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Summary

Extracorporeal photopheresis (ECP) procedure is based on mononuclear cells (MNC) apheresis
and their extracorporeal UVA exposure. It has been applied mainly in hematology and trans-
plantation. Over thirty years of experience confirmed its effectiveness, outstanding safety
profile and good tolerance. These observations encourage the implementation of ECP in the
treatment of autoimmune connective tissue diseases. The procedure might be considered
in refractory cases, when the first line treatment strategies do not control disease activity
or immunosuppressants are contraindicated and in the group of patients with high risk of
infections. Current literature about using ECP in rheumatology is scarce and most data come
from case reports and small observational studies. Systemic sclerosis is the most studied
rheumatic disease in the field of ECP use. The disease appeared on the list of clinical applica-
tions of ECP therapy according to American Society for Apheresis. However, no European or
American guidelines, or recommendations for the treatment in rheumatology suggest ECP
as the treatment option. There are no standards in performing ECP in rheumatic diseases
concerning indications, length of therapy, concomitant immunosuppressive treatment, follow
up or patients characteristic. In this review, we have searched literature concerning ECP use
in rheumatic diseases.

Keywords: ECP, extracorporeal photopheresis, rheumatic diseases, systemic sclerosis

GICID | 01.3001.0014.4117
DOI: | 10.5604/01.3001.0014.4117
Word count: | 6023
Tables: | 1
Figures: | -
References: | 52

Author’s address:  Ewa Morgiel, Department and Clinic of Rheumatology and Internal Medicine, ul. Borowska 213,
50-556 Wroctaw, Poland; e-mail: ewa.morgiel@umed.wroc.pl

Abbreviations:  ACR - American College of Rheumatology, aGvHD - acute graft versus host disease, APCs — anti-
gen presenting cells, AS — ankylosing spondylitis, ASFA — American Society for Apheresis, cGvHD
— chronic graft versus host disease, CR — complete response, DCs — dentritic antigen-presenting

® Postepy Hig Med Dosw (online), 2020; 74 391



® Postepy Hig Med Dosw (online), 2020; tom 74:391-398

cells, ECP - extracorporeal photopheresis, EF — eosinophilic fasciitis, EULAR — European League
Against Rheumatism, GvHD - graft versus host disease, LE — lupus erythematosus, MNC — mo-
nonuclear cells, 8-MOP - 8-methoxypsoralen, PUVA - psoralen and ultraviolet A, SLE - systemic
lupus erythematosus, T regs - regulatory T cells.

INTRODUCTION

Extracorporeal photopheresis (ECP) is a method of white
blood cells ex vivo manipulation to decrease T cells activity
after they are reinfused to the patients. The modality has
been successfully used in cytotoxic T cells-mediated inju-
ries for over thirty years. The first successful employment
of ECP took place in cutaneous T cell lymphoma [10]. Based
on some observations regarding the cytotoxic mechanism
of some diseases, ECP has been further applied in graft ver-
sus host disease (GvHD) following hematopoietic stem cells
transplantation [31], in graft rejection following solid organ
transplantations [3, 8, 47, 49] and recently in some autoim-
mune diseases [1, 23, 41], which is the main interest of this
review.

The mechanism of ECP remains still ambiguous. Recent
data support the idea of ECP immunomodulatory effect
based on dendritic antigen-presenting cells (DCs) activa-
tion. The process of monocytes to DCs maturation is ini-
tiated by extracorporeal surfaces of ECP device. DCs as
antigen presenting cells get loaded with patient specific
lymphoid antigens. As a result lymphoid cells undergo
apoptosis and phagocytosis. ECP is a sophisticated method
modifying two main tasks of the immune system: toler-
ance for self cells and recognizing foreign antigens (patho-
gens and damaged/cancer cells) [6]. For that reason ECP is
a clinically useful therapy method in many areas of medi-
cine: oncology, hematology, transplantology, rheumatology
and etc. [34].

Current therapy of rheumatic disease is based on immu-
nosuppressants and in recent years many new drugs with
different mechanism of action were developed. Simultane-
ously, concerns about side effects are being raised in the
context of infections or malignancies during a long-term
immunosuppressive therapy.

ECP with an excellent safety profile and relatively high
response rate in cell-mediated autoimmunity remains
a very good therapeutic option, especially when the first
line treatment strategy is not effective or immunosuppres-
sants are contraindicated.

ECP PROCEDURE

ECP procedure is based on mononuclear cells (MNC)
apheresis and their extracorporeal UVA exposure. There
are two main modalities of ECP procedure currently
available: so-called “on-line system” based on integra-
ted apheresis and phototherapy device (Therakos®) and
another one, so called “off-line system “ (Macopharma®,
PIT Medical Systems®), which needs an independent
cells apheresis system and its product is irradiated in
a dedicated UVA device. Regardless of the system used,

the ECP idea remains the same. MNC (mainly lympho-
cytes) are harvested from peripheral blood of patients
in centrifugal apheresis procedure of blood without
any prior stimulation (red cells and plasma are retur-
ned to the patient). When collected, cells are mixed with
8-methoxypsoralen (8-MOP) added into a collection bag
and after all the apheresis product is illuminated with
UVA and immediately reinjected to the patient. It is
essential to keep low hematocrit of the product not to
let RBC interfere with WBC UVA access. The photoac-
tivated 8-MOP binds to pyrimidine bases of DNA resul-
ting in cross-linking of the two DNA strands and further
induces the treated cells to apoptosis along with acti-
vating antigen presenting cells (APCs) [4, 29]. Up to
5-15% of treated mononuclear cells undergo apoptosis
on reinfusion and mainly localize in the spleen or liver
where they are phagocytized by APCs. The number of
MNC undergoing apoptosis is relatively low, so the pro-
cedure must be repeated to sustain the immunomodu-
lating effect.

ECP POTENTIAL MECHANISM OF ACTION IN AUTOIMMUNE
DISEASES

APCs have been proved to play an essential role in “pro-
gramming” immune system into tolerance or active
response. APCs recognize T-cell apoptotic markers and
induce down regulation of cellular response. ECP may
enhance this effect by forcing T cells into apoptotic path-
way. During ECP, photoactivated 8-MOP causes crosslink-
ing of DNA within the nuclei of lymphocytes, leading to
apoptosis of these cells. After reinfusion of the illumi-
nated apheresis product, APCs recognize T cells surface
apoptotic markers and communicate with spleen cells of
the same antigen specificity which results in the produc-
tion of some specificity regulatory T cells (T regs) [50]. 1t
means ECP pushes the immunological balance towards
the clonal specific T regs predominance with immuno-
logical tolerance in effect. There have been some experi-
ments partly explaining the above observations.

Morelli et al. reported reduced levels of proinflamma-
tory cytokines (IL-1, IL-6, TNF-a) after incubation of APCs
with apoptotic cells [32]. Lamioni et al. concluded that
ECP increases the number of T regs in peripheral blood
[26]. On the other hand, Maeda et al. showed that ECP
increases the level of anti-inflammatory IL-10 in serum
what is another example of ECP “pro tolerance” action
[27]. Very interesting results have come from Gatza et al.
They were able to reverse experimental graft versus host
disease by transferring T regs from ECP-treated donors
[15]. In summary, ECP by increasing the number of T regs
and changing cytokine balance towards anti-inflamma-
tory direction is a unique method of multivariate modu-
lation of immune system response toward tolerance.
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ECP ADVANTAGES AND SIDE EFFECTS

ECP has been widely tested and implemented in acute
graft versus host disease (aGvHD), a life-threatening com-
plication after allogeneic stem cells transplantation [5, 16,
36]. Despite a high response rate, the procedure proved
to be more effective and safer than conventional immu-
nosuppression with anticytokine therapy included [14,
21]. Jagasia et al. compared the results of treatment in
steroid refractory aGvHD patients treated with ECP vs
etanercept. The complete response (CR) rate was signif-
icantly higher for ECP. In the same work, a non-relapse
mortality (including infectious complications and GvHD
progression) in a multivariate analysis was significantly
lower for ECP [21]. Another paper by Greinix et al. pre-
sents very interesting results. The authors estimated the
results of ECP in steroid dependent aGvHD and the possi-
bility of steroid dose reduction. In the whole 56 patients
group, the median steroid dose at the start of ECP was 2.1
mg/kg b.w./day and after 4 and 8 weeks of ECP it was 0.9
and 0.3 mg/kg b.w./day, respectively. In all patients, ster-
oids were discontinued in a median time of 55 days with
a satisfactory response [19]. The other condition with ECP
implemented in a wide range of studies was chronic graft
versus host disease (cGvHD) [17, 20, 36], a severe com-
plication of allogeneic stem cells transplantation with
a multi-organ involvement and variety of symptoms com-
ing from sclerodermic features frequently. A very large
study of Flowers et al. comparing conventional treat-
ment (with cyclosporin A, mycophenolate mofetil and
tacrolimus) vs conventional treatment combined with
ECP in steroid dependent cGvHD cases revealed a compa-
rable advantage of combined treatment. Both groups of
patients were heavily steroid pretreated, but the median
time of pre-study steroid treatment was similar (ECP and
non-ECP group - 55 and 50 weeks, respectively). The most
significant result of the study (the endpoint designed as
>50% reduction of steroid dose with a final steroid dose
<10 mg-kg b.w./day) was achieved by 21% of patients
in the ECP group vs 6% of patients in a non-ECP group.
The cumulative probability of response was 46% vs 11%,
respectively (significant results). The authors did not find
any specific or more increased complications for the ECP
group [13].

There are very few disadvantages of ECP procedure, and
they do not differ from other therapeutic apheresis com-
plications. ECP is a very well tolerated procedure and the
incidence of any adverse events is less than 0.003% [37].
The most common side effects, such as nausea or head-
ache, are mild and occasionally observed [18, 37]. During
cell collection, the transient hypotension may occur, but
it can be easily managed with a proper fluid flow. Other
adverse events include central catheter related com-
plications, which are widely known. There are no data
on increasing infection or malignancy rate by ECP [37].
ECP does not interfere with the concurrent immunosup-
pressive treatment, helping to reduce steroid dose with
no additional complications. The above mentioned data
support the idea of using ECP as an option for steroid

dependent or refractory patients and/or with infectious
complications patients with autoimmune diseases.

ECP IN RHEUMATIC DISEASES

ECP seems to be useful in diseases with T-cell activity
abnormalities. The hypothesis is that ECP influences the
immune system by physicochemically altered lympho-
cytes. According to literature data, among rheumatic dis-
eases those treated with ECP are the following: systemic
sclerosis, systemic lupus erythematosus (SLE), rheuma-
toid arthritis, psoriatic arthritis, ankylosing spondyli-
tis. In most cases, ECP was used as a second-line therapy,
in severe, refractory disease course, after the failure of
a standard treatment regimen.

Current literature about using ECP in rheumatology is
scarce. Systemic sclerosis is the most studied rheumatic
disease in the field of ECP use. No European (European
League Against Rheumatism, EULAR) or American (Amer-
ican College of Rheumatology, ACR) guidelines, or recom-
mendations for the treatment in rheumatology suggest
ECP as the treatment option. There are no standards in
performing ECP in rheumatic diseases concerning indi-
cations, length of therapy, concomitant immunosuppres-
sive treatment, follow up or patients characteristic. It is
a result of the lack of controlled and randomized clinical
trials in this particular area. Most data come from case
reports, small observational studies, or case-control stud-
ies. However, available data from clinical observations
bring encouraging results. The ECP method may allow for
the reduction of steroids and immunosuppressant drugs,
leading to the reduction of side effects, mainly due to
steroids use. Safety and good tolerance of ECP make this
method promising and worth analyzing.

Current guidelines of the American Society for Aphere-
sis (ASFA) on the use of therapeutic apheresis in clinical
practice summarize up-to-date literature data (Eight Spe-
cial Issue) on using a wide range of procedures, includ-
ing ECP, in different disease manifestations [34]. Among
them, one rheumatic disease is mentioned in which ECP
may be considered as a therapeutic option. Classification
to the third category and low grade of recommendation is
aresult of limited data and quality of literature evidence.
In previous ASFA recommendations (2016), dermatomy-
ositis/polymyositis was mentioned with IV category and
2C grade of recommendations meaning very weak refer-
ences (other alternatives may be equally reasonable) [34,
42]. In 2019 due to the lack of new evidence published,
a committee of experts decided to retire the dermatomy-
ositis/polymyositis fact sheets from these guidelines. The
summary of the modifications of guidelines on the use of
therapeutic apheresis in rheumatic diseases is presented
in Table 1.

SYSTEMIC SCLEROSIS

Systemic sclerosis is a chronic disease which leads to per-
manent organ impairment and is connected with high
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Table 1. Category and grade of recommendations for the use of ECP in
rheumatic diseases and psoriasis (based on Therapeutic Apheresis Guidelines
(ASFA) from 2007 to 2019 (current edition)

ASFA guidelines,

Disease Category Grade
year
|

ASFA2007 [45,46]  Scroderma W -
(systemic sclerosis)

Sclerod

ASFA 2010 (47] efoderma W 1
(systemic sclerosis)

ASFA 2013 [44] Sclerode?rma . 1l 2B
(systemic sclerosis) 1l 2B
Dermatomyositis/polymyositis v 2(

ASFA 2016 [43] Scleroderma (systemic sclerosis) 1] 2A
Psoriasis 1l 2B
Scleroderma (systemic sclerosis) l 2A

ASFA 2019 35

B3l Psoriasis (disseminated pustular) Il 2B

Definitions: category Il — optimum role of apheresis therapy is not established,
decision making should be individualized; category IV — disorders in which
published evidence demonstrates or suggests apheresis to be ineffective or
harmful; grade 1A — high-quality evidence, strong recommendation, can apply
to most patients in most circumstances; grade 2A — high quality evidence,
weak recommendation, best action may differ depending on circumstances

or patients’ or societal values; grade 2B — moderate-quality evidence, weak
recommendation, best action may differ depending on circumstances or
patients’or societal values; grade 2C — low-quality or very low-quality evidence,

very weak recommendations; other alternatives may be equally

risk of mortality. In the pathomechanism of systemic
sclerosis, a very important role in the early phase play
immunological reaction and vasculopathy, which pre-
cede fibrosis process. Systemic sclerosis mainly diffuse
form has the worst prognosis among systemic connec-
tive tissue disease. The available treatment ameliorates
consequences and reduces the progression of the disease.
There is a special need to develop a new beneficial ther-
apeutic option. Patients with systemic sclerosis are the
largest group of rheumatic patients treated with ECP and
reported in the literature on the subject [52].

Systemic sclerosis is on the list of clinical applications of
ECP therapy according to the American Society for Apher-
esis categorized with the number III (role not established)
[34]. The most recent observation about the usefulness of
ECP in systemic sclerosis was published in 2012 as a case
study [35]. The results of three randomized studies and
few other case studies are ambiguous. Knobler et al. car-
ried out a double blind randomized placebo controlled
study involving 64 patients with systemic sclerosis of less

than two years duration [23]. ECP procedure active or
shame was performed on two consecutive days, monthly
for 12 months at 16 investigational sites in the United
States, Canada, and Europe. The patients did not use any
other treatment specific for systemic sclerosis. The thick-
ening of the skin (in 22 areas of the body surface) and
joint involvement were included in the clinical assess-
ment. After this therapy in the active group (27 patients),
improvement in skin and joint changes was noticed after
6 and 12 months in relation to baseline. However, there
was no statistically significant difference between the
results in the study (active ECP) and the control groups
(shame ECP).

The highest number of participants was involved in the
study of Rook at al. [41]. In this single-blinded randomized
study, in 31 patients with early systemic sclerosis and pro-
gressive thickening of the skin ECP was performed also on
two consecutive days every month. Significant improve-
ment of skin involvement (severity and area in percent-
age), oral aperture and hand closure measurements were
observed in comparison to baseline after six and ten
months of treatment and to the control group with treat-
ment involving D-penicyllamine.

