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ABSTRACT 

A mini extracorporeal photopheresis (mini-ECP) “off line” technique has been developed for use 

in the treatment of small children and patients with apheresis contraindications. Until now various 

methods have been used for buffy coat separation from whole blood. In this report we describe a 

protocol for mini buffy coat preparation using the automated Sepax laboratory separator for “off 

line” ECP treatment in a low body weight child with graft-versus-host-disease. According to our 

results this alternative method has been proven feasible and tolerable. 

 



INTRODUCTION: 

Conventional extracorporeal photopheresis (ECP) performed using apheresis devices has proven 

efficient for the treatment of acute and chronic graft-versus-host-disease (GVHD).1,2 The 

experimental modifications of the conventional ECP procedure have been developed, involving 

ECP-treated allogeneic cells, ECP treated enriched or depleted cell populations, mini-ECP, and 

cryopreservation of ECP-treated cells.3 The performance of conventional ECP can be particularly 

challenging in young children because of factors such as their low body weight with limited 

extracorporeal volume, adequate vascular access, maintenance of intravascular fluid balance, 

patient’s tolerance of the lengthy procedure, and psychological implications.4 Mini-ECP is an “off 

line” technique that has been developed for use in the treatment of small children and patients with 

apheresis contraindications. In mini-ECP the whole blood is collected from the patients and various 

methods have been used for mononuclear cell (MNC) separation and buffy coat preparation.5-7 In 

this report we describe an alternative method for mini buffy coat preparation using the automated 

Sepax cell laboratory separator (Biosafe, Switzerland) for the “off line” technique ECP treatment 

of a low body weight child with graft-versus-host-disease. The “UCB protocol” designed for 

isolation of the buffy-coat fraction from umbilical cord blood was used. We evaluated the 

efficiency of the separation procedure, as well as its feasibility and safety. 

 

MATERIAL AND METHODS 

A toddler with juvenile myelomonocytic leukemia (JMML) developed acute GVHD, after a 

matched unrelated peripheral blood stem cell transplantation (SCT) performed at the age of 12 

months at the University Hospital Center Zagreb. Acute GVHD of the skin (grade 2, stage I) 

occurred three weeks after SCT and completely resolved after high dose steroids (4 mg/kg 

methylprednisolone) with cyclosporine (blood trough concentration 150-200 ng/ml), but recurred 

25 weeks after SCT together with suspected GVHD of the liver (acute GVHD of the skin grade 3, 



acute GVHD of the liver grade 2, stage II). Biopsy of the skin confirmed acute GVHD, but the 

biopsy of the liver was not done, because the parents did not consent to this invasive procedure. 

Because of the resistant disease, after three weeks of therapy with cyclosporine (blood trough 

concentration 150-200 ng/ml) and steroids (4mg/kg methylprednisolone), ECP treatment had been 

considered. Since the patient was 18 months old and his weight was only 8.0 kg, we decided to 

perform the mini-ECP.  

Blood was collected from a tunneled central venous catheter (CVC) and the collected volume was 

simultaneously replaced with saline infusion. In order to prevent hypovolemia, the collected blood 

volume shouldn´t exceed 15% of the patient’s total blood volume, therefore 10 mL of blood per 

kilogram of the patient’s body weight was collected. During the whole collection procedure, the 

patient’s vital signs were monitored. The cord blood collection bag (MSC1201DU, Macopharma, 

Mouvaux, France), containing 21 mL citrate phosphate dextrose (CPD) anticoagulant solution, was 

used for the whole blood collection, and 8 mL CPD from the attached rinsing pouch was used for 

rinsing the blood remaining in the collection line into the bag. In order to enable connection of cord 

blood collection set with CVC, the needle of the collection set was replaced by an infusion system 

line that ended with luer lock using TSCD II sterile tubing welder (Terumo BCT, Lakewood, CO).  

Whole blood was processed using the Sepax cell laboratory separator on “UCB protocol” (Figure 

1). This protocol allows processing of the initial blood volume from 35 mL to 290 mL, including 

the anticoagulant, and does not require the addition of a sedimentation agent. The final volume of 

buffy coat was set  at 25 mL. The extracted buffy coat was transferred into the UV-A Illumination 

Eva Bag (Macopharma, France) and diluted with saline solution up to 200 mL. 8-methoxypsoralen 

(8-MOP) (Gerot, Austria) was injected directly into the UV-A illumination bag. Since the sterile 

barrier could be compromised when adding 8-MOP, it must be added in a clean room in a laminar 

flow cabinet of GMP grade A with background environment at least equivalent to GMP grade D as 

required by directive 2006/86/EC. The cells were afterwards irradiated by the UV-A illumination 



device Macogenic 2 (Macopharma, France) with 2,5 J/m2. TSCD II sterile tubing welder was used 

for connecting the whole blood collection bag with the processing kit, and the buffy coat bag with 

irradiation bag. UV-A irradiated cells were pooled with the autologous red blood cells remaining 

after Sepax separation, and were infused back to the patient together. The plasma obtained after the 

buffy coat separation was not infused back, and was discarded because of its expected high 

cytokine content, as they are associated with the development of acute GVHD.8 

The peripheral blood samples before mini-ECP, and the product samples from the whole blood, 

buffy coat and diluted irradiated product bags were analyzed for complete blood counts using an 

automated cell counter (ADVIA 120; Bayer, Leverkusen, Germany). The data are presented as 

arithmetic mean ± standard deviation (SD). Due to the possible microbial contamination during the 

off line procedure, microbial testing (aerobic, anaerobic, and fungal cultures) was done on the final 

product.  

