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ABSTRACT

Biologically stable liquid composition of FVIII, of vWF or

of FVIII/vWEF complex of human origin. The composition

el

comprises a concentrate of FVIII, of VvWF or of FVIII/VWFE
complex of human origin with a chelating agent for metals, a

specific ligand selected from the group comprising heparin

and sodium heparin, and a protease 1nhibitor.
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BIOLOGICALLY STABLE LIQUID COMPOSITION OF
FVIII, OF vWF OR OF FVIII/VvWF COMPLEX OF HUMAN ORIGIN

o g s e PN e g S R i e R ey e g

DESCRIPTION

D R

The present invention relates to a 1liquid composition in
which the stability of the biological activity of Factor
VIIT (FVIII) or of von Willebrand factor (vWF) or of the
Factor VIII/von Willebrand factor complex (FVIII/VWF) is

maintained, enabling it to be used therapeutically.

FVIII (coagulation Factor VIII) 1s a plasma protein
essential for the course of the intrinsic pathway of blood
coagulation. A deficiency or defect in this FVIII leads to a
deterioration in the coagulation mechanism known as
haemophilia A, a hereditary disease linked to chromosome X.
Von Willebrand factor (vWF) is a plasma protein responsible
for platelet adhesion to damaged vascular surfaces and
therefore quantitative or gqualitative defects of vWF (ven
Willebrand's disease) produce a deterxioration in primary
haemostasis. In addition, VvWF acts as an FVIII transporter
in plasma. (Physiological and clinical aspects of Von
Willebrand factor; Haematologica Vol 86, suppl. 4, November
2001)

The FVIII/VvWF complex in the natural state has a ratio of
1:100 between FVIII:vWF, that is, there 1is one molecule of
FVIII for approximately every 100 molecules of vWF and
therefore the stability results of the FVIII/VWF complex are

valid for purified VvWF concentrates.

Purified FVIII concentrates are used in clinical practice

for the treatment of haemophilia A. FVIII concentrates
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having a high content of VWF can also Dbe used

therapeutically for the treatment of von Willebrand's

disease.

The stability of proteins, especially those having a labile

biological activity, such as FVIII, 1s a major problem for
therapeutic preparations thereof. This problem has hitherto
been solved by lyophilising the product, and therefore
therapeutic preparations of the concentrates of FVIII, VWF
or FVIII/VWF are available in a lyophilised form in order to

preserve the bioclogical activity thereof. At present, no

therapeutic concentrate of FVIII, VvWF or FVIII/VWF in a

ligquid final formulation is marketed anywhere in the world

(W. Wang et al./International Journal of Pharmaceutics 259/
2003; 1-15).

Lyophilisation is a process which is expensive and which, in
addition, reduces the yield of the product. Accordingly, a
liguid formulation would permit greater ease of
administration because it would avoid the reconstitution of
the lyophilisate. The possibility of making accessible to
patients a liquid product (ready for use), already metered
into a suitable injecting device, may also bring a
psychological benefit in respect of the perception which the

patient has o0f his disease and his dependence on the

product.

As above stated, despite the references given hereinafter,
there 1s at present no therapeutic concentrate of FVIII, vWF

or FVIII/VWF complex marketed anywhere in the world in a

liguid formulation.

There are previous references regarding the stabilisation of
FVIII:
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- Spanish patent ES 2.111.579 relates to the formulation of
an FVIII with arginine and a detergent and/or an organic
polymer. This formulation does not foresee the addition of
albumin as a stabiliser, achieving therewith a specific
activity greater than 1000 IU/mg. This FVIII is 1in a
lyophilised final form.