Enomoto et al. described a cross-over design randomized
trial with 18 patients [11]. In the first year, the first nine
patients received ECP treatment for 12 months and in the
second year the group was changed. In this study, there
were no statistically significant changes after the treat-
ment in cutaneous involvement, immunologic parame-
ters, or quality of life.

Further publications concerning ECP in systemic sclero-
sis are case-series studies. The study groups were het-
erogeneous in type of disease, organs involvement and
disease duration. It is also worth noticing that they usu-
ally used additional immunosuppressive treatment for
systemic sclerosis. ECP treatment was given on two con-
secutive days at 2-6 weeks intervals. The photosensitive
agent, 8-methoxypsoralen (8-MOP) was added ex vivo to
the blood cell concentrate but in some cases it was used
orally [7, 12, 51]. The duration of the treatment varied
from a few to 453 procedures [25]. In most of the studies,
the improvement in clinical status of patients was noticed
primarily in cutaneous involvement (statistically signifi-
cant changes), but the treatment was not effective in all
of the patients [38]. In the prospective study published by
Muellegger et al. in the 11 treated patients skin changes
stabilized or improved only in 5; some of them noticed
hand function enhancement, but what is really important
in 10/11 the organ impairment progressed [33]. What is
even more noteworthy in different studies is the fact that
the methods of assessment of organ involvement and
especially skin involvement were individually designed,
which may have influenced the study results.

In all carried out experiments, the procedure of ECP was
well tolerated and there were no serious adverse events
including infections or malignancies.
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The currently available data support the thesis that there
is some evidence for the effectiveness of ECP in treatment
of skin involvement in systemic sclerosis above all, at an
early stage of the disease. Probably, ECP may not be useful
in other organs’ involvement.

Due to the limited number of available therapies with
established efficacy in systemic sclerosis, ECP seems to
be a safe method worth considering in some patients,
possible at an early stage, combined with other immu-
nosuppressive drugs, with a domination of cutaneous
involvement, resistant to other methods of treatment with
a special careful monitoring of internal organs function.

SYSTEMICLUPUS ERYTHEMATOSUS

ECP may represent a promising option in SLE treatment.
This method was used in both systemic lupus erythema-
tosus and different manifestations of cutaneous lupus.
Knobler et al. studied the effectiveness of ECP in an open
clinical trial. Eight out of ten patients with an SLE diag-
nosis (mild to moderate activity) completed the study
[24]. Of the remaining two patients who did not com-
plete the study, one discontinued because of personal
reasons and one died 10 days after the last ECP cycle (six
months after the initiation of the treatment). Because
of close time relationship with the procedure, the influ-
ence of ECP cannot be excluded. In the remaining eight
patients, improvement in median clinical activity score
was observed (decrease from 7 to 1). The study proto-
col established photopheresis cycles following orally
taken 8-methoxypsoralen (according to the scheme:
6 ECP monthly, 3 ECP bimonthly). Improvement in
arthritis and skin manifestations (discoid rush, alopecia,
but not photosensitivity) was observed. The response to
the treatment was noted after 4-6 months and almost
all patients (7/8) were able to reduce the dose of ster-
oids and immunosuppressants. No flares occurred dur-
ing the follow-up lasting 18-30 months. Interestingly, no
significant changes in laboratory measurements (includ-
ing serology tests) were found. The ECP procedure was
well tolerated and no serious adverse events (except one
presented above) occurred during the treatment and fol-
low-up period.

The literature review also reports on successful ECP
treatment of refractory cutaneous lupus erythematosus
(LE) - subacute cutaneous LE, chronic discoid LE, dis-
seminated discoid LE and lupus tumidus [22, 39, 51]. The
ECP treatment of over a dozen patients with cutaneous
LE resulted in most cases in marked regression or com-
plete remission of skin changes. Prolonged remission
was observed even after discontinuation of ECP cycles.

There is not enough clinical data supporting ECP treat-
ment in daily practice. However, available results from
case reports and small observational studies make ECP
a promising therapeutic option. More data from well-
designed clinical trials are needed to evaluate the role
and safety concerns of ECP in SLE treatment.

DERMATOMYOSITIS

Available data concerning the usefulness and effective-
ness of ECP in dermatomyositis is scarce. There is a case
report about using ECP in a patient with a diagnosis of
juvenile dermatomyositis who did not respond to stand-
ard treatment regimen with methotrexate [9]. The alter-
native management consists of a combination of ECP and
methotrexate. The treatment resulted in clinical improve-
ment in muscle strength and decrease in muscle enzymes.
Another case report deals with treatment of refractory
dermatomyositis with modified ECP using autologous
cryopreserved mononuclear cells. Cryo-ECP technology
significantly reduced the number of apheresis cycles by
freezing biologic sample for later application [30]. Taking
into consideration the above, the use of ECP in overlap
syndromes, primarily, systemic sclerosis and dermatomy-
ositis needs further evaluation.

EOSINOPHILIC FASCITIS

A case report of three patients with a diagnosis of eosino-
philic fasciitis (EF) reveals a successful treatment with ECP
in refractory cases or contraindications to conventional
treatment strategies. According to the treatment protocol
after a standard apheresis procedure, 8-methoxypsoralen
was added to the lymphocyte solution (not orally) [40].
ECP procedure included cycles given every two weeks for
three months and every four weeks thereafter depending
on the clinical response. Both clinical assessment and skin
elastometry measurements confirmed good response in
two patients. However, in one case the improvement was
less pronounced, ECP enabled the reduction in immuno-
suppressive treatment and improvement in quality of life.

