



 REAL LIFE EVALUATION OF A IN-LINE SYSTEM  FOR EXTRACORPOREAL PHOTOPHERESIS. 
Abstract 
Background: Extracorporeal Photopheresis (ECP) is considered as a first line therapy in erythrodermic Cutaneous T Cells Lymphoma (CTCL) and a consolidated second line treatment in steroid resistant Graft versus Host Disease (GvHD). ECP consists of collecting, using a cell separator, a small aliquot of a patient's mononuclear cells, sending them into apoptosis by treatment with 8-MOP and UVA rays and reinfusing them into the patient, inducing an immunomodulatory action whose precise mechanisms of action are not yet fully understood. There are two methods of performing ECP: “in-line” methods and “off-line” methods. For “in-line” methods, all the phases of ECP (leukapheresis, photo activation, reinfusion) are achieved sequentially in extracorporeal circulation using a single instrument and a single sterile disposable kit, without disconnection from patient’s blood circulation. In this paper we report our real-life experience with a recently licensed in-line ECP system proposed by Fresenius-Kabi.
Methods: ECP procedures (n=395) were performed in 21 patients using an Amicus cells separator and a Phelix UV irradiator with Amicus software 4.51 and Phelix software 1.0, with a targeted 2000 mL of whole blood (WB) processed and 1.5 J/cm2 of UVA light delivered to the collected mononuclear cells (MNCs). We evaluated the characteristics and costs of the adopted system, the functionality of the procedures performed, the characteristics of the products obtained. We also recorded the operational problems and adverse events that occurred. 
Results: From September 2023 to April 2025, we performed 395 ECP procedures in 21 patients: 19 with GvHd and 2 with CTCL.  Each patient underwent a median of 15 ECP procedures (IQR 12), the processed volume was 1992 mL (IQR 13 mL), the flow rate was 41 ml/min (IQR 15 ml/min), the CE2 was 71% (IQR 9%). The median cost was estimated at 885 Euro each ECP.  We observed 8 (2%) adverse events.
Conclusions: In our experience the ECP procedure performed with the Amicus system was safe and well tolerated, as matter of facts we observed only few adverse events. Procedure duration was around two hours. Collection efficiency (CE2) for MNC was satisfactory with minimal RBC and platelets contamination. 
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Background

Extracorporeal photopheresis (ECP) is a leukapheresis-based treatment that has been extensively used in the treatment of some T-cell-mediated diseases such as cutaneous T cells lymphoma (CTCL), acute and chronic grafts versus host disease GVHD, solid organ transplants, systemic sclerosis, recalcitrant atopic dermatitis, and Crohn’s disease; table I reports the indications for the use of ECP according to the recommendations of the American Society of Apheresis (ASFA) [1]. 

Surprisingly, despite its widespread use, the mechanism by which ECP exerts its immunomodulatory effect remains elusive although they have been highlighted reduction of pro-inflammatory cytokines, induction of anti-inflammatory cytokines, and modulation of immune cell populations [2-4].
Technically in ECP, the patient’s blood is collected using a cells separator and the Buffy coats are separated from the red blood cells and plasma by centrifugation. Red blood cells and plasma were reinfused to the patient while mononuclear cells (MNCs) were collected in a bag and then a photosensi​tizing agent, 8-methoxypsoralen (8-MOP),  is added directly in the bag, followed by photoactivation with ultraviolet A (UV-A) irradiation and then reinfusion of the photoactivated product [5]. To perform ECP, both off-line and in-line systems can be used [6,7]. Using a “off-line” methods all ECP steps:  leukapheresis, photo activation, reinfusion are achieved sequentially using separate equipment. A cells separator performs leukapheresis for mononuclear cells collection, using a sterile disposable kit.  Red blood cells and plasma are returned to the patient. The MNCs bag must be transferred, using a laminar flow cabinet, to an appropriate special bag in which the 8‑MOP is added. After UVA irradiation the collected cells are reinfused into the patient, using a standard transfusion filter [8,9]. Using an “in-line” methods all the ECP steps: leukapheresis, photo activation, reinfusion are performed sequentially in extracorporeal circulation using a single instrument and a single sterile disposable kit, without disconnection from patient’s blood circulation. The cells separator collects the peripheral blood mononuclear cells, while red blood cells and plasma are returned to the patient. MNCs are collected in a bag, 8-MPO is added, and then it is subsequently exposed to the UVA. After irradiation treated the MNCs concentrate is reinfused back to the patients [10,11]. Figure 1 graphically shows the main differences between off-line and in-line methods for performing ECP.
In this study the authors report the experience gained in two years of use of an in-line ECP system in a large urban hospital in North-East Italy.
Materials and Methods

Study design: This single centre, prospective, study was performed in the Transfusion Medicine Department dell’Angelo Hospital, a large General Hospital in North-East Italy. 
In this paper the authors report their experience in using an in-line system for performing extracorporeal photopheresis procedures proposed by Fresenius-Kabi.

