
Method

Affected Organs Stage/Severity of 
GVHD

The Response 
Rate to ECP Based 
on the Stage of 
GVHD

Overall Response to ECP

OR  
(CR+PR)

CR % PR %

E.Das-Gupta 

et al46

128 NA GIT-128 

Liver-128

Stage 1 and 2–101 

Stages 3 and 4–27

NA 77% 87% 13%

E. Calore et al36 72 Mixed Skin-64(CR=78%) 

Gut- 55 (CR=76%) 

Liver 12 (CR=84%)

I-8 

II-29 

III-17 

IV 8–18

13.5% 

42.3% 

23% 

21.2%

83% 72% 11%

COURIEL et al47 71 Closed Skin-56(OR −59%) 

Liver-21(OR e-71%) 

Lung-11(OR −54%) 

Oral-9(OR −77%) 

Eye-6(OR −67%) 

GIT-3(Response-67%)

NA NA 61% 20% 41%

Gunduz M. et al48 34 Closed Skin −34(OR −71%) 

GIT-19(OR −79%) 

Eye-8(OR −63%) 

Lung-9(OR e-60%) 

Oral-21 (OR −71%) 

Liver20 (OR −60%)

NA NA 70% 29% 41%

M.S. Dal et al49 100 off-line Skin −62 (OR −61.2%) 

GIT-32 (OR −37.5%) 

Liver-46 (OR −30%) 

Lung-23 (OR −11%)

Mild/Moderate-23 

Severe-77

78.1% 

51.9%

58% 35% 25%

Mohsin Ilyas Malik, 

et al50

595 NA Skin-339(OR −74%) 

Liver-269(OR −68%) 

Eye-217(OR −60%) 

Lung-156(OR −48%) 

Oral-274(OR −72%) 

GIT-87(OR −53%) 

musculoskeletal system-72 

(OR −64%)

NA NA 64% 29% 35%

G. Oarbeascoa 

et al51

48 off-line Skin-43(OR −69%) 

GIT-7(OR −71%) 

Liver-10(OR −70%) 

Lung-10(OR −80%)

Mild or moderate- 

15 

Sever-33

CR-33% 

CR-18%

67% 23% 44%

Abbreviations: GIT, Gastrointestinal; PR, partial response; CR, complete response, OR-over all response.
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additional blood tests may be conducted concurrently to assess the overall health status of the patient or to evaluate their 
GVHD status.52 If there is a hemodynamic disturbance arising from conditions like heart failure, sepsis, or positive blood 
cultures, the ECP procedure would be canceled.54

Safety of ECP
Given careful patient selection, ECP therapy demonstrates a favorable safety profile, with nearly no notable adverse 
events reported to date. The primary side effects are generally mild, including heightened photosensitivity due to 8-MOP 
and patient-related challenges associated with volume shifts and repeated venous punctures during the procedure. No 
reports have indicated a greater likelihood of disease relapse or infection. However, a cautionary statement has been 
issued specifically for patients who have had a splenectomy. As a result of heightened photosensitivity, patients are 
advised to use eye and skin protection for a duration of 24 hours following treatment of ECP.55

In contrast to other existing immunosuppressive therapies used for GVHD treatment, ECP does not show associations 
with the development of opportunistic infections, treatment-related adverse events, organ toxicities, underlying disease 
relapse, or treatment-related adverse events.56 Adverse responses may be linked to leukapheresis, including temporary 
hypotension resulting from blood volume shifts in the extracorporeal circuit, citrate toxicity due to the anticoagulant 
employed, mild anemia, and thrombocytopenia following multiple treatments, or bleeding from the cannula sites utilized 
for venous access. Exposure to psoralen may cause various reactions, including an increment in urination, a metallic 
taste, itchiness that appears 6–8 hours after treatment, possibly increased sensitivity to light, and increased skin redness. 
After reinfusion of ECP products, certain patients may report experiencing mild fever within 2–12 hours post-treatment, 
along with feelings of fatigue and hematuria caused by the reintroduction of red blood cells following exposure to 
8-MOP.57 In addition, studies have explored the toxic characteristics of long-wave ultraviolet light therapies, finding that 
treatments like PUVA or narrowband UV-B exhibit mutagenic and carcinogenic effects on skin cells.58

Conclusion
HSCT is the primary therapeutic choice for a wide range of hematological conditions as well as nonhematological 
malignant disorders. Despite numerous advancements in transplant methodologies, post-transplant care, and enhanced 
strategies for preventing and treating GVHD, it continues to be the most formidable challenge throughout the allogeneic 
HSCT procedure. While steroids are used as the first line of treatment, people with steroid-resistant GVHD have a poor 
prognosis. Based on current evidence, ECP emerges as a reasonable first option for managing patients with GVHD who 
do not respond to corticosteroid treatment. In comparison with other medications, it has a remarkably safe profile and no 
higher risk of infection. ECP is a therapy that is well-tolerated and safe, that acts on the cellular immune system to reduce 
T-cell action.

To better understand and use ECP as a primary treatment choice for preventing and treating GVHD, additional 
multicenter clinical studies with a sufficient number of patients, appropriate therapeutic control groups, and clinically 
relevant endpoints to evaluate ECP’s efficacy are highly recommended. In addition, clinical trials should determine the 
ideal ECP dosage and duration as well as investigate new biomarkers for predicting and tracking ECP treatment.

Abbreviations
APCs, Antigen Presenting Cells; CD, Cluster of Differentiation; CTCL, Cutaneous T cell Lymphoma/Leukemia; DNA, 
Deoxy Ribonucleic Acid; ECP, Extra Corporeal Photopheresis; FDA, Food and Drug Administration; GVHD, Graft 
versus Host Disease; GVT, Graft versus Tumor; HLA, Human Leukocyte Antigen; HSCT, Hematopoietic Stem Cell 
Transplantation; IL, Interleukin; INF, Interferon; MHC, Major Histocompatibility Complex; MOP, Methoxy Psoralen; 
NKT, Natural Killer T, Cell; TNF, Tumor Necrosis Factor; UV, Ultra Violet; WBC, White Blood Cell.
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