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Introduction
Allogeneic hematopoietic cellular transplantation 
(AHCT) offers the potential for cure for the 25,000 
patients worldwide with various forms of malig-
nant and nonmalignant diseases who undergo this 
therapy each year. Risks associated with AHCT 
have been reduced through advancements in the 
prevention and treatment of infections, more pre-
cise human leukocyte antigen (HLA) typing of 
donors, improvement in conditioning regimens 
and better supportive care. Despite these advances, 
treatment-related mortality related to graft-versus-
host disease (GVHD) remains a significant prob-
lem and hampers wider application. For patients 
who develop GVHD, corticosteroids remain the 
standard initial therapy; however, a sizable fraction 
of patients will not respond adequately and will 
require secondary therapy. Extracorporeal photo-
pheresis (ECP; also referred to as extracorporeal 
photochemotherapy or photopheresis) is one such 
therapy commonly performed. ECP has been per-
formed for the treatment of GVHD for over two 
decades; however, a complete understanding of 
which patients might best benefit remains to be 
established. The goal of this review is to provide 

the reader with an overview of ECP with particular 
attention to its use in the treatment of GVHD. In 
addition, a critical assessment of the current body 
of literature related to its efficacy and proposed 
mechanisms of action will be provided.

Overview of GVHD
The close association between GVHD and the 
derived benefit resulting from a graft-versus-
tumor (GVT) effect is a major paradox of this 
complication. Mature donor T cells contained 
within the infused graft mediate both GVHD 
and GVT with both being reduced when T cells 
are depleted (referred to as T-cell-depleted trans-
plants). GVHD is clinically separated into an 
acute and chronic form which was historically 
defined as GVHD before or after day 100. As 
practices have changed such as the use of less-
intense conditioning regimens and the greater 
use of immune-modulating strategies, acute 
GVHD manifestations have increasingly occurred 
after day 100. As such, this time point is now 
viewed as an artificial distinction and instead, 
clinical manifestation and histologic findings are 
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the sole factors used in defining these entities 
[Filipovich et al. 2005].

The incidence of acute GVHD varies from 20% 
to 70% depending upon the extent of histocom-
patibility differences between donor and patient, 
the age of the recipient, the stage of primary dis-
ease and the intensity of the conditioning regimen 
[Flowers et al. 2011; Hahn et al. 2008]. The pri-
mary target organs of acute GVHD are the skin, 
liver, and gastrointestinal (GI) tract which are 
graded clinically using a standardized system 
which allows for quantitative estimates of disease 
severity and response to therapy with scoring con-
sisting of grades I to IV [Przepiorka et al. 1995]. 
Corticosteroids are the standard initial treatment 
but even with prompt initiation, response is sub-
optimal with less than 50% of patients achieving a 
durable response and ultimately requiring sec-
ondary treatment [Hings et al. 1994; MacMillan 
et al. 2002]. Outcomes for patients with steroid-
refractory GVHD are poor with mortality rates as 
high as 70% and deaths commonly resulting from 
organ failure and infections related to poor 
immune reconstitution [Weisdorf et al. 1990].

Chronic GVHD affects approximately 50–70% of 
patients who receive an allogeneic transplant [Lee 
et al. 2003]. This number varies widely based on 
the presence or absence of risk factors with one 
large series demonstrating a 5-year cumulative 
incidence for chronic GVHD as low as 9% or as 
high as 75% based on the presence or absence of 
various risk factors [Carlens et al. 1998]. The con-
sequences of chronic GVHD for patients can be 
profound with its presence being the most signifi-
cant determinant of long-term survival and qual-
ity of life [Lee et al. 2006]. Chronic GVHD has 
protean manifestations and involvement of virtu-
ally every potential organ has been reported. The 
skin is the most frequently affected site with 
involvement in 75% of cases at the time of initial 
diagnosis followed by the mouth, liver, and eyes 
[Lee et  al. 2003]. Less frequently, the GI tract 
(weight loss), lung, esophagus, female genital 
tract, or joints may be affected.

GVHD pathophysiology
Animal models designed to study the pathophysi-
ology of acute GVHD suggest that it occurs in a 
three-phase process [Ferrara and Reddy, 2006]. In 
this model, GVHD is initiated when tissue dam-
age occurs as a result of toxicity from the condi-
tioning regimen which in turn results in release of 

