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Summary

20 years ago, in 1987, Edelson and co-workers published
their first report on the effectiveness of a new procedure,
called extracorporeal photochemotherapy (ECP), in pa-
tients with advanced stage cutaneous T-cell lymphoma
(CTCL). The positive response (>70% overall) achieved in
those patients encouraged several groups to try out this
new technology in other T-lymphocyte-mediated autoim-
mune diseases and a number of dermatological dis-
eases, which sometimes gave conflicting results. In the
following years, ECP obtained FDA approval as first line
treatment in CTCL. In the 1990s ECP was applied to acute
and chronic graft-versus-host disease (GvHD) refractory
to conventional immunosuppressive therapy and proved
to be effective in >60% of cases of this larger patient pop-
ulation. Today, although the effectiveness of ECP in
GvHD is generally acknowledged, this is mainly based
on retrospective or observational studies, as data from
large, randomized multicenter trials, has yet to be pub-
lished. Moreover, ECP’s real mechanism of action and
optimal treatment schedule are still under investigation.
The aim of this review is to summarize knowledge ac-
quired to date about ECP.

Schliisselworter

Extrakorporale Phototherapie - Photopherese - Graft-
versus-Host-Erkrankung - Kutanes T-Zell-Lymphom -
Autoimmunkrankheiten

Zusammenfassung

Vor 20 Jahren berichteten Edelson und Mitarbeiter erst-
mals Uber die erfolgreiche Photopherese bei Patienten
mit fortgeschrittenem kutanem T-Zell-Lymphom (CTCL).
Die hohe Ansprechrate (>70% insgesamt) nach Photo-
pherese bei CTCL ermutigte verschiedene Forschergrup-
pen, diese neue Technologie bei anderen T-Lymphozy-
ten-vermittelten Autoimmunkrankheiten und dermatolo-
gischen Erkrankungen anzuwenden. Die Ansprechraten
bei diesen Erkrankungen waren unterschiedlich und
widerspruchlich. Mittlerweile wurde die Photopherese
als First-line-Behandlung bei der CTCL von der amerika-
nischen FDA zugelassen. In den 1990er Jahren wurden
die Photopherese bei Patienten mit akuter und chroni-
scher Graft-versus-Host-Erkrankung, die nicht auf eine
konventionelle immunsuppressive Therapie ansprachen,
angewendet und erfolgreich in mehr als 60% der Falle
bei dieser grol3en Patientenpopulation eingesetzt. Heut-
zutage ist die Effektivitat der Photopherese bei der Graft-
versus-Host-Erkrankung allgemein anerkannt, die Daten
beruhen jedoch hauptsachlich auf retrospektiven Analy-
sen oder Beobachtungsstudien. Ergebnisse von grof3en,
randomisierten multizentrischen Studien hierzu miissen
noch veroffentlicht werden. Der Wirkmechanismus der
Photopherese und das optimale Behandlungsregime
sind noch unter klinischer Erprobung. Diese Ubersichts-
arbeit fasst unser gegenwartiges Wissen uber die Photo-
pherese zusammen.
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Foreword

By searching the Pubmed database (end of June 2007) and
using ‘extracorporeal photochemotherapy’ and/or ‘photo-
pheresis’ as key words, a total of 654 references were found.
This suggests the growing popularity of this therapeutic proce-
dure in several clinical settings since the pioneering paper by
Edelson et al. [1] was published in the late 1980s, describing
the effectiveness of extracorporeal photochemotherapy
(ECP) in treating cutaneous T-cell lymphoma (CTCL) pa-
tients, refractory to conventional treatments.

Historical Background

In 1974, Parrish et al. [2] reported on the efficacy of skin ultra-
violet A (UVA) irradiation following oral administration of
psoralen in patients with psoriasis. This observation led Edel-
son and co-workers to develop a system to treat patients with
CTCL. These authors observed that ECP induced full remis-
sion of the disease in several patients and a substantial reduc-
tion of the skin involvement in others. Moreover, an increased
survival was observed in ECP-treated patients when com-
pared to controls (median 60 vs. 30 months) [3]. In the follow-
ing years, ECP was tentatively adopted in several autoimmune
T-cell-mediated diseases such as pemphigus vulgaris [4], sys-
temic sclerosis [5], psoriatic arthritis [6], rheumatoid arthritis
[7], Crohn’s disease [8] and multiple sclerosis [9]. Furthermore,
ECP was also introduced in the treatment of organ rejection
[10] and in the treatment of both acute and chronic graft-ver-
sus-host disease (GVHD) refractory to conventional immuno-
suppressive therapy in patients who had previously undergone
bone marrow transplantation [11]. To date ECP is performed
in about 200 centers worldwide, and the number of procedures
is continuously increasing. Nevertheless, in spite of an increas-
ing number of published reports describing its effectiveness in
several clinical settings, there is still a lack of large, random-
ized multicenter studies which aim to ascertain its real efficacy
in different diseases. The purpose of this review, is to focus on
technical and practical issues related to ECP, its putative
mechanism(s) of action, and finally on its possible applications
in the clinical setting.

