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BLOOD COMPONENTS

Photochemical treatment of plasma with amotosalen and UVA
light: process validation in three European blood centers

Peter Schlenke,* Tor Hervig,* Hervé Isola, Marie-Louise Wiesel, Daniel Kientz, Linda Pinkoski,
Yasmin Singh, Lily Lin, Laurence Corash, and Jean-Pierre Cazenave*

- BACKGROUND: A photochemical treatment (PCT)
process has been developed to inactivate pathogens
and white blood cells (WBCs) in therapeutic plasma.
Process validation studies were performed in three
Edropean blood centers under routine operating condi-
tions.

STUDY DESIGN AND METHODS: Each center pre-
pared 30 apheresis and 30 to 36 whole blood—derived
plasma units for PCT. Each whole blood—derived
plasma unit contained a mixture of two to three
matched donations. After removal of pretreatment
control samples {control fresh-frozen plasma [C-FFP}),
546 to 635 mL of plasma was treated with 15 mL of

6 mmol per L amotosalen, 3 J per cm? UVA treatment,
and removal of residual amotosalen with a compound
adsorption device. After processing, plasma samples
(PCT-FFP) were withdrawn, frozen at ~-60°C within

8 hours of collection, and assayed for coagulation
factors and residual amotosalen.

RESULTS: A total of 186 units of plasma were pro-
cessed. The mean prothrombin time (12.2 + 0.6 sec)
and activated partiat thromboplastin time

(32.1 = 3.2 sec) of PCT-FFP were slightly prolonged
compared to C-FFP. Fibrinogen:and Factor (F)Vill were
most sensitive to PCT (26% mean reduction). PCT-FFP,
however, retained sufficient levels of fibrinogen

(217 * 43 mg/dL) and FVIiii (97 + 29 (UfdL) for thera-
peutic plasma. Mean levels-of Fll, FV, FVIi, F X, FX,
FX1, and FXIIl in PCT-FFP were comparable to C-FFP
{81%-97% retention of activity). Antithrombotic proteins
were not significantly affected by PCT. with retention
ranging between 83 and 97 percent. Mean residual
amotosalen levels were 0.6 % 0.1 umol per L.
CONCLUSION: Process validation studies in three
European centers demonstrated retention of coagula-
tion factors in PCT-FFP within the required European
and respective national standards for therapeutic
plasma.

134

he INTERCEPT Blood System for plasma (Cerus

Europe B.V, Leusden, the Netherlands) received

CE Mark registration based on extensive studies

demonstrating pathogen inactivation,' preclini-
cal safety,? and clinical efficacy.** This system uses a pho-
tochemical treatment (PCT) process with amotosalen
and long-wavelength ultraviolet UVA light (320-400 nm).
Amotosalen is a synthetic psoralen molecule that revers-
ibly intercalates into the helical regions of DNA and RNA.
Upon illumination with UVA light, amotosalen forms irre-
versible covalent bonds with pyrimidine bases of the.
nucleic acid.® The genomes of pathogens and white blood
cells' (WBCs) modified by amotosalen can no longer
replicate.

ABBREVIATIONS: aPTT(s) = activated partial thromboplastin
time(s); AP = a2-antiplasmin; AT = antithrombin;

CAD = compound adsorption device; C-FFP = control fresh-
frozen plasma; PC = protein C; PCT = photochemical treatment;
PCT-FFP = photochemically treated plasma samples;

PS = protein S; PT(s) = prothrombin time(s).

From the University of Liibeck, Institute of Immunology and
Transfusion Medicine, Liibeck, Germany; Haukeland University
Hospital, Bergen, Norway; Etablissement Frangais du Sang-
Alsace, Strasbourg, France; and Cerus Corp., Concord,
California.

- Address reprint requests to: Lily Lin, PhD, Cerus Corp., 2411
Stanwell Drive, Concord, CA 94520; e-mail: lily_lin@cerus.com.
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Three authors (PS, TH, and JPC) served on Cerus's European
Scientific Advisory Board. .
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There are two components in the PCT system
intended for commercial use: an integrated disposable set
and a UVA illuminator. The integrated disposable set is a
closed system composed of sequentially connected con-
tainer with amotosalen, illumination container, a
flowthrough compound adsorption device (CAD), and
three plastic storage containers (Fig. 1). The UVA illumi-
nator is a microprocessor-controlled device capable of
delivering the target UVA dose and illuminating two
plasma units simultaneously. The PCT system is capable
of treating plasma units within the volume range of 385 to
650 mL.

Plasma units for PCT processing can be obtained by
apheresis collection or by mixing 2 to 3 matched units of
whole blood-derived plasma, analogous to whole blood—
derived platelets (PLTs). After sterile connection to the
PCT disposable set, plasma is passed through the series of
containers. The PCT steps include addition of amotosalen
to plasma, illumination of the plasma mixture with UVA
light, and the removal of residual amotosalen. Although
this system has been evaluated for preparation of
plasma in specialized centers during clinical trials,
process validation studies were conducted in blood

integrated Container Set

centers to verify the performance of the PCT system under
different routine operating conditions. Blood centers in
three European countries (France, Norway, Germany) par-
ticipated in these studies. Each center collected 30 units of
apheresis plasma and prepared 30 to 36 units of whole
blood-derived plasma with -a target volume ranging from
600 to 655 mL. Residual amotosalen concentrations in
photochemically treated plasma samples (PCT-FEP) were
measured to assess CAD performance. The performance
of the PCT system was assessed based on in vitro coagu-
lation function assays in treated plasma (PCT-FFP) com-
pared to the plasma before treatment (C-FFP) as well as to
European and national regulatory requirements for thera-
peutic plasma.

MATERIALS AND METHODS

Plasma collection

Plasma collections were performed in three European
blood centers and the collections methods varied slightly.
In the Etablissement Frangais du Sang-Alsace in Stras-
bourg, France (Site S), apheresis plasma was collected on
) the Haemonetics PCS platform (Hae-
monetics Corp., Braintree, MA) in acid

citrate dextrose anticoagulant. In blood
centers of the University of Liibeck,
Institute of Immunology and Transfu-
sion Medicine, Liibeck, Germany
(SiteL), and Haukeland University
Hospital, Bergen, Norway (Site B),

apheresis plasma was collected on the
Autopheresis-Cplatform (Baxter Health-
care Corp., Deerfield, IL) in citrate

or in half-strength citrate-phosphate-

Step 3
CAD

Collected  Step 1
Plasma = S-59

Step2
Hiumination

- Step 4.
Final Storage

~dextrose (CPD) anticoagulant, respec-
tively. Each site collected 30 units of
apheresis plasma. Of the 90 apheresis
units processed for this study, 27 were

UVA Hiumination
Device

Fig. 1. The PCT system for plasma. The PCT system consists of a UVA illumination
device and an integral disposable set. The UVA illuminator can illuminate 2 units of
plasma per processing cycle. The disposable set provides a single-use, closed, inte-
grated system for pathogen inactivation treatment of a plasma unit. The integrated
disposable set is comprised of the following sterile components: a container with
amotosalen (also known as S-59), a plastic illumination container, a CAD, and three
plastic storage containers. The processing steps are as described under Materials and

Methods section. SCD = sterile connection device.

698 TRANSFUSION Volume 48, April 2008

135

blood group A, 24 group AB, 22 group B,
and 17 group O. The target volume of
plasma was 600 to 655 mL. Fresh apher-
esis plasma units were kept at ambient
temperature before and during the PCT
process.

Whole blood was collected in CPD
anticoagulant. Plasma was prepared by
centrifugation with local standard oper-
ating procedures. A leukofiliration step
was incorporated in the whole blood
process only in Etablissement Frangais
du Sang-Alsace in Strasbourg. Sites S
and B each prepared 30 units of whole
blood-derived plasma and Site L pre-
pared 36 units. Of the 96 units, 44 were



blood group O, 42 group A, 7 group B, and 3 group AB. The
target volume for the whole blood plasma unit before
removing baseline samples was 600 to 655 mL and was
obtained by mixing the appropriate volume of 2 to 3 ABO-
matched whole blood-derived plasma units with a
pooling set (FTC 0061, Baxter Healthcare Corp.). The
plasma units were maintained at ambient temperature
before and during the PCT process.

PCT disposable sets and UVA illumination device

The PCT disposable set for treatment of plasma (INT 3103
and INT 3104, Cerus Europe B.V) consisted of the follow-
ing sequentially integrated components: 15 mL of 6 mmol
per L amotosalen HCI solution in saline packaged inside a
plastic container (PL 2411, Baxter Healthcare Corp.) and
protected from UVA light; a 1.3-L plastic container
(PL 2410, Baxter Healthcare Corp.) for illumination of
plasma; a flowthrough CAD consisting of an adsorbent
disk composed of a copolymer of polystyrene and divinyl-
benzene particles fused with an ultrahigh-molecular-
weight polyethylene plastic enclosed in an acrylic housing
to reduce the concentration of amotosalen and its
photoproducts; and three 400-mL plastic containers
(PL 269, Baxter Healthcare Corp.) for storage of the treated
plasma.

Hlumination of plasma was performed in a UVA illu-
mination device (Model INT100, Cerus Europe B.V.). The
device was capable of illuminating 2 units of plasma per
processing cycle. During illumination plasma units were
reciprocally agitated at approximately 70 cycles per
minute. -

PCT process

For these studies, the entire process was completed to
allow frozen storage of treated plasma within 8 hours of
the start of plasma collection. A Luer adapter was sterile-
connected to each plasma unit. Baseline coagulation
factor samples (C-FFP) of approximately 20 mL were col-
lected from each unit before PCT. '

During the treatment process, plasma was passed
through each component of the PCT set in a series of steps
(Fig. 1). In Step 1, the plasma unit was sterile-connected
to the amotosalen container, and the entire plasma
volume was passed through the amotosalen container
into the illumination container. In Step 2, the plasma con-
taining amotosalen was illuminated with a 3] per cm?
UVA treatment. In Step 3, the illuminated plasma mixture
was passed by gravity flow through the CAD into the
storage containers.

After processing, plasma samples (PCT-FFP) were
withdrawn and frozen in 1.5-mL aliquots in 2-mL polypro-
pylene tubes at or below —60°C within 8 hours of the'start
of plasma or whole blood collection: The C-FFP and PCT-

PHOTOCHEMICAL TREATMENT OF PLASMA

FFP samples were assayed for prothrombin time (PT),
activated partial thromboplastin time (aPTT), Factor (F)I
(fibrinogen), FII, FV, FVII, FVIII, F IX, FX, FXI, FXIII, pro-
tein C (PC), proteinS (PS), antithrombin (AT), and
o2-antiplasmin (AP). Samples were also withdrawn after
addition of amotosalen before UVA illumination and after
the entire PCT process (including CAD) for measurement
of amotosalen concentrations. To minimize assay variabil-
ity, samples collected from the three processing centers
were shipped on dry ice to a single location for analysis. All
assays were performed at Cerus Corp. with the exception
of quantification of AR, which was performed by a refer-
ence laboratory (Esoterix Laboratories, Aurora, CO).

Measurement of the levels of amotosalen

The initial and residual amotosalen levels in each plasma
unit were quantified. A 200-uL volume of plasma was
diluted to 1 mL with 35 percent methanol in buffer. After
centrifugation, the supernatant was filtered and 100 pL
were analyzed on a C-18 (Zorbax) reverse-phase column
{(Agilent Technologies, Palo Alto, CA) with a gradient of
increasing methanol in KH,PO, buffer. Amotosalen was
detected by optical absorption (300 nm).”

Measurement of in vitro coagulation function

Clottable fibrinogen (FI) was measured with a modified
Clauss assay. Coagulation factors were assayed with one-
stage PT-based clotting assays (FIl, FV, FVIL, FX) or one-
stage aPTT-based clotting assays (FVIII, FIX, FXI). The
clotting time of a mixture of diluted test plasma and
plasma deficient in the factor being quantified was com-
pared with a reference curve constructed from the clotting

- times of 5 dilutions, ranging from 1:5 to 1:320, of plasma

136

with known activity mixed with deficient plasma. These
coagulation assays, as well as the PT and aPTT, were per-
formed on an automated coagulation analyzer (MLA
Electra 1400C or 1600C, Instrumentation Laboratory Co.,
Lexington, MA). Reagents included brain thromboplastin
{(Hemoliance, Instrumentation Laboratory Co.), Platelin L
{bioMérieux, Durham, NC), and congenitally depleted
factor-deficient substrate (lHelena Laboratories, Beau-
mont, TX; George King Bio-Medical, Overland Park, KS).
The endpoint of all tests was the formation of a clot
detected photooptically and measured in seconds. Factor
Assay Conitrol Plasma (FACT; George King Bio-Medical)
was used as the reference standard for the procoagulation
factor assays. '

FXINl was measured with a commercially available
FXIII kit (Berichrom, Dade Behring, Marburg, Germany).
FXIIl, activated by thrombin, releases an activation
product that leads to a series of reactions resulting in a
decrease in nicotinamide adenine dinucleotide, detected
by monitoring absorbance at 340 nm. The assay was per-
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formed on a Behring Clot Timer (BCT, Dade Behring), and
standard human plasma (Dade Behring) was used as the
reference standard.

PC and PS were measured with commercially avail-
able PC and PS kits (Staclot, both from Diagnostica Stago,
Asnieres, France). PC and PS assays were based on prolon-
gation of the aPTT resulting from inactivation of FV and
FVHI by activated PC. The activator in the PC assay
was an extract of Agkistrodon contortrix snake venom,; the
activator in the PS assay was activated PC. The tests were
performed on the Behring Clot Timer. Unicalibrator
{Diagnostica Stago) was used as the reference standard.