inflammatory cytokines. The second phase occurs 
with infusion of mature donor lymphocytes con-
tained within the graft into this inflamed environ-
ment promoting activation and expansion of these 
lymphocytes when contact is made with antigen-
presenting cells (APCs) expressing disparate host 
antigens (minor histocompatibility antigens in the 
case of HLA-matched transplants). In the final 
effector phase, these alloreactive T cells expand 
into cytotoxic effector T cells which cause further 
tissue injury and release of more inflammatory 
cytokines. While this model is a simplification of 
the complex and varied pathophysiology of this 
disorder, it provides a framework for evaluating 
potential therapeutic interventions. Unfortunately, 
the immunobiology of chronic GVHD is less 
understood in large part due to the absence of ani-
mal models that are able to fully reproduce the 
complexity of the disorder [Chu and Gress, 2008; 
Toubai et  al. 2008]. Instead, animal models of 
chronic GVHD are often based on disease-specific 
autoimmune models which only simulate certain 
organ involvement and narrowly test hypotheses. 
Clinical support for autoimmune animal models 
comes from the shared clinical manifestations 
between patients with chronic GVHD and various 
autoimmune disorders such as systemic sclerosis 
(scleroderma), dermatomyositis and the sicca syn-
drome. In addition, patients with chronic GVHD 
have a high incidence of autoantibodies and dis-
ease-related gene polymorphisms common to 
patients with autoimmune disorders [Quaranta 
et al. 1999; Shimada et al. 2007]. While these clini-
cal similarities support consideration of chronic 
GVHD as an autoimmune disorder, this implies 
that the target antigens are not disparate antigens 
(as in acute GVHD), but rather nonpolymorphic 
antigens common to both donor and recipient. In 
the autoimmune model of chronic GVHD, it is 
postulated that failure of immune tolerance mech-
anisms results in activation and expansion of T 
cells directed against self-antigens. Murine models 
have suggested that pathogenic T cells may arise 
when maturation of donor precursor cells occurs 
in a damaged recipient thymus allowing escape 
from central negative selection [Fukushi et  al. 
1990; Hess et  al. 1985, 1997; Hollander et  al. 
1994; Sakoda et al. 2007; Teshima et al. 2003]. In 
support of this, investigators have identified T cells 
in animal models of chronic GVHD which are 
specific for common (shared between host and 
donor) antigens and are thus considered true 
‘autoreactive’ clones [Hess et  al. 1985, 1997]. 
These pathogenic T cells can then escape toler-
ance mechanisms operating in the periphery 
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[Fukushi et al. 1990; Hollander et al. 1994; Sakoda 
et al. 2007; Teshima et al. 2003]. Recent interest 
has focused on the role of T-regulatory cells 
(Tregs) in loss of tolerance in chronic GVHD. 
These cells have been found to be deficient in 
number and function in various autoimmune dis-
orders, which led investigators to examine their 
role in GVHD [Ehrenstein et  al. 2004; Miyara 
et al. 2005]. While data is conflicting, some inves-
tigators have suggested that an imbalance between 
Tregs and alloreactive effector T cells results in 
increased risk and worsening of chronic GVHD 
[Chen et al. 2007; Clark et al. 2004; Rieger et al. 
2006; Zorn et al. 2005]. The infusion of Tregs has 
been successful in either preventing or treating 
acute and chronic GVHD in both animal models 
[Giorgini and Noble, 2007; Hoffmann et al. 2002; 
Mutis et al. 2006; Zhao et al. 2008] as well as in 
early clinical trials [Brunstein et al. 2011; Di Ianni 
et al. 2011]. While experimental and clinical evi-
dence support the concept of chronic GVHD as 
an autoimmune disorder, there has been an inabil-
ity to isolate in humans donor-derived T-cell 

clones that recognize nonpolymorphic antigens 
expressed in donor and recipient. Accordingly, 
some investigators have postulated that chronic 
GVHD could simply be the result of T cells 
responding to chronic antigen stimulation due to 
the presence of ubiquitous disparate antigens 
[Toubai et al. 2008].

National Institute of Health GVHD classification
In 2005 the National Institute of Health (NIH) 
Consensus group published a series of papers 
addressing the classification, diagnosis and assess-
ment of chronic GVHD [Filipovich et  al. 2005; 
Martin et al. 2006; Pavletic et al. 2006; Shulman 
et al. 2006]. The net result of these publications 
was the creation of GVHD categories based on 
specific manifestations and the time point for 
which they occur along with the categorization of 
chronic GVHD into progressive, quiescent and  
de novo forms (summarized in Tables 1 and 2). In 
addition, a chronic GVHD severity index was cre-
ated to document the degree of individual organ 
involvement and assess organ-specific response to 
therapy. Prior to these guidelines, determining the 
efficacy for chronic GVHD therapy was less pre-
cise and based on subjective assessment by the 
clinician. Unfortunately, the NIH response crite-
ria were created by expert opinion and lack evi-
dence with respect to impact on long-term 
outcomes or patient assessed quality of life.

ECP overview
ECP is an apheresis-based immunomodulatory 
therapy which received US Food and Drug 

Table 1.  Categories of acute and chronic GVHD.

Acute GVHD*

Classic acute GVHD Features which include maculopapular rash, nausea, vomiting, anorexia, 
profuse diarrhea, ileus or cholestatic hepatitis occurring within 100 days 
after transplant or DLI and without diagnostic or distinctive signs of 
chronic GVHD

Persistent, recurrent or 
late-onset acute GVHD

Features of classic acute GVHD without diagnostic or distinctive 
manifestations of chronic GVHD occurring beyond 100 days of transplant 
or DLI

Chronic GVHD
Classic chronic GVHD Classic chronic GVHD without features characteristic of acute GVHD
Overlap syndrome Classic chronic GVHD along with features characteristic of acute GVHD

DLI, donor lymphocyte infusion; GVHD, graft-versus-host disease.
*In the absence of histologic or clinical signs or symptoms of chronic GVHD, the persistence, recurrence or new onset 
of characteristic skin, GI tract, or liver abnormalities should be classified as acute GVHD regardless of the time after 
transplant.

