RECOMBINANT VWF FORMULATIONS

This application ¢laims prionty of U.S. Provisional Apphication No. 61/017.418, filed
December 28, 2007, and U.S. Provisional Application No. 61/017.881 filed December 3,

2007, each of which is incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

{0081} Generally, the invention relates to formulations of recombinant VWF and methods for

making a composition comprising recombinant VWE,

BACKGROUND OF THE INVENTION

TTTTT03] Von Willebrand factor (VW) 18 a giveoprotein circulating in plasma as a series of
multimers ranging i size from about 500 10 20,000 kD. Multimeric forms of VWF are composed of
230 kD polypeptide subunits linked together by disulfide bonds, VWF mediates initial plateiet
adhesion to the sub-endothelivm of the damaged vessel wall. Onjy the larger multimers exhibit
hemostatic activity. It ié assumed that endothelial cells secrete large polymeric forms of VWF and
those forms of VWF which have a low molecular weight (low molecular weight VWF) arise from
proteclytic cleavage. The multimers having large molecuiar masses are stored in the Weibel-Paliade

bodies of endothelial cells and liberated apor stmulation.

[0003] VWF is synthesized by endothelial cells and megakarvocytes as prepro-VWF that
consists to a large extent of repeated domains., Upon cleavage of the signal peptide, pro-VWF
dimerizes through disulfide linkages at its C-teyminal region. The dimers serve as protomers for
multimerization, which is governed by disulfide linkages between the free end termini. The
assembly to multimers is followed by the proteolytic removal of the propeptide sequence (Levie et
al., Biochem. J. 274 (1991}, 257-361).

{0004] The primary translation product predicted from the cloned cDNA of VWF 522813
residue precursor polypeptide (prepro-VWE). The prepro-VWF consists of a 22 amino acid signal
peptide and a 741 amino acid propeptide, with the mature VWF comprising 2050 amino acids
{Ruggen Z.A., and Ware, I, FASEB I, 308-316 {1993)}.



[0005] Defects in VWF are causal to Von Willebrand disease {VWIDD), which is characterized
by a more or less pronounced bleeding phenotype. VWD type 3 1s the most severe form i which
VWP is completely missing, and VWD type | relates to a quantitative loss of VWF and its
phenotype can be very mild. VWD type 2 relates to qualitative defects of VWF and can be as severe
as VWD type 3. VWD type 2 has many sub forms, some being associated with the loss or the
decreasa of b.igh molecular weight multimers, Von Willebrand syndrome type 2a (VWS-2A) 15
characterized by a ioss of both infermediate and large multimers. VWS-ZB 1s characterized by a loss

of highest-molecular-weight multimers. Other diseases and disorders refated to VWF are known in

the art.

{0006} US. Patent Wos. 6,531,577, 7,166,709, and European Patent Application No.
04380188.5, describe plasma-derived VWF formulations. However, in addition to guantity and
purity issues with plasma-derived VWF, there is also a risk of blood-bom pathogens (e.g., viruses

and Variant Crentzfeldt-Jakob disease (vCID).

[0007] Thus there exists a need in the art to develop a stable pharmaceutical formulation

comprising recombinant VWE,

SUMMARY

10008] The present disclosure provides formulations useful for compositions comprising
recombinani VWFE, resuliing in a highly stable phammaceutical composition. The siabie
pharmaceutical composition 1s useful as a therapeutic agent in the treatment of individuals suffering

from disorders or conditions that can benefit from the administration of recombinant VWF,

[0088a] In one aspect, there is provided a stable liquid pharmaceuticat
formulation of a recombinant von Willebrand Factor (fVWF) comprising: (a) a
'VWF, (b) a buffering agent; and (¢} one or more salts,

wherein said r'VWF in the pharmaceutical formulation causes agglutination of
stabilized platelets in the presence of ristocetin, is stable for at least 26 weeks at 4°C
and comprises a polypeptide that has a molecular weight of approximately 250 kDa
selected from the group consisting of:

a) the amino acid sequence set out in SEQ ID NO: 3;

b) a biologically active analog or vanant of a);
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c) a polypeptide encoded by the polynucleotide set out in SEQ ID NO: 1;

d) a biologically active analog or variant of ¢); and

e) a polypeptide encoded by a polynucleotide that hybridizes to the
polynucleotide set out in SEQ D NO: 1 under moderately stringent hybridization
condiiions;

wherein the buffering agent is citrate at a concentration of 15 mM, wherein

the pH is in a range of 3.0 to 5.0; and wherein a first salt is sodium chloride at

a concentration of 100 mM and a second salt is calcium chloride at a

concentration of 10 mM.

[0009] In one embodiment, the disclosure provides a stable liquid pharmaceutical formulation
of a recombinant vor Willebrand Factor (rVWT) comprising: {a) a r'VWF; (b} a buffering agent; (c)
one or more salts; (d) optionally a stabilizing agent; and (e) optionally a surfactant; wherein the
rVWF comprises a polypeptide selected from the group consisting off a) the amino acid sequence set
out in SEQ ID NO: 3; b} a biologically active analog, fragment or vaniant of a}; ¢} a polypeptide
encoded by the polynucieotide set out in SEQ I NO: 1; d} a biclogically active analog, fragment or
variant of ¢}; and ¢} a polypeptide encoded by a poiynuclectide that hybridizes to the polynucieotide
set out in SEQ ID NO: 1 under moderately stringent hyvbridization conditions; wherein the buffer is
comprised of a pH buffering agent in a range of about .1 mM o about 500 mM and wherein the pH

is in & range of about 2.0 to about 12.0; wherein the salt is at a concentration of about 1 1o 500 mM;
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wherein the stabilizing agent ig at a conceniration of about (.1 to 1400 mM; and wherein the

surfactant is at a concentration of about 0.01 g/L to 0.5 g/1..

{0610 In another embodiment, the aforementioned formulation is provided wherein the
r'VWF comprises the amino acid sequence set out in SEQ ID NO: 3. In another embodiment, an
aforementionad formulation is provided wherein the buffering agent is selected from the group
consisting of sodum cifrate, ghycine, isiidine, Tris and combinations of these agents. In yet another
embodiment, an aforementioned formulation is provided wherein the buffering agent is citrate. In

“still another embodiment of thé disclosure, the aforementioned formulation is provided wherein pH 15
in the range of 6.0-8.0, or 6.5-7.3. In a related embodiment, the aforementioned formulation 1s
provided wherein the pH is 7.0. In another embodiment, an aforementioned formulation is provided

wherein the buffering agent is citrate and the pH is 7.0,

1001 1] In still another embodiment, an aforementioned formulation is provided wherein the
salt is sefected from the group consisting of caicium chioride, sodium chloride and magnesium
chloride. In another embodiment, the aforementioned formulation 1s provided wherein the salt is ata
concentration range of 0.5 to 300 mM. In another embodiment, the aforementionad formulation is

provided wherein the salt is calcium chionide at a concentration of 10 mM.

[0612] In another embodiment, an aforementioned formulation is provided wherein the
VWF comprises the amino acid sequence set out in SEQ ID NOG: 3; wherein the buffering agent is
citrate and the pi is 7.0; and wherein the salt is calcium chioride at a concentration of 10 mM. In
still another embodiment, an aforementioned formulation 1s provided whersin the rVWF comprises
the amino acid sequence set out in SEQ ID NO: 3; wherein the buffering agent is sodium citrate and
the pH is 7.0; and wherein the salt is calcium chioride at a concentration of 10 mM and NaCl at a

concentration of 100 mM.

10013} Other formulations are also contemplated by the mstant disclosure, For example, in
one embodiment, an aforementioned formulation is provided wherein the one or more buffering
agents is histidine and Tris at a concentration of 3.3 mM each. In another embodiment, the
aforementioned formulation s provided wherein the pH 15 7.0, In yet another embodiment, an
aforementoned formulation is provided wherein the first salt is sodium chioride at a conceniration of

30 mM and the second salt 15 calciam chloride at a concentration of .56 mM.

{0014} In stili another embodiment of the disclosure, an aforementioned formulation is

provided wherein the stabilizing agent is selected from the group consisting of mannitol, lactose,

sorbitol, xylitol, sucrose, trehalose, mannose, maltose, lactose, glucose, raffinose, cellobiose,



gentiobiose, isomaltose, arabinose, glucosamine, fructose and combinations of these stabilizing
agents. In another embodiment, the aforementioned formulation is provided wherein the stabilizing

agents are trehalose at a.concentration of 7.8 mM and mannito! at a concentration of 58.6 mM.

[¢015] In another embodiment, an aforementioned formulation is provided wherein the
surfactant s selected from the group consisting of digitomn, Triton X-100, Triton X-114, TWEEN-
20, TWEEN-80 and combinations of these surfactants. In apother embodiment, the aforementioned

formulation is provided wherein the surfactant is TWEEN-80 at 0.03 g/L.

