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Abstract

Systemic autoimmune diseases (AID) have multiorgan, heterogeneous clinical presentations and
are characterized by dysregulation of the immune system, immunodeficiency, irreversible organ
damage and increased morbidity and mortality. Preventing or decreasing flares of AID correlate
with durable disease control, significant reduction of inflammation and prevention of disability or
therapy-related toxicity. There is an urgent need for better treatment of severe, therapy-refractory
AID. Extracorporeal photopheresis (ECP) is a cell-based immunomodulatory treatment which has
been extensively used in variety of autoimmune disorders for the last two decades. ECP treatment
is FDA approved for the treatment of cutaneous T-cell lymphoma (CTCL) with particularly
promising results seen in graft-versus-host disease (GVHD) after allogeneic hematopoietic stem
cell transplantation (HCT). Prolonged therapy is safe, well tolerated and allows reduction of
systemic immunosuppression in therapy-refractory patients. Both clinical and experimental
evidence suggest that ECP mechanism of action is characterized by apoptosis and phagocytosis of
activated cells by antigen-presenting cells (APC), secretion of anti-inflammatory cytokines and
stimulation of regulatory T cells (Tregs). The focus of this paper is to review the current evidence
of ECP use in the treatment of AID. Here, we summarize the experience of nine major AID from
65 published reports. The key findings demonstrate substantial evidence of ECP feasibility, safety
and in some AID also promising efficacy. However, the role of ECP in AID therapy is not
established as most published studies are retrospective with limited number of patients and the
trials are small or poorly standardized. The available data support future investigations of ECP as a
therapeutic modality for the treatment of AID in well-designed prospective clinical studies.
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INTRODUCTION

Current treatments for systemic autoimmune diseases (AID) include prolonged systemic
immunosuppression with steroids or other agents or biologicals, which frequently lead to
serious side-effects or are ineffective. Novel therapies are necessary for aggressive, therapy-
refractory AID to achieve higher rate of sustained responses with a better safety profile. The
safety profile and absence of significant late side effects of extracorporeal photopheresis
(ECP) therapy is appealing [1]. Substantial evidence suggests that ECP can be used in
addition to first line or salvage therapy in AID and is associated with noticeable response
rates. However, paucity of well-designed prospective clinical trials is currently a major
problem in evaluating the efficacy of ECP in AID. ECP use has been reported in multiple
diseases, (Fig. 1) but FDA approved indication is only for the treatment of cutaneous T-cell
lymphoma (CTCL). Recently, the European Dermatology Forum with Knobler et al.,
provided expert recommendations for the general clinical use of ECP [2]. The current review
describes in detail ECP trials related to AID only, compared to Knobler et al, which focused
primarily on larger trials in CTCL, graft-versus-host disease (GVHD) and transplantation.
The lack of double-blinded clinical studies forced centers considering EPC to use mainly
data from non-randomized retrospective studies or numerous case reports leading to the
conclusion that the efficacy of ECP for major AID is doubtful.

In this review, we summarized the currently published ECP experience and outcomes for the
treatment of the following AlD: atopic dermatitis, oral lichen planus, systemic sclerosis
(SS), systemic lupus erythematous (SLE), nephrogenic systemic fibrosis (NSF), multiple
sclerosis (MS), diabetic mellitus type I (DMI), rheumatoid arthritis (RA), and psoriasis
(Figs. 2-4). The clinical objective is to select a patient who will benefit from this treatment
the most, optimize ECP duration and schedule as well as standardize response criteria to
assess the therapeutic benefit.

ECP PROCEDURE

ECP includes three steps: (1) apheresis—collection of a buffy coat (~200 ml) with plasma
(~300 ml), overall, six collections per apheresis procedure, (2) processing the buffy coat
cells with eight methoxypsoralen (8-MOP), a photosensitizing agent, and UV-A light ex
vivo, and (3) reinfusion of the treated autologous cells. Administration of oral 8-MOP
should be avoided due to side effects and insufficient gastrointestinal absorption.
Anticoagulants, such as heparin or citrate acid are used during ECP [3]. The duration of one
ECP treatment varies between 3 and 6 hours, depending on the device, and is usually
performed on two consecutive days, defined as one cycle. The interval between cycles
ranges from weekly to every other week or monthly. The currently available in-line, one-step
ECP systems are UVAR XTS and Cell-Ex (Therakos™, Exton, PA, Therakos.com). Offline
ECP includes three steps which are performed separately; the currently available major
offline system is MACOGENIC® G2, MacoPharma (macopharma.com).
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MECHANISM OF ACTION

The exact mechanism of action of ECP remains to be elucidated since the key effect may
vary between diseases and only 5% of cells in blood circulation undergo direct treatment
exposure to UV-A light and 8-MOP. These treated autologous cells express apoptotic
markers [4] and the apoptosis occurs gradually over time after ECP [5]. The reinfused cells
are phagocytized by antigen-presenting cells (APCs), the latter become activated and express
antigens on their surface. Next, anti-inflammatory cytokines such as I1L-10 are produced,
which promote development of T-regs [6,7]. Modulation of T-regs during ECP likely plays a
major role in the suppression of the ongoing immune response.

Further immunological changes were found during ECP therapy: decreased quantities of
CD81[8] and Th17[7] cells, decreased soluble IL-2-Ra and TNF-a R1 levels [9], 80%
decrease in IFN-vy secreting Thl cells [10]. On the other hand an increase in IL-4, IL-5, and
IL-10 secreting Th2 cells [11], natural killer cells (CD31CD561) [12], and plasmacytoid
dendritic cells (pDC) 1 day after ECP [13] was associated with response to ECP treatment.
These changes lead to Th1/Th2 balance restoration [14] and normalization of the CD4/CD8
ratio [12].

The ECP treated cells consist of about 30% of monocytes, which are less sensitive to
apoptosis and may differentiate into dendritic cells [15]. Bladon et al. showed [16] a
significant expansion of CD36 marker on monocytes, an important receptor for the uptake of
apoptotic material [17] during ECP, suggesting an enhancement of clearance after ECP. A
defect in the clearance of apoptotic cells has been suggested to contribute to the
development of pathogenesis in AID [18].

Another mechanism by which ECP may lead to amelioration of AID is via its effect on B
cells and B cell survival factor (BAFF), which are recognized mediators of autoimmunity.
Recently published data showed normalization of B cells with an atypical CD21low [19]
profile and BAFF [20] during ECP, which were associated with response to ECP.

Diminished levels of circulating Tregs have been seen in various AID such as DM1 [21],
SLE [22], RA [23], asthma, inflammatory bowel disease [24], primary biliary cirrhosis [25].
Expansion of Tregs [26—28] has been seen in patients receiving ECP treatment and is
associated with response to ECP therapy. Therefore, ECP-associated immunomodulation can
be defined as an induction of T-regs, alteration of cytokines, modification of DC, direct
apoptosis of autoreactive cells and anergy of activated, cytotoxic T cells.

CLINICAL APPLICATION

A substantial number of AID have been treated with ECP. This review summarizes
published data of nine major AID including atopic dermatitis, oral lichen planus, SS, SLE,
NSF, MS, DM1, RA, and psoriasis. Table | summarizes all 65 studies, however only studies
with >3 patients were summarized in the text of the manuscript. Each study description
includes authors and year of publication, study design, number of patients, ECP schedule
and duration, and reported responses.
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For atopic dermatitis, chronic relapsing inflammatory skin disease, nine studies are reported
with overall 95 patients (range 3—-35 per study). However the majority of studies included
small number of patients. ECP was administered every 2 weeks in the majority of studies,
followed by four[29] and eight [35] weeks intervals. The median duration of treatment was 5
months, with the range of 3-67 months. Overall 84% of patients achieved response, (range
30-100%) as measured by SCORAD (SCORing Atopic Dermatitis). A significant reduction
in SCORAD, from a median of 76% to 46%, was demonstrated in four studies. However, the
results of the single prospective study by Wolf et al. with 10 patients showed [37] a minimal
response: less than 30% of patients after 20 weeks of the therapy. This study also measured
various laboratory markers during ECP which could be used as secondary endpoint tools,
including IgE, eosinophilic cationic protein, soluble E-selectin and IL-2R, where non-
responders tend to have higher levels of IgE, eosinophilic cationic protein, soluble E-selectin
and IL-2R [32].

