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Abstract

Background and Summary: Extracorporeal photopheresis
(ECP)is aleukapheresis-based procedure used in the therapy
of acute and chronic graft-versus-host disease (aGvHD,
cGvHD) and other diseases. Based on the substantial efficacy
and the excellent safety profile in the absence of immuno-
suppression ECP has established itself as a major treatment
form for steroid-refractory GvHD. Here we review the current
literature on ECP as a treatment option for patients with
aGvHD as well as cGvHD. Key Messages: ECP is a well-estab-
lished second-line therapy for cGvHD. Its role in the treat-
ment of aGvHD is less clear but also points towards an effec-
tive second-line therapy option. In the future ECP could play
a role in the prevention of GvHD. More experimental and
randomized controlled trials are needed to define the best
patient selection criteria, settings, and therapy regimens for
GvHD. © 2020 S. Karger AG, Basel

Introduction

Extracorporeal photopheresis (ECP) is a leukaphere-
sis-based procedure used for the treatment of graft-ver-
sus-host disease (GvHD). Despite improvements in phar-

macologic prevention and therapy as well as in graft ma-
nipulation technologies, GVHD continues to be a major
source of disabling morbidity and mortality after alloge-
neic hematopoietic stem cell transplantation (HSCT) [1,
2]. GvHD is an immune-mediated, potentially life-threat-
ening syndrome in which host tissues are attacked by do-
nor immune cells [1, 2]. The disease is classified as acute
or chronic GvHD (aGvHD, cGvHD) on the basis of dif-
ferent manifestations and at least in part also pathophys-
iologic mechanisms. Corticosteroids remain the estab-
lished standard first-line treatment for GVHD, but only
up to 50-60% of patients respond to this therapy and the
majority of patients require additional salvage and/or sec-
ond-line therapy [1, 2]. Multiple second-line treatments
have been explored, but they are often not able to control
GVHD activity and harbor several side effects, most im-
portantly profound systemic immunosuppression with
an increased risk of infection, disease relapse, or unac-
ceptable late effects. Based on the substantial efficacy and
the excellent safety profile in the absence of severe sys-
temic immunosuppression, ECP has established itself as
a major treatment form for steroid-refractory GvHD.

Here we review the current literature on ECP as a
treatment option for patients with aGvHD as well as
cGvHD.

History

The idea of ECP originates from the so called “PUVA”
therapy, in which psoralen is taken orally to sensitize the
skin and thereafter the skin is exposed to UVA light. The
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Table 1. Comparison between in-line and off-line methods

Closed system (in-line method)

Open system (off-line method)

Manufacturer CELLEX (Therakos) Spectra Optia (Terumo BCT)
UVAR XTS (Therakos) AMICUS or COM.TEC (Fresenius Kabi)
AMICUS ECP System using a Phelix irradiation device together with a UVA irradiator
(Fresenius Kabi)

Principle Integrated device on a single instrument, all components Separate devices for each step, have not been
have been validated together validated together

Cell separator technology Continuous or discontinuous Continuous

Venous access Single or double Double

Anticoagulant Heparin or citrate Citrate

Quality control of cells No Yes

Duration 1.5-2h 3-4h

Weight limit Yes, red blood cell prime needed if >115% extracorporeal volume No

historical basis of this principle dates back to ancient
Egypt, where people with vitiligo ingested a plant (Ammi
majus) found on the banks of the Nile river, bathed in the
sun, and noticed a recovery in melanin production. Now-
adays, PUVA is used in the treatment of a variety of main-
ly dermatologic diseases, including psoriasis and neuro-
dermitis [3].

The first clinical application of ECP was for the treat-
ment of Sezary syndrome, the leukemic form of cutaneous
T-cell lymphoma (CTCL). Edelson et al. [4] developed
ECP from therapeutic leukapheresis as a “PUV A-therapy
for lymphoma cells.” After their landmark study in 1987
[4] ECP received approval by the US Food and Drug Ad-
ministration (FDA) in 1988. The next clinical application
of ECP was for the treatment of systemic scleroderma, lu-
pus erythematosus, rheumatoid arthritis, and other auto-
immune diseases [5-7]. Chronic GvHD as a main disease
entity for ECP was studied and first reported in 1994 [8].
Since then, ECP has been studied extensively in GvHD.