PSORIATIC ARTHRITIS

There are only a few reports about using ECP in psori-
atic arthritis. Vahlquist et al. reported a series of eight
patients treated with ECP (with 8-methoxypsoralen taken
orally) for twelve weeks followed by another twelve weeks
of combined ECP and PUVA [48]. Four out of eight patients
showed significant improvement in both skin manifes-
tation and arthritis. Interestingly, a decrease in Ritchie
articular index was seen within the first twelve weeks
when ECP was given alone and improvement in skin
lesions was mainly observed after subsequent PUVA treat-
ment. Clinical response concerning joints was sustained
for over twelve months post therapy. Only mild adverse
effects were observed mostly related to PUVA procedure
and psoralen intake.

RHEUMATOID ARTHRITIS

The great improvement in biologic treatment enabled
most of patients to achieve the predefined goal of therapy.
The paucity of clinical data and inconsistence of results
questions the role of ECP in rheumatoid arthritis. Though
the ECP in rheumatoid arthritis management has a rather
limited or no application, it is worth mentioning. The pilot
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study of Malawista et al. reports that ECP may be effec-
tive, but deterioration in a relatively short time period
is possible [28]. The researchers emphasize good toler-
ance and low toxicity of the method. The study popula-
tion consisted of 7 patients with active disease despite
the treatment of methotrexate. Prednisone in a maxi-
mum dose of 10 mg daily was allowed, higher doses and
other disease modifying antirheumatic drugs needed to
be stopped with appropriate time of wash out. The pro-
tocol defined 6 months of ECP with ingestion of methox-
salen before the procedure. As a result 4 out of 7 patients
responded to the treatment (about 71% of reduction in
affected joint count in 3 patients, in one patient moder-
ate improvement was observed with reduction of 33%). In
most cases improvement was seen after 12 to 16 weeks.
During the follow up period 2 of 4 patients who primarily
responded to the therapy experienced the exacerbation
of the disease (2-3 months after discontinuation of ECP).
No concomitant medication was taken in such cases.

ANKYLOSING SPONDYLITIS

In 2011 a case report of ECP treatment given to the patient
with coexistence of cutaneous T-cell lymphoma and
ankylosing spondylitis was published. The primary rea-
son for ECP introduction was mycosis fungoides refrac-
tory to psoralen-UVA [2]. The interferon alpha was
also administered but it had to be stopped because of
exacerbation of axial symptoms and peripheral arthritis
due to ankylosing spondylitis. To treat cutaneous lym-
phoma the patient underwent three cycles of ECP added
to PUVA therapy. One month after ECP, introduction
inflammatory makers dropped down significantly. After

REFERENCES

three months, major improvement was noted and after
12 months of follow up complete remission of periph-
eral arthritis and inflammatory back pain was observed.
To our knowledge, the publication mentioned above is
the only one describing successful ECP use in this indica-
tion. More studies are needed to assess the effectiveness
of ECP in ankylosing spondylitis or other inflammatory
spondyloarthropathies.

CONCLUSIONS

The mode of action and therapeutic effect of ECP leading
to changes in immune system allowed us to recommend
this method mainly in hematology and transplantation.
Over thirty years of experience with ECP confirmed its
outstanding safety profile and good tolerance. No clini-
cally significant adverse events have been observed so
far. These observations encourage the implementation
of ECP in the treatment of autoimmune connective tissue
diseases. ECP may be considered in refractory cases, when
the first line treatment strategies do not control disease
activity or immunosuppressants are contraindicated and
in the group of patients with high risk of infections. It
also seems reasonable to consider the procedure as a cor-
ticosteroid sparing agent. More studies on large cohorts
of patients are needed to verify current and new clinical
indications for ECP use in rheumatology.

ACKNOWLEDGEMETS

The authors would like to thank Prof. Piotr Wiland for the
great support and valuable suggestions helpful in improv-
ing this publication.

[1] Abreu M.T., von Tirpitz C., Hardi R., Kaatz M., Van Assche G.,
Rutgeerts P., BisacciaE., Goerdt S., Hanauer S., Knobler R., Mannon
P., Mayer L., Ochsenkuhn T., Sandborn W,J., Parenti D., et al.: Extra-
corporeal photopheresis for the treatment of refractory Crohn’s
disease: Results of an open-label pilot study. Inflamm. Bowel Dis.,
2009; 15: 829-836

[2] Akay B.N., Sanli H., Kutlay S.: Treatment of ankylosing spon-
dylitis by extracorporeal photochemotherapy given for mycosis
fungoides: a potential treatment option? J. Clin. Rheumatol., 2011;
17:278-280

[3] Andreu G., Achkar A., Couetil J.P., Guillemain R., Heshmati F.,
Amrein C., Chevalier P., Guinvarch A., Dore M.F., Capron F., Laaban
J.P., Carpentier A.: Extracorporeal photochemotherapy treatment
for acute lung rejection episode. J. Heart Lung Transplant., 1995;
14:793-796

[4] Berger C.L., Hanlon D., Kanada D., Girardi M., Edelson R.L.:
Transimmunization, a novel approach for tumor immunothera-
py. Transfus. Apher. Sci., 2002; 26: 205-216

[5] calore E., Cald A., Tridello G., Cesaro S., Pillon M., Varotto S.,
Gazzola M.V., Destro R., Marson P., Trentin L., Carli M., Messina C.:
Extracorporeal photochemotherapy may improve outcome in chil-
dren with acute GVHD. Bone Marrow Transplant., 2008; 42: 421-425