Oral lichen planus was investigated in seven studies with 28 patients (range 1-12 per study),
however, only three studies (/7= 23) had sufficient patient number to evaluate efficacy of
ECP. Latter received a median of 21 cycles, usually every 2 weeks for 12 months. Response
evaluation was performed monthly. Sustained improvement [40] with significant reduction
of ulcers was seen in all treated patients already after 1.5 months of the ECP. Complete
resolution of all symptoms was achieved after 12 months. The only large study, with 12
patients, was published by Guyot [41] and ECP treatment resulted in complete resolution in
75% of patients and partial improvement in 25%, however seven had recurrence of
symptoms after ECP was stopped.

Thirty-one patients with epidermolysis bullosa acquisita (EBA) including 12 with
pemphigus vulgaris from 10 studies received ECP. Four studies [46,51,54,65] (/7= 25) were
evaluated. The average duration of ECP was 20 cycles and was performed every 4 weeks.
Overall response was seen in 88% (75-100%). Immunosuppression was tapered in all
patients and continuous responses (>6 months) were achieved after ECP was stopped. ECP
was less effective in patients with high autoantibody titer and as a mono-therapy [54].

SS is a multiorgan connective tissue disorder and the AID most commonly treated with ECP.
The first patient was treated 25 years ago by Rook et al. [45] and achieved clinical
improvement. Eleven of 12 studies were evaluated. One-hundred seventy seven patients
(range 5-31 per study) received a median of 12 cycles for a period of 10 months (range 0.5-
59 months). The ECP schedule was two treatments per month in the majority of studies.
Reported response for these patients was 50% (range 5-100%). Three prospective studies
with 31, 16, and 19 patients were evaluated. Overall, a response was seen in 37% of patients
(range 5-69%) in these cohorts. Significant clinical improvement as demonstrated by
reduction of dermal thickness was achieved in patients with dermal edema, without visceral
involvement, compared to those with fibrosis [64]. When compared to D-penicillamine
therapy in multicenter trial, at 6 and 10 months, significant clinical improvement in the skin
was seen in ECP arm. In another randomized, double-blind, placebo-controlled multicenter
study by Knobler et al. [65] 27 patients treated with ECP were compared to 37 receiving
sham therapy. ECP arm showed significant improvement in skin severity, assessed in 22
body regions and in joint involvement (60 joints) when compared to baseline. However,
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there was no difference in skin scores between groups after treatment was stopped. On the
other hand, a significant number of joints showed improvement over the 12 months of ECP
with a significant decrease in the number of new joints involved, suggesting both
stabilization and prevention of further damage by ECP therapy. As a surrogate marker for
response, elevation of T-regs and decrease of Th17 cells were seen as early as after two
cycles. In addition, increases in IL-10, IL-1Ra, and HGF levels with decreases in CCL2 and
TGF-beta levels were seen in the ECP arm.

For SLE from six available studies (n=17) only 2 (n= 12) can be evaluated [66,69]. ECP
was performed for a median of 4 months (range 1-6). All of these patients were females
with mild to moderate disease activity at the start of ECP, while 47% had a disease flare.
Clinical improvement defined as a reduction of clinical activity score was achieved in the
vast majority of patients (94%, range 88-100). ECP-responders were able to withdraw from
immunosuppression during ECP with prolonged remissions reported. Side effects such as
photosensitivity were reported in 59% of patients without exacerbation of SLE.