Devices and Techniques

ECP mainly consists of three subsequent steps: 1) collection of
mononuclear cells (MNC), 2) irradiation of MNC in the pres-
ence of 8-methoxypsoralen (8-MOP) by means of UVA at
320-400 nm wavelength, and finally 3) infusion of irradiated
MNC to the patient over 30-40 min [12]. MNC collection was
initially performed by means of a single vein discontinuous
flow cell separator developed by Therakos (UVAR) which, in
spite of the use of a 120 ml pediatric bowl, was not suitable for
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patients with low body weight (<40 kg). The whole procedure
consisted of six collection cycles, during which buffy coat was
collected and irradiated (at 2 J/cm?) within a special chamber
integrated in the same apparatus. In the very first experience
performed by Edelson et al. [1], 8-MOP was orally adminis-
tered to the patient at 0.6 mg/kg BW at least 1-2 h prior to
MNC collection. This approach was flawed by the variable ab-
sorption of the drug in different patients and by the onset of
side effects such as nausea and vomiting, induced by 8-MOP
ingestion. Over recent years, new formulations suitable for i.v.
administration have become available (UVADEX from Ther-
akos and EC-8-MOP from Gerot Pharmaceutical), to be
added at lower concentration (200 ng/ml) to the MNC collec-
tion bag before irradiation. This has allowed for both a more
standardized use of the photoactivable drug and a reduced in-
cidence of drug-related side effects in the patients. In 1994,
Andreu et al. [13] in France proposed a modification to the
ECP procedure: the first step was accomplished using a con-
tinuous flow cell separator (Gambro Spectra), then 8-MOP at
200 ng/ml final concentration was added to the MNC in an ex-
ternal plastic bag (Macopharma), and the product was finally
irradiated using an ad hoc device (UV-Matic; Vilber-Lourmat)
before re-infusion into the patient. This method was defined
as the ‘off-line’ technique, compared to the ‘on-line’ technique
proposed by Therakos (which later went on to develop a new
version of the original device: the fully automated discontinu-
ous flow UVAR® XTS™ machine, equipped with either a 120
or 225 ml bowl, presently on the market). The off-line method
became very popular, especially in Europe, as the very low ex-
tracorporeal volume which is enabled by the use of continu-
ous flow cell separators, allows to easily and safely adopt this
procedure even in low-weight pediatric patients [14, 15]. Fur-
thermore, this method allows for high product purity in terms
of MNC content and for a final hematocrit below 2% which is
particularly important given that higher hematocrit values
may intercept UVA and thus compromise irradiation efficacy.
It should be pointed out that the volume of the collected prod-
uct is usually higher with the Therakos devices (from 280 ml
with the UVAR XTS to 540 ml obtained with the former ver-
sion UVAR, compared to 50-150 ml obtained with the off-line
methods [12, 17]. Moreover, the off-line method allowed for
performing very accurate quality controls on the total number
of collected MNC and their differential count, which might in
turn be of relevance from a clinical point of view [16, 17]. For
clarity’s sake, it should be said that when ECP is performed
with the on-line method, the collected buffy coat is pumped
through the irradiation chamber, allowing for closer contact
of the MNC with the plastic devices; it is possible that the
rolling of monocytes on the artificial material may facilitate
their switch to dendritic cells, which may account (at least in
part) for ECP’s mechanism of action. When the off-line
method is adopted, the collected cells undergo irradiation in a
plastic bag, under mild agitation, on a flat surface at constant
temperature. The on-line method is currently FDA-approved
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as first line treatment for CTCL and is a completely closed
system while the off-line method requires manual transfer of
the collected cells into the irradiation bag and, even if these
steps can be performed in a laminar flow cabinet and/or by
using a sterile connecting device, a residual risk of contamina-
tion still remains. To date no randomized studies have been
performed aimed at comparing on-line and off-line techniques
and treatment schedule. This latter point will be discussed in
another part of this review.