[6] Cho A., Jantschitsch C., Knobler R.: Extracorporeal photopher-
esis - an overview. Front. Med., 2018; 5: 236

[7] Cribier B., Faradji T., Le Coz C., Oberling F., Grosshans E.: Extra-
corporeal photochemotherapy in systemic sclerosis and severe
morphea. Dermatology, 1995; 191: 25-31

[8] Dall’Amico R., Murer L., Montini G., Andreetta B., Zanon G.F.,
Zacchello G., Zacchello F.: Successful treatment of recurrent rejec-
tion in renal transplant patients with photopheresis. J. Am. Soc.
Nephrol., 1998; 9: 121-127

[9] De Wilde A., DiSpaltro F.X., Geller A., Szer L.S., Klainer A.S., Bisac-
cia E.: Extracorporeal photochemotherapy as adjunctive treatment
in juvenile dermatomyositis: A case report. Arch. Dermatol., 1992;
128: 1656-1657

[10] Edelson R., Berger C., Gasparro F., Jegasothy B., Heald P., Win-
troub B., Vonderheid E., Knobler R., Wolff K., Plewig G., McKier-
nan G., Christiansen 1., Oster M., Honigsmann H., Wilford H., et
al.: Treatment of cutaneous T-cell lymphoma by extracorporeal
photochemotherapy. Preliminary results. N. Engl. J. Med., 1987;
316:297-303

[11] Enomoto D.N., Mekkes J.R., Bossuyt P.M., Yong S.L., Out T.A.,
HoekzemaR., de Rie M.A., Schellekens P.T., ten Berge 1.]., de Borgie

396



Morgiel E. et al. — Therapeutic implications of extracorporeal...

C.A., Bos J.D.: Treatment of patients with systemic sclerosis with
extracorporeal photochemotherapy (photopheresis). J. Am. Acad.
Dermatol., 1999; 41: 915-922

[12] Fimiani M., Rubegni P., Flori M.L., Mazzatenta C., D’Ascenzo G.,
Andreassi L.: Three cases of progressive systemic sclerosis treated
with extracorporeal photochemotherapy. Arch. Dermatol. Res.,
1997; 289: 120-122

[13] Flowers M.E., Apperley J.F., van Besien K., Elmaagacli A., Grigg
A.,Reddy V., Bacigalupo A., Kolb HJ., Bouzas L., Michallet M., Prince
H.M., Knobler R., Parenti D., Gallo J., Greinix H.T.: A multicenter
prospective phase 2 randomized study of extracorporeal photo-
pheresis for treatment of chronic graft-versus-host disease. Blood,
2008; 112: 2667-2674

[14] Gandelman].S., Song D.J., Chen H., Engelhardt B.G., Chen Y.B.,
Clark W.B., Giver C.R., Waller E.K., Jung D.K., Jagasia M.: A prospec-
tive trial of extracorporeal photopheresis for chronic graft-versus-
host disease reveals significant disease response and no association
with frequency of regulatory T cells. Biol. Blood Marrow Trans-
plant., 2018; 24: 2373-2380

[15] Gatza E., Rogers C.E., Clouthier S.G., Lowler K.P., Tawara L, Liu
C., Reddy P., Ferrara J.L.: Extracorporeal photopheresis reverses
experimental graft-versus-host disease through regulatory T cells.
Blood, 2008; 112: 1515-1521

[16] Greinix H.T., Knobler R.M., Worel N., Schneider B., Schnee-
berger A., Hoecker P., Mitterbauer M., Rabitsch W., Schulenburg
A.,Kalhs P.: The effect of intensified extracorporeal photochemo-
therapy on long-term survival in patients with severe acute graft-
versus-host disease. Haematologica, 2006; 91: 405-408

[17] Greinix H.T., Volc-Platzer B., Rabitsch W., Gmeinhart B., Gue-
vara-Pineda C., Kalhs P., Krutmann J., Hénigsmann H., Ciovica M.,
Knobler R.M.: Successful use of extracorporeal photochemotherapy
in the treatment of severe acute and chronic graft-versus-host
disease. Blood, 1998; 92: 3098-3104

[18] Greinix H.T., Worel N., Just U., Knobler R.: Extracorporeal pho-
topheresis in acute and chronic graft-versus-host disease. Transfus.
Apher. Sci., 2014; 50: 349-357

[19] Greinix H.T., Worel N., Knobler R.: Role of extracorporeal pho-
topheresis (ECP) in treatment of steroid-refractory acute graft-
versus-host disease. Biol. Blood Marrow Transplant., 2010; 16:
1747-1749

[20] Hautmann A.H., Wolff D., Hahn J., Edinger M., Schirmer N., Am-
mer J., Holler B., Landfried K., Hautmann M.G., Ahrens N., Ugocsai
P., Andreesen R., Holler E.: Extracorporeal photopheresis in 62 pa-
tients with acute and chronic GVHD: Results of treatment with the
COBE Spectra System. Bone Marrow Transplant., 2013; 48: 439-445

[21] Jagasia M., Greinix H., Robin M., Das-Gupta E., Jacobs R., Savani
B.N., Engelhardt B.G., Kassim A., Worel N., Knobler R., Russell N.,
Socie G.: Extracorporeal photopheresis versus anticytokine therapy
as a second-line treatment for steroid-refractory acute GVHD: A
multicenter comparative analysis. Biol. Blood Marrow Transplant.,
2013;19:1129-1133

