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DESCRIPTION

FIEND OF THE INVENTION

[0001] The present invention relates to platelet additive solutions, and particularly, to a platelet additive solution which facilitates
the preparation of pooled platelet concentrates.

BACKGROUND OF THE INVENTION

[0002] Platelets, or thrombocytes, are the constituents of whole blood that form platelet plugs that seal damaged blood vessels
and also participate in the mechanisms leading to the formation of blood clots.

[0003] People with certain diseases like thrombocytopenia, leukemia, and other cancers, either as a consequence of the disease
itself, or of the chemotherapy to treat the cancer, have a reduced number of platelets in their bloodstreams, and without adequate
platelets, they bleed abnormally and bruise easily. Regular platelet transfusions are thus essential treatment for these and other
patients.

[0004] Platelets must be obtained from whole blood donations, typically by separation of the whole blood components via
gravitational force in a centrifuge. The force of the centrifuge causes the whole blood to separate based on cell density. The
upper layer captured in the centrifuge is plasma. The middle layer is the buffy coat. The bottom, heaviest layer is packed red
blood cells. The majority of platelets collected in this way are found in the buffy coat layer. To extract as many platelets as
possible, buffy coats are pooled from several donations and re-spun in a centrifuge to separate the platelets from the rest of the
buffy coat.

[0005] The platelet concentrates are suspended in a liquid, such as plasma. However, while effective as a platelet storage
medium, plasma is a valuable blood component that can be used or further processed to purify proteins for use for the treatment
of patients with other disorders.

[0006] Platelet additive solutions (PAS) have been under development for decades as an alternate platelet suspension and
storage medium (for review see Ringwald et al., Transfusion Medicine Reviews 20(2):158-164, 2006a), and apart from making
more plasma available for other purposes, they have certain notable advantages. In particular, the use of PASs has been shown
to support platelet storage, reduce allergic and febrile transfusion reactions, facilitate ABO-incompatible platelet transfusions, and
has more recently been used in conjunction with certain pathogen inactivation methods.

[0007] A number of PASs have been described, such as those disclosed in U.S. Patent No. 6,613,566 (Kandler et al.), and by
van der Meer et al. (Transfusion Medicine 11:193, 2001), Gullikson (Transfusion Medicine 10:257-264, 2000), Ringwald et al.,
2005 (Vox Sanguinis 89:11-18, 2005), Ringwald et al., 2006b (Transfusion 46:236, 2006) and Ringwald et al. 2006a (supra).
PASs are generally known to comprise sodium chloride, sodium citrate and sodium acetate. Alternative PAS have also included
phosphate, potassium and magnesium.

[0008] WO03000052 discloses platelet additive solutions comprising polymers including HES and PVP.

[0009] Using the currently known PAS formulations, platelet production from centrifuged pooled buffy-coats by semi-automated
blood component extractors is difficult. The necessary low speed centrifugation used to pellet red cells but leave the platelets in
the supernatant results in an inherently unstable interface. In a production environment, the required ultra-gentle handling of
blood bags with such unstable interfaces slows down blood component production, decreases platelet recoveries, and
necessitates repeated centrifugations that jeopardize blood bag integrity.

[0010] Since such delicate care must be used, blood component production with known PASs is typically slower than with plasma,
with significant economic implications. This makes many blood centers reluctant to utilize PASs despite their noted advantages.

[0011] Surprisingly, the present inventors have observed that the difficulty in working with the traditional PAS formulations can be
ameliorated through the addition of a viscous component to the PAS.

SUMMERY OF THE INVENTION
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[0012] An object of the present invention is thus to provide an improved platelet additive solution which facilitates easier
production of pooled platelet concentrates.

[0013] With the present invention, there is provided a platelet additive solution (PAS) comprising a viscosity increasing agent
provided at a concentration effective to yield a PAS viscosity ranging from 1.128 centipoise to 1.228 centipoise when measured at
37°C, wherein the viscosity increasing agent is hydroxyethyl starch (optionally pentastarch) or polyglycidol.

[0014] The viscosity increasing agent increases viscosity in an aqueous solution without decreasing platelet viability. The
viscosity increasing agent comprises hydroxyethyl starches (HES).

[0015] In preferred embodiments the viscosity increasing agent is selected from hydroxyethyl starch, polyglycidol, and
combinations thereof. Particularly preferred viscosity increasing agents include hydroxyethyl starches (HES), such as
pentastarch.

[0016] Also suitable for use in the present invention are commercially available hydroxyethyl starches, such as PENTASPAN™.

[0017] The concentration of the viscosity increasing agent in the PAS is selected to yield a PAS viscosity up to approximately the
viscosity of blood plasma at 37°C. This facilitates the production of platelet pools in a solution with a viscosity that approximates
that of human plasma, and thus advantageously avoids the possibility of increasing the blood volume in the recipient. The platelet
additive solution viscosity ranges from 1.128 cp to 1.228 cp, and is preferably 1.178 cp. In a preferred embodiment, the viscosity
increasing agent comprises pentastarch at an end concentration of between about 0.5 % - 5 % wlv, preferably 2% - 3.5% wiv,
and more preferably about 2.75% in the buffy coat pool. In an alternate embodiment the viscosity increasing agent is polyglycidol
with a concentration ranging from 3.6% to 4.6 % wlv, preferably 4.1% wi/v.