The Sepax separator and the Macogenic 2 illumination device were located in our Cell Bank which 

is 5 minutes walk away from the pediatric ward where the blood was collected, and where the 

irradiated cells were reinfused. The overall time delay between the whole blood collection and 

reinfusion of treated mini-buffy coat to the patient was 120 minutes. 

 

RESULTS 

ECP procedures were performed 3 times a week for 6 weeks, followed by 2 times a week 

for the next 5 weeks. In a three-month period 28 mini-ECP procedures were performed.  

Peripheral blood white blood cell (WBC) count before mini-ECP was 12,4±3,2 x109/L, 

hemoglobin 98,2±11,1 g/L, hematocrit 30,5±3,3, and platelets 72,1±15,8 x109/L. The volume of 

collected whole blood was 90.3±9.9 mL, and the volume of buffy coat 26.3±9.1. The recovery of 

WBC and MNC after separation on the Sepax were 88.3±9.4%, and 90.8±11.4%, respectively.5 

The hematocrit in the buffy coat product was 45.8±5.7 %, and in the final diluted irradiated product 



it was 4±0.7 %. Regarding the characteristics of the UVA illumination, the UVA dose of 2 J/cm² 

recommended for diluted apheresis product with the low hematocrit (<2 %), was increased to 2,5 

J/cm² due to higher hematocrit (4%) in diluted buffy coat separated on the Sepax. The results of 

microbial testing were sterile for all products. The patient was reinfused with 10.0±3.3 x107 WBC 

/kg body weight, 6.13±2.02 x107 MNC /kg body weight, and 5.6±1.9 lymphocyte x107/kg body 

weight. 

The total volume of pooled irradiated cells and autologous red blood cells was 233,9±12 mL, and it 

was infused slowly over 60 min to prevent fluid overload. The patient tolerated well both the blood 

collection, as well as infusion of irradiated cells, and no adverse events were observed. 

Mini-ECP treatment was continued for three months without technical difficulties. After one 

month of ECP treatment with the same dosing of steroids and cyclosporine, GVHD of the skin 

resolved completely. (Figure 2.) The steroids were gradually tapered with no recurrence of the skin 

GVHD. Suspected GVHD of the liver showed no improvement, and even slowly progressed to 

grade 3 after four weeks of ECP treatment, so other therapies had to be introduced. Six weeks after 

the beginning of ECP treatment cyclosporine was shifted to tacrolimus (blood trough concentration 

10-15 ng/ml), and mycophenolate mofetil (blood trough concentration 2-3 μg/ml) and methotrexate 

(10 mg/m2 once weekly) were introduced, but with tapering of steroids. GVHD of the liver 

improved to grade 1 after three weeks with this therapy, and resolved after two more months, after 

which the immunosuppressive therapy was tapered. (Figure 3) 

 



 

DISCUSSION: 

First-line therapy for extensive GVHD, both acute and chronic, is generalized immunosuppression 

with calcineurin inhibitors and corticosteroids being the most widely used agents. Because of its 

limited effectiveness (40-50% in children) and toxicity issues, second-line therapy is often 

necessary.9 Numerous treatment modalities for steroid-refractory aGVHD have been investigated, 

but no clear recommendations for second-line therapy have been established to date.10 ECP 

treatment is being widely used, especially for the cutaneous involvement.1  

There are two conventional techniques of ECP, open „off-line“, and closed „in-line“ technique. In 

„off-line“ technique the target cells are collected by a conventional apheresis device and afterwards 

irradiated using an external UV-A light irradiatior device in the presence of the photosensitizer 8-

MOP. The „in-line“ technique uses a single-unit system in which the whole treatment is performed 

as a closed, one-step procedure. A mini-ECP is an alternative “off line” technique that is used for 

the treatment of small children and patients with apheresis contraindications. Various methods 

have been used for buffy coat separation from whole blood (Table 1.).  

It is important to emphasize that the dose of the collected target cells is lower in mini-ECP than in 

conventional apheresis ECP. But there is still no recommendation of the minimum number of cells 

to be processed per ECP session or amount of blood volume to be processed for cell collection.3 

The data from an animal model showed that as few as 0.2% of the body's blood volume irradiated 

are sufficient to achieve an immune response after photopheresis.14 Based on these data Schreiner 

et al. calculated that EPC with mononuclear cells from 50 ml peripheral blood of a patient with 

cutaneous T-cell lymphoma should yield a clinical effect.6 They developed small scale 

photopheresis procedure, and concentrate mononuclear cells (MNC) by density gradient 

centrifugation with Lymphoprep (Nycomed, Oslo, Norway). 



Hackstein et al. prepared the buffy coat for pediatric patients using fully automated separator 

device Compomat G4 (Fresenius, Bad Homburg, Germany).5,1 Recently, Gramber et al. developed 

an alternative mini buffy coat preparation method for adult patients using the Spectra Optia 

Apheresis System (Terumo BCT, Lakewood, CO).7 Their technique resulted in similar WBC 

yields and higher lymphocyte yields than the Compomat device using method, but since it requires 

minimum processing blood volume of 300 mL its use is limited for the adult patients. The recovery 

of WBC and MNC after separation on the Sepax were 88.3±9.4%, and 90,8±11.4%, respectively, 

which were comparable to the Compomat technique.7 

Various authors have assumed an impact of collected and treated cell numbers on patient’s 

outcomes. Compared with the apheresis ECP methods, the lowest cell numbers are collected and 

treated in mini-ECP procedures. Hackstein et al. have showed in their follow-up study of 16 

patients, including 13 with aGVHD, that mini-ECP treatments were effective in pediatric 

patients.11 Their patients received a mean dose of 10.4 x 106 WBCs/kg body weight per procedure, 

which is substantially lower compared with conventional ECP. Patients with aGVHD who 

responded to mini-ECP received significantly higher doses of UV-A–irradiated WBCs than 

patients who exhibited no response to therapy (12.4 x106 vs. 2.9 x 106 WBCs/kg body 

weight/treatment). Worel et al. in their recent report observed, in multivariate analyses, no 

significant differences in treated WBCs, MNC and lymphocytes between patients with or without a 

response to conventional “in line” ECP.12 In their study, ECP-responding patients received 35.2 x 

106 WBCs/kg whereas non responders received 33.8 x 106 WBCs/kg. These doses were 

considerably higher than those reported by Hacksteinand et al.5,11 Worel et al. assumed that a 

minimum number of cells for an effective ECP treatment might be necessary to obtain a response 

to therapy, and that all of their patients, including the non responders, received cell doses above 

that threshold cell number. Our patient received 5.6±1.9 lymphocyte x107/kg , and 6.13±2.02 x107 

MNC /kg , that was more than the cutoffs of 8.4 x106/kg lymphocytes, and 13.9 x106/kg MNC 



treated per single procedure which could predict an overall response to ECP at 1 month with 75% 

sensitivity.12 

The red blood cell status should be assessed prior to mini-ECP, and in case of anaemia, it should be 

corrected with a transfusion. The withdrawal of whole blood and its replacement with saline 

infusion led to normovolemic hemodilution, but since the autologous red blood cells remaining 

after separation were reinfused back, in our patient there was no need for additional red blood cell 

transfusion after the mini-ECP procedure. 

Whole blood collection is associated with fewer adverse reactions than apheresis procedure, but 

nevertheless it should be performed under the supervision of a pediatrician. The child must be 

carefully observed, and vital signs monitored before and throughout blood collection as well as 

during reinfusion. According to our experience, very important is an adequate surrounding in 

which a small child as well as parents feel comfortable, and can better tolerate this procedure. 

One of the advantages of the mini-ECP is that it reduces overall buffy coat collection time from 

240 min. in conventional „off-line“ apheresis ECP, to 30 min. in whole blood collection, and so it 

interferes less with other therapy that needs to be administered.  

An “off line” ECP procedure always carries the risk of the misidentification of cellular products 

during collection and processing. In order to prevent it, all our products were labelled with an ISBT 

128 code consisting of a unique donor identification number, and a product description code. The 

labels were generated using the Tissue, Cord Blood, Stem Cells (TCS) software system (MAK 

System, Paris, France) which enables automatic labelling control. 

It is well known that the treatment of GVHD complications results in the high expenses, and one of 

the obstacles to ECP treatment is the substantial cost associated with this long-term therapy.15,16 

The cost of blood processing on the Sepax separator is equal to that of a conventional “off line” 

ECP apheresis procedure. 



According to our results, buffy coat separation using automated Sepax system separator has been 

proven feasible and tolerable.  In our presented case, a positive effect of mini ECP was achieved in 

the skin GVHD, but further clinical studies are required to confirm that this technique is an 

effective alternative method for buffy coat preparation in ECP treatment in low body weight 

children or patients with contraindications for apheresis, who are in need of second- or third-line 

therapy for GVHD.1 



Figure 1. Sepax cell laboratory separator (Biosafe, Switzerland) used for mini buffy coat 

preparation 

 

Figure 2. Photodocumentation of the clinical response of the skin GVHD: (A) Blood collection 

from central venous catheter during the first week of mini-ECP treatment. (B) Two months after 

the start of mini-ECP treatment. 

 

Figure 3. Timeline of the events and treatments of acute GVHD.  
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