LYOPHI LI ZED RECOVBI NANT VW FORMULATI ONS FI ELD OF THE | NVENTI ON [ 0001]
Cenerally, the invention relates to formulations of |yophilized reconbi nant
VW and rwOhots48275 maki ng a | yophilized conposition corpmius2eng/osaconbi nant
VWF. BACKGROUND OF THE | NVENTI ON [ 0002] Von W Il ebrand factor (VW) is a

gl ycoprotein circulating in plasma as a series of nmultinmers ranging in size
from about 500 to 20,000 kD. Multinmeric fornms of VAW are conposed of 250 kD
pol ypepti de subunits |inked together by disulfide bonds. VA nedi at es
initial platelet adhesion to the sub-endothelium of the damaged vessel

wall. Only the larger multimers exhibit henostatic activity. It is assuned
that endothelial cells secrete |large polyneric forns of VW and those forns

of WF Wi OPHIBIZMD'RECOVMBINANT VWBI EORNIVEATIONS arise

fromproteolytic cleavage. The nultiners having | arge nol ecul ar nasses are
stored in the Wi bel -Pall ad [ A\l cells and |iberated upon
stinulation. [0003] \/\/\FisPHl?19 g 131 i 1@Iial cells and

megakar yocyt S - . | . af at ed
o ne. _Upd 00 BB A 1t BRlorERRRS) Rofbtiioh GO RpRH A reElmbBRRC o

di sul f IdWH dndkagksdsadbr mhkinGatlgsphiliveld coa@bsition dbrapiiingresombinaet W8 Hr ot onmer s
for multinmerization, which is governed by disulfide |Iinkages between the
free end termni. The asORIGROUNDIOFE THESINVENTIONVed by the proteol ytic
removal of the propeptide sequence (Leyte et al., Biochem J . 274 (1991),
257-261). [Q008d] Thenpwilefnd tidaSVaWFPR apil pbipedteinlcadilatigdinf jiavmd e ¢l oned
cDNA of VW is a 2813-residue precursor pol ypeptide (Prepro-VVF). The

pr epr o-Sos efonuliigiess pngiag 21251@_%&@@1 about 500 to 20,000 kD. Multimeric forms of VWF

are composed of 250 kD polypeptide subunits linked together by disulfide bonds. VWF

mediates initial platelet adhesion to the sub-endothelium of the damaged vessel wall. Only
the larger multimers exhibit hemostatic activity. It is 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 proteolytic cleavage. The multimers having large
molecular masses are stored in the Weibel-Pallade bodies of endothelial cells and liberated

upon stimulation.

[0003] VWF is synthesized by endothelial cells and megakaryocytes 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-terminal 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 (Leyte et al., Biochem. J. 274 (1991), 257-261).

[0004] The primary translation product predicted from the cloned cDNA of VWF is a
2813-residue precursor polypeptide (prepro-VWF). 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 (Ruggeri Z.A., and Ware, J., FASEB J., 308-316 (1993)).

[0005] Defects in VWF are causal to Von Willebrand disease (VWD), which is
characterized by a more or less pronounced bleeding phenotype. VWD type 3 is the most
severe form in which VWF is completely missing, and VWD type 1 relates to a quantitative

loss of VWF and its phenotype can be very mild. VWD type 2 relates to qualitative defects



acid signal peptide and a 741 am no acid propeptide, with the mature VW
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SUMMARY OF THE INVENTION

[0008] The present invention provides formulations useful for lyophilization of
recombinant VWF, resulting in a highly stable pharmaceutical composition. The stable
pharmaceutical composition is useful as a therapeutic agent in the treatment of individuals
suffering from disorders or conditions that can benefit from the administration of

recombinant VWF.

[0009] In one embodiment, a stable lyophilized pharmaceutical formulation of a
recombinant von Willebrand Factor (rVWF) is provided comprising: (a) a rVWF; (b) one or
more buffering agents; (c) one or more amino acids; (d) one or more stabilizing agents; and
(e) one or more surfactants; the r'VWF comprising a polypeptide selected from the group
consisting of: a) the amino acid sequence set out in SEQ ID NO: 3; b) a biologically active
analog, fragment or variant of a); ¢) a polypeptide encoded by the polynucleotide set out in
SEQ ID NO: 1; d) a biologically active analog, fragment or variant of c); and e) a
polypeptide encoded by a polynucleotide that hybridizes to the polynucleotide set out in SEQ
ID NO: 1 under moderately stringent hybridization conditions; the buffer is comprising of a
pH buffering agent in a range of about 0.1 mM to about 500 mM and the pH is in a range of
about 2.0 to about 12.0; the amino acid is at a concentration of about 1 to about 500 mM; the
stabilizing agent is at a concentration of about 0.1 to about 1000 mM; and the surfactant is at

a concentration of about 0.01 g/L to about 0.5 g/L.



reconbi nant VW. [0009] In one enbodinent, a stable |yophilized

phar maceuti cal formulation of a reconbinant von Wl Il ebrand Factor (rVW) is
provi ded worzpro/@Bsarg: (a) a r VW, (b) one or nore bufferipol/isg@aist47¢ c) one
or nore am no acids; (d) one or nore stabilizing agents; and (e) one or

nore suyr tants; the r conpri.si a pol ypeptide selected from.the group
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mM and the pHis in a range of about 2.0 to about 12.0; the amno acid is

at a cohepHtis ahqubd.-3of about 1 to about 500 mM the stabilizing agent is at
a concentration of about 0.1 to about 1000 mM and the surfactant is at a
concent[PatT]on Irodnoieriembodiddeng/the aforemamtiond] nigbdlacidde sd¢ctediramahérgroup
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conbi nati ons of these agents. In yet another enbodi nent, the buffering

agent iembodimentethe pringscidbiseleisoriarpeneantratipi opapous 15 mMhe range of about
6.0 to about 8.0, about 6.5 to about 7.5, or about 7.3. In another
enbodi fB6t2] t hreoprémizodabenttof The3invé3®h 1ihe I M VAN otthpisee theoaiine atid sequence

af orenent i one i acid is. selected from.th ro consi sting.of glycine,
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[0013] In still another embodiment of the invention, the aforementioned one or more
stabilizing agents 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
one embodiment, the stabilizing agents are trehalose at a concentration of about 10 g/LL mM

and mannitol at a concentration of about 20 g/L.

[0014] In yet another embodiment of the invention, the aforementioned surfactant is
selected from the group consisting of digitonin, Triton X-100, Triton X-114, TWEEN-20,
TWEEN-80 and combinations of these surfactants. In still another embodiment, the

surfactant is TWEEN-80 at about 0.01 g/L.

[0015] In another embodiment of the invention, the rVWF comprises amino acid sequence
set out in SEQ ID NO: 3; wherein the buffering agent is citrate at a concentration of about 15
mM at about pH 7.3; wherein the amino acid is glycine at a concentration of about 15 mM;

wherein the stabilizing agents are trehalose at a concentration of about 10 g/L. and mannitol at

a concentration of about 20 g/L..; and wherein the surfactant is TWEEN-80 at about 0.1 g/L.



enbodi ment, the amno acid is glycine at a concentration of about 15 nM
[0012] In one enbodi nent of the invention, the rVW conprises the am no

aci d sequencelwss27sut in SEQ ID NO 3; wherein the buffecirg2agents7e s
citrate and the pHis about 7.3; and wherein the anmino acid is glycine at a
concentration of about iﬂ& £Senbod| ment of the

i nvention, the aforeme :: e+ ¥g=agents is selected

fromt consi manni { o I act bi t ol , | i toI sucrose,
trehal gg@ﬂ{]rra f&sgrels %é\té Yé&naﬁv is'of paels é’WFé?fC?q oYy H&éta BBkl
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of these stabi'lizing agents. 'In one enbodi nent, the stabilizing agents are

t rehal t TR I

concent166 ﬂ %o%('hq‘ @g {)&]%{egﬁ fggts[eglgg«%{du%ﬁmg{estu r‘gqr\l{lo heF errb%)t r%lg{s %lt‘ t he

i nvent i34, the af orenenti oned surfactant is selected fromthe group
consisting of digitonin, Triton X-100, Triton X-1 14, TWEEN- 20, TWEEN- 80
and corporsyt i engre’ shbRS theSherb@aetiaRsiual MoBtirt In AW abRadh 1wt + t he
surfactant is TWEEN-80 at about 0.01 g/L. [0015] In another enbodi nent of
the i nvehktion, the rVWF conprises amino acid sequence set out in SEQ ID NO
3; wherein the buf fering agent is citrate at a concentratlon of about 15 mM
at about pH 7.3; wh&delh HHGOR ) N ¥ N oncentration of
about 15 mM wherein the stab| i zi ng agents are trehal ose at a
concentDefinition of texbsut 10 g/ L and nmannitol at a concentration of about 20
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(0017] ERE iniats SamStonly Y er Sy e et il Bt Xt vpibEi DD S or ed

at 50C jgvention belongs. The followmg references provide one of skill w1th a general definition of

many of the terms used in this 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, 5STH ED., R. Rieger, et al. (eds.), Springer Verlag (1991); and Hale and
Marham, THE HARPER COLLINS DICTIONARY OF BIOLOGY (1991).

[0020] 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.

[0021] It is noted here that, as used in this specification and the appended claims, the

singular forms "a," "an," and "the" include plural reference unless the context clearly dictates

otherwise.

[0022] As used herein, the following terms have the meanings ascribed to them unless

specified otherwise.

[0023] The term "comprising,” with respect to a peptide compound, means that a
compound may include additional amino acids at either or both amino 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.
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30C. [0018] Figure 3 shows the increase in residual noisture in rVW FDP
stored at 400C + 20C. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Defi nition of
ternms [ OOWOJ2010ml4825S ot herwi se defined, all technical an®#CTaiSesmwio6i4cot er ns
used herein have the sane nmeaning as commonly understood by one of ordinary

skill i e t to which this jnventjon belongs. The foll ow ref erences
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Bl OLOGY (2d ed. 1994); E CAMBRI DGE DI CTlI ONARY SCI ENCE AND TECHNOLOGY

(Wl kerpresdure, hlog@yell qoyat, GhOBSARY 1<kl GENEBTIES atG Fr. Bt noRimRedtperancat al .

(eds.), ringer,.Verlag (1991); and Hal e and Marham THE HARPER COLLI NS
DI CTI O@W@d&)éﬁvﬁ( 1991). [0020] Each publication, patent application,

pat ent, other reference cifed herein is. ipcorporated py reference in
its ent[pﬁgﬂy ﬁé“ﬁ?f&heé%?éﬂ? tefR%t SPEeS-s ?fﬁ?esisﬁ’i‘éoﬁ%f! setXQFFLS“RPt%‘e‘%@FOdYIB%ent

di scl osy#icBusil P@R Hlfolrhatich iR AlRHe BEDRA flienc@30 YE&RGhd Marifdse fSR&GHplcat i on and
t he appended clains, the singular forns "a," "an,” and "the" include plural
r ef er erredwim gasproteneby activaking deaalilpr tinctiansasvavérbmtiamecriftiof28i As used

her ei n,, t h]g fol]l ow ng t er.ns haveéﬁ% meani ngg ribed to them Hnl ess

speci f i B8 GEHEPIE SU” F%‘tfg%ﬁ Eee” g Pﬂ“@@sewe{lﬁe PESPERT (D00

pept i denyCOorapas fskm A al$rdskidh peoduct” such as a protein. The expression product itself,
e.g. the resulting protein, may also be said to be "expressed.” An expression product can be
characterized as intracellular, extracellular or secreted. The term "intracellular" means inside
a cell. The term "extracellular" means outside a cell, such as a transmembrane protein. A
substance is "secreted" by a cell if it appears in significant measure outside the cell, from

somewhere on or inside the cell.

[0026] As used herein a "polypeptide” refers to a polymer composed of amino acid
residues, structural variants, related naturally-occurring structural variants, and synthetic non-
naturally occurring analogs thereof linked via peptide bonds. Synthetic polypeptides are
prepared, for example, using an automated polypeptide synthesizer. The term "protein”
typically refers to large polypeptides. The term "peptide"” typically refers to short
polypeptides.

[0027] As used herein a "fragment” of a polypeptide is meant to refer to any portion of a

polypeptide or protein smaller than the full-length polypeptide or protein expression product.

[0028] As used herein an “analog” refers to any of two or more polypeptides substantially
similar in structure and having the same biological activity, but can have varying degrees of
activity, to either the entire molecule, or to a fragment thereof. Analogs differ in the
composition of their amino acid sequences based on one or more mutations involving
substitution, deletion, insertionand/or addition of one or more amino acids for other amino
acids. Substitutions can be conservative or non-conservative based on the physico-chemical
or functional relatedness of the amino acid that is being replaced and the amino acid

replacing it.

[0029] As used herein a "variant" refers to a polypeptide, protein or analog thereof that is

modified to comprise additional chemical moieties not normally a part of the molecule. Such



conpound may include additional amno acids at either or both am no and
carboxy termni of the given sequence. O course, these additional am no
aci ds showbaormauszisgni ficantly interfere with the acti viPCy/ustomwhel4conpound.
Wth respect to a conposition of the instant invention, the term

"conprising” nmeans  that a c ositjon.my include additi conponents.
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means that a substance so described is determined to have activity that
af f ect sing undeliioblle splrredfeet efrth¢ mofeculebetc. Muietidswapabde olombdieder pckséeaete, bl ood
cell count. chol.esterol lewel) or disgase s (&.9., byt not.limted to
cancer MeipailRdeaSpaEl ety el SRS LA AL RSl sPRtinealH) ess.
" expr esfibib@es t3AGNOIEXINE BSSHATKnoWRAR tild A0 WF&lG:xampladhdiwithdubBmitafied, ibhoOn 1 n a
gene or DNA sequence to becone manifest, for exanple, producing a protein
by act iasegct fig tapantde p blgogrclgtting fack haying glohericahmpdidisaieen whichgorfses a
transl gtj o or. ndi g e . 2 ce is
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pr ot ei rglycbiglagxppegdhton, phdydupdlysislgkkibn. €. g. the resulting protein, nmay
al so be said to be "expressed." An expression product can be characterized
as i nt reghinthait, Vet racel lular or secreted. The term"intracellular” means

inside a celT. The Term"extracellular" neans outside a cell, such as a
transmggps@ENe TRE BbKhikle QiR YRE LARTSadi§ se@BRteS bEPrepRY VAVE &lel sel dutlit SRPPEArs in
significant neasuré outside the cell, from sorrevvﬁere on or inside the cell.

[ 0026] IBsNOskeahdhgi@illn NO:2pehkggeeptlydeid are ierikbleat &epBhykndrecesgnpdowed of am no
acid resj str variants, related naturally-occurring structural
var  antSVHTrs2iNGL P8 b il e Bres At Mrlendh R Sk vi a
pept i denRQRIGWEDBleNtlkiset RRliy PEQIDALS: @K@n&%ﬁﬂﬂ[@% ahffio Sf@dmd4e2818dfNg an
aut omat ed pol ypepti de synthesizer. The term™protein”

the full length prepro-VWF amino acid sequence).

[0031] One form of useful rVWF has at least the property of in vivo-stabilizing, e.g.
binding, of at least one Factor VIII (FVIII) molecule and having optionally a glycosylation
pattern which is pharmacologically acceptable. Specific examples thereof include VWF
without the A2 domain thus resistant to proteolysis (Lankhof et al., Thromb. Haemost. 77:
1008-1013, 1997), and a VWF fragment from Val 449 to Asn 730 including the glycoprotein
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 to
stabilize at least one FVIII molecule is, in one aspect, carried out in VWEF-deficient mammals

according to methods known in the state in the art.

[0032] The rVWF of the present invention is produced by any method known in the art.
One specific example is disclosed in WO86/06096 published on Oct. 23, 1986 and U.S.
Patent Application No. 07/559,509, filed on Jul. 23, 1990, which is incorporated herein by
reference with respect to the methods of producing recombinant VWF. Thus, methods are
known in the art for (i) the production of recombinant DNA by genetic engineering, €.g. via
reverse transcription of RNA and/or amplification of DNA, (ii) introducing recombinant
DNA into procaryotic or eucaryotic cells by transfection, e.g. via electroporation or
microinjection, (ii1) cultivating the transformed cells, e.g. in a continuous or batchwise

manner, (iv) expressing VWF, e.g. constitutively or upon induction, and (v) isolating the



typically refers to |large pol ypeptides. The term "peptide" typically refers
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Suchmoi’eties may nmodu tion ologlca
hal f-1idsed. etc. The nvieties nay alternatively decrease the toxicity of the
nol ecul e and elimnate or attenuate any undesirable side effect of the
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pegyl ati on, and/or polysialylation. Reconbinant VW
known. Expression control sequences include promoters, activators, enhancers, operators,
ribosomal binding sites, start signals, stop signals, cap signals, polyadenylation signals, and
other signals involved with the control of transcription or translation. The resulting vector
having the polynucleotide therein is used to transform an appropriate host. This

transformation may be performed using methods well known in the art.

[0034] Any of a large number of available and well-known host cells are used in the
practice of this invention. The selection of a particular host is dependent upon a number of
factors recognized by the art, including, for example, compatibility with the chosen
expression vector, toxicity of the peptides encoded by the DNA molecule, rate of
transformation, ease 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 include, without limitation, bacteria, yeast and other
fungi, insects, plants, mammalian (including human) cells in culture, or other hosts known in

the art.

[0035] Transformed host cells are cultured under conventional fermentation conditions so
that the desired compounds are expressed. Such fermentation conditions are well known in
the art. Finally, the polypeptides are purified from culture media or the host cells themselves

by methods well known in the art.



[ 0030] The pol ynucl eoti de and am no acid sequences of prepro-VW are set
out in SEQID NO 1 and SEQ ID NO 2, respectively, and are avail abl e at
GenBank Awoessymse7Blos. NM 000552 and NP_000543, respect PCEIUS2009/061430M NO
aci d sequence corresponding to the mature VAF protein is set out in SEQID

NO 3 ( esponding to.ami no acids 764-2813 of the full |ength prepro- VW
ani no éﬁﬁ%glsgﬁaﬁsﬁ@@?g. o %?ffff@ﬁéﬂ g iP T PIFSER BImPRARE e eiliodst ¢ he

pr oper ty ihyiR(on Qo b @kt ZdrB8hs Le Bptidial(afisbhe@to atesifRate 9RGFBGEOr VI I
(FVI'11) nol écul e and havi ng opti onaI]iF)y a glycosylation pattern which is

phar macgy@gyleadn sitescic pytahd. eGergpalyi, O-nledatgbwschandesaf attadleddesevig wi t hout

the A2 donmin thus sistant to teo IS ankhof e I Thr onb.
Haemoet ot Myt 5T 5805 R ARG s tataR e flasli 1o PP8ERE n 730

i ncl udi(Agn} REJGEVCRRN BE LR palt-dPitidicggende MBh K -8BATHI, RgkeRX shit BSarfyodmizel | agen
and heparin (Pietu et al., Biochem Bi oghys. Res. Conmmun. 164: 1339-1347,
1989) . afitexgeptarefittatX srpreferabheongf|the |9 patugllywrcyrgng paing 3¢ it | east one

FVI T cul e i ' a ' R >f | Cl S
mccor di gL Felifs LS APPSR R e QBBL T e JRER LT ¢ e
pr esentresithws fburahinieactptypd ueadiffbigna Ynaph oflsuganikat isRomendy founDoa bspeci fi c
exanpl e i s disclosed i n WB6/06096 published on Cct. 23, 1986 and U. S

Pat ent DApigkedand Griinkgd oliggsseaharides is N-acstylpgprapinic aead (relgyigd toups THiG s

i ncorp ed; nerei It Rt 2t of producing
reconbiod%gfr)\'t g{?\%.a%ligag%aﬁﬁﬁﬁgﬁgﬁge&ﬁgﬁn%ﬁﬁ%%&5?9 %fl c? h i) the production
of r ecanigosmnharidifainy, bgemneid o iBNggaeerdhage, . ape avpeat, confersseidic aropertiept i on

of RNA and/qr anplification of DNA  (ii) introducing. reconbinant DNA into
ot ocar yBEISTHFO U PBOE eS8 TGS Pt b iR et T he VIOt aBe r opor at | on
or M crifHoRkdd &his (ihvehdio Mhd A¥ Rrdtadblyhydos ARRH O, BANGRE S rec®ntbinand 2
conti nuous or batchw se

production of the polypeptide compounds (e.g., in mammalian cells such as CHO, BHK,

COS). In other aspects, such sites are glycosylated by synthetic or semi-synthetic procedures

known in the art.

[0037] Alternatively, the compounds are made by synthetic methods using, for example,
solid phase synthesis techniques. Suitable techniques are well known in the art, and include
those described in Merrifield (1973), Chem. Polypeptides, pp. 335-61 (Katsoyannis and
Panayotis eds.); Merrifield (1963), J. Am. Chem. Soc. 85: 2149; Davis et al. (1985),
Biochem. Intl. 10: 394-414; Stewart and Young (1969), Solid Phase Peptide Synthesis; U.S.
Pat. No. 3,941,763; Finn et al. (1976), The Proteins (3rd ed.) 2: 105-253; and Erickson et al.
(1976), The Proteins (3rd ed.) 2: 257-527. Solid phase synthesis is the preferred technique
of making individual peptides since it is the most cost-effective method of making small

peptides.

Fragments, variants and analogs of VWF

[0038] Methods for preparing polypeptide fragments, variants or analogs are well-known

in the art.

[0039] Fragments of a polypeptide are prepared using, without limitation, enzymatic
cleavage (e.g., trypsin, chymotrypsin) and also using recombinant means to generate a

polypeptide fragments having a specific amino acid sequence. Polypeptide fragments may be



manner, (iv) expressing VW, e.g. constitutively or upon induction, and (v)
isolating theVW\F, e.g. fromthe culture nediumor by harvesting the
transf or &0 208/d48275i n order to (vi) obtain purified r VWPCTAISQ009%5B7@NI ON
exchange chromat ography or affinity chromat ography. A reconbi nant VW is,
in one aspect, nade in trans%g&ned hqft.cells.u i ng.recomi nant DNA

t echni GBS GIIPMPHERS 4iReipR el fieProtehavingapaaicularagidie sieddt ng for the

pol ypephideerioatidh RenBx6f S8 theramR oAb MV WE RIMdiRRh&y BSthE hgt | On enzynes.
Alternatively, the DNA nol écule is, in another aspect, synthesized using

chem Cﬂ)oﬁgi erﬂ&dsto‘?ﬁﬁﬂin%‘b?@rpg?{{&@arﬁ%gtg??% zﬂE@@Qﬁ-%ﬂ@zH? dalifo qBkhod. Al so,

in stil aspect, nat 1 on ese techniques I's used. [0033]
The i nweqidno® amdlsgs qiragi ypeptidkecindresubsttaibmy imseltiqnehtddiesn of d¢lé&don nvent i on

in an approprjate host. The vector conprjses the | ynucl eoti de t hat
encodesangf%?-pb%s%ﬁ@%%gsowélﬂ&m&fgwn%@ éJUPOjXPCQBB‘?’g_ i UEET BHPF BSLi6h
Contr0kﬁ%%%%%&@%%ndﬂﬁﬂﬁ&ﬁéfﬁ$t&%&ﬁﬁﬂhﬁghﬁ&kﬁmgﬂﬁﬁ@hbc%ﬂ!&ﬁ%h?ghwéhﬁhﬁr

before or after the polynucleotide is inserted into the vector, are well
known. dBriogeswiobr thomtdindn sleggentem iadblde nonagmmiealgpoirtdn thegiabypeptide.

enhanceys, operators, ribosonal. bindi It start. signals, stop signals,
cap si ghit AOERAY st O Brar g And SO SwiEiop. WRGHaR S PRUBIVEACIHINR t he
cont r olep@tbpd s MSEIy AXihgB rédidue! Al tRin MAlogd NECIh@HY FtabMEni @€ L Pblypaptidey t he
pol ynucl eotide therein is used to transforman appropriate host. This

t r ansf dnetads bA aadiyion ef pea PronpIsAMIBe AYdheltatibarsonterh tekmiafl # Aratdie apdt . [ 0034]
Any of .2l &1 96 &g{{n}?& fuosio@’r%{eﬁn%b' dritg d’éﬁ%% bt %ﬁ@%fé}e&%% &8 h iogs[ﬁe gﬁSd In
% s’ nve 1 O EfeC Ot r oS I'S

the practicée of n. e se ron of a particula
dependephtenipbited nunber of factors recogni zed by the art, including, for

exanpl e, conpatibility with the chosen expression vector, toxicity of the
pepti dq@oéﬁlf]COQﬁElstil@Miﬁﬁpa@N‘gs @8N &chdndk @n®hmidoadesd o tH@Wil@lftPrp@ﬂﬁe of
0

recovery t he peptides, expression characteristics, bio-safety and
another at one or more sites within the protein, and may be designed to modulate one or more
properties of the polypeptide without the complete loss of other functions or properties. In
one aspect, substitutions are conservative substitutions. "Conservative amino acid
substitution" is substitution of an amino acid with an amino acid having a side chain or 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, histidine); a polar amide side chain (glutamine, asparagine); a hydrophobic,
aliphatic side chain (leucine, isoleucine, valine, alanine, glycine); an aromatic side chain

(phenylalanine, tryptophan, tyrosine); a small side chain (glycine, alanine, serine, threonine,

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

[0042] In one aspect, analogs are substantially homologous or substantially identical to the
recombinant VWF from which they are derived. Analogs include those which retain at least

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

[0043] Polypeptide variants contemplated include, without limitation, polypeptides
chemically modified by such techniques as ubiquitination, glycosylation, including
polysialation, conjugation to therapeutic or diagnostic agents, labeling, covalent polymer
attachment such as pegylation (derivatization with polyethylene glycol), introduction of non-
hydrolyzable bonds, and insertion or substitution by chemical synthesis of amino acids such

as ornithine, which do not normally occur in human proteins. Variants retain the same or



costs. A balance of these factors nust be struck with the understandi ng
that not all host cells are equally effective for the expression of a
parti cul avoRbiv/@eryaence. Wt hin these general guidel i neeCTasedoalosnszer obi al
host cells include, without limtation, bacteria, yeast and other fungi,

i nsects, plants, manmal jan (incl udi ng human cul ture, ot her
host s keﬁ&’i]ﬂg#%&méma i SagtioT SR RO e e IOl ey ey e under
conventdheRddal hurRAtA | mg? IRPRA dideens: in@irdpal g, th@ adﬁa%ar) efaGMReYNgs are
expressed. Such fernmentation conditions are well known in the art. Finally,

t he polagpetgpitlbe WaT polppnptlﬂc eth the gmsecdlindirest :n:eadhlaemr itiheontasplated thag the
themselv s b e art.[0036] Depending on the host
cel | utRFLE; ygeh&%f}ﬁ@v@ e %?T%n%fﬂg'zgtp the i nvention, carbohydrate

[i d t [ 1 hed t t t hat t
be. ory JBGHIS: Phvhafh Bebinel o Piiar Seaferuiny o%am"eai@ﬁ%wp@&%@%ﬁp& des
are_at Laghd dpagidng. (Rl JQEhytléHeeg@%om @uéﬁf B ) rdaBSI RS ophidkRydY- | T nked

ol i gosacchari des are attached to asparagi ne (Asn) residues when they are
part ofderimeatiweri{oendsincodd Bmns Tvﬂnﬁrebwtlm wndng apndtimcpntyaptido beins ex cept

proline. 1. preferabl ne of natural |y occurring.am no acids not
P oont | athesite RAE SRAR e BBk Ao kb Rl e e B TR TR BReBE oy | e
and t hehsugdahallresdidH@sndigbmdor the@@¢Rtidy RACHIR attl ddt@hfRdd b4&PEoh kRGy®f sugar
that is commonly found on both N-1inked and O linked oligosaccharides is

N- acet ylarraugteniand thealepised ieatlerFagxemples th@ula‘gercthaéﬂt@)of PiGilpreteiethg is
usgal lbyfrg-'gr t&% f) gﬁ%{l%e o%‘}ogijﬁf\:’ggflat«%@ él%dl%tl I11[11 goe e Qrﬂgo(ﬁ} eht@ h andH%?: Isgfg hari des

VIiTt one asp ect cbn
pr oper tdoagrdcohﬁdtemggly @@wﬂnaieﬁ;datqmqaﬂﬂmu§upmahﬂeﬁé glya@(PEa) nngdepor at ed
in the linker of the conpounds of this invention and are %@ ferably

gl ycosyltaghed tpjhedleed ¢loawg|f%rgorrtecﬁ9ﬁﬁ¥%{aﬂﬁ pPudeadonsst BalHiFangody plist i de
conpoungiss gﬁ)ug maf Bt ﬁ%hh@éﬁl&? Iofecits Qfe?g%t (s 16X or branched. The

average molecular weight of the PEG ranges from about 2 kiloDalton ("kD") to about 100
kDa, from about 5 kDa to about 50 kDa, or from about 5 kDa to about 10 kDa. In certain
aspects, the PEG groups are attached to the blood clotting factor via acylation or reductive
alkylation through a natural or engineered reactive group on the PEG moiety (e.g., an
aldehyde, amino, thiol, or ester group) to a reactive group on the blood clotting factor (e.g.,

an aldehyde, amino, or ester group) or by any other technique known in the art.

[0045] Methods for preparing polysialylated polypeptide are described in United States
Patent Publication 20060160948, Fernandes et Gregoriadis; Biochim. Biophys. Acta 1341:
26-34, 1997, and Saenko et al., Haemophilia 12:42-51, 2006. Briefly, a solution of
colominic acid (CA) containing 0.1 M NalO4 is stirred in the dark at room temperature to
oxidize the CA. The activated CA solution is dialyzed against, e.g., 0.05 M sodium
phosphate buffer, pH 7.2 in the dark and this solution was added to a r'VWF solution and
incubated for 18 h at room temperature in the dark under gentle shaking. Free reagents are
optionally be separated from the rVWEF-polysialic acid conjugate by, for example,
ultrafiltration/diafiltration. Conjugation of r'VWF with polysialic acid is achieved using

glutaraldehyde as cross-linking reagent (Migneault et al., Biotechniques 37: 790-796, 2004).

[0046] It is further contemplated in another aspect that a polypeptide of the invention is a
fusion protein with a second agent which is a polypeptide. In one embodiment, the second

agent which is a polypeptide, without limitation, is an enzyme, a growth factor, an antibody, a
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COS). In other aspects, such sites are glycosylated by synthetic or

sem -synthetic procedures known in the art. [0037] Alternatively, the
conpoundswanrelwmsEsby synt heti c net hods using, for exanmpCeuss@biodi4phase
synt hesi s techni ques. Suitable techniques are well knomn in the art, and

i nclude those d scribed in Merrifield 73 |des pp.
335-61 “(Y Lo & ‘?{P%kla‘hdl ‘-‘lﬁgr?éwfr&‘ffi SO %he %@%“quﬁaé ﬁ]a lf“rfa‘iﬁm Chem
Soc. 83ecepldtda cdPradnesiBh nfflecufel gﬁﬁﬁ &t%? h&e do'fﬁalm of@pro@é@ﬁdéﬂ%ﬁbecﬁt evart and
Young (19 9), Solid Phase Peptid nt hesi s; Pat. No. 3,941, 763; Finn

et al. m96761)n a rfbeednmlmﬁlmsnt( @ﬁdemd)aglet 1&®Eb25310tfartgjfaaor @mﬁaﬁ Fattoal . )
1976) , 2. 257-527
Cor o ol Pk bl B Rl i s Rt sl BRI HENETe 1ost

cost - efitaghbivant @hhR@de Ofve kbW e B MRlatt. pept i des. Fragnents, variants and
anal ogs of VW [0038] Methods for preparing polypeptide fragnents, variants

or analjgegriar & i\Welsb c&ﬁ@fﬂ?la’té@l ihRBo@EL aspbQUBR brdpt AYWRPR LR Bo-Gwae! ypeptide are
prepared using, without fimtation, enzymatic cleavage (e.g., trypsin,

chynntnymgmpmmandﬂamwod@sﬂwgqﬁeu©h®wﬁanuhﬁéansﬂmmmgeﬁéwamgemnpwﬂypept|de
f h ! d f t
e PR S RS EaR e R e T PR bt ™

acti Vi teyibstantfall adduis BE pilol VRIH that 1h@ﬁbe@‘ﬂ%tn®upgerﬁ’éh‘ﬁoﬁﬁrheﬂ’trol dﬁaadlflblahi e VW
domain known in the art. [0040] Methods of naking g@lypeptlde anal ogs are

al so websaRhiBan. blN@EWéllﬁé¢tH’esféﬂc$H€ﬁt§eVWFsoQéoﬂjﬁf aajngs ppestiatealdan be
substi t %Eul?%allx%turm ?\ylg tl? eSen%l tloqnco%en?ﬁ%t%g {hI% gnﬂeggl%bmggl etion

analogs ne or nore residues of

t he natbivegipaldy ajtive\ﬂfagﬁiantar@rraﬁts esaanig af tHe@refroNVCWIFqRet @t innSR@Ageni ¢
act|V|H¥ Insertlonal ] ] ] ] ]
) or pro-VWF polypeptides (amino acid residues 23 to 764 of SEQ ID NO: 2) in the

formulations described herein.

[0048] Polynucleotides encoding fragments, variants and analogs may be readily generated
by a worker of skill to encode biologically active fragments, variants, or analogs of the
naturally-occurring molecule that possess the same or similar biological activity to the
naturally-occurring molecule. In various aspects, these polynucleotides are prepared using
PCR techniques, digestion/ligation of DNA encoding molecule, and the like. Thus, one of
skill in the art will be able to generate single base changes in the DNA strand to result in an
altered codon and a missense mutation, using any method known in the art, including, but not
limited to site-specific mutagenesis. As used herein, the phrase "moderately stringent
hybridization conditions" means, for example, hybridization at 42°C in 50% formamide and
washing at 60°C in 0.1 x SSC, 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 to be hybridized. Formulas standard in the art are appropriate for determining
exact hybridization conditions. See Sambrook et al., 9.47-9.51 in Molecular Cloning, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York (1989).

Lyophilization

[0049] In one aspect, the formulations comprising a VWF polypeptide of the invention are

lyophilized prior to administration. Lyophilization is carried out using techniques common in
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anal ogs involve the addition of, e.g., amno acid(s) at a non-term nal

point in the polypeptide. This anal og may include, for exanple and w t hout
limtati oNQ 20re@81750n of an i mmunoreactive epitope or siPEPIUS2@IPETIQ e

resi due. Addition anal ogs, including fragnents of a polypeptide, include
the addjtion of o or nore. amno acids. at either or th termgni of a

pr ot ei PGl aphEyiebe ?Rf’rmlé%%ﬁlﬂé‘% C%SBWHB?PB]@ eﬁ@@%%ﬁ%ﬂ%ﬁ‘t?o A5t “fhe

af or ement jQoRg, AL PGRI Chhedh 80, MARhHR! #2049 [(04%] Substitutional anal ogs
typically exchange one amino acid of the wild-type for another at one or

nore si W tyhy : LA, b I nor e
properJngnof%§%gm%g ?g@g&?%é&&?? o%?x?ﬁgnggﬁg?gﬁ%“%ggggg¢&%%ﬁ%?ﬁgﬁﬁétions
or propkyingemd secominey dsimedi, P.dikentiet Rhoibraas R Sooisade@tSev B, Bidbst i t ut i ons.
"Conseryativye j.no acid substitution”. is sulstitutjon of an .am no acid
wi th ar?@fﬁ%l%)ﬁ it ﬂaeza}gs?t% Uiyl odrbio igliaER AR Rar act er .
Sim | arFﬂ%HHo@Pt‘hQ%th%ﬁﬁEéK 'tH&Q:lr%MlﬁEa[tibﬁtdf Vige BIIBAL hiatk] @RS ide'%ﬁbl‘grﬁ@s fnhose

having an acidic side chain (glutam c acid, aspartic acid); a basic side
chai n (the giimanedrylngsiage, whick i§ @indegted by poluaing gshardeergircieure belaw thglvapemi ne,

val | no Pl R JRER CoouimagP it PSR SR o EREHFaiomn S "
t rypt oplaadtbed ¥ RSinB&aterds fidvied ot €he €A y(diNE sABe uAdcdédiRed SIRINME,
t hreoni ne, nmethionine); or an aliphatic hydroxyl side chain (serine,

t hr eonipiessure[apd 4pn ¢lavaseshetgemperatua| ‘Bepspragess prasseesr materigl kemsl sgous or
subst ant. i al{y 4 t4 t c i.nant. pch th 3 rived.
poet o bt PRGNS PARDIR R L Yo RLRlET ve,
of the dhiukak-foygecpiohypepti de, e.g. blood clotting activity. [0043]

Pol ypepti de variants contenpl ated include, wthout limtation, polypeptides

chem cahOsi]MOghé iy@phiaSoHedy ol Bh HLESerASndd BhIThAl iphadit @ RiatObHGERYnaL | on,

' nel Udlbrlllg also affects other parameters such as reconstitution time, appearance, stability and final
moisture content. The composition structure in the frozen state proceeds through several
transitions (e.g., glass transitions, wettings, and crystallizations) that occur at specific
temperatures and the structure may be used to understand and optimize the lyophilization
process. The glass transition temperature (Tg and/or Tg’) can provide information about the
physical state of a solute and can be determined by differential scanning calorimetry (DSC).
Tg and Tg’ are an important parameter that must be taken into account when designing the
lyophilization cycle. For example, Tg’ is important for primary drying. Furthermore, in the

dried state, the glass transition temperature provides information on the storage temperature

of the final product.

Formulations and excipients in general

[0052] Excipients are additives that either impart or enhance the stability and delivery of a
drug product (e.g., protein). Regardless of the reason for their inclusion, excipients are an
integral component of a formulation and therefore need to be safe and well tolerated by
patients. For protein drugs, the choice of excipients is particularly important because they
can affect both efficacy and immunogenicity of the drug. Hence, protein formulations need
to be developed with appropriate selection of excipients that afford suitable stability, safety,

and marketability.
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pol ysi al ati on, conjugation to therapeutic or diagnostic agents, |abeling,
coval ent pol yner attachnent such as pegylation (derivatization with

pol yet hylwoeoglosgs) , i ntroducti on of nonhydrol yzabl e beatajS2eémdéisneerti on
or substitution by chem cal synthesis of am no acids such as ornithine,

whi ch t occur i.n human proteln Vari ant etain the_sane
oresseﬂﬁpgﬁ gﬂggﬁguﬁ Hﬂjﬁrﬁﬁg?ﬁ?@§t§f A FOPE ST %iPQQﬂrggﬁFQanf t he
i nvent iQifer, %%quﬁ @g@n@%am@aﬁﬁ&at Irptﬂlsr@%fedt Ré HEGy %a%ﬁﬁfa&ﬁmhmaﬁ@a@éd (e.g.,

via a linker) attac nt of an agent to po ypeptide. In the case of
i ndir ecandatslrsaccth reeases wWhere gggt@gzttmpiuamgdhet lryaphlhtmlolnl stepear dweiyg be hydr ol yzabl e

one aspEvtRuiat Pedmaian it TP BER A P bRl P B R 1 1

pol yet ghgnetil ¥apin stUcionas ofpH @akhs gl%pﬁﬁf[zﬁtﬁono rA abilphye ol @fd exelpiore of
PEG under conditions whereby the bin construct pol ypeptide becones

attac hé@ntp@n@ﬁécwerﬁﬁl@@dﬁedug% a%lyoalfwz‘{dogrowm Birmuligonhis prevdded ivn

pr oduct Ble Al N general, the optimal reaction conditions for the acyl ation
reactions are deternined based on known paraneters and the desired result.
For exanple, the larger the ratio of PEG protein, the greater the

percent age of pol y-pegyl ated product. In sone enbodi nents, the binding
construct has a single PEG noiety at the N-term nus. Pol yethyl ene gl ycol
(PEG may be attached to the blood clotting factor to, for exanple, provide
a longer half-life in vivo. The PEG group may be of any conveni ent

nol ecul ar weight and is |inear or branched. The average nol ecul ar wei ght of
t he PEG ranges from about 2 kiloDalton ("kD') to about 100 kDa, from about
5 kDa to about 50 kDa, or from about 5 kDa to about 10 kDa. In certain
aspects, the PEG groups are attached to the blood clotting factor via

acyl ation or reductive al kylation through a natural or engineered reactive
group on the PEG noiety (e.g., an aldehyde, am no, thiol, or ester group)
to a reactive group on the blood clotting factor (e.g.,
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an al dehyde, amino, or ester group) or by any other technique known in the

art. [0045] Methods for preparing polysialylated polypeptide are descri bed

i n Uni t edwBtatoems@at ent Publ i cati on 20060160948, Fer nan@e€3/uskooSoeyas i adi s;

Bi ochi m Bi ophys. Acta 1341: 26-34, 1997, and Saenko et al., Haenophilia

12: 42-%0%6006. Briefly, a solution of colomnic acid (CA) containing 0.1 M
i

Nal 34 i irred in the dark at roomterrperature to oxi di ze the CA The
activated CA sol uti on | s di a zed agai nst, e, 05 M saodi um phosphat e
buffer, pH 7.2 i dablg cfomwye épﬁ{ypehll%%prézérd@ﬁow @AW sol uti on
and i ncubated fo g r gentle

shaking. Free re r VWF- pol ysi alic
acid conjugate by Pt e tT 1gy) ratrlon. Conjugati on
of rVWF with pol ykialg,g,acid is achi evied '\%'inltam pHOfft’,m”ﬁfd ehyde as
cross-linking reagent (Mgneault et all, Bbmr% tugdaes 37: |790- 796, 2004) .
[0046] It is furtper contenptated I n anot NGl aSPEGe & no|a pol ypepti de of

the invention is fusion protein with a SRpRReaAgENt clis a
pol ypeptide. In ope enbodi nent, the secondE S0t bl ,gcn,ofss g pol ypepti de,
Wi thout Iimtatiopn, is an enzyne, a gr|o E,g n%m nady ‘ant i Qody, acyt oki ne,

a chenokine, a ce]l-surface rece tor the SR thL H&cht doral n of a cell
surface receptor,|a d8IY &FRELH "ol dcul epmtﬁg ,t;]a,g%ﬁ active dommin of
a protein described above. In a rel ated erdn@sdbsrrent e second agent is a
bl ood clotting factor such as Factor WIJ I, (GRGiehts Mhbiize Factjor | X, The
fusion protein contenplated i s nmade by cheamaalin o frdepeoiBdi rlant t echni ques
wel | -known in thelart. [0047] It is al|so ctat enpl ated i n arlot her aspect

t hat prepro- VW ahd pro- VW pol ypepti des wiskd topriavdeterdect t hgr apeuti ¢ benefi t
in the formul ati ops of the present inventiamanckerdtexarm e, |US Patent No.
7,005, 502 describes a pharnmaceutical prepdd®¥on conprising substanti al

amounts of pro- t [Balking ggenices t hr onllin geeviveastivowalismengtht rflo. 1 n addi tion
to to the lyo cake

o Examples include mannitol
and glycine

o Employed if aggregation
during the lyophilization
process is an issue

Surfactant o May serve to reduce

reconstitution times

o Examples include
polysorbate 20 and 80

o Usually not employed,
Anti-oxidant molecular reactions in the lyo
cake are greatly retarded

o May be included if a specific
metal ion is included only as
a co-factor or where the
metal is required for protease

Metal ions/chelating agent activity

o Chelating agents are
generally not needed in lyo
formulations

o) For multi-dose formulations
only

o Provides protection against
microbial growth in

Preservative .
formulation

o Is usually included in the
reconstitution diluent (e.g.
bWFI)

[0055] The principal challenge in developing formulations for proteins is stabilizing the

product against the stresses of manufacturing, shipping and storage. The role of formulation
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reconmbi nant, biologically active fragnments, variants, or other anal ogs of
the natural l yoccuring mature VW, the present invention contenplates the
use of rewsorbimmast7sbi ol ogically active fragnments, vari aRC3/USe009AanEI©gs oOf
the prepro-VW (set out in SEQ ID NG 2) or pro-VW pol ypeptides (am no acid
residues 23 to, 764 of SEQ. ID.NO 2) in the fornulations described herein.
[0048] BEINAHTE LoPioyKe S@%&H&P%aﬁl et tresiesy irﬁg‘ﬁ’cpée“é%%feé 8&’86?13 be

readi | o g&RRE 3sB6kid)or i gMUhEEntioR kdidin FOmANARAS iPb ALY Kbl Yhdct i ve
fragnents, variants, or anal ogs of the naturally-occurring nol ecul e that

possesdleliherysadenimncs patidna cotbicoieogd. dalgeaertl, ekdipients cainbe plasufied énytheccurri ng
nol ecul.e.. I n_.vari ogus. aspects hese, pol ynucl eoti des are prepared using PCR
techni dasis oF fEGReTEATR B arTan ey SERAS RESNTEE b LuiS SRR 17 ke.
Thus, si0dl stisisel. $oné Beripibhts W dsel @ Alivertd e @EMREE BF @ spdofid @relaserochanges
in the strand to result in an altered codon and a m ssense nutation,

usi ng dnagulpentetiviewmsceptitiny datspesifie Pirdging Otiniexeiptentsihave ewre gensial e-
speci fi t hrase. " . i hgent
nybr 1 Tty o BORH Rl 4R N B es Jrafopllh The oG THEALS BUBRCT, co0s
f or mam adeogadizvdsiktien iy @iei6cBRRiid¢an type bor xhehSGnct@onhPocEm. folrhulagonsnBeest ood by
those of skill in the art that variation in these conditions occurs based
on t he deesitinnapbthemadge peythiietivasee pignidedivhsp dispessiig e exdpiet thee-

hybridi zed. Formulas standard in the art are appropriate for determ ning
exact HP®3G1di Lavandhe teaelings vseuidaee Smrvisied brreat, thgse skidled m Gresnt wiH kppecul ar
Cl onin i r.bor. rat. es d i.heg Har . w Yor k
(1089) i il i et BlisnP R B g LR Rl RSO Biieloit g
WAF polbigshaimauatal fhenulaiodndfitdetinaegidnytbgtpirbrnd@ 6 rderition it ocabiding of the r at i on.
Lyophi lization is carried out using techniques connmon inthe art and shoul d

be opt iHPRIGEMAGEHIEH be-& 0 APEYFIR)- OFPTISERME C g eyt PRyl s3l to be pirApdadRes .

in a biopharmaceutical formulation of the invention is selected based on the desired
osmolality (i.e., isotonic, hypotonic or hypertonic) of the final solution as well as the amounts

and osmolality of other components to be included in the formulation.

[0057] By way of example, inclusion of about 5% sorbitol can achieve isotonicity while
about 9% of a sucrose excipient is needed to achieve isotonicity. Selection of the amount or
range of concentrations of one or more excipients that can be included within a
biopharmaceutical formulation of the invention has been exemplified above by reference to
salts, polyols and sugars. However, those skilled in the art will understand that the
considerations described herein and further exemplified by reference to specific excipients
are equally applicable to all types and combinations of excipients including, for example,
salts, amino acids, other tonicity agents, surfactants, stabilizers, bulking agents,
cryoprotectants, lyoprotectants, anti-oxidants, metal ions, chelating agents and/or

preservatives.

[0058] Further, where a particular excipient is reported in molar concentration, those
skilled in the art will recognize that the equivalent percent (%) w/v (e.g., (grams of substance

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

[0059] 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
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21:191-200, (2004) and Chang et al., Pharm Res. 13:243-9 (1996)]. [0050] A
| yophilization cycle is, in one aspect, conposed of three steps: freezing,
primary owgizog/o48a7d secondary drying [ A P. Mackenzi e, PIRCIT/UBz@®6R76G0C

London, Ser B, Biol 278:167 (1977)]. In the freezing step, the solution is

cooled to initi te |cgg%ornation. Furtherng this ste i.nduces. t he
crystal‘i’lif‘{%itf‘i% ‘E)TF i pai RS CRGERIOF REWARIS: %Ebilieﬁf‘e’éa lii’r’% gili“ﬁary

drying a%%ﬁ’t%ncémﬂaﬁbn | £ANEHAC h BEsBY nEBEYISI IR ¢ RAITRE theRiERSHA @eéaghe&v the
vapor pressure of the ice, usi ng a vacuum and i ntroduci ng heat to pronote

subl i rrethaltom orfigmia magrntaladhembedlcaw ol o padionkr Eermiudatiop o wagchathere hens ec o ndary
drying s e un r educed. chanber . pressur e evat.ed sh

F empor ATREE a35hE the FELEERRie bRty e BN Cr IR sfne B U BREN T 0 cae.
Ther eaf *&@ﬁmfﬁ@g"caiiif&me 3Nstf1i%@GNd bd tde@l @bioRickbiplenst £6 khGwNat BE afr
suitable diluent for injection. [0051] The |yophilization cycle not only

det er miandsap hefqundan Pewgld ecall, Compeadigm ehdeicpliems §r Byentgrad Hoanylaiéans ot her
parane%e§ ?ggﬁa§?%%§%@§ﬁ%&gphgﬁ,5%ruc appear ance, stability and fina

noi st ure c e 'Cco ure in the frozen state proceeds

t hr oug veral f nsitions (e.g., glass transitions, wettings, and
crystal r at specific tenperatures and the structure may
rst nd and opti hiIi at i n pr.oces The glass

b t
trealriiietch’@‘?i’l &E%Ft& 1&%0 ar@haéw%%ge%i‘ aCEéi‘ﬁ ’ii?it%ii ey fﬁioer%waﬁii oBstVAd t he

physi cgl, ps tn?atx?rnﬁlfln a n%Hbisiz &fH ARde CRRis Ber detesnipuet o dicf fers bal scanning
calorimetry (DSC). Tg an are an inportant paraneter that nust be taken

into aod@uﬁtedwhléyiddm ]gmfngnmlhemi stoghibs. | Sevatal opproyabies . sudtoas @xelapka, Tg' is
inporta for primary drying. Furthernpre state, the glass
tr At criS soies dn PSS Rensteeh o ki e il Rt Bheabr imbeiS: O oo
the firmaL. B RUNCtBiochemistry, 38(16): 5241-7 (1999)). Once a formulation is finalized, the

protein must be manufactured and maintained throughout its shelf-life. Hence, buffering

agents are almost always employed to control pH in the formulation.

[0061] The buffer capacity of the buffering species is maximal at a pH equal to the pKa
and decreases as pH increases or decreases away from this value. Ninety percent of the
buffering capacity exists within one pH unit of its pKa. Buffer capacity also increases

proportionally with increasing buffer concentration.

[0062] Several factors need to be considered when choosing a buffer. First and foremost,
the buffer species and its concentration need to be defined based on its pKa and the desired
formulation pH. Equally important is to ensure that the buffer is compatible with the protein
and other formulation 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 Clin Pharmacol Toxicol., 98(2): 218-21 (2006)). The potential for
stinging and irritation is greater for drugs that are administered via the subcutaneous (SC) or
intramuscular (IM) routes, where the drug solution remains at the site for a relatively longer
period of time than when administered by the IV route where the formulation gets diluted
rapidly into the blood upon administration. For formulations that are administered by direct
IV infusion, the total amount of buffer (and any other formulation component) needs to be

monitored. One has to be particularly careful about potassium ions administered in the form
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Formul ati ons and excipients in general [0052] Excipients are additives that
either inpart or enhance the stability and delivery of a drug product
(e.qg., prwbernjo4sRégardl ess of the reason for their inclPa3iusaQ0IREE7PI ent s
are an integral conponent of a fornulation and therefore need to be safe

and well tolerated b atients. For protein drugs, the choice of excipients
is par t9f¢iA RAFHY ‘ot \vbﬁ%rawé&%t%ﬁwﬁ{ﬁﬁcgﬁw FubseHedt {1 LB hnd

| mmunogeRiiehdey-R¥dribhe: [T, ¥Pal., AN G, Wh%i?z‘aﬁ.,W@(z‘?:‘d%@@@@o@?ed to be

devel oped with appropriate selection of excipients that afford suitable

stabi | 'ole3)° abGkdrs B oPRTikE ﬁ)%gfah%‘ns[ &%ﬁ%hdiﬁohéi%e{féihérgﬁcﬁ,f%ﬁ%@h{rgr‘ s,
in one aspect, at l|least conprised of one or nore of a buffer, a bulking
agent , l&edodiust pliaisphat@ecan drpstilhizs o@syelat protefiveambiphbbsyphake dursng fraeeirgnt i s
eval uat ed_and. se|l ected in_cases where aggregation dyring the |yophilization
oo o R dheh | Dnf it fule AR Rt SR st F sy SBRRE g
agent i} el WJratd @ik © (B SPHAY 2 ibA BrdcLisMtleAlbly QRifMh S the BHESABlLRuZOAE Rl PH
during lyophilization. A conparison of the excipient conponents

cont endlepheldzation ok higerirdccandtutipmphi | i zed protein formulations is provided in
Tabl e A [0054] Tabl eA: Excipient conponents of |yophilizedprotein

f or mul d0064s GO bbilferHysteprpranpal the bahpesitimsiinsatevel toieph yfiologichAy i ons f or
proteins is .gtabi |'i zi ng .t he produyct ﬁ%g%ijnst t he resses of manufacturing,
shi ppi f@TRAECISABf Sywainiaie adgyigrdgit poihmphamashuical inraHgoR s In icpr ovi de

st abi | i zaddhe AL ?ﬁtqfttﬁkes?(ﬁut%nri@%&%v%en BXCl QLS 1278 1)r8Ralifle MR heYSd T O
reduce viscosity of high concentration protein fornmulations in order to

enabl e thhsilntictemay be 9.0aRd, 2APARCE0FAE, 3. Eodkdi, difcd.7, b, §8neHas.7, 6.0,

St bl 1 b Qi i apdindt 04r UL chint-Bal it oy B e 0 SoT ulbt Qo

exci pi ents 1are1ugest tp.al leviate the effects of a specific stress or to
regul ate a particular susceptibility of a specific protein. O her

exci pi q9pés)hayfe PAMSIHBHAE téhpound may be present in any amount suitable to maintain the

pH of the formulation at a predetermined level. In one embodiment, the pH buffering
concentration is between 0.1 mM and 500 mM (1 M). For example, it is contemplated that
the pH buffering agent is at least 0.1, 0.5,0.7,0.8 0.9, 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, 19, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 200, or 500 mM.

[0066] Exemplary pH buffering agents used to buffer the formulation as set out herein
include, but are not limited to organic acids, glycine, histidine, glutamate, succinate,
phosphate, acetate, citrate, Tris, HEPES, and amino acids or mixtures of amino acids,
including, but not limited to aspartate, histidine, and glycine. In one embodiment of the

present invention, the buffering agent is citrate.

Stabilizers and bulking agents

[0067] In one aspect of the present pharmaceutical formulations, a stabilizer (or a
combination of stabilizers) is added to prevent or reduce storage-induced aggregation and
chemical degradation. A hazy or turbid solution upon reconstitution indicates that the protein
has precipitated or at least aggregated. The term "stabilizer” means an excipient capable of
preventing aggregation or physical degradation, including chemical degradation (for
example, autolysis, deamidation, oxidation, etc.) in an aqueous state. Stabilizers
contemplated include, but are not limited to, sucrose, trehalose, mannose, maltose, lactose,

glucose, raffinose, cellobiose, gentiobiose, isomaltose, arabinose, glucosamine, fructose,
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effects on the physical and covalent stabilities of proteins. The

exci pients described herein are organized either by their chem cal type or
their furwOi2orl48276l e in fornul ations. Brief descriptiolrsTafS2e0ae6nnaes of
stabilization are provided when discussing each excipient type. [0056]

G ven the teachin nd gui danc rovi her ei n, ose skilled in the art
will BRSO D01 BSHOE BF Le RUp VG CRHASI BB | n any

parti cyoisal HaMuALtRRs 426 NBYE @dﬁ!@@dﬁﬂ {TRER) fy‘cfbﬁl:xthﬁg Rhfdygn of the
invention that pronpbtes retention in stability o bi ophar neceut i cal

(e.g., mrghderei edlluldsoaneé hpatplopic atC&da sachunnrrthlmdi [@qmpen@ffr chasdPevetap. Beol.

i ncl ud i i cal tlon i nvention. is. sel ected
baced it 7Berd DR St Slgscer FaiHRiloB oft siifesrly BRbISBreTREy Con o)
of the dohealratioh bt Akt a9, 38! 0.7238 e 1@LNY 5, and> asaps &, 7t §, Pfootiher,
conponents to be included in the formulation. 0057; B¥ way of exanple,

i ncl usilon lbf15abeult’. 584 190 26i 30 #0.c%8n 6@t 8Q.P0 $6.3R0¢ 9@1|9I0@ AP 9% of a
SuCr ose, ex G pi, @Fnb? n{l:%‘?f'&lg é)%é)sel?tclm&\(ﬁn'ﬁgﬁnq{&'l Gld éf%ha‘?es %ftﬁs%ﬁ f the amount

or range of concen re excl can be incl uded
Wi t hi n seabllidphageaceut i cal fornul ation of the |nvent|on has been
exenplified above by reference to salts, polyols and sugars. However, those

ski | | eqooeB]t hee cﬁarsired/\ntﬁé forRaIREiSH AN fnbRte hhRopedts btk bPPSIkBgw@ti bed herein
and further exenplified by reference to specific excipients are equally

appl i catsmelarty ggulatipg eserih dBelbingiagants dredudst fasxgpplenng withepUdiegfiont or
exanpl &, S&bl % e h%‘ucr&%' ﬂoﬁym&%*}eéhﬁ &‘ex?ﬂaﬁ,{po‘i‘%%gyt@(rof&é Qgctants,

stablllzers n opr Ot ect an ants,

anti - omdﬁﬂlyﬁwthwweahlos@ mmoseh@r@tdlﬂge}agsatcﬁ x8H6hl .OIn gfeameodahentethe [ 0058]
Further, where a_ particular excipient is reported in nolar concentratlon
t hose Sillfipgassnhispgnnitol e ‘P‘ﬂ]rﬂ@é 38Nt Fincorppratedenagancentiation peatasht- 1o wi v

(e. 9., 9@ ©5.oSHBST aNCE 1.7.2.3.4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, 700, 900, or 1000 mM.

Surfactants

[0069] Proteins have a high propensity to interact with surfaces making them susceptible to
adsorption and denaturation at air-liquid, vial-liquid, and liquid-liquid (silicone oil)
interfaces. This degradation pathway has been observed to 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.

[0070] Surfactants are commonly used in protein formulations to prevent surface-induced
degradation. Surfactants are amphipathic molecules with the capability of out-competing
proteins for interfacial positions. Hydrophobic portions of the surfactant molecules occupy
interfacial positions (e.g., air/liquid), while hydrophilic portions of the molecules remain
oriented towards the bulk solvent. At sufficient concentrations (typically around the
detergent’s critical micellar concentration), a surface layer of surfactant molecules serve to
prevent protein molecules from adsorbing at the interface. Thereby, surface-induced
degradation is minimized. Surfactants contemplated herein include, without limitation, fatty

acid esters of sorbitan polyethoxylates, i.e. polysorbate 20 and polysorbate 80. The two differ
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in a solution sanple/nL of solution) X 100% of solution is also
contenpl ated. [0059] O course, a person having ordinary skill in the art

woul d recwgonowa4sitat t he concentrati ons of the excipi enPeTASe@wiobEdo her ei n

share an interdependency within a particular formulation. By way of

the c nt on of a .bul ki ng agent . | ower edwher e,
g ing Fngiittate Sl cE Rl g togholie ghar e Ry Boleciegn
st abi | i@iipgnagery, r@s%&ﬁv@w a&éaafumgg l%iygorrw@so@s REfSAFaNaYdRE 2R HhAr Y

exanpl e
t here

skill

in the art would réecognize

of a pdeweraltaal mmeﬂmcwmp@mratlnnwwlxsh@aw -3& no bul ki ng agent, the
concentration of a stabilizing agent woul d be adjusted accordingly (i.e
"toni ci[P97Hg" Darmgemts @h asdoatbicki the thanmut phangc u«srefdl)matiamammbiléwajf pra&eins. ar e

known
Exci pi
Techno

of a pharmacol ogically active protein f

the,arh% d can be fqund in Powel | L (¥§ dﬁ?nlof
ST (e LGPt S RHIFRET GRS Reroua) be Priéin B HiT csgnple
RB¥%orbaces ki g’ée;l shBWh kS lfedudhhe Q&%ﬁﬁ§ bf‘ﬂ)n?ﬁgﬁ’age?ns[ﬁgqureégg%ét ability

ormul ation is usually observed to be

maxi malstablityg oh atheow Qﬁltbrgamgbstaﬂ‘lhwlq@m pastgi@s ofn bpratinadlized ablerns yf theeds to

Dyt Hilor e atihebly Sad BT A AR o RbAsE i el G PO o

ar e usefryholly uhfilge @ﬁvgateé Rerate keRotintelfiction§ todll causBlaQGITEH BE Y,
5241-7 (1999)). Once a fornmulation is finalized, the protein nust

be i dent
such a

38(16) :

be manuPaformedenalagnil

agents

The buf

YEER

equal to

t he qu)o&grsdrtﬁea)r aa@ﬁ&tlaayplﬁthmbeﬁsmwerstadﬁ@dhﬂﬁ&asmmurofphm tiifscev,al ue.

Ni nety
pKa. B

i

ercent of the buffering capacity exists within one pHunit of its

csgent fipseng t thg %WPﬁt@Ff‘e@éié%tablﬂlé%}af FOHRIMAIORi t h i ncreasi ng buf fer

concentration.
[0072] Another aspect of polysorbates 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 a given protein will depend on the mechanism of stabilization.

[0073] Surfactants are also added in appropriate amounts to prevent surface related

aggregation phenomenon during freezing and drying [Chang, B, J. Pharm. Sci. 85:1325,

(1996)]. Thus, exemplary surfactants include, without limitation, anionic, cationic, nonionic,

zwitterionic, and amphoteric surfactants including surfactants derived from naturally-

occurring amino acids. Anionic surfactants include, but are not limited to, sodium lauryl

sulfate, dioctyl sodium sulfosuccinate and dioctyl sodium sulfonate, chenodeoxycholic acid,

N-lauroylsarcosine sodium salt, lithium dodecyl sulfate, 1-octanesulfonic acid sodium salt,

sodium cholate hydrate, sodium deoxycholate, and glycodeoxycholic acid sodium salt.

Cationic surfactants include, but are not limited to, benzalkonium chloride or benzethonium

chloride, cetylpyridinium chloride monohydrate, and hexadecyltrimethylammonium bromide.

Zwitterionic surfactants include, but are not limited to, CHAPS, CHAPSO, SB3-10, and SB3-

12. Non-ionic surfactants include, but are not limited to, digitonin, Triton X-100, Triton X-

114, TWEEN-20, and TWEEN-80. Surfactants also include, but are not limited to

lauromacrogol 400, polyoxyl 40 stearate, polyoxyethylene hydrogenated castor oil 10, 40, 50

-19-

iyn & wiards thermpig lsspanded grofeia [statasi(f.@ inqredsee theyuf f er i ng
. [0061
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[ 0062] Several factors need to be considered when choosing a buffer. First
and forenost, the buffer species and its concentration need to be defined
based on Wo0pKasmnd t he desired fornmul ati on pH Equal | pCirrgseemant47é s t o
ensure that the buffer is conpatible with the protein and other fornul ation

exc ent nd does not cata datj on react.i on A third
. )r(rp'of't S0 o OB tape il abafey, AR KL Sov BRTh AT PG and
i rritatdh@fpHonpiduhéess dBkyl HOYSRHPOhAHETHOBLES, %ﬁﬂlﬁnstoﬁ?ﬁos?}iﬁfﬂgg citrate

is known to cause stinging upon injection (Laursen T sic din
Phar macgjcerdxPdorG), dQBerS)toylﬂIKBPE&Bd(deﬁﬁ)ly (DVH¥ )potdedidleyl phosphstidylgi ng and

tat d t hat t d h bcut
(50" ort s ERORE D Grond g rERale U h SN Gh B! PR 'l the

site fC(Eo dsalotk icy Fﬁmhgﬂ&@é sBictae, ithdr intBvidhary shen nidrireisdieerd: by the
|V route ere the tornmulation gets diluted rapidly into the bl ood upon

adni ni saties priherpre fustheuiprayidsts It e crabasliment; of ithe et Byerfianete | v
' nf usi qf rfg&Q& i %%EIS%U% ﬂ}%;)r&;ékf %rm(lﬁﬂgnsa e s% éaaramf @%}ﬂp%%été’ icomponent)

eeds t0 noni t or I ¢u care pot assi um
i ons adishednsitagoedf about 001 t® it Otsrgeme ﬂﬁmmwmibph@@phﬁﬂethb@ﬁlfz&tantml ch can
i nduce cardi ovascul ar_ effects in ati ent der- Rodriquez JC, et al.
Am Farﬁonﬁ%rlelil - 00579(02) 003¢10%9. (5)526@@) §.0 {%%@}09891‘115 B2 0Po0 4 Gophfi i zed
f or mul qﬁ ﬁ_l[tl onal consideration. Sonme buffers |ike sodium
phosphate can cryst ize out of the protein anorphous phase during
free2|r_% esultlng in shifts in pH Oher conmmon buffers such as acetate
and im oIe may subline or evaporate during the |yophilization process,

t her eby, t he .pH formul ati.on dur] h|||zt|on r.after
FoconsttDFEH oS E8HE HssReuos e - ERan SRR b isiuBienRoh g o
sel ect qg bﬁarﬁl&opﬁl&s%@é&ﬁlblﬁ@i by sEMBabiliby, @.n@[h@tdnﬂ:nfyﬂlsfalt@bﬁ afdedler ed pH of
t he pharnmaceutical formulation. In one enbodi ment, the pH of the solution

i s bet ibericaitabiliy o arqseing i avariety ofsxaspllens canstapilizefthe native state of

proteins by binding to charged residues on the protein’s surface. Alternatively, salts can
stabilize the denatured state by binding to peptide groups along the protein backbone (-
CONH-). Salts can also stabilize the protein native conformation by shielding repulsive
electrostatic interactions between residues within a protein molecule. Salts in protein
formulations can also shield attractive electrostatic interactions between protein molecules
that can lead to protein aggregation and insolubility. In formulations provided, the salt

concentration is between 0.1, 1, 10, 20, 30, 40, 50, 80, 100, 120, 150, 200, 300, and 500 mM.

Other common excipient components

Amino acids

[0075] Amino acids have found versatile use in protein formulations as buffers, bulking
agents, stabilizers and antioxidants. Thus, in one aspect histidine and glutamic acid are
employed to buffer protein formulations in the pH range of 5.5 - 6.5 and 4.0 - 5.5
respectively. The imidazole group of histidine 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 in their respective pH ranges. Glutamic acid is particularly useful in such cases.
Histidine is commonly found in marketed protein formulations, and this amino acid provides
an alternative to citrate, a buffer known to sting upon injection. Interestingly, histidine has

also been reported to have a stabilizing effect, with respect to aggregation when used at high
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the solution may be 2.0, 2.3, 2.5, 2.7, 3.0, 3.3, 3.5, 3.7, 4.0, 4.3, 4.5,
4.7, 5.0, 5.3, 5.5, 5.7, 6.0, 6.3, 6.5, 6.7, 7.0, 7.3, 7.5, 7.7, 8.0, 8.3,
8.5, 8.7,w0.2010/@835 9.5, 9.7, 10.0, 10.3, 10.5, 10.7, 1PCO/US2M09B6141d. 5,
11.7, or 12.0. [0065] The pH buffering conmpound nay be present in any

anmount suitabl.e t.o intain e pH of the for ation at redet er m ned

| evel . ‘ﬁoﬁced‘ﬁré“%%B&’ionﬁ“e]ﬁﬂ‘{ld ?‘FFE;QBP}%E.&?CI @F?er’i’@at’&ng@“rergteit g]n }%’B ’E?g(?"\ﬁeen 0.1 mM
and 500prM)( 1939960 Jg@mﬁx 1 dGhe Wis A% &&eﬁv%ﬂng@tﬁ%% fohaduct i REERN) besi ng
agent is at least 0.1, 0.5, 0.7, 0.8 0.9, 1.0, 1.2, 1.5, 1.7, 2,73, 4, 5,
6, 7, &Sigloprotdin cdrkentt@jonf8rmulationl SHowéyver,1ift thel@melstudy2 the apgorgohser@d 50, 60,

AT Tt R R v e A T

or gani Ghag is@dies OF Wi abbody intstGh108, ste@l LdrmRES. AnUel ARGk Of calRsRNIa! e,

acetate, citrate, Tris, HEPES, and anmi no acids or m xtures of am no acids,
i ncl udimgidinsus tha it yndpigpesdphoso-axigatieninghe piesenice of etad s gTo@itadl, ef pl..one
enbodi ngn . e i i 4 J itrate.

St abi | (e e PR SE e PO s B B s AR bl L0

phar madethula@dnsfappeat ploindsiag; iah&ttabh bbseved(tobe a8ffeativei againsoahmahbestodibi | i zer s)
is added.to prevent or reduce storage-induced a reﬁftion and chem cal

degradé?@%%wgﬂgﬁﬁ%yléFl¥N¥BfHH§HV%WW6%id%%th 30Uk on i ndi cat es that

the protein has precipitated or at |east aggregated. The term "stabilizer"

means dA0Eci i eatous apnesisefosmulstienedie Pryidaggridgainchiieone phinoreel the

d dat i. L ncd udi Lcal _de ' I L ysis,
doart agPtn B EL e oiE Th SR, eERAZRRLARHo bl SRR MRS T et e

i ncl uderotelils baltee Mmethahnise dEslefefentialexdcO8in. tGlekiat dstso NMBoM@SELy wied t ose,
| act ose, gl ucose, raffinose, cellobiose, ggntiobiose, i sonal t ose

ar abi nd¥EKIngRERA6 YBlPAliZed TgEPBREORrRfHiIStONS hasdesn thown QIbpAnFéiectiyefsiihe HOL,
pol y-hyd bt ® g?é}ggﬁiﬁ)n ahBhd'BledSised in both liquid and lyophilized formulations.

[0077] In formulations provided, the amino acid concentration is between 0.1, 1, 10, 20,
30, 40, 50, 80, 100, 120, 150, 200, 300, and 500 mM. In one embodiment of the present

invention, the amino acid is glycine.
Antioxidants

[0078] Oxidation of protein residues arises from a number of different sources. Beyond
the addition of specific antioxidants, the prevention of oxidative protein damage involves the
careful control of a number of factors throughout the manufacturing process and storage of
the product such as atmospheric oxygen, temperature, light exposure, and chemical
contamination. The invention therefore contemplates the use of the pharmaceutical
antioxidants including, without limitation, reducing agents, oxygen/free-radical scavengers,
or chelating agents. Antioxidants in therapeutic protein formulations are, in one aspect,
water-soluble and remain active throughout the product shelf-life. Reducing agents and
oxygen/free-radical scavengers work by ablating active oxygen species in solution. Chelating
agents such as EDTA are effective by binding trace metal contaminants that promote free-
radical formation. For example, EDTA was utilized in the liquid formulation of acidic

fibroblast growth factor to inhibit the metal ion catalyzed oxidation of cysteine residues.

[0079] In addition to the effectiveness of various excipients to prevent protein oxidation,

the potential for the antioxidants themselves to induce other covalent or physical changes to
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pol ysaccharides such as dextran, starch, hydroxyethyl starch,

cycl odextrins, N-nethyl pyrollidene, cellulose and hyal uronic acid, sodium
chl ori de,wpQaropasa7ér et al ., Devel op. Biol. Standard 74P2ZAIS2¢0208Wy(. |n

t he present fornulations t he stabilizer is incorporated In a concentration
of abou% g 8 0.9, 1. , 5, 6, 7, 8,

9, 10 fiproiezn lsl%f COTQle or eggmpley redilémgfgent%an %%‘Se Q’Gmpgﬁno 0, 70, 80, 90,

100, 2QQtraIﬁQi@euimﬁsuiﬁ@é)hm@drgeslQ@Qcirrt\én 1b4Y @NEsBIROGLTERE. fn hBPrRERS

i nvention, mannitol and trehal ose are used as stabilizing agents. [0068] If
desrrednnmenmmﬁdu¢mnawnéneﬁ@@anmEEﬂdemapﬁﬁ@pﬂmwmeoawmuﬂmsn@hmbmmking and

i U nouVoEat B FAT i a6y il PR Bue ML Gm SMCIAPBS A o

pol yvi rprb@RitsQk iPd@neeral GRNIRYY. M hh/drﬁletduui:g%rmh&ﬁb@ %Velﬁpﬂh@hﬁdﬂﬂ?ﬂﬁd& hal ose,
or xylitol. In one enbodinent, the bul king agent is mannitol e bul ki ng

agent ia8diPretsingoyvenduokiacralas hlavanards gdifersoPhappsgeutigahScignes, Taylgrand 8 0. 9,

1, 10,8 S RGOSt s dyahgg o Iaertagirtort vinhist 5; 1050

MM Surflagkatdss 2] AR D3 7P8ot(e00Y). sudeura thibghfapy IpR@esi tepotted toﬂ*e&dic&(the with
surfaces nmaking them susceptible to adsorption and denaturation

ai r- i deyeds ohigh apq tftriperaﬂgﬁanilicafbm&thlrlam 8X1(1§‘ilfl’li iwgheMap HElt?ntlvesiérée%le Thi s
degr adghi pni R YR f}i% Ei%%étn BSRE ¥ad ﬁtse {%%nb@ifﬁrh%seéw/@ﬂ@ﬁgﬁi;%gg jRrotein

concentration an in elt er t mat i on of nsol ubl e
prot ei retaggkélqame%cz cﬁ6(t]helli§B$(k9|97pr Sekectior ofoam zqmromatenanmomdanhsrerrmﬁeon to
surfaces. I n additi on.to container adsor.pti.on, surface-in

surfac
degr addFYHMEL® a?@?lgﬁtsg‘ff SGi 40! Sﬁﬂi}gi’lgﬁi 0@8? PLRLsiBn Angexidants HOIHEmBEffé]r i enced
duri ng jgbbRRh AgheaRdnd1and WiM8uOimiRnPFRAMEE agents and oxygen/free-radical

scavengers, EDTA, and sodium thiosulfate.
Metal ions

[0080] In general, transition metal ions 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 to proteins and in
suspension formulations of proteins where they form coordination complexes (e.g., zinc
suspension of insulin). Recently, the use of magnesium ions (10 —120 mM) has been

proposed to inhibit the isomerization of aspartic acid to isoaspartic acid (WO 2004039337).

[0081] Two examples where metal ions confer stability or increased activity in proteins are
human deoxyribonuclease (rhDNase, Pulmozyme®), and Factor VIII. In the case of thDNase,
Ca* ions (up to 100 mM) increased the stability of the enzyme through a specific binding site
(Chen B, et al., J Pharm Sci., 88(4): 477-82 (1999)). In fact, removal of calcium ions from
the solution with EGTA caused an increase in deamidation and aggregation. However, this
effect was observed only with Ca** ions; other divalent cations Mg**, Mn** and Zn** were
observed to destabilize thDNase. Similar effects were observed in Factor VIIL. Ca** and Sr*?
ions stabilized the protein while 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 VIII, a significant increase in aggregation rate was observed in the presence of

Al* jons (Derrick TS, et al., J. Pharm. Sci., 93(10): 2549-57 (2004)). The authors note that
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[0070] Surfactants are commonly used in protein formulations to prevent
surface-induced degradation. Surfactants are anphi pathic nolecules with the
capabi | i twoab1oads276onpet i ng proteins for interfacial po®CTiuse@9/obide ophobi c
portions of the surfactant nol ecul es occupy interfacial positions (e.g.,

air/liquid), while. hydrophilic rtions .of the Lecul es. remain _oriented
F ovar At BRI e s34 G FcioBREn BURL Nt | GRS YBNEAT 1 nSFbund
the detgngealcisies bl AfRbpriiCldli®y inGORASRltFdRRY, a surface layer of

surfactant nolecul es serve to prievent protein nolecules from adsorbing at

t he i ntigLi.acgveqNereby, surface-induced degradation is mnimzed.
Sur factants contenpl ated herein include, without limtation, fatty acid

esters orbi tan _pol yet hoxyl at e . e al rbate 2 d | ysorbat e 80.
The.twdOPAT cP iRy fies SRR Pl doBrogfR MR RR R B R iR R

hydr ophabdice fload thed Bfic &aradchién ffomaelb@te cdatdideraMhefcpli®nary Q§REGH isvel y.
Accordi ngly, polysorbate-80 is nore surface-active and has a lower critical

m cel | dpNEE ARisipbiah eroovh ad ANgYET Rrodr B atcslipothrqueh oyl theehedr e sereudf WFso
affect Jeh &A]g&)H}?ﬂxe?%@ggh%’m&éeaﬁﬁkeé&@ﬁ%,i&'}’hé)%én&ﬁt%&i,'isénze!ﬂ]?r e again,

the effects of"a given gent” excl pient w rotein’specific. For
exanpl elcghol, phardiahe m-trawd. Aklesughlposwarvadvesddive @ 1ddpehistoabof useythof sone

protein nd i ncrease the stabiljty of others. Detergen estabilization of
br ot oi HEVERATBR G & IERAPIRIHIGN: t%ﬂéﬁl&éu%s PrHETRYFSHR _gs .Cﬁal_fe&gmg- of the
det er geit s PPIGEUAIRD st ﬂ@ﬁyﬁ%e%%ﬁgﬁliﬂﬁg?ﬂ%@ (aggmgatﬁqb 89 pWitdifs, RAd tHidhdsy oF

whol Iy unfol ded protein states. These pes of interactions could cause a
shi ft ibecoe acoydrdactat indimaiting ghdit uderin omlti-deser pisteithrmolagoex(@aydedt Pr.dt ei n

states [(i.e.. increasi t xposur e of hydrophobic portions of the protein
nol eculfglafrﬂ S&b%“l(mh@g%&@isﬁdi ng pol ysorbate). Alternatively, if the

prot ei ive state exhibits so ydr gphobi ¢ surfaces, detergent binding

to theqﬂﬁﬁaﬁﬁve@%f%%typrg&eab gy RAvepsen &W&twﬁmﬁglewww AHNHEF aspect

of pol %sIinAkIESddsS fdriRiatiolSNre@o8sibIRNGE £ RAJeYths HE&ARIY Bl (B d &F RABIAR! fa¥ibnt

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, multi-use injection pen presentations. At least four such pen devices
containing preserved formulations of hGH are currently available on the market.
Norditropin® (liquid, Novo Nordisk), Nutropin AQ® (liquid, Genentech) & Genotropin
(Ilyophilized — dual chamber cartridge, Pharmacia & Upjohn) contain phenol while
Somatrope® (Eli Lilly) is formulated with m-cresol.

[0084] 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 preservative in the dosage form with
concentration ranges that confer anti-microbial effectiveness without compromising protein
stability. For example, three preservatives were successfully screened in the development of
a liquid formulation for interleukin-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 (Remmele RL Jr., et al., Pharm Res.,

15(2): 200-8 (1998)).

[0085] Development of liquid formulations containing preservatives are more challenging

than lyophilized formulations. Freeze-dried products can be lyophilized without the
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degradation. Oten, as raw materials, they contain sufficient quantities of
peroxi des to cause oxidation of protein residue side-chains, especially

met hi oni rwo 20tv4paysent i al for oxidative danage ari sing fPcoraseéve/oedds t i on of
stabi |l izer enphasizes the point that the |owest effective concentrations of

exci pients should be used gLornulatLons. For HH?' nt s e effective

concentA&¥TGH Ve apd ’é‘FC@FS\%‘HC%W SR Ve EpEHE S ﬁ‘et EH‘? 8 %f This

st abi | igaké@nne h&@t&] witeh hgedsaRhfiv@isan et)ﬁgctaen@ﬁ@te bfbtéiﬁ@fg‘ﬂﬁ‘idaﬁﬁ? amounts to

prevent surface rel ated aggregati on phenonenon during freezing and drying

[ Chang, miBjmiking tRhasseria@distab8By 1iSies Wi H@6y Iornirthajmns,@rmaawy cHentivantsant s
m.t ati.on

At O R T e P e S R

nat ur alimpefespoidigo Adk ROthaChdseryAive ffe&tivedEdsaat BIBeSddnisiistifled i@t fge not
limted to, sodium/lauryl sulfate, dioctyl sodium sulfosuccinate and

di oct yIfoswdpiien eantFivingthe actine ABgendydesripienseoraponanisaur oyl sar cosi ne sodi um
salt, lithium dodecyl sulfate, 1-octanesulfonic acid sodiumsalt, sodium
chol at d008ar abeme poaeativesory chmbémjeqtimegtquonmwydﬁo Iah«zihacﬁados thdt um
salt. Cationic. surfactants include e not e alkonlum
chl o | dBeTCBEHS B AT Bl Hee Rty oyt T TR G ety or at o
and hexsdraidd bf preseiyateTm biFfdds RMIGitrop, bR defddpos Wak abdeditidgo bacl ude,
but are not limted to, CHAPS, CHAPSO, SB3-10, and SB3- 12. Non-ionic

sur f actlawesin; fntfmtlet@nswetltaan@ Phsino) andi heaaylradcohal a5 commared tppifprmulatian,

ot i era e K e AT Ry £ S AT aRs B, oyt nyl ene

hydr ogdnetstnglgsimonOiht c&ﬁmoﬁ@ used @ftdel@ﬁtlwg by €A1 alcolial rpessteeﬁs ah&thetic
pol ysor bate 40, 60, 65 and 80, soy lecithin and ot erﬁﬁhosphollplds such as

di ol ey|PrﬁH>f6%?§r(MmagHe %@Pﬁ@éﬂ%péyesﬂaﬁmlspét)%? RS HRAP Ay [n ripser ol
(DMVPG) sgéc%t_%t@a@ Cpnose md% Yehlit ttwaelfgﬁ% s@#eoeff'e}é phosphat i dyl

gl ycero aC| ester, methy ose and

car boxyWiehiBil of BrdphrBi&n

[0087] The present invention further contemplates methods for the preparation of

pharmaceutical formulations.

[0088] The present methods further comprise one or more of the following steps: adding a
stabilizing agent as described herein to said mixture prior to lyophilizing, adding at least one
agent selected from a bulking agent, an osmolarity regulating agent, and a surfactant, each of

which as described herein, to said mixture prior to lyophilization.

[0089] The standard reconstitution practice for lyophilized material is to add back a
volume of pure water or sterile water for injection (WFI) (typically equivalent to the volume
removed during lyophilization), although dilute solutions of antibacterial agents are
sometimes used in the production of pharmaceuticals for parenteral administration [Chen,
Drug Development and Industrial Pharmacy, 18:1311-1354 (1992)]. Accordingly, methods
are provided for preparation of reconstituted rVWF compositions comprising the step of

adding a diluent to a lyophilized rVWFcomposition of the invention.

[0090] The lyophilized material may be reconstituted as an aqueous solution. A variety of
aqueous carriers, €.g., sterile water for injection, water with preservatives for multi dose use,
or water with appropriate amounts of surfactants (for example, an aqueous suspension that

contains the active compound in admixture with excipients suitable for the manufacture of
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Composi tions conprising these surfactants, either individually or as a
mxture in different ratios, are therefore further provided. In one

enbodi mrerwoabiodig27pr esent i nvention, the surfactant i s POEEN2@0/0614m0 t he
present formnulations, the surfactant is incorporated in a concentration of
about 0.01 to aboutﬁg.? g/L. I n fornuhations provideqf t he surfactan%
concent3HEQUSITUTRENEOBY s In Barpps agpeghs. sughgscipienggire gusggndipg peentspfogexagpigg,
0.1, 0.hd Audut finflatidh, Sodifim @artBxfmelhyRcl1Bloe, Moty Qitidse, Sal ts [0074] Salts

are often added to increase the ioni¢ strength of the formulation, which
can be hydporypepylnheshylpelbtesensosloinbiginatey polyvygyilpyaitolidoreighint tyagagamgh and
isotonicitx. Sahls can affgct th% ngsi%al stabil.itéhofh thgins in a

vari et U8t *RETs HSPGHEE Q5 N CEPZERPTS A H AN Oscuting Bhosp %f Gt el ﬁ§a"8‘§)ebi ndi ng
to chargadvitiRet BinasticH) ldctBinDbo¢RidBnsatistpfoates ofhlt SkORhé ¥RlY withdhip can
stabilize the denatured state by binding to peptide groups along the

pr ot ei ricisiciop exangle agbnihyput Igaitationcpelyelysth ydangisiepiase of Bendspention ireflicisy e
conf or nut | shi el.dj .S r LG g ' t ween

Fesi duck Pt Iong chaRiFhAR Pl 7 Bfic ahh Riehe BRRRE 030N o
shi el d mptadeeikihyeedorgtdtaml adricondentioaqiroduess dfetiweare qxidd with pambeswres t hat
can lead to protein aggregation and insolubility. In fornul ations provided,
the salderivehBemtiakY AR il HRVISLHICD 2t polyox yeshylois sosytol mpnogisategey, 100, 120,

150, 200,430 d‘%QQof'%yﬁdé‘&{id&%Hﬁbﬂnﬁf&ét&is ﬁ&ﬁveﬂ%ﬁ?@f}iﬁﬁé@nﬂo aci ds

[0075] Am no acids have found versatile use In protein at1ons as
buf f er shexiell dohpdyidegefiot sxanmsplabind wvtbow lamitht@nt payétbdntessorfibmsnonovlawe laspect

hi stidine and glutam c acid are.enployed to buffer protein formulations in
t h e pH Vragﬁb%asa Ct%_t 2_1(11@038 %ﬁae%lqgs a 88 _cgntaln one or more preservatives, tor example

and without limitation, ethyl, or n-propyl, p-hydroxybenzoate.

Administration

[0091] To administer compositions to human or test animals, in one aspect, the
compositions comprises one or more pharmaceutically acceptable carriers. The phrases
"pharmaceutically” or "pharmacologically" acceptable refer to molecular entities and
compositions that are stable, inhibit protein degradation such as aggregation and cleavage
products, and in addition do not produce allergic, or other adverse reactions when
administered using routes well-known in the art, as described below. "Pharmaceutically
acceptable carriers” include any and all clinically useful solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents and the like,

including those agents disclosed above.

[0092] The pharmaceutical formulations are 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 injection, or infusion techniques. Administration by intravenous, intradermal,
intramusclar, intramammary, intraperitoneal, intrathecal, retrobulbar, intrapulmonary
injection and or surgical implantation at a particular site is contemplated as well. Generally,
compositions are essentially free of pyrogens, as well as other impurities that could be

harmful to the recipient.
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respectively. The im dazole group of histidine has a pKa = 6.0 and the
carboxyl group of glutam c acid side chain has a pKa of 4.3 which nmakes

t hese amwo 2aovids27sui t abl e for buffering in their respe®CIruS2@iosanges.
GQutamc acid is particularly useful in such cases. Hi stidine is comonly
found i rkete rotein fornul ation and thiss ami no acid provi des an
alter na[pp% tg”hg?et ‘?ralf{"él,tlp WiniRiskatians @b thes ompeRg o Bh YR CPﬁﬁeé@t‘F g’ﬁg {he dose

| nt er egEidighnG pdiest besh HRINRR B HO «BRGTY iSRRI ol thehAMRnBo® bAREdtn g
effect, with respect to aggregati on when used at hi ghconcentrations in both
| i qui d casedsd, epivpldpriett qosesedepandsomsth¢ Gipemf Bisease tabe fre@hdrandResed atp®¢,12) :
1952-60, (2003)). H stidi.ne was al so,observed, by.others to reduce the

v soos iSSP dnagietise SF R d15nE aTRRRr PSR T Rmti RS I SeBOE S P he same
study, th&igpaitharfosepRivird thdispyearatisgdrcagrhl KkoANshdtesiabOahe gl N

hi stidine containing fornmulations during freezethaw studi es of the anti body
i n st aidddkesdiseretégn efghe aitending phapistaer note of caution with histidine is
that it undergoes photo-oxidation in the presence of nmetal ions (Tomta M
et al. KB ochem stry, 8(12): 5149-60 (1969)). The use of nethionine as an
antioxidant in formul ati ons appears promsing; it has been observed to be
ef f ect i[0894gaiAssh additiondespat, thxindattiondnsliidadsssvi{itamongMiseaine @k mored Phar m

ScL, 86(11).:. 1250-5 (.1997)). 076] In various_aspects, formul ations are
pr ovi dgw%ﬁ@]ﬁ‘ CHEPH 8“%8_%21@8‘L42€r3e‘]‘161‘?“efw i T ieyer ARMInSIgHPhe,
ser i ne, o ugLal. Nk GREnHRAMAR, el § KRERDNAIPHRrh Red AP hP1Rh ALRI#BEd DY the

mechani sm of preferential exclusion. Aycine is also a conmonly used
bul ki nchesggefe.g.i mcdrypqrntiidn coatprisorgrauthataperts. protegi ori peetitspdskegedshewn t o be an

effectiveaentinini?'t'n aggr.egati E&.h ﬂgeen sedinFth.quuid
and |y SRR Bt sanay POE S FEO R e A SRR G BRBvrabielRed fi no
aci d cqnepatikh@d thanddssriRatde 8Nthe cdmpdundlél codfposidBn iftPracténg &, mekR&. h20,
150, 200, 300, and 500 mM In one enbodi nent of the present invention, the
am no aviegnbedighgngthe pharmaceutical formulation is packaged in the container such that the

amount of headspace in the container (e.g., the amount of air between the liquid formulation

and the top of the container) is very small. Preferably, the amount of headspace is negligible

(i.e., almost 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

reconstitution solution for the composition. In one aspect, the pharmaceutical formulation is

packaged in a unit dosage form. The kit may further include a device suitable for

administering the pharmaceutical formulation according to a specific route of administration.

Preferably, the kit contains a label that describes use of the pharmaceutical formulations.

Dosages

[0095] The dosage regimen involved in a method for treating a condition described herein
will be determined by the attending physician, considering various 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 VWF of the present invention is approximately 50 U/kg, equal
to 500 pg/kg.

[0096] In one aspect, formulations of the invention are administered by an initial bolus
followed by a continuous infusion to maintain therapeutic circulating levels of drug product.

As another example, the inventive compound is administered as a one-time dose. Those of
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Anti oxi dants [0078] Oxidation of protein residues arises froma nunber of
different sources. Beyond the addition of specific antioxidants, the

prevent i onOoab1oodBIiat i ve protei n damage i nvol ves the car eCumuseamsalzo of a
nunber of factors throughout the manufacturing process and storage of the

pr oduct uch heric x erature, |ight ex osure, and
chem cdl" @Wt%ﬁi‘r’?égo Wik peady &gﬂ‘t‘lﬂ%ﬁ’r&%p%ﬁ‘e %P@S@Bﬂggwl LONEedmGas of t he
phar macgykiesal neara!'ylg@esa dalc pﬂa&hdé%aghe M eudndididd saht BIiviledBeidg agents,
oxygen/ free-radi cal” scavengers, or chelating agents. Antioxidants in

t her apétltei fmqpbmtyeqfrdofsmg wapends on shegplarmagokoreéic pgpecters m‘rétfne pgeds utsl he and
remain acttl e thr hou@ t he ro uct shelfl | if " Red n nts and
oxygen/ PPES! Fda i HERa b SRIE (P s TerrmdiciBd dae By geRy eeci es i n
sol uti aRille@heiRtdr@paadant SpSHeb rége BDIdns@ra@bl 86 datGediodikd, dS@sgfo'ir race
metal contam nants that pronote freeradical formation. For exanple, EDTA

was ut igxpmels. Ramington's Gareragestingl Seidnses. dbthded. 41 W0 Meeb Brbléshing 6 h f act or
to i nhlé)as{on ? 1{§§H§‘) eqa]ggéﬂ' fﬁtﬁlézