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Abstract

Background: A new protocol has been developed on the Amicus Separator

that enables the device to perform online extracorporeal photopheresis (ECP)

procedures when used in conjunction with the Phelix photoactivation device

and associated disposable kit. The objective of this study was to evaluate the

safety and performance of the Amicus ECP System in adult subjects with ste-

roid-refractory or dependent chronic graft vs host disease (cGVHD).

Study Design and Methods: Eight subjects with mild to severe cGVHD

underwent 31 procedures. Subject safety evaluations were performed pre and

post procedure and adverse events (AEs) were recorded during treatment and

24 hours after the last procedure. In vitro evaluations of the treated cells

included hematology counts and lymphocyte apoptosis, viability and prolifera-

tion as measures for ECP procedure validation.

Results: For n = 23 evaluable procedures, median (range) procedure time was

88 (78-110) minutes, during which 2.9 (0.6-4.7) × 109 TNCs (approximately

90% MNCs) were treated and reinfused to the subjects. All subject safety evalu-

ations (vitals, cell counts, plasma hemoglobin and bacterial and endotoxin test-

ing) were within expected ranges. All device or procedure related AEs were

mild in nature. After 24 hours in culture, 86 (52-98)% of treated lymphocytes

were apoptotic compared to 27 (15-51)% in controls. Inhibition of lymphocyte

proliferation was >91% in all procedures.

Conclusion: ECP procedures were safely completed in adult subjects with SR-

cGVHD treated using the new online Amicus ECP system.
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1 | INTRODUCTION

Extracorporeal photopheresis (ECP) is a photoimmune
therapy in which mononuclear cells (MNCs) are com-
bined with a light sensitive drug, 8-methoxypsoralen (8-
MOP), and photoactivated with UVA light ex vivo.
Although originally developed for cutaneous T-cell lym-
phomas, ECP plays a wider role today in the treatment of
acute and chronic graft vs host disease (GVHD) and in
the management of heart and lung transplant rejection.1

Other therapeutic indications currently under investiga-
tion for this therapy include GVHD prophylaxis,2 kidney3

and liver allograft rejection,4 and bronchiolitis obliterans
syndrome post stem cell transplantation.5 This broad
range in current and potential clinical applications is in
part due to the excellent safety profile of ECP, which has
minimal side-effects and no reported long-term complica-
tions, particularly in comparison with other immunosup-
pressive therapies.6

Two types of systems are currently in use for this therapy:
(a) online systems, in whichMNC collection, photoactivation
and reinfusion are performed using a single, dedicated device
in a closed system and (b) offline systems, which consist of
two separate collection and photoactivation devices and mul-
tiple disposables that are used together in an open system.
Advantages to the online system include shorter procedure
time, option for single needle access, lower risk for
intraprocedural contamination, and reduced risk of improper
infusion.7,8 On the other hand, offline systems benefit from
procedural flexibility, including lower extracorporeal volume,
wider range of whole blood (WB) processed and the ability to
perform multiple therapeutic protocols on the separation
device. However, users must follow guidelines for minimal
cell manipulation, including performing multi-step proce-
dures in a class A laminar airflow cabinet located in a class D
laboratory as well as performing quality controls and sterility
testing on the treated cell product.7 These systems also
require additional upfront validation since the protocol and
materials are user defined and not validated for use together
by themanufacturers.

A new type of online systemhas been developed to include
benefits of both types of systems. The Amicus ECP system
(Fresenius Kabi, Lake Zurich, IL) builds on the existing capa-
bilities of the Amicus Separator (Fresenius Kabi, Lake Zurich,
IL), which has established donor and therapeutic apheresis
protocols, including MNC collection, and has been historically
used in offline ECP systems.9,10 A new photoactivation device,
Phelix, was developed to work in conjunctionwith the Amicus
Separator and a functionally closed disposable kit to provide
ECP as a closed system. The aim of this pilot study was to eval-
uate the safety and performance of the investigational Amicus
ECP System in adult subjects with steroid-refractory or -depen-
dent chronic GVHD (cGVHD).

2 | MATERIALS AND METHODS

2.1 | Study design

This was a single-center, nonblinded, pilot study in adult
patients previously started on and currently receiving
ECP therapy for cGVHD. The Amicus ECP System was
incorporated into the subject's existing ECP treatment
regimen according to the physician's discretion. Eight
subjects participated in the study under an Investiga-
tional Device Exemption. Each subject provided written
informed consent, as approved by the Mayo Clinic Insti-
tutional Review Board, before participating in the study.
An interim safety analysis was completed after treatment
of the first three subjects prior to enrolling additional
subjects.

2.2 | Inclusion/exclusion criteria

The following criteria were used to determine eligibility
for enrollment into the study: adequate renal (GFR
>30 mL/min/BSA), hepatic (AST between 10 and
120 unit/L), pulmonary and cardiac function (no cardiac
disease or New York Heart Association Class I or II
symptoms if cardiac disease was present) to ensure the
subject could tolerate the extracorporeal volume shifts
associated with ECP. WBC ≥ 1000/μL and platelet count
≥25 000/μL were required to ensure an adequate cell
dose for treatment and to minimize bleeding risk.
Women of childbearing potential had to agree to use a
reliable method of birth control during the study and
males were either surgically sterile or agreed to use an
acceptable method of birth control during the study and
for 30 days after last study treatment. The presence of
any of the following criteria excluded the subject from
participating in this study: hypersensitivity and/or allergy
to psoralen or citrate; active gastrointestinal bleeding;
overt signs of relapse of hematologic malignancy necessi-
tating allogeneic stem cell transplant; uncontrolled viral,
fungal or bacterial infections; total bilirubin value
≥15 mg/dL; veno-occlusive liver disease; life expectancy
<8 weeks; HIV, hepatitis B, or C virus infection; and
pregnant and/or lactating females. Subjects with aphakia,
history of a light-sensitive disease, or receiving concomi-
tant therapy with known photosensitizing agents were
also excluded.

2.3 | ECP procedures

Double-needle access procedures (n = 31) were per-
formed using Amicus software 4.51 and Phelix software
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1.0 (Figure 1), which targeted 2000 mL of whole blood
(WB) processed and 1.5 J/cm2 of UVA light delivered to
the collected mononuclear cells (MNCs). Anticoagulation
consisted of acid citrate dextrose solution A (ACD-A).
Heparin was not used. Additional settings included 12:1

WB to ACD-A ratio, maximum WB draw rate of 80 mL/
min and 1.25 mg/kg/min citrate infusion rate. Supple-
mental calcium, either oral or intravenous, was not rou-
tinely administered. Unlike the MNC collection protocol
on the Amicus Separator, the ECP protocol utilizes fixed,
predefined offsets in order to minimize collected cell var-
iability. In this software version, the corresponding
MNC and RBC offsets were 1.5 and 6.8, respectively.
After MNC harvest, the separator automatically added
170 mL of saline to the collected MNCs in the treatment
container after which, the operator added 3.4 mL of 8-
methoxypsoralen (20 μg/mL) and commenced photo-
activation. After photoactivation, the Amicus Separator
reinfused the treated cells and residual cells in the kit to
the subject and the procedure was completed.

2.4 | Subject evaluations

Patient demographics, primary diagnosis, transplant
source and date, cGVHD-severity, and steroid status were
recorded at baseline as were concomitant medications
taken on the day of the procedure and up to 7 days prior
to the procedure. A pregnancy test was performed on all
women with reproductive potential at the time of screen-
ing/baseline and prior to the start of any Amicus ECP
procedure. Other eligibility parameters (eg, WBC and
platelet count) were obtained within 7 days prior to
starting an Amicus ECP procedure.