Techniques and Systems

ECP involves the following steps: (1) leukapheresis, (2)
photoactivation with 8-methoxypsoralen (8-MOP)/ul-
traviolet-A (UVA), and (3) reinfusion [9, 10].

For separation of mononuclear cells (MNC) from
plasma and nonnucleated cells, whole blood is collected
via a peripheral vein or permanently implanted catheter.
The collected MNC are then exposed to UV A irradiation
in the presence of the photosensitizing agent 8-MOP pri-
or to reinfusion into the patient. Two different methods
are established for this procedure (Table 1): the “closed
system” (also called the in-line method) and the so called
“open system” (also known as the off-line method). The
closed system is a “1-step method” in which cell-separa-

ECP in GvHD

tion, 8-MOP infusion, photoactivation, and reinfusion
into the patient are fully integrated in one dedicated ECP
device. The open system is a “2-step process” in which
MNC are first collected by a separate routine apheresis
device, whereafter the MNC concentrate is transferred to
a second device for UV A irradiation (such as MacoGen-
ic® by Maco Pharma or the UV-A PIT System® by PIT
Medical Systems GmbH) and subsequent reinfusion.

Regulatory approval of the different systems varies de-
pending on the respective health agency and country. The
closed systems (i.e., Therakos® CELLEX), including their
kits and applied drugs (i.e., UVADEX™), are moreover
approved for ECP in many countries. The open systems
on the other hand can be operated with a combination of
different devices, which have not been validated for use
together. Although these devices may be European CE
marked or have FDA approval on their own, they are not
specifically approved for combined application in photo-
pheresis.

Closed systems rely on heparin for anticoagulation,
which can be contraindicated in heparin-induced throm-
bocytopenia as well challenging due to its longer half-life
in patients with a high bleeding risk (such as patients with
a low-platelet count and systemic anticoagulation) and
active bleeding. In this setting the use of ACD-A is prefer-
able due to its shorter half-life, which is the standard an-
ticoagulant for the open systems. Some selected centers
also have gathered experience with the use of ACD-A in
the closed system Therakos Cellex®; however, this appli-
cation remains off-label at the moment. The mean dura-
tion per procedure is about 1-2 h, depending on the sys-
tem used and according to the aimed target cell number.

In low-weight patients (children), red blood cell prim-
ing is necessary for both systems (i.e., in the Therakos
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Fig. 1. Procedure and mode of action. Stages of the procedure and the hypothesis for the mode of action. (1) MNC
are separated from peripheral blood (buffy coat) and concentrated before ex vivo incubation with 8-MOP and
photoactivation by UVA-irradiation. (2) ECP-treated lymphocytes undergo apoptosis. (3) Differentiation of im-
mature dendritic cells are triggered by contact of these cells with extracorporeal surfaces. (4) Recognition of
apoptotic cells induces an anti-inflammatory response with a lower production of proinflammatory cytokines
and a higher production of anti-inflammatory cytokines. (5) Antigen-presenting cells promote generation of
regulatory T cells. (6) Reinfusion of irradiated cells into the patient.

Cellex® device in patients weighing <40 kg, and in the
Spectra Optia® in patients weighing <25 kg). As an alter-
native, “mini photopheresis,” which only processes 100—
200 mL of whole blood and is well tolerated, can be an
option in low-weight patients [11].

Overall, both systems have proven their efficacy and
are used widely in routine clinical practice, but studies for
a direct head-to-head comparison will likely not be per-
formed. Each center has to balance the benefits versus the
drawbacks of each particular system, i.e., for centers with
small patient numbers the open system can allow more
apheresis procedures when using the apheresis device
(i.e., Spectra Optia®; Terumo BCT) not only for ECP but
also for other indications. On the other hand, the han-
dling of the closed system is less demanding, it is associ-
ated with a lower risk of improper reinfusion (risk of in-
fection), and it has fewer regulatory boundaries.

Mechanism of Action

Although the first study on ECP was completed 35
years ago and since then over 2 million of treatments have
been performed, the mechanism of action is still incom-
pletely understood.

Several mechanisms have been suggested that modu-
late the in vivo immune response. These seem to differ
between the different disease entities and currently are
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thought to revolve mainly around the apoptosis of lym-
phocytes and differentiation of dendritic cells (Fig. 1).

The first studies postulated that ECP initiates apopto-
sis in lymphoid cells as a result of 8-MOP binding cova-
lently to DNA, leading to cell cycle arrest [12, 13].

Further studies investigated intensively the increased
differentiation of immature dendritic cells [14], which is
triggered by contact of these cells with extracorporeal sur-
faces in the tubing and radiation chamber of the ECP de-
vice and with platelets [15]. Dendritic cells are the master
switches governing antigen-specific T-cell immunity and
T-cell tolerance, and thereby they are central and critical
components of the ECP immunotherapeutic response. In
fact, experts have judged ECP as a dendritic antigen-pre-
senting cell-based therapy [16].

The cytokine profile in the peripheral blood is modi-
fied after reinfusion of 8-MOP and UVA-treated cells
[17], showing a switch from proinflammatory to anti-in-
flammatory cytokine production.

During ECP T-cells are also activated, leading to gen-
eration of regulatory T-cells which play a pivotal role in the
downregulation of immune reactions. In aGvHD patients
in particular, a significantly higher number of regulatory T
cells is detectable in peripheral blood after ECP [18]. Gatza
etal. [19] also showed that injection of ECP-treated spleno-
cytes from mice developing GVHD triggers IL-10-produc-
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Table 2. Category and grade recommendations for ECP according to the ASFA guidelines of 2019 [10]

Indication Category Grade
Transplant setting
HSCT
aGvHD I 1C
cGvHD II 1B
Lung transplant
Bronchiolitis obliterans syndrome 1I 1C
Cardiac transplant
Rejection prophylaxis I 2A
Cellular rejection II 1B
Liver transplant
Densitization (ABOi) 111 2C
Acute rejection/immune suppression withdrawal I 2B
Dermatology
Cutaneous T-cell lymphoma
Erythrodermic I 1B
Nonerythrodermic 111 2C
Atopic dermatitis I 2A
Pemphigus vulgaris, severe 111 2C
Psoriasis, disseminated pustular I 2B
Other
Skleroderma 111 2A
Nephrogenic systemic fibrosis 111 2C
Crohn’s disease III 2C

ing regulatory T cells, which are able to reverse experimen-
tal GVHD [19]. Altogether, the current data suggests that
ECP might be able to trigger an immune tolerance.

However, the generation of regulatory T cells does not
explain how ECP selectively targets pathogenetic T cells
in the setting of CTLC [20]. In this setting it has been
rather suggested that ECP induces an antitumor response
directed toward tumoral T cells [21].

Overall, the full concept and mode of action of ECP re-
main unclear and a deeper understanding of the mecha-
nism of action would help to optimize treatment regimens.

Results

Established Indications

ECP has been established in several indications that
are listed by the latest American Society for Apheresis
(ASFA) guidelines based on a stringent review of up-to-
date literature, an analysis of the quality of evidence, and
the strength of recommendations from this evidence (Ta-
ble 2) [10]. Further recommendations were made recent-
ly by the section “Preparative and Therapeutic Hema-
pheresis” of the German Society for Transfusion Medi-
cine and Immunohematology [22]. While the best
evidence of ECP effectiveness exists for from the treat-
ment of CTCL, in the following section we will focus on
the available evidence for the use in GvHD.