[0016] In one embodiment of the disclosure, an aforementioned formulation is provided
wherein the rVWF comprises amino acid sequence set out in SEQ [ NO: 3; wherein the huffering
agents are histidine at a concentration of 3.3 mM and Tris at a concentration of 3.3 mM at pH 7.0;
wherein the first salt is sodium chloride at a concentration of 36 mM and the second salt is calcium
chloride at a concentration of 0.56 mM; wherein the stabilizing agents are trehalose ata
concentration of 7.8 mM mannitol at a concentration of 5%.6 mM: and wherein the surfactant is

TWEEN-8( at G.03 g/L.

BRIEF DESCRIPTION OF THE FIGURES

{0017} Figure 1 shows that r'VWF is not stable in Advate buffer afier 26 weeks, due to the

presence of ghutatidone.
{0018] Figare 2 shows that r'VWY 1s stable in Advate 1:3 buffer for up to 12 weeks at 4 °C.

j0819] Fivure 3 shows that the stability of a citrate-based formulation is better than Advate

1:3 buffer formulation containing 0.1M ghutathione.

[0628] Figure 4 shows shows that rVWT concentration is stable over 26 weeks i Advate
buffer.

[BOZ1] Figure 5 shows that r'VWF concentration 1s stable over time in Advate 1.3 buffer,
{0022] Figure 6 shows that rV'WF concentration is stable over time in citraie-based buffer.

{6023} Figure 7 shows that most excipients increase the unfolding temperature of rtVWF by

about 1 or 2 °C.

188¢24] Figure § shows that 10 mM CaCl; increases unfolding temperanire of tVWF by about
8 °C to about 67 °C.



[0025] Figure 9 shows that the effect of CaCls is sumniler at pH 7.3 and pH 6.5,

PETAILED DESCRIPTION OF THE INVENTION

Definition of terms

[(026] Unless otherwise defined, all techmical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skil! in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms used in
thig invention: Singleton, et al,, DICTIONARY OF MICROBIOLOGY AND MOLECULAR
BIOLOGY (2d ed. 1994), THE CAMBRIDGE DICTIONARY OF SCIENCE AND
TECHNOLOGY (Walker ed., 1988); THE GLOSSARY OF GENETICS, 5TH ED., R. Rieger, et al.
{eds.), Springer Veriag (1991), and Hale and Marham, THE HARPER COLLINS DICTIONARY
OF BIOLOGY (1991},

[0427] Each publication, patent application, patent, and other reference cited herein is
incorporated by reference in its entirety to the extent that it is not inconsistent with the present

disclosure.

j0029] As used herein, the following terms have the meanings ascribed to them unless

specified otherwise.

[0¢36] The term "comprising,” with respect to a peptide compound, means that a compound
may include additional amino acids at either or both amine and carboxy termini of the given
sequence, Of course, these additional amino acids should not significantly interfere with the activity
of the compound. With respect to a composition of the instant invention, the term "comprising”
means that a composition may include additional components. These additional components should

not significantly interfere with the activity of the composition,

16031} The term "pharmacologically active” means that a substance so described is
determined to have activity that affects a medical parameter (e.g., but not limited o blood pressure,
blood cell count, cholesterol level) or disease state (e.g., but not limited to cancer, autoimmune

disorders).

}0032} As used herein the terms "express,” "expressing” and "expression” mean allowing or

causing the information in a gene or DNA seguence o become manifest, for example, producing a



protein by activating the cellular functions involved 1n transcription and translation of a
corresponding gene or DNA sequence. A DNA sequence is expressed in or by a cell 1o form an
"expression product” such as a protein. The expression product itseif, e.g. the resulting protein, may
also be said to be “expressed.” An expression product can be characlerized as intraceilular,
extraceliular or secreted. The term “intracelular” means inside a cell The term "extracellular”
means outside a cell, such as a transmembrane protein. A substance 1s "secreted" by a cell if it

appears in significant measure cutside the cell, from semewhere on or inside the cell.

j0033] As used herein a "polypeptide” refers to a polymer composed of amino acid residues,
structura!l vaniants, related naturally-occurring structural variams, and synthetic non-naturally
occurring analogs thereof linked via peptide bonds. Synthetic polypeptides can be prepared, for
example, using an automated polypeptide synthesizer. The term "protein” typically refers to large

polypeptides. The term "peptide” typically refers to short poiypeptides.

[0034] As used herein a "fragment” of a polypeptide is meant to refer 1o any portion of a

poiypeptide or protein smaller than the fufl-length polvpeptide or protein axpres's'i('m product.

106035 As used herein an “analog” refers to any of two or more polypeptides substantially
similar in structure and having the same biclogical activity, but can have varying degrees of activity,
to either the entire molecule, or 1o 2 fragment thereof. Amnalogs differ in the composition of therr
amino acid sequences based on one or more mutations invoiving substitution of one or more amino
acids for other amine acids. Substitutions can be conservative or non-conservative based on the
physico-chemical or functional relatedness of the amino acid that is bemg replaced and the amino

acid repiacing it.

00361 As used hersin a "variant” refers to a polypeptide, protein or analog thereof that is
modified to comprise additonal chermical moienes not normally a part of the molecule. Such
moieties may modulate the molecule's sotubility, absorption, biological half-life, etc. The moieties
may alterpatively decrease the toxicity of the molecuie and ehminate or attenuate any undesirable
side effect of the molecule, etc. Moieties capable of mediating such effects are disclosed in
Remington’'s Pharmaceutical Sciences {1980}, Procedure for coupling such moiteties 10 a molecule
are well known in the art. For example, the variant may be a blood cloning factor having a chemical
modification which confers a longer half-life in vivo to the protein. In various aspects, polypeptides

are modified by glveosylation, pegyiation, and/or polysialylation.

16937} Recombinant VWT




{0038 The polynucleotide and amino acid sequences of prepro-VWF are set out in SEQ ID
NO:Y and SEQ ID NO:2| respectively, and are available at GenBank Accession Nos. NM_000552
and NP_000543, respectively. The amino acid sequence corresponding 1o the mature VWF protein
is set out in SEQ [D NO: 3 (comesponding 1o ammno acids 764-2813 of the full length prepro-VWF

amumno acid sequence’.

[6639] One form of useful rV'WE has at least the property of in vivo-stabilizing, e.g. binding,
‘of at Jeast one Factor VIH (FVIII} melecule and having optionally a glycosylation pattern which is
pharmacologicaliy acceptable. Specific examples thereof nclude VWF without A2 domain thus
resistant to proteolysis (Lankhof et al., Thromb. Haemost. 77: 1008-1013, 1997}, and the VWF
fragment from Val 449 to Asn 730 including the givcoprotein Ib-binding domain and binding sites
for collagen and heparin (Pietu et al., Biochem. Biophys, Res. Commun. 164: 1339-1347, 1989).
The determination of the ability of a VWF 1o stabilize at least one FVIIL molecule can be camied out

in VWF-deficient mammals according to methods known in the state in the art.

[0040] The rVWF of the present invention may be produccd b}-; anvmethod known in the art.
One specific example is disclosed m WO86/06096 published on Oct. 23, 1986 and U.S. Patent
Apphication No. 07/559,509, filed on Jul. 23, 1990, which 13 mncorporated herein by reference with
respect to the methods of producmg recombinant VWF. Thus, methods are known in the ast for (i)
the production of recombmant DNA by genetic engineering, e.g. via reverse anscription of RNA
and/or amplification of DNA, (it} introducing recombinant DNA into procaryetic of eucaryotic cells
by transfection, e.g. via electroporation or microinjection, (iii) cultivating said transformed cells, e.g.
in a continuous or batchwise manner, (1v} expressing VWF, e.g. constitutively or upon induction, and
{v) isolating said VWY, e.g. from the culture medium or by harvesting the transformed cells, in order
to {vi) obtain purified r'VWFE, e.g. via anion exchange chromatography or affinity chromatography.
A recombinant VWFE may be made in transformed host cells using recombinant DNA technigues
well known in the art. For instance, sequences coding for the polypeptide could be excised from

DNA using suitable restriction enzymes,

[6041] Alternatively, the DNA molecule could be synthesized using chemical synthesis
techniques, such as the phosphoramidate method. Alsc, a combination of these technigues could be

usad.

10842] The nvenuon also provides vectors encoding polypeptides of the invention in an
appropriate host. The vector comprises the potynucieotide that encodes the polypeptide operatively

linked to appropriate expression control sequences. Methods of effecting this operative linking,
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T

-baeteria yeast-and-other-fungrrmsects: plants; mameraiias (iciodiy huaany celsin cultire or

either before or afier the polynucleotide is inserted into the vector, are well known, Expression
controt sequences include promoters, activators, enhancers, operators, ribosomal binding sites, start
signals, stop signals. cap signals, polyadenyiation signals, and other signals involved with the control
of transcription or transiation. The resulting vector having the polynucieotide therein is used to
trattsform an appropriate host. This transformation may be performed using methods well known in

the art.

