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Abstract:

Extracorporeal photoapheresis (ECP) is a therapy that combines the collection of
mononuclear cells by apheresis, the addition of a photosensitizer (8-methoxisoralen),
the illumination of the product with ultraviolet A light and the immediate infusion of the
product to the patient. Initially developed and approved to treat T-cell cutaneous
lymphomas, soon started to be used to treat graft-versus host disease (GVHD)
developed after allogeneic hematopoietic cell transplantation. The high response rate
of ECP in skin, ocular, oral, pulmonary, and liver forms of chronic GvHD, the steroid
sparing effect and the improved overall survival of treated patients, made ECP one of
the second line treatments used to treat steroid resistant acute and chronic GVHD.
Recently, the development of new drugs for treating GVHD has changed the position of
ECP in the therapy of GVHD and has started to be used in combination with drugs for
increasing the response rate to the treatment in severe or resistant forms of acute and
chronic GvHD. However, despite this, ECP remains an essential therapeutic resource

in the management of patients with refractory acute and chronic GVHD.

Keywords: Extracorporeal photoapheresis; acute graft-versus-host disease; chronic

graft-versus-host disease. Allogeneic hematopoietic cell transplantation
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1. Introduction

Allogeneic hematopoietic-cell transplantation (allo-HCT) is widely used in the
management of acquired and inherited disorders such as hematopoietic malignancies
and in recent years for autoimmune and metabolic disorders [1]. In spite of the
introduction of new efficacious and safe strategies to prevent it [2], graft-versus-host
disease (GVHD) continues to be one of the major complications of the procedure that
affects significantly survival and quality of life of the patients. As a consequence of the
small number of well-designed clinical trials, with enough number of patients, there is
significant variability in the treatment of the two forms that the GVHD can develop after

allo-HCT, acute GVHD (aGVHD) and chronic (cGVHD).

In the late 80s of the last century extracorporeal photoapheresis (ECP) was introduced
in therapeutics for the management of cutaneous T-cell ymphomas [3]. Since then, it
has been increasingly used in the treatment of other severe and refractory conditions
such as aGVHD and cGVHD and rejection of transplanted solid organs such as lung

and heart [4].

In this manuscript, we will review what is known about ECP and its current position in

the management of acute and chronic GVHD after allo-HC.

2. Extracorporeal Photoapheresis

The modern use of photosensitizers and light started in the 1970 when at the
Massachusetts General Hospital, in Boston a team of dermatologists and
pharmacologists treated severe psoriasis using orally administered 8-methoxypsoralen
(8-MOP) and exposure of the skin to ultraviolet A ((UVA), 320-400 nm) radiation [5].
The finding in the 1980s that in mice and rats the infusion of lethally damaged T-cell

3
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clones could prevent the induction of autoimmune diseases produced by subsequent
administration of viable autoreactive T cells, led to a group of dermatologists at Yale
University School of Medicine, in New Haven to use that approach to treat cutaneous
T-cell ymphomas [3]. The patients underwent a mononuclear cell (MNC) collection
using an apheresis system after taking 8-MOP orally. The collected cells were exposed
to UVA (1 to 2 J/m2) and then returned to the patient. Twenty-seven of 37 patients with

refractory cutaneous T-cell ymphomas responded to the treatment.

However, some patients had intolerance to the ingestion of the 8-MOP including
nausea and vomiting that together with the differences in the gastrointestinal
absorption due to individual variability, resulted in inconsistent blood concentration of 8-
MOP and the need of monitoring plasma levels during the treatment. To avoid those
problems the 8-MOP was added directly to the collected product [6]. The modern ECP

had born.

3. Current Technologies for Extracorporeal Photoapheresis

The principle described earlier continues to be what we are using 30 years after its
development. We perform a MNC collection using apheresis, we add between 80 to
100 ug of 8-MOP to the bag, we illuminate the product with UVA, and finally, we
reinfuse the product to the patient. What has changed significantly, is the way how we

perform it.

The first technology in the market that allowed the performance of all the steps of ECP
using single needle access, in the same platform was the Therakos UVAR (Therakos,
at that time a Johnson & Johnson company, PA, USA) introduced in the marked in
1987. The system allowed the collection of the MNC cells, the addition of the 8-MOP
and the UVA illumination, finally the illuminated product was infused to the patient. This

4
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system underwent different upgrades and the current model in the market is the
Therakos Cellex Plus (Therakos, Mallinckrodt Pharmaceuticals) [7]. Currently, the
usual procedure for treating GVHD patients is to collect the MNC present in 1,500 mL
of blood per session. In case of cGVHD, the recommended schedule is two
consecutive sessions every week (one cycle) for the first three months followed by
once cycle twice per month and then tapered depending on clinical response. For
aGVHD the recommended schedule is two or three sessions per week until complete

response [8].