Subject blood samples were drawn pre-and post- pro-
cedure (inlet/return line of kit or directly from port if
used) for hematology evaluation, including a complete
blood count (CBC) with 5-part WBC differential and
plasma hemoglobin.

Safety assessments included monitoring of subjects'
vital signs pre- and post-procedure and adverse event
(AE) reporting during the procedure. Subjects were also
contacted approximately 24 hours post their last ECP
procedure for an AE assessment. Procedure parameters,
alarms, unanticipated adverse device effects (UADEs),
and kit issues reported during the ECP procedure were
recorded whereas AEs attributed to a subcutaneous port
or peripheral vascular access, such as inflammation and
complications due to access issues, were not.

2.5 | Collected and treated cell
evaluations

Samples of the collected cells were obtained pre- and
post-ECP treatment for hematology counts, plasma
hemoglobin and lymphocyte viability, apoptosis, and pro-
liferation assays. Samples were also drawn post ECP
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treatment for endotoxin and 14-day bacterial aerobic and
anaerobic culture analysis.

Samples for lymphocyte assays were shipped at room
temperature overnight to the testing laboratory. Upon
receipt, control and treated cells were purified using den-
sity gradient sedimentation (Ficoll-Paque PLUS, GE
Healthcare Bio-Sciences, Piscataway, New Jersey). Cell
samples for lymphocyte apoptosis/viability measurement
were resuspended at a concentration of 1-2 × 106/mL in
RPMI 1640 tissue culture medium supplemented with
2 mM glutamine (Hyclone, Thermo Scientific, Waltham,
Massachusetts) and 10% human serum (Sigma Aldrich, St.
Louis, Missouri) and cultured in 25 cm2 flasks (Falcon,
Becton Dickinson, Franklin Lakes, New Jersey) at 37�C
with 5% CO2 in a humidified chamber for up to 3 days.
Lymphocyte apoptosis and viability were measured using
flow cytometry (FACSCanto II, BD Biosciences, San Jose,
California), with antibodies directed at CD2/19 (total lym-
phocytes), Annexin-V FITC (apoptosis) and 7-AAD (via-
bility) (BD Biosciences, San Jose, California).

For lymphocyte proliferation, treated and control sam-
ples were adjusted to approximately 5-10 × 106/mL in
RPMI 1640. Carboxyfluorescein succinimidyl ester (CFSE)
(Life Technologies, Carlsbad, California) was dissolved in
dimethyl sulfoxide (DMSO) to a concentration of 45 mM
and stored frozen at −30�C until the time of use. CFSE
stock solution was further diluted 1:100 in DMSO at the
time of testing and the diluted CFSE solution was added to
each cell sample (final CFSE concentration = 2 μM). Cells
were incubated for 10 minutes in a 37�C water bath with
periodic mixing to achieve even heating and CFSE uptake.
After labeling, the cells were washed twice with RPMI
1640, resuspended and cultured as described above for
apoptosis assays. Phytohemagglutinin (PHA, Life Tech-
nologies, Carlsbad, California), a plant lectin used as a
mitogen to trigger lymphocyte proliferation, was added (2
μg/mL) to each of the culture flasks. After 3 days in cul-
ture, samples were assayed for lymphocyte proliferation
using flow cytometry (FACSCanto II, BD Biosciences, San
Jose, California), with CD2/19 antibodies for lymphocyte
identification and CFSE fluorescence for cell division.
Lymphocyte proliferation (%) was calculated by dividing
the number of CFSE dim cells by the total number of
CFSE bright plus dim cells. Inhibition of proliferation was
calculated by dividing the difference between lymphocyte
proliferation (%) in the control cells and ECP-treated cells
by the lymphocyte proliferation (%) in the control cells.

2.6 | Calculations and statistical analysis

All statistical analyses were performed using standard
statistical software (SAS version 9.4, SAS Institute, Cary,

North Carolina). Mononuclear cell collection efficiency
(CE) was determined by the formula: CE (%) = collected
MNC yield/[Avg MNC count × (WB volume processed −
AC volume)] × 100, where Avg MNC count = (subject
pre-procedure MNC + subject post-procedure MNC)/2
and AC = anticoagulant volume.

