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Photochemical treatment of plasma with amotosalen and UVA
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BACKGROUND: A photochemical treatment (PCT)
process has been developed to inacfivate pathogens
and white blood cells (WBCs) in therapeutic plasma.
Process validation studies were performed in three
Eurcpean 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 iwo 1o three
matched donations. After removal of pretreatment
control samples (control _fresh-frézen plasma {C-FFP]),
546 to 635 mL of plasma was reated with 15 mL of

6 mmol per L amotosalen, 3 J per cm? UVA freatment,
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(PCT-FFP) were withdrawn, frozen at —-60°C within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 pariial thromboplastin time

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

(217 + 43 mgfdL.) and FVIIl (97 = 29 [U/dL) for thera-
peutic plasma. Mean levels-of Fil, FV, FVIi, F IX, FX,
FXI, and FXIIl in PCT-FFP were comparable to C-FFP
{81%-97% retention of activity). Antithrombotic proteing
were not significantly affected by PCT with retention
ranging between 83 and 97 percent, Mean residual
amotosalen levels were 0.6 = 0.1 pmol 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 therapsutic
plasma.
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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 melecule 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 = ¢2-antiplasmin; AT = antithrombin;

CAD = compeund adsorption device; C-FFP = contro! fresh-
frozen plasma; PC = protein C; PCT = photochemical treatment;
PCT-FFP = photochemically treated plasma samples;

PS = protein 5; PT(5) = prothrombin time(s).
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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 setis 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 illumij-
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 plasimna 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 Contalner Sat.

centers to verify the performance of the PCT system under
different routine operating conditions. Blood centers in
three European countries (France, Norway, Gerniany) par-
ticipated in these studies. Each eenter 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 635 mlL. Residual amotosalen concentrations in
photochemically treated plasma samples (PCT-FFP) 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 colflection
Plasma collections were performed in three European
blood centers and the collections methods varied slightly.
In the Etablissement Francais du Sang-Alsace in Stras-
bourg, France (Site S), apheresis plasma was collected on
' the Haemonetics PCS platiform (Hae-
monetics Corp., Braintree, MA) in acid

1 citrate dextrose anticoagulant. In blood
centers of the University of Liibeck,
Institute of Immunology and Transfu-
sion Medicine, Lilbeck, Germany
(Site ), and Haukeland University
Hospital, Bergen, Norway (Site B),
apheresis plasma was collected on the
Autopheresis-C platiorm (Baxter Health-
care Corp., Deerfield, IL) in citrate

or in half-sirength citrate-phosphate-

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 Hlumination §
Device

blood group A, 24 group AB, 22 group B,
and 17 group O. The target volume of
plasma was 6§00 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

Fig. 1. The PCT system for plasma. The PCT systemn consists of a UVA illumination
device and an infegral disposabie set. The UVA flluminator 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 5-59), 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,
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centrifugation with local standard oper-
ating procedures. A leukofiliration step
was incorporated in the whole blood
process only in Etablissernent Francais
du Sang-Alsace in Strasbourg. Sites §
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 plasina unit before
removing baseline samples was 600 to 655 mL and was
obtained by mixing the appropriate voluine 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 ireatment of plasma (INT 3103
and INT 3104, Cerus Europe B.V.) consisted of the follow-
ing sequentially integrated components: 15 mL of 6 mmel
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.

Ilumination of plasma was performed in a UVA Hiu-
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 J per cm?
VA 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-mLaliquots 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 (B)I
(fibrinogen), FII, FV, FVII, FVI, F IX, EX, FXi, FXIII, pro-

- teinC (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 measureinent
of amotosalen concentrations. To minimize assay variabil-
ity, sarnples 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 AP, 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-pl. volume of plasma was
diluted to 1 mL with 35 percent methanol in buffer. After
centrifugation, the supernatant was filtered and 100 uL
were analyzed on a C-18 (Zorbax) reverse-phase column
{Agilent Technologies, Palo Alto, CA} with a gradient of
increasing methanol in XH,PO, buffer. Amotosalen was
detected by optical absorption (300 nin).”