Table 2.  Onset types for chronic GVHD.

De novo Chronic GVHD appearing in 
a patient with no previous 
acute GVHD

Quiescent Chronic GVHD occurring 
after a complete resolution 
of acute GVHD

Progressive Chronic GVHD following 
unresolved acute GVHD

GVHD, graft-versus-host disease.
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Administration (FDA) approval in the late 1980s 
for the palliative treatment of skin manifestations 
in patients with cutaneous T-cell lymphoma 
(CTCL) unresponsive to other forms of treat-
ment based on a study by Edelson and colleagues 
which demonstrated a response rate of greater 
than 70% [Edelson et al. 1987]. Recently, a meta-
analysis was performed demonstrating an over-
all response rate of greater than 50% for ECP in 
patients with CTCL and long-term follow-up 
data suggesting a survival advantage for patients 
receiving ECP versus other therapies [Edelson 
et al. 1987; Lim and Edelson, 1995; Zic, 2003]. 
While CTCL remains ECP’s sole FDA-approved 
indication, its use has been studied in a number 
of autoimmune-mediated disorders and in solid 
organ allograft rejection (presented in Table 3).

The procedure of ECP therapy involves ultravio-
let A (UVA) irradiation of autologous peripheral 
blood mononuclear cells (PBMCs) which have 
been collected by leukapheresis and exposed to 
the photosensitizing drug 8-methoxypsoralen 
(8-MOP). More specifically, whole blood is leu-
kapheresed from the patient and centrifuged to 
separate out the leukocyte-enriched buffy coat. A 
sufficient amount of whole blood must be 
removed to produce approximately 240 ml of 
buffy coat which usually requires 3–6 cycles of 
apheresis [Foss et al. 2002]. The buffy coat layer is 
then injected with 20 µg/ml of soluble 8-MOP 
(Uvadex®) and irradiated for 25–45 minutes with 
UVA light providing an approximate exposure of 
1.5 J/cm2 [Foss et al. 2002]. The photoactive buffy 
coat is subsequently re-infused into the patient. 
The technology and equipment involved with 
ECP therapy was developed by Therakos, Inc. 
(Westchester, PA, USA) with a majority of the 
procedures in the United States involving the 
Therakos Uvar XTS system (second-generation 
model). This machine uses a discontinuous sepa-
ration process, which is problematic in patients 
weighing under 40 kg or those with a preproce-
dural hematocrit <30% because of the volume of 
extracorporeal blood required. More recently (in 
2009), the third-generation Therakos Cellex 
device has become available with advances includ-
ing continuous flow separation technology, 
shorter treatment times (1.5 versus 3 hours) and 
reduced extracorporeal blood volumes allowing 
for lower-weight patients to safely undergo the 
procedure.

The standard schedule for CTCL typically involves 
ECP treatment on 2 consecutive days every 2–4 

weeks which is continued for approximately 6 
months followed by a maintenance schedule tai-
lored to patient response. While initial studies in 
patients with GVHD utilized a similar treatment 
schedule, an accelerated regimen consisting of 2–3 
weekly treatments tapered to an every 2- to 4-week 
regimen has gained more popularity.

Mechanism of action
One of the most fascinating attributes of ECP ther-
apy is that it is beneficial in both CTCL and 
GVHD, two different immune disorders. ECP is 
believed to be capable of eliciting two completely 
opposite immune effects: immunostimulatory 
effects against neoplastic cells in CTCL and 
immunosuppressive effects against T-cell-mediated 
disorders such as GVHD. During ECP, PBMCs 
are exposed to 8-MOP which covalently binds and 
cross-links DNA upon exposure to UVA light  
irradiation resulting in apoptosis [Berger et  al. 
2002; Bladon and Taylor, 2006; Cimino et al. 1985; 
Gasparro et al. 1989; Marks et al. 1990]. However, 
apoptosis of lymphocytes is unlikely to be the 
direct mechanism through which ECP exerts 
immunomodulatory affects as only 5–10% of cir-
culating leukocytes are treated and prolonged 
responses have been observed well past what could 
be ascribed directly to apoptosis [Knobler et  al. 
2009]. Rather, the clinical benefits are likely to 
occur as a result of the processing of these apop-
totic cells and the subsequent immune responses 
that this generates.