Finally, taking into account European Community regulations
about medical devices, new machines (all CE marked) have
been progressively introduced into practice, such as the re-
cently released UVA irradiator Macogenic from Macophar-
ma, which allows for a full traceability of the irradiation pro-
cedure, and the UVA Photo Immune Therapy (PIT) System
from Med Tech Solutions [18]. Several validation studies are
currently being performed on these devices, and Therakos it-
self is currently developing a continuous flow cell separator
with lower extracorporeal blood volume, to make it suitable
for the treatment of low-weight patients. Up to now, only lim-
ited information is available on the above described devices in
the form of abstracts or oral presentations, and will therefore
not be quoted in this review.

Treatment Schedule

Treatment schedule may vary from center to center and may
be different for different diseases. In CTCL patients, on the
basis of Edelson’s group experience, two ECP procedures are
administered monthly and continued without any pre-fixed
time limit on the basis of clinical response [1]. In both acute and
chronic GVHD patients two ECPs are performed on consecu-
tive days for 3—4 weeks, followed by two ECPs fortnightly and
finally by two ECP/month, for a total of at least 6 months or 20
ECP [16, 17]. Different schedules have been reported in other
clinical settings and will be detailed afterwards in the text.

The Putative Mechanisms of Action of ECP

The real mechanisms of action by which ECP exerts its effects
are still not well understood although several papers aimed at
elucidating this issue have been published over the last years.

Many changes have been shown to happen to MNC during
ECP procedures. Some effects might be related to the close
contact between the cells and the artificial plastic surface (the
so-called ‘rolling” mechanism) during both the collection step
within the cell separator and the subsequent contact within
the irradiation chamber (in the on-line method) or the plastic
bag used in the off-line method. It has been shown that con-
tact with artificial surfaces may enhance the transformation of
monocytes into dendritic cells [19, 20]. The further addition of
the photoactivable drug 8-MOP and the subsequent irradia-
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Table 1. ECP-
induced cytokines
production changes
in lymphocytes and
monocytes

Increase of inhibitory cytokines (Th2 cells)
IL-10
IL-4
TGF-
Decrease of pro-inflammatory cytokines
(Th1 cells)
IL-2
IFN-y
TNF-o
IL-1
Increase of plasmocytoid DC1
Decrease of monocytoid DC2

tion by means of 320-400 nm wavelength UVA, lead to sever-
al cellular modifications, including cell membrane damage and
antigen modification, irreversible cross-linking between 8-
MOP and DNA (with this effect being maximal at 350 nm
wavelength) as well as the formation of covalent bindings with
several cytosolic proteins and fatty acids [13, 20, 21].

ECP-Induced Changes in Cytokine Production

All mechanisms described above may induce apoptosis in
treated cells, becoming apparent by the appearance of specific
markers on the cell surface such as the externalization of the
early marker phosphatidylserine that could be identified by
Annexin V [22]. In vivo and in vitro studies performed on
ECP-treated MNC showed that lymphocytes are more prone
to undergo apoptosis than monocytes [23] and that ECP may
induce a down-regulation of pro-inflammatory cytokine pro-
duction, mainly in untreated monocytes. These latter findings
might be of clinical relevance in some diseases such as GvHD
in which pro-inflammatory cytokines such as TNF-o, IFN-y,
and IL-2 are considered to play an important pathogenetic
role in the onset and severity of acute GvHD [20, 22-27]. To
better ascertain the possible mechanism of action of ECP on
the immune system, a new device has recently been developed
to investigate ECP activity on small volumes of blood, thus
mimicking what happens during a real ECP procedure per-
formed on patients [28].

Most relevant changes in cytokine production which may arise
after ECP procedures are listed in table 1.

ECP-Induced Changes in Cellular Immunity and Importance
of Tolerogenic Cells

ECP-induced apoptosis is believed to play an important role
in re-modulating immune response in treated patients even if
its mechanism of action may be different in different diseases
[20]. ECP may induce an anti-idiotype response to clonal
T-cell population damaged by UVA treatment in clonal dis-
eases such as CTCL [29]; apoptotic lymphocytes may be re-
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sponsible for cytokine secretion, thus inducing modifications
in immune response, and may be phagocytozed by immature
dendritic cells arising from monocyte activation and switch in-
duced by ECP [20, 29, 30]. In fact, ECP may induce the differ-
entiation of monocytes into CD83+ CD36+ immature dendrit-
ic cells with strong phagocytic activity which may act as anti-
gen-presenting cells (APC) and take up apoptotic cells [31],
thus triggering a specific cell-mediated immunologic response
against a specific cellular population. In CTCL patients who
have a clonal disease represented by CD4+ lymphocyte with
Th1 profile a normalization of CD4/CD8 ratio together with a
shift from Th1 to Th2 cytokine secretion has been observed,
with a subsequent reduction of IL-12 production which may in
turn reduce the clinical manifestation of CTCL [29, 32, 33].