In Europe, another technique for performing ECP was developed because one of the
problems of the Therakos UVAR single needle design, was the high extracorporeal
volume (that made the application of the treatment to paediatric patients challenging).
Medical doctors of the Pitié-Salpétriere-Hotel-Dieu and Cochin Hospitals in Paris,
created a two steps technique, later known as off-line or disconnected ECP [9, 10].The
first step was the MNC collection performed in a cell separator (initially, Spectra, Cobe,
Co, USA) that provided flexibility regarding the volume to process and the amount of
MNC collected. After, 8-MOP was added to the collected product and the mixture was
illuminated in an ethylene vinyl acetate bag transparent to UV, in an external UV

illuminator.

In many countries of Europe disconnected ECP is the technology more commonly
used. For instance, according to the Italian registry of therapeutic apheresis, in 2015
the 78% of the 6,606 ECP procedures gathered by the registry, were performed using

the disconnected technology [11].

Since 2019, in Europe there is available another technology for ECP that combines the
collection of MNC in the Amicus separator (Fresenius Kabi, Bad Homburg, Germany)
with a photoactivation device (Phelix, Fresenius Kabi), creating an online, closed
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system to perform ECP. There is a single-use disposable kit combining the collection of
the cells and its illumination in the photoactivation device, so the cells are continuously
connected to the patients until its infusion. The system allows to process up to 8 L of

blood of the patient in each session [12].

Currently, the usual schedule of the disconnected ECP for treating GVHD patients is to
process 1 blood volume in the apheresis platform per session, two sessions in
separated days the first two to four weeks, followed by one session per week, every

two weeks for a minimum of 6 months [13].

The ninth edition of the American Society for Apheresis Guidelines on the use of
therapeutic apheresis recommends for aGVHD two or three treatments weekly until
response obtained (minimum of 8 weeks) and for cGVHD, one cycle (i.e. two
treatments in one week) weekly or every other week for up to three months, then, if

responding, taper to one cycle per month to clinical response [14].

There are differences in the cost between the different technologies currently available
for performing ECP in Europe. For reference, we have available the cost in Spain of the
three technologies currently available to perform ECP [15]. In case of ECP using
Therakos technology the cost of a round of treatment (treatment for 6 months, in total
28 sessions of processing 1.5 L) was higher (850 euros per kit for 28 sessions, 23,800
euros in total) than for the disconnected strategy (14 sessions processing a total blood
volume per session, using each time a collection and an illumination kit, representing
500 euros both, in total 7.000 euros) or the new connected technology also processing
a total blood volume per session (665 euros per kit, in total 9.310 euros). However,
costs can vary widely depending on the country considered. for example a recent study
reported that the cost of the ECP using Therakos in USA was calculated to be 37,744
USA $, around 34,742 euros, a 46% more expensive than in Spain [16].
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There are several studies that evaluated the cost-effectiveness of ECP in the
management of GVHD in different jurisdictions[16-19]. All the studies have concluded

that ECP is a cost effective option for steroid refractory cGVHD.

4. Mechanism of Action of Extracorporeal photoapheresis

It is well known what we provoke with the collection of the MNC, its illumination in the
presence of 8-MOP and the reinfusion to the patient, the apoptosis of the cells,
however at different rates. Up to 15% of the reinfused cells will develop immediate
apoptosis with a flip-flop of phosphatidylserine to the outer membrane [20] and a
second wave of apoptosis (caused by several mechanisms) that ends up with absolute
killing of exposed cells on in vitro cultures between 48 and 72 hours after ECP [21].
The susceptibility to ECP-induced apoptosis varies depending on the type of cells. B-
cells, T-cells, NK cells and monocytes are very sensitive to the treatment, while
regulatory T-cells (Tregs) are more resistant to ECP with apoptosis levels (annexin 5A
positive cells) below 30% at 24 hours and levels of 30 to 65% 48 hours after treatment

[22].