ECP in GvHD

General use of ECP for GvHD

ECP is used in 2 clinical settings for HSCT patients, i.e.,
prevention and treatment of GvHD. Although ECP is a
widely recognized treatment modality for GVHD, the pub-
lished data is limited to nonrandomized trials and case re-
ports/series. Only 2 randomized clinical trials have evalu-
ated the efficacy of ECP in cGvHD. The limited data and
the heterogeneity of the patients and stem cell sources,
combined with significant differences among practices be-
tween centers, pose a challenge in the evaluation of the cur-
rently available literature on the efficacy of ECP in GvHD.
Furthermore, grading of GVHD has evolved in recent
years and assessment of the disease itself remains challeng-
ing [23, 24]. Nonetheless, several expert groups have pub-
lished consensus recommendations on treatment indica-
tions, regimens, and response assessments in patients un-
dergoing ECP for GvHD [9, 10, 25, 26] (Table 3). These
recommendations are similar and have not been prospec-
tively studied in a head-to-head comparison. They are
mainly based on expert opinion (i.e., survey in transplant
centers) [27], experiences from other indications (i.e.,
CTLC), the frequency and interval of ECP often depending
on the patient’s follow-ups, the logistics and capacity of the
apheresis unit, personnel, and reimbursement.

Prevention of GYHD
The preventive role of ECP for GvHD has only been
tested in a handful of studies, either in the application of
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Table 3. Expert reccommendations on treatment indications and regimens

Group

aGvHD

cGvHD

ASFA [10]

Indication: salvage treatment after failure of first-line
therapy

Regimen: 1 cycle (2 treatments typically on 2
consecutive days) performed weekly until disease
response and then tapered to every other week before
discontinuation

Indication: steroid-refractory or steroid-dependent
extensive cGvHD

Regimen: 1 cycle weekly for 4 weeks (or consider biweekly if
treating only mucocutaneous cGVHD) and then 1 cycle
every 2 weeks or for at least 8 weeks (assess at 2-3 monthly
intervals), continue to maximum response every 2-4 weeks
with tapering

German Working Group on Bone
Marrow and Blood Stem-Cell
Transplantation [42, 43]

Indication: second-line treatment
Regimen: initially 3x/week, then 2x/week until
resolution

Indication: salvage therapy after first-line therapy
Regimen: -

European Dermatology Forum [9]

Indication: no response to first-line therapy with
corticosteroids at 2 mg/kg/day, defined as
progression of aGvHD after >3 days of corticosteroid
treatment or lack of response after >7 days of
corticosteroids

Regimen: 2-3 treatments per week with cessation
upon achievement of a complete response

Indication: second-line treatment for steroid-refractory
patients (progression on prednisone at 1 mg/kg/day for 2
weeks, stable disease on at least 0.5 mg/kg/day for 4-8
weeks and inability to taper steroids below 0.5 mg/kg/day)
Regimen: 1-2 cycle(s) of ECP every 1-2 weeks for 3 months;
thereafter, intervals can be increased depending on the type
of lesions, extension, and the clinical response; if cGVHD
progress consider a change in the treatment strategy

United Kingdom Photopheresis
Society [25]

Indication: no response to first-line therapy with
corticosteroids at 2 mg/kg/day, defined as
progression of aGvHD after >3 days of corticosteroid

Indication: second-line treatment in skin, oral or liver
c¢GVvHD, third-line treatment for other organs
Regimen: 2 consecutive days every week with minimum

treatment or lack of response after 27 days of

corticosteroids

assessment after 3 months

Regimen: 2-3 treatments per week with cessation
upon achievement of a complete response

BCSH/BSBMT [26, 44]
1/1v

Regimen: optimal schedule and duration not defined

Indication: second-line treatment of aGvHD grade

Indication: second-line treatment in skin, oral, and liver
c¢GvHD, may also be considered as third-line treatment for
c¢GvHD involving other organs

Regimen: fortnightly-paired treatments for a minimum
assessment period of 3 months

ECP within the conditioning regimen or as GvHD pro-
phylaxis after HSCT.

The first investigations were performed by Miller et al.
[28] in 2004 by integrating ECP in a reduced-intensity
conditioning (RIC) regimen together with pentostatin
and low-dose body irradiation (600 cGy). Nine percent
of the patients developed aGvHD higher than grade 2,
while 43% of the patients developed cGvHD, with 12%
showing extensive disease. The study population was
heavily pretreated and many cofactors (concomitant
conditioning agents, GvHD prophylaxis, donor, and
bone marrow source) possibly influenced GvHD rates,
thus making it difficult to draw further conclusions from
this study.