[0018] The platelet additive solution components may comprise at least one energy source, at least one buffering component, at
least one chelator, at least one salt component, and optionally, at least one metabolic regulator and at least one membrane
polarity stabilizing component, all at effective concentrations. In an embodiment, the platelet additive solution components
comprise sodium citrate, sodium acetate, sodium chloride and optionally one or more of Na-gluconate, NaHoPOg4, NaoHPOy4,

MgClo and KClI, all in effective concentrations.

[0019] The at least one salt component is advantageously provided at a concentration sufficient to give a PAS osmolality ranging
from 250 mOsm to 400 mOsm, preferably 270 mOsm to 310 mOsm, and more preferably ranging from 290 mOsm to 300 mOsm.

[0020] In an embodiment, a viscosity increasing agent-infused platelet additive solution comprises 10.0-10.9 mM NasCitrate,
27.0-32.5 mM NaAcetate, 69.0-115 mM NaCl, and a concentration of the viscosity increasing agent sufficient to give a PAS
viscosity ranging from 1.128 centipoise to 1.228 centipoise. When the viscosity increasing agent is pentastarch, the concentration
of the pentastarch in preferred embodiments ranges from 2% to 3.5% w/v. When the viscosity increasing agent is polyglycidol, the
concentration of the polyglycidol preferably ranges from 3.6% to 4.6 % wiv.

[0021] The viscosity increasing agent-infused platelet additive solution may be used for collection and/or storage of platelets.

[0022] As a further aspect of the invention, there is provided a solution system for preparing platelet concentrates comprising at
least one viscosity increasing agent and platelet additive solution components, wherein said viscosity increasing agent and
platelet additive solution components are provided in at least one receptacle provided in effective concentrations to yield a
viscosity increasing agent-infused platelet additive solution with a viscosity, when combined, ranging from 1.128 centipoise to
1.228 centipoise when measured at 37°C, and wherein the viscosity increasing agent is hydroxyethyl starch (optionally
pentastarch) or polyglycidol.

[0023] The receptacle will be a container or other receptacle known in the field capable of enclosing a liquid or soluble material,
such as a blood bag, a serum bottle, a serum tube, a vial or the like, and in preferred embodiments will be sterile or capable of
being sterilized using known methods.

[0024] The solution system may comprise one or both of the at least one viscosity increasing agent and platelet additive solution
components in aqueous solution or as as a soluble material, either in effective concentrations and/or in suitable dry amounts. In
preferred embodiments the aqueous solutions will be sterilized. The viscosity increasing agent and platelet additive solution
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components are provided as concentrates in one or more separate receptacles in effective concentrations to yield a viscosity
increasing agent-infused platelet additive solution with a viscosity ranging from 1.128 centipoise to 1.228 centipoise when
combined. Each of the viscosity increasing agent and individual platelet additive solution components can be provided in separate
receptacles, either in aqueous or dry forms.

[0025] As another aspect, the present invention provides a process for preparing a buffy coat pool in a platelet additive solution
comprising viscosity increasing agent, the process comprising the steps of:

1. a) Sterile docking a concentrated sterile platelet additive solution and a concentrated sterile solution of viscosity increasing
agent to one or more prepared buffy coats in blood bags;

2. b) Draining the buffy coats; and

3. c) Adding the concentrated sterile platelet additive solution and concentrated sterile solution of viscosity increasing agent
to the drained buffy coats; whereby the concentrations of the concentrated platelet additive solution and concentrated
viscosity increasing agent are selected to yield effective final concentrations of platelet additive solution components and
viscosity increasing agent in the resulting buffy coat pool ; whereby the mixture of the pooled buffy coats, the concentrated
platelet additive solution and the concentrated solution of viscosity increasing agent has a viscosity of from 1.128
centipoise to 1.228 centipoise when measured at 37°C, and wherein the viscosity increasing agent is hydroxyethyl starch
(optionally pentastarch) or polyglycidol.

[0026] In accordance with the above method, the hyperosmotic platelet additive solution is preferably mixed with hypoosmotic
(but hyperviscous) viscosity increasing agent such that the platelet additive solution and viscosity increasing agent combine to
form a viscosity increasing agent-infused platelet additive solution in the final buffy coat pool diluted to bring the salt content of
the platelet additive solution to 100% and the viscosity increasing agent to a final desired concentration which gives a viscosity up
to approximately the viscosity of blood plasma at 37°C.

[0027] The above method may be adapted to known Standard Operating Procedures (SOPs) for buffy coat pool production, for
instance using a buffy coat train or octopus arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Further features and advantages of the present invention will become apparent from the following detailed description,
taken in combination with the appended drawings, in which:

Figure 1 is a schematic illustration of observed interface stabiliies when handling pooled buffy coats pooled in plasma,
conventional PAS compositions, and an embodiment of the viscous PAS of the present invention.

Figure 2 is a plot of viscosity measured as a function of pentastarch concentration at 37°C.

Figure 3 is a plot of platelet recovery measured as a function of relative centrifugal force for human plasma, pentastarch-infused
PAS and pentastarch-free PAS (MacoPharma SSP+).

Figure 4 is a schematic illustration of an exemplary embodiment of the method of the present invention, illustrating a "buffy-train
system" for buffy-coat production with reversible setup of the connection of hypertonic PAS solution and concentrated viscosity
increasing agent.

Figure 5 is a schematic illustration of another exemplary embodiment of the method of the present invention, illustrating an
"octopus system" for buffy-coat production.

Figure 6 is a plot of viscosity measured as a function of polyglycidol concentration at 37°C.

Figure 7 is a plot of platelet recovery measured as a function of relative centrifugal force for human plasma, pentastarch-infused
PAS, pentastarch-free PAS (MacoPharma SSP+) and polyglycidol-infused PAS.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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[0029] The present invention provides a new platelet additive solution having improved platelet recovery performance and
production efficiency. This has been achieved through the addition of at least one viscosity increasing agent to the PAS
formulation at a concentration effective to yield a PAS viscosity ranging from 1.128 centipoise to 1.228 centipoise when measured
at 37°C, wherein the viscosity increasing agent is hydroxyethyl starch (optionally pentastarch) or polyglycidol. By increasing PAS
viscosity, increased stability of the red cell-platelet rich supernatant interface is achieved, thus improving the ease of handling
centrifuged pooled buffy coats.

[0030] As illustrated in Figure 1, the necessary low speed centrifugation used to pellet red cells but leave the platelets in the
supernatant results in an inherently unstable interface when using conventional platelet additive solutions. The left hand side of
the illustration denotes buffy-pools at the end of the centrifugation cycle, and the right hand side denotes buffy-pools after
handling. Buffy pool handling commonly involves steps such as removing the blood bags from centrifugation buckets, and

placement onto blood component processors for processing, e.g. onto a CompomatTM G4 automatic blood component processor.
As depicted in the illustration, a disturbed interface is commonly observed when using known platelet additive solutions, whereas
more stable interfaces are observed when using a PAS comprising a viscosity increasing agent, similar to the interfaces observed
using plasma.

[0031] The viscosity increasing agents in accordance with the present invention to increase the PAS viscosity, include
hydroxyethyl starches, polyglycidol, and combinations thereof (see for example Gutteridge, G., Crystalloids, colloids, blood, blood
products and blood substitutes. Anaesthesia & intensive care medicine, Volume 5, Issue 2, Pages 42-46). However, hydroxyethyl
starches are particularly useful due to their known clinical effectiveness and utility in the preparation of blood products. Preferred
hydroxyethyl starches for use in accordance with the present invention include pentastarch.

[0032] Pentastarch is commercially available under the product name PENTASPAN ™ (Bristol-Myers Squibb), which comprises

10% pentastarch. PENTASPAN™ is a known plasma volume expander which is employed in vivo for plasma volume expansion.

[0033] In chemical terms, pentastarch is defined as a low molecular weight, low molar substitution hydroxyethyl starch, and is an
artificial colloid derived from a waxy starch composed predominantly of amylopectin. Hydroxyethyl groups are introduced into the
glucose units of the starch and the resultant material is hydrolyzed to yield a product with a molecular weight of about 200,000 -
300,000. The degree of substitution is about 0.40 - 0.50 which means pentastarch has approximately 45 hydroxyethyl groups for
every 100 glucose units.

[0034] Particularly useful are platelet additive solutions comprising a viscosity increasing agent in an amount effective to give a
PAS viscosity similar to that of plasma. Plasma viscosity was measured to be 1.178 centipoise at 37°C, although plasma
viscosities are known to vary amongst people depending on the amount of fluid gain/loss. Accordingly, a particularly preferred
viscosity of the PAS in accordance with the present invention is 1.178 +/- 0.05 centipoise, at the same temperature. It is to be
understood, however, that PAS viscosities lower than this preferred viscosity range may be used in accordance with the present
invention with platelet production benefits increasing up to the aforesaid preferred viscosity value. The use of platelet additive
solutions with viscosities substantially greater than that of human plasma may yield platelet concentrates which increase blood
volume in the recipient, causing potential clinical implications, and such PAS viscosities should be therefore preferably avoided for
clinical applications.

[0035] Together with a viscosity increasing agent, the platelet additive solution of the present invention may comprise any
combination of PAS ingredients. Accordingly, the constituents and concentrations of the platelet additive solution of the present
invention may vary. Platelet additive solutions of the present invention preferably comprise, together with at least one viscosity
increasing agent, an energy source, a buffering component, and a chelator. In select embodiments, this may involve sodium
chloride, sodium citrate and sodium acetate, together with the viscosity increasing agent. Phosphate, potassium and magnesium
may also be provided in effective concentrations. The following table outlines the salt concentrations in three commercially
available platelet additive solutions, which lack viscosity increasing agent.