A different mechanism of action of ECP may be implicated in
acute and chronic GVHD, because of the different pathogene-
sis of the disease. Acute GVHD is a T-cell-mediated complica-
tion which may occur after hematopoietic stem cell transplan-
tation (HSCT) when donor-derived T cells are stimulated by
host APC, with the enhancement of several pro-inflammatory
cytokines such as TNF-a,, IL-1, IL-6 and IL-8, thus configuring
a predominant Th1 immune response [20, 34]. Chronic GVHD
might be considered as an autoimmune disease with a pre-
dominant Th2 response, irrespective of whether it follows a
previous acute GVHD or arises at more than 100 days from
HSCT. The onset of autoreactive T-cell clones and a contem-
porary impairment and/or decrease of T-regulatory lympho-
cytes (T-reg) with a CD4+ CD25+ phenotype at high fluores-
cence intensity are of paramount importance in the pathogen-
esis of this form of GVHD [35-38]. It has been observed that
ECP may induce a shift from Thl to Th2 response, thus re-
ducing the secretion of proinflammatory cytokines, and a con-
temporary shift from DCI1 (plasmocytoid) to DC2 (monocy-
toid) cell type [39, 40], suggesting that ECP may act by altering
alloreactivity by both modulating allotargeted effector T cells
and dendritic APC.

Recently, some research teams published details on the ECP-
induced increase of T-regs in patients treated for organ trans-
plant rejection or for acute or chronic GvHD. In 4 children
treated with ECP for heart or lung rejection, Lamioni et al.
[41] observed a significant increase of T-regs compared to chil-
dren who were treated with conventional immunosuppressive
therapy; moreover, these authors observed that T- and B-cell
response to novel or recall antigens were conserved in patients
treated with ECP, but not in the control patients. Biagi et al.
[42] evaluated 10 patients (4 acute and 6 chronic GVHD), all
undergoing ECP for refractory GvHD. All 10 patients re-
sponded to the treatment, and in all cases ECP was accompa-
nied by an increase of T-regs after six procedures (from 8.9 to
29% of total CD4+ lymphocytes). T-regs expressed high levels
of CD62L, CD45RO and Fox P3 antigens. Furthermore, sorted
CD4+ CD25+ fractions were strongly inhibitory towards
CD4+ CD25- fractions when stimulated with allogeneic cells
in trans-well experiments.

Extracorporeal Photochemotherapy
in T-Lymphocyte-Mediated Diseases

Table 2. Therapeutic applications of ECP (only main reference to clini-
cal reports are shown)

Disease References
T-cell lymphoma 1,3,21,32,43-47
(Sezary syndrome, mycosis fungoides)

Pemphigus bullosus (vulgaris) 4,48,49

Atopic dermatitis 53

Psoriatic arthritis 2,6,79,80
Lichen planus 52
Epidermolysis bullosa 50,51

Organ rejection (heart, lung, kidney, liver) 10,91-101
Progressive systemic sclerosis 5,73-76
Systemic lupus erythematosus 81

Rheumatoid arthritis 77,78

Acute and chronic GVHD 11,14-17,29,54-72
Chrohn’s disease 8

Multiple sclerosis 9,82, 84, 85,88
Treatment of malignancy (transimmunization) 19,1 02-105

ECP in the Field

Since its first application in patients with CTCL the effective-
ness of ECP has been investigated in a number of different
clinical settings, sometimes with conflicting results (table 2).
Unfortunately, most papers published so far report on single
center, small patient series, evaluated in non-randomized stud-
ies. To date, ECP has obtained FDA approval as a treatment
of proven efficacy only in CTCL patients. The most significant
findings achieved in different diseases are reported below.