Dendritic cells (DCs) are specialized APCs that 
are capable of controlling immunity, triggering 
immune responses and maintaining tolerance 
[Steinman et al. 2000]. It is believed that ECP- 
induced lymphocyte apoptosis stimulates the dif-
ferentiation of monocytes into immature DCs 
that can then become active APCs and cytokine 
producers [Foss et al. 2002]. Reports of cytokine 
responses post-ECP have demonstrated both an 
increased production of immunostimulatory 
[tumor necrosis factor (TNF)-α and interleukin 
(IL)-6] as well as immunosuppressive (IL-10 and 
IL-1Ra) cytokines in CTCL and GVHD patients, 
respectively [Berger et  al. 2002; Fimiani et  al. 
2004;  Vowels et al. 1992].

It has been shown that through the uptake of 
apoptotic cells, DCs are able to induce peripheral 
tolerance to self. This is likely to occur in humans 
during processing of apoptotic cells generated by 
normal cell turnover in the GI tract or in the 
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processing of damaged host tissues following viral 
infections [Huang et al. 2000; Morelli et al. 2003; 
Steinman et al. 2000]. A similar process is likely 
to occur as a result of lymphocyte apoptosis 
induced by ECP. When ECP-treated lymphocytes 
are re-infused, APCs recognize the cell surface 
markers of apoptosis and modify APC function. 
APCs that have phagocytized apoptotic T cells 
present antigen to T cells in the lymph node and 
spleen which results in the generation of (antigen-
specific) Tregs which are specific for the patho-
genic T-cell clones. As the majority of T cells in 
the ECP-treated product are from expanded 
clones predominating in the blood stream, ECP is 
suppressive for the cellular immune responses 
active in the patient at the time of the procedure 
(in this case GVHD). The immune response 
resulting from ECP treatment may be further 
modulated by the immune environment present 
in the patient at the time of therapy. This may 
account for the seemingly divergent immune 
responses in patients with CTCL and GVHD.

Murine models provide further evidence impli-
cating Tregs in ECP-induced immunosuppres-
sion. In one such study, splenocytes treated with 
8-MOP and UVA irradiation were injected into 
syngeneic mice who then received a cardiac  
allograft [George et  al. 2008]. Recipients of the 
treated splenocytes experienced improved graft 
survival when compared with mice receiving 
untreated splenocytes. Furthermore, adoptive 
transfer of CD4(+)CD25(+) splenocytes from 
ECP-treated graft recipients to untreated cardiac 
allograft recipients resulted in extended graft sur-
vival compared with animals that received the 
same number of CD4(+)CD25(+) splenocytes 
from cardiac allograft recipients not treated with 
ECP. Similarly, in an accepted mouse models of 
GVHD, transfer of cells treated with ECP reversed 
established GVHD by increasing donor Tregs and 
indirectly reducing the number of donor effector 
lymphocytes that themselves had never been 
exposed to psoralen and UVA radiation (PUVA) 
[Gatza et  al. 2008]. These experiments would 

Table 3.  Other experimental indications for ECP therapy.

Disease Number of 
patients

Trial and results Study

Systemic sclerosis 64 Multicenter, RCT of ECP versus sham with significant 
improvement in skin scores compared with baseline 
for ECP group

Knobler et al. [2006]

Solid-organ 
transplant rejection

61 Phase II RCT in cardiac transplantation of 
conventional ISP versus ISP + ECP with a significant 
reduction in acute rejection episodes for ECP group

Barr et al. [1998]

Crohn’s disease 28 Multicenter single-arm study of ECP in moderate–
severe, refractory Crohn’s with 50% responding 
according to the Crohn’s disease activity index score

Abreu et al. [2009]

Atopic dermatitis 35 Bicenter single-arm study of ECP in severe, 
refractory patients with 73% responding and a 
significant overall reduction in atopic dermatitis 
score

Radenhausen et al. 
[2004]

Type I diabetes 40 RCT of ECP versus sham in newly diagnosed patients 
with significantly lower insulin requirements for ECP 
group

Ludvigsson et al. [2001]

Pemphigus 
vulgaris

4 Case series of treatment refractory patients with 
three of four experiencing complete remission and 
able to wean other ISP

Rook et al. [1989]

Rheumatoid 
arthritis

7 Open-label pilot study with four apparent responders Malawista et al. [1991]

Systemic lupus 
erythematosus

10 Open-label pilot study with seven of eight patients 
completing the trial responding with a significant 
decrease in clinical activity score

Knobler et al. [1992]

Nephrogenic 
systemic fibrosis

3 Case series with all patients showing clinical 
response including softening of skin plaques and 
improved range of movement in all four limbs

Mathur et al. [2008]

ECP, extracorporeal photopheresis; ISP, immunosuppression; RCT, randomized controlled trial.
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suggest that ECP reverses GVHD through a 
reduction in responses of donor effector T cells 
and generation of donor Tregs. The fact that this 
process occurs in donor cells that had not been 
directly exposed to PUVA offers additional sup-
port excluding direct apoptosis of effector cells as 
a mechanism for which ECP exerts its beneficial 
effects in GVHD. In support of these mouse 
models, Tregs have been shown to be increased in 
patients receiving ECP for the treatment of 
GVHD [Biagi et al. 2007].