However, what we don't yet know are the mechanisms by which this effect ends up
producing its therapeutic effects, some of them apparently contradictory. According to
the latest edition of the Guidelines on the Use of Therapeutic Apheresis of the
American Society for Apheresis ECP is recommended as category | (apheresis is
accepted as first-line therapy, either as a primary standalone treatment or in
conjunction with other modes of treatment) in erythrodermic mycosis fungoides and
Sézary syndrome, and category |l (apheresis is accepted as second-line therapy, either
as a standalone treatment or in conjunction with other modes of treatment) in case of
GVHD acute and chronic, rejection, heart transplantation rejection (cellular, recurrent
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and prophylaxis), and lung transplantation (chronic lung allograft dysfunction,

bronchiolitis obliterans syndrome) [14].

So ECP has shown its efficacy for inducing an immune response against cutaneous
lymphoma cells (since its therapeutic effect cannot be attributed to the destruction of
the malignant cells during the treatment since only 5% to 10% of the body lymphocytes
are treated during a cycle of treatment [23]) and for inducing a immunotolerance
against the transplanted solid organs or from the hematopoietic cells transplanted
against the recipient. Interestingly, Xipell et al, have recently reported that two patients
undergoing ECP due to kidney transplantation rejection that concomitantly had viral
infection (cytomegalovirus and BK virus), viral infections were successfully controlled
during the treatment, so according to the authors an immunogenic effect of ECP in
kidney transplant patients might exist [24]. Currently, in the ground of allo-HCT and
solid organ transplantation, the concept is that ECP is an efficacious treatment inducing
immunotolerance without immunosuppressing the recipient so there is no an increase
in infectious complications associated to its use [25]. Actually, the safety profile of ECP
is excellent, with minimal side-effects and no long-term complications, particularly in
comparison with other immunosuppressive therapies currently available for GVHD [4].
In those patients carrying implantable ports for performing the treatments, vein
thrombosis and infection of the ports are can be an issue. However, the use of
ultrasonography for cannulation of peripheral veins reduces the needs of central lines
[26]. For instance, in our institution 98% of the ECP procedures performed in 2023

were done using peripheral veins.

As stated previously the ultimate mechanisms by which ECP exerts its therapeutic
effects is not known but the evidence accumulated so far indicates that multiple events
occur that contribute to the result of the treatment. These include contact of cells with
external plastics surfaces (apheresis and illumination kits), exposure to 8-MOP and
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UVA that activates platelets, monocytes and other myeloid cells, the release of
damage-associated molecular patterns and differentiation of monocytes into dendritic
cells. Once reinfused to the patient, the ECP product generates and presents
numerous antigens after the phagocytosis of apoptotic cells, increases the frequency
and activity of Tregs [27], shifts the systemic cytokine balance, and promotes
extravasation of immune cells that together, they are responsible for the therapeutic

effect of ECP [28]

Clearly, more research is needed, ideally exploring new fields [29] to gain more insight
into the mechanisms involved in the therapeutic effect of ECP in the different medical

conditions that we are currently treating with it.

5. Extracorporeal Photoapheresis in Acute Graft versus Host Disease

Acute GVHD is a major, life-threatening complication of allo-HCT. Immune effectors
cells of the donor will recognize and attack tissues and organs of the recipients
provoking the typical sign and symptom of the disease [30]. The more commonly
affected organs include the skin, gastrointestinal tract, and liver [31, 32]. Depending on
the severity of the symptoms each organ receives a score, and the combinations of
these three scores will lead to a classification of the aGVHD into four different levels
being | the mildest and IV the most severe [30]. For many years it was considered
aGVHD when any of those symptoms developed before day 100 post-transplantation
and cGVHD when symptoms developed after day 100 [33]. However, in 2005, and
revised in 2014, the National Institutes of Health Consensus Conference proposed new
diagnostic criteria for GVHD based only on clinical manifestations without any

reference to the time of commencement [34, 35].



241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

In the early days, about 30-60% of patients who underwent an allo-HCT would develop
aGVHD [36]. Fortunately, the introduction of the administration of high-dose post-
transplant cyclophosphamide (PTCY) as prophylaxis of GVHD has decreased those
figures. In a recent retrospective study of 272 adult patients, Salas et al. reported that
PTCY and tacrolimus reduced the cumulative incidence of aGVHD grade II-IV at day
+180 to 14.7% in comparison to a 41.8% in the group receiving other types of GVHD

prophylaxis [2].

The general consensus is that when a patient develops grade Il or higher aGVHD after
allo-HCT, corticosteroids (methylprednisolone or prednisone) in a dose of 1-2 mg/kg/24
h should be initiated. If corticosteroid resistance or dependence occurs, a second line
of treatment is recommended. And this second line is a major challenge as can be
deduced from the fact that a recent review listed 14 different therapeutic options to

choose from [36].