[0043]  Any of a large number of available and well-known host cells may be used in the
practice of this invention. The selection of a particular host 1s dependent upon a number of faciors
recognized by the art, including, for exampie, compatibility with the chosen expression vector,
toxicity of the peptides encoded by the DNA molecule, rate of transformation, sase of recovery of
the peptides, expression characteristics, bio-safety and costs. A balance of these factors must be
struck with the understanding that not all host cells are equally effective for the expression of a

particular DNA sequence. Within these general guidelines, useful microbial host cells inchude

other hosts known in the art.

[0044] Next, the wansformed host is enltured and purified. Hest cells may be cultured under
conventional fermentation conditions so that the desired compounds are expressed. Such
fermentation conditions are well known n the art. Finally, the polypeptides are purified from culwire

by methods well known in the art.

10045]  Depending on the host cell unihized to express 2 compound of the invention,
carbohydrate (oligosacchande’ groups may convemently be attached to sites that are known to be
glycosylation sites in proteins. Generally, O-hinked oligosaccharides are attached to serine (Ser) or
threonine (Thr) residues while N-hnked oligosaccharides are attached to asparagine (Asn) residues
when they are part of the sequence Asn-X-Ser/Thr, where X can be any amino acid except proline.

X 1s preferably one of the 19 naturally occurning amino acids not counting proline. The structures of
N-linked and O-linked oligosaccharides and the sugar residues found in each type are different. One
type of sugar that is commeondy found on both 15 N-acetvineurannnic acid (referred to as sialic acid).
Sialic acid is vsually the terminal residue of both N-linked and O-linked oligosaccharides and, by
virtue of its negative charge, may confer acidic properies to the glycosylated compound. Such
site(s) may be mcorporated in the finker of the compounds of this mvention and are preferabiy
glycosylated by & cell during recombinant production of the polypeptide compounds (e.g.. in
marnmalian cells such as CHO, BHK. COS). However, such sites may further be glycosylated by

synthetic or semi-synthetic procedures known in the art.



[0046] Alternatively, the compounds may be made by synthetic methods. For example, solid
phase synthests technigues may be used. Suitable techmiques are well known in the art, and include
those described in Merrifieid {1973}, Chem. Polypeptides, pp. 335-61 (Katsovanmus and Panayotis
eds.); Merrifield (1963), . Am. Chem. Soc. 85 214%; Dravis et al. (1983), Biochem. Intl. 10: 394-
414; Stewart and Young {1969), Solid Phase Peptide Synthes:s; U.S. Pat. No. 3,941,763; Finn et al.
{1976}, The Proteins (3rd ed.} 2: 103-253; and Enckson et al. {1976}, The Protemns (3rd ed.) 2: 257-
527, Solid phase synthesis is the preferred techmque of making individual peptides since it 15 the

maost cost-effective method of makmg small peptides.
16047]) Fragments. variants and analoos of VWE

{0048] Methods for preparing polypeptide fragments, variants or analogs are well-known in

the art,

[0049] Fragments of 2 polypeptide are prepared using, without hmitation, enzymatic

cigavage (e.g., trypsin, chymotrypsin) and alsc using recombinant means o generaie a polypeptide

fragments having s specific amino acid sequence. Polypeptide fragments may be generated
comprising a region of the protein having a particular activity, such as a multimerization domain or

any other identifiable VWF domain known in the art.

{0650} Methods of making polypeptide analogs are also well-known. Amino acid sequence
analogs of a polypeptide can be substitutional, insertional, addition or deletion analogs. Deletion
analogs, including fragments of a potypepuide, lack one or more residues of the native protein which
are not essential for function or immunogenic activity. Insertional ansiogs mvolve the addition of,
£.g., amino acid(s} at a non-terminal point in the polypeptide. This analog may include msernon of
an immunoreactive epitope or simply a single residue. Addifion anatogs, including fragments of &
polypeptide, nclude the addition: of one or more amino acids at either of both termim of a protein

ard inciude, for example, fusion proteins.

FB(51] Substimtional analogs typically exchange one amino acid of the wild-type for another
at one or more sites withm the protemn, and may be designed to modulate one or more properties of
the polypepiide without the loss of other functions or properties. In one aspect, substifutions are
comservative substitutions. By "conservative amino acid substitution” is meant substituzion of an
amino acid with an amino acid having a side chain of a similar chemical character. Similar amino
acids for making conservative substitutions include those having an acidic side chain {glutamic acid,
aspartic acid); a basic side chain {arginine, lysine, hisudine): a polar amide side cham (ghutamine,

asparagine): a hydrophebice, aliphatic side chain (leucine, 1soleucine, valine, alanine, glycine); an



aromatic side chain (phenylalanine, tryptophan, tyrosine); a small side chain (glycine, alamne, serine,

threonine, methionine); or an aliphatic hvdroxvl side chain (serine, threonine).

[0852] Analogs may be substantially homologous or substanually identical to the
recombinant VWF from which they are derived. Preferred analogs are those which retain at least

some of the biological activity of the wild-type polypeptide, e.g. blood clotting activity.

{0053] Polypeptide variants contemplated include polypeptides chemically modified by such
techniques as ubiquitinasion, glycesylation, inclading potysialation, conjugation to therapeutic or
diagnostic agents, labeling, covalent polymer attachment such as pegylation (denvatization with
polysthvlene giyeol), introduction of non-hydrolyzable bonds, and wsenion or substmtion by
chemical synthesis of amino acids such as ormithine, which do not normally eccur in human proteins.
Variants retain the same or essentially the same binding properties of non-modified moiecules of the

invention. Such chemical modification may wmelude direct or mdirect {e.g., via a linker) aftachment

of an agent to the VWTF polvpeptide. in the case of indirect attachment, it is contemplated that the

finker may be hydrolyzable or non-hydrolyzabie.

|0654] Preparing pegylated polypeptide anaiogs will generally comprise the steps of (a)
reacting the polypeptide with polyethylene glycol (such as a reactive ester or aldehyde derivative of
PEG) under conditions whereby the binding constract polypeptide becomss antached to one or more
PEG groups, and (b) obtaining the reaction product(s). In general, the optimal reaction conditions
for the acylation reactions will be determined based on known parameters and the destred resuit. For
examptle, the larger the ratio of PEG: proteih, the greater the percentage of poly-pegylated product.
In some embodiments, the binding construct will have a single PEG moiety at the N-terminus.
Polyethylene glveol (PEG) may he attached to the blood clotiing factor to provide z longer half-life
in vivo. The PEG group may be of any convenient molecular weight and may be linear or branched.
The average motecular weight of the PEG rmanges from sbout 2 kiloDalton ("kD'") to about 100 kDa,
from about 5 kDa to about 30 kDa, or from about 5 kDa io about 10 kDz. The PEG groups are
attached to the blood clotting factor via acviation or reductive alkylation tiwough a natural or
engineered reactive group on the PEG motety (e.g., an aldehvde, amino, thiol, or ester group) to a
reactive group on the blood clotung factor (e.g.. an aldehvde, amine, or ester group; or by any other

technique knowr in the art.

[0055] Methods for preparing polysialylated polypeptide are desceribed in United States
Patent Publication 20060160948, Fernandes et Gregoniadis: Biochim. Biophys. Acta 1341: 26-34,

1997, and Saenko et al., Haemophilia 12:42-51, 20666, Briefly, a solution of colomumc acid



containing 0.} M NalQ, is stirred in the dark at room temperature to oxidize the CA. The activated
CA solution is dialvzed against, e.g., 0.05 M sodium phosphate buffer, pH 7.2 in the dark and this
solution was added {0 a r'VWF solution and incubated for 18 b at room temperature in the dark under
gentie shaking, Free reagents can then be separated from the r'VWF-polysialic acid conjugate by
ultrafiitration/diafiliration. Conjugation of rVWF with polvsiahe acid may also be achieved using

glutaraldehyde as cross-linking reagent (Migneault et al., Biotechniques 37: 790-795, 2004},

H0056] i is further contemplated that a polypeptide of the invention may be a fusion protein
with a second agent which is a polypeptide. In one embodiment, the second agent which s a
polypeptide, without limitation, 15 an enzyme, a growth factor, an anubody, a eytokine, a chemokine,
a cell-surface recepior, the extracellular domain of a cell surface receptor, a cell adhesion moiecule,
or fragment or active domain of a protein described above. In a related embodiment, the second
agent is 2 blood clotting factor such as Factor VIII, Factor VIL Facror IX. The fusion protein

contempiated is made by chemical or recombinant techniques well-known n the art.