AT was measured with a commercially available ATIII
kit (Stachrom, Diagnostica Stago). Plasma containing AT
was incubated with a known excess of thrombin. A chro-
mogenic substrate, imidolyzed by the remaining throm-
bin, was detected photooptically on a coagulation
analyzer (MLA Electra 1400C or 1600C, Instrumentation
Laboratory Co.). Factor assay control plasma was used as
the reference standard. :

o2-AP was quantified with reagents from Diagnostica
Stago. In this chromogenic method, plasmin was added in
excess to the test plasma, resulting in the formation of
antiplasmin-plasmin complexes. The concentration of
residual plasmin is measured by its amidolytic activity
with a chromogenic substrate measured at 405 nm. o2-AP
concentration is inversely proportional to the residual
plasmin concentration and is determined by color inten-
sity. This analysis was performed by Esoterix Laboratories
(Aurora, CO) with an STA analyzer (Diagnostica Stago).

The mean and standard deviation {SD) were deter-
mined for each coagulation variable. All factor activities
were expressed in IU per dL with the exception of fibrino-
gen, which is expressed in mg per dL. The activity of each
coagulation variable remaining after PCT was -also
expressed as proportional (%) retention compared to the
pretreatment (baseline) activity. Comparison of the PT
and aPTT was based on the prolongation of the clotting
time in seconds after PCT relative to baseline. Significant
differences were determined by the t test at a p value of
0.05. Reference ranges for each assay were defined as the
mean * 2 SD for untreated plasma samples.!

RESULTS

Processing of plasma
A total of 186 units of plasma of approximately 600 to

655 mL was prepared in this study. After removal of -

control samples, the volume per plasma unit for PCT pro-
cessing ranged from 546 to 635 mL. The mean pretreat-
ment amotosalen concentration was 143 *+ 8 ymol per L
(Table 1). The illumination of a 3 ] per cm? UVA treatment
took 7 to 9 minutes. The mean time required for the
plasma mixture to completely pass through the CAD was
21 = 3 minutes (range, 15-30 min). After CAD, the mean

700 TRANSFUSION Volume 48, April 2008

137

TABLE 1. Amotosalen concentrations before
illumination and after CAD freatment*

Amotosalen (umol/l)

Measure Before illumination After CAD
Target range 110-225 <2
Apheresis plasma
Site St (n = 30) 138+ 4 0.5+ 0.1
Site B} (n = 30) 151 % 6 0501
Site Lt (n=30) 142+ 2 0701 |
Whole blood—derived plasma
Site S (n =30) 136 8 0.6 0.1
Site B (n = 30) 136 + 4 05 *0.1
Site L (n = 36) 150+ 3 0.6 * 0.1
Overall {n = 186) 143+ 8 0.6 = 0.1

* Data are reported as mean = SD.

t Site S = EFS Alsace, Strasbourg, France; Site B = Blood Bank
of Haukeland University Hospital, Bergen, Norway; Site L =
University of Libeck, Lubeck, Germany.

residual amotosalen concentration was 0.6 * 0.1 umol
per L (Table 1). All values were below the target perfor-
mance value of less than 2.0 pmol per L. The PLT and RBC
concentrations for both apheresis and whole blood-
derived plasma before treatment and after treatment were
less than 50 x 10° and less than 6 x 10° per L, respectively,
and were within the European guidelines for therapeutic
FFP? The WBC concentrations for apheresis plasma were
less than 0.1 x 10° per L before and after treatment. The
WBC concentrations for nonleukofiltered whole blood
plasma in Site L and Site B were higher before treatment
(6x10° = 7x 10° and 38 x 10° % 22 x 10°/L, respectively);
however, after treatment, the WBC concentrations in PCT-
FFP were within the European guidance limits.

The effect of PCT on global coagulation assays
(PT and aPTT)

The mean C-FFP and PCT-FFP PT for both apheresis
plasma and whole blood-derived plasma for all three
processing sites were within reference ranges (Tables 2
and 3). PCT-FFP PTs were prolonged by a mean of
0.3 £ 0.2 seconds for apheresis plasma (n=90) and
0.5 £ 0.1 seconds for whole blood-derived plasma
(n = 96) compared to C-FFP measurements (Table 4).