Measurement of in vitro coagulation function

Clottable fibringgen (FI) was measured with a modified
Clauss assay. Coagulation factors were assayed with one-
stage PT-based clotting assays (Fii, FV, FVIl, FX} or one-
stage aPTT-based clotting assays (FVII], FIX, FXD. The
clotting time of a mixture of diluted test plasma and
plasma deficient in the factor being guantified was com-
pared with a reference curve constructed from the clotiing

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

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 {Helena 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 Control Plasma (FACT; George King Bio-Medical)
was used as the reference standard for the procoagulation
factor assays. '

FXII was measured with a commercially available

-BXII kit {Berichrom, Dade Behring, Marburg, Germany).
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FXIII, 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 commescially avail-
able PC and P$ 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
FVIII By #ctivated PC. The activator in the PC assay
was an extract of Agkistrodon contortrix snake venomy, 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 ATHI
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 Diagnost:ca
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 conceniration and is determined by color inten-
sity. This analysis was performed by Esoterix Laboratories
{Aurora, CO) with an STA analyzer (Diagnoestica Stago).

The mean and standard deviation (SD) were deter-
mined for each coagulation variable. All factor activities
were expressed in TU 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 { 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

855 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 umol per L.
{Table 1). The illumination of a 3 J 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
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TABLE 1. Amotosalen concentrations before
ilumination and after CAD freatment*

Amotosalen (jemolft )

Measure Before iHurnination After CAD
Target range ’ 110-225 <2
Apheresis plasma

Site St (n=30) 139 x4 0.5 +01

Site Bf (n = 30) 151+ 6 05104

Site LT {(n=30) 142+ 2 0.7 = 0.1
Whale blood—derived plasma

Site S (n=30) 136 = 8 06 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 *01

* Dala are reported as mean = SD.

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

residual amotosalen concentration was 0.6 + 0.1 pmol
per L (Tabie 1). All values were below the target perfor-
mance value of less than 2.0 umol per L. The PLT and RBC
concentrations for both apheresis and whole blood-
derived plasma before treatment and after treatment were
Iess than 50 x 107 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 BEuropean 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 ail 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-EFP and PCT-FFP aPTT for both
apheresis plasma and whole blood-derived plasma for all
three processing 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)

Site §* (n=230)

Site B* (n = 30)

Site.L* (n =30)

Variable Reference ranget C-FFP PCT-FFP % Retentiont C-FFP PCT-FFP % HRetentiont: C-FFP- PCT-FFP % Retentiont
PT (sec) 11.1-13.5- 122 =08 127 £ 0.7 0502 12307 125 £0.7 0202 12,0 = 0.4 124+ 05 0302
aPTT (seg) © 2335 279 %25 324 £3.2 45z 1.1 26,1 =25 285+ 27 23+1.0 27825 31.5 + 3.1 3808
FI (mg/dL.} 200-390 295 =71 208 = 55 70%5 313 =48 261 = 43 833 287 * 57 216 = 43 753
FIE (fU/dL) 80-120 102 =17 89+ 15 88 =7 M7 £ 15 107 = 16 91%3 103 = 14 91 =12 B3+ 3
Fv (IL/dL} 85-170 120 = 29 116 = 26 873 144 + 23 142 + 20 99 x5 125 = 19 19 = 17 95 + 3
FV {iUdL) 704175 116 = 26 93 = 21 8O x4 12 =27 92 = 22 82=x3 111 £ 23 21 £ 19 8 x=3
FVII {L/dL) §5-235 140 = 34 98 = 25 0=x3 161 £ 42 130 £ 35 814 123 £ 39 9t = 30 74+ 3

F X {IU/dL} 75-145 90 £13 75 =10 84+ 4 101 £ 18 88+ i4 87 +3 93 £12 78N 844
FX (JufdL) 75-130 108 =21 95 = 18 gg x4 117+ 29 106 = 19 g1x3 112 = 14 99 = 12 8t 2
FXI1 (IU/dL) 60-150 93 16 7913 858 111 =219 01 £7 91 %6 103 = 20 90 %= 18 B7 + 2
FX1 (/L) 85-135 114 = 22 110 £ 22 979 126 = 18 121 % 18 96 =5 HEEE 108 = 20 94 %3
PC (UL} BO-140 122+ 25 102 = 24 849 122 £ 20 107 £ 19 BB x4 N9 x22 101 = 20 B5 2
PS (1u/dL) 85-135 108 £ 25 107 £ 26 100+9 108 = 18 103 = 17 95+ 6 92 * 20 88 =19 96+ 3
AT (lufdLy 85-105 i02+9 97 =9 95+ 4 10589 101x8 964 895 = 10 91 =10 95+ 3
AP (1U/dL) 80-150 97 = 11 B1x38 83+ 10 108 = 13 83 %8 83*+6 101 + 12 82 =6 82+ 8