NSF was reported in four studies with 12 treated patients. Three studies (n= 11) can be
evaluated. The median duration of treatment was 7 months with 18 cycles per patient.
Considerable improvement of skin induration and joint mobility was seen in all of the
patients. In the largest study of case series with five NSF patients by Richmond et al [75]
60% of patients showed a mild benefit. The response score was classified as worsened,
stable, mildly or markedly improved.

ECP was reported in four studies (77 = 28, range 2-16 per study) with MS. Three studies (n=
26) were evaluated. These patients received ECP for a median of 12 months (range 6-24)
with two treatments per month. Response was defined as reduction in MS relapse rates [77],
MRI stabilization [80], and reduction in EDSS [89]. However, Rostami et al. in a double
blind, placebo-controlled study [78] demonstrated no difference in EDSS, ambulation, and
Scripp’s scores. Moreover, ECP was also ineffective in progressive MS.

ECP was tested in 29 patients with diabetes type | (DM1) in four randomized double-blind
studies. Three of them included identical patients [76,82,85]. Patients received a median of
five cycles with a median duration of 4 months. It is difficult to evaluate the role of ECP in
treatment of DM as only mild suppressive effect was associated with lower insulin need
and stabilization of disease progression [81] in ECP arm.

ECP for Crohn’s disease, a chronic inflammatory bowel disease, was evaluated in five
studies with 72 patients, including 68 patients from three prospective studies. Patients
received ECP every 2 weeks with an average of 16 cycles per patient or 6 months of therapy.
Overall response was evaluated by Crohn’s disease activity index and in these prospective
studies response was seen in 33% of patients. Response was more pronounced in patients
with moderately active and refractory disease and were also associated with significant
reduction [89] or discontinuation of steroids [85]. Patients remained in remission for 48
weeks after discontinuation of ECP.

Other AID treated with ECP includes RA (= 16), psoriasis (7= 1) and deep morphea (n=
4). Fifteen patients with RA were evaluated with average of nine ECP cycles for 6 months
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[90,91]. Overall clinical improvement was seen in 50% of patients. Patients with deep
morphea [92] (= 4) and psoriasis [93] (n7= 1) achieved complete resolution after 12 cycles
of ECP or 6 months of therapy. Due to small number of patients it is impossible to evaluate
the efficacy of ECP in these diseases.

EVALUATION OF EFFICACY

Standardized scoring methods should be used to document severity of the AID at baseline.
Furthermore, response to the therapy should be documented by monitoring primary and
secondary outcomes at defined intervals, monthly or every 3 months. For example, skin
severity scoring including percentages of skin involvement and quantity of lesions should be
assessed and documented properly, including photography to allow comparisons within the
trial or between different studies. Defined eligibility criteria are critical for study
interpretation. Patients with long-lasting atopic dermatitis (>12months), resistant to major
immunosuppressants, with a SCORAD >45 are considered for the ECP treatment. ECP
administration and response assessment intervals and duration should be precisely defined.
ECP response evaluation for atopic dermatitis should be performed by using SCORAD scale
[30]. For EBA, global assessment of all lesions assessed by PDAI (pemphigus disease area
index), ABSIS (autoimmune bullous skin intensity score) for EBA was recently approved
[94] and should be used to monitor response. Based on the available literature, for SS ECP is
recommended in early progressive disease, mainly of the skin, typically in combination, as a
second line treatment. A standard outcome measure for skin, determined by modified
Rodnan skin score and photography, can be used to assess response at baseline and every
month during treatment. For psoriasis two scoring parameters were described, the
percentage of involved body surface and psoriasis area severity index (PASI) [92]. For NSF
the degree of response to ECP can be determined by quantity of skin induration, using
modified Rodnan score, range of motion and patient perception of disability [75]. The
limited data on Crohn’s disease suggests that patients may benefit from ECP by reduction of
steroids and stabilization of active Crohn’s disease can be achieved. Crohn’s disease activity
index (CDAI) score can be used to monitor responses to ECP [89]. Dermatological life
quality index, SKINEX as well as other commonly used quality of life assessment scores
(FACT, SF-36) may be used as additional patient reported outcomes to monitor the response
to ECP. The comparison to baseline score is usually performed at 3 months after the start of
ECP, as it is not expected that chronic inflammatory diseases will respond within a shorter
interval. Furthermore, based on the immunological changes (Tregs, apoptosis etc), it is
reasonable to explore the use of these factors as potential biomarkers for monitoring
responses to ECP. These biomarkers should be tested at the same time intervals as the
evaluation for clinical response.

LIMITATIONS

The decisions that can be made concerning the use of ECP in AID are limited as most
studies conducted so far are small, retrospective, included only case reports and used various
response criteria. In addition, ECP centers use different devices and methods (inline,
offline). Treatment schedules vary from one cycle per week up to one cycle per month or
every 6 weeks. Similar variations were seen in the duration of therapy, ranging from 15 days
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of therapy up to 6 years. This variability might have a significant impact on assessment of
clinical response. Patients’ disease courses (long-lasting versus early onset) as well as
conventional systemic immunosuppression or monotherapy varied in observed studies.
Besides, it is not only important that outcome measures record best clinical improvement but
also disease stabilization, prevention from further disability or death from chronic
progressive AID are important.

DISCUSSION

There is a need for better and less toxic treatments for severe and therapy-refractory AID.
The benefits of ECP are well documented in a substantial number of patients with chronic
GVHD, including severe and therapy-refractory cases [95-99] [100,101]. In solid organ
transplantation reduction of immunosuppression, resolution of rejection and achievement of
sustained response have also been reported [102-106]. The focus of this review was to
assess the effects of ECP in patients with AID. Based on reported clinical experience, there
is sufficient data available to suggest the potential effectiveness and to support further
investigation of ECP in AID. ECP for AID is a feasible, extensively used and promising
therapeutic option for certain patients. However, the magnitude of benefit and best patient
selection are far from clear and larger studies should offer an opportunity to standardize the
ECP process. It is also important to provide better defined guidance with regard to the length
and frequency of the procedures, amount of infused cells and number of cycles and
concomitant use of immunosuppressive therapy. The beneficial effect of ECP is associated
with enhancement and normalization of clearance of excessive apoptotic material which is
delayed in AID [107-110]. Down modulation of cell-mediated immunity is associated with
the mechanism of ECP action. In addition, modulation of the inflammatory environment,
cytokine profile and regulatory cell subsets are observed during ECP and are most
pronounced in responders to the therapy. Apoptotic-cell based therapies can be also used for
prevention, as it was recently showed in GVHD [111] and treatment of transplant rejection
[112]. All these provide a mechanistic rationale for evaluating ECP as a therapeutic
approach in AID.

Major limitations of prolonged immunosuppression are the toxicity, infectious
complications, and disease flares during attempts for therapy taper. No relation to infectious
complications or other significant side effects were reported among summarized studies.
Compared to conventional therapies ECP has noticeable advantages as it is not
immunosuppressive. Besides, ECP allows tapering and even discontinuing concomitant
immunosuppression including steroids. Other important factor supporting ECP therapy is
tolerability and safety: no increased incidence of infection or organ damage was seen in
these studies. Few side effects such as hypotension, transient anemia, catheter-related
complications, and hypersensitivity to 8-MOP were reported, but no long-term
complications were seen in these patients. ECP is contraindicated for patients with AID with
allergy to 8-MOP, light-sensitive disease, aphakia, and pregnancy. Moreover, monitoring of
blood counts with electrolytes is necessary prior and after ECP procedure. Transfusions
maybe required when platelets are below 20,000, or hematocrit is less than 33%.
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ECP therapy is a time-consuming procedure which requires lengthy treatments, with a
median duration up to 6 months to achieve durable response. The need for intravenous
access and day-hospital facility in a qualified ECP center with experienced staff are often
limiting factors. Moreover, patients with AID may face other important issues such as
geographical distance to access the ECP facility and the high costs of this treatment. The
latter may be connected with the lack of insurance coverage, as ECP is still an
investigational treatment.