Shaughnessy et al. [29] applied ECP before initiating a
myeloablative conditioning regimen consisting of cyclo-
phosphamide and fractionated total-body irradiation
(10-13.5 Gy) [29]. They hypothesized that the use of ECP
4 days before the beginning of myeloablative condition-
ing could modulate the host antigen-presenting cell func-
tion, thereby reducing the incidence of GvHD. They
matched their outcomes to historical controls with simi-
lar conditioning regimens and GvHD prophylaxis with-
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out ECP, thereby showing that the addition of ECP re-
sulted in a significantly lower risk of aGvHD grades 2-4.

In a further study on GvHD prophylaxis, ECP was test-
ed together with Etanercept administered twice weekly
for 8 weeks [30]. ECP was performed weekly from day
+28 post-HSCT to approximately day +70, followed by
every other week up to day +100 and thereafter monthly
to day +180. Further GvHD prophylaxis consisted of ta-
crolimus and mycophenolate mofetil. The results showed
that aGvHD developed in 57% of the patients and there
was a high incidence of steroid-dependent cGvHD once
the prophylaxis was stopped, showing that this strategy
was not effective.

Recently, Michallet et al. [31] performed a prospective
multicenter phase 2 trial for prophylactic ECP after re-
duced-intensity conditioning. ECP took place twice per
week during the first 2 weeks and then once a week for the
next 4 weeks for a total of 8 ECP courses. The cumulative
incidence was 15% for aGvHD and 22% for cGvHD,
pointing towards encouraging results.

Experimentally, preliminary data also indicates that
ECP could have a role in processing of donor leukocytes
pretransplant. In a murine model, the exposure of tissue
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Table 4. Results of second-line treatment of aGvHD with ECP

Study Patients, n  CR skin, CR liver, CR gut, ORR, 08, %

n (%) n (%) n (%) n (%)
Greinix et al. [46] 21 12/20 (60) 8/12 (67) 0/4 (0) 57 at 25 months
Salvaneschi et al. [47] 9 6/9 (67) 1/3 (33) 3/5 (60) 67
Dall’Amico and Messina [48] 14 10/14 (71) 4/7 (57) 6/10 (60) 57
Messina et al. [49] 33 25/33 (76) 9/15 (60) 15/20 (75) 69 at 5 years
Greinix et al. [50, 51] 59 47/57 (82) 14/23 (61) 9/15 (60) 47 at 5 years
Garban et al. [52] 12 8/12 (67) 0/2 (0) 2/5 (40) 42
Kanold et al. [53] 12 9/10 (90) 5/9 (55.5) 5/6 (83) 75 at 8.5 months
Calore et al. [54] 15 12/13 (92) 14/14 (100) 85 at 5 years
Perfetti et al. [55] 23 15/23 (65) 3/11 (27) 8/20 (40) 48 at 37 months
Gonzalez-Vicent et al. [56] 8 8/8 (100) 2/2 (100) 4/7 (57) 37.5
Perotti et al. [57] 50 39/47 (83) 16/24 (67) 8/11 (73) 64 at 1 years
Malagola et al. [58] 45 41/45 (91%) CR for all
Niittyvuopio et al. [59] 52 24 (77) 1(33) 14 (34) 32 (62) -
Cid et al. [60] 21 12 (57) 38

Values are based on previous reviews [9, 45] integrated with current data. CR, complete response; ORR, overall response rate; OS, overall survival.

donor leukocytes to UVA-activated 8-MOP and their in-
fusion into HLA-mismatched tissue recipients enhanced
tolerance to transplanted heart, liver, and kidney [16].
This is a novel approach since ECP is conventionally per-
formed after HSCT processing of donor cells. However,
open issues remain a potential effect on relapse rate in
malignant diseases. Further clinical trials are needed to
confirm this otherwise elegant strategy, but it could prove
to be an elegant prevention strategy for inducing toler-
ance in the transplant setting.

Overall, ECP for the prevention of GvHD has not
found its way into routine use and the effect remains to
be further validated in future studies.