Currently among the main options that the clinicians select from that list are ECP and
JAK inhibitors such as ruxolitinib. Ruxolitinib proved it efficacy and safety in managing
of aGVHD in a randomized, controlled clinical trial of 309 patients. One hundred fifty-
four patients were allocated to the ruxolitinib arm and 155 were assigned to the control
group, according to investigator’s choice (in 31% of the patients ECP was selected).
Durable overall response at day 56 was higher in the ruxolitinib group that in the control

group (40% vs 22%, p<0.001) [37].

Since the publication of this pivotal study and the approval by FDA and EMA, ruxolitinib
has gained importance in the treatment of GVHD primarily due to the ease of
administration compared to ECP and currently ruxolitinib is considered the treatment of
choice in aGVHD resistant to steroids (SR-aGVHD) [36]. In a recent retrospective study
performed by the EBMT Transplant Complications Working Party, they compared
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patients receiving ECP or ruxolitinib in 31 centers as treatment for SR-aGVHD. At 90
days after starting treatment, there were no statistical differences in overall response,
in overall survival, progression-free survival, non-relapse mortality and relapse

incidence. However, ruxolitinib efficacy does not come without a toll. Up to day 28, in
33% of the patients on the ruxolitinib group thrombocytopenia was observed while in

the control groups the incidence was 18% [38, 39].

Since the introduction of ruxolitinib, a third approach tried to overcome the dilemma of
selecting ECP or ruxolitinib as a second line treatment for SR-aGVHD: the combination
of both. Modemann et al. reported a single-center experience of combining ruxolitinib
with ECP in 18 patients with severe SR-aGVHD of lower gastrointestinal tract. The
treatment was well tolerated and no severe cytopenia was observed. Complete and
partial responses were observed in 44% and 11% patients, respectively.
Corticosteroids were tapered rapidly with a median time of 2 days for halving of

dosage, avoiding additional steroid-associated side effects [40].

In summary, nowadays in case of SR-aGVHD, the standard practice has become to
use ruxolitinib as a second line treatment, leaving ECP as a third line in case of poor
response to the ruxolitinib or combining ruxolitinib to ECP in case of severe

manifestations of the existence of a clinically significant cytopenia.

6. Extracorporeal Apheresis in Chronic Graft versus Host Disease

Chronic GVHD is the major cause of nonrelapse mortality and severely impairs the
quality of life in long-term survivors of allo-HCT. As in aGVHD, immune effectors cells
of the donor recognize and attack tissues of the recipient, although the biological
mechanisms involved are not yet as well understood as those leading to aGVHD [41].
Symptoms usually develop within three years after allo-HCT and often follows a history
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of aGVHD. cGVHD frequently involves skin, liver, eyes, mouth, upper respiratory tract,
esophagus and less frequently serosal surfaces, lower gastrointestinal tract, female
genitalia and fascia and presents features reassembling autoimmune and other

immunologic diseases [35].

When allo-HCT are carried out using the standard prophylaxis regimen with a
calcineurin inhibitor and a antimetabolite, cGVHD develops in 30% to 70% of patients
[42]. However, as in the case of aGVHD, the introduction of PTCY has significantly
changed the landscape. Bolafios-Meade et al. recently reported a study where patients
with hematologic cancers receiving allo-HCT from an HLA-matched related donor or a
matched or 7/8 mismatched (mismatched at only one of the HLA-A, HLA-B, HLA-C and
HLA-DRB1 loci) unrelated donor, with reduced-intensity conditioning, were randomized
to receive cyclophosphamide—tacrolimus—mycophenolate mofetil (experimental
prophylaxis) or tacrolimus—methotrexate (standard prophylaxis). The authors reported
that the cumulative incidence of cGVHD at one year in the experimental prophylaxis
group was 21.9% while in the standard prophylaxis group the incidence was 35.1%.
Patients in the experimental-prophylaxis group appeared to have less severe acute or
chronic GVHD and a higher incidence of immunosuppression free survival at 1 year.
Overall and disease-free survival, relapse, transplantation related death, and

engraftment did not differ substantially between the groups [43].