Table 1: Salt concentrations in commercially available Platelet Additive Solutions.

T-Sol(mM) (Baxter Composol " (mM) (Fresenius SSP+ (mM)
Healthcare) Kabi) (MacoPharma)
NasCitrate 10.0 10.9 10.8
NaAcetate 300 27.0 325
NaCl 115 90.0 69.0
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T-Sol(mM) (Baxter Composol " (mM) (Fresenius SSP+(mM)
Healthcare) Kabi) (MacoPharma)
NaGluconate -— 23.0 -—
NagHPO,4 215
NaHoPO,4 6.7
MgCly 15 15
KCI — 5.0 5.0

[0036] A platelet additive solution formulation according to the present invention may comprise: 10.0-10.9 mM NaaCitrate, 27.0-
32.5 mM NaAcetate, 69.0-115 mM NaCl, and sufficient viscosity increasing agent to give a PAS viscosity of 1.178 +/- 0.05
centipoise, e.g. approximately 2.75% pentastarch w/v. The PAS may also optionally comprise one or more of Na-gluconate (0-40
mM), NaH2PO4 (0-40 mM), NagHPO4 (0-20 mM), MgClo (0-20 mM), and KCI (0-20 mM).

[0037] A preferred PAS composition in accordance with the present invention comprises: 10.8 mM Na sCitrate, 32.5 mM
NaAcetate, 69.0 mM NaCl, 6.7 mM NaHpPQOg, 21.5 mM NagHPO4, 1.5 mM MgCla, 5.0 mM KClI, and 2.75% pentastarch wiv.

Experiments:

i) Optimization of PAS Based On Viscosity

[0038] Plasma viscosity ranges as found in normal blood bags designed for buffy coat component production methods were
measured to be 1.178 cp. Using a range of dilutions and standard curves, the optimal viscosity of pentastarch that would match
the viscosity of plasma was calculated (Figure 2). By testing a range of pentastarch concentrations around the calculated optimal
viscosity value it was established that approximately 2.75% pentastarch mimicked plasma viscosity.

[0039] The G forces that would give an optimal platelet yield from a buffy coat pool in a platelet additive solution comprising
2.75% pentastarch was determined. In the present example, the 2.75% pentastarch buffy coat pools were in SSP+ (115.5 mM
NaCl, 10.0 mM NasCitrate and 30.0 mM NaAcetate) including 2.75% pentastarch and residual plasma, which is set by the process
itself to contain 20% - 30% residual plasma. This level of residual plasma is what is reported to be ideal for platelet additive
solutions.

[0040] As can be seen in Figure 3, the platelet additive solution comprising 2.75% pentastarch gives a reproducible platelet
recovery of 80 + 5% at normal blood component production scale, i.e. a manufacturing scale typical of blood centers, using a
Sorvall RC3BP centrifuge. In brief, the experiments begin with full units (480 mL - 500 mL) of whole blood using equipment and
bag systems standard for an actual production setting to yield transfusable blood components (RBCs, plasma, platelet
concentrate). Centrifuge parameters were: R=277 mm, 1625 RPM for 5 min, RCF: 823 g, slow start 9, slow stop 3. This result
compares favourably to the normal production yield obtained using human plasma instead of the pentastarch infused PAS, which
resulted in 77 £ 5% platelet recovery at the optimal centrifuge setting for plasma (1233 RCF). Platelet recoveries for pentastarch-
free MacoPharma SSP+ were routinely 40-50% at the optimal plasma RCF values and consistently lower than the pentastarch-
infused PAS solution.

ii) Preparation of Buffy Coat Pools in Viscosity Increasing Agent-Infused PAS

[0041] In the following, pentastarch was used as an exemplary viscosity increasing agent for the preparation of a buffy coat pool
in a viscous platelet additive solution. The methods described are further provided as exemplary embodiments of the method of
the present invention.

[0042] First, the desired platelet additive solution was prepared as a concentrated solution, in the present example as a 137.9%
w/v solution, and steam sterilized. The concentrations of the PAS components in the final 100% solution were: 10.8 mM
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NasCitrate, 32.5 mM NaAcetate, 69.0 mM NaCl, 6.7 mM NaHpoPOg4, 21.5 mM NagHPO4, 1.5 mM MgCl2 and 5.0 mM KCl, and thus

all of the aforesaid concentrations were multiplied by 1.379 for the 137.9% solution. The steam sterilized solution (217.5 mL) was
dispensed into a top-and-bottom (T&B) blood component preparation bag. Concentrated pentastarch solution (10% wi/v) was
prepared in water, filter sterilized, and 82.5 mL of the concentrated sterile solution was dispensed into a 100 mL infusion bag. The
bags were then assembled into a train as illustrated in Figure 4.

[0043] In Figure 4A, the pentastarch infusion bag 1 is sterile docked to the top of the T&B concentrated PAS bag 2. The bottom
of the T&B concentrated PAS bag 2 is in turn sterile docked to the top of a "buffy coat train" 3 prepared by sterile docking four
buffy coats prepared in blood bags using known standard operating procedures (SOPs). A platelet storage bag 4 is docked at the
bottom of the train. Certain other SOPs prescribe the assembly of five or more buffy coat bags in a train, and thus the number of
buffy coat bags can be varied with the amount of viscosity increasing agent being added in proportion to the PAS and the number
of buffy coats pooled.