[22] Knobler R., Berlin G., Calzavara-Pinton P., Greinix H., Jaksch P.,
Laroche L., Ludvigsson J., Quaglino P., Reinisch W., Scarisbrick J.,
Schwarz T., Wolf P., Arenberger P., Assaf C., Bagot M., et al.: Guide-
lines on the use of extracorporeal photopheresis. J. Eur. Acad. Der-
matol. Venereol., 2014; 28: 1-37

[23] Knobler R.M., French L.E., Kim Y., Bisaccia E., Graninger W.,
Nahavandi H., Strobl FJ., Keystone E., Mehlmauer M., Rook A.H.,
Braverman 1., Systemic Sclerosis Study Group: A randomized, dou-
ble-blind, placebo-controlled trial of photopheresis in systemic
sclerosis. J. Am. Acad. Dermatol., 2006; 54: 793-799

[24] Knobler R.M., Graninger W., Graninger W., Lindmaier A., Trau-
tinger F., Smolen J.S.: Extracorporeal photochemotherapy for the
treatment of systemic lupus erythematosus. A pilot study. Arthritis
Rheum., 1992; 35: 319-324

[25] Krasagakis K., Dippel E., Ramaker J., Owsianowski M., Orfanos
C.E.: Management of severe scleroderma with long-term extracor-
poreal photopheresis. Dermatology, 1998; 196: 309-315

[26] Lamioni A., Parisi F., Isacchi G., Giorda E., Di Cesare S., Landolfo
A., Cenci F., Bottazzo G.F., Carsetti R.: The immunological effects of
extracorporeal photopheresis unraveled: Induction of tolerogenic
dendritic cells in vitro and regulatory T cells in vivo. Transplanta-
tion, 2005; 79: 846-850

[27]Maeda A., Schwarz A., Bullinger A., Morita A., Peritt D., Schwarz
T.: Experimental extracorporeal photopheresis inhibits the sensi-
tization and effector phases of contact hypersensitivity via two
mechanisms: Generation of IL-10 and induction of regulatory
T cells. J. Immunol., 2008; 181: 5956-5962

[28] Malawista S.E., Trock D.H., Edelson R.L.: Treatment of rheu-
matoid arthritis by extracorporeal photochemotherapy. A pilot
study. Arthritis Rheum., 1991; 34: 646-654

[29] Marques M.B., Tuncer H.H.: Photopheresis in solid organ trans-
plant rejection. J. Clin. Apher., 2006; 21: 72-77

[30] Merlin E., Jacomet F., D’Incan M., Halle P., Berger M., Gandemer
V., Piguet C., Souteyrand P., Deméocq F., Kanold ].: Use of cryopre-
served autologous cells for extracorporeal photochemotherapy:
Clinical applications. Transfusion, 2011; 51: 1296-1299

[31] Messina C., Locatelli F., Lanino E., Uderzo C., Zacchello G.,
Cesaro S., Pillon M., Perotti C., Del Fante C., Faraci M., Rivabella
L., Calore E., De Stefano P., Zecca M., Giorgiani G., et al.: Extracor-
poreal photochemotherapy for paediatric patients with graft-ver-
sus-host disease after haematopoietic stem cell transplantation.
Br. J. Haematol., 2003; 122: 118-127

[32] Morelli A.E., Larregina A.T., Shufesky W.J., Zahorchak A.F.,
Logar AJ., Papworth G.D., Wang Z., Watkins S.C., Falo L.DJr., Thom-
son A.W.: Internalization of circulating apoptotic cells by splenic
marginal zone dendritic cells: Dependence on complement recep-
tors and effect on cytokine production. Blood, 2003; 101: 611-620

[33] Muellegger R.R., Hofer A., Salmhofer W., Soyer H.P., Kerl H.,
Wolf P.: Extended extracorporeal photochemotherapy with ex-
tracorporeal administration of 8-methoxypsoralen in systemic
sclerosis. An Austrian single-center study. Photodermatol. Pho-
toimmunol. Photomed., 2000; 16: 216-223

[34] Padmanabhan A., Connelly-Smith L., Aqui N., Balogun R.A.,
Klingel R., Meyer E., Pham H.P., Schneiderman J., Witt V., Wu Y.,
Zantek N.D., Dunbar N.M., Schwartz J.: Guidelines on the use of
therapeutic apheresis in clinical practice - Evidence-based ap-
proach from the writing committee of the American Society for
Apheresis: The eighth special issue. J. Clin. Apher., 2019; 34: 171-354

[35] Papp G., Horvath LF,, Barath S., Gyimesi E., Vegh J., Szodoray
P., Zeher M.: Immunomodulatory effects of extracorporeal pho-
tochemotherapy in systemic sclerosis. Clin. Immunol., 2012; 142:
150-159

[36] Perotti C., Del Fante C., Tinelli C., Viarengo G., Scudeller L.,
Zecca M., Locatelli F,, Salvaneschi L.: Extracorporeal photochemo-
therapy in graft-versus-host disease: A longitudinal study on fac-
tors influencing the response and survival in pediatric patients.
Transfusion, 2010; 50: 1359-1369