- US patent 5,399,670 which refers to the formulation with
arginine with the aim of facilitating the reconstitution of

the lyophilised FVIII concentrate.
- Spanigh patent 2.097.120 which relates to the use of

carbohydrates in order to stabilise FVIII during the process

steps. This FVIII is also in a lyophilised final form.
- US patent 5,925,738 relates to the stable 1liquid

formulation of ©plasma proteins, especilially c¢oagulation
factors and specifically FVIII and FIX, although it refers
also to vWF. In general, the aim is stability between 4°C
and 37°C of up to three years, maintaining 50% of the
activity. The majority of the examples refer to FIX, the
stability of which 1is not comparable with that of the
FVIII/vWF complex because different molecules are involved.
The tests carried out with FVIII are performed at 37°C since
the object thereof is not the stability of the final product
but 1its use in pumps £for continuous short-term infusion
(hours or days). In those tests, the agueous formulation of
FVIII after five days has lost more than 50% of its
activity. Therefore, the liquid formulation (in water) dJdoes
not provide sufficient stability for it to be marketed as a
therapeutic product, which requires a shelf 1life of more

than 6 months or preferably more than 1 vear.

- PCT WO 96/30041 refers to the stabilisation of r-VIIT SQ
and FIX 1n solution. This stabilisation is carried out by
the addition of a carbohydrate and the reduction of the

oxygen content of the solution or the addition of an
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antioxidant and/or storage in an atmosphere poor in oxygen
or in an inert gas. This formulation has been developed and
patented with reference to r-VIII SQ, which 1s a protein
derived by genetic engineering in which a major part of the
sequence derived from the corresponding gene has been
eliminated. The data adduced demonstrate stability for 12
months at 25°C and for 18 months at 7°C. Because r-VIII S0
1s a genetically modified molecule, those results would not
be comparable with a natural human FVIII of plasmatic origin
or with the FVIII/VvWF complex. r-VIII SQ is synthesised "in
vitro" 1in non-human cells whereas human FVIII of plasmatic
origin 1is synthesised "in wvivo" in the human liver. This
means that significant differences exist between those
molecules, such as changes in the content of sugars in the
molecule, which are. reflected in pharmacokinetic
- differences, such as the plasma half-life. In addition, r-

FVIII SQ includes the deletion of part (almost 40%) of the

molecule. Some authors have reported a greater incidence in
the development of inhibitors with the use of Factors VIII
of recombinant origin. This differentiates these recombinant
factors, such as r-VIII SQ, more, if possible, from natural
human FVIII. Therefore, it must be considered that the
molecule of human FVIII of plasmatic origin is a different
molecule from r-VIII SQ and that, because they are different
molecules, their stability cannot be compared. It must also

be borne in mind that VvWF is absent from y-VIII SQ.
- EP 710 114 relates to the formulation of r-VIIT SQ, at a

minimum concentration of 1000 IU/ml, for its subcutaneous,
intramuscular oY intradermal administration. The same

molecule as in the previous case is involved and therefore

the results are not comparable with FVIII, VvWF or FVIII/VWF

complex of human origin.

- PCT WO 01/03726 (EP 1 194 161) 1links the presence of

specific concentrations of divalent metal ions to an
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improvement in the stability of ¥-VIII SQ in solution,

specifically 2Zn®* and CU**, also taking account of the
presence of a surfactant (Tween) and histidine. This patent
represents another attempt to stabilise r-VIII 8Q, which

deviates from the subject-matter of the present invention.

There 1s therefore no prior art on the stabilisation of
natural human FVIII, VvWF or FVIII/vWF complex, of plasmatic
origin, which permits the preservation of the bioclogical
activity in a ligquid formulation for a period of time
sufficient to permit the wuse thereocf as a therapeutic
product, that i1is to say, which 1is stable in solution for

more than 6 months.

The object of the present invention is to provide a liquid
formulation which permits sufficient stabilisation of the
activity of FVIII, VWF or FVIII/VWF complex (minimum
recovery of FVIII and vWF of approximately 50%) for a period
of time sufficient to enable it to be used therapeutically

(more than 6 months at 5°C).

Investigations carried out by the inventors have brought to
light the negative effect of a powerful antioxidant, such as
NAC (N-acetyl cysteine), on the activity of vWF and the fact
that the replacement thereof by a chelating agent for metals

preserves the activity of vWF and also maintains the

protective effect on FVIII.

In addition, the investigations carried out have shown that,

with the addition of a ©protease inhibitor (such as
antithrombin) and a specific ligand (heparin), an

improvement in the stability of the FVIII/VWF complex is

achieved.
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Therefore 1t has been discovered that the biologically

stable ligquid composition of FVIII or of vWF or of FVIII/vVWF

complex of human origin, characterised in that 1t comprises

a concentrate of FVIII or of VvWF or of FVIII/VWE complex of

human origin with a chelating agent for metals, a specific

ligand selected from the group comprising heparin and sodium

heparin, and a protease 1inhibitor.

Advantageously, the chelating agent for metals may be used

grin

at a concentration of 2-100 mmol/l of the concentrate and

preferably may be EDTA and more preferably EDTACaNa, (sodium
and calcium salt of EDTA).

Advantageously, the specific ligand may be 1ncluded at a

concentration of 0.1-10 U/ml of the concentrate. Preferably,

the specific ligand may be.heparin or sodium heparin.

Advantageously, the protease 1nhibitor may be present at a

concentration greater than 0.01 IU/IU FVIII, and preferably

at a concentration of 0.01-1 IU/IU FVIII. Advantageously,

the protease inhibitor may be a serine protease 1nhibitor

(serpin) and more preferably antithrombin.

More particularly, it has Dbeen discovered on a Dbase

formulation as defined hereinbefore, containing 1inter alia:

albumin, amino acids, surfactants, antioxidants, such as

vitamin C and/or stored 1n an atmosphere poor 1in oxygen,

sufficient stability of the FVIII/vWE complex in a 1liquid

formulation is achieved to permit 1ts use as a therapeutic

product.

EXAMPLES

FVIII coagulant (FVIII:C) 1s expressed 1in International

Units and 1ts concentration in International
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Units/millilitre (IU FVIII/ml). The vWF activity 1is

expressed as ristocetin cofactor (RCo), IU/ml.

Example 1:

Stability results (percentage recovery of activity), at 5
and 25°C, of an FVIII/VWF complex (25 and 100 IU FVIII/ml)
formulated with: albumin 5%, arginine 200 mmol/l, histidine
25 mmol/l, Cl,Ca 5 mmol/l, at two different concentrations
(25 IU/ml and 100 IU/ml).

25 IU FVIII/ml

5°C

Time (months) 4 8 | Average slope

Recovery of | 94% | 83% - 60% - ~-6.64% per
4 8

25°C
Time (weeks)

Recovery of | 97% |719% | 714% 406% | -06.94% per
FVIII activity week

100 IU FVIII/ml

Q

Time (months) |1 |3 |4 '8 | Average slope
Recovery of | 98% | 80% 64% -6.33% per
FVIII activity month

25°C
'8 | Average slope

Time (weeks) |1 |3 6
Recovery of | 92% | 83% |71% - 28% | -8.93% per

FVIII activity week

U
(2

J

The results show a good correlation between the FVIII

recoveries obtained at 5°C and 25°C, observing in the Table
that a period of preservation of one week at 25°C (condition
of accelerated stability study) 1is equivalent to a period of

preservation of one month at 5°C (target temperature).

Example 2:

An FVIII/vWF complex (25 IU FVIII/ml) formulated with:
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8
NAC Glycine Cl,Ca Sodium Albumin
3mmol/l | 250mmol/1 25mmol/l | heparin | 5%
0.5
| U/ml
Glycine EDTACaNa, | Ci,Ca Sodium Albumin
250mmol /1 | 25mmol/1l | 25mmol/l | heparin | 5%

0.5
U/ml

. Albumin
5%

Bl | Xylitol
4%

Cl | Xylitol | NAC Glycine EDTACaNa,
4% 3mmol/1l | 250mmol/1 | 25mmol/1

gives the following stability results:

Cl,Ca
25mmol /1

Recovery of
FVIII activity (%)

Recovery of
VWF : RCO

activity (%)

These results indicate that the protective effect on FVIII:C
activity of a powerful reducing agent, such as NAC, can be
substituted by the addition of a chelating agent for metals.
The presence of NAC brings about a greater loss of vVWF

activity. Heparin is observed to act as a protector of vWF

activity.

With formulation Bl, at an FVIII concentration of 25 IU/ml,
and which 1includes EDTA and sodium heparin, which is stable
for 8 weeks at 25°C, it is possible to extrapolate a shelf

life of at least 8 months at 5°C, thanks to the results of
Example 1.

