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New protecting compositions for recombinantly produced factor VIII

The present invention relates to lyophilized formulations with capacity to protect recombinantly
produced factor VIII (r-factor VIII) of high purity. The invention also relates to liquid
formulations of r-factor VIII prior to lyophilization and after reconstitution of the lyophilized

solid formulation to an injectable liquid.

Factor VIII 1s an essential blood plasma protein involved in the blood coagulation process.
Deficiency of this coagulation factor results in Hemophilia A, a life-threatening disease that must
be treated by factor VIII replacement therapy. Traditionally, concentrates of purified plasma-
dertved factor VIII (p-factor VIII) have been used for replacement therapy. More recently,
recombinantly produced factor VIII (r-factor VIII) has become available which provides a supply

independently of plasma donation, reducing the risk of virus-transmitted diseases.

Factor VIII 1s a complex molecule and a very sensitive protein associated with activity loss over
time. In the blood, other blood proteins, such as human serum albumin (HSA) and von
Willebrand factor (vWF) assist in preserving the coagulant activity of factor VIII. However, i1t 1s
desirable to avoid the presence of proteins obtained by purification of blood plasma in
pharmaccutical formulations of r-factor VIII, because of the risk of virus transmission. Thus, 1t 1s
essential to provide compositions of other pharmaceutically acceptable excipients to protect r-
factor VIII against physical and chemical degradation and aggregation, which cause activity loss.
A commonly used technique to prevent loss of protein activity during long-term storage 1s to
preparc dry solid pharmaceutical formulations by lyophilization (freeze-drying). The
pharmaceutical excipients must also protect factor VIII during the pharmaceutical process, during
long-time storage and after reconstitution of the freeze-dried formulation to a solution for

administration.

The DNA sequence of factor VIII 1s divided into six domains; three A-, two C- and onec B-
domain and the protein contains interaction sites for other clotting factors, vWF, phospholipids
and metal 1ons. The smallest active form of the factor VIII protein lacks the B domain and 1s

composed of a light chain of 80 kDa associated with a heavy chain of 90 kDa (Wang W. et al,
2003). Both full-length (Kogenate®, Bayer, Helixate®, CSL Behring, Recombinate®, Baxter

and Advate®, Baxter) and B-domain deleted (ReFacto®, Wyeth and Xyntha®, Wyeth) r-factor
VIII drug products are on the market today.
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In a pharmaceutical formulation of factor VIII all components need to be carefully selected. Each
excipient provides a protective function to keep a high yield of factor VIII throughout the
pharmaceutical process, long-term storage, and finally reconstitution and administration to the

patient. In addition, the clinical safety of all excipients 1s considered.

The purpose of the lyophilization (Manning, M. C. ef al, 1989, Tang, X. et al, 2004, Schwegman,
J. J. et al, 2005) 1s to remove water from the formulation, since adverse physical and chemical

reactions often take place 1in the aqueous phase.

Cryo-/lyoprotectants are required to protect the protein during the freeze-drying process and

during storage, by forming an amorphous matrix surrounding the protein.

A bulking agent 1s included to function as a cake former to give mechanical support during
freeze-drying and to increase the dry weight of the drug product. The bulking agent thereby

contributes to provide a uniform quality and appearance of a lyophilized product.

A buffering agent can be added to maintain the pH to a value suitable for the protein and for

therapeutic use of the product.

Because of the high potency of factor VIII, the concentration of factor VIII in therapeutic
solutions 1s low. In addition, factor VIII easily adsorbs to surfaces, making surface adsorption a
major source of activity loss during manufacturing and after reconstitution of the product. For
currently marketed factor VIII products, 1t 1s usually claimed that a surface-active agent 1s used
above 1ts critical micelle concentration (cmc), which 1s the solution concentration at which the
surface-active agent form micellar aggregates. The cmc values of polyoxyethylene-containing
non-ionic detergents are temperature dependent in that the cmc value becomes higher at lower

temperatures (Alexandridis, P. et al, 1994, Nilsson , M. et al, 2007). The cmc of Poloxamer 188
1s at least 20-30 mg/ml at 37°C (Kabanov, A. V. et al, 1995, Alexandridis, P. et al, 1994,
Moghimi, S. M. et al, 2004) and increasing to 100 mg/ml at 20°C (Nakashima, K. ef a/, 1994).

Thus, according to these reports, the cmc of Poloxamer 188 1s within the interval of 20-100

mg/ml at 25°C.

Metal ions have been shown to be involved in the association of the light and heavy chains of

factor VIII (Wang W er al, 2003) and therefore calcium 1ons (Ca’") are normally present in
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formulations of factor VIII to maintain the association of the complex of the 80 and 90 kDa

chains.
Considerable efforts have been made to find suitable formulations of factor VIII, for example:

A publication by Osterberg et al (1997) describes a formulation comprising sodium chloride as

bulking agent, in combination with a surfactant, calcium chloride and sucrose as stabilizer and

histidine as buffering agent.

US-B-7247707 (Besman et al) discloses albumin-free formulations comprising 300 to 500 mM
sodium chloride, 1 to 4% of a stabilizer chosen from the group consisting of sucrose, trehalose,
raffinose and arginine, 1 to 5 mM CaCl,, and a buffering agent, preferably histidine. A surfactant

1s also included 1n the composition, at a concentration up to 0.1%.

US-A-5874408 (Nayar) describes a formulation of recombinant factor VIII, which comprises
glycine, histidine, sucrose, CaCl, and small amounts of sodium chloride. Nayar discovered that
histidine, which 1s included as buffering agent in all commercially available r- factor VIII
preparations today, had a de-stabilizing effect in lyophilized factor VIII formulations. This effect

was however overcome by the addition of salts, glycine and sucrose.

US-A-4877608 (Lee et al) describes the use of a highly purified factor VIII protein formulation
1n an aqueous solution consisting essentially of therapeutically active factor VIII with an activity
of at least 130 IU/mg; 0.4 to 1.2 M sodium chloride, potassium chloride or mixtures thereof; 1.5
to 40 mM calcium chloride and 1 to 50 mM histidine and optionally up to 10% sugar chosen

from the group consisting of mannitol, sucrose and maltose.

US-A-2005/0256038 (White et al) teaches a lyophilized factor VIII composition comprising a

surfactant, calctum chloride, sucrose, sodium chloride, trisodium citrate and a buffer devoid of

amino acids.

WO0O-A-99/10011 (Kanellos et al) discloses heat-treated formulations for plasma factor VIII, with
high purity. The formulation comprises a stabilizing effective amount of sucrose, trehalose and at
least one amino acid. The amino acid that 1s preferred 1s lysine, but others that can be used are
1soleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine, alanine,

argining, histidine, proline, serine and glycine.
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EP-A-1016673 (Osterberg et al) teaches the use of formulations comprising a non-ionic
surfactant as a stabilizer and factor VIII having a specific activity of more than 5000 IU/mg.
Further 1t 1S stated that the surfactant concentration should be above the critical micelle

concentration, in an amount of at least 0.01 mg/ml.

US-B-6887852 (Paik et al) describes a lyophilized factor VIII formulation comprising a mixture
of L-arginine, L-1soleucine and L-glutamic acid as a stabilizer. The basic formulation comprises
low amounts of sodium chloride, calctum chloride and histidine. No surface-active agent 1s added
to the composition, since the formulation as disclosed show a better stability compared to

formulations comprising surfactant.

US-A-5565427 (Freudenberg) teaches the use of a stable solution of factor VIII comprising a

detergent and an amino acid or one of its salts. The specific activity of the protein 1s at least 2000

IU/mg.

US-A-5328694 (Schwinn) discloses a stable injectable solution comprising factor VIII purified
from plasma and a combination of disaccharides and one or more amino acids. Preferably, the

amino acid 1s lysine or glycine.

The present invention relates to compositions of recombinantly produced factor VIII (r-factor
VIII) of high purity. The compositions are histidine-free. In order to exert maximum protecting
effects, the presently invented compositions are based on purposeful selections of excipients such
as a cryo-/lyoprotectant, a bulking agent and a surface-active agent. Each added excipient may
not exert its protective effects at all stages, 1.e. during the pharmaceutical process, long-time

storage and during reconstitution and administration.

The lyophilized formulations of the present invention are not limited to have the same filled
volume and reconstitution volume. To a person skilled in the art 1t will be evident that the

formulated product also can be reconstituted in a more dilute form.

The present invention 1s related with a composition according to claam 1 having a capacity to

protect recombinantly produced factor VIII.

The histidine-free compositions of r-factor VIII according to the present invention generally

include a cryo-/lyoprotectant that 1s arginine or sucrose, or a combination of arginine and sucrose;
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a bulking agent that 1s sodium chloride or arginine; a surface-active agent; and optionally a pH
buffering agent. The term “histidine-free” when appearing 1n the present contexts shall not mean
compositions “devoid of histidine”, since minor amounts may follow the bulk drug substance
from previous manufacturing steps, but rather that no histidine has been added during the
pharmaceutical processing. Histidine 1s frequently used as buffering agent in factor VIII
compositions and while some sources report a stabilizing effect on factor VIII (EP-A-1016673,
Osterberg et al), other sources report a destabilizing effect in formulations of factor VIII (US-A-
5874408, Nayar). The present invention, when appropriate, embodies sodium citrate, maleic acid
or Tris (tris(hydroxymethyl)aminomethane) as a pH buffering agent. The buffering agent is ¢.g.
sodium citrate, present in an amount to maintain a pH ranging from 6.5 to 7.5. A suitable form of
the sodium citrate 1s the dihydrate salt. Generally, the compositions according to the invention
can be m lyophilized form, but are also represented by solutions such as a solution to be

lyophilized and a solution reconstituted from a lyophilized composition.

