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1 Einleitung

Mit der extracorporalen Photopherese (ECP) wird ein Verfahren bezeichnet, bei dem
zunachst Blut gewonnen, 8-Methoxypsoralen zugegeben wird, mit UV-Licht bestrahlt
und dem Patienten zurtickgegeben wird (R. Edelson et al. 1987; R. L. Edelson 2014).
Es basiert auf einer altdgyptischen Therapie mit psoralenhaltigen Pflanzenextrakten
zur Behandlung von Vitiligo, einer mit Pigmentverlust einhergehenden Hauterkran-
kung (El Mofty 1948). Die Entwicklung der chromatographischen Methoden insbe-
sondere in den 1970er Jahren ermoglichten die Charakterisierung der Wirksubstanz
(Gazith et al. 1978). Damit war die Voraussetzung fur die Entwicklung neuer Anwen-

dungen gegeben, insbesondere fir ECP und Pathogeninaktivierung.

1.1 Psoralene

Psoralene sind Substanzen aus der Gruppe der Furocumarine, die nattrlich in gerin-
gen Mengen in verschiedenen Pflanzen u.a. in Feigen, Limetten und verschiedenen
Pflanzen aus dem Niltal, sowie Indien vorkommen (Berger et al. 1985) (Abbildung 1).
Der Name leitet sich aus der asiatischen Hulsenfrucht Psoralea corylifolia ab. Diese
Substanzen dienen der pflanzlichen Insektenabwehr und haben die bemerkenswerte
Eigenschaft, durch UVA-Licht aktiviert werden zu kénnen, so dass kovalente Bindun-
gen zu Pyrimidin-Ringen und anderen Strukturen eingegangen werden konnen
(Berger et al. 1985).

0.0 O
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Abbildung 1. Strukturformel von Psoralen

Die Substanz 8-Methoxypsoralen ist mit einer molaren Masse von 216,18 g/mol ein
kleines lipophiles Molekll (Abbildung 2). Es kommt in den Pflanzen Ammi majus

(Grof3e Knorpelmdohre), Heracleum candicans (Wurzeln) und anderen vor.
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Abbildung 2. Strukturformel von 8-Methoxypsoralen

Andere Psoralene sind Imperatorin, Bergapten und Amotosalen (Wollowitz 2001),
welche als analytische Kontrollsubstanz, als Aromabestandteil von Earl Grey-Tee

oder fir die Pathogeninaktivierung verwendet werden (s.u.).

1.2 Psoralen und UVA (PUVA)

Die photosensibilisierende Eigenschaft der Psoralene wird seit Jahrtausenden fur die
Therapie dermatologischer Erkrankungen verwendet (Psoriasis, Atopie, Vitiligo, ku-
tane T-Zell-Lymphome). Erste medizinische Texte erwdhnen diese Therapieform um
1500 v.Chr. (Farahnik et al. 2016).

Die Anwendung ist bei bestimmten Stadien von kutanen T-Zell-Lymphomen, Pso-
riasis und anderen dermatologischen Erkrankungen weiterhin indiziert (Prince et al.
2009). Fur die PUVA-Therapie wird 8-MOP topisch oder oral in einer Dosierung von
etwa 0,5 mg/kg Korpergewicht gegeben und 75 min spater UV-A Licht mit 0,5-2,5
Jicm? als Ganzkérperanwendung appliziert (Farahnik et al. 2016). Uberschiissiges 8-
MOP wird in den nachfolgenden 24 Stunden ausgeschieden, Langzeitwirkungen, wie

z.B. kutane Malignome, sind jedoch mdglich.

1.3 Pathogeninaktivierung

Die DNA-interkalierende und zellinaktivierende Wirkung der Psoralene kann fur Blut-
produkte verwendet werden. Plasma, Erythrozyten- und Thrombozytenkonzentrate
enthalten als wirksamen Bestandteil keine kernhaltigen Zellen. Wenn in diesen Blut-
produkten DNA enthalten ist, dann stammt es von kontaminierenden Leukozyten,
von Bakterien oder Viren. Die Behandlung von Thrombozytenkonzentraten oder
Plasma mit Amotosalen reduziert die Infektionszahlen um 10° oder mehr Logstufen

und wird daher als Pathogeninaktivierung bezeichnet (Wollowitz 2001).
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1.4 Wirkprinzip der Photopherese
Fur die ECP-Therapie wird 8-MOP verwendet und mit folgenden Schritten durchge-
fuhrt:

Leukozyten in Apheresetechnik aus extracorporalem Kreislauf gewinnen;

e Herstellung einer Suspension in autologem Plasma;

e Zugabe von 8-Methoxypsoralen mit einer typischen Endkonzentration von
200-340 ng/mL;

e Belichtung mit UVA in einer typischen Energiedichte von 1,5-2 J/cm?;

e Retransfusion.

Die Wirkmechanismen sind noch nicht vollstandig entschlisselt, aber neuere Arbei-
ten zeigen, dass bei der Photopherese Zellaktivierungsprozesse angestol3en wer-
den, die fur die Auslésung der Immunmodulation eine Rolle spielen: Thrombozyten
binden an Kunststoffoberflaichen und werden aktiviert, wobei Fibrinogen diesen Pro-
zess durch Bindung tber den GPIl/IIIA-Rezeptor verstarkt. Uber P-Selectin (CD62P)
kommt es zur Interaktion so gebundener Thrombozyten mit Monozyten, die nachfol-
gend zu antigenprasentierenden dendritischen Zellen reifen (Durazzo et al. 2014).
Dass dieser Aktivierungsmechanismus zusammen mit der Apoptoseinduktion bei
Lymphozyten einen modulierend tolerogenen Effekt im Immunsystem auslésen kann,
ist beschrieben (R. Edelson et al. 1987) und wird vor dem Hintergrund der Uberle-
gung, dass die Photopheresetherapie auch zellulare Anti-Tumor-Aktivitdten vermit-

teln kann, gerade neu diskutiert (Hannani 2015).

1.5 Indikationen der extracorporalen Photopheresetherapie

Die aktuelle Fassung der “Guidelines on the Use of Therapeutic Apheresis in Clinical
Practice“ der American Society of Apheresis (kurz ASFA-Guidelines) aus dem Jahr
2016 bewertet generell in kategorisierter Form (absteigend, Kategorie I-IV) den
krankheitsbezogenen Einsatz von Aphereseverfahren und empfiehlt adaptiert an den
derzeitig vorliegenden Evidenzgrad welches Therapieverfahren zum Einsatz kom-
men sollte (Grad der Empfehlung: absteigend 1A-2C) (Schwartz et al. 2016).