In a variety of disease, responders to ECP demonstrate increase in survival rates [113] and
quality of life [31,114,115]. Whether such benefit exists in AID has not been documented
yet. In the future studies in AID, criteria for efficacy should be better standardized and likely
defined by complete response (CR), a resolution of all disease manifestations, partial
response (PR), a reduction in more than 50% of manifestations; stable disease (SD), defined
as absence of further progression in any organ or site, and progression of disease (PD).
Validated, disease-specific tools should be used wherever possible for evaluation of response
to the therapy and performed on predefined time intervals. In general for treatment induction
it is recommended to administer ECP every 2 weeks on two consecutive days. After
evidence of response ECP can be administered once a month till resolution or stabilization
as maintenance.

Further requirements to conduct a clinical trial of ECP in AID include defined patient
population and standard operating procedures. Patient selection issues include adults or
children, their functional status, distance from the ECP center, admission to the day hospital
and organ function. Patients may require vascular access which can be peripheral or central
line, single or dual needle. The goal of defining patient selection with AID is to improve
interpretation of the data and identify the patient group with a likely maximum response
rate, which also depends on the duration and stage of the disease. Further eligibility criteria
may include patients with increased susceptibility to infections, as ECP doesn’t increase
infection rate, patients with AID flares, as ECP demonstrated reduction of flares; and
patients with a steroid-refractory disease. The latter allows the tapering of
immunosuppression or the switching of patients to another salvage line. ECP could be used
to prevent disease relapses such as in MS [80]. The issues related to ECP procedures include
the availability of ECP-trained staff, ECP instruments and kits. The number of patients that
can be enrolled on a trial also depends on the quantities of instruments, kits and experienced
staff available.

There is substantial biological rational and clinical evidence supporting further investigation
of ECP in treating AID. AID are heterogeneous and have complex presentations with very
few available biological parameters which can be applied for prediction of response and its
monitoring. Also multiple confounding factors can influence the outcome of ECP therapy
which is all together mandating strict standardization of clinical trials design. It is currently
too early to draw any conclusions concerning whether long-term treatment with ECP can
effectively lead to clinical benefit. The existing data after 25 years of experience clearly
demonstrate safety and feasibility of ECP. However, to better determine its role as a potential
standard therapy in AID, randomized and well-planned prospective controlled trials are
necessary.
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Current applications of ECP. Abbreviations: SLE, systemic lupus erythematosus; RA,
rheumatoid arthritis; NSF, nephrogenic systemic fibrosis; MS, multiple sclerosis; DM1,
diabetic mellitus type I; CTCL, cutaneous T-cell lymphoma; GVHD, graft-versus-host
disease; PV, pemphigus vulgaris; SS, systemic sclerosis; EBA, epidermolysis bullosa
acquisita; BOS, bronchiolitis obliterans syndrome; HIV, human immunodeficiency virus.
[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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Fig. 2.
Number of published ECP studies (/= 65) for different AID from 1989-2014. The number

of published studies (X-axis) 7= 65, is summarized in the diagram. Each bar demonstrates
one disease. Other diseases include deep morphea and psoriasis.
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Fig. 3.
Number of patients (/= 551) with AID treated with ECP. The number of patients studied

(X-axis) n= 551 is summarized in the bar diagram, each bar demonstrates the number of
patients for each disease. Other diseases include deep morphea and psoriasis.
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Fig. 4.
Number of ECP cycles typically performed for specific AID (1 cycle = 2 ECP treatments in

2 sessions). The median number of ECP cycles (X-axis) is summarized in the bar diagram;
each bar demonstrates number of cycles for one disease. Other diseases include deep
morphea and psoriasis.
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