[0044] The above-described setup involves attaching two bags, one containing concentrated pentastarch and one containing
concentrated PAS, to the top of a buffy coat train. In this embodiment, the bag immediately preceding the buffy coats needs to be
a top and bottom bag to allow for docking to the buffy-coat train 3 below and to the bag above, regardless of whether the
concentrated PAS or pentastarch is first or second in the train. In an alternate embodiment, as shown in Figure 4B, the order may
be reversed such that the pentastarch is provided in a T&B bag 1' immediately preceding the buffy coat train 3, with a
concentrated PAS bag 2' docked at the top of the pentastarch T&B bag 1"

[0045] The setup for adding PAS + viscosity increasing agent may be further varied, provided that the total ingredients are
dispensed into the bag 4 to be centrifuged at desired final concentrations. For instance, an "octopus system" as illustrated in
Figure 5 may be used for the buffy-coat production, whereby a pentastarch infusion bag 1 and T&B concentrated PAS bag 2 is
sterile docked to a "buffy coat train" 3' via octopus tubing 5. Alternate setups in which the PAS and viscosity increasing agent are
added together as a single concentrated solution are also envisioned. Nevertheless, the preferred embodiment is to provide
concentrated PAS bag 2' at the top of the train, as depicted in Figure 4B, with concentrated pentastarch provided below in T&B
bag 1', such that all of the viscous solution in the T&B bag 1' is rinsed through by the concentrated PAS from bag 2.

[0046] The buffy coats in the train 3 were allowed to drain into the bottom bag. The concentrated pentastarch solution was then
allowed to drain through the train into the concentrated PAS bag 4, and the bag was mixed well. The bags of the buffy coat train
were rinsed through to the bottom by allowing the PAS/pentastarch mixture to rinse the intervening bags in two separate washes.
The PAS/pentastarch mixture was then mixed well with the buffy coat pool in the bottom bag. Accordingly, the hyperosmotic PAS
was diluted with hypoosmotic (but hyperviscous) pentastarch, and the concentrated PAS/pentastarch was diluted into the buffy
coat pool/PAS/pentastarch mixture such that the salt content of the PAS was brought to 100% from 137.9% w/v, while the
pentastarch was diluted from 10% w/v to a final concentration of 2.75%.

iii) Characterization of Platelets Prepared in Viscous PAS

[0047] The final concentrations of the components in the viscous PAS used to prepare the platelet concentrates are outlined in

Table 2 below, alongside the starting concentrations of the components in the pentastarch infusion bag 1 (10% PentaspanTM) and
the T&B concentrated PAS bag 2 (Hypertonic SSP+).
Table 2: Final viscous PAS and starting reagent composition and relative concentrations

Viscous PAS (Final) 10% Pentaspan™ Hypertonic SSP+

NasCitrate 10.8 mM -— 149 mM
NaAcetate 325 mM -— 4485 mM

NaCl 69.0 mM 154.0 mM 36.78 mM*
NaGluconate -— -— -

NaHoPOy4 6.7 mM — 9.25 mM

NagHP Oy4 21.5mM 29.67 mM
MgCly-6H,0 1.50 mM — 2.07 mM

KCI 50mM — 6.90 mM
Pentastarch 200-300kDa MW DS 0.55 {2.75% (% =g/100mL) {10% -
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Viscous PAS (Final) 10% Pentaspan™ Hypertonic SSP+
pH 7.20 ~5.0 7.20
Viscosity @ 37°C 1.178 £ 0.003cp 4.469 £ 0.002cp 0.7353 + 0.0006cp

*Note: in hypertonic SSP+, all concentrations in SSP+ are inflated ~139% except NaCl, to account for the high
concentration of NaCl already present in Pentaspan™.

[0048] Platelet recoveries were measured for platelet pools prepared in plasma; Composol, SSP+ and TSol (collectively 'PAS' in
the tables below); and viscous PAS as defined above including 2.75% pentastarch w/v. The recovery values are outlined in Table
3, followed by statistical analysis results on this data in Table 4.

Table 3: Platelet Recovery from Buffy-coat Pool (BCP)

Storage Medium Recovery (%) 95% Confidence
Plasma (~300mL) 73.69 +5.92%
Platelet Additive Solution (PAS)*** 64.53 +2.06%
Viscous PAS 76.96 +2.57%

*** Averaged values obtained using Composol, SSP+, and TSol
Table 4: Student's t-te st comparison of platelet recoveries (p-values less than 0.05 are considered significant)

Comparison p-value Significance
Viscous PAS vs. Plasma 0.363 Not significant
Viscous PAS vs. PAS*** 9.34 x 105 p<<0.05