Die Einsatzmdglichkeiten und Beurteilung des ECP-Verfahren nach oben beschrie-

benem Schema wird in Tabelle 1 (nach Schwartz et al. 2016) dargestellt.
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Tabelle 1. Beurteilung der Indikationen fur die ECP (nach Schwartz et al. 2016)

Kategorie | Erkrankung Grad der Empfehlung

I Kutanes T-Zell-Lymphom, Mycosis fungoides, | 1B
Sezary-Syndrom (erythroderme Form)

Il Graft-versus-host disease, chronisch 1B
Lungentransplantation, Bronchiolitis obliterans | 1B
syndrom (BOS)

Graft-versus-host disease, akut 1C
[ Sklerodermie 2A
Psoriasis 2B
Pemphigus vulgaris 2C
Nephrogene systemische Fibrose 2C
M. Crohn 2C

Kutanes T-Zell-Lymphom, Mycosis fungoides, | 2C
Sezary-Syndrom (nicht erythroderme Form)
Atopisches Ekzem 2C

v Dermatomyositis 2C

1.6 Technische Durchfihrung von Photopheresesystemen

1.6.1 Inline-Apheresesysteme

Inline-Apheresesysteme zeichnen sich durch ein Bauprinzip aus, das Zellseparator
und Bestrahlungseinheit in einem Gerét vereint. Dies ermoglicht eine einfache inte-
grierte Bedienung aller Vorgange und ein geschlossenes System, da die Retransfu-

sion nach UVA-Belichtung durch eingebaute Pumpen erfolgt.

Das erste Inline-Apheresesystem ,UVAR" der Firma Therakos zur Durchfihrung der
ECP wurde 1988 von der FDA zugelassen - initial zur Therapie des Sezary-
Syndroms. 1998 wurde der Nachfolger UVAR XTS eingefiihrt, und die letzte Weiter-
entwicklung CELLEX stellt seit 2007 die aktuellste Variante des Inline-

Apheresesystems dar.

1.6.2 Offline-Apheresesysteme
Bei Offline-Apheresesystemen wird ein Zellseparator (z.B. Spectra Optia,

TerumoBCT oder Amicus, Fresenius) zur Gewinnung des Leukapheresates in Kom-
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bination mit einem separaten Bestrahlungsgerat (z.B. PUVA Combi Light oder Ma-
cogenic G/G2) eingesetzt.

Die gezielte Konfiguration der einzelnen Gerate ermoglicht eine sehr flexible Umset-
zung des ECP-Verfahrens um z.B. die Therapiedurchfihrung bei Patienten mit nied-
rigem Gesamtblutvolumen zu ermdglichen. Da das gewonnene Leukapheresat fir
den Bestrahlungsvorgang vom Patienten getrennt werden muss, gelten hohe Anfor-
derungen an die ldentitatskontrolle und -sicherung. Darlberhinaus sind Ubergeordnet
lokal regulatorische Vorgaben von Regierungen und (Bundes-)Behoérden, die eine
Einstufung der Offline-Verfahren als Arzneimittelherstellung vornehmen, gesondert
zu beachten, was auch in einer aktuellen Stellungnahme der Deutschen Gesellschaft

fur Transfusionsmedizin und Immunhamatologie bewertet wird (Pannenbecker 2016).

2 Fragestellung

Ziel dieser Arbeit ist eine vergleichende Darstellung von vier unterschiedlichen tech-
nischen Systemen, die fur die Durchfiihrung der extracorporalen Photopheresethera-
pie (ECP) am Universitatsklinikum Regensburg eingesetzt werden. Im Wesentlichen
lassen sich Photopheresesysteme nach der Art der Therapiedurchfihrung in Offline-
Systeme (Amicus, Cobe Spectra, Spectra Optia) und Inline-Systeme (Therakos
UVAR XTS) einteilen. Der Einfluss der Apheresegerate auf die Zellzusammenset-
zung der Leukapheresate soll mit unterschiedlichen Methoden beurteilt werden. Fur
die Messung von Zellzahlen wurde ein Sysmex XE5000 und fur durchflusszytometri-
sche Bestimmung von zellularen Oberflachenmerkmalen ein BD FACS Canto einge-

setzt. Die statistische Auswertung der Daten erfolgte mit Microsoft Excel, sowie R.

3 Eigene Arbeit

Die vergleichende Untersuchung unterschiedlicher Photopheresesysteme wurde in
der Zeitschrift Transfusion publiziert (Brosig et al. 2016).
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HEMAPHERESIS

Technical comparison of four different extracorporeal
photopheresis systems

Andreas Brosig,'’ Viola Héihnel,"" Evelyn Orso," Daniel Wolff;*
Ernst Holler,” and Norbert Ahrens’

BACKGROUND: Extracorporeal photopheresis (ECP)
is a therapeutic technique that combines leukapheresis
and ultraviolet (UV)A irradiation of the leukapheresate
after 8-methoxypsoralen treatment with subsequent
retransfusion. It can be achieved with a single device
(online) or by combining an apheresis machine with a
separate UVA light source (offline). The comparability of
both established methods is unknown.

STUDY DESIGN AND METHODS: In a prospective
setting, four ECP systems were evaluated: one with
integrated UVA irradiation for online ECP (Therakos) and
three with external UVA irradiation for offline ECP
(Amicus, Optia, and Cobe Spectra). Apheresis variables
and cell counts were determined by methods including
flow cytometry.

RESULTS: The duration of apheresis ranged from 120
minutes (Amicus, Optia) to 275 minutes (Therakos).
Mononuclear cell (MNC) counts in the treatment bags
were comparable between offline ECP methods (median,
57 x 10%—66 % 10%) and lower for online ECP

(14 x 10%). CD16+ monocytes were abundant in online
ECP (82%) but rarer in offline ECP (median, 14% —
19%). Hematocrit ranged from 0.1% (Therakos) to

8% (Amicus). There were no side effects in any patients.
DISCUSSION: All offline ECP systems studied yielded
comparable cellular compositions and highly enriched
populations of MNCs. In contrast, white blood cells from
online ECP displayed enrichment of nonclassical
monocytes. The relevance of these findings is unknown
as there is no established biomarker to predict the
therapeutic efficacy of these procedures.