Treatment of aGvHD

While corticosteroids remain the backbone of first-
line treatment of aGVHD, options for second-line therapy
vary, with no clear advantage of one over the other. Fur-
thermore, very little prospective controlled trial data is
available to date. The choice of second-line therapy is not
standardized, often relies on center-specific experiences,
may be partly reimbursement driven, and can differ even
within a center depending on an individual physician’s
preference. The lacking standard definition of refractory
aGvHD further complicates the decision and research
process. The role of ECP for second-line therapy in
aGVHD is less well supported by published data in com-
parison to cGvHD, but several reports have prompted its
increased use (summarized in Table 4).

Considering that response assessment was not uni-
form across studies the interpretation of the results is lim-
ited. Overall response rates for steroid-refractory aGvHD
range from 52 to 100%, with responses in 66-100% for
skin, 40-83% for the gastrointestinal tract, and 27-71%

ECP in GvHD

for liver aGvHD. A multicenter comparative analysis of
ECP (n = 57) versus anticytokine therapy with inolim-
umab or etanercept (n = 41) as a second-line treatment
for steroid refractory aGvHD reported a higher overall
response in the ECP group (66 vs. 32%; p = 0.001), along
with a significant survival advantage for patients receiv-
ing ECP [32].

Opverall, the results for ECP are not superior to results
reported for alternative salvage therapies for steroid re-
fractory aGvHD. However, as discussed before, the pro-
file of adverse effects, steroid sparing, and organ specific
responses need to be included in decision making and
efficacy assessment.

Treatment of cGvHD

As in aGvHD, corticosteroids are the standard of care
for first-line treatment of cGvHD, whereas the standard
for the optimal second-line treatment is not clearly de-
fined. Compared to aGvHD, in cGVHD ECP has been
studied more extensively with variable responses, al-
though the majority of data relies on uncontrolled trials
or retrospective studies. There are 3 prospective trials
[33-35] and 1 recently published prospective random-
ized study on ECP in cGvHD based on NIH 2015 consen-
sus criteria [32]. Hence, several expert groups have
reached out to the consensus that ECP has an established
place as second-line or adjuvant therapy in cGvHD.

Looking at the published data so far, the only random-
ized controlled trial that investigated the efficacy of ECP
in patients with steroid-refractory cGvHD reported no
statistically significant difference in total skin scores at 12
weeks of ECP in combination with salvage therapy versus
salvage therapy alone [34]. However, patients in the ECP
group showed a 40% complete and partial response com-
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Table 5. Results of second-line treatment of cGvHD with ECP

Author Patients,n = CR/PR CR/PR CR/PR ORR, Cortico- (O

skin, % liver, % oral, % % steroid sparing
Greinix et al. [61] 15 100 90 100 93 Yes 14/15 (93)
Salvaneschi et al. [47] 14 83 67 67 64 Yes 11/14 (79)
Seaton et al. [62] 28 48 32 21 36 No 24/28 (86)
Apisarnthanarax et al. [63] 32 59 NA NA 56 Yes 19/32 (59)
Foss et al. [33] 25 64 0 46 64 Yes 15/25 (60)
Rubegni et al. [64] 32 81 77 92 69 NA NA
Greinix [65] 47 93 84 95 83 Yes 42/47 (89)
Couriel et al. [66] 71 57 71 78 61 Yes 13/71 (18)
Kanold et al. [53] 15 75 82 86 73 No 10/15 (67)
Perseghin et al. [67] 25 80 67 78 80 NA 19/25 (76)
Flowers et al. [34] 48 40 29 53 Yes 47/48 (98)
Dignan et al. [68] 69 92 NA 91 79 Yes 50/69 (72)
Greinix et al. [35] 29 31 50 70 31 Yes 29/29 (100)
Del Fante et al. [69] 88 NA NA NA NA NA NA
Hautmann et al. [70] 32 59 100 60 44 No 21/32 (66)
Malagola et al. [58] 49 15/45 (33)

CR for all manifestations

Cid et al. [60] 26 77 61

Values are based on previous reviews [9, 45] and current data. Numbers in parentheses are percents. CR, complete response;
PR, partial response; ORR, overall response rate; OS, overall survival; NA, not available.

pared to 10% in the non-ECP group. As a further advan-
tage, corticosteroids could be tapered more rapidly in the
ECP group.