First, the path that led to the choice of the technology to be used and to its acquisition is presented; also in relation to the reimbursement rates provided by the Italian national health system.
Second, the instrumental performances obtained are presented both in relation to the characteristics of the procedures and in relation to the characteristics of the products.

Third, the problems that have been detected in relation to technical difficulties, adverse events, and organizational complexities are presented.
Administrative Procedure and Cost Analysis: Our request was to acquire an ECP system with an in-line method that would allow complete and detailed traceability of the procedures through a connection with the IT management system of our Transfusion Medicine (Emonet supplied by GPI Trento, Italy). The Health Technology Assessment (HTA) Commission of the Veneto Region has authorized our Transfusion Medicine to acquire a system to perform extracorporeal photopheresis procedures in May 2021, after the works necessary to create a new dedicated clinic, the Local Health Authority has authorized the acquisition procedure in August 2022. The chosen system was delivered in November 2022. For evaluation of costs related to the introduction of the ECP procedure in our Transfusion Medicine a Health Activity Based Costing approach (HABC) was adopted [12,13].
Patients: Patients were proposed, at our Transfusion Medicine Department, for ECP by the Hematology and Dermatology Departments and were evaluated collegially before their enrolment. Hematology Department proposed patients, who had undergone allogenic hematopoietic stem cell transplantation that had developed a corticoid resistant / dependend GvHD. Dermatology Department proposed patients with erthytrodermic mycosis Fungoides / Sézary syndrome.  The following criteria was adopted for patients’ enrolment: age between 18 and 75 years, adequate kidney function (estimated glomerular filtration rate>40 mL/min); no active liver disease (ALT<120 UI/L); adequate cardiac function (no cardiac disease or New York Heart Association Class <II if cardiac disease was present); and WBC ≥ 1000/μL, platelet count ≥ 30,000/μL, Hb> 100 g/L. A complete blood count was performed before each procedure. Before starting the ECP procedure, transfusion therapy was carried out to correct any anaemia or thrombocytopenia below the limits reported above. Patients with hypersensitivity and/or allergy to psoralen or citrate were excluded too. Patients with active uncontrolled viral, fungal or bacterial infections were also excluded. 
The study was approved by the Ethical Committee of the District of Venice. Each subject provided written, informed consent before starting the ECP cycle. Additionally, each patient signed our standard consent form for the use of clinical data for study purposes. 
ECP Procedures: ECP procedures (n=395) were performed using an in-line system supplied by Fresenius Kabi (Fesenius Kabi Italia, Isola dela Scala, Verona, Italy). This system consists in an Amicus cells separator with Amicus software 4.51; the settings were to process 2000 mL of whole blood and obtain a 30 mL Buffy-coat collection. After MNCs harvest, the separator automatically added 170 mL of normal saline solution to the collected MNCs in the treatment container. The operator then added 3.4 mL of 8- methoxy psoralen (20 μg/mL) (G.L. Pharma Italia srl. Mialn, Italy) and started photoactivation Product’s UVA irradiation was carried out using a Phelix UV irradiator with a Phelix software 1.0; the settings were to deliver 1.5 J/cm2 of UVA light delivered to the collected mononuclear cells. After photoactivation, the system automatically reinfused the treated MNCs and the procedure was completed [14]. For anticoagulation acid citrate dextrose solution A (ACD-A) (Fesenius Kabi) with a 12:1 whole blood (WB) to ACD-A ratio was adopted; the maximum WB draw rate of 80 mL/min with a 1.25 mg/kg/min citrate infusion rate. Our procedure did not involve routine intravenous administration of calcium. The Amicus ECP protocol utilized fixed, predefined offsets to minimize collected cell variability. In this software version, the corresponding MNCs and RBCs offsets were 1.5 and 6.8, respectively.  Figure 2 illustrates the system used in our facility. 
To perform ECP  procedures we adopted a single – double needle disposable kit (X7R2346C) supplied by Fesenius Kabi; in figure 3 is reported a pictorial representation of the circuit’s characteristics. 
Calculations and Statistical Analysis: Data was analyzed using MedCalc Ver.8.0.0 (Medcalc SW bvda Ostend, Belgium) adopting a non-parametric statistical approach. Categorical data is presented as numbers (percent), continuous data as median (MED) and inter quartiles range (IQR). For data comparison we adopted the Kruskal-Wallis test; an Alpha defined as P < 0.05 was considered statistically significant. Collection Efficiency, also defined as CE2, was calculated using following formula CE2 (%) = collected MNC yield × 100 / pre-procedure WB MNC / Blood Volume processed (mL) subject post-procedure MNC)/2 and AC = anticoagulant volume [15,16].