Example 3:

An FVIII/vWF complex (25 IU FVIII/ml) formulated with:
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Albumin
5%

Albumin
5%
Albumin
5%

Iiiiiiiiil
5%

Recovery of
I VWP : RCo

activity

Sodium
heparin
0.5

U/ml
Sodium
heparin
0.5

U/ml
Sodium
| heparin
0.5

| U/ml
Sodium
heparin
0.5

U/ml

Arginine
150mmol/1

EDTACaNa,
25mmol/1

Glycine
250mmol/1

A2 | NAC

5

mmol /1
Vitamin
Vitamin

D2 | Vitamin
C+E

Arginine
150mmol /1

EDTACaNa,
25mmol /1

Glycine
250mmol /1

EDTACaNa,
25mmol/1

Arginine
150mmol /1

Glycine
250mmol /1

Arginine
150mmol/1

Glycine
250mmol /1

EDTACaNa,
25mmol/1

gives the following stability results:

' 8 weeks at Recovery of
25°C FVIII activity (%)

(%)

I
N
~J
-
j—
43
VS

In a solution containing a chelating agent for metals and
heparin, the presence of a powerful reducing agent (NAC)
brings about a loss of vWF:RCo activity, without great
benefit to FVIII:C, whereas, with the formulations B2, (2
and D2, at a concentration of FVIII of 25 IU/ml including
EDTA and sodium heparin, it is possible to extrapolate a

shelf life of at least 8 months at 5°C. ’

Example 4:

An FVIII/VWF complex (25 IU FVIII/ml) formulated with:
glycine 280 mmol/l, arginine 350 mmol/l, histidine 25
mmol/1l, CaCl, 50 mmol/l, albumin 5%, wvitamin C 100 mmol/1,

Tween 80 50 ppm, pH 5.10 and a variable concentration of

EDTACaNa; and sodium heparin:
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EDTA Concentration
Figh (50mmol/1)
iign (50mmol/1)
Low (10mmol/1)
Low (10mmol/1)

gives the following stability results:

WiWiw i W

8 weeks at |Recovery of
25°C

Recovery of
FVIII activity (%) vWF : RCo activity

A3 . .
B3 -
C3 70.4 000000000 ]

D3

~J | OY
WO Wi
Ut {n

QD IWO IOV~
oo
un O {~J

o

l

At an FVIII concentration of 25 IU/ml, the combined addition
of heparin and a metal chelator (EDTA) provides for the
formulations described above a high degree of stability, in
respect of the activity of VvWF. It is possible to
extrapolate a shelf life of at least 8 months at 5°C.

Example 5:

Study of the proposed formula (glycine 280 mmol/l, arginine
350 mmol/l, histidine 25mmol/l1, CaCl, 50 mmol/1l, heparin 1
U/ml, EDTACaNa, 50 mmol/l, albumin 5%, vitamin C 100 mmol /1,
Tween 80 50 ppm, pH of formulation 6.3) at 200 IU FVIII/ml

in six independent batches of product gives the following

stability results (8 weeks at 25°C)
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Weeks at 0 2 4 6 8
25°C .

| FVIII:C 100 g1.0+6.3 | ©5.5%8.0 48.2+8.1 35.4+9.1

(%) | |

MeantSD
105.4+8.5 | 87.7+19.7 | 94.7+17.5 85.8i13.8'

(n==6)
SN R R

vWE : RCoO 100
(%)

| Mean+SD

| (n=6)

When the concentration of product 1s increased (from 25 to
200 IU FVIII/ml) lower stability is observed. The monitoring
of the evolution of activity throughout the study includes,
in addition to the initial and final times, sampling at 2, 4
and 6 weeks of stability. Using all of the data derived from
the six batches studied, it 1s possible to estimate the

overall behaviour of the activities of FVIII:C and vWF:RCo,

fitting it to first-order kinetics. From thilis analysis 1t 1is

L)

possible to estimate that recoveries of the oxrder of 50% of
activity (FVIII and vWF) would be obtalined after 6 weeks at

25°C, which is equivalent to six months at 5°C.