A summary of the key steps through which ECP 
is believed to reduce T-cell-mediated immune 
responses in patients with GVHD are: (1) apop-
tosis of white blood cells (WBCs); (2) phagocyto-
sis of these apoptotic lymphocytes by APCs; (3) a 
switch in APC activity in favor of anti-inflamma-
tory cytokines and away from pro-inflammatory 
cytokines; and (4) production of antigen-specific 
immunosuppressive Tregs (Figure 1).

Safety of ECP
The development of ECP arose, in part, from 
concerns with the safety of another commonly 
employed skin-directed treatment, PUVA. PUVA, 
introduced in the early 1970s as an effective 
treatment for many skin conditions, is associated 
with a number of adverse effects. PUVA is per-
formed by giving patients oral 8-MOP capsules 
followed 1–2 hours later by exposure to a UVA 
light source. Interpatient pharmacokinetic varia-
bility following administration of oral 8-MOP 
has been shown to be as high as 18-fold [Jansen 
et al. 1983]. Variable GI absorption and extensive 
hepatic metabolism, including first-pass hepatic 
elimination, contribute to this variability. As a 
result, blood concentrations for the oral formula-
tion of 8-MOP are unpredictable and may result 
in inconsistent UVA exposure leading to toxicity 
or a diminished therapeutic effect. Potential tox-
icities of activated 8-MOP are linked to its photo-
sensitizing properties which include direct DNA 
damage and the production of reactive oxygen 
species. As a result of excessive photosensitivity, 
photo-aging of the skin and an increase in der-
matological malignancies have been reported 
when 8-MOP is administered in the oral form. In 
addition, aphakia has been described in older 
studies as the action spectrum of 8-MOP peaks 
in the long UV range which is strongly absorbed 
by the lens [Cloud et al. 1961]. In contrast, with 
ECP, 8-MOP is mixed ex vivo with the patient’s 
buffy coat cell layer, which is then re-infused 

back into the patient. The half-life of the drug 
administered in this fashion is extremely short 
resulting in substantially lower and much more 
predictable drug exposure. ECP utilizing the 
Therakos system has an established safety profile 
with over 500,000 treatments performed to date 
[Therakos, 2001]. The only absolute contraindi-
cation for ECP is in patients who cannot tol-
erate extracorporeal volume loss (heart 
failure, hypotension, sepsis) or patients with 
coagulation disorders. In addition, methox-
salen (Oxsoralen-Ultra®), the FDA-approved 
8-MOP compound used with the Therakos 
device, is contraindicated in patients with idio-
syncratic reactions to psoralen compounds, those 
with a history of light-sensitive disease (such as 
patients with systemic lupus erythematous with 
photosensitive disease), or those with aphakia. 
Serious side effects with the procedure itself have 
rarely been reported, most of which are related to 
hypotension secondary to changes in extracor-
poreal volume. A large, multicenter survey focus-
ing on immediate adverse effects of therapeutic 
apheresis reported no adverse events from a total 
of 79 ECP procedures with the majority of these 
procedures done using the Therakos system 
[McLeod et al. 1999]. More recently, a phase II, 
randomized, controlled trial did not show signifi-
cant differences in safety outcomes between the 
arm receiving ECP therapy and the control-arm. 
The overall rates of infections (53.1% versus 
44%), diarrhea (20.4% versus 20%), and nausea 
(18.4% versus 12%) were not significantly differ-
ent between those receiving ECP and steroids 
versus steroids alone, while anemia occurred 
more frequently in those receiving ECP treat-
ment (24.5% versus 6%; p = 0.02) [Flowers et al. 
2008]. In clinical practice, anemia in patients 
receiving ECP therapy can be seen and is most 
likely attributed to small volume blood loss over 
repeated procedures. In contrast to other GVHD 
therapies, studies have found that ECP therapy 
does not have immunosuppressive effects and 
therefore does not add to the risk for opportunis-
tic infections [Couriel et al. 2006; Flowers et al. 
2008; Greinix et  al. 1998, 2000]. Secondary 
malignancies have not been associated with ECP; 
however, photosensitivity may occur and patients 
are instructed to take standard precautions as it 
relates to sun exposure. Fatigue, pruritus and 
fevers have also been reported during or after 
ECP treatment. Because intravenous (IV) access 
is required, patients are at risk for catheter-related 
complications including infection and thrombo-
sis. When citrate is used as an anticoagulant for 
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the procedure, hypocalcemia may result requir-
ing electrolyte monitoring.

ECP therapy in the treatment of GVHD
The evaluation of ECP in patients with GVHD 
has made its way from small, uncontrolled case 
series to multicenter, randomized controlled stud-
ies. One of the biggest challenges in evaluating the 
available literature has been the marked heteroge-
neity of the patients involved in these reports. This 
is most evident in the treatment of chronic GVHD 
where definitions or criteria for the diagnosis, 
staging and assessment of response were unavail-
able prior to the NIH Chronic GVHD Consensus 
guidelines [Pavletic et al. 2006]. In addition, the 
role of previous or concomitant immunosuppres-
sive therapies, different ECP treatment schedules 
and variable times from GVHD onset to initiation 

of ECP preclude a generalization of data across 
studies.