Results
Administrative Procedure and Cost Analysis: From the HTA authorization to the arrival of the equipment, 18 months were necessary during which a new dedicated clinic was also created, equipped with continuous monitoring systems for temperature and relative humidity. Another five months were used for the installation of the equipment, their testing, the preparation of the IT connections with the Transfusion Medicine IT management system (Emonet, GPI Informatica, Trento Italy), the qualification of the equipment, the risk analysis, the training of the staff, the drafting of the specific operating instructions. Therefore, only from the beginning of April 2023 was it possible to start the ECP activity. The cost of an ECP procedure at our Transfusion Medicine was estimated at 885 Euros divided as follows: 650 Euros for the circuits, rental and assistance of the cell separator and the drug 8-MOP, 21 Euros relating to general operating costs and 214 Euros relating to the use of personnel.
Patients: From September 2023 to April 2025, were enrolled 21 patients; 13 males (61.9%) and 8 females (38.1%) with a median age of 59 years (from 22 to 74 years). Of these patients, 19 (90.5%) had a corticosteroid resistant GvHD According with ASFA criteria in these patients ECP is a second line therapy (Category II, grade 1B); 2 patients (9.5%) had a CTCL (erythrodermic disease); according with ASFA criteria in these patients ECP is a first line therapy (Category I, grade 1B) [1]. Considering 19 patients with corticosteroid resistant GvHD after allogenic PBSC transplant, in these patients, in 15 cases (78.9%) the source was an unrelated donor (MUD) and a related donor (family) in 4 cases (21.1%). The pathology for which the patients had received a PBSC transplant was acute myeloid leukemia (AML) in 11 cases (57.9%), acute lymphoblastic leukemia (ALL) in 4 cases (21.1%), myelo proliferative syndrome / myelo proliferative neoplasm (MPS/MPN) in 2 cases (10.5%); lymphoma and Krabbe disease in 1 case each (5.3%). In 10 cases (52.6%) GvHD was classified as severe and in 9 cases (47.4%) as moderate.  Of the 21 enrolled patients, 17 (81.0%) had cutaneous involvement, 5 (23.8%) intestinal involvement, 4 (19.0%) ocular involvement, 3 (14.3%) pulmonary involvement, 2 (9.5%) articular involvement and 1 (4.8%) had mucous membrane involvement. Currently 20 patients (95.2%) are alive and one has died following relapse of the underlying hematological disease (AML). These data are reported in Table 2. 
ECP Procedures: Each patient underwent a minimum of 4 and a maximum of 49 ECP procedures, with a median value of 15 procedures per patient. For each ECP procedure, the median blood volume processed was 1992 mL (IQR 13 mL) against a set volume of 2000 mL; the flow rate had a median of 41 mL/minute (IQR 10 mL/min), the time required to complete the procedure, calculated from the beginning of whole blood collection to the end of reinfusion of the irradiated product, was 127 minutes (IQR 15 minutes), each patient received, during the ECP procedure, a median of 169 mL of ACD (IQR 2 mL). The collection efficiency, calculated as CE2 for mononuclear cells, had a median of 71% (IQR 9%) while for total WBC it was 24% (IQR 11%). Table 3 shows the data for each patient.
ECP Products Regarding the product, 30 mL of buffy coats were collected in a polyolefin bag suitable for UVA treatment, which were automatically diluted by the cell separator, 170 mL of normal saline, obtaining a final volume of 200 mL. Considering together all 395 ECP procedures performed in 21 patients, in the collected products we observed a median Hb content of 7 g/L (IQR 1 g/L) with a median hematocrit of 2.4% (IQR 0.4%), the median platelet count was 116 E9/L (IQR 81 E)/L), in total WBC presented a median value of 11282 E9/L cells (IQR 5632 E9/L). The granulocytes in the product constituted, in median, 11.6% (IQR 16.1%) while, as a mean value, 88.4% (IQR 16.8%) of the collected WBC were mononuclear cells (lymphocytes and monocytes). The characteristics of the products obtained are reported, for each patient, in Table 4.
ECP Safety: In 21 cases it was not possible to start the ECP procedure due to the impossibility of finding adequate venous access. Considering the 395 ECP procedures started, in eight cases (2%) side effects were observed that required their suspension: in four cases these were problems with venous access, in one case each we observed hypocalcaemia, fever with chills, pain and uncontrollable itching of the skin of the back, malfunction of the cell separator circuit.
Discussion
Administrative Procedure and Cost Analysis: As soon as the authorization to acquire an ECP system was received from the Regional HTA commission, the need arose to decide whether to acquire an off-line or an in-line system. Off-line systems have lower costs, the possibility of using cellular separators already in use and well known to operators, are characterized by a reduced extracorporeal volume, and seem to have a better collection efficiency [17-20]. On the other hand, in-line systems are characterized by shorter procedures and do not require the transfer of the collected blood component to the processing laboratory for the addition of the photosensitive drug and UVA irradiation [21-23].  Our interest was immediately focused on the acquisition of an in-line system mainly because in our Hospital the apheresis facility and the processing laboratory are locate in separate buildings about 600 meters away  so managing the transport of cellular products from the collection site to the processing site and vice versa would constitute a significant logistical and organizational complication. Moreover, for Italian National Regulamentations, using an in-line system, patient/harvest continuity is never interrupted, and an autologous blood component is not created, greatly simplifying the management process and significantly reducing the qualification process [24]. Two further arguments supported the choice of an in-line system: firstly our CSE transplant program is authorized for adult patients only; so consideration about the larger extracorporeal volume reported for in-line systems in pediatric patients did not seem relevant in our operative setting [17,20,25]. Secondly data from literature suggested that the in-line method was much faster than the off-line method [8,14,26,27]. 