*** Averaged values obtained for Composol, SSP+, and TSol

[0049] Platelets prepared in accordance with the method in (ii) above were characterized according to known indicators of
platelet viability, the results of which are provided in Table 5.
Table 5: Characteristics of Platelet Concentrates (PCs) stored in Plasma vs. Viscous PAS over a seven day period

Plasma Viscous PAS
Day Day1 Day7 Day1 Day7
Concentration (109 cells/L) 83073 840 + 104 837 £ 84 782+ 87
MPV (fL) 8.28 £0.45 8.96 £ 0.67 9.05+0.30 9.1+045
Soluble Protein Conc. (mg/mL) 56.61 + 6.45 56.09+9.20 {13.47+0.24 1497 +1.62
pH 7.05+£0.03 720+£0.24 7.07 £ 0.01 7.24 £0.03
pO9o (MmHg) 77499 96.4 £15.5 70.3+£10.2 850117
PCOy (mmHg) 76.2+6.7 40.8 £ 191 28315 18019
Glucose consumption rate (mmol/L. 0.8447 0.3365
Day)
Lactate production rate (mmol/L. Day) {1.4258 0.7591
CD62 Surface Expression (%) 30.15+ 3.59 58.37+11.71 {34.08 +6.43 3743 +3.31
Extent of Shape Change (%) 21.26+2.10 17.88+£254 §{21.39+4.35 1560+ 2.33
Hypotonic Shock Response (%) 53.38 £ 6.21 49.79£15.34 {58.45+7.63 75.76 £ 10.95
Morphology 314+ 11 249+ 18 333117 25912

[0050] Concentration: This test is an indicator of whether platelets die in significant quantities. On comparison between day 1

and day 7 for plasma and viscous PAS, there is no significant decrease over the storage period.

[0051] Mean Platelet Volume (MPV): This test is a measure of platelet size. This should not fluctuate significantly as decreases
may indicate fragmentation. Comparisons between day 1 and day 7 for platelets stored in plasma and viscous PAS show that
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there were no significant changes in either storage medium, indicating minimal fragmentation.

[0052] Soluble Protein Concentration: This test measures the amount of residual plasma there is present in the final platelet
concentrate. As well it can indicate major platelet death whereby significant protein increases from day 1 to day 7 denote a
significant death rate. In this case, soluble proteins measured in Viscous PAS stored platelets are not significantly different
between day 1 and day 7. Similarly, soluble proteins measured in plasma stored platelets are not significantly different between
day 1 and day 7 although the plasma protein values may mask any platelet-caused changes.

[0053] pH: pH above 7.0 is desirable. In this case, for platelet concentrates stored in plasma and viscous PAS, there is not a
significant difference between days 1 and 7.

[0054] pO2 and pCOy: These traits are a measure of how well the storage bag performs. Oxygen and CO2 both equilibrate
slowly with respect to their atmospheric partial pressures, 176 mmHg and 4 mmHg, respectively. Both are within described ranges
for the platelet concentrates stored in plasma and viscous PAS.

[0055] Glucose consumption rate: This test is a measure of platelet metabolism, whereby a slower glucose consumption is more
desirable. As indicated by the present results, platelets stored in viscous PAS consume glucose at a rate >2 times slower than

platelets stored in plasma.

[0056] Lactate production rate: This test is another measure of platelet metabolism, again whereby a slower rate leads to better
in vivo recovery. As shown, platelets stored in viscous PAS produce lactate at half the rate of platelets stored in plasma.

[0057] CD62 Surface Expression: CD62 surface expression is an indicator of platelet activation. Platelet concentrates stored in

viscous PAS show significantly lower (p<0.05) activation than platelets stored in plasma.

[0058] Extent of Shape Change: Shape change is another indicator of platelet activation. No significant differences are observed
between platelet concentrates stored in viscous PAS and plasma on days 1 & 7.

[0059] Hypotonic Shock Response: This test is an indicator of platelet integrity shown by their ability to pump out water. Platelet
concentrates stored in viscous PAS show significantly better results (p<0.05) on Day 7 when compared to platelet concentrates
stored in plasma.

[0060] Morphology: A further indicator of platelet activation, no significant differences were observed in the morphology of
platelets stored in viscous PAS and plasma on days 1 & 7.

iv) Alternate Viscosity Increasing Agent

[0061] A second polymer, polyglycidol, having a mean mass number (Mn) of 160 kDa, was evaluated with respect to its ability to
facilitate platelet collection.

[0062] Polyglycidol is a polymer with a completely different structural organization relative to HES. HES is ethylated starch, which
is linear, while the polyglycidol has a highly branched structure as can be seen in Formula (1) below:
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This polymer has been reported previously (Kainthan RK, Gnanamani M, Ganguli M, Ghosh T, Brooks DE, Maiti S, Kizhakkedathu
JN, Blood compatibility of novel water soluble hyperbranched polyglycerol-based multivalent cationic polymers and their
interaction with DNA. Biomaterials, 2006, 27:5377-90).

[0063] Using a range of dilutions and standard curves, the optimal viscosity of polyglycidol that would match the viscosity of
plasma was calculated (Figure 6). As demonstrated, the extrapolated concentration necessary to mimic plasma viscosity is 4.10 +
0.5%. The relatively large error range in this value is rationalized as being attributable to the randomness of the polymer size of
the polymer material available. Industrially engineered polymers will have a more reproducible molecular weight range and hence
should give more consistent concentration values.

[0064] Polyglycidol was dissolved in Baxter T-sol platelet additive solution. This solution was used to extract platelets from
buffycoat at the same concentration ratios as per real production (60% viscous PAS, 40% buffycoat, viscous PAS being 4.10%
polyglycidols dissolved in Baxter T-sol). The results (Figure 7) suggested a centrifugation setting of approximately 850-900 RCF
for 5 minutes for polyglycidol. The polyglycidol data is shown in Figure 7 together with the same data shown in Figure 3 as a
means of comparison.

[0065] Similarities exist between the results obtained for HES and polyglycidol. However, more RCF is required for polyglycidol
due to a lack of intrinsic inability of polyglycidol to precipitate cells. Use of HES alone, even without centrifugation, will result in
precipitation of all cells at a rate relative to cell size; polyglycidol does not do this, so a harder centrifugation is needed to pellet
the red cells.

[0066] The RCF range (850-900 x g) was scaled to industrial centrifuge parameters for blood component separation using a
Beckman RC3BP centrifuge. 300 mL of viscous PAS with polyglycidol was mixed with 4 x 50 mL buffy-coats as described earlier.
The resultant mix was spun at 2000 rpm, slow start 9, slow stop 3 for 5 min at 22 degrees centigrade. It should be noted that 2000
rpm on this centrifuge converts to 950 RCF. A harder spin was used because the above-described experiments (shown in Figure
7) are done in rigid test tubes whereas the blood on a production scale are spun in soft bags.

[0067] Of the total buffycoat pool (500mL; 723 x 109 cells/L), the volume recovered was 350mL having a cell concentration of

738 x 109 cells/L. This gives a platelet recovery of 71.5%, which is lower than the platelet recovery obtained for pentastarch-
infused PAS (77 + 3%), but still significantly higher than PAS alone (65 + 2%), and comparable to plasma (73 £ 6%).

[0068] As is evident from the above, the viscous platelet additive solution infused with pentastarch is at least an equivalent
platelet storage solution when compared to plasma, and is superior in several respects. Additionally, the use of a viscous PAS in
accordance with the present invention can provide platelet yields that are equivalent or better to those obtained using plasma,
and which are significantly better than those obtained using known platelet additive solutions.

[0069] Accordingly, the addition of a viscosity increasing agent to a platelet additive solution in accordance with the present
invention can provide several potential commercial benefits when compared to known platelet additive solutions, such as
improvements in platelet production time and yield, and at the same time provide a storage solution that is comparable or better
than plasma. As well, when combined with pathogen-inactivating agents, a better recovery and consequent higher concentration
of platelets at the outset could result in less collateral platelet loss due to the pathogen-inactivation process.
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Patentkrav

1. Blodpladeadditivoplgsning (platelet additive solution — PAS) omfattende et
viskositetsforggende middel tilvejebragt ved en koncentration, der er effektiv til
opnéelse af en PAS-viskositet i omradet fra 1,128 centipoise til 1,228 centipoise
nér malt ved 37 °C, hvor det viskositetsforggende middel er hydroxyethylstivelse

(valgfrit pentastivelse) eller polyglycidol.

2. Blodpladeadditivoplgsning ifglge krav 1, hvor hydroxyethylstivelsen omfatter
pentastivelse.

3. Blodpladeadditivoplgsning ifglge krav 1, hvor det viskositetsforggende middel
tilvejebringes ved en koncentration, der er effektiv til opnaelse af en PAS-
viskositet pd omkring 1,178 centipoise.

4. Blodpladeadditivoplgsning ifglge et hvilket som helst af kravene 1 til 3,
yderligere omfattende mindst én energikilde, mindst én bufferkomponent, mindst
ét chelateringsmiddel, mindst én saltkomponent og valgfrit mindst én metabolisk

regulator og/eller membranpolaritetsstabiliserende komponent.

5. Blodpladeadditivoplgsning ifglge krav 4, hvor den mindst ene saltkomponent
tilvejebringes ved en koncentration, der er tilstraekkelig til at give en PAS-

osmolalitet i omradet fra 250 mOsm til 400 mOsm.

6. Blodpladeadditivoplgsning ifglge krav 5, hvor den mindst ene saltkomponent
tilvejebringes ved en koncentration, der er tilstraekkelig til at give en PAS-
osmolalitet i omradet fra 290 mOsm til 300 mOsm.

7. Blodpladeadditivoplgsning ifglge krav 4 yderligere omfattende 10,0-10,9 mM
Nascitrat, 27,0-32,5 mM Na-acetat og 69,0-115 mM NaCl, og hvor det
viskositetsforggende middel er pentastivelse ved en koncentration i omradet fra
2 % til 3,5 % vaegt/volumen.