A cross-over study after 24 weeks of ECP showed re-
sponses of 33% in skin and up to 70% in extracutaneous
tissues, emphasizing the importance of prolonged ECP
for an optimal therapeutic effect [35].

A systematic review showed pooled response rates for
skin, liver, ocular, oral, lung, gut, and musculoskeletal ste-
roid refractory cGvHD of 74, 68, 60, 72, 48, 53, and 64%,
respectively [36].

Most recently, the first randomized controlled trial
was published in the first-line setting for moderate to se-
vere cGVHD [32], reporting results after 28 weeks of ECP
treatment together with standard of care (corticosteroids)
versus standard of care alone. There were no significant
differences in the overall response rates between the
groups (74% in the ECP group vs. 60.9% in the standard-
alone group, by blinded assessors), but a trend of im-
provement of quality of life in the ECP group was ob-
served. Further clinical studies are needed to understand
the role of ECP in the first-line setting.

Numerous small studies have been published to ad-
dress the role of ECP in cGVHD, showing varying disease
responses. Table 5 summarizes the studies on the effect of
ECP in second-line treatment of cGvHD, though re-
sponse assessment was also not uniform across all studies.

Current consensus recommendations point out that
treatment should be performed on 2 consecutive days ev-
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ery week or every 2 weeks for at least 8—12 weeks or until
a response is noticeable (Table 3). The most recent study
by Cid et al. [32] showed that their center-specific off-line
ECP schedule was also efficacious, with overall response
rates of 57% for aGvHD and 38% for cGvHD. The authors
treated patients with aGVHD twice a week for the first 2
weeks, followed by once a week for 2 more weeks. After
the first month of treatment, the patients received treat-
ment once every 2 weeks for a minimum total of 16 ECP
procedures. Patients with chronic GVHD were treated
once a week for 4 weeks followed by once every 2 weeks
for a minimum total of 14 ECP procedures. This data
highlights that the optimal treatment schedule is still not
clear, and most likely several regimens have to be tested
ideally in a head-to-head comparison.

Safety and Quality Management

ECP therapy is characterized by an excellent safety
profile, with almost no serious adverse events reported so
far aslong as patients are carefully selected [37]. The main
side effects are mild and comprise the increased photo-
sensitivity from 8-MOP and patient-related issues due to
repeated venous puncture and volume shifts during the
procedure. There are no reports of an increased infection
risk or disease relapse, although a warning has been is-
sued for splenectomized patients.

Due to increased photosensitivity, patients are in-
structed to wear eye and skin protection for 24 h after
ECP treatment and ECP should not be performed in pa-
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tients with aphakia due to an increased risk of retinal
damage [38].

ECP relies on either repeating peripheral venous punc-
ture or long-term venous access (peripheral or central),
which can result in local hematoma, arterial puncture,
phlebitis, venous thromboembolism, catheter-related in-
fection, and pneumothorax.

With the closed Cellex® system in particular, venous
thromboembolism has been reported, as noted in a 2018
MedWatch Safety Alert issued by the FDA [39]. These
events are, to date, not fully understood; nonetheless,
physicians should inform their patients on the potential
risk during ECP treatment.

Other side effects observed during ECP are primarily
related to volume shifts since hypotension may occur
during any treatment involving extracorporeal circula-
tion. This is of major importance for low-weight patients
including pediatric patients, since priming of the ma-
chine may be necessary.

Absolute contraindications for ECP exist for patients
who cannot tolerate methoxsalen, show hemodynamic
instability, have an uncontrolled systemic infection, and
are affected by coagulation disorders with a high bleeding
risk.

ECP centers should be quality assured. ECP requires
well-maintained and validated machines, specifically
trained staff, and a quality management system to ensure
that the clinical standards for safe, high-quality proce-
dures are achieved and maintained. A quality control of
the collected cells is recommended (i.e., cell count and cell
type) and can be collected not only by users of the open
system but also by users of the closed system [40].