Among the different in-line systems available on the Italian market, our choice fell on the system proposed by Fresenius Kabi and composed of an Amicus Blue cell separator and a Phelix UVA irradiator. In our opinion, the selected system presents some positive characteristics. As reported in figure 2 the cell separator and the irradiator are physically separate but functionally integrated; the collection bag, although always connected to the apheresis circuit, after 8-MOP addition, can be moved to the irradiator for the UVA treatment. Therefore, in case of a significant increase in activity, it is possible to use a single irradiator for two cell separators positioned in the same clinic. As reported in figure 3, considering the apheresis circuit, this has an extremely contented extracorporeal volume (153 mL), allows to perform both single and double needle procedures with the possibility of shifting from one to the other modality even after the procedure has started, the input ports for the saline solution and for the ACD solution are different and unique and are able to prevent connection errors burdened, potentially by significant risks for the patient. Different satellite bags are available to perform sampling to monitor the different phases of the procedure, all accesses, such as the one for the addition of 8-MOP are equipped with an antibacterial filter so that one always comes to operate in a closed circuit [10,11,14,15,28,29]. Furthermore, as shown in figure 4, the system allows complete traceability of all phases of the ECP procedure; detection of the identity of the patient, operator, separator and circuit used; the results of the functionality tests performed at the beginning of the procedure are recorded, all the various phases of the procedure are recorded, detecting the times necessary to complete it as well as the type and volumes of solutions (ACD, saline, 8-MOP) used. Particular attention is paid to the recording of data relating to the photo-inactivation process.
In Italy, from January 2025, ECP has been included within the Minimum Assistance Levels (LEA) with the code 99.83 with a reimbursement rate of 900.60 Euros [30]. For a Healthcare Facility, establishing the costs of a newly introduced procedure, especially if used for both inpatients and outpatients, is always quite complex [31-33]. Following an HACB approach, we estimated a total cost of 885 Euro per procedure, therefore, lower, although slightly, than the official rate.
Patients: In this study, 21 patients were enrolled. One of the patients died due to relapse of the haematological disease while the other 20 are alive. As for the pathologies for which the patients underwent ECP: two patients were affected by Cutaneous T-Cell Lymphoma in the erythrodermic phase. In these cases, ECP is considered a first-line therapy by both American and European guidelines [1,34-36]. The other 19 patients had GvHD resistant to corticosteroid therapy. In these subjects ECP is considered one of the second-line therapies, alone or in association with other drugs such as mycophenolate, tacrolimus, ruxolitinib, daclizumab, sirolimus, everolimus, infliximab, alemtuzumab, and vedolizumab [1,37-39]. We therefore believe we can affirm that the patients were selected appropriately and in accordance with the guidelines.
ECP Procedures: Results obtained in these studies demonstrate how the system proposed by Fresenius Kabi for the execution of ECP with in-line method is characterized by a notable congruence between the blood volumes actually processed (median 1992 mL, IQR 13 mL) and the pre-established target (2000 mL). The flow rate was much more variable, in fact, against an optimal value of 50 ml/min we observed a median value of 41 mL/min (IQR 10 ml/min) which was obviously affected by the quality of the venous accesses. Consequently, the total time necessary to complete the procedures was also very variable; in fact we observed a median value of 127 min (IQR 15 min). In any case, these are absolutely satisfactory values ​​and in line with the results reported in the literature [14,17,18]. Considering the collection efficiency (CE2) for mononuclear cells we observed a median value of 71% (IQR 9), almost three times higher than that observed for total leukocytes (median CE2 24%, IQR 11%). This result explains the relative composition of the cellular populations in the apheresis products as discussed below. Also in this case the results obtained support what has already been reported in the literature [11,15,16,21,23]
ECP Products: In our series, considering apheresis products before 8-MOP addition, we observed a median WBC concentration of 11892 E9/L (IQR 5362 E9/L). Mononuclear cells (lymphocytes and monocytes) constituted 88.4% (IQR 16.8%) of the WBC collected in the leukopheresis process demonstrating the good differential CE2 observed [40,41]. Some characteristics of the collected products, such as the presence of high number of  erythrocytes and platelets, can influence the effectiveness of photoactivation. [42,43] In our series of procedures, the median haemoglobin in  apheresis producs was between 7 g/L (IQR 1 g/L)  and the median haematocrit was 2.4% (IQR 0.4%); median platelets count was between116 E9/L (IQR 81 E9L). These values quite are satisfactory ​​and  confirmed data reported in literature []. Furthermore the Fresenius Kabi in-line ECP system use only 30 mL of patients’ plasma to suspend the collects MNCs only 30 mL and use normal saline solution to dilute the cells prior to photoactivation. Utilizing this low percentage of patients’ plasma decreases the impact that hyperlipemia and hyperbilirubinemia may have on photoactivation efficiency [45,46].