[37] Pierelli L., Perseghin P., Marchetti M., Messina C., Perotti C.,
Mazzoni A., Bacigalupo A., Locatelli F., Carlier P., Bosi A., Societa
Italiana di Emaferesi and Manipolazione Cellulare (SIdEM); Gruppo
Italiano Trapianto Midollo Osseo (GITMO): Extracorporeal photo-
pheresis for the treatment of acute and chronic graft-versus-host
disease in adults and children: Best practice recommendations
from an Italian Society of Hemapheresis and Cell Manipulation (SI-
dEM) and Italian Group for Bone Marrow Transplantation (GITMO)
Consensus Process. Transfusion, 2013; 53: 2340-2352

[38] Reich S., Gambichler T., Altmeyer P., Kreuter A.: Extracorporeal
photopheresis in systemic sclerosis: Effects on organ involvement?
J. Am. Acad. Dermatol., 2007; 56: 348-349

397



® Postepy Hig Med Dosw (online), 2020; tom 74:391-398

[39] Richter H.I,, Krutmann J., Goerz G.: Extracorporeal photopher-
esis in therapy-refractory disseminated discoid lupus erythema-
tosus. Hautarzt., 1998; 49: 487-491

[40] Romano C., Rubegni P., De Aloe G., Stanghellini E., D’Ascenzo
G., Andreassi L., Fimiani M.: Extracorporeal photochemotherapy
in the treatment of eosinophilic fasciitis. J. Eur. Acad. Dermatol.
Venereol., 2003; 17: 10-13

[41] Rook A.H., Freundlich B., Jegasothy B.V, Perez M.L,, Barr W.G.,
Jimenez S.A., Rietschel R.L., Wintroub B., Kahaleh M.B., Varga J.,
Heald P.W., Steen V., Massa M.C., Murphy G.F., Perniciaro C., et al.:
Treatment of systemic sclerosis with extracorporeal photochem-
otherapy. Results of a multicenter trial. Arch. Dermatol., 1992;
128: 337-346

[42] schwartz ]., Padmanabhan A., Aqui N., Balogun R.A., Connel-
ly-Smith L., Delaney M., Dunbar N.M., Witt V., Wu Y., Shaz B.H.:
Guidelines on the use of therapeutic apheresis in clinical prac-
tice-evidence-based approach from the writing committee of the
American Society for Apheresis: The seventh special issue. J. Clin.
Apher., 2016; 31: 149-162

[43] schwartz J., Winters J.L., Padmanabhan A., Balogun R.A., De-
laney M., Linenberger M.L., Szczepiorkowski Z.M., Williams M.E.,
Wu Y., Shaz B.H.: Guidelines on the use of therapeutic apheresis
in clinical practice - Evidence-based approach from the writing
committee of the American Society for Apheresis: The sixth spe-
cial issue. J. Clin. Apher., 2013; 28: 145-284

[44] Shaz B.H., Linenberger M.L., Bandarenko N., Winters J.L., Kim
H.C., Marques M.B., Sarode R., Schwartz J., Weinstein R., Wirk
A., Szczepiorkowski Z.M.: Category 1V indications for therapeu-
tic apheresis: ASFA fourth special issue. J. Clin. Apher., 2007; 22:
176-180

[45] Szczepiorkowski Z.M., Bandarenko N., Kim H.C., Linenberger
M.L., Marques M.B., Sarode R., Schwartz ]., Shaz B.H., Weinstein R.,
Wirk A., Winters J.L., American Society for Apheresis, Apheresis
Applications Committee of the American Society for Apheresis:

Guidelines on the use of therapeutic apheresis in clinical prac-
tice: Evidence-based approach from the Apheresis Applications
Committee of the American Society for Apheresis. J. Clin. Apher.,
2007; 22: 106-175

[46] Szczepiorkowski Z.M., Winters J.L., Bandarenko N., Kim H.C.,
Linenberger M.L., Marques M.B., Sarode R., Schwartz J., Weinstein
R., Shaz B.H., Apheresis Applications Committee of the American
Society for Apheresis: Guidelines on the use of therapeutic apher-
esis in clinical practice - Evidence-based approach from the apher-
esis applications committee of the American Society for Apheresis.
J. Clin. Apher., 2010; 25: 83-177

[47] Urbani L., Mazzoni A., Colombatto P., Biancofiore G., Bindi L.,
Tascini C., Menichetti F., Brunetto M., Scatena F., Filipponi F.: Po-
tential applications of extracorporeal photopheresis in liver trans-
plantation. Transplant. Proc., 2008; 40: 1175-1178

[48] Vahlquist C., Larsson M., Ernerudh J., Berlin G., Skogh T., Vahl-
quist A.: Treatment of psoriatic arthritis with extracorporeal pho-
tochemotherapy and conventional psoralen-ultraviolet A irradia-
tion. Arthritis Rheum., 1996; 39: 1519-1523

[49] Villanueva]., Bhorade S.M., Robinson J.A., Husain A.N., Garrity
E.RJr.: Extracorporeal photopheresis for the treatment of lung al-
lograft rejection. Ann. Transplant., 2000; 5: 44-47

[50] Ward D.M.: Extracorporeal photopheresis: How, when, and
why. J. Clin. Apher., 2011; 26: 276-285

[51] Wollina U., Looks A.: Extracorporeal photochemotherapy in
cutaneous lupus erythematosus. J. Eur. Acad. Dermatol. Venereol.,
1999; 13: 127-30

[52] Zhou X.A., Choi J.: Photopheresis: Advances and use in systemic
sclerosis. Curr. Rheumatol. Rep., 2017; 19: 31

The authors have no potential conflicts of interest to declare.

398