2510 TRANSFUSION Volume 56, October 2016

xtracorporeal photopheresis (ECP) is an efficient

and established therapy for cutaneous T-cell

lymphoma, graft-versus-host disease, rejection

after solid organ transplantation, and various
autoimmune diseases."” It is based on the ex vivo
treatment of autologous leukapheresates with 8-
methoxypsoralen (8-MOP), subsequent UV irradiation,
covalent DNA strand linkage by 8-MOP, and retransfusion.
This prevents transcription and replication, leading to cell
inactivatation.”

There are two basic ways to perform ECP. The so-
called online method (by Therakos) combines cell collec-
tion, UVA irradiation, and retransfusion of the treated
cells in a single closed system. The second is an offline
method, in which a leukapheresate collected using an
apheresis cell separator is treated by UVA irradiation
within a separate device. The clinical efficacy of both
methods is well established,* but no direct comparison
of the process characteristics of the two methods has
been carried out to date. In this study, we compared four

ABBREVIATIONS: 8-MOP = 8-methoxypsoralen; CE(s) =
collection efficiency(-ies); cMNC(s) = continuous
mononuclear cell collection(s); ECP = extracorporeal
photopheresis; TP(s) = collection throughput(s).

From the 'Institute for Clinical Chemistry and Laboratory
Medicine; and “Department of Hematology and Oncology,
University Hospital Regensburg, Regensburg, Germany.

Address reprint requests to: PD Dr Norbert Ahrens, Univer-
sity Hospital Regensburg, Institute for Clinical Chemistry and
Laboratory Medicine, Franz-Josef-Strauss-Allee 11, 93053
Regensburg, Germany; e-mail norbert.ahrens@ukr.de.

'These authors contributed equally to this project and
should be considered co-first authors.

Received for publication February 1, 2016; revision
received May 19, 2016; and accepted May 31, 2016.

doi:10.1111/trf.13728

© 2016 AABB
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photopheresis systems—the Therakos Uvar XTS system
for online photopheresis and the Spectra Optia (Optia),
Cobe Spectra (both Terumo BCT), and Fresenius Kabi
Amicus apheresis systems in combination with the
Cellmax PUVA Combi-Light UVA Illuminator for offline
ECP—uwith regard to content of therapeutically relevant
cells as well as key process and performance
characteristics.

MATERIALS AND METHODS

Patients

ECP process validation was carried out according to the
EU Guidelines for Good Manufacturing Practice.” All par-
ticipants gave their informed consent and received either
online or offline ECP as medically indicated. Treatment
was performed on 2 consecutive days per treatment cycle.
This study protocol was approved by the local ethics com-
mittee (16-101-0100).

Treatment protocol

Online ECP was carried out with the Therakos (West
Chester, PA) Uvar XTS photopheresis system. The bowl
size (125 or 225 mL) and number of treatment cycles
were chosen according to the patient’s total blood vol-
ume and hematocrit (Hct). Heparin was used for
anticoagulation.

For offline ECP, apheresis was carried out with the
Cobe Spectra (Terumo BCT), Spectra Optia (Terumo
BCT), or Amicus (Fresenius Kabi) apheresis system. ACD-
Awas used for anticoagulation, and the patients were sup-
plemented with calcium as needed. All offline ECP proce-
dures were set up to yield leukapheresate and plasma
volumes of 90 and 110 ml, respectively, after cell
harvesting.

With the Cobe Spectra, we used the AutoPBSC prota-
col, which operates in cycles and allows for direct entry of
data on the processed blood volume. Cells were collected
in six cycles with a 3-mL harvest volume and 12-mL plas-
ma flush volume (equaling 15 mL per cycle), with 110 mL
of additional plasma.

With the Optia, the continuous mononuclear cell col-
lection (cMNC) protocol was implemented using the new
IDL tubing set, which collects WBCs continuously. Adjust-
ment of the total processed volume was achieved by
entering the processed blood volume and calculating the
anticoagulant volume. The machine was set up to collect
1.2% of the processed blood.

The Amicus was used in MNC mode, which operates
in cycles. The processed volume results from five treat-
ment cycles with 1375-mL cycle volume each, the addi-
tion of the blood volume required for plasma collection
(approx. 600 mL depending on the patient’s Hct), and final
chamber flushing (50-100 mL). Offsets for MNCs and red

COMPARISON OF FOUR ECP SYSTEMS

blood cells (RBCs) were 2.3 and 6.0, respectively; each
buffy coat collection was flushed with 10 mL of additional
plasma.

In all offline ECP treatments, leukapheresate and
plasma were combined. The resulting 200-mL sample
was transferred to a UV-permeable ethylene vinyl ace-
tate bag (Cellmax), samples for cellular analytics were
drawn, and 2 mL of 8-MOP 20 mg/L (8-MOP, Uvadex,
Therakos) was added (final 8-MOP concentration before
irradiation, 200 ng/mL). Subsequently, UVA radiation
(2 J/cm®) was delivered with the PUVA Combi-Light
UVA illuminator (320-370 nm, Cellmax). The treated cell
suspension was then immediately administered to the
patient.

Analytics

Cell count

Cellular concentrations were measured on a hematology
analyzer (XE-5000, Sysmex). Cell suspension samples
(50 pL) were prediluted in capillary tubes (Sysmex) with
200 pL of buffer (Cellpack, Sysmex).

Flow cytometry

Immunophenotyping of white blood cells (WBCs) was
performed with commercially available antibodies:
CD14-APC, CD3-PerCP, CD56-PE, CD22-PE, CD19-APC,
and HLA-DR-FITC from BD Biosciences; CD16-FITC,
CD45-APC, CDI10-FITC, CD16-PE, and CD33-PE from
Beckman Coulter; and CD45-PerCP from DAKO. Lysis of
RBCs was performed by using FACS lysing solution
(BD). Flow cytometric analysis was performed with a
flow cytometer (BD FACSCanto II, BD Biosciences). All
cells were gated from CD45+ cells—i.e., T cells (CD3+
FSC and SSC low), classical monocytes (CD33+ CD14+
CD16- FSC and SSC dim), and nonclassical monocytes
(CD33+, CD14+ CD16+ FSC, and SSC dim)®—as dis-
played in Fig. 1.

Statistical analysis

Data were analyzed using computer software (Excel 2010,
Microsoft Corp.) and R to calculate minimum, median,
and maximum values; the Shapiro-Wilk test for normal
distribution; and the Kruskal-Wallis test and one-way
analysis of variance for significance. Figures were generat-
ed as boxplots with nonrandom jitter scatter plots (bees-
warm boxplots) by combining R’s built-in boxplot method
with the beeswarm package from Aron Eklund. Heatmaps
were made using the gplots package from Gregory R.
Warnes and colleagues.