ECP Safety: In literature, ECP therapy is characterized by an excellent safety profile, with a low ratio of serious adverse events [47,78], and our results confirmed that in-line ECP is characterized by a low prevalence of unwanted effects. In our experience the main problem encountered was related to the management of venous access: in fact in 21 cases it was not possible to start the ECP due to the lack of adequate peripheral venous access. In our series, consisting in 395 ECP procedures In our series of 395 ECP procedures we observed eight adverse events of such severity as to require suspension of the procedure, all episodes occurred during leukapheresis for the collection of mononuclear cells: in 4 cases we observed problems related to venous access, in one case hypocalcemia, in one case hyperthermia and in one case uncontrollable back pain and itching and in a further case the ECP procedure was interrupted because of problems in kit management. In patients undergoing a cycle of ECP procedure, there is a need for either repeating peripheral venous punctures or long-term venous access (peripheral or central). Therefore, in literature, the more relevant questions are related to problems in vascular access: inability to find the vein, obstruction of access, local hematoma, arterial puncture, phlebitis, venous thromboembolism, catheter-related infection, etc [49,50]. In our experience, finding and maintaining adequate venous access, has been the main problem despite the use of a trained and motivated nursing team, dedicated only to therapeutic apheresis procedures [51]. In fact, in 43.1% of the cases, it was necessary to place a peripheral venous catheter. We believe that the management of venous access, in our therapeutic apheresis clinic, could benefit from the introduction of an ultrasound scanner to guide the venipuncture maneuvers. Unfortunately, it has not yet been possible to acquire such equipment. It must be added that, during ECP procedures, being able to have available trained nurses with good empathy to assist these patients constitutes a significant added value [49-52]. 
Study limitations In our opinion, the main limitation of this study lies in the lack of data relating to the quantification of the apoptotic effect of ECP. A further limitation is the small number of patients enrolled in this monocentric study, Furthermore, at the moment there are no data available regarding concomitant pharmacological therapies, the duration of follow-up, or the clinical outcomes of ECP treatment. We propose to prepare a further report less focused on the technical and operational aspects and more focused on the clinical aspects . It would also be important to evaluate this in-line ECP method in other pathologies other than GvHD and CTCL, for example other autoimmune diseases and solid organ rejection.