The compositions may further comprise calcium chloride 1n amount of about 0.5 to 10 mM to
improve specific stabilization of the factor VIII molecule. The compositions can further comprise

other compounds like antioxidants, such as glutathione or methionine.

A bulking agent 1s referred to as an excipient present in the formulation to provide mechanical
support to the lyophilized cake and to increase the dry weight. The bulking agent can either be 1n

a crystalline state, as sodium chloride, or in an amorphous state, as arginine.

A pH buffering agent 1s referred to as a compound with a buffering capacity in the pH range
between about pH 5 and 9. The buffering capacity relates to a pKa value of the buffering agent

within the said pH interval.

An 10nic strength provider 1s referred to as an 1onic compound that 1s present in the formulation

to increase the 1onic strength.

A cryo- and lyoprotectant (cryo-/lyoprotectant) 1s a compound present in the formulation to
decrease or even prevent loss of protein activity during the freezing and drying steps of a

lyophilization process and during subsequent storage of the lyophilized product.

A surface-active agent shall mean a compound that adsorbs to surfaces and interfaces and thereby
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counteracts activity loss of factor VIII due to adsorption. This type of activity loss may occur
during the entire pharmaceutical processing as well as while handling the reconstituted product
prior to and during administration to a patient. Some surface-active agents form micellar
aggregates 1n solution. The critical micelle concentration of a surface-active agent 1s the

concentration above which micelles are formed.

A protective composition of factor VIII means a formulation composed of selected excipients,
cach of the excipients providing a protective function to keep a high yield of factor VIII
throughout the pharmaceutical processing, long-term storage, and finally reconstitution and
administration to the patient. The pharmaceutical processing refers particularly to the last stages
of the manufacturing process, starting from the arrival of bulk drug substance from production
until the end of lyophilization of the formulated drug product. It should be understood that the
steps of the pharmaceutical processing are generally well known to a person skilled 1n protein
formulation and include steps like formulation, sterile filtration, filling into wvials and

lyophilization.

Loss of active factor VIII has a broad meaning including, but not limited to, loss due to surface
adsorption, aggregation, physical and/or chemical changes of the protein structure, or loss from

discarding unsatisfactory appearing lyophilizates.

The r-factor VIII, in particular 1s a deletion derivative fully or partially lacking the B-domain,
thereby providing a specific activity which can vastly exceed 5000 IU/mg prior to formulation.
Examples of such deletion derivatives fully or partially lacking their B-domains are disclosed and
prepared in EP-A-1136553 (Hauser et al) and EP-A-1739179 (Schroder et a/) from human cell
lines. It 1s appreciated that the presently invented compositions, as being described in the

following section, are especially well suited to protect such deletion derivatives of factor VIII.

In accordance with the present invention, the cryo-/lyoprotectant 1s arginine or sucrose, or a
combination of arginine and sucrose. Arginine can typically be a salt or a derivative of arginine,

such as arginine hydrochloride.

The bulking agent according to the present invention also has the additional function of being an
1onic strength provider, which minimizes the number of components necessary for an adequate

clinical product. Bulking agents according to the present invention can be sodium chloride or
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arginine. Arginine can be 1n a salt form, 1n particular in the hydrochloride form.

According to one embodiment of the present invention, the cryo-/lyoprotectant 1s a combination
of arginine and sucrose. The bulking agent and 1onic strength provider in particular 1s sodium
chloride. If sodium chloride acts as bulking agent, the composition of the invention 1s 1n
particular comprising as a cryo/lyoprotectant about 3-15 mg/ml of sucrose and about 3-15 mg/ml
of arginine with a proviso that at least 6 mg/ml of cryo/lyoprotectant 1s present, and as a bulking
agent of about 10 mg/ml to about 40 mg/ml of sodium chloride. The composition may
particularly comprise about 3 mg/ml to about 10 mg/ml, particularly about 4.5 mg/ml to about 9
mg/ml sucrose, about 3 mg/ml to about 8§ mg/ml, particularly about 4.5 mg/ml to about 6.8 mg/ml
arginine and in particular about 15 mg/ml to about 23 mg/ml sodium chloride. Other suitable
concentration ranges comprise in particular, about 4.5 to about 6.8 mg/ml of sucrose, about 4.5
mg/ml to about 6.8 mg/ml of arginine and about 15 mg/ml to about 23 mg/ml sodium chloride.
Preferably, arginine and sucrose are present in equal amounts. The composition comprises then
up to about 9 mg/ml arginine and up to about 9 mg/ml sucrose. Furthermore the composition may
comprise calcium chloride, a surface-active agent and, optionally, sodium citrate as pH buftfering
agent. In another embodiment, the composition of the invention comprises sucrose in an amount
of about 10 mg/ml to about 25 mg/ml and sodium chloride in an amount of 10 mg/ml to 40

mg/ml.