Special Challenges in HSCT Patients

Patients affected by cutaneous GVHD often show sen-
sitive und vulnerable skin features, and thus multiple in-
sertions of peripheral intravenous catheters — as are need-
ed for long-term ECP - can be cumbersome. In addition,
peripheral vein access can be lost after several ECP cycles
because of contractures, skin sclerosis, or steroid effects.
In this patient group with poor peripheral venous access
we observed a favorable outcome by insertion of central
venous catheters, either by tunneled hemodialysis cathe-
ters or by special ports.

ECP candidates with GVvHD commonly present with
abnormalities in their peripheral WBC count (leukopenia
as well leukocytosis). To date, there is no consensus ad-
dressing the limitation of ECP in cases of leukopenia,
lymphopenia, monocytopenia, or leukocytosis. Some
centers do not perform ECP in cases with a very low WBC
(<1.5 G/L). Specific limits are arbitrary and have not been
validated. One study demonstrated that peripheral and
buffy coat lymphocyte and monocyte counts strongly
correlate with each other [41], suggesting that the periph-

ECP in GvHD

eral leukocyte count can function as a surrogate for the
cell dose treated per ECP. However, taking into account
the limited data, placing a WBC dependency on the deci-
sion to start ECP still needs to be left in the responsibility
of the individual medical center.

GVHD patients can be affected by thrombocytopenia,
either caused by GvHD itself or due to other causes. Severe
thrombocytopenia (<50 G/L) can be challenging consid-
ering that patients receive anticoagulation with heparin or
citrate during the ECP procedure. In our center the fol-
lowing scheme for ECP with heparin (10,000 E) is stan-
dard for this patient group with a high bleeding risk: plate-
lets <20 G/L: 1 platelet concentrate directly before the start
of ECP and protamine 3,000 E directly after ECP; platelets
<50 G/L: protamine (3,000 E) directly after ECP.

This scheme has not been scientifically evaluated so
far; however, to date, we have not observed severe bleed-
ing events in GVHD patients with this approach. Alterna-
tively, citrate can be considered with selected devices due
to its shorter half-life (see Techniques and Systems).

Besides thrombocytopenia, GVHD patients also occa-
sionally receive long-term systemic anticoagulation due
to other indications (e.g., previous venous thromboem-
bolism and pulmonary embolism). Concomitant antico-
agulation during ECP can be challenging and has to be
evaluated for every patient individually based on the
properties of the prescribed anticoagulant, renal func-
tion, and intake of further concomitant therapies with
potential for interactions.

Discussion/Conclusion

Since the first trial on the use of ECP in CTCL was per-
formed by Edelson et al. [4] in 1987, promising results for
this therapeutic procedure in various conditions have
been published. Today, ECP is an established immuno-
modulatory treatment in several disease entities.

Current data in GvHD is particularly encouraging,
suggesting that ECP leads to no or only minor impair-
ment of the individual immune response to pathogens
and the underlying disease in comparison to other GYHD
treatments. Due to the beneficial results and the favorable
safety profile, ECP is continuously investigated in several
experimental and clinical studies regarding the underly-
ing pathophysiological mechanisms and clinical effects.

The current “one size fits all” strategy is rudimentary and
may not be the optimal treatment approach [16]. With in-
creasing knowledge, numerous research questions arise in
ECP and require validation, i.e., How many lymphocytes
and dendritic cells are required for an efficacious therapy?
How much whole blood should be processed (i.e., mini-
ECP) ? Are other blood components (e.g., platelets and co-
agulation factors) needed for the best efficacy? What is the
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optimal dose of 8-MOP? How long should photoactivation
of cells take place? Is UVA light the best energy source for
inducing the mechanisms of action? How often and in

which sequence should procedures be performed for maxi-
mizing the therapy effect? Which patients would profit

most from ECP treatment (personalized therapy)?
To answer these questions, further experimental re-
search and prospective controlled multicenter trials are

ists.

needed, ultimately defining the ideal role of ECP in the
treatment of GVHD.
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