Conclusions
This study reports a real-life monocentric Italian experience about the in-line ECP system proposed by Fresenius Kabi and consisting in a Amicus blue cells separator and a a Phelix UV irradiator.  In our twenty months experience the ECP procedures performed with the Amicus system were safe and well tolerated by patients because of the low extracorporeal volume of the disposable circuit, the ability to adapt the flow rate to the patient's conditions, the rather short procedure time, the modest volume of ACD used, the complete restoration of volume values. The more relevant questions reported in our patients series  were the difficulty of managing vascular access. The collection efficiency (CE2) for MNC was satisfactory with minimal contamination with platelet and RBC. Furthermore, the circuit used for the ECP procedure has the possibility of adding (8-MOP) and carrying out sampling using "doors" equipped with antibacterial filters, helping to maintain the sterility of the product. As a final consideration, the system allows the complete traceability of each individual procedure, data should be printed locally but our choice was transmission of procedures data to the information technology management system informative system (EmoNet GPI).
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Table I: Extracorporeal photopheresis indication following the recommendations of the American Society for Apheresis.
	Disease
	Category
	Grade 

	Atopic Dermatidis (recalcitrant)
	III
	2B

	Cutaneous T cells Lymphoma Erytrodermic
	I 
	1B

	Cutaneous T cells Lymphoma non Erytrodermic
	III
	3B

	Graft versu Host Disease acute
	II 
	1B

	Graft versu Host Disease Chronic
	II 
	1B

	Croh'sn disease 
	III
	2C

	Systemic sclerosis
	III
	2A

	Transplantation Hearth cellular or recurrent rejection
	II
	1B

	Transplantation Hearth rejection prophilaxys
	II
	2A

	Transplantation Liver antibody mediated reaction
	III
	2B

	Transplantation Liver Immunosuppressive therapy sospension
	III
	2B

	Transplantation Liver desensitization ABO incompatible 
	III
	2C

	Transplantation Lung chronic allograft disfunction
	II
	1C

	Transplantation Lung chronic bronchiolitis obliterans
	II
	1C


Category I: Diseases for which ECP is considered a first line therapy either stand alone therapy or in association with other treatments; Category II: Diseases for which ECP is considered a second line therapy either stand alone therapy or in association with other treatments; Category III: Diseases for which the role of ECP is not established, each patient should be evaluated singularly; Category IV: Diseases for which ECP is considered ineffective or harmful. 

Grade 1A: Strong recommendations with high quality evidence; Grade 1B: Strong recommendations with moderate quality evidence; Grade 1C: Strong recommendations with low quality evidence; Grade 2A: Weak recommendations with high quality evidence; Grade 2B: Weak recommendations with moderate quality evidence; Grade 2C: Weak recommendations with low quality evidence;

Table 2: Characteristics of the 21 enrolled patients
	Patient
	Gender
	Age
	Weight Kg
	Status
	Diagnosis
	Transplant
	GvHD  type
	GvHD severity
	Involment

	1
	Male
	74
	88
	Alive
	CTCL
	 
	 
	 
	Skin Erythrodermia

	2
	Male
	63
	98
	Alive
	AML
	Unrelated
	Chronic
	Moderate
	Skin

	3
	Male
	59
	76
	Alive
	LYMPH
	Unrelated
	Acute
	Moderate
	Skin

	4
	Female
	65
	87
	Alive
	AML
	Unrelated
	Chronic
	Moderate
	Skin

	5
	Male
	66
	72
	Alive
	AML
	Unrelated
	Chronic
	Moderate
	Skin + Eyes

	6
	Female
	64
	67
	Alive
	MPS/MPN
	Unrelated
	Acute
	Severe
	Skin

	7
	Male
	32
	88
	Alive
	AML
	Unrelated
	Chronic
	Moderate
	Skin

	8
	Female
	62
	61
	Alive
	AML
	Family
	Acute
	Severe
	Skin + Joints

	9
	Male
	59
	58
	Alive
	MPS/MPN
	Unrelated
	Acute
	Severe
	Gut

	10
	Female
	22
	57
	Alive
	AML
	Family
	Acute
	Moderate
	Skin

	11
	Female
	68
	65
	Alive
	CTCL
	 
	 
	 