CTCL and Other Dermatological Diseases

CTCL

In their first paper reporting on the efficacy of ECP in CTCL,
Edelson et al. [1] showed that 73% of 37 patients (29 with ery-
throdermic stage of the disease) had a greater than 25% im-
provement of the skin score, with 24% of the patients showing
a 75% decreased skin score. In patients with erythroderma,
they observed 83% of clinical responsiveness, compared to
just 38% in those individuals with plaques or tumors. Com-
plete clinical remission was observed in 6 patients and lasted
5-7 years [43]. Similar results were achieved by Crovetti et al.
[44] on 30 evaluable patients, with a favorable clinical re-
sponse in 16/21 (81%) patients with mycosis fungoides and in
6/9 (66%) patients with Sézary syndrome [44]. In 2001 Evans
et al. [45] investigated possible parameters as predictors of re-
sponse in CTCL patients undergoing ECP (two ECP/month
for 6 consecutive months). They found that patients with a
higher baseline Sézary cell count were more likely to respond
to ECP after a 6-month treatment than those with lower val-
ues. These findings favored the hypothesis that a minimum
tumor burden was required for the induction of a cytotoxic re-

Transfus Med Hemother 2008;35:8-17 11



sponse [45]. In 2003 Knobler and Jantschitsch [46] analyzed
data on 448 patients with CTCL treated with ECP reported in
17 published papers, with an overall response rate of 61%.
Some parameters were identified from the evaluated papers
as predictors of responsiveness, such as duration of the disease
< 2 years, no bulky adenopathy or major organ involvement,
presence of discrete number of Sézary cells (as quoted in
[45]), absence of prior intensive chemotherapy, and plaque
stage disease at not more than 10-15% of total skin surface. In
all quoted studies, ECP was performed using the on-line
method during which about 5-10% of the total circulating
T cells were collected and treated.

In 2005 Schreiner et al. [47] reported on 3 patients with end-
stage CTCL (2 mycosis fungoides) not eligible for ECP, in
whom a so-called ‘small-scale ECP’ was performed. Briefly,
they collected MNC from 50 ml of whole blood, and after den-
sity gradient centrifugation the cells were UVA-irradiated in
presence of 8-MOP. The treatments were conducted 2-3 times
a week (for a total of 5,10 and 27 treatments in the 3 patients).
Both patients with mycosis fungoides showed a prompt re-
sponse to the treatment [47]. This last paper opened several
questions on the number of cells to be treated and the fre-
quency of the treatment and whether apheresis technology
could be circumvented, at least in selected patients.

Other Dermatological Diseases

ECP treatment has been proposed in several autoimmune
dermatological diseases, including pemphigus bullosus and
vulgaris, in drug-resistant patients or as an adjuvant therapy
[48-50], with satisfactory results in 60-75% of patients. Similar
findings regarding ECP treatment have been published in epi-
dermolysis bullosa [51], chronic erosive lichen planus [52] and
atopic dermatitis [53]. Unfortunately, the authors only report-
ed on single-center, small non-randomized patients series.
Thus, the beneficial effect of ECP in the above reported der-
matological disease should be investigated in larger patient
series and in randomized multicenter studies.

Acute and Chronic GvHD

GvHD still accounts for a high proportion of morbidity and
mortality following allogeneic HSCT, irrespective of immuno-
suppressive treatment and better donor selection by means of
molecular biology methods. Acute GvHD may occur in up to
40% of transplanted patients who receive stem cells from a
fully matched familiar donor, and in up to 70% of those who
receive stem cells from a matched unrelated donor [34, 35, 54,
55]. Since the mid 1990s, several authors have reported on the
effectiveness of ECP in the treatment of acute and chronic
GVHD refractory to conventional immunosuppressive therapy
[56-58]. In 1998 Greinix et al. [59] reported on 21 patients with
GvHD unresponsive to conventional therapy, including
steroids. Six patients had acute grade II-IIT GvHD, and 15 pa-
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tients had extensive chronic GVHD. Greinix et al. observed
that acute GVHD resolved completely in 67% of patients and
partially in the remaining 33% after a median of 14 ECPs.
Oral mucosal ulcerations resolved in all patients, and cuta-
neous chronic GVHD completely resolved in 80% of patients.
Seven out of 10 patients with chronic GVHD and liver in-
volvement showed a complete response. No severe infections
were observed, neither during ECP treatment nor after dis-
continuation. In 2000 Sniecinski et al. [60] reviewed previously
published data on 40 and 154 patients with acute and chronic
GvHD, respectively, treated at different institutions with very
different treatment schedules. The procedures were well toler-
ated, and side effects (evaluated in 2,172 ECPs performed in
95 patients) were minimal (1.29-1.93%), consisting mostly of
nausea, chills, increased transfusion requirements (red blood
cells and platelets), and catheter malfunction/catheter infec-
tion. In chronic GVHD patients the response rate was 88, 80,
81, 44 and 33% in gastrointestinal tract, liver, skin, mucosal
and lung involvement, respectively. Responsiveness in acute
GvHD patients was 89, 60 and 42% in skin, gastrointestinal
tract and liver, respectively. ECP did not increase the infec-
tion rate. Another important, beneficial effect of the treatment
was the tapering or discontinuation of immunosuppressive
drugs, mainly steroids, in responsive patients. In the following
years several groups worldwide reported on the effectiveness
of ECP in both adults and children with acute or chronic
GvVHD, treated with either the on-line or off-line ECP tech-
niques [14, 16,29, 61-63].