Chronic GVHD
ECP for the treatment of GVHD has been most 
extensively evaluated in the setting of steroid-refrac-
tory chronic GVHD where more than 20 studies 
have been conducted since Owisanowski and col-
leagues published their original case report in 1994 
[Owsianowski et al. 1994]. While these reports have 
all concluded ECP to be feasible and efficacious in 
the treatment of patients with chronic GVHD, broad 
application of the results has been limited by the 
inclusion of small number of patients with heteroge-
neous forms of chronic GVHD (progressive, quies-
cent, de novo), organ involvement, disease duration 
and concurrent and prior therapies. Table 4 outlines 
the response rates of the largest of these studies.

Figure 1.  Proposed mechanisms of action of ECP in GVHD patients. (1) Apoptosis of white blood cells.  
(2) Phagocytosis of these apoptotic lymphocytes by APCs (DCs). (3) DCs secrete significant amounts of anti-
inflammatory cytokines (IL-10 and IL-1Ra). (4) DCs generate antigen-specific immunosuppressive Tregs 
instead of activating naïve T-lymphocytes (T-naïve) to effector T-lymphocytes (T-effector). Illustration courtesy 
of Alessandro Baliani. Copyright © 2013. (Adapted from Goussetis et al. [2012] with permission from Elsevier.) 
ECP, Extracorporeal photopheresis, APCs, antigen-presenting cells; IL, interleukin; TNF, tumor necrosis 
factor; DC, dendritic cell; 8-MOP, 8-methoxypsoralen; UVA, ultraviolet A.
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In the first of these reports, Sniecinski and col-
leagues documented organ-specific response rates 
of 80% for cutaneous, 88% oral, 42% liver and 
33% for lung manifestations of chronic GVHD 
[Sniecinski et  al. 1998]. Greinix and colleagues 
reported similar findings in a small series of 15 
patients, with responses seen in multiple organ 
systems including complete responses achieved in 
all patients with oral mucosal ulcerations, 80% of 
patients with cutaneous involvement, 70% of 
those with liver disease and 17% of patients with 
ocular symptoms [Greinix et  al. 1998]. Most of 
these patients had failed at least two prior immu-
nosuppressive agents and 53% were receiving 
corticosteroids at the time of ECP initiation. In a 
large uncontrolled case series conducted by 
Couriel and colleagues, objective responses were 
noted in 61% of patients (n = 71) and complete 
responses in 20% [Couriel et al. 2006]. The best 
responses were observed in chronic GVHD 
affecting the oral mucosa (77%), liver (71%), eyes 
(67%), skin (59%), and lungs (54%). Overall, 
these studies have demonstrated consistently high 
(≥50%) response rates in the treatment of cutane-
ous and oral chronic GVHD, while reported 
responses in hepatic and lung forms have been 
much more variable. For example, reports of less 
than optimal responses in patients with hepatic 
chronic GVHD [Foss et  al. 2005; Seaton et  al. 
2003; Sniecinski et al. 1998] are contrasted with 
groups who have shown good responses across all 
affected organ systems [Couriel et  al. 2006; 

Greinix et al. 1998; Rubegni et al. 2005]. Studies 
have demonstrated a benefit in initiating ECP 
earlier in the course of chronic GVHD therapy 
[Apisarnthanarax et al. 2003; Couriel et al. 2006]. 
However, responses have also been seen in heavily 
pretreated patients [Apisarnthanarax et al. 2003; 
Foss et al. 2005]. Of these uncontrolled, nonran-
domized studies assessing long-term outcomes, 
mortality was significantly better in patients who 
responded to ECP therapy compared with those 
who did not [Couriel et al. 2006; Foss et al. 2005].

Flowers and colleagues published the first pro-
spective randomized controlled trial evaluating 
ECP for the management of patients with chronic 
GVHD in 2008 [Flowers et al. 2008]. This single-
blind, multicenter study randomized 100 patients 
in a 1:1 ratio to ECP therapy in addition to con-
ventional immunosuppression versus conventional 
immunosuppression alone. All patients had 
received at least 2 weeks of corticosteroid treat-
ment prior to enrollment and were considered 
steroid-refractory, dependent or intolerant. ECP 
was performed using the UVAR system (Therakos) 
and administered on 3 days for the first week, and 
then twice weekly (on consecutive days) through 
12 weeks. Patients in the ECP arm who responded 
were allowed to continue with 2 ECP sessions 
every 4 weeks until week 24 with the study analy-
sis only including the first 12 weeks of treatment. 
In the control arm, 29 of 41 patients crossed over 
to receive open-label ECP after the 12-week 

Table 4.  Clinical trials with ECP in chronic GVHD.