	Skin Erythrodermia

	12
	Male
	70
	46
	Alive
	AML
	Unrelated
	Acute
	Severe
	Skin + Gut

	13
	Male
	59
	102
	Alive
	AML
	Unrelated
	Chronic
	Moderate
	Eyes

	14
	Female
	44
	53
	Alive
	KD
	Unrelated
	Chronic
	Severe
	Skin + Eyes + Lungs 

	15
	Male
	30
	41
	Alive
	ALL
	Unrelated
	Acute
	Severe
	Skin + Lungs + Mucous Membranes

	16
	Male
	30
	65
	Alive
	ALL
	Unrelated
	Acute
	Moderate
	Skin

	17
	Female
	58
	50
	Alive
	ALL
	Family
	Acute
	Severe
	Skin + Gut  

	18
	M
	55
	90
	Alive
	ALL
	Unrelated
	Chronic
	Moderate
	Skin Sclerodermia

	19
	F
	37
	50
	Alive
	AML
	Family
	Chronic
	Severe
	Skin + Gut + Lungs

	20
	M
	64
	67
	Alive
	AML
	Unrelated
	Chronic
	Severe
	Joints + Eyes

	21
	M
	69
	71
	Deceased
	AML
	Unrelated
	Acute
	Severe
	Gut


ALL: Acute Lymphoblastic Leukemia, AML: Acute Myeloid Leukemia, CTLC: Cutaneous T Cells Lymphoma, KD: Krabbe Disease, LYMPH: Lymphoma, MPS/MPN: myelo proliferative syndrome / myelo proliferative neoplasm.
Table 3: Data regarding Extracorporeal photopheresis procedures. 
	Patient
	ECP N°
	Processed blood volume (mL)
	Flow (mL/min)
	Total Time (min)
	ACD Volume (mL)
	CE2 MNC (%)
	CE2 WBC (%)

	1
	10
	1977 (3)
	50 (4)
	113 (6)
	167 (2)
	23 (3)
	8 (1)

	2
	7
	1992 (2)
	46 (2)
	119 (10)
	170 (1)
	73 (5)
	29 (4)

	3
	8
	1981 (2)
	45 (2)
	111 (9)
	169 (2)
	74 (7)
	13 (2)

	4
	49
	1995 (16)
	50 (3)
	119 (10)
	170 (3)
	64 (14)
	26 (8)

	5
	27
	1992 (11)
	45 (10)
	120 (12)
	169 (3)
	65 (10)
	34 (8)

	6
	15
	1983 (1)
	40 (9)
	127 (13)
	172 (2)
	66 (11)
	19 (7)

	7
	8
	1997 (5)
	35 (7)
	137 (10)
	168 (1)
	66 (7)
	18 (3)

	8
	22
	2000 (7)
	38 (5)
	128 (14)
	171 (2)
	77 (19)
	24 (8)

	9
	32
	1990 (13)
	42 (15)
	130 (19)
	170 (3)
	81 (20)
	33 (15)

	10
	5
	1994 (6)
	30 (2)
	153 (13)
	166 (2)
	73 (12)
	20 (6)

	11
	20
	1995 (7)
	50 (1)
	109 (9)
	169 (3)
	70 (11)
	17 (7)

	12
	23
	1991 (15)
	49 (3)
	113 (12)
	171 (2)
	74 (9)
	43 (12)

	13
	11
	1987 (12)
	36 (11)
	125 (12)
	168 (3)
	85 (17)
	21 (9)

	14
	10
	2000 (26)
	40 (2)
	124 (5)
	171 (6)
	72 (10)
	26 (14)

	15
	42
	2000 (17)
	30 (9)
	143 (21)
	171 (4)
	46 (19)
	22 (11)

	16
	17
	2000 (3)
	40 (5)
	130 (15)
	169 (2)
	72 (14)
	36 (7)

	17
	6
	1990(14)
	45 (7)
	140 (6)
	168 (3)
	72 (19)
	45 (8)

	18
	21
	1992 (15)
	35 (10)
	144 (22)
	167 (6)
	65 (7)
	18 (8)

	19
	44
	1983 (10)
	30 (7)
	139 (18)
	166 (3)
	65 (17)
	25 (15)

	20
	14
	1993 (5)
	50 (1)
	111 (8)
	171 (4)
	58 (15)
	29 (12)

	21
	4
	2000 (11)
	45 (9)
	106 (10)
	170 (9)
	49 (17)
	19 (11)


Results were reported as median values and (interquartile range) 
Table 4: Data regarding Extracorporeal photopheresis products. 
	Patient
	WBC 10E9/L
	PLT 10E9/L
	RBC 10E12/L
	Hb g/L
	HCT %
	MNC %