ECP proved to be effective even in the treatment of long-last-
ing (>6 years) chronic GVHD [64]. It should be emphasized
that, even though there was a substantial overlap in terms of
overall responsiveness to ECP when patient series from dif-
ferent institutions were evaluated, it was still quite difficult to
compare achievements due to heterogeneous inclusion criteria
and diverse patient stratification. These difficulties might arise
from the lack of reproducibility of the GVHD grading system
(mainly in chronic GVHD) in different groups. Consequently,
new clinical grading systems aimed at identifying prognostic
parameters as well as new criteria for evaluating responsive-
ness have been proposed in these last years [65-67]. In 2005
Foss et al. [68] published the results of a prospective study per-
formed on 25 patients with high-risk chronic GVHD following
Akpek’s criteria [65]. The authors did not observe any differ-
ence between a favorable (Akpek score < 2.5) or unfavorable
(Akpek score > 2.5) risk group, but patients with progressive
onset chronic GVHD showed a better response rate when
compared to those with de novo chronic GVHD (78 vs. 50%).
Furthermore, the response rate was similar in patients who re-
ceived weekly ECP compared to those who received ECP
every 2 weeks. However, in 2006 Couriel et al. [69] observed a
trend towards a higher response rate in patients with de novo
chronic GVHD in a retrospective study performed on 71 pa-
tients with steroid-resistant chronic GvHD. There were 6 non-
relapse deaths in 17 patients with de novo chronic GvHD
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compared to 8 non-relapse deaths which occurred in 16 pa-
tients with progressive chronic GVHD (p < 0.4). In the same
study, thrombocytopenia (platelets < 100,000/mm?) at time of
starting ECP treatment was significantly associated with a
lower response rate [69].

Garban et al. [70] reported on 27 patients (12 acute GVHD)
treated with intensified ECP (six courses in 3 weeks), with a
satisfactory response rate (9/12 patients with acute and 13/15
patients with chronic GvHD). Similar results were reported in
2006 by Greinix et al. [71] in 59 patients. 21 patients received
ECP at weekly intervals for 3—4 weeks, then every 2—4 weeks,
while 38 patients received ECP weekly until maximal re-
sponse. The authors observed that the probability of survival
was 59% among patients who responded completely to ECP
compared to just 11% in non-responders.

In a retrospective study published in 2007, 25 patients with
chronic GVHD were evaluated to find out if the number of
collected and treated MNC could influence response to ECP
treatment [17]. The analysis of the cell dose suggested that
an increase in MNC dose/kg BW induced a decrease in the
odds of treatment failure and that, if a cell dose of at least
100 x 10kg BW per ECP treatment was administered, a more
positive and long-lasting response was achieved. Nevertheless,
while intriguing, these findings have yet to be confirmed in
larger patient series and in randomized multicenter studies.
Finally, it has been suggested that ECP might play a role in
preventing GvHD if administered before hematopoietic stem
cell infusion, with the aim of modulating the activity of host
APC [72].