Total blood volume was calculated using Nadler's
formula. Collection efficiency (CE) and collection
throughput (TP) were calculated according to the
formulas

Volume 56, October 2016 TRANSFUSION 2511

S. 12



BROSIG ET AL.

M >4
] < DA+ Leukos - | ]
1 o % " o 3
<] b4 o 3
Q ] a &
o ] g 83—5
n & 6 3
a 5, =
- | —
‘IIII'TIIIIIII’]IIIIIIIIT] ! |||||||||I|llllllll|lllll E -‘l"’iillllllllIIIIIIII‘LIIII
FSC-H == SSC-A e SSC-A e
>3
e <
< 3 h g
3 4 S
D < a
0 P %)
0 3 a a
3 - ©
"By
=
¥ = TTTT § ®
IIIIIIIIIIIIIIIIIIIII L 4
SSC-A o - CD16 FITC-A CD16 FITC-A

Fig. 1. Flow cytometric gating strategy of photopheresis cell suspensions considering T-cells, WBCs (Leukos), and monocytes

(Monos).
CE = Cell concentration apheresate X Volume apheresate
Cell concentration venous before+Cel; concentration venous after apheresis % Blood volume processed
TP = Cell concentration apheresate X Volume apheresate
Cell concentration venous before+Cel; concentration venous after apheresis X Length of apheresis &
None of the investigated ECP methods produced any side
effects in the patients.
RESULTS oy . . .
Online ECP also differed in terms of the peripheral
Patients

A total of 107 procedures in 31 patients were included in
the analysis (Table 1). Median age was 52 years in the
overall population and 64 years in the Therakos group.
Patients were assigned to one or several of the ECP meth-
ods based on medical indication and anatomical con-
straints. With Therakos being the only single arm method
available, it was thus applied more frequently for aged
patients. In addition, extracorporeal volume constraints
limit the applicability of online ECP in children as for the
patient in the presented data weighing 48 kg—a factor
that also increased the median age of the Therakos group.

2512 TRANSFUSION Volume 56, October 2016

platelet (PLT) count. Therakos-treated patients had signif-
icantly higher PLT counts (median, 312/nL compared to
232/nL for the overall population; p < 0.03) and lower
hemoglobin (Hb) values (10.4 g/dL compared to 12.0 g/dL
for the overall population; p < 0.02). WBCs and the per-
centages of neutrophils, lymphocytes, and monocytes in
peripheral blood did not differ significantly between
online and offline ECP, however.

Treatment procedure

The duration of apheresis ranged from 120 to 275 minutes
(Table 2). It was shortest with Optia cMNC and longest

S.13



COMPARISON OF FOUR ECP SYSTEMS

TABLE 1. Patient characteristics*

Characteristics Amicus Cobe Spectra Spectra Optia Therakos Overall

Number of patients 12 22 7 10 31

Male/female (% males) 75 55 43 50 52

Aget (years) 53 (17-69) 51 (17-69) 48 (17-59) 64 (19-76) 52 (17-76)

Total blood volumet (L) 5.2 (3.8-6.6) 5.0 (3.1-6.6) 4.6 (3.7-5.7) 4.7 (3.5-7.2) 49 (3.1-7.2)

Diagnoses
Acute GVHD 2 7 3 4 16
Chronic GVHD 8 25 5 10 48
Sézary’s disease 3 9 2 14
Atopy 2 4 3 9
Scleroderma 2 4 6
Collagenosis 1 1 2
Crohn’s disease 1 1 2
Bronchiolitis obliterans after lung transplantation 5 1 4 10

Treatments 16 54 12 25 107

Included treatments per patient 1(1-2) 2 (1-6) 2 (1-3) 2 (1-6) 3 (1-8)

Full blood count before apheresis
WBCs (x10%L) 6.0 (2.4-12.2) 6.4 (2.1-13.0) 4.1 (2.8-10.0) 5.8 (3.0-14.3) 5.8 (2.1-14.3)
Hbt (g/dL) 12.4 (9.0-15.1)  12.1 (7.7-15.3) 12.1 (9.4-14.3) 10.4 (8.4-15.0) 12.0 (7.7-15.3)
Hett (%) 36 (27-44) 36 (25-44) 36 (29-40) 33 (26-43) 36 (25-44)
Thrombocytest (X 10%/L) 216 (76-451) 218 (26-574) 181 (76-327) 312 (33-693) 232 (26-693)
Neutrophils (%) 71 (22-88) 67 (25-91) 66 (47-87) 70 (52-93) 68 (22-93)
Lymphocytes (%) 16 (2-51) 17 (2-47) 16 (2-32) 15 (5-32) 16 (2-51)
Monocytes (%) 11 (4-24) 11 (1-23) 13 (10-23) 10 (1-27) 11 (1-27)

* Data are expressed as median (range). Results in right column (“Overall”) include patients who received more than one ECP treatment
method.

1 Variables with significantly different distributions (p < 0.05).

GVHD = graft-versus-host disease.

with Therakos Uvar XTS. In the latter case (online ECP),
this included the time for irradiation and retransfusion,
which generally took 15 to 30 minutes for offline ECP. The
leukapheresis bag volumes showed similar differences:
they were largest with Therakos Uvar XTS (Table 2) and
comparable between the offline ECP systems as a result of
their identical apheresis variable settings. Processed blood
volumes with the Cobe Spectra had an extended range
(2.8-11.7 L), because this machine was used also in chil-
dren and in acute cases requiring high-volume ECP. Proc-
essed volumes were obtained with mean flow rates of
54 mL/min (Cobe Spectra), 50 mL/min (Optia), and
48 mL/min (Amicus). The apheresis volumes of Therakos
Uvar XTS treatments could not be determined.

Cell composition
Although the patients had comparable peripheral WBC
counts, the WBC yields in the apheresis bags differed sig-
nificantly between the offline and online ECP systems
(Fig. 2). The median total WBC content was 73 X 10°%
66 % 10% and 63 x 10® with Amicus MNC, Cobe Spectra
AutoPBSC, and Optia cMNC, respectively, versus 30 X 10°
with Therakos Uvar XTS (p < 0.000004). The total WBC
content is largely influenced by the processed blood vol-
ume, while CE and TP are not.

The median WBC CEs of Amicus MNC, Cobe Spectra
AutoPBSC, and Optia cMNC was 16, 12, and 20%,

respectively. That of Therakos Uvar XTS could not be
determined as the processed blood volume is unknown.