	1
	56450 (5042)
	114 (20)
	0,12 (0.01)
	3 (0.5)
	1.4 (0.2)
	97 (11)

	2
	12560 (630)
	52 (18)
	0,24 (0.05)
	8 (1.2)
	2.9 (0.6)
	88 (3)

	3
	4470 (822)
	116 28)
	0,26 (0.04)
	8 (2.1)
	2.7 (0.8)
	82 (12)

	4
	16010 (8980)
	117 (59)
	0,22 (0.02)
	7 (0.8)
	2.5 (0.4)
	96 (17)

	5
	16845 (9572)
	85 (48)
	0,23 (0.05)
	7 (1.1)
	2.5 (0.3)
	95 (10)

	6
	6260 (3950)
	58 (12)
	0,29 (0.06)
	7 (1.4)
	3.1 (0.9)
	64 (21)

	7
	3460 (765)
	62 (14)
	0,27 (0.07)
	8 (0.9)
	3.3 (0.8)
	89 (16)

	8
	12160 (1750)
	211 (62)
	0,23 (0.03)
	6 (1.1)
	2,3 (0.3)
	92 (10)

	9
	7960 (3192)
	125 (47)
	0,25 (0.04)
	7 (1.7)
	2,7 (0.8)
	85 (21)

	10
	5840 (2460)
	130 (51)
	0,29 (0.09)
	9 (2.2)
	3.1 (0.7)
	88 (13)

	11
	8555 (2952)
	108 (18)
	0,24 (0.05)
	8 (1.9)
	2,7 (0.9)
	85 (19)

	12
	12945 (1746)
	69 (42)
	0,21 (0.04)
	7 (1.3)
	2,8 (0.7)
	95 (24)

	13
	5855 (4597)
	179 (67)
	0,24 (0.07)
	7 (2.2)
	2,9 (0.9)
	91 (33)

	14
	13250 (3945)
	164 (63)
	0,22 (0.05)
	7 (1.8)
	2,7 (0.7)
	95 (19)

	15
	10390 (6145)
	175 (66)
	0,19 (0.03)
	5 (0,5)
	2,1 (0.5)
	62 (18)

	16
	12740 (9120)
	125 (92)
	0,23 (0.06)
	6 (0.8)
	2,5 (0.6)
	92 (17)

	17
	8990 (6260)
	137 (14)
	0,31 (0.08)
	9 (1.1)
	3,1 (0.9)
	68 (19)

	18
	13140 (1350)
	231 (101)
	0,25 (0.06)
	7 (0.9)
	2,5 (0.4)
	94 (11)

	19
	10405 (9117)
	143 (99)
	0,23 (0.03)
	7 (1.2)
	2,7 (0.5)
	69 (25)

	20
	27050 (9947)
	61 (21)
	0,19 (0.02)
	4 (0.3)
	2,3 (0.7)
	99 (11)

	21
	10865 (7894)
	94 (37)
	0,25 (0,05)
	6 (1.2)
	2,7 (0,8)
	68 (21)


Results were reported as median values and (interquartile range) 
Figure 1: Pictorial comparison of off-line and in-line ECP procedures 
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In off-line methods leukapheresis, addition of 8-MOP and UVA irradiation, reinfusion requires different instruments and must be carried out in separate and dedicated areas: apheresis unit and processing laboratory. In in-line methods we have a continuous process characterized by the succession of the phases described that occur in a close system without any disconnection from the patient and always inside the apheresis unit.

Figure 2: The Phelix UV irradiator (on the left) and the Amicus cells separator (on the right).
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Figure 3: Graphic representation of the single – double needles circuit adopted to perform extracorporeal photopheresis procedures in our Institution.
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The Disposable Circuit is composed of: A 1 Treatment Bag in EVA (non-DEHP) of 1,300 Ml, B) 2 Needles of 17 G, C) 1 Filter in the Return Line of 220 microns, D) 1 Connector Anticoagulant Solution with Correct-Connect (clear) and Drip Chamber with Antimicrobial Filter of 0.2 microns. Compliant with ISO 12250-8:2018, E) 1 Saline Connector with Non-Vented Spike (Clear) and Drip Chambers with 0.2 micron Antimicrobial Filters, F) 1 1000 mL Waste Bag, G) 3 600 mL Process Bags, H) 2 40 mL Processing Sampling Bags, J)  2 Luer Activation Connectors (LAD). 
Figure 4: An example of the Amicus extracorporeal photopheresis report
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