Example 6:

Study of the protective effect of a protease inhibitor. The
proposed formula was tested at 200 IU FVIII/ml on 6

independent batches of product.

Glycine 280 mmol/l, arginine 350 mmol/l, histidine 25mmol/1,
CaCl, 50 mmol/l, albumin 5%, wvitamin C 100 mmol/l, Tween 80
50 ppm, pH of formulation 6.3; heparin 1 IU/ml, EDTACaNa, 50

mmol/l, and antithrombin (0.05 1IU/IU FVIII), giving the
following stability results (8 weeks at 25°C)

............
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'Weeks at |0 |2 4 | 6 ’ 8 t
O
25°C _ . ]

| FVIII:C [100 [94.5%4.5 [86.9%45.2 [71.5%3.2 [67.6%5.0
.ég;niSD E : E |
%%WW%g 157,53 | 91.1534.0 |
tPEI;;n:!:SD : ;

| (n=6) | l ]

The addition  of a protease inhibitor (antithrombin)

increases the stability of the product both in relation to

Factor VIII and for the activity of ristocetin cofactor

(VWF) . An analysis parallel with that carried out in
Example 5 makes 1t possible to estimate 50% recoveries of
activity (¥FVIII and vWF:RCo) after 12 weeks at 25°C, which

is equivalent to 12 months at 5°C.

It will be appreciated from the above Examples that, at a

low concentration of product (25 IU FVIII/ml), the addition

of a chelating agent for metals (EDTA) and heparin provides

greater stability for the FVIII/VWF complex. This

stabilisation dimproves with the addition of a protease

inhibitor (antithrombin) even at high concentrations of

FVIII and vWE activity.
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CLAIMS

1. Biologically stable liquid composition of FVIII or of

VWF or of FVIII/VWF complex of human origin, characterised

in that it comprises a concentrate of FVIII or of vWF or of
FVIII/vWF complex of human origin with a chelating agent for
metals, a specific ligand selected from the group comprising

heparin and sodium heparin, and a protease 1inhibitor.

2 . Biologically stable liquid composition of FVIII or of

VWF or of FVIII/VWF complex of human origin according to
claim 1, characterised in that the chelating agent for
metals 1s used at a concéntration of 2-100 mmol/l of the

concentrate.

3. Biologically stable liquid composition of FVIII or of
vWF or of FVIII/VWF complex of human origin according to
claim 1, characterised 1n that the chelating agent for

metals i1s EDTA.

4 . Biologically stable liquid composition of FVIII or of
vWF or of FVIII/VWF complex of human origin according to
claim 1, characterised 1n that the chelating agent for

metals is EDTACaNa, (sodium and calcium salt of EDTA).

5. Biologically stable 1ligquid composition of FVIII or of
VWF or of FVIII/VWF complex of human origin, according to
claim 1, characterised in that the specific 1ligand 1is
included at a concentration of 0.1-10 U/ml of the

concentrate.

6. Biologically stable liguid composition of FVIII or of
vVWF or of FVIII/VvWF complex of human origin according to

claim 1, characterxrised in that the ligand is heparin.



10

20)

CA 02481593 2008-08-06

14

7. Biologically stable liquid composition of FVIII or of
vWF or of FVIII/VvWF complex of human origin according to
claim 1, characterised in that the specific ligand i1s sodium

heparin.

8 . Biologically stable liquid composition of FVIII or of
vWF or of FVIII/VWF complex of human origin according to

claim 1, characterised in that the protease 1inhibitor 1is

present at a concentration greater than 0.01 IU/IU FVIII.

9. Biologically stable liquid composition of FVIII or of
vWF or of FVIII/VWF complex of human origin accorxrding to

claim 8, characterised in that the protease inhibitor 1is

present at a concentration of 0.01-1 IU/IU FVIII.

10. Biologically stable liquid composition of FVIII or of
vWF or of FVIII/VWF complex of human origin according to
claim 1, characterised 1n that the protease inhibitor 1s a

serine protease inhibitor (serpin).

11. Biologically stable liquid composition of FVIII or of
vWF or of FVIII/VvWF complex of human origin according to

claim 10, <characterised 1n that the serine protease

inhibitor is antithrombin.
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