Miscellaneous Autoimmune Diseases

A few years after the paper of Edelson et al. [1] on CTCL,
Rook et al. [73] reported on a favorable response observed in
2 patients with advanced-stage systemic sclerosis, an autoim-
mune disease characterized by a generalized deposition of col-
lagen within tissues and organs and by a CD4+ T lymphocyte
infiltration of the skin, showing progressive functional limita-
tions and limited survival (20% at 10 years). The same authors
set up a clinical trial which aimed to compare patients ran-
domly given D-penicillamine or ECP (two procedures/month
for 6 months). 79 patients were evaluated, and the overall re-
sponse (improvement in skin thickening and decrease in der-
mal collagen deposition) was 68 vs. 32% (p = 0.002) when
ECP patients were compared to those who received D-peni-
cillamine [74]. These findings could not be confirmed by
Zachariae et al. [75] in a study performed on 8 patients with
progressive systemic sclerosis. However, Knobler et al. [76]
very recently demonstrated the effectiveness of ECP in a
16-center, randomized, doubleblind placebo-controlled trial
performed on 64 patients with disease duration < 2 years. The
authors observed a significant improvement in skin scores
(p = 0.0024) in patients who underwent ECP compared to
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those who underwent sham apheresis. The different results ob-
tained in the last quoted papers (whilst considering that the
number of evaluated patients is quite different: 8 vs. 64) might
largely depend on different patient selection criteria. Several
papers, mostly published in the mid 1990s, reported on the ef-
fectiveness of ECP in other autoimmune diseases such as
rheumatoid arthritis, psoriatic arthritis, systemic lupus erythe-
matosus (SLE) and Crohn’s disease [8, 77-81], but these papers
anecdotically reported on single-center, small patients series or
single-case reports and were not followed by further studies.
Based on the evidence that multiple sclerosis is a T-cell-medi-
ated disease [82] and that T cells treated with ECP were not
able to induce experimental allergic encephalomyelitis in an
accepted animal model of multiple sclerosis [83], Poehlau et al.
[84] treated 2 patients with a relapsing/remitting form of mul-
tiple sclerosis poorly responsive to conventional treatment,
achieving a stabilization of the disease. In a double-blind
placebo-controlled trial in 1999, Rostami et al. [85] found no
significant differences in 16 patients with chronic progressive
multiple sclerosis treated monthly with ECP (two ECP/
month) for 1 year (on-line technique, with oral administration
of 8-MOP) [85]. These findings prompted further investiga-
tions in animal models [86-87] which subsequently resulted in
two published pilot studies. In 2002, Chabannes et al. [8§]
showed only a transient response to ECP in 5 patients with
chronic progressive multiple sclerosis, treated with off-line
method; each patient received 15-19 ECPs over a 6-month pe-
riod. All these patients relapsed or worsened after discontinu-
ation of ECP. In 2006, Cavaletti et al. [9] reported on a pilot
study performed in 5 patients with relapsing/remitting multi-
ple sclerosis, resistant/refractory to conventional treatments,
including steroids, IFN-B and azathioprine. ECP treatment
schedule included one procedure every 2 weeks for 4 months,
followed by one procedure/month for the first year. In the sec-
ond year the patients were given one ECP every 2 months as
maintenance. During the first year of treatment 4 out of 5 pa-
tients showed a decreased relapse rate (3 with no relapses);
during the second year, even the 5th patient improved; all pa-
tients showed an improvement of the extended disability score
scale and a stabilization of central nervous system lesions at
magnetic resonance imaging. After discontinuation of treat-
ment, the positive effect lasted >1 year. The different impact
of ECP in patients with multiple sclerosis, as reported in quot-
ed studies, may reflect different selection criteria, in particular:
stage of the disease (chronic progressive vs. relapsing/ remit-
ting) and treatment length and schedule. Multiple sclerosis is
the most common disease of the central nervous system in
young adults, and a large number of patients become resistant
or refractory to conventional treatment. HSCT has therefore
been proposed in selected patients with subsequent trans-
plant-related morbidity and mortality [89], but as ECP is not
accompanied by severe side effects and is usually well tolerat-
ed, the possible effectiveness of ECP in this particular disease
certainly merits further investigation.
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Treatment and Prevention of Organ Rejection

In 1989 Perez et al. [90] showed that syngeneic UVA-treated
lymphocytes in presence of 8-MOP down-regulated host re-
sponsiveness to foreign MHC antigens in an animal model. In
1992 Costanzo-Nordin et al. [91] reported on the usefulness of
ECP in reversing moderate rejection after heart allograft, as
shown histologically by the reduction of mononuclear cell in-
filtrate in myocardial tissues. In 1998 Barr et al. [92] reported
the results of a prospective randomized multicenter trial per-
formed in 60 patients randomly assigned to receive standard
triple-drug immunosuppressive treatment alone or in conjunc-
tion with ECP (a total of 24 procedures over a 6-month peri-
od). The frequency of patients with 0-1 rejection episodes was
higher among those who underwent ECP compared to the
control group (82 vs.52%).