[0057] It is also cente:mpléted that prepro—\’W‘Fménd pro-V'WF polypeptides may provide a
thevapeutic benefit in the formulations of the present invention. For example, US Patent No.
7,005,502 describes a pharmaceutical preparation comprising substantial amounts of pro-VWE that
induces thrombin gerneation in vifre. In addition to recombinant, biologically active fragments,
variants, or analogs of the naturally-occunng mature VWFE | the present invention contemplates the
use of recombinant biologically active fragments, variants, or analogs of the prepre-VWFE (set out in
SEQ ID NO:2) or pro-VWF polypeptides (amino acid residues 23 to 764 of SEQ ID NO: 2) in the

formuiations described herein,

{0058] Polynucleotides encoding fragroents, vartants and analogs may be readily generated
by a worker of skili to encode biologically active fragments. variants, or analogs of the naturally-
occurring molecule that possess the same or similar biological activity to the naturally-occurming
moleculz. These polynucleotides can be prepared vsing PCR techniques, digestion/iigation of DNA
encading molecule, and the like. Thus, one of skill in the art will be able to generate singie base
chranges in the DNA strand 1o result in an altered codon and a missense mutation, using any method
known in the art, mcluding. but not hmited to site-specific mutagenesis. As used herein, the phrase
"moderately stringent hybridization conditions” means, for example, hyvbridization ar 42°C in 50%
formamide and washing at 60°C in 0.1 x S5C, 0.1% SDS. It is understood by those of skill in the art
that variation in these conditions occurs based on the length and GC nucleotide base content of the

sequences (o be hybridized. Formulas standard in the art are appropnate for determining exact
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hybridization conditions. See Sambrook et al., 9.47-9.51 m Molecular Cloning, Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, New York (19893,

o059} Formulations and excipients in general

H060] Excipients are additives that are mnchuded in a formulation because they either impart
or enhance the stability and delivery of a drug product. Regardiess of the reason for their inclusion,
excipients are an mtegral component of a drug product and therefore need to be safe and well
tolerated by patients. For protein drugs, the choice of excipients 1s particularly important because
thev can affect both efficacy and tmmunogenicity of the drug. Hence, protein formulations need to
be developed with appropriate selection of excipients that afford suitable stabihity, safety, and
marketability,

{0661] The principal challenge in developing formulations for therapeutic proteins is

stabilizing the product against the stresses of manufacturing, shipping and storage. The role of

formulation excipients is i provide stabilization against these stresses, . Excipients may also be

employed to reduce viscosity of high concentration protein formulations in order to enable their
detiverv and enhance patient convenience. In general, excipients can be classified on the basis of the
mechanisms by which they stabilize proteins against various chemical and physical stresses. Some
excipients are used o alleviate the effects of a specific stress or to regulate a particular susceptibility
of a specific protein, Other excipients have more general effects on the physical and covatent
stabilites of proteins. The excipients described herein are organized either by their chemical type or
their functional role in formulations. Brief descripions of the modes of stabilizaton are provided

when discussing each excipient type,

0862} Given the teachings and guidance provided berein, those skilled in the art will know
what amount or range of excipient can be included in any particular formulation 10 achieve a
biopharmaceutical formulation of the invention that promotes retention in stability of the
mopharmaceutical (e.g., 2 polypeptide). For example, the amount and type of a salt o be included in
2 biopharmaceutical formulation of the invention can be selected based on the desired osmotality
(1.e., isotonic, hypotonic or hypertonic) of the final solution as well as the amounts and osmolality of
other components to be inciuded in the formulation. Similarly, by exemplification with reference 1o
the rype of polyol or sugar included in 2 formulation, the amount of such an excipient will depend on

its osmolality.

10063) By way of example, mclusion of about 3% sorbitel can aclueve 1sotonteity while

about 9% of a sucrose excipient is needed to achieve isotontcity, Selection of the amount or range of



concendrations of one or more excipients that can be inctuded within a biopharmaceutical
formulation of the invention has been exemplified above by reference 1o salts, polycis and sugars,
Howaever, those skilled m the art will understand that the considerations described herein and further
exemplified by reference to specific excipienss are equally applicabie to ali types and combinations
of excipients inclading, for example, salts, amino acids, other tonicity agents, surfactants, stabilizers,
bulking agents, cryoprotectants, lyoprotectants, anti-oxidants, mea! ions, chelating agents and/or

preservatives.

{3064] Further, where a particular excipient 1s reported in molar concentration, those skilled
in the art wiil recognize that the equivalent percent (%) w/v {e.g., {grams of substance 1n 2 solution

sample/mL of solution) X 100%) of solution is also contemplated.

{0065} Of course, a person having ordinary skill in the art would recognize that the
concentrations of the excipients described herein share an interdependency within a particular

formulation. By way of example, the concentration of a bulking agent may be lowered where, e.g.,

fhiere is a high polypeptide concentration or where, ¢.g.. there is a high stabilizing agent
concentration. In addition, 2 persen having ordinary skill in the art would recognize that, in order to
maintain the isotonicity of a particular formulation in which there is no bulking agent, the
concentration of 2 stabilizing agent would be adjusted accordingly (i.e., a "tonicifying” amount of
stabilizer would be used}. Common excipienis are known in the art and can be found in Powel] et
al., Compendium of Excipients fir Parenteral Formulations {1998}, PDA I. Pharm. Sci. Technology,

52:238-311

{0066] Buffers and buffering arents

[6667] The stability of a pharmacologically active polypeptide formulation is usualiy
observed ic be maximal in a narrow pH range. This pH range of optimal stability needs to be
identified earty durng pre-formulation studies. Several approaches, such as accelerated stability

studies and calorimerric screening studies, have been demonstrated o be useful in this endeavor

(Remmeie R.L. Jr, etal., Biochemisery, 38(161: 3241-7 (1999)). Once 2 formulation is finalized, the

drug praduct must be manufactured and maintained throughout its shelf-life. Hence. buffering

agents are almost always emploved to control pH in the formulaton.

[6068] Organic acids, phosphates and Tris have been empioved routinely as buffers in
protein formulations. The buffer capacity of the buffenng species is maximal at a pH equal to the

pKa and decreases as pH mcreases or decreases away from this value, Ninety percent of the

i3



buffering capacity exists within one pH unit of its pKa. Buffer capacity also increases proportionally

with increasing buffer concentration,

[B3669] Several factors need 1o be considered when choosing a buffer. First and forsmost, the
buffer species and its concentration need 1o be defined based o 1ts pKa and the desired formulation
pH. Equally important is to ensure that the buffer is compatible with the polypepnde and other
formuiation excipients, and does not catalyze any degradation reactions. A third important aspect to
be considered is the sensation of stinging and irritation the buffer may induce upon administration,
For example, citrate is known to cause stinging upon injection {Laursen T, et al.. Basic Ciin
Pharmaco! Toxicol., 88(2): 218-21 {2006)). The potential for stinging and iritation Is greater for
drugs that are adnunistered via the subcutaneous (SC) or intramuscular (IM) routes, where the drug
solution remains at the site for 4 relatively longer period of time than when administered by the IV
route where the formulation gets diluted rapidiy into the biood upon administration. For

formulations that are administered by direct IV infusion, the total amount of buffer (and any other

ions administered in the form of the potassium phosphate buffer, which can inguce cardiovascular

effects in a patient {Hollander-Rodriguez IC, et al., Am. Fam. Physician., T2} 283-90 (2006)).

[007¢] The buifer sysiem present in the compositions is selectad to be physioiogically
compatible and ko maintain z desired pH of the pharmaceutical formulation. In one embodiment, the
pH of the solution is between pH 2.0 and pH 2.0, For exampie, the pH of the solution may be 2.0,
33,25 2.7,.3.0,33,35,37,40,43,45,47,50,53,55,57.60,63,65,67,70,73,7.5,7.7,
8.0,83,85,8.7,90,93,63 27 10.0,10.3, 105,107, 11.0,11.3, 11.5, 11.7, or 12.0,

{00711 The pH buffering compound may he present in apy amount suitable 1o mamtain the
pH of the formuiation at a predetermined level. In one embodiment, the pH buffering concentration
is berween 0.1 mM and 500 mM (! M). For example, itis contemplated that the pH buffering agemt
s atleast 0.1, 0.5, 0.7, 0808 1.0,1.2, 1.5, 1.7.2,3,4, 5,6, 7, 8,9, 10, 11,12, 13, 14, 13, 16, 17,
18, 19, 20, 30, 40, 50, 60, 70, B0, 90, 106, 200, 500 mM.

{0072] Exemplary pH buffering agents used to buffer the formulation as set out herein
include, but are not limited o glyeine. histdine, glutamate. succinate, phosphate, acetate, curate, Tris
and amino acids or mixtures of amine acids, including, but not fimited 1o aspartate, histidine, and

glycine..

[0673] Salts
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j0074) Salts are ofter: added o increase the ionic strength of the formulation, which can be
important for protein sojubility, physical stability, and isctonicity. Salts can affect the physical
stability of protsins in a variety of ways. lons can swabilize the native state of protems by binding to
charged restdues on the protem’s surface, Alternatively, salts can stabilize the denatured state by
binding to peptide groups along the protemn backbone (-CONH-}. Salts can also stabslize the protein
native conformation by shielding repulsive elecirostatic interactions between residues within a
protein molecude. Salts in protein formulations can also shield atractive electrostatic mteractions
between protemn molecules that can lead to protein aggregation and insolubility. In formulations
provided, the salt concentration 1s between 0.1, 1, 10, 20, 30, 40, 50, 80, 100, 120, 150, 200, 304, and
500 mM.