Unfortunately, in spite of the improvement seen in the prophylaxis of cGVHD after allo-
HCT, some patients still develop the disease and require treatment. Currently, the first-
line of treatment are corticosteroids at a dose of 0,5-1 mg/kg/day prednisone dose
equivalent. Although prior randomized controlled trials demonstrated that addition of
another immunosuppressor at the start of corticosteroids is not beneficial, in severe
cGvHD expert opinions suggests that addition of another immunosuppressive agent is
of value, such as calcineurin inhibitors [44].
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In case of SR-cGVHD, defined as a clinical progression on more than 1 mg/kg/day, or
stability on more than 0.5 mg/kg/day, or inability to taper to less than 0.25 mg/kg/day on
two separate occasions, or steroid intolerance, a second-line treatment is
recommended. And again, as in the aGVHD, the list of potential treatments to be used
as second-line is extensive. A recent review listed 20 different options with overall

response rates varying from 28% to 81% and wide range of adverse effects [44].

However, nowadays, most centers performing allo-HCT select two drugs depending on
availably and cost considerations, ruxolitinib and belumosudil (already approved by
FDA but not yet EMA). In the case of ruxolitinib, a phase Ill, randomized controlled trial,
randomized 329 SR-cGVHD patients to receive ruxolitinib 10 mg twice daily or therapy
chosen by the investigators (34.8% ECP, 22.2% mycophenolate mofetil, and 17.1%
ibrutinib). Overall response at week 24 was greater in the ruxolitinib group than in the
control group (49.7% vs. 25.6%, p<0.001). The most common adverse events of grade
3 or higher, up to week 24 were thrombocytopenia appearing in a 15.2% in ruxolitinib

group and 10.1% in the control group and anemia (12.7% and 7.5%, respectively) [45].

The role of belumosudil in treating refractory cGVHD was evaluated in a phase 2,
randomized multicenter study that compared two doses of belumosudil (200 mg daily
vs 200 mg twice daily) in 132 patients with cGVHD that had received two to five prior
lines of therapy. The best overall response rate (the primary end point of the study) was
74% (200 mg daily) and 77% (200 mg twice daily) at a median follow-up of 14 months

[42].

ECP use in the treatment of cGVHD is a case in point of therapeutics that have been
developed by the medical community without a direct support of the industry [46, 47], in
contrast to the use of ECP in the treatment of cutaneous T-cell lymphomas that was
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developed and licensed by regulators having a private company as sponsors.
Reported, there are two randomized controlled trials with 148 patients [48, 49] and 8
controlled trials with 228 patients [14] showing the efficacy (particularly in skin and oral
(83%) while visceral (53%) or lung (27%) involvements, responds to a lesser extent to
ECP[50]) and safety of ECP in the treatment of cGVHD. Another important effect of
ECP in cGVHD is the well-documented steroids-sparing effects [51]. However, some
limitations of the therapy has precluded a more general use such as, frequent (one or
two times a week, depending on the type of technology used for ECP) and lengthy
visits to the hospital for 3 to 6 months and often longer depending on response; need
for a vascular access (although ultrasonography guided venous canalization has
reduced the need of placing a central venous catheter[26]); and the relatively slow

onset of the action (one to three months).

For many years it has been considered ECP as one of second line treatment of cGVHD
[52], however nowadays, due to the availability new drugs for the treatments of SR-
GVHD, in many centres, the role of ECP has moved to the consideration of salvage
therapy. Actually, the updated version of the consensus recommendations of the
European Society for Blood and Marrow Transplantation (EBMT), for the management
of GVHD, lists ECP in the group of strategies “beyond” second-line treatment [53]. A
recent publication by the EBMT Transplant Complications Working Party compared 57
patients treated with ruxolitinib with 84 patients treated with ECP for SR-cGVHD. At day
+180 days after initiation of treatment, there was no statistically significant differences
in overall response, overall survival, progression-free survival, non relapse mortality

and relapse incidence [54].

As in aGVHD, another observed tendency is the combination of ruxolitinib with ECP to
increase the effectiveness of both treatments. Maas-Bauer et al. reported a
retrospective analysis of 23 patients with SR-GVHD treated with ruxolitinib and ECP. In
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this group of heavily pretreated patients the best overall response (complete or partial
response) at any time point during the treatment was 74% and the 24-months survival

was 75% [54].

5. Conclusions

The favourable profile of the ECP in the treatment of aGVHD and cGVHD made that for
many years this treatment was deemed one of the therapies to be considered in the
treatment of SR- acute and chronic GVHD as a second line therapy. However, the
development of new medications for treating GVHD has changed the position of ECP
and currently is considered more as a salvage therapy. Nevertheless, interest has
emerged in combining ECP with medications such as ruxolitinib in search of a higher

response rate in severe or resistant forms of acute and chronic GVHD.
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