3 | RESULTS

3.1 | Patient characteristics

Patient demographics, underlying disease, transplant and
cGVHD characteristics are presented in Table 1. Most
patients had moderate, steroid dependent cGVHD post
peripheral blood stem cell transplant from an unrelated
donor for acute myeloid leukemia and were concurrently
being treated with corticosteroids and a calcineurin
inhibitor (tacrolimus).

3.2 | ECP procedures

Procedure parameters are summarized for n = 23 eva-
luable procedures in Table 2. Three procedures were not
completed due to non-recoverable alarms that occurred
during photoactivation, which were due to software issues
that have been addressed in subsequent Phelix software
versions. Five additional procedures were considered non-
evaluable due to protocol/procedure deviations. Almost
all Amicus ECP procedures (n = 29, 94%) were performed
on the second day of consecutively scheduled treatments,
with the Therakos CELLEX System (Mallinckrodt Phar-
maceuticals, Hazelwood, Missouri), being used for the
first day of treatment in all but one case. Vascular access
was obtained using peripheral venous access (n = 27, 87%)
or subcutaneous port (n = 4, 13%). Thirteen Amicus Sepa-
rator alarms were noted in 10 procedures, the majority of
which were access related (inlet/return line occlusion or
low pressure, n = 7). All Amicus Separator alarms were
recoverable, and procedures were resumed. There were no
additional Phelix alarms other than those noted above.

3.3 | Subject safety evaluations

All pre-and post-procedure vital signs (including systolic
and diastolic blood pressure, pulse, temperature, and res-
pirations) were within expected ranges (data not shown).
Subject hematology counts, pre- and post-ECP procedure,
are shown in Table 3. Changes in these parameters pre-to
post procedure were as expected due to dilutional effects
of crystalloid (ACD-A, saline) infusion. There was an
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insignificant decrease in peripheral plasma hemoglobin
by a median of 1.9 mg/dL (P = .519), also likely due to
dilutional effects. Plasma hemoglobin in the treated vs col-
lected cells increased by a median of 1.4 mg/dL (P < .001).
Endotoxin levels in treated cells were low, ≤0.500 EU/mL
in all samples. All treated cells were also negative in 14-
day aerobic and anaerobic bacterial cultures.

3.4 | Adverse events

There were six mild intra-procedure AEs that occurred
during five Amicus ECP procedures. Two were citrate
related reactions that occurred in a single procedure, one
occurrence of muscle discomfort at the return site and
three procedures terminated early due to Phelix alarms.
All recovered without sequelae. In the 24-hour period fol-
lowing the Amicus ECP procedure, one subject reported
moderate neck pain that was determined to be musculo-
skeletal in nature (CT scan negative for thrombosis).
Throughout the course of the study, one subject reported
four severe AEs: right arm swelling, lower extremity
weakness, respiratory failure and acute multifocal respi-
ratory failure, ultimately leading to the subject's death.
Ultrasound and chest CT scans ruled out deep vein
thrombosis and pulmonary embolism as causes and the
subject's death was attributed to cGVHD disease progres-
sion. A second subject reported two severe AEs: hospital-
ized with sepsis after right hip replacement and
hospitalization for pneumonia. These occurred 9 and
12 weeks, respectively, after the patient's last treatment
with the experimental device. In total, three subjects
reported a total of seven serious AEs (n = 1 moderate
and n = 6 severe); all were deemed to be unrelated to the
study device or procedure.

3.5 | Collected cells

Collected cell yields are presented in Table 4. Median
(range) MNC purity of the collected cells was 93 (72-
99)%. Median volume and hematocrit of the collected
cells prior to 8-MOP addition was 215 (210-220) mL and
2.0 (1.5-2.7)%. Based on these values and the subjects'
pre- and post-MNC counts, median MNC collection effi-
ciency (CE1) was 56 (15-70)%. Hematology counts of the
ECP-treated cells were slightly lower than collected cells
(data not shown).

3.6 | Lymphocyte assays

Lymphocyte apoptosis and viability results over 3 days of
culture are shown in Figure 2. Levels of apoptotic and
viable lymphocytes were initially similar between control
and ECP-treated cells at t = 0 of culture. Over the next
24 hours, however, the impact of ECP treatment on lym-
phocyte apoptosis became apparent and this trend was
maintained up to day 3 of culture, when nearly all ECP-
treated lymphocytes were apoptotic and only approxi-
mately 30% were still viable. Median lymphocyte prolifer-
ation post-PHA stimulation was 51.9 (23.8-88.3)% in

TABLE 1 Subject demographics and baseline characteristics

Median (range) or n (%)

Demographics

Age (years) 62 (29-73)

White 8 (100)

Male 6 (75)

Primary diagnosis

Acute myeloid leukemia 6 (75)

Myelodysplastic syndrome 2 (25)

Transplant characteristics

Peripheral blood 8 (100)

Unrelated donor 5 (63)

10/10 match 8 (100)

Time from transplant (years)a 4.1 (0.7-7.0)

NIH severityb

Mild 1 (13)

Moderate 5 (63)

Severe 2 (25)

Steroid statusb

Refractory 2 (25)

Dependent 6 (75)

Concomitant medications for cGVHD

Corticosteroids 5 (63)

Tacrolimus 6 (75)

Ruxolitinib 2 (25)

aTime from transplant to first Amicus ECP procedure.
bStatus at first Amicus ECP procedure.

TABLE 2 ECP procedure parameters

Median (range), n = 23

Subject blood volume (mL) 5249 (3929-6120)

Total WB drawn (mL)a 2352 (2318-2376)

ACD-A used (mL) 191 (185-195)

Saline used (mL) 712 (643-1092)

WB flow rate (mL/min) 64 (49-74)

Photoactivation time (min) 18 (14-19)

Procedure time (min) 88 (78-110)

aIncluding anticoagulant volume.
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control cells (n = 22) vs 1.4 (0.3-3.2)% in ECP-treated
cells (n = 22). Median inhibition of lymphocyte prolifera-
tion due to ECP treatment was 97.1 (91.4-99.6)%.

4 | DISCUSSION

This first-ever pilot study of the Amicus ECP system eval-
uated safety and device performance in patients with ste-
roid-refractory or -dependent cGVHD. Like previous
reports for other ECP technologies, we found the proce-
dure to be safe and well tolerated with a low incidence of
device/procedure related AEs. The intraprocedural AEs
that did occur were mainly related to citrate toxicity,
which is common to apheresis procedures using ACD-A
anticoagulation.10 The low extracorporeal volume of the
disposable set (163 mL), especially in comparison to the
other online system (255-415 mL for Therakos CELLEX
in double needle mode, depending on patient hemato-
crit11), may have contributed to the absence of any
reported hypotensive reactions. Although the investiga-
tional system was limited to double-needle access, no
major issues were encountered with obtaining or
maintaining venous access during the procedures. The
development of a single-needle version of the procedure
is under way.

Ideal ECP system performance should include a short
procedure duration, high MNC collection efficiency and

purity with consistent photoactivation. In the Amicus
ECP system, the procedure duration and collected cell
yields were comparable to the online Therakos CELLEX
system but with higher MNC purity, similar to offline
ECP with the Spectra Optia (Table 5).8 The median MNC
collection efficiency (CE1) of the Amicus ECP system
was 56%, which is higher than the 42% median MNC
CE1 reported by Cid et al for cGVHD patients collected
using the COBE Spectra/Spectra Optia leukapheresis
devices for offline ECP and similar to the values reported
by Brosig et al and Piccirillo et al for these same devices
and the Therakos CELLEX in broader ECP patient
populations (50-60%).12-14

The hematocrit and composition of the collected cells
are important factors for consistent photoactivation in
terms of UVA exposure and photoactivation time. In the
Amicus ECP system, the median hematocrit of the col-
lected cells was 2% (as targeted by the system) with a nar-
row hematocrit range even over a broad range of patient
cell counts. The system collected MNCs in a concentrated
volume with only 30 mL of residual plasma and used
saline to dilute the cells prior to photoactivation. Utiliz-
ing this low percentage of plasma decreases the impact
that the patient's plasma clarity may have on photo-
activation time, which may be increased by conditions
such as hyperlipidemia or hyperbilirubinemia.

To further evaluate the performance of the Amicus
ECP system in this patient population, we also studied
lymphocyte apoptosis and inhibition of lymphocyte pro-
liferation as traditional ECP procedure validation
markers. Although the mechanism of action of ECP has
not been fully elucidated, apoptotic lymphocytes have
been ascribed a central role in all theories to date, serving
as the antigen source for downstream immunomodula-
tory effects.15-17 The impact of ECP on lymphocyte prolif-
eration is likely less relevant to the mechanism of action,
mainly confirming the direct effects of ECP on treated
lymphocytes. The trends we observed for both of these
parameters in Amicus ECP-treated cells are in line with
values reported for other online and offline systems18-20

TABLE 3 Subject hematology counts pre-to-post ECP procedure

Median (range), n = 23 Pre Post P value

WBC (×103/μL) 9.4 (6.0-17.0) 10.0 (5.6-15.9) .013

Neutrophil (×103/μL) 6.34 (2.43-14.54) 6.18 (1.56-13.60) .169

Lymphocyte (×103/μL) 1.23 (0.20-1.95) 1.09 (0.21-2.18) .233

Monocyte (×103/μL) 1.13 (0.53-1.95) 0.99 (0.12-1.65) .002

Basophil (×103/μL) 0.06 (0.03-0.10) 0.04 (0.01-0.08) .022

Eosinophil (×103/μL) 0.17 (0.03-0.77) 0.07 (0.03-0.72) <.001

Hematocrit (%) 36.4 (31.4-43.4) 34.3 (28.9-40.0) <.001

Platelet (×103/μL) 344 (159-406) 320 (158-404) <.001

TABLE 4 Collected cell yields

n Median (range)

WBC (×109) 22 2.9 (0.6-4.7)

MNC (×109) 19 2.7 (0.4-4.6)

Lymphocyte (×109) 19 1.3 (0.3-3.3)

Monocyte (×109) 19 1.1 (0.1-2.9)

Granulocyte (×109) 19 0.2 (0.0-1.0)

RBC (mL) 21 4.3 (3.3-5.9)

Platelet (×109) 22 40 (18-70)
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and meet ECP verification standards proposed by an Ital-
ian consensus group21 and the French regulatory body,
ANSM.22

Given that most procedures in this study were per-
formed on the second day of consecutive treatments, the
low apoptosis levels at the start of culture and steady

FIGURE 2 Lymphocyte apoptosis

and viability in subject's control ( ) or

ECP-treated ( ) cells over 3 days of

culture. Although starting at similar

levels at t = 0, control and ECP-treated

cells quickly diverged with ECP

treatment effects becoming apparent

within 24 hours. Data are presented as

mean ± SD. n = 10 at 0 hours; n = 21 at

24, 48, and 72 hours

TABLE 5 Comparison to offline and online ECP technologies (Bueno et al8)

Mean ± SD Amicus ECP Optiaa Cellexa,b

Blood volume processed (mL)c 2160 ± 17 7504 ± 1114 1503 ± 70

Anticoagulant volume used (mL) 196 ± 18 699 ± 75 248 ± 12

Procedure time (min) 91 ± 7 272 ± 37 106 ± 40

Collected cell volume (mL) 216 ± 3 150 ± 0 173 ± 20

WBC (×109/L) 13.3 ± 5.3 62.1 ± 27.5 17.2 ± 8.5

MNC (×109/L) 12.7 ± 4.8 51.6 ± 23.1 11.0 ± 4.5

MNC purity (%) 90.9 ± 7.2 84.4 ± 15.9 63.8 ± 20.1

Hematocrit (%) 2.0 ± 0.4 2.1 ± 0.7 1.3 ± 0.6

Platelet (×109/L) 189 ± 75 1425 ± 530 432 ± 248

aProcedures performed in patients with GVHD or bronchiolitis obliterans post lung transplant.
bDouble needle access in 13/17 (76.5%) procedures.
cExcluding anticoagulant volume.
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levels in control (untreated) samples during culture sug-
gest that few, if any, ECP-treated lymphocytes from the
previous day's procedure are present in circulation after
24 hours. This may in part be due to the rapid kinetics of
apoptosis in the ECP-treated cells from the previous day's
procedure. Szczepiorkowski and colleagues recently
reported that a median of 92% of ECP-treated cells are
apoptotic after 24 hours of culture when using the
Therakos CELLEX device, albeit in healthy subjects.18

We observed a similarly high median of 86% apoptotic
lymphocytes within the same time frame in our cGVHD
patient population treated with the Amicus ECP system.
Once apoptotic, these cells are likely immediately
removed by the reticuloendothelial system and are there-
fore not collected and treated again in the following day's
procedure. Although performing two consecutive days of
treatment may have started as a conservative regimen for
establishing safety in the early days of ECP,23 it may be
clinically equivalent to two procedures performed on
non-consecutive days and still beneficial from a logistics
perspective for some patients.

The primary limitation of our study was that no effi-
cacy data could be gleaned due to intermixed ECP proce-
dures performed using the Amicus ECP system and
another device. Additionally, there were no consecutive
days of Amicus ECP procedures completed in this study
but as discussed above, the lymphocyte apoptosis data
suggest that the treated cells are removed from the circu-
lation quickly, such that each ECP procedure may be
considered as essentially a standalone event from a safety
perspective. Finally, since the mechanism of action is not
fully known, there may be additional treated cell parame-
ters of importance that were not measured in this study.

Lastly, it is worth noting that although the procedures
performed in this study processed a fixed volume of
approximately 2000 mL of WB, a subsequent version of
the system (Amicus Separator software version 6.1)
expands the programmable range of WB to process up to
4000 mL, thereby allowing the user to increase the cell
yield treated per procedure, if desired. ECP practices
today are widely varying in terms of cell dose treated, but
with broadly similar clinical outcomes reported. In 2007,
Perseghin et al first reported a cell dose effect in cGVHD
patients treated with offline ECP procedures processing
twice the patient's total blood volume.24 Their analysis
suggested that increased MNC dose/kg decreased the
odds of treatment failure, and that, if the MNC dose
infused was at least 100 × 106/kg per ECP treatment, a
more positive and longer-lasting response was achieved.
Since then, mini ECP procedures processing only 5-8 mL
of WB/kg (roughly 1/20th of Perseghin et al) have also
reported promising clinical outcomes.25 Recently, Cid
and colleagues have reported on performing one larger

ECP procedure (processing one total blood volume,
approximately 5 L of WB) vs two consecutive days of
shorter procedures with seemingly equivalent clinical
outcomes.12 So, even though the optimum cell dose and
treatment schedule is unknown, the ability to adjust the
amount of whole blood processed during the procedure
provides added flexibility that can aid in patient manage-
ment and scheduling and in future studies in this area.

5 | CONCLUSION

Extracorporeal photopheresis procedures were safely
completed in adult subjects with steroid-refractory or
-dependent cGVHD using the Amicus ECP System. in
vitro testing of the ECP-treated cells suggests comparabil-
ity to other online and offline systems but with additional
device flexibility in a closed system. The efficacy of the
Amicus ECP system in this patient population and in
others remains to be determined in future studies.
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