Study Number of 
patients

Skin Lung Oral Liver

Sniecinski et al. [1998] 26 OR=80% OR=33% OR=88% OR=42%
Smith et al. [1998] 18 OR=40% OR=None OR=29% OR=23%
Greinix et al. [1998] 15 OR=100% OR=100% OR=80%
Child et al. [1999] 11 OR=100% OR=40% OR=17%
Zic et al. [1999] 11 OR=75% OR=20% OR=40%
Salvaneschi et al. [2001] 14 OR=83% OR=100% OR=67% OR=67%
Apisarnthanarax et al. [2003] 32 OR=59%  
Seaton et al. [2003] 28 OR=48% OR=None OR=50%* OR=32%
Foss et al. [2005] 25 OR=80% OR=100% OR=46% OR=None
Rubegni et al. [2005] 32 OR=81% OR=40% OR=92% OR=77%
Couriel et al. [2006] 71 OR=59% OR=55% OR=78% OR=71%
Dignan et al. [2012] 82 OR=92% OR=91%  
Tsirigotis et al. [2012] 58 OR=60% OR=14% OR=67% OR=50%

CR, complete response; ECP, extracorporeal photopheresis; GVHD, graft-versus-host disease; OR, overall response (com-
plete + partial response).
*Responses were not reported for all patients (14), 3 of 6 patients with severe ulcerative disease responded.
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assessment. A total of 95 patients were included in 
the final analysis with no significant differences 
between the two arms in baseline demographics, 
transplant or chronic GVHD characteristics. In an 
effort to provide an objective measure, the pri-
mary endpoint for this study was the median 
change from baseline in total skin score (TSS) of 
10 body regions at 12 weeks. The results for this 
unvalidated measure favored the ECP arm after 12 
weeks of therapy (–14.5% versus –8.5%, p = 0.48), 
although it did not reach statistical significance. A 
composition of a ≥50% reduction in daily steroid 
dose and ≥25% improvement in TSS occurred in a 
significantly higher number of patients in the ECP 
arm (4 versus 0 patients; p = 0.04); however, a dif-
ference in the ability to reduce steroids (≥50%) 
was not seen. An unblinded assessment was per-
formed at 12 weeks showing a significant differ-
ence in overall skin response favoring those 
receiving ECP therapy (17 versus 4 patients;  
p = 0.002). Some of the limitations of this study 
include the assessment of cutaneous disease only 
as the primary endpoint (compared with chronic 
GVHD involving all organ systems), the use of an 
unvalidated endpoint (TSS), the short duration of 
ECP treatment at the time of the primary end-
point (12 weeks) and the absence of a protocol-
mandated steroid tapering schedule. These 
limitations reflect the difficulties of designing pro-
spective trials in patients with chronic GVHD and 
are not unique to this one study.

More recently, outcomes were reported for the 29 
patients who were originally assigned to the con-
trol arm but subsequently received treatment 
with ECP (crossed over) due to GVHD progres-
sion or inadequate response to steroids alone 
[Greinix et al. 2011]. Roughly one-third of these 
patients achieved a partial or complete skin 
response following 24 weeks of therapy, with the 
greatest improvement detected between weeks 12 
to 24. In addition, one-third of the patients 
achieved a 50% or greater reduction in steroids. 
Responses were also seen in oral mucosa (65%), 
liver (50%), joint (36%), and ocular (27%) mani-
festations. These results demonstrate the efficacy 
of ECP and suggest the 12 week time-point cho-
sen in the original study was too early to fully 
determine efficacy.

Acute GVHD
There is less experience with ECP for the treat-
ment of acute GVHD with no published rand-
omized controlled studies to date. Similar to 

chronic GVHD reports, acute GVHD studies 
consist of patients who failed or were resistant to 
front-line therapy with steroids. Table 5 summa-
rizes responses rates of selected ECP trials in acute 
GVHD. Greinix and colleagues have the largest 
number of publications detailing the use of ECP 
for the treatment of acute GVHD. Recently, a pro-
spective phase II trial by this group assessed the 
effects of an intensified ECP regimen in 59 
patients with steroid-refractory acute GVHD. 
ECP was administered on 2 consecutive days 
weekly until response and thereafter every 2–4 
weeks until maximal response was achieved. 
Complete responses were achieved in 82% of 
patients with cutaneous, 61% with liver, and 61% 
with gut involvement [Greinix et al. 2006]. Only 
25% of patients with all three organ systems 
affected by acute GHVD achieved a complete 
response. The intensified ECP schedule used in 
this phase II trial produced higher complete 
response rates in patients with GI or grade IV 
acute GVHD when compared with an earlier 
study conducted by this group using a less-inten-
sive ECP schedule (12% versus 60% for grade IV 
disease and 25% versus 73% for GI disease) 
[Greinix et  al. 2000, 2006]. Kaplan–Meier esti-
mates for overall survival at 4 years were signifi-
cantly different between patients achieving a 
complete response (59%) and those who did not 
(11%) [Greinix et al. 2006].

The use of ECP for the treatment of steroid-
refractory acute GVHD has also been studied in 
the pediatric population with results highlighted 
in Table 5 [Messina et al. 2003; Perotti et al. 2010; 
Salvaneschi et al. 2001].