* Site S = EFS Alsace, Strasbourg, France; Site B = Blood Bank of Haukeland University Hospital, Bergen, Norway; Sile L = University of Lilbeck, Liback, Germany.
{1 The referanca range was calculated from the mean * 2 S0s of untreated, ‘conventional plasma. n= 80 for fiarinagen, FY, FVQ, VI, F IX, and FX!: n =50 for Flt and FX; n=25 for FXIlL,

AT, PC, and PS, The raference 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_timeé and coagulation factor activity before and after PCT {mean * SD)

Site §* {n=130)

Site B* (n = 30)

Site L* (n=230)

Variablet Retarence ranget C-FFP PCT-FFP % Retentiont C-FFP PCT-FFP % Relention} C-FFp PCT-FFP % Reatentiond
PT (sec) . 11.1-13.5 115 = 0.3 12.0 =04 0501 1.5+ 03 120+ 0.3 0.4 =01 1.5 04 120 =04 0.6 *+ 0.1
aPTT (sec) 23-35 29.5 + 1.8 342+24 47 x0.7 286 = 1.8 329*24 4.3 +0.9 28214 33121 4.9 0.8
Fl {(mgfdL) 200-390 290 = 25 207 + 23, 713 291 + 30 222 + 24 76+3 272 £ 40 181 = 30 ’ 70+3
It (iufdL) 80-120 106+ 8 95+ 9 8g =3 1008 89+8 83 +3 1017 89 +7 B+ 3
Fv (IU/dL) 95-170 123 = 14 119 £ 13 97 x2 1256 = 15 121 £ 14 97 3 119 + 18 114 = 17 96 =3
EVII (IU/dL) 70-175 113 2 15 91 * j2 BO =3 108 = 14 86 £ 11 80 x3 114 =17 890 = 14 72+3
FVill (JU/dL) 85-235 127 = 24 0118 71=x=3 118+ 20 81 x17 77=4 119 + 23 84 + 19 71+ 4
F X (urdL) 75-145 893 = 10 78+ 8 843 g2 1] 78=10 g8+ 2 85+ 9 7886 82 +4
FX (IU/dL) 75-130 108+ 9 94+8 87 1 106+ 12 g2+ 873 105 = 10 909 85+ 2
FXI (U/dLy 60-150 83+ 14 69 + 12 83+4 101 = 11 B7 £ 12 866 949 81 =9 85+3
FXII {iU/dL) 85-135 104 = 12 101 £ 12 g7 x2 121 =10 11110 .92+ 3 11314 106 x 12 94 % 3
PG {ufdL) 80-140 115 = 14 g7 =12 885 114 + 19 102 =18 x5 M6 =16 99 + 14 85+ 7
PS (IU/dL) 85-135 111 £15 107 = 14 95+ 3 117 =14 14 * 14 97 £ 4 {14+ 16 109 = 15 86 +5
AT {(tU/dL) 85-105 11 =7 97 %7 g5 =2 86+ 4 93 x4 96 x2 9t x£6 866 g5+ 2
AP (IU/dL) 8¢-150 008 B5x5 855" 95 % 5 784 82 +4 936 B4 823

* Site 5: = EFS Alsace, Strasbourg, France; Site B = Blood Bank of Haukeland University Hospital, Bargen, Norway; Site L = University of Liibeck, Liibeck, Germany.
+ The reference range was calculated from the mean = 2 SDs of untreated, conventional plasma. n = 80 lor fibrinogen, FV, FVIl, FVIN, F IX, and FXJ; n =50 for Fli and FX; n =25 for FXII,

AT, PG, and PS. The raference range for AT was established by Esotetix Laboratories.

t For PT and aPTT, the reported values = (PCT-FFP — C-FFP) in seconds.
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TABLE 4. Combined clotting times and coagulation factor activity before and after PCT (mean = SD): comparison apheresis plasma and whole

blood-derived plasma

186)

PGT-FFE -
12.2 = 0.6

321 £ 3.2

Qvarall (n

a6}
% Retentiont

Whole blood plasma (n

=90)