8. Blodpladeadditivoplgsning ifglge krav 4 yderligere omfattende 10,0-10,9 mM
Nascitrat, 27,0-32,5 mM Na-acetat og 69,0-115 mM NaCl, og hvor det
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viskositetsforggende middel er polyglycidol ved en koncentration i omradet fra

3,6 % til 4,6 % vaegt/volumen.

9. Blodpladeadditivoplgsning ifglge et hvilket som helst af kravene 1 til 8
yderligere omfattende en eller flere af Na-gluconat, NaH2P0O4, Na:HPO4, MgClz og
KCI.

10. Oplgsningssystem til fremstilling af blodpladekoncentrater omfattende mindst
ét viskositetsforggende middel og blodpladeadditivoplgsningskomponenter, hvor
det viskositetsforggende middel og blodpladeadditivoplgsningskomponenterne
tilvejebringes i mindst én beholder tilvejebragt i effektive koncentrationer til
opnéelse af en viskositetsforagende middel-infunderet blodpladeadditivoplgsning
med en viskositet, ndr de kombineres, i omradet fra 1,128 centipoise til 1,228
centipoise ndr malt ved 37 °C, og hvor det viskositetsforggende middel er
hydroxyethylstivelse (valgfrit pentastivelse) eller polyglycidol.

11. Oplgsningssystem ifglge krav 10, hvor et eller flere af det mindst ene
viskositetsforggende middel og blodpladeadditivoplgsningskomponenter

tilvejebringes i mindst én steril vandig oplgsning.

12. Oplgsningssystem ifglge krav 10 eller 11, hvor et eller flere af det mindst ene
viskositetsforggende middel og blodpladeadditivoplgsningskomponenter

tilvejebringes som et genoplgseligt materiale.

13. Oplgsningssystem ifglge et hvilket som helst af kravene 10 til 12, hvor den
mindst ene beholder er valgt fra en blodpose, en serumflaske, et serumrgr og et

haetteglas.

14. Oplgsningssystem ifglge et hvilket som helst af kravene 10 til 13, hvor
blodpladeadditivoplgsningskomponenterne omfatter mindst én energikilde, mindst
én bufferkomponent, mindst ét chelateringsmiddel, mindst én saltkomponent og
valgfrit mindst én metabolisk regulator og/eller membranpolaritetsstabiliserende

komponent alle ved effektive koncentrationer.



3 DK/EP 1886559 T3

15. Oplgsningssystem ifglge krav 14, hvor den mindst ene saltkomponent
tilvejebringes ved en koncentration, der er tilstraekkelig til at give en PAS-
osmolalitet i omradet fra 250 mOsm til 400 mOsm.

16. Oplgsningssystem ifglge et hvilket som helst af kravene 10 til 15, hvor
blodpladeadditivoplgsningskomponenterne omfatter 10,0-10,9 mM Nascitrat,
27,0-32,5 mM Na-acetat og 69,0-115 mM NacCl.

17. Anvendelse af en blodpladeadditivoplgsning ifglge et hvilket som helst af
kravene 1 til 9 eller et oplgsningssystem ifglge krav et hvilket om helst af kravene
10 til 16 til fremstilling af et poolet blodpladekoncentrat.

18. Fremgangsmade til fremstilling af en buffycoatpool i en
blodpladeadditivoplgsning omfattende viskositetsforggende middel, hvor
fremgangsmé&den omfatter trinnene:

a) docking af en koncentreret blodpladeadditivoplgsning og en koncentreret
oplgsning af viskositetsforggende middel til en eller flere fremstillede buffycoats i

blodposer;
b) pooling af buffycoats; og

¢) tilszetning af den koncentrerede blodpladeadditivoplgsning og den

koncentrerede oplgsning af viskositetsforggende middel til de poolede buffycoats;

hvorved blandingen af de poolede buffycoats, den koncentrerede
blodpladeadditivoplgsning og den koncentrerede oplgsning af viskositetsforggende
middel har en viskositet pa fra 1,128 centipoise til 1,228 centipoise nar malt ved
37 °C, og hvor det viskositetsforggende middel er hydroxyethylstivelse (valgfrit
pentastivelse) eller polyglycidol.
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DRAWINGS
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FIGURE 4
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FIGURE 5




DK/EP 1886559 T3

9 JANOI4

(Twigoy/B) jopeaiBAiod %

9 g v € (4 b 0
- : - : : 0
20
99660 = o
001208890 = £ [ 90
- 80
'\\\\‘\‘ﬁ 1

d0 81} L= AISOoSIA ewiseld pamsespy /\/\ I

—
@ % o
R

{do) saeubBap s& @ As0osIp




DK/EP 1886559 T3

(%) Azenoaay

4 3AbNOI4
(8) 82104 jeBryLUL) BARE|EY
Q081 002} oovk 00zt oo 008 009 00v
¥ . eQ09} IopsokibAlod .og r 0004
\ . .
. +dSS 00BNy, | [ 0002
0008
002S3H o8- —3—
. F 00°0F
BWSE|d UBWNH —g—
. I 00°0S
N .
NN 1% % % 0009
RN ooz
* \

T gﬂ%l:% - o008
: T

F 0008

# 00°004



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