[0075] Stabilizers and bulking asents

[6676] in the present pharmaceutical formuiations, a stabilizer (or a combination of

stabilizers) may be added o prevent or reduce storage-induced aggregation and chemical

degradation. A Hazy or hurbid $élufton Wpon reconstififion mdicates that the protein has precipitated
or at ieast aggregated. The term "stabilizer” means an excipient capable of preventing aggregation
or other physical degradation, as well as chemical degradation (for exampie, autolysis, deamidation,
oxidation, etc.) in an agueous state, Stabilizers that are convenuonally employed in pharmaceutical
compositions include, but are not iimited to, sucrose, trehalose, mannose, maltose, lactose, glucose,
raffinose, cellobiose, gentiobiose, 1somaitose, arabinose, glucosamine, fructose, mannitol, sorbitol,
giycine, arginine HCL, poly-hyvdroxy compounds, including polysaccharides such as dextran, starch,
hydroxyethyl starch, cyclodexiring, N-methyl pyroliidene, celluiose and hvahrronic acid, sodivm
chloride, [Carpenter et al., Develop. Biol. Standard 74:225, (1991)]. In the present formulations, the
stabilizer is incorporated in a concentration of about 0.1, 0.5, 0.7, 0.809,1.0,1.2, 1.5, 1.7,2,3, 4, 5,
6,7,8,0,10, 11, 12,12 14,15, 16, 17, 18, 19, 20, 30, 40, 30, 60, 70, 80, 90. 100, 200, 500, 700,
900, or 1000 mM.

16077} If desired, the formulations also inchude appropriate amounts of bulking and
osmolanty regulating agents. Bulking agenis mclude, for example, mannitol, glycine, sucrose,
potvmers such as dexiran, polyvinyvlpyrotidone, carboxymethyleeliutose, lactose, sorbitol, trehalose,
or xyiitol. In one embodiment, the bulking agent is mannitol. The bulking agent is incorporated in a
concentratior: of abowt §.1, 0.3, 0.7, 0809, 1.0, 1.2, 1.5, 1.7.2, 3,4, 5,6, 7,8.9,10,11, 12, 13, 14,
15, 16,17, 18, 10, 20, 30, 40, 50, 60, 7C. 80, 90, 100, 200, 300, 700, 900, or 1000 mM.

[0678] Surfactants



16079} Protein molecules have a high propensity to interact with surfaces making them
susceptible 1o adsorption and denaturation at air-liquid, vial-liquid, and liquid-tiquid (silicone o1l
interfaces. This degradation pathway has been observed 1o be inversely dependent on protein
concentration and results in either the formation of soluble and insoluble protein aggregates or the
loss of protein from solution via adsorption to surfaces. In addition to container surface adsorption,
surface-induced degradation is exacerbated with physical agitation. as would be experienced during

shipping and handling of the product.

[6080] Surfactants are commonly used in protein formulations w prevent surface-induced
degradation. Surfactants are amphipathic molecules with the capability of cut-competing proteins
for interfacial positions. Hydrophobic portiens of the surfactant molecules occupy mterfacial
positions {e.g., air/liquid), while hydrophilic portions of the moiecules remain oricnted towards the
bull; solvent. At sufficient concentrations (typically around the detergent’s critical micellar

concenration), a surface layer of surfactant molecules serve to prevent protein molecules from

used surfactants are fatty acid esters of sorbitan polyethoxylates, i.e. polysorbate 20 and polysorbate
B0, The two differ only in the length of the aliphatic chain that imparts hydrophobic character 1o the
molecules. C-12 and C-18, respectively. Accordingly, polysorbate-80 is more surface-active and has

a lower critical micellar concentration than polysorbate-20.

[0081] Detergents can also affect the thermodynamic conformational stability of proteins.
Here again, the effects of a given detergent excipient will be protemn specific. For exampie,
polysorbates have been shown to reduce the stability of some proteins and increase the stability of
others. Detergent destabilization of proteins can be rationalized in terms of the hydrophobic tails of
the detergent molecules that can engage in specific binding with partiaily or wholly unfelded protein
states. These types of interactions could cause a shift in the conformationa} equilibrium towards the
meore expanded protein states (L.e. increasing the exposure of hydrophobic portions of the protein
molecule in complement to binding polysorbate). Alternatively, if the proten native staie exhibits

some hydrophobic surfaces, detergent binding to the native state may stabilize that conformation.

180821 Another aspect of polysorbaies is that they are inherently susceptible to oxidative
degradation, Often, as raw materials, they contain sufficient quantities of peroxides to cause
oxidation of protein residue side~chains, especially methionine. The potential for oxidative damage
arising from the addition of stabilizer emphasizes the point that the lowest effective concentrations of
excipients should be used in formulations. For surfactants, the effective concentration for 2 given

protein will depend on the mechanism of stabilizagon. It has been pesnulated that if the mechanism
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of surfactant stabilization is related to preventing surface-denaturation the effective concentration
will be around the detergent’s critical micellar concentration. Conversely, if the mechanism of
stabilization 1s associated with specific protein-detergent interactions, the effective surfactant
concentranon will be related to the protein concentration and the stoichiometry of the interaction

(Randolph T.W ., et al., Pharm Biotechnol., [3:159-75 (2002}).

[0083] Surfactants may also be added i appropriate amounts io prevent surface related
aggregasion phenomenon during freezing and drying [Chang, B, I. Pharm. Sci. 85:1323, (1998)].
Exemplary surfactants inciude anionic, cationic, nonionic, zwitierionic, and amphoteric surfactanis
inciuding surfactants derived from nawrally-oceurring amino acids. Anionic surfactants inciude, but
are not lmmited to, sodium laury] sulfate, dioctyl sodium sulfosnccinate and dioctyl sodium sulfonate,
chenodeoxyeholic acid, N-fauroylsarcesine sodivm salt, iithium dodecyl sulfate, 1-octanesulfonic
acid sodium salt, sodium cholate hydrate, sodium deoxvehoiate, and glvcodeoxycholic acid sodium

saft. Cationic surfactanis mclude, but are not limited to, benzalkonium chloride or benzethonium

~gchlorde-cetvipyndindum-chioride-monohvdrate; and-hexadecyltrmethylammontumr-brommide s

Zwitterionic surfactants inchude, but are not imited to, CHAPS, CHAPSO, SB3-10, and SB3-12.
Non-tonic surfactants include, but are not limited to, digitonin, Triton X-100, Triton X-114,
TWEEN-20, and TWEEN-80. Surfactants also inciude, but are not limited to lauromacrogel 400,
polvoxyl 40 stearate, polyoxyethylene hydrogenated castor oil 10, 40, 50 and 60, giycero]
monostearate, polysorbate 40, 6G, 63 and 80, soy lecithin and other phospholipids such as dioleyl
phosphatidyl choline (DOPCY, dimyristoyiphosphatidyi glyveerol (DMPG), dimyristoviphosphatidy]
choline (DMPC), and (diolevl phosphatidyl glveercl) DOPG; sucrose fatry acid ester, methy!
cellulose and carboxymethyl cellulose. Compositions comprising these surfactants, either
individually or as a mixmre in different ratios, are therefore further provided. In the present

formuiations, the surfactant is incorporated in a concentration of about 6.01 to about 0.5 g/L.

[0084] Other commen excipient components

|0085] Amino acids

[0086] Amino acids have found versatile use m protemn formulations as buffers. bulking
agents, stabilizers and antioxidants. Histidine and glutamic acid are emploved to buffer protein
formulations in the pH range of 5.5 — 6.5 and 4.0 — 5.5 respectively. The imidazole group of
tustdine has a pKa = 6.0 and the carboxyl group of glutamic acid side chain has a pKa of 4.3 which
makes these amino acids suitable for buffering m their respecuve pH ranges. Glutamic acid is

particularly useful in such cases {e.g.. Stemgen®). Histidine is commonly found in marketed protein



formulations {e.g., Xolair®, Herceptin®, Recombinate®).and this amino acid provides an alternative
to citrate, & buffer known to sting upon injection. Interestingiy, histidine has also been reported to
have a stabilizing effect, as observed in formulations with ABX-IL8 (an 1gG2 antibody), with respect
to aggregation when used at high concentrations in both hquid and lyophilized presentations (Chen
B, etal, Pharm Res., 20(12): 1952-60 (2003)). Histidine (up to 60 mM} was also observed to reduce
the viscosity of 2 high concentration formulation of this antibody. However, in the same study, the
authors observed mcreased aggregation and discoloration in histidine contaming formulations during
freeze-thaw studies of the antibody m stainless steel containers. The authors atmibuted this to an
effect of won 1ns leached from corrosion of steel containers. Another note of caution with histidine
is that it undergoes photo-oxidation in the presence of metal ions (Tomita M, et al., Biochemisty,
B(12) 5145-60 (196%)}). The use of methionine as an antioxidant in formulations appears promising;
it has been observed to be effective against a number of oxidative stresses (Lam XM, et al., J Pharm

Sei., 86(11): 1250-5 (1997)).

e {OOR T The apitnG Acids 1veite, proline, seritie 4hd al8Rme Fave been shown 1o stabilize