In general, CE for MNC was much higher than CE for
all WBC combined, indicating selectivity for these cells.
The median CEs for MNC were 60, 50, and 60% with Ami-
cus MNC, Cobe Spectra AutoPBSC, and Optia cMNC,
respectively (Fig. Sla, available as supporting information
in the online version of this paper). This indicates that the
newer apheresis devices (Amicus and Optia) harvest 60%
of the MNCs processed, while 40% reenter the patient’s
circulation immediately. The median TPs for MNC were
30, 28, 33, and 5.9 mL/min, with Amicus MNC, Cobe
Spectra AutoPBSC, Optia cMNC, and Therakos Uvar XTS,
respectively. Thus, MNC collection was slowest with Ther-
akos Uvar XTS and fastest with Optia cMNC. Relative and
total MNC contents were 97.2% and 66 X 10°, 96.8% and
57 x 10% 99.8% and 57 x 10° and 52.9% and 14 X 10°
with Amicus MNC, Cobe Spectra AutoPBSC, Optia cMNC,
and Therakos Uvar XTS, respectively. MNC enrichment
comprised both lymphocytes and monocytes (Fig. 3), and
all methods yielded higher lymphocyte than monocyte
fractions.

Additional differences were seen after flow cytometric
phenotyping. Medians of 17, 19, and 14% of the mono-
cytes from offline ECP were CD16+, compared to a medi-
an of 82% of those from online ECP. This equals 5.9% to
18.9% CD16+ monocytes based on CD45+ cells (Fig. 4).
As no phenotyping from peripheral blood was available,
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TABLE 2. ECP procedure data*

Procedure parameter Amicus

Cobe Spectra

Spectra Optia Therakos Overall

Procedure timet'$ (min)
Volume of apheresatet (mL)

166 (120-245)
200 (183-208)

160 (123-195)
200 (150-233)

Processed volumet (L) 7.9 (7.8-8.0) 8.3 (2.8-11.7)
Anticoagulation ratet 1:11.4 (11.1-12.3) 1:10.3 (7.8-11.2)
WBC CE (%) 16 (6-44) 12 (1-47)
MNC CE (%) 60 (41-86) 50 (10-88)
WBC throughput (mL/min) 7 (2-28) 7 (0.7-26)
MNC throughput (mL/min) 31 (19-38) 28 (2-46)

140 (120-193)
197 (195-200)

192 (155-275)
268 (207-342)

164 (120-275)
200 (150-342)

7.5 (6.9-7.6) NA 7.9 (2.8-11.7)
1:11.0 (9.6-11.0) NA 1:10.9 (7.8-12.3)
21 (4-38) NA 14 (1-47)

60 (41-81) NA 54 (10-88)

11 (2-19) 3 (0.07-5) 7 (0.07-26)

33 (16-45) 6 (0.2-9) 27 (0.2-46)

* Data are expressed as median (range).
1 Variables with significant differences (p < 0.05).

NA = not available.

1 Procedure time using the specified apheresis device (including UV irradiation and retransfusion time for Therakos).
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Fig. 2. Box- and beeswarm plots of WBC content (A), Hct (B), and PLT concentration (C) in photopheresis cell suspensions.

patient-specific factors cannot be ruled out as a possible
explanation. No relevant further differences were seen
in the other investigated cell types (HLA-DR+ CD3+,
CD22+ CD19+, CD10+ CD19+, CD16+ CD56+, HLA-
DR+ CD16+ CD56+).

The harvesting of MNCs was partly related to the con-
comitant collection of RBCs (Fig. S1b). Hct and MNC con-
centrations were measured after dilution of the 90-mL
apheresate with 110 mL of autologous plasma. There was
an inverse relationship for the Cobe Spectra that collected
lower MNC concentrations in procedures with higher col-
lection Hcts.

Hct in the apheresis bag showed median values of
3.7, 3.0, 1.3, and 1.9% for Amicus MNC, Cobe Spectra
AutoPBSC, Optia cMNC, and Therakos Uvar XTS,
respectively (Fig. 2). The first two methods resulted in

2514 TRANSFUSION Volume 56, October 2016

higher Hct values and operate in cycles. The lowest Hct
values with the least variation were obtained with the
Optia cMNC due to its capacity to continuously monitor
the interface between plasma and the cellular content
in the centrifuge.

PLTs are a possible mediator of immune activation.
PLT counts found with the Amicus MNC, Cobe Spectra
AutoPBSC, Optia cMNC, and Therakos Uvar XTS differed
significantly with values of 419 X 10%, 605 x 10°, 947 x 10°,
and 465 x 10%/L, respectively (p < 0.0005, Fig. 2).

Method comparison

The medians of treatment process and cell composition
variables were combined in a heatmap to visualize differ-
ences and/or similarities between the four ECP methods

S. 15



o]
o
|

D
o
1

Types of WBCs in the apheresate bag (%)
8
1

COMPARISON OF FOUR ECP SYSTEMS

oo
e ————

=
- :” & 2 ? -
»
F Y -
< - B :
T ‘ 1 : }.
20 1 o+ :
é u‘{
0 > S— " S e —— ﬁ
r T T T T T 1
L N L L N L N

Amicus = 4

Cobe Spectra = -

Optia = 1
Therakos =

Fig. 3. Lymphocyte (L), monocyte (M), and neutrophil (N) content in photopheresis cell suspensions as percentage of WBCs.

e 8
50 - ; _l_

Percentage of CD45+ cells (%)
8
I

T noM T noM T noM o) noM
2 £ g 8
Q 8 [-% =
E a o] [
< » 2
o =
8

Fig. 4. CD3+ T cell (T) and CD14+ CD16+ nonclassical
monocyte (ncM) content in photopheresis cell suspensions
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(Fig. 5). The dendrogram plot of all normalized variables
processed illustrates the similarity of ECP leukapheresis
between Cobe Spectra AutoPBSC and Amicus MNC (both
of which operate in cycles) as well as Optia cMNC. This
cluster analysis separates Therakos Uvar XTS, which uses
traditional Latham bowl technology.

Regarding the standard deviation (SD) of the same
variables, similarities between Therakos Uvar XTS, Amicus
MNC, and Cobe Spectra AutoPBSC were observed. The
analysis separated the newest of these methods, Optia
cMNC, from the others: continuous buffy coat monitoring
and flow adjustment result in less variability, which may
explain the separation.