Conclusion
From a historical perspective, ECP was the first 
FDA-approved selective immunotherapy for any 
malignancy. Determining the mechanism by 
which this therapy exerts its immunomodulatory 
affect has been hampered by the limited under-
standing of the pathophysiology for the disorders 
in which this therapy is indicated. Recent research 
identifying potential cellular and inflammatory 
targets of ECP have paralleled similar research 
implicating these same factors in the pathogenesis 
of the target disorders. However, despite these 
recent findings, our understanding of ECP 
remains limited.

Nearly two decades have passed since the original 
case report detailed the use of ECP for the 
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management of GVHD. Over this period there 
has been a wealth of retrospective case series 
establishing the safety and to lesser degree effi-
cacy of this treatment in patients with GVHD. 
This data provided support for a decision by the 
Centers for Medicare and Medicaid Services 
(CMS) allowing expanded coverage for ECP in 
patients with extensive chronic GVHD that is 
resistant to standard immunosuppressive therapy, 
or who require a steroid-sparing strategy. Current 
studies are in progress to answer the most funda-
mental of questions: when and for whom should 
this therapy be provided.

There are currently two prospective, randomized 
trials underway evaluating ECP in patients with 
GVHD, which hope to provide further guidance 
for treating clinicians. The first of these trials is a 
single-center, unblinded, randomized trial of 
ECP in patients with newly diagnosed acute 
GVHD being conducted by researchers at MD 
Anderson Cancer Center [ClinicalTrials.gov 
identifier: NCT00609609]. Eligible patients must 
have clinically diagnosed acute GVHD and have 
not had more than 72 hours of treatment with 
systemic steroids. Patients are adaptively rand-
omized to either an intensive ECP arm combined 
with steroids versus steroids alone. The primary 
endpoint consists of a composite of being alive, in 

remission, with a GVHD response and on a 
tapered dose of steroids on day 60 of study. 
Extensive correlative studies are also being con-
ducted exploring the mechanism of action for 
ECP in this patient population.

The second ongoing trial is a randomized trial of 
ECP in patients with new onset moderate or 
severe (NIH Consensus Graded) Chronic GVHD 
[ClinicalTrials.gov identifier: NCT01380535]. In 
December 2011, the first patient was enrolled 
onto this international, multicenter, single-
blinded trial that randomizes patients to ECP 
with corticosteroids and cyclosporine versus corti-
costeroids and cyclosporine alone. Unlike the 
study performed by Flowers and colleagues the 
primary endpoint is overall response according to 
NIH Response Criteria and includes the assess-
ment of chronic GVHD involving all organ sys-
tems by week 28 of study. Several secondary 
measures are also being assessed including indi-
vidual organ response, underlying malignancy 
relapse, adverse events and patient-assessed qual-
ity of life. While the trial was specifically designed 
to capture response based on the NIH criteria, 
recent results from the multicenter chronic 
GVHD consortium suggest that these response 
criteria may not correlate with long-term survival 
outcomes or patient assessed quality of life 

Table 5.  Clinical trials with ECP in acute GVHD.

Study ECP regimen Number of 
patients

Skin GI Liver OS (%)

Greinix et al. 
[1998]

Twice every 2 weeks for 3 months, then twice 
monthly

6 OR=100%
CR=67%

OR=100%
CR=100%

100

Greinix et al. 
[2000]

Twice every 1–2 weeks to response then twice 
every 2–4 weeks

21 OR=81%
CR=62%

OR=None OR=67%
CR=67%

57

Salvaneschi 
et al. [2001]*

Thrice weekly to response then twice every 2 
weeks for 3 months

9 OR=89%
CR=67%

OR=60%
CR=60%

OR=20%
CR=20%

67

Messina 
et al. [2003]*

Twice weekly for 1 month, then twice every 2 
weeks for 2 months, then twice monthly for 3 
months

33 OR=82%
CR=76%

OR=75%
CR=75%

OR=60%
CR=60%

58

Perotti et al. 
[2010]*

Twice–thrice weekly to response then twice 
weekly for 1 week then twice every 2 weeks then 
twice monthly

50 OR=83% OR=73% OR=67% 44

Greinix et al. 
[2006]

Twice weekly to response then twice every 2–4 
weeks

59 CR=82% CR=60% CR=61% 47

Perfetti 
et al. [2008]

Twice weekly for 1 months, then twice every 2 
weeks for 2 months, then twice monthly until CR 
or stabilization

23 CR=66% CR=40% CR=27% 48

CR, complete response; ECP, extracorporeal photopheresis; GI, gastrointestinal; GVHD, graft-versus-host disease; OR, overall response (complete + 
partial response); OS, overall survival.
*Study involving pediatric patients.
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[Inamoto et al. 2012]. Despite this limitation, it is 
hoped that this study will answer many questions 
left unanswered from the Flowers and colleagues 
trial.

Patients who suffer from acute and chronic GVHD 
have limited treatment options. ECP remains an 
important therapeutic option. Future basic, trans-
lational, and clinical research studies will provide a 
better understanding of its mechanism of action 
and optimize its therapeutic potential.
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