_ proteins by the mechanism of preferential exclusion. Giycine is also a commonly used bulking agent
in Iyophilized formulations (e.g., Neumega ®, Genotropin®, Humatrope®). Arginine has been
shown 10 be an effective agent in inhibiting aggregation and has been used in both liquid and
Ivophilized formuladons {e.g., Activase®, Avonex®. Enbreld liguid). Farthermore, the enhanced
efficiency of refolding of certain proteins in the presence of arginine has been atiributed to its

suppression of the competing aggreganon reaction duning refolding,
[6088] Antioxidants

[#489] Oxidation of protein residues arises from a number of different sources. Bevond the
addition of specific antioxidants, the prevention of oxidative protein damage invoives the careful
contro] of a number of factors throughout the manufacturing process and storage of the product such
as atmospherc oxygen. temperature, light exposure, and chemical contamination. The most
commonly used pharmaceutical antioxtdants are reducing agents, oxygen/free-radical scavengers, or
chelanng agents. Antioxidants in therapeutic protein formulations are water-soluble and remain
active throughout the product shelf-life. Reducing agents and oxygen/free-radical scavengers work
by ablating actrve oxygen species m solution. Chelating agents such as EDTA are effective by
binding trace metal contaminants that promaote free-radical formaton. For example, EDT A was
utilized in the hiquid formulation of acidic fibreblast growth factor to inhibit the metal ion catalyzed
oxidation of cysteine residues. EDTA has been used in marketed products like Kineret® and

Omiak®.
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[0096] In addition to the effectiveness of various excipients to prevent protein oxidation, the
potertial for the antioxidants themselves to induce other covalent or physical changes to the protein
is of concern. For exampie, reducing agents can cause disruption of intramolecular disulfide
tinkages, which can lead to disulfide shuffing. In the presence of transition metal 1ons, ascorbic acid
and EDTA have been shown to promote methionine oxidation in 2 number of proteins and peptides
(Akers MJ, and Defelippis MR. Peptides and Proteins as Parenteral Solutions. In: Pharmaceutical
Formulation Development of Peptides and Proteins. Sven Frokjaer, Lars Hovgaard, editors.
Pharmaceutical Science. Taylor and Francis, UK (1999}, Fransson J.R., J. Pharm. Sci. 36(9}: 4046-
1050 (1997); Yin J, et al., Pharm Res., 21(12}: 2377-83 {2004)}. Sodrum thiosulfate has been
reported to reduce the levels of light and temperature induced methionine-cxidation in rhuMab
HER2; however, the formation of a thiosulfate-protein adduct was also reported in this stedy (Tam
XM, Yang JY, et al., J Pharm Sci. 86{11): 1230-5 (1997)). Selection of an appropriate antioxidant is

made according to the specific stresses and sensitivities of the protein.
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[0092] In general, ransition metal jons are undesired in protein formulations because they
can catalyze physical and chemical degradation reactions in proteins. However, specific metal ions
are included in formulations when they are co-factors 1o protems and m suspension formulations of
nroteins where they form coordination complexes {¢.g., zinc suspension of insulinj. Recently, the use
of magnesium 10ns (10 120 mM) has been proposed to inhibit the isomerization of aspartic acid ©
isoaspartic acid (WO 2004039337).

10693] Two examples where metal 1ons confer stability or increased activity in proteins are
human deoxyribonuciease (rhDNase, Pulmozyme®), and Factor VIIL In the case of thDNase, Ca™
ions (up to 100 mM} increased the stability of the enzyvme through a specific binding site (Chen B, et
al. J Pharm Sci., 88(4) 477-82 (1999)). In fact, removal of calcium tons from the solution with
EGTA caused an increase in deamidation and aggregation. However, this effect was observed only
with Ca’" jons; other divalent cations Mg+3, M and Zn" were observed to destabilize thDNase.
Similar effects were observed in Factor VIIL €™ and Sr™ ions stabilized the protein white others
like Mg™ Mn" and Zn'", Cu™ and Fe™* destabilized the enzyme (Fatouros. A., et al., int. J. Pharm.,
155, 121-131 (1997). In a separate study with Factor VIIL a significant increase in aggregation rate
was observed in the presence of AI"? ions (Derrick TS, et al.,J Pharm. Sci., 93{10): 2549-57
(2004)y. The authors note that other excipients like buffer salis are ofien contaminated with Al™ ions

and illustrate the need o use excipients of appropriate guality in formulated products.
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J0094] Preservativeg

[0095] Preservatives are necessary when developing multi-use parenteral formulations that
involve more than one exiraction from the same container. Therr pnmary function 15 to inhibit
microbial growth and ensure product sterility throughout the shetf-life or term of use of the drug
product. Commenly used preservatives include benzyt alcohol, phenol and m-cresol. Although
preservatives have a long hisiory of use, the deveiopment of protein formulations that includes
preservatives can be chalienging, Preservatives aimost always have a destabilizing effect
(ageregation) on proteins, and this has become a major factor in Limiting their use in multi-dose

protein formulations {Roy S, et al., J Pharm Sci., 94(2): 352-96 (2005)).

[0096] To date, most protein drugs have been formulated for singie-use only. However,
when multi-dose formulations are possible, they have the added advantage of enabling patient
convenience, and increased marketability. A good example is that of human growth hormone (hGH)

where the development of preserved formulations has led to commercialization of more convenient,

" muiti-use mjection pen presentations. At least four such pen devices consaining preserved
formulations of hGH are currently available on the market. Norditropin® (liguid, Novo Nordisk),
Nufropin AQ® (liquid, Genentech) & Genotropin (lyophilized — dual chamber cartridge, Pharmacia
& Upjohn) contain pheno! while Somatrope® (Eli Lilly) ts formulated with m-cresol.

0097} Several aspects need to be considered during the formulation development of
preserved dosage forms. The effective preservative concentration in the drug product must be
optimized. This requires testing a given preservaiive in the dosage form with concentration ranges
that conier anti-microbial effectiveness without compromising protemn stabnlitv. For example, three
preservatives were successfully screened in the development of a Hiquid formulation for mterleukin- 1
receptor (Type I}, using differential scanning calorimetry (DSC). The preservatives were rank
ordered based on their impact on stability at concentrations commonly used in marketed products

(Remmete RL Jr., et al., Pharm Res.. 15(2): 200-8 (1998)).

[0098] Some preservatives can cause injection site reactions, which is another factor that
needs consideration when choosing a preservative, In clinical frials that focused on the evaluation of
preservatives and buffers in Norditropin, pain perception was observed to be lower in formulations
containing phenol and benzyl alcohol as compared to a formulanor contining m-cresol
{Kappelgaard A.M., Horm Res. 62 Suppl 3:98-103 (2004)). Interestingly, among the commoniy
used preservative, benzy! alcohol possesses anesthetic properites {Minogue SC, and Sun DA, Anesth

Analy,, 100(3): 683-6 (2005)).



[0099] Lvophilization

[60100] I1 15 also contemplated that the formulations comprising a VWF polypeptide of
the invention may be lvophilized prior to admumstrationn. Lyophilization is carried out using
techniques comumon i the art and should be optimized for the composition being developed [Tang et

al., Pharm Res. 21 :191-200, {2004) and Chang et al., Pharm Res. 13:243-G {1996}].

160101} A lvophilization cycle is, in one aspect, composed of three steps: freszing,
primary dryving, and secondary drying {A P, Mackenzie, Phil Trane R Soc London, Ser B, Biol
278:167 {1977)]. In the freezing step, the solution i3 cooled o inittate ice formation. Furthermore,
this step induces the crystallization of the bulling agent. The ice sublimes in the primary drying
stage, which is conducted by reducing chamber pressure below the vapor pressure of the ice, using a
vacuum and introducing heat to promote sublimation. Finally, adsorbed or bound waier is removed
at the secondary drying stage under reduced chamber pressure and at an elevated shelf temperature.

The process produces a material known as a lyophilized cake. Thereafter the cake can be

reconstituted with etther sterile water or suitable diluent for injection.

{00102} The lyvophilization cycle not only determines the finzal physical state of the
excipients but also affects other parameters such as reconstitution time, appearance, stability and
final moisture content. The composition swucture in the frozen state proceeds through several
fransitions (e.g., glass transitions, wettings, and crystallizations) that occur at specific temperatures
and can be used 1o understand and optimize the lyophilization process. The glass wansition
temperature (Tg and/or Tg') can provide imnformation about the physical state of a solute and can bhe
determined by differential scanning calorimetry (DSC). Tg and Tg™ are an important parameter that
must be taken inte account when designing the tvophilization cycle. For example, Tg’ is important
for primary drying. Furthermore, in the dried state, the plass transition temperature provides

information on the storage temperature of the final product.