Apheresis plasma’(n

% Retentiont

C-FFP
1.8 0.6
28023
291 * 49

105 + 13

PCI-FFP
120+ 0.4

334+ 23

C-FFP
115%0.3

PCT-FFP % Metentiont
287 £ 1.7

1256 £ 06
30.8 £ 3.4

G-FFP
12.2 £ 0.6

27328

Reference range”

Variable
PT {seq)

0.4 0.2
4.1 12
74+ 86
B9+ 4
97+ 3
81 =3
745
84 *+ 4
88 £ 3
B6E+6
95«5
866
g7£5
95+ 3
836
25 for FXHII,

217 + 43
93 + 13
122 + 20
Qa0 = 17
97 = 29
79 + 11
96 + 14
84 + 17
10 =17
101 + 18
105 £ 19
a4 +9
827
50 for Flt and FX; n

126 £ 22
112 £ 21
131 =34
04 + 13
109 + 15
a7 = 17
116 £ 18
M8 £ 20
109 = 20
98+ 9
99 + 11

0.5 = 0.1
4609
72+ af
89 + 3
g7 +3
80 * 3%
73 + 5F
84 = 3%
86 + 24
85+ 5%
g4+3
BT %6
g6 = 44
96+ 2
83+ 4

88 + 124
88 = 18%

206 = 29%
91+8
118 £ 15¢%
78 + 8%
92 = 9%
79 £ 13%
106 = 12%
99 % 14
110 + 15%
M7
79 = 6%

80 far fibrinogen, FY, FVII, FVIE, F IX, and FXI; n

93 +13%

284 x 34
102 = 8%
122 £ 16%
12=x15
121+ 23%

94 x 10t
106 £ 10
13 £ 14%
116 £ 16
114 £ 15%

95 = 7t

96 = 7%

* The reference range was calculated from the mean x 2 SDs of untreated, conventional plasma. n

81 = 4%

0.3%02
35+ 1.3
76 = 7%
g9 =5
97 2 4
75 = 6F
85 + 4t
89 * 4%
- B8 * 7%
9B =6
85 6
97 =74
95 + 3
B2 7

92 + 214

208 + 52
95 = 16
128 = 244
107 = 35t
80 = 1a%
100 £ 17%
90 = 18
113 = 21%
108 21
g9 *+ 224
g5 + 12
83 + 8f

298 + 60
107 + 174
130 + 264
M3 £ 25

141 = 41t
95 + 154
112 = 184
102 + 184
19 = 211
121 + 22

103 = 22
100 = 124
102 = 12¢

23-35
80-120
95-170
70-175
85-235
75145
75-130
60-150
85-135-
80-140
85-136
85-105
B0-150

11.1-13.5
200-390

Fl (mgfdL).
Fil {IU/dL)
FV (Iu/dL)
Fvll (1U/dL)
FVIN {lUfdL)
F X (lU/dL)
FX {lU/dL)
FXI (fU/dL)
FXIIE (1U/dL)
PC (IU/dL)
PS (1U/dL)
AT (IU/dl)
AP (U/dL)

aPTT (sec)

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

: (PCT-FFP — C-FFP) In seconds.
4 Significant differsnces between apheresis and whole blood plasma were detecled at a p value of less than 0.05.

t For PT and aPTT, the reported valles
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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 FVII, respectively. Retentions of FII, FV, FVI,
FIX, FX, FX}, 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 5, Site B, and Site L, respectively, meeting national
(70 IU/dL) and European Pharmacopoeia (50 IU/dL)
requirements for therapeutic plasma.

Sirnilarly, 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 FVIH, respectively. The mean retentons for FII, FV,
FV1I, F IX, FX, FXI, and FXIII ranged from 79 to 97 percent
(Table 3). After PCT, the mean factor activities were also
within the reference ranges with the exception of Fl and
FVIII 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 [U/dL) requirements for therapeutic
plasma. o

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 FVIIL activity in apheresis PCT-FFP
(107 = 35 [U/dL, n = 90) and whole blood-derived plasma
(88 = 18 IU/dL, n =96) met the national and European
Pharmacopoeia requirements for therapeutic plasma.

The overall {n = 186) mean leve] 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
FVII 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%-87%;
Table 4).

The effect of PCT on antithrombotic and
fibrinolytic protein activity

All pretreatment activities of PC, PS, AT TII, and o2-AP of
apheresis plasma (Table2) and whole blood-derived
plasma (Table 3)-were within reference ranges. After PCT,
the mean activities of these antithrombetic proteins were
still within the reference ranges with two exceptions: the