As aresult, ECP was adopted in several different organ trans-
plantation settings, as reported by Dall’Amico et al. [93]. An
intensified ECP regimen (two procedures every 2 weeks) in-
duced a favorable response in patients with renal allograft re-
jection unresponsive to conventional immunosuppressive
treatment [94]. Moreover, Dall’Amico et al. [95] reported a
positive response to ECP in 7 out of 10 patients with recur-
rent/refractory rejection after renal transplant. At 2-5 years
follow-up, all 7 responders remained rejection free, and no in-
crease in the infection rate was observed. There are only a few
published reports regarding the use of ECP in the lung trans-
plant setting since the first ones published by Slovis et al. [96]
in 1995 and Salerno et al. [97] in 1999 on 3 and 8 patients, re-
spectively. These studies showed that patients with lung rejec-
tion and grade 0-1 bronchiolitis obliterans improved after
ECP performed at monthly intervals. Diversely, Villanueva et
al. [98] and Astor et al. [99] showed that patients with grade
2-3 bronchiolitis obliterans do not usually benefit from ECP.
Finally, very few papers have been published about the possi-
ble effectiveness of ECP in the liver transplantation setting. In
2004, Urbani et al. [100] reported on 5 patients transplanted
for HBV and/or HCV cirrhosis with biopsy-proven rejection
in spite of conventional immunosuppressive treatment includ-
ing calcineurin inhibitors. After a median of 20 ECP proce-
dures and a median follow-up of 8 months, neither rejection
relapses nor HBV/HCV recurrence were observed. The same
investigators recently reported on a possible role of ECP in
avoiding/reducing the use of calcineurin inhibitors in patients
undergoing liver transplant and at high risk of renal or neuro-
logical complications [101]. They investigated survival at
1, 6 and 12 months after liver transplantation and observed a
more favorable trend in the ECP-treated group when com-
pared to controls (94.4, 88.1 and 88.1% vs. 94.4, 77.7 and
72.2%; p < 0.001).
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Future Perspectives

In 2001 Berger et al. [102] reported very interesting findings
concerning the modification of standard ECP procedures, in-
cluding overnight incubation of the collected and irradiated
MNC instead of infusing the product into the patient immedi-
ately after irradiation. They observed that immature, mono-
cyte-derived, CD36+ CD83+ dendritic cells were strongly
phagocytic against malignant T cells and were able to stimu-
late significant proliferation of normal lymphocytes against
malignancy. These investigators defined this new approach as
‘transimmunization’ [19, 31]. Girardi et al. [103] reported on
the first clinical experience with a favorable response achieved
in the treatment of 2 patients with advanced CTCL, previous-
ly resistant to conventional ECP. All of these studies led to the
start of an open-label phase I clinical trial, the results of which
were published in 2006 [104]. In 27 patients with CTCL, trans-
immunization was applied monthly for 3-5 months alone or in
combination with electron beam therapy. A significant mean
reduction of both infiltrative skin lesions (in 55% of 20 pa-
tients) and malignant circulating T cells (reduced by 50% in
12 leukemic patients) was observed, with no clinically relevant
side effects. Thus, transimmunization should be considered a
natural evolution of ECP, widening its clinical applicability
even in the field of malignant disease, where an adequate
number of tumor-specific dendritic cells might be generated
without the need for a GMP facility, provided that appropriate
quality controls are applied to enhance product safety as re-
cently reported [105].

Conclusions

ECP has seen an impressive diffusion worldwide since its first
applications in CTCL patients. Nevertheless, as above report-
ed several questions still remain to be answered — mainly
about its real mechanism of action, the optimal treatment
schedule and when and in which patients/diseases this tech-
nique should be adopted. Furthermore, ECP itself has some
limitations: it requires dedicated devices (at least if the on-line
technique is adopted); it is a long-lasting, time-consuming
treatment which needs suitable venous accesses or the place-
ment of central venous catheters and it is not cheap. There is
general agreement about its usefulness in several clinical set-
tings, and in at least in one (CTCL) ECP has received formal
authorization from the FDA in the USA. Unfortunately,
recognition by national health authorities in Europe (and sub-
sequent re-imbursement), is still compromised by the lack of
large randomized multicenter studies, thus excluding many pa-
tients from a potentially effective treatment.

It is my opinion that ECP is a powerful tool and that we are
still learning the best ways to use it. I also believe that it is
time to set up a strong and fruitful cooperation between those
centers which currently perform ECP, to design multicenter

Perseghin



trials which aim to ascertain the real effectiveness of ECP and

the best way to apply it, and to ask for financial support from

central national and/or European institutions avoiding any

company interference.
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