[0016G3] Methods of Preparation
[66164] The present invention further contemplates methods for the preparation of

pharmaceuncal formulations. A vartery of aqueous carmiers, e.g., sterile water for mjection, water
with preservatves for multi dose use, or water with appropriate amounts of serfactants (for exampie,
polysorbate-20). ¢.4% saline, .3% glycine. or aqueous suspensions may contain the active
compound in admixwre with excipients suitable for the manufacture of aqueouns suspensions. In
various agpects, such excipients are suspending agents, for example sodium carboxymethyiceliulose,

methyicellulose, hydroxypropyimethylcellulose, sodium alginate, polyvinylpyrrolidons, gum



rragacanth and gum acacia; dispersing or wetting agents may be a natarally-occurring phosphatide,
for exampie lecithin, or condensatton products of an allcylene oxide with fatty acids, for example
polyoxyethylene stearate, or condensation products of ethylene oxide with long chain aliphatic
alcohols, for example heptadecacthyl-eneoxycetanol. or condensation products of ethylene oxide
with partial esters dertved from fatty acids and a hexitol such as polvoxyethylene sorbito)
monoocleate, or condensation products of ethylene oxide with partial esters derived from fatty acids
and hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions

may also comtain one or mors preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate.

[06165] Administration
160104] Te administer compositions to human or test anmmals, In one aspect, the

compositions comprises one or more pharmaceutically acceptable carriers, The phrases
“pharmaceuticalty™ or "pharmacologically” acceptable refer to molecular entities and compositions

that are stable, inhibit protein degradation such as aggregation and cleavage producrs, and in addition

""do not produce allergic, or other adverse reactions when administered using routes well-knows in the
art, as described below. "Pharmaceutically acceptable camers” include any and all clinically useful
solvents, dispersion mediz, coatings, antibacterial and antifungal agents, isotonic and absomtion

delaying agents and the like, including those agents disclosed above.

100167} The phanmaceutical formulations may be administered orally, topically,
transdermally, parenterally, by inhalation spray, vaginally, rectally, or by intracranial injection. The
term parenteral as used herein includes subcutaneous injections, intravenous, intramuscular,
intracisternal ijection, or infusion techmgues. Admimistration by intravenous, infradermal,
mtramusclar, intramammary, infraperitoneal, intrathecal, retrobulbar, intrapulmonary injection and or
surgical mmplarmtation at a particular site is coniemplated as well. Generally, compasitons are

essentially free of pyrogens, as well as other impurities that could be harmful 1o the recipient.

[00108] Singie or muitiple administrations of the compositions can be carried out with
the dose levels and pattern being selected by the weating physician. For the prevention or reatment
of disease, the appropriate dosage will depend on the type of disease to be treated, as defined above,
the severity and course of the disease, whether drug is administered for preventive or therapeutic
purposes, previous therapy, the patient's clinical history and response to the drug, and the discrstion

of the attending physician.

[00109] Kits

il



{00119] As an additional aspect, the invention includes kits which comprise one or
more pharmaceutical formulations packaged in a manner which facilitates their use for
administration 1¢ subjects. In one embodiment, such a kit includes pharmaceutical formulation
descrbed herein (e.g., 2 composition compnsing a therapeutic protein or peptide}, packaged in a
container such as a sealed bottie or vessel, with a label affixed 1o the container or inciuded in the
package that describes use of the compound or composition in practicing the method. In one
embodiment, the pharmaceutical formulation is packaged in the container such that the amount of
headspace in the container (e.¢., the amount of air between the iquid formulation and the top of the
container) is very small. Preferabiy, the amount of headspace is negligible (i.e., aimost none}. In
one embodiment, the kit contains a first container having a therapeutic protein or peptide
composition and a second container having a physiologically acceptable reconstittion solution for
the composition. In one aspect, the pharmaceurical formulation is packaged in a unit dosage form.

The kit may further include a device suitable for administering the pharmaceutical formulation

_according o a specific route of admimstration.. Preferably. the kit contains a label that desorihes aa e s oo

of the pharmaceutical formulations.

[00111] Dosaves
[00117] The dosage regimen involved in a method for tresting a condition described

herein will be detenmined by the attending physician, considering vanous factors which modify the
action of drugs, e.g. the age, condition, body weight, sex and diet of the patient, the severity of any
infection, time of administration and other clinical factors. By way of example, a typical dose of a

recombinant VWT of the present invention is approximatefy 50 Uskg, equal 10 500 pgikg.

[06113] Formulations of the invention may be administered by an initial bolus followed by a
continuous infusion to maintain therapeutic circulating levels of drug product. As another example,
the inventive compound may be administered as a one-time dose. Those of ordinary skill in the art
will readily optimize effective dosages and administration regimens as determined by good medical
practice and the chinical condition of the individual patient. The frequency of dosing will depend on
the pharmacokimetic parameters of the agents and the route of administration. The optimal
pharmaceuticzal formuiation will be determined by one skilled in the art depending upon the route of
administration and desired dosage. See for example, Remington's Pharmaceutical Sciences, 18th Ed.
(1990, Mack Publishing Co., Easton, PA 18042) pages 1435-1712, the disclosure of which is hereby
incorporated by reference. Such formulations may influence the physical siate, stability, rate of in
vive release, and rate of in vive clearance of the administered agents. Depending on the route of

administration, a suitable dose may be calculated according to body weight, body surface area or
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organ size. Appropriate dosages may be ascertained through use of established assays for
determining blood level dosages in conjunction with appropriate dose-response data. The final
dosage regimen will be determined by the attending physician, considering various factors which
modify the action of drugs, e.g. the drug’s specific actvity, the severity of the damage and the
responsiveness of the patient, the age, condition, body weight, sex and diet of the patient, the severity
of any wnfection, time of administration and other chinical factors, As studies are conducted, further
information will emerge regarding the appropriate dosage levels and duration of treatment for

various diseases and conditions.

[00114] The following examples are not intended to be Inmiting but only exemplary of specific

smbodiments of the inveniion.
Example 1
Shaking experiments

e l001E5)  In order o determine the amount of precipitation.of tYWE.in varions .

formulations, the percent recovery of rVWF following turbulent shaking was tested under & variety

of conditions.

1601161 rVWF in Advate buffer { 90 mM NaCl, 1.68 mM CaCl,;, 10 mM L-histidine,
10 mM tris, 0.26 mM glutathione, 23.4 mM trehalose, 175.7 mM mannitol, and 0.1g/L TWEEN-80,
pH 7.0)or Advate 1:3 buffer { Advare buffer diluted 3-fold in water) was subjected to mrbulent
shaking on a shaker at room temperarre (RT) for O mum, [ min, 2.5 hrs, or 4 days, and percent
recovery of the rVW¥ was measured relative to the starting material prior to shaking. As shown in
Table 1, losses of about 40-80% were observed in the Advare buffer while losses of about 20-30%
were observed in the Advate 1:3 buffer. VWF antigen VW Ag corresponds 1o the amount of VWFE
which can be detected in an VWF-specific ELISA usmg polyclonal ann-VWF antibody, while
VWF:RCo corresponds to the amount of VWF which causes aggiutination of stabilized platelets in
the presence of ristocetin.. In both cases uman reference plasma calibrated against the actual WHO

standard was used as standard {1 ml of reference plasma usually contains U VWF).



[60317]

{Advate |

Tabie 1. Influence of turbulent shaking time on rVWE recovery

| Turbulent § ] Recovery § I Recovery | RCoVWE:Ag |
§ shaking at I0A ;: A (U0}

3:3

[00118]

The effect of freeze/thawing and lvophilization was also tested in the shaking

experiments, Freezing was performed at —20°C in an ~20°C cold room or on dry ice, thawing 1n

both cases at RT and both started from the lquid formulations. As for tyophilizadon, the formulated

VWE samples described herein were frozen within a pilot scale lyophilizer at <=-40°C and were

lvophiiized using a standard ivo program. Shaking was performed directly with the liquid

formulations {2ml in 5 mi vials). As shown in Table 2, percent recovery of r'VWF was higher in

Advate 1.3 buffer compared to Advate buffer.



[00116] Table 2.

RVWF VWF:Ag ] VWF:Ag | VWFIRCo § VWF:RCo | RCo:Ag
[U/mil] recovery {U/ml] recovery FUU]
[%5] | Yl
Advate Frozen 213 1009 104 10G% (.49
Frezen — 3% 229 107% 84 81% 0.37
at -20°C
Frozen — 3x 231 108% 72 69% 0.31
with dry ice
Lyo 242 1132 61 39% 0.25
Starting 213 10094 104 100% 0.49
material
Heavily 37.0 17% 7.2 6.9% 6.18
shaken for
4 days at
RT
Kdvate Froren G TS P34 HOg 065
1:3
Frozen — 3% 184 89% 132 39%, 0.72
at -20°C
Frozen - 3x 185 Q4574 128 965%% 0.66
with dry ice
Lyo 193 94%4 107 30% G.55
Starting 206 100% 134 100% 0.63
material
 Heavily 138 67% 131 G8%: 0.95
shaken for
4 days at
RT
Hg1263 Percent recovery was also measured m the shaking experiments with rvWF

being stored in syringes with headspace and without headspace. Interestingly, when rVWF 1s stored
in syringes without headspace and shaken as described above, no rVWF precipitation was observed.

In contrast, when rVWF is stored in syringes with headspace, some precipitation was observed.

jos121] In summary, turbulent shaking resulted in ar least 30% loss of FVWF
Advate buffer or Advate 1:3 buffer, with Advate buffer showing higher loss of recovery compared to
Advate 1:3 buffer. Interestingly, the same precipitates observed in the turbulent shaking experrments

were not observed when rVWE was stored and transporied ~3000 ki in an automobile (representing



the expected shaking during transport). Precipitation of r'VWF could be ehiminated by storage in

syringes without headspace.

Example 2
Stability of recombinant VWF

[60122] The stability of rVWF was tested by assessing the activity level of rVWF

present in a vanous formulations.

{00123} As shown in Figure 1, r'VWF 1s not stable in Advate buffer after 26 weeks due
to the presence of 0.3 mM ghutathione. As shown in Figure 2, however, rVWF is more stable in

Advate 1:3 buffer (e.g., for up 12 weeks at 4°C))

[00124] As shown in Figure 3, the stability of a citrate-based formulation (15 mM
sodium citrate, 10 mM CaCl,, 100 mM NaCl, pH 7.0} 15 berter than Advate 1:3 buffer formulation

containing 0.1M glutathione.

T jpe12s) Likewise, the concentration of r'VWFE was measured over time in various
buffers. As shown in Figure 4, Figure 5 and Figure 6, 'VWF concentration is stabie over time in

Advate buffer, Advate 1:3 buffer, and citrate-based buffer, respectively,

Example 4

Characterization of the liquid formuiations

[66126] Differential scanning calorimetry (DSC) was used to assess the extent of
protein (rVWF) unfolding in various buffers. As shown i Table 3, Advate buffer pH 7.0 is the

optimum for stabilization.

[ee127] DSC is a thermoanalytical technique tn which the difference in the amount of
heat required to increase the temperature of a sample and references are measured as a function of
temperature, The result of a DSC experiment is a curve of heat flux versus temperature or versus
fime.

[60128] The Differential Scanning Calorimeter can scan through a range of
temperatures while heating and cooling and it determines & phase transition, i.e. melting,
crystallization, or glass ransition, by measuring the amount of heat needed to reach a set
temperature. The calorimeter was calibrated with a set of pure metals (zine, indium, and 1n} that
have a known heat capacity, Cp and meiting point, Tm. The respective reference buffer was placed

into the reference capillary and the rVWF sample was placed into the sample capillary of the

t



mstrument,

06129} Table 3. Unfolding temperature in various buffers

Lot Buffer pH T unfold [*C}
rVWF161A Advate 7.0 66.0
rVWF161B Immunate 6.8 64.5
rVWF161C Citraie 6.8 61.2
rVWFE161D NavoeSeven 6.8 64.9
rYWF158 Hepes 7.4 61.3

Buffer components and concentrations:

rVWF158: 20 mM Hepes, 156 mM NacCl, 5g/L sucrose, pH 7.4

[60130] Further, as shown in Figure 7, most formulation excipients increase the

unfoiding temperature by about 1-2 °C. Figure § shows that 10 mM CaCl, increases the unfolding
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temperature by ~8 °C 0 ~67 °C, an unfolding temperature which can also be reached by Advate
buffer. This effect of CaCly is similar at pH 7.3 and 6.5, as shown in Figure 9. Finally, the effect of
trehalose and sucrose were analyzed on the unfolding temperature. Compared to citrate alone,
neither trehalose por sucrose increased the unfolding temperature of r'VWE. A summary of the
unfolding temperature {Tmax) data for 'VWF m the presence of various excipients is set out in Tabje

4.




Table 4.

15 mM Sodium

- 15 mM Tris 15 mM Glycine 50 mM Na(Cl
Citrate buffer
AH [kJ/mol} 1284043 6562597 1573522 1240858
Unfolding T 38.6 551 61
[°C] - Peak 1
Peak 2 65.2 68.5 63.5
Peak 3 0.4 80.1 81
Peak 4
I5mM Sodium 15 mM 208.52 g/L. 10.26 g/1,
Citrate buffer Histidine Mannitol Trehalose
AH [kJ/mol] 134044.5 1388590.1 6122359
Unfolding T 39.2 58.5 58.3
°Cl
Peak 1
Peak 2 65.2 65.5 71.3
Peak 3 79.3 TR.2 81.3
Peak 4 88.5 82.7
15mM Sodium 1 mM Call, 1 mM Cally 2o/l 0.25 mM
Citrate buffer Saccharose Saccharose
AH [kJ/mol] 266008.2 308171.3 115082.4 246904.6
Unfolding T 64.5 67.2 59.2 60
1°C} - Peak 1 _
Peak 2 a6 67
Peak 3 81 83.1 81.1 81.7
Peak 4 018 63
15mM Sodium o 6.1 g/LL 32/l Ma, HPO/NaH 7.8 mvi
Citrate baffer § TWEEN-80 Raffinose PO, Trehalose
AH [k/mel] 3387927 1273292 197967.5 1355733
Unfolding T 58.7 60.1 61.4 58.4
{*C1 - Peak |
Peak 2 644 63.8 65.4
Peak 3 51.6 8.3 30.4 80.4
Peak 4 89.2
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[60131) in addition to the various buffers, DSC was used to assess unfolding
temperature of rVWFE at various pH values in Advate buffer. The results are shown in Table 3,
below. Advate buifer pH 7.0 is the optimum for stabilization {i.e., highest unfolding temperature;

Peak 1) of rVWE.

001324 Table 5.
pH Peak 1 Peak 2
5.8 59.5 62.0
6.0 652 754
7.6 67.2 82.8
B.6 66.6 85.6
9.0 65.0 84.9
(60133 The fluorescence spectrum of rVWE in Advate buffer and Advate 1:3 buffer

was assessed afier storage at various temperatures for various lengths of time. No (or only slight)
change in fluorescence spectrum was observed after storage at 40 °C from 0 to 28 days in either

Advate or Advate 1:3 buffers. No difference was observed at other temperatures.

{00134} Likewise, degradation of fVWF was assessed using gelfiltration (Superose 6).
While some degradation was observed after 26 weeks at 4 °C in Advate buffer, almost no
degradation of r'VWF in Advate 1:3 buffer was observed after 26 weeks at 4 °C. A1 40 °C,
glhistathione increased the amount of degradation over time (albeit 1o a slower extent in Advate 1:3

buffer).

[00135] Rased on the above Examples, Advate 1.3 buffer offers an advantage with
respect (o freeze/thawing and recovery after tvophilization as compared 1o the undiluted Advate
buffer. Moreover, Advate 1:3 buffer can stabilize {(e.g., mainiain biological activity) rVWE activity
during mcubation at 40 °C better that Advate buffer. rVWE in Advate 113 buffer is siabde for 4
waeks of incubation at 4 °C. Finallv, DSC has demonstrated that pH 7.0 is optimum for preventing

degradation of rVWF (i.e., showed the highest unfolding temperature).

100136] Thus, in view of the data presented herein, a formulation was proposed for

WWF mncluding 15 mM cirrate {or glveine or hitiding}, 16 mM CaCly, pH 6.5-7.3, adjusted to the
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desired osmolarity by NaCl. For example, in one embodiment, the citrate-based formula is 15 mM

sodium citrate, 10 mM CaCls, 100 mM NaCl, pH 7.0.

[66137] Alfernatively, an Advate or Advate 1:3 buffer, without glutathione, is also
contemplated: Advate: 90mM NaCl, 1.68mM CaCl,, 10mM L-hustidine, 10mM Tris, 0.26mM
giutathione, 23.4mM trehalose, 175.7mM manmitol, and 0.1g/L TWEEN-B(, pH 7.0; Advate 1:3; 30
mM NaCl, 0.56 mM CaCl;, 3.3 mM L-histidine, 3.3 mM tris, 7.8 mM irehalose. 58.6 mM mannitol,
and 0.03g/L. TWEEN-80, ph 7.0.

(a2
I-2



CLAIMS

1. A stable liquid pharmaceutical formuiation of a recombimant von Willebrand Factor
(rVWF) comprising: (a) a rVWF; (b} a buffering agent; and (c¢) one or more salts,

wherein said rVWF in the pharmaceutical formulation causes agglutination of
stabilized platelets in the presence of ristocetin, is stable for at least 26 weeks at 4°C
and comprises a polypeptide that has a molecular weight of approximately 250 kDa
selected from the group consisting of:

a) the amino acid sequence set out in SEQ ID NO: 3;

b) a biologically active analog or variant of a);

c) a polypeptide encoded by the polynucleotide set out in SEQ ID NO: 1;

d) a biologically active analog or variant of c¢); and
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e) a polypeptide encoded by a polynucleotide that hybridizes to the
polynucleotide set out in SEQ ID NO: 1 under moderately stringent hybridization
conditions;

wherein the buffering agent is citrate at a concentration of 15 mM, wherein

the pH is in a range of 3.0 to 9.0; and wherein a first salt 1s sodium chloride at

a concentration of 100 mM and a second salt 1s calcivim chloride at a
concentration of 10 mM.
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