According to another embodiment, the composition 1s as an alternative essentially free of sodium
chloride, the cryo-/lyoprotectant 1s sucrose and the bulking agent and 1onic strength provider 1s
arginine. In particular, the composition comprises about 5 to about 25 mg/ml of sucrose and
about 20 to about 70 mg/ml of arginine. Further this composition can comprise calcium chloride,
a surface-active agent and, optionally, sodium citrate as buffering agent. The term “essentially
free of sodium chloride” when appearing 1n the present contexts should not mean compositions
“devoid of any sodium chloride™, but rather contains traces of NaCl e. g. <1 %, since minor
amounts of sodium chloride may follow the bulk drug substance from earlier manufacturing

steps, but rather that no sodium chloride has been added during the pharmaceutical processing.

Typically, the composition is provided in lyophilized form. In still another embodiment of the
invention, the composition 1s provided in form of a solution to be lyophilized or in the form of a

reconstituted solution prepared from a lyophilized composition and diluent.
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In a further embodiment, 1in the composition of the invention the surface-active agent 1s a protein,
in particular a recombinant protein. The protein 1s 1n particular recombinantly produced albumin,
¢.g. In an amount of about 0.5 mg/ml to about 5 mg/ml. This amount 1s considerably less than and
differs from the amount commonly used 1n traditional formulations of plasma derived factor VIII,
where the albumin functions as the only cryo/lyo protectant. Surprisingly albumin in particular
recombinant albumin 1s very suitable for use as surface active agent in formulations of

recombinant factor VIII to be stored at room temperature.

In another embodiment of the invention, the surface-active agent 1s a non-1onic surfactant, e¢.g. a
polyoxyethylene-polyoxypropylene copolymer. According to the invention, the surface-active
agent 1s present 1n a concentration below the critical micelle concentration, e.g. for

polyoxyethylene-polyoxypropylene copolymer less than about 5 mg/ml.

In an embodiment of the invention, the composition comprises a r-factor VIII having a specific

activity > 5000 IU/mg protein.

According to still a further embodiment, the composition has a cryo-/lyoprotectant and a bulking
agent that 1s arginine, which also acts as an 1onic strength provider. In particular, arginine 1s
present in an amount of about 20 mg/ml to about 70 mg/ml. Further this composition can
comprise calcium chloride, a surface-active agent and, optionally, sodium citrate as buffering

agent.

The various embodied compositions all comprise a surface-active agent that in one aspect 1s a
non-1onic detergent, in particular a polymeric non-1onic surfactant of block copolymer type, such
as a polyoxyethylene-polyoxypropylene copolymer, ¢.g. Poloxamer 188, or a non-1onic surfactant
of polyoxyethylene sorbitan fatty acid ester type, e¢.g. Polysorbate 20 or Polysorbate 80. A
suitable non-1onic surfactant 1s Poloxamer 188, which may be used at a concentration below its

critical micelle concentration (cmc), preferably in particular at concentrations below about 5

mg/ml. The cmc of Poloxamer 188 has been reported to be in the range of 20-100 mg/ml at 25°C

(Kabanov, A. V. et al, 1995, Alexandnidis, P. et al, 1994, Moghimi, S. M. et al, 2004,
Nakashima, K. etf al, 1994).

In another aspect the surface-active agent 1s a recombinantly produced protein other than the

factor VIII protein, in particular recombinant human albumin, particularly, such compositions
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comprise recombinantly produced albumin in an amount of about 0.5 mg/ml to about 5 mg/ml.

The various embodiments will be described in further detail in the following examples which.
1llustrate the invention but should not be considered to be a restriction or a limitation of the scope

of the invention.

Examples

The factor VIII used in the experiments 1s a recombinant human B-domain deleted factor VIII
protein, produced in the human cell line HEK293F according to the process described in EP
1739179 (Schroder et al). The purification process consisted of five chromatography steps and
generated a highly pure factor VIII protein preparation (Winge et al, European patent application

08 158 893.1) with a human glycosylation like pattern (Sandberg et al, European patent
application 08 162 765.5).

The protein activity was measured with a chromogenic assay or with the one stage assay.

The chromogenic assay 1s a two-stage photometric method that measures the biological activity
of factor VIII as a cofactor. Factor VIII activates factor X into factor Xa, which in turn 1s

enzymatically cleaved into a product that can be quantified spectrophotometrically.

The one-stage assay 1s based on the ability of a factor VIII containing sample to correct the
coagulation time of factor VIII deficient plasma 1n the presence of phospholipid, contact activator

and calcium 1ons. The time of appearance of a fibrin clot 1s measured 1n one step.

EXAMPLE 1

The recombinant factor VIII was prepared according to the description in the experimental
section above. This experiment compares a formulation having a cryo-/lyoprotectant that 1s a
combination of arginine and sucrose with formulations having either sucrose or arginine as cryo-

/lyoprotectant. Sodium chloride functions as a bulking agent and 10nic strength provider.

The formulations were investigated for factor VIII recovery in lyophilized formulations, at an

initial concentration of 150 IU/ml. The compositions investigated are displayed in Table 1.
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TABLE I — Composition

1A 1B
Sucrose, mg/ml 9 -
Arginine HCI, mg/ml 9 9
Sodium chloride, mg/ml 30 30
Calcium chloride dihydrate, mg/ml 0.5 0.5
Poloxamer 188, mg/ml 2 2
Sodium citrate dihydrate, mg/ml 2 2

PCT/EP2009/061402

1C

30
0.5

1.5 ml aliquots of the solutions were lyophilized in a laboratory scale freeze-drier. The

lyophilized samples were stored for up to 12 months at +5°C, +25°C and +40°C to evaluate the

O protein activity over time. The samples were reconstituted in 1.5 ml water for injections and

analyzed with the chromogenic assay, described in the experimental section above. Results are

summarized in Table 11.

TABLE II — Results

Factor VIII activity over time (months),

(% of 1nitial value)

0 0.5 | 2 3
1A 5°C | 100 n.a. 107 n.a. 95
25°C | 100 97 99 95 39
40°C | 100 93 102 76 n.a.
1B 5°C | 100 n.a. 106 n.a. 31
25°C | 100 98 99 96 34
40°C | 100 83 79 59 n.a.
1C 5°C | 100 n.a. 101 n.a. 36
25°C | 100 83 36 30 33
40°C | 100 70 66 56 n.a.

n.a. not analyzed

116
26
n.a.
111
31
n.a.
102
32

n.da.

92
76

Nn.d.

97
62

n.da.

33
71

n.da.

12

90
70
n.a.
92
45
n.a.
32
63

n.da.

10  The results of Example 1 show that, surprisingly, there 1s an additive synergistic cryo-
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/lyoprotectant effect between sucrose and arginine, as formulation 1A shows a better activity

recovery over time compared to formulations 1B and 1C.

EXAMPLE 2

The recombinant factor VIII was prepared according to the description in the experimental
section above. This experiment investigates formulations having sucrose as cryo-/lyoprotectant
and arginine as bulking agent and 1onic strength provider. The formulations were investigated for
factor VIII recovery 1n lyophilized formulations, at an initial concentration of 150 IU/ml. The

compositions investigated are shown in Table I1I.

TABLE III — Composition

2A 2B 2C
Sucrose, mg/ml 10 10 10
Arginine HCI, mg/ml 50 35 70
Calcium chloride dihydrate, mg/ml 0.5 0.5 0.5
Poloxamer 188, mg/ml 2 2 2
Sodium citrate dihydrate, mg/ml 2 2 2

1.5 ml aliquots of the solutions were lyophilized in a laboratory scale freeze-drier. The
lyophilized samples were stored for up to 12 months at +5°C, +25°C and +40°C to evaluate the
protein activity over time. The samples were reconstituted 1in 1.5 ml water for injections and
analyzed with the chromogenic assay, as described in the experimental section above. The results

are summarized in Table IV, as percentage of the initial value.



10

CA 02735376 2011-02-25
WO 2010/026186 PCT/EP2009/061402

12

TABLE IV — Results

Factor VIII activity over time (months),

(% of initial value)

0 | 3 6 9 12

2A 5°C | 100 94 30 92 39 101
25°C | 100 94 84 36 74 34

40°C | 100 90 31 n.a. n.a. n.a.

2B 5°C | 100 99 39 90 83 103
25°C | 100 99 93 36 30 36

40°C | 100 97 82 n.a. n.a. n.a.
2C 5°C | 100 97 33 93 38 97
25°C | 100 93 78 37 76 30

40°C | 100 90 n.a. n.a. n.a. n.a.

n.a. not analyzed

The results of Example 2 show that arginine functions satisfactorily as a bulking agent and 1onic

strength provider in combination with sucrose as a cryo-/lyoprotectant.

EXAMPLE 3

The recombinant factor VIII was prepared according to the description in the experimental
section above. This experiment compares formulations with either Poloxamer 188 or Polysorbate
80 as a surface-active agent with a formulation devoid of surface-active agent. The cryo-
/lyoprotectant 1s a combination of arginine and sucrose, and sodium chloride 1s used as a bulking
agent and 1onic strength provider. The formulations displayed in Table V were investigated for

factor VIII recovery over the lyophilization step, at an initial factor VIII concentration of 150

TU/ml.
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TABLE V — Composition

3A 3B 3C
Sucrose, mg/ml 9 9 9
Arginine HCI, mg/ml 9 9 9
Sodium chloride, mg/ml 30 30 30
Calcium chloride dihydrate, mg/ml 0.5 0.5 0.5
Poloxamer 188, mg/ml 2 - -
Polysorbate 80, mg/ml - 0.2 -
Sodium citrate dihydrate, mg/ml 2 2 2

1.5 ml aliquots of the solutions were lyophilized 1n a laboratory scale freeze-drier. Samples were
taken prior to lyophilization and frozen. Lyophilized samples were reconstituted in 1.5 ml water
for injections prior to analysis. The factor VIII activity was analyzed with the chromogenic assay,
described 1n the experimental section above. The results of the activity recovery in freeze-thawed

samples and over the lyophilization step are shown in Table VI.

TABLE VI — Results, activity recovery over the lyophilization step.

Factor VIII activity,
(% of added amount)
Added Freeze- Reconstituted after
amount thawed lyophilization
3A 100 104 93
3B 100 101 97
3C 100 18 0

The results of Example 3 show that a surface-active agent 1s needed in the formulation to
counteract protein losses probably caused by surface adsorption both over a freeze-thawed step
and over the lyophilization process. This example further shows that the non-ionic polymeric
surface-active agent Poloxamer 188, when used at a concentration below the critical micelle
concentration (cmc), effectively protects factor VIII during lyophilization. The protective effect 1s
equally high as that of the non-1onic surface-active agent Polysorbate 80, used above its cmc

value.
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EXAMPLE 4

Example 3 showed that a surface-active agent 1s needed in the formulation to avoid factor VIII
activity loss caused by surface adsorption and this example investigates if recombinant albumin

can be used for this purpose.

The recombinant factor VIII was prepared according to the description in the experimental
section above. The formulations displayed in Table VII were investigated for factor VIII activity
recovery 1n solution, at an itial factor VIII concentration of 140 IU/ml. The protein
formulations were stored at +25°C and were analyzed on day 0, 3, 7 and 10 with the chromogenic
assay, described 1n the experimental section above. The results are displayed in Table VIII, as

percentage of initial value.

TABLE VII - Composition

4A 4B 4C 4D
Sucrose, mg/ml 9 9 9 9
Arginine HCI, mg/ml 9 9 9 9
Sodium chloride, mg/ml 30 30 30 30
Calcium chloride, mg/ml 0.5 0.5 0.5 0.5
Poloxamer 188, mg/ml 2 - - -
Recombinant albumin, mg/ml - 1 2 4
Sodium citrate, mg/ml 2 2 2 2

TABLE VIII - Results

Factor VIII activity over time (days),

(% of initial value)

0 3 7 10
4A 100 93 37 33
4B 100 103 99 26
4C 100 110 104 100

4D 100 26 95 39
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The results of Example 4 show that recombinant albumin can protect r-factor VIII against activity

losses probably caused by surface adsorption.

EXAMPLE 5

Example 3 showed that a surface-active agent 1s needed in the formulation to avoid factor VIII
activity loss probably caused by surface adsorption and Example 4 showed that recombinant
albumin could be used to prevent loss of protein activity in solution. This example investigates 1f

recombinant albumin protects protein activity loss probably due to surface adsorption also 1n the

lyophilization step.

The recombinant factor VIII was prepared according to the description in the experimental
section above. The formulations are devoid of non-1onic detergent, but with recombinant albumin
added to prevent activity losses. The cryo-/lyoprotectant 1s a combination of arginine and sucrose,
and sodium chloride 1s used as a bulking agent and 1onic strength provider. The formulations
displayed 1n Table VII were investigated for factor VIII recovery in lyophilized formulations, at

an 1nitial factor VIII concentration of 150 IU/ml.

1.5 ml aliquots of the solutions were lyophilized in a laboratory scale freeze-drier. The
lyophilized samples are stored for up to 12 months at +5°C, +25°C and +40°C to evaluate the
protein activity over time. The samples are reconstituted in 1.5 ml water for injections and
analyzed with the chromogenic assay, described 1in the experimental section above. Results are

summarized in Table IX.
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TABLE IX — Results.

4A

4B

4C

4D

WO 2010/026186

S°C
25°C
40°C
S°C
25°C
40°C
S°C
25°C
40°C
S°C
25°C
40°C

n.a. not analyzed

The results of Example 5 show that recombinant albumin can replace a non-ionic detergent in r-
factor VIII formulations (formulations 4B to 4D) to avoid activity losses probably caused by
surface adsorption i1n the lyophilization step. It also shows that recombinant albumin 1s very
suitable for use as a surface active agent in formulations of recombinant factor VIII to be stored

at room temperature.
EXAMPLE 6

The recombinant factor VIII was prepared according to the description in the experimental
section above. The formulations are devoid of non-1onic detergent, but with recombinant albumin
added to prevent activity losses may be due to surface adsorption. The cryo-/lyoprotectant 1s
sucrose, and sodium chloride 1s used as a bulking agent and 1onic strength provider. The

formulations displayed 1in Table X were investigated for factor VIII recovery in lyophilized

100
100
100
100
100
100
100
100
100
100

100
100

CA 02735376 2011-02-25

(% of initial value)

0

1

110
104
34
99
100
31
101
106
108

100

99
101

117
95
47
100
98
74
114
105
101
103
112
93

6

93
75
n.a.
94
92

n.d.

103
102

n.d.

99
103

Nn.d.

Factor VIII activity over time (months),

112
74
n.a.
97
95

n.d.

106
102

n.da.

96
99

n.d.

formulations, at an 1nitial factor VIII concentration of 160 IU/ml.

12

100
59
n.a.
95
92

n.da.

112
102

n.a.
101
99

n.d.

PCT/EP2009/061402
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TABLE X - Composition

Sucrose, mg/ml

Sodium chloride, mg/ml

Calcium chloride, mg/ml

Recombinant albumin, mg/ml

Sodium citrate, mg/ml

1.5 ml aliquots of the solutions were lyophilized in a laboratory scale freeze-drier. The
lyophilized samples are stored for up to 6 months at +5°C, +25°C and +40°C to evaluate the

protein activity over time. The samples are reconstituted in 1.5 ml water for injections and

analyzed with the chromogenic assay, described in the experimental section above. Results are

shown in Table XI.

TABLE XI - Results

6A

6B

Factor VIII activity over time (months),

(% of 1nitial value)

0
S°C | 100
25°C | 100
40°C | 100
5°C | 100
25°C | 100
40°C | 100

n.a. not analyzed

The results of Example 6 show that recombinant albumin can replace a non-ionic detergent in r-
factor VIII formulations to avoid activity losses may be caused by surface adsorption in the

lyophilization step. It also shows that recombinant albumin 1s very suitable for use as a surface

CA 02735376 2011-02-25

O6A
24
30

0.5
2

2

1
n.a.

26
99
n.a.
102
101

n.d.

n.da.

39

n.da.

n.d.

99

17

6B
24
30
0.5

93
106
39
95
79
102

101
101

n.d.

107
104

n.da.

PCT/EP2009/061402

active agent 1n formulations of recombinant factor VIII to be stored at room temperature.
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EXAMPLE 7

This example investigates the factor VIII activity recovery in a solution containing histidine as a

pH buffering agent compared with a solution devoid of pH buffering agent.

The recombinant factor VIII was prepared according to the description in the experimental
section above. The solutions displayed in Table XII were investigated for factor VIII activity

recovery in solution, at an 1nitial factor VIII concentration of 100 IU/ml.

TABLE XII- Composition

TA 7B
Sodium chloride, mg/ml 18 18
Calcium chloride dihydrate, mg/ml 0.5 0.5
Polysorbate 80, mg/ml 0.2 0.2
Histidine, mg/ml 3 -

The protein formulations were stored at +25°C and were analyzed on day 0 and after 3 and 7 days
with the chromogenic assay, described in the experimental section above. The results are

displayed 1in Table X1V, as percentage of initial value.

TABLE XIV - Results

Factor VIII activity over time (days),

(% of initial value)

0 3 7
7A 100 g1 72
7B 25°C | 100 95 90

The results of Example 7 show that a formulation free of histidine protects the factor VIII better

than a formulation containing histidine.
EXAMPLE &

The recombinant factor VIII was prepared according to the description in the experimental
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section above. This experiment investigates formulations having arginine as both cryo-
/lyoprotectant, bulking agent and 1onic strength provider. The formulations were investigated for
factor VIII recovery in lyophilized formulations, at an initial concentration of 160 IU/ml. The

compositions investigated are shown 1n Table XV.

TABLE XV — Composition

SA
Arginine HCI, mg/ml 70
Calcium chloride dihydrate, mg/ml 0.5
Poloxamer 188, mg/ml 2

Sodium citrate dihydrate, mg/ml 2

1.5 ml aliquots of the solutions were lyophilized in a laboratory scale freeze-drier. The
lyophilized samples were stored for up to 9 months at +5°C, +25°C and +40°C to evaluate the
protein activity over time. The samples were reconstituted in 1.5 ml water for injections and
analyzed with the chromogenic assay, as described 1n the experimental section above. The results

are summarized in Table XVI, as percentage of the initial value.

TABLE XVI — Results

Factor VIII activity over time (months),

(% of 1nitial value)

0 | 2 3 6 9
SA 5°C | 100 38 n.a. 98 83 92
25°C | 100 33 n.a. 97 31 30
40°C | 100 83 79 33 n.a. n.a.

n.a. not analyzed

The results of Example 8 show that arginine can be a multifunctional excipient since 1t functions

satisfactorily as both bulking agent and 10nic¢ strength provider, as well as cryo/lyoprotectant.
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Claims

A histidine-free composition comprising:

a high purity factor VIII or r-factor VIII;

arginine and sucrose;

a surface-active agent to prevent or at least inhibit surface adsorption of factor VIII; and
an amount of calcium chloride for specific stabilization of factor VIII.

The histidine-free composition of claim 1, wherein sodium chloride is present as bulking
agent 1f arginine and/or sucrose are working as cryo/lyoprotectant but not as bulking

agent.

The histidine-free composition of claim 1, wherein essentially no sodium chloride 1s

present.

The histidine-free composition of claim 1, wherein essentially no sodium chloride 1s

present if arginine is used as cryo/lyoprotectant and bulking agent.

The composition according to any one of claims 1 to 4, wherein the r-factor VIII 1s a
deletion derivative of native factor VIII, partially, or entirely lacking the B-domain of

native factor VIII.
The composition according to any one of claims 1 to 5, in lyophilized form.

The composition according to any one of claims 1 to 5, in the form of a solution to be
lyophilized or in the form of a reconstituted solution prepared from a lyophilized

composition and diluent.

The composition according to any one of claims 2, and 5 to 7, comprising as a
cryo/lyoprotectant about 3-15 mg/ml of sucrose and about 3-15 mg/ml of arginine with a

proviso that at least 6 mg/ml of cryo/lyoprotectant are present, and as a bulking agent

about 10 mg/ml to about 40 mg/ml of sodium chloride.

The composition according to claim 8, wherein the cryo/lyoprotectant includes both

arginine and sucrose.

The composition according to claim 8, wherein the cryo/lyoprotectant includes about 3

mg/ml to about 10 mg/ml of sucrose.

The composition according to claim 8, wherein the cryo/lyoprotectant includes about 4.5

mg/ml to about 9 mg/ml sucrose.
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The composition according to claim 8, wherein the cryo/lyoprotectant includes about 3

mg/ml to about 8§ mg/ml of arginine.

The composition according to claim 8, wherein the cryo/lyoprotectant includes about 4.5

mg/ml to about 6.8 mg/ml of arginine.

The composition according to claim 8, wherein the cryo/lyoprotectant includes about 10

to about 40 mg/ml of NaCl.

The composition according to claim 8, wherein the cryo/lyoprotectant includes about 15

mg/ml to about 23 mg/ml of sodium chloride.

The composition of claim 1 or 2, wherein sucrose is present in an amount of about 10
mg/m! to about 25 mg/ml and sodium chloride is present of an amount of about 10

mg/ml to about 40 mg/ml.

The composition according to any one of claims 3 to 7, comprising a cryo/lyoprotectant

that is sucrose and a bulking agent that 1s arginine.

The composition according to claim 17, comprising a cryo/lyoprotectant that is about

mg/ml to about 25 mg/ml of sucrose and about 20 mg/ml to about 70 mg/ml of arginine.

The composition according to any one of claims 3 to 7, wherein arginine functions as

both bulking agent and cryo/lyoprotectant.

The composition according to claim 19, wherein the arginine is present in an amount of

about 20 mg/ml to about 70 mg/ml.

The composition according to any one of claims 1 to 20, wherein the surface-active agent
1S a protein.

The composition according to any one of claims 1 to 21, wherein the surface-active agent

is @ recombinant protein.

The composition according to claim 21 or 22, wherein the protein is recombinantly
produced albumin.
The composition according to claim 23, wherein the recombinantly produced albumin is

produced in an amount of about 0.5 mg/ml to about 5 mg/ml.

The composition according to any one of claims 1 to 20, wherein the surface-active agent

1S a non-ionic surfactant.

The composition of claim 25, wherein the surface-active agent is present n a

concentration below the critical micelle concentration.
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27. The composition according to claim 25 or 26, wherein the non-ionic surfactant is a

polyoxyethylene-polyoxypropylene copolymer.

28. The composition of claim 27, wherein the concentration of the polyoxyethylene-

polyoxypropylene copolymer is about 0.1 mg/ml to about 5 mg/ml.

29. The composition according to any one of claim 1 to 28, wherein the specific activity of r-

factor VIII 1s > 5000 IU/mg protein.
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