DISCUSSION

The total WBC counts for the investigated offline ECP
methods had median values of 63 x 10% to 73 x 10° cells
and were generally comparable to the results published by
other groups (Table 3). Counts differed especially for the
Cobe Spectra AutoPBSC procedure. This can, at least in
part, be attributed to inhomogeneity of the patient popula-
tion, which comprised patients with difficult venous
access and low body weight. In fact, the procedure with
the lowest total WBC count (6 X 10® WBCs) had only 48%
MNCs and was from a patient with a body weight of 48 kg.
As treatment assignments were based on technical
and medical aspects, patients were unevenly distributed.
Technical constraints included the high extracorporeal
volume of 220 to 620 mL for Uvar XTS' and its capability
to perform single-needle apheresis. Therefore, patients
treated with the online method were older and had lower
Hb values. In addition, no patient with Sézary’s disease
was treated by online ECP. This limits data interpretation.
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Fig. 5. Heatmap of medians of apheresis variables in online
(Therakos) and offline ECP methods (Cobe Spectra, Spectra
Optia, and Amicus). The method-specific deviation from the
average is coded in red for lower and in green for higher
values.

Varying WBC yields may, apart from patient factors,
rely on technical differences. Cycle-based operation mode
and storage of the collected cells within the tube centrifu-
gation chamber harbors the risk that changes in the
patient’s central venous pressure could be transmitted to
the apheresis chamber, causing a spillover of buffy coat
and, thus, a partial loss of collected cells. In fact, variation
of the cycle-based devices groups them together by cluster
analysis.

Some groups obtained considerably higher counts
with the Cobe Spectra and AS.TEC MNC programs
(Table 3).%'%!5 Of course, the comparison of means is of
limited value in samples lacking normal distribution
(Shapiro-Wilk p value of 0.03 for our data). In the
French studies,'™'® the patients had higher peripheral

2516 TRANSFUSION Volume 56, October 2016

WBC counts (maximum 32 X 10?/L, mean 8.6 X
10°—10.4 X 10°/pL), and larger volumes were processed.
The German group of Erlangen’ also processed larger
volumes; in addition, they tested the procedure in
healthy blood donors, not patients.

All offline ECP procedures result in higher numbers
of treated WBCs than online ECP (Table 3). Mean WBC
counts for online procedures are reported to range from
20 X 10° to 63 X 10% our results (31 X 10° are therefore
in line with the published data.'® The lower cell counts
obtained with online ECP can be explained by the use of
a different apheresis principle, which typically processes
a fraction of the volume of other devices. However, there
is no defined threshold for successful ECP. WBC doses as
low as 3.4 X 10° have been reported to be clinically suc-
cessful.?! The fact that clinical differences between the
two treatments are not apparent”* indicates that addi-
tional factors may be of relevance. This does not exclude
a dose effect. The Milan group reported an association
between MNC count and therapeutic response.” How-
ever, the causality remains unclear as patients with a bet-
ter prognosis tend to have higher cell counts in their ECP
apheresates.

In apheresis for ECP, the MNC CE is considerably
superior to that for WBC collection in general (Table 2, CE
of 54% vs. 15%, respectively). In particular, the newer devi-
ces Amicus and Optia achieved median MNC fractions of
97.2 and 99.8%, respectively. On the other hand, the online
ECP device mostly resulted in much lower MNC fractions.

PLTs are one of the immune constituents able to acti-
vate monocytes and stimulate dendritic cell development,
which may be of relevance in ECP therapy.®* Apheresates
obtained with Therakos Uvar XTS, Cobe Spectra, or Optia
had higher PLT counts than with Amicus and were in the
order of those of PLT concentrates. Photopheresis with
continuous flow and high centrifugation force may result
in even higher values.”

The nonclassical monocyte phenotype with CD16+
expression was found in 82% of samples from the online
ECP compared to only 14% to 19% of those from the off-
line ECP apheresis devices. This could be relevant for
treatment efficacy as activated (CD14+ CDI16+) mono-
cytes may achieve superior antigen presentation.”> How-
ever, these data were obtained before UV irradiation and
might therefore differ upon retransfusion. Interpretation
is limited somewhat because monocyte differentiation
was not available from peripheral blood. Monocytes have
a fast activation capacity. Therefore, it is unclear if the
monocytes were already activated before treatment and
selected by apheresis, or if they were activated by the
apheresis process itself, for example, by heparin that was
used for anticoagulation in online ECP, but not in offline
ECP that used ACD-A instead. Other markers of activation
apart from CDI16 that respond slower—like HLA-DR
expression—did not differ between online and offline ECP.
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TABLE 3. Published data on ECP and comparable procedures: performance data with contents of the

treatment bags*

Method WBCs (x10°%) MNCs RBCst PLTs (x10'")
Amicus

MNC’ 574 NA 4.6 (SD 2.1) mL 0.5 (SD 0.3)

MNC® 59 (SD 12)§ 68%|| 9.6% (SD 2.6%) 0.5 (SD 0.1)

MNCMS 75 (SD 29; 31-139)  92% (SD 11%; 59%-100%)  4.3% (SD 1.4%; 3.05-8.0%) 0.8 (SD 0.4; 0.2-1.4)
AS.TEC 204 (%)

CP 129° 89 (SD 45) 93% (SD 7%) NA 1.9 (SD 1.2)

CP 194° 152 (SD 35) 96% (SD 3%) NA 6.3 (SD 1.2)
Cobe Spectra'® 159 (SD 97) 96%t 0.95-1.2% NA

AutoPBSC'’ 661 NA 3.4 (SD 1.9) mL 1.5 (SD 0.7)

AutoPBSCMS 66 (SD 32; 6-140) 91% (SD 14%; 46%-100%)  3.0% (SD 1.4%; 0.65%-6.0%) 1.2 (SD 0.5; 0.1-2.2)

MNC’ 65 (0.65-23.8) 85% (41%-98%) 1.4% (0.1%-8%) 2.1 (0.04-7.8)

MNC'2 84 (SD 6) NA 3.7 (SD 0.2) mL NA

MNC'? 541 87% (47%-96%) 4.7% (median; 25%-13%) 4.1 (median; 1-8.9)

MNC for acute GVHD'* NA 69% (SD 20%) 3.6% (0.25%-19.5%) NA

MNC for chronic GVHD' NA 77% (SD 16%) 2.4% (0.25%-17.5%) NA

MNC SF 250° 89 (SD 21) 99% (SD 1%) NA 1.6 (SD 0.8)

MNC SF 500° 121 (SD 35) 93% (SD 7%) NA 3.6 (SD 0.6)

MNC (2 hr)'® 159 (SD 97, 15-480) 96%t NA NA

MNC (3 hr)'® 220 (SD 160; 37-718) 98%4% NA NA

MNC'® 52 (IQR 38-78) 94% (IQR 86%-97%) 2.4% (IQR 1.2%-3.7%) 1.2 (IQR 0.7-1.7)
COM.TEC

autoMNC'” 38 (SD 18; 6-68) 92% (SD 7%; 75%-100%) 12% (SD 2%; 5%-17%) NA

autoMNC® 65 (SD 16)§ 69%|| 8.5% (SD 2.5%) 6.1 (SD 1.4)
Spectra Optia

cMNCM® 69 (SD 33; 23-146)  92% (SD 16%; 55%-100%)  1.3% (SD 0.3%; 0.7%-1.8%) 1.8 (SD 0.7; 0.7-2.9)

MNC'® 73 (IQR 45-103) 96% (IQR 94%-97%) 3.3% (IQR 2%-4.8%) 2.4 (IQR 1.4-3.5)

MNC'2 88 (SD 6) NA 3.1 (SD 0.2) mL NA

MNC® 57 (SD 19)§ 70%|| 3.1% (SD 0.71%) 1.1 (SD 0.5)
Therakos

Cellex'® 46 ~65% 2.1% (SD 1.0%) NA

Cellex'® NA 42% NA NA

Cellex®® NA 35% (12%-98%) NA NA

Uvar'® 34 (SD 6.7) 59%3% 3.6% (SD 0.9%) NA

Uvar XTS'® 63 (SD 34; 17-171) 68%t NA NA

Uvar XTS™° 28 (SD 16) 39% 2.0% (SD 0.6%) NA

Uvar XTS'® 20 ~41% 1.2% (SD 2.0%) NA

Uvar XTS'® NA 21% NA NA

Uvar XTS?° NA 27% (8.6%-66%) NA NA

Uvar XTSMS 31 (SD 16; 1-63) 51% (SD 16%; 20%-77%)  2.3% (SD 1.4%; 0.1%-5.8%) 1.5 (SD 1.0; 0.05-4.5)

* Published ECP data and leukapheresis results expressed as mean with range in parenthesis unless otherwise indicated; listed in alphabeti-

cal order of first authors followed by data from the presented study (™S).
1 RBCs as Hct, expressed as percentage or RBC volume per treatment bag in milliliters.
1 Calculated based on publication data.

§ CD45+ cells.

|| Calculated from CD3+ and CD14+ cells.
IQR = interquartile range; NA = not available.

Generally, RBCs shed UV light from WBCs, and there-
fore dosage adjustments are sometimes required. A Hct
level higher than 2% may compromise the effectiveness of
UVA irradiation.?® While the online system has the capaci-
ty to compensate for this, the offline systems generally do
not. Varying RBC contamination might therefore affect
the predictability of the ECP process. Cobe Spectra
AutoPBSC and Amicus MNC resulted in higher Hct values
and more variation because their cycle-based harvesting
processes cannot be monitored or adjusted as easily dur-
ing an ECP session.

In addition, product contamination with RBCs might
impair MNC yield in Cobe Spectra AutoPBSC procedures.
We found an inverse relationship between product Hct

and MNC concentration for this method. This is plausible,
as buffy coat recognition was based on optical density.
Spillover RBCs might therefore irritate the concentration
monitor and cause premature collection valve openings
and closings, thus reducing MNC collection efficacy.
Online and offline ECP principles differ occasionally
in their handling but provide safe procedures for ECP; it
seems that they may be interchanged and adapted to the
needs and requirements of the individual patient without
compromising the clinical outcome.”** Our study high-
lights various differences as well as similarities between
the four ECP systems (Fig. 5). Nevertheless, we cannot
definitively conclude what factors are crucial for success-
ful ECP in clinical practice. For the future, we suggest the
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initiation of a prospective randomized clinical study
examining correlations between the cellular content of
leukapheresates harvested with different cell separators
and clinical outcomes in a clearly defined group of
patients.
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4 Diskussion der Ergebnisse

In dieser Arbeit wurden erstmals alle verwendeten Apheresesysteme fur die ECP
verglichen. Fur eine erfolgreiche ECP sind Leukozyten und im Wesentlichen mono-
nukleére Zellen (MNC) erforderlich, die zur Therapie gesammelt werden missen.
Hier zeigten sich Unterschiede zwischen allen Offline-Methoden, die mit 57—-66 x 10°
MNC mehr als bei der Inline-Methode mit 14 x 10® MNC sammeln konnten. Zudem

wurden die hoheren Ertrage in kirzerer Zeit erzielt (120 min, 275 min).

Diese Ergebnisse driicken die technische Uberlegenheit der Offline-
Apheresesysteme fur die Zellsammlung aus. Leider ist nicht bekannt, welche weite-
ren Faktoren fur eine erfolgreiche ECP-Therapie kritisch sind, z.B. Einhaltung von
Mindestzeiten und Oberflachenbeschaffenheit der Schlauch- und Beutelmaterialien
fur zellulare Aktivierungsprozesse, eventuelle Temperaturabhangigkeiten und Weite-

res.

Ungeachtet dessen sprechen diese Ergebnisse fur eine bessere Eignung der Offline-
Gerate, da bei der ECP keine Uberdosierungen und Ubertherapien bekannt sind.
Vielmehr stellt ein eventuell verzogertes Ansprechen und die Notwendigkeit haufiger

Therapiedurchfiihrungen ein Problem dar.

Eine Einschrankung der vorliegenden Arbeit liegt zudem darin, dass die Apheresen
nicht experimentell bei Probanden durchgefiihrt wurden. Die Rekrutierung und Be-
handlung von Versuchspersonen wurde hier nicht als ethisch vertretbar angesehen,
da es sich um ansonsten etablierte Therapiemethoden handelt und der invasive Cha-
rakter der ECP gegen eine Durchfihrung ohne Notwendigkeit spricht.

Die Daten fur die vorliegende Arbeit wurden mit Patienten erarbeitet, welche eine
typische Zusammensetzung eines ECP-Patientenkollektivs aufweisen (Brosig et al.
2016). Insbesondere bildet die resultierende biologische Variation die Realitatsanfor-
derungen an die ECP gut ab.
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Es ist davon auszugehen, dass die Ergebnisse verallgemeinerbar sind, da die Ver-
fahren in Standardeinstellungen betrieben wurden und die Ergebnisse auch standar-

disiert als zellulare Sammeleffizienz (CE) und Durchsatz (TP) ausgewertet wurden.

4.1 Leistungsfahigkeit der Apheresesysteme

Die unterschiedliche Leistungsfahigkeit der Apheresesysteme ist fur die ECP und fur
jede andere Leukapherese relevant, die mit physiologischen Leukozytenwerten
durchgefuhrt wird, z.B. fur die Gewinnung therapeutischer T-Zellen und andere pra-

parative Leukapheresen.

Apheresen, die mit den Geraten Amicus, Cobe Spectra und Spectra Optia durchge-
fahrt wurden, hatten einen 4,0-4,7-fach hoheren Gehalt an MNC (Lymphozyten, Mo-
nozyten) gegenuber dem Offline-System. Die Apheresegerédte unterschieden sich
nicht wesentlich hinsichtlich der mononuklearen Zellzusammensetzung mit Ausnah-
me der UVAR XTS, bei der ein hoher Anteil nicht-klassischer Monozyten auffallig
war, eventuell aus patientenbedingten Faktoren. Patienten-Faktoren sind moglich, da
die Patienten nicht auf die Gerate randomisiert wurden, sondern die Entscheidung

aufgrund der medizinischen Anforderung getroffen wurde.

Die unterschiedliche granulozytare Kontamination der Offline- und Inline-ECP (1,2—
3,2% vs. 47,1%) kann als reprasentativ angesehen werden und ist aufgrund der
technisch unterschiedlichen Konstruktionsprinzipien der Apheresegerdate mit dem
altesten (Latham-Bowl) in der Uvar XTS plausibel. Granulozytdre Kontaminationen in
Blutprodukten konnen Nebenwirkungen verursachen (febrile Transfusionsreaktion
u.a.) und werden seit 2001 in der EU durch technische Malinahmen weitgehend ent-
fernt. Ohne dass in dieser Studie spezifisch Nebenwirkungen erfasst wurden, ist da-
von auszugehen, dass granulozytenarme Apheresate der Vertraglichkeit zutraglich

sind.

Zu diskutieren sind ferner Unterschiede in der erythrozytaren Kontamination, welche
bei dem zweistufigen Separationsprinzip des Zellseparators Amicus mit 3,7% am
hochsten lag. Erythrozyten sind fur UV-Licht undurchlassig und beeinflussen die In-

aktivierung von Lymphozyten negativ. Wenn eine gleiche Bestrahlungsdosis in den
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Zellen erreicht werden soll, muss bei hoherem Hamatokrit langer bestrahlt werden.
Die Inline-ECP berticksichtigt dies, die offline-ECP-Geréte fiur die UV-Bestrahlung

nur teilweise, was hier nicht jedoch nicht untersucht wurde.

Erythrozyten, die im ECP-Leukapheresat UV-Licht absorbieren, kénnen im Falle ei-
ner durch hohe Hamatokrit-Werte verlangerte Bestrahlungsdauer mit UV-Licht auch
zu einer Temperaturerhéhung beitragen. Hohere Inkubationstemperaturen kdnnen
z.B. durch die Induktion von Hitzeschockproteinen und anderer temperaturabhangi-

ger Prozesse einen moglicherweise positiven Einfluss haben.

Thrombozyten schlief3lich sind als eine erwiinschte Kontamination anzusehen und
wurden in allen Apheresetechniken nachgewiesen, wenngleich in unterschiedlicher
Konzentration. Von Thrombozyten ist keine minimale Schwellendosis bekannt, so

dass nicht von einer Relevanz auszugehen ist.

4.2 Ausblick

In der vorliegenden Arbeit wurde die Bedeutung der Apherese-Geratetechnik auf die
zellulare Zusammensetzung der ECP-Apheresen untersucht. Die Bedeutung der Un-
terschiede bleibt bei aller Relevanz zumindest partiell unklar, da der Wirkmechanis-

mus der ECP partiell unklar ist.

So ist die Bedeutung von zellularen Subkompartimenten nicht klar. Denkbar ist bei-
spielsweise, dass spezielle Monozyten, T- oder B-Zellen eine besondere Bedeutung
fur die ECP-Wirksamkeit haben, die derzeit nicht hinreichend charakterisiert werden
kénnen. Die allgemeine Leukapherese, welche fur die ECP-Durchfuhrung derzeit
verwendet wird, kann hier als wenig spezifisch angesehen werden. Spezifischere

Apheresen sind allerdings technisch nicht verfiigbar.

Zukunftige Arbeiten kdonnten sich mit zellularen Oberflachenprozessen beschéftigen,
da die immunulogische Aktivierung im Schichtsystem an einigen der beteiligten
Oberflachen ablauft. Ob dies durch den abzusehenden Wechsel von DEHP-haltigen
zu weichmacherfreien Kunststoffen, wie z.B. DINCH, beeinflusst wird, ist derzeit

noch nicht absehbar.
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5 Zusammenfassung

Die vorliegende Arbeit ,Technical comparison of four different extracorporeal photo-
pheresis systems® beschreibt den Vergleich von vier verschiedenen Apheresesyste-
men im Hinblick auf technische Aspekte im Rahmen der extracorporalen Photophe-
resetherapie und ermdglicht eine Einblick in die Leistungsfahigkeit der einzelnen Ver-
fahren. Dabei wurden technische Verfahrensdaten analysiert, sowie die zellulare Zu-
sammensetzung von peripherem Blut und Leukapheresaten prospektiv untersucht.
Diese Ergebnisse lassen Rickschlisse auf technische Gemeinsamkeiten bzw. Un-
terschiede der Apheresesysteme zu, wobei die drei Offline-Verfahren (Amicus, Optia
und Cobe Spectra) Ahnlichkeiten hinsichtlich Zellkomposition der Leukapheresate
und technischen Ablaufen aufweisen und sich diesbeztiglich vom betrachteten Inline-
System (Therakos UVAR XTS) abgrenzen lassen. Besonders fallt dabei auf, dass die
Apherese mononukleéarer Zellen bei allen Offline-ECP-Verfahren effektiver als bei der
Inline-ECP (Median, 57 x 10° - 66 x 10® vs. 14 x 10°) ist, jedoch der Anteil nicht-
klassischer Monozyten bei der Inline-ECP héher ausfallt (Median, 82%) als bei den
Offline-Verfahren (Median 14-19%). Auch wenn die direkte klinische Relevanz der
beschriebenen Unterschiede und Gemeinsamkeiten der Apheresesysteme nicht an
einem Parameter speziell auszumachen ist, so schafft dieser Vergleich dennoch eine
Grundlage z.B. dafir, die Aspekte zellularer Aktivierung und Interaktion genauer zu

analysieren, um weitere Details der Wirkweise der ECP zu entschlisseln.
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