Similarly, the mean C-FFP and PCT-FFP aPTT for both
apheresis plasma and whole blood-derived plasma for all
three ptocessing sites were within reference ranges
(Tables 2 and 3). PCT-FFP aPTTs were prolonged by a
mean of 3.5 * 1.3 seconds for apheresis plasma (n = 90)
and 4.6 = 0.9 seconds for whole blood-derived plasma
{n =96} compared to C-FFP measurements (Table 4). The
overall (apheresis and whole blood combined for an
n = 186) mean PCT-FFP PT and aPTT compared to C-FFP
was prolonged by 0.4 * 0.2 and 4.1 = 1.2 seconds, respec-
tively (Table 4).
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TABLE 2. Apheresis plasma: clotting times and coagulation factor activity before and after PCT (mean * SD)

 Variable

- Site §* (n=230)

Site B* (n = 30)

Site L* {n = 30)

Reference ranget C-FFP PCT-FFP % Retentiont C-FFP PCT-FFP % Retention} C-FFP PCT-FFP % Retentiont
PT (sec) 11.1-13.5: 122 + 0.6 12.7 £ 0.7 0.5 = 0.2 123+ 0.7 125 £ 0.7 02+02 120 £ 0.4 124 05 0.3+0.2
aPTT (sec) - 23-35 279+ 25 324 * 3.2 45 %11 26.1 =25 28,5 + 2.7 23+1.0 278 25 315 + 3.1 3.8+08
Fl (mg/dL) 200-390 295+ 71 208 = 55 705 313 £ 48 261 * 43 833 287 * 57 216 = 43 75+3
FIl (1U/dLy B80-120 102 £'17 89 + 15 88 =7 117 15 107 £ 16 91+3 103 + 14 91 = 12 88+ 3
FV (1U/dL) 95-170 120 £ 29 116 = 26 97 +3 144 £ 23 142 + 20 93 £ 5 125 + 19 118 = 17 95 =3
FVil (1U/dL) 70-175 116 = 25 93 * 21 804 12+ 27 92 + 22 82x3 111 £ 23 91 =19 813
FVIIE (1U/dL) 85-235 140 + 34 99 * 25 703 161 £ 42 130 = 35 81*>4 123 = 39 91 = 30 74*3
F X (1U/dL) 75-145 90 + 13 75 =10 84 +.4 101 = 18 88 + 14 87 +£3 93 = 12 78 = 11 84 =4
FX (lu/dL) 75-130 108 = 21 95 + 19 88 x4 117 £ 20 106 £ 19 g1 =3 112+ 14 99 * 12 88+ 2
FXi (WU/dL) 60-150 93 = 16 79 13 85+ 8 111 = 19 1017 91+86 103 = 20 90 = 18 87 2
FXIH {1U/dL) 85-135 114 = 22 110 = 22 97 + 9 126 = 18 121 + 18 965 115 = 21 108 + 20 94 + 3
PC (fU/dL) 80-140 122225 102 = 24 849 122 + 20 107 £ 19 88+ 4 119 = 22 101 = 20 85 %2
PS (Iu/dL) 85-135 108 = 25 107 = 25 100+ 9 108 =+ 18 103 + 17 95 *+ 6 g2 = 20 88 = 19 96+ 3
AT (u/dL) 85-105 102+ 9 97 *9 95+ 4 1059 101 = 8 96 + 4 95 + 10 91 =10 95+ 3
AP (IU/dL) 80-150 97 = 11 818 83+ 10 108 = 13 898 836 101 £ 12 82x6 82+8

* Site S = EFS Alsace, Strasbourg, France; Site B = Blood Bank of Haukeland University Hospital, Bergen, Norway; Site L = University of Libeck, LUback, Germany.
t The reference range was calculated from the mean * 2 SDs of untreated, conventional plasma. n = 80 for fibrinogen, FV, FVII, FVIIL, FIX, and FXI; n =50 for Flf and FX; n =25 for FXIl,

AT, PC, and PS. The reference range for AT was established by Esoterix Laboratories.

+ For PT and aPTT, the reported values = (PCT-FFP — C-FFP) in seconds.

TABLE 3. Whole blood—derived plasma: clotting times and coagulation factor actlvity before and after PCT (mean * SD)

Site' 8* (n = 30)

Site B* (n = 30)

Site L* (n = 30)

Variablet Reterence-ranget C-FFP PCT-FFP % Retentiont C-FFP PCT-FFP % Retentiont C-FFP PCT-FFP % Retentiont
PT (sec) 11,1-13.5 11.56 £ 0.3 12,0 = 04 0.5 = 0.1 11503 120+ 0.3 0.4 = 0.1 115 + 0.4 12.0 = 04 0.6 = 0.1
aPTT (sec) 23-35 295+ 1.8 34.2 £ 24 4.7 £ 0.7 28.6 = 1.8 329+ 2.4 43+09 282+ 1.4 33.1 21 4.9 + 0.8
Fl (mg/dL.) 200-390 290 + 25 207 2q 713 291 + 30 222 + 24 76 %3 272 + 40 191 = 30 70+3
Fil (lu/dLy 80-120 106 = 8 95+ 9 89+ 3 100x9 89 +8 893 101 £7 88 +7 883
FV (1U/dL) 95-170 123 = 14 119 = 13 972 125 = 15 121 = 14 97 %3 119 + 18 114 > 17 96 £ 3
FVII (IU/dL) 70-175 113 = 15 91 =12 803 108 = 14 86+ 11 803 114 £ 17 90 = 14 79+ 3
Fvilt (1U/dL) 85-235 127 = 24 9119 713 118 = 20 91 = 17 77 x4 19 = 23 84 + 19 714
F IX (1U/dL) 75-145 93 + 10 78 =8 84 +3 92+ 78 £ 10 85+ 2 95 + 9 78+ 6 82+ 4
FX (IU/dL) 75-130 108 = 9 94+ 8 87 =1 106 £ 12 92 = 11 873 105 * 10 90 =9 85+ 2
FXI (1U/dL) 60-150 83 + 14 69 = 12 834 101 = 11 87 + 12 86+ 6 949 81+9 85 +3
FXIIE (IU/dL) 85-135 104 £ 12 101 =12 972 121 £ 10 111 £ 10 92 >3 113+ 14 106 x 12 94+ 3
PC (lU/dL) 80-140 115 = 14 97 + 12 85+ 5 114 £ 19 102 * 16 90 =5 116 = 16 99 = 14 85+ 7
PS (1U/dL) 85-135 111+ 15 107 = 14 96+ 3 117 £ 14 14+ 14 97 x4 114 = 16 109 = 15 96 £ 5
AT (1U/dL)y 85-105 101 =7 97 7 96 + 2 96 = 4 83+4 96 x 2 8186 86 =6 95 + 2
AP (1U/dL) 80-150 100 = 8 85 %5 855" 95 +5§ 78x4 824 93+6 76 x4 82+3

* Site S: = EFS Alsace, Strasbourg, France; Site B = Blood Bank of Haukeland University Hospital, Bergen, Norway; Site L = University of Libeck, Libeck, Germany.
t The reference range was calculated from the mean = 2 SDs of untreated, conventional plasma, n = 80 for fibrinogen, FV, FVI, FVIIl, F IX, and FXI; n =50 for FIl and FX; n =25 for FXIII,

AT, PC, and PS. The reference range for AT was established by Esoterix Laboratories.

+ For PT and aPTT, the reported values = (PCT-FFP — C-FFP) in seconds.

........

VINSVd 40 INFNLIVIHL TYOINIHOOLOHd



SCHLENKE ET AL.

comparison apheresis plasma and whole

TABLE 4. Combined clotting times and coagulation factor activity before and after PCT (mean = SD)

blood-derived plasma

Overall (n = 186)

= 96)

Whole blood plasma (n

=90)

Apherssis plasma (n

% Retentiont

PCT-FFP

C-FFP
18086

28.0 x 23

% Retentionf

PCT-FEP

C-FFP
15203

PCT-FFP % Retentiont
28.7 £ 1.7

C-FFP

Reterence range®

Variable
PT (sec)

4

0.4

12.2 = 0.6
321 £ 3.2

0.5 = 0.1

4.6

120+ 04
334x23

0.3x0.2

3.5

12.5 0.6
30.8 =34
228 + 52%

122+ 0.6
27.3+28

11.1-13.5

0.8

+*13

23-35
200-390

aPTT (sec)

217 *+ 43

291 * 49
105 = 13

72 * 4%

206 x 20%

284 + 34

7%

76 =
97 + 4

299 * 60

FI (mg/dL).
FII (1U/dL)
FV (IU/dL)

93 £ 13
122 £ 20

95 = 16

126

102 * 8%

107 £ 17¢

80-120
95-170
70-175
85-235
75-145
75-130
60-150
85-135
80-140
85-135
85-105
80-150

88
86

+ 14

84 + 17
110 = 17
101 £ 18

90 = 17
105 = 19

96

+17

126 * 22
112 + 21
109 £ 15
97

116 = 18
118 = 20
109 =+ 20

p

80 + 3t
73+ 5%
84 = 3t

97 =3
86

b4

118 £ 15%
89 = 12%
88 = 18%
78 = 8%
+ 9
79 + 13%
106 = 12%

122 + 16
94 + 10%
106 + 10%

112+ 15
121 + 23%

81+ 4%

75 = 6%

85 * 4%

89 * 4%
*

244
174

90 x 18%
113 + 21%

*
103 = 21

92 £ 21%
107 = 35%
80 * 13%

100

130 = 26%
113 = 25
141 + 41
95 = 153
112 + 18
102 + 19%

FVII (1U/dL)
FVIIL (1U/dL)
F IX (IU/dL)
£X (IU/dL)
FXI (1U/dL)

93 £ 13%

113 % 14%
115+ 16

7%

94+ 3
87

119 + 213
121 2 22
103 + 22%
100 = 12%

102 + 12%
* The reference range was calculated from the mean * 2 SDs of untreated, conventional plasma. n

EXI (1U/dL)
PC (IU/dL)
PS (IU/dL)
AT (1U/dL)
AP (IU/dL)

14

110 * 15%

+
97 + 7%

@ ©
+ 4
© M

o O O

96 *+ 4%
96 * 2

114 + 15%

99 = 22%

95 x 12
83 + 8%

917

95 + 74
96 = 7%

+H o+

@© D
oo

834

79 = 6%
80 for fibrinogen, FV, FVII, FVIII, F 1X, and FX; n

25 for FXHI,

50 for Filand FX; n=

AT, PC, and PS. The reference range for AT was established by Esoterix Laboratories.

+ For PT and aPTT, the reported values = (PCT-FFP — C-FFP} In seconds.

t Significant ditferences between apheresis and whole blood plasma were detected at a p value of less than 0.05.
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The effect of PCT on procoagulant factors

The mean procoagulant factor activities in apheresis
C-FFP obtained in each processing site were within refer-
ence ranges (Table 2). Apheresis plasma processed with
the PCT system retained mean factor activity ranging from
70 to 83 percent and 70 to 81 percent of C-FFP for fibrino-
gen (FI) and FVIII, respectively. Retentions of FII, FV, FVi],
FIX, FX, FXI, and FXIII ranged from 80 to 99 percent
(Table 2). After PCT, the mean procoagulant factor activi-
ties were also within the reference ranges. Mean FVIII
activities were 99 * 25,130 = 35, and 91 = 30 IU perdLin
Site S, Site B, and Site L, respectively, meeting national
(70 fU/dL) and European Pharmacopoeia (50 IU/dL)
requirements for therapeutic plasma.

Similarly, the mean activity levels of the procoagulant
factors in whole blood-derived plasma were within refer-
ence ranges (Table 3). Whole blood plasma processed with
the PCT system retained mean coagulation factor activi-
ties ranging from 70 to 76 and 71 to 77 percent of C-FFP for
FI and FV1II, respectively. The mean retentions for F1I, FV,
FVIL, F IX, FX, FXl, and FXIlI ranged from 79 to 97 percent
(Table 3). After PCT, the mean factor activities were also
within the reference ranges with the exception of FI and
FVIIl in Site L. Mean FVIII activities were 91 = 19,91 * 17,
and 84 + 19 IU per dL in Site S, Site B, and Site L, respec-
tively, meeting national (70-TU/dL) and European Phar-
macopoeia (50 IU/dL) requirements for therapeutic
plasma. '

To compare the processing characteristics between
apheresis plasma (n=90) and whole blood-derived
plasma (n = 96), the results from all three sites were com-
bined for analysis (Table 4). Whole blood-derived plasma
generally exhibited statistically significantly lower factor
activities compared to apheresis plasma (see Table 4). All
mean values, however, fell within the reference ranges.
The mean FVII activity in apheresis PCT-FFP
(107 = 35 IU/dL, n = 90) and whole blood~derived plasma
(88 = 18 1U/dL, n =96) met the national and European
Pharmacopoeia requirements for therapeutic plasma.

The overall (n = 186) mean level of fibrinogen in PCT-
FFP was 217 * 43 mg per dL, which is 74 = 6 percent of
the C-FFP values. The overall {n=186) mean activity of
EVIIl in PCT-FFP was 97 = 291U per dL, which is
74 + 5 percent of the C-FFP values. The retention of other
factors in PCT-FFP was consistently higher (81%-97%;
Table 4).

The effect of PCT on antithrombotic and
fibrinolytic protein activity

All pretreatment activities of PC, PS, AT III, and a2-AP of
apheresis plasma (Table 2) and whole blood—derived
plasma (Table 3)-were within reference ranges. After PCT,
the mean activities of these antithrombotic proteins were
still within the reference ranges with two exceptions: the



mean levels of AP activity in PCT-FFP from Site B
(78 = 4TU/dL) and Site L (76 = 4 TU/dL) were slightly
outside the lower limit (80 IU/dL) of the reference range.

After PCT, the mean retention of antithrombotic pro-
teins ranged from 84 to 90 percent for PC and 82 to
85 percent for AP (Tables 2 and 3). No differences were
observed between apheresis and whole blood—derived
plasma. Similarly, the mean retention in PCT-FFP ranged
from 95 to 100 percent for PC and 95 to 96 percent for AT
(Tables 2-and 3). The results were comparable between
apheresis and whole blood—derived plasma.

To compare the processing characteristics between
apheresis plasma (n=90) and whole blood—derived
plasma (n = 96), the results from all three sites were com-
bined for analysis (Table 4). There were no significant dif-
ferences in the activity of PC of either C-FFP or PCT-FFP
bétween apheresis and whole blood-derived plasma.
Whole blood-derived plasma contained significantly
higher levels of PS before and after PCT than apheresis
plasma (see Table 4). In contrast, the levels of AT and AP
were generally lower in whole blood-derived plasma com-
pared to apheresis plasma and reached significance (see
Table 4).

The overall (n = 186) mean activities.of the antithrom-
botic proteins in C-FFP and PCT-FFP were within the ref-
erence ranges. After PCT, mean retention of PC and AP was
86 and 83 percent, respectively, whereas mean retention of
PS and AT was 97 and 96 percent (Table 4).

DISCUSSION

The PCT process for preparation of pathogen-inactivated
FFPinvolves the addition of amotosalen to a nominal con-
centration of 150 pmol per L (range, 110-225 pumol/L), ilu-
mination of the plasma mixture with a 3 J per cm? UVA
treatment, and removal of residual amotosalen to less
~ than 2.0pumol per L by a flow CAD. Three European
centers participated in this study to validate the process
under routine blood bank operation conditions. Each
center processed 30 units of apheresis plasma and 30 to
36 units of whole blood—derived plasma with integral dis-
posable sets that have received CE Mark approval and
commercial UVA illuminator. The PCT process was com-
pleted within the time frame for FFP, allowing units to be
frozen within 8 hours of collection.

The mean pretreatment amotosalen concentrahon
from all three sites was 143 + 8 ymol per L (n=186),
which is well within the target system performance range
of 110 to 225 pmol per L. The use of the microprocessor-
controlled UVA illuminator ensured delivery of the UVA
‘treatment dose of 3] per cm? All three centers demon-
strated the addition of the correct amotosalen concentra-
tion, combined with a 3 J per cm? UVA treatment dose,
thus ensuring robust pathogen inactivation. The mean
amotosalen level after the CAD treatment for all centers
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was 0.6 = 0.1 umol per L (n = 186}, which is significantly
below the target performance value of 2.0 umol per L. The
mean residual amotosalen levels among the three sites
ranged from 0.5 + 0.1 to 0.7 * 0.1 umol per L with no
units having residual amotosalen higher than 1.2 umol
per L, demonstrating the consistency and the efficacy of
the CAD. These results demonstrate that the PCT process
can be performed  consistently under blood bank
conditions.

The quality of PCT-FFP was assessed for activity of
FVIII with respect to meeting national and European regu-
latory guidelines.® The consistency of the PCT process was
assessed by the retention of all factor activities in PCT-FFP
compared to levels in pretreatment plasma samples.

The factor most affected by PCT was FVII with a
mean of 26 percent reduction in activity. However,
residual activity is within the current requirement for

FFP as the level of FVIII is greater than 50 IU per dL in

the European Pharmacopoeia standard for therapeutic
FFP?® The mean FVIII activity after PCT was 107 = 351U
per dL (n = 90) for apheresis plasma and 88 = 18 IU per
dL (n = 96) for whole blood—derived plasma or an overall
mean of 97 * 29 IU per dL (n = 186). All units had FVIII
activity greater than 50 IU per dL. In France, greater than
90 percent of quality control samples must have greater
than 70 [U per dL in FVIIL Preliminary studies measur-
ing the thrombin generation time for PCI- FFP have
shown no difference from untreated plasma for peak
thrombin levels, lag time to start of thrombin generat;on,
or total thrombin produced.” These observations suggest
that the reduction in FVIII levels are not critical to gen-
eration of thrombin and the ultimate conversion of
fibrinogen to fibrin. These observations of normal
thrombin generation are in contrast to those recently
reported for plasma prepared with methylene blue and
visible light."! =

Fibrinogen was also affected by PCT with a mean of :

26 percent reduction in the clottable fibrinogen levels.
Although there is no required standard for the level of
fibrinogen in FFP, the mean levels retained in PCT-FFP
(217 + 43 mg/dL, n=186) were within the reference
range. Prior clinical studies with PCT-FFP for support of

- liver transplant with massive transfusion have shown no

increased requirement for plasma or cryoprecipitate, indi-
cating that the levels of fibrinogen in PCT-FFP are suffi-
cient.! These patlents have a significant period of
ﬁbrmolytlc activity after unclamping of the transplanted
liver. The study examined the use of conventional FFP,
cryoprecxpltate, and PCT-FFP for support of these patients
and observed no differences to indicate that the reduced
levels of fibrinogen in PCT-FFP were clinically relevant. In
addition, the levels of AP activity are reasonably conserved
in PCT-FFP! Although the levels of fibrinogen are reduced
by the treatment, the levels appear adequate to support
hemostasis in patients with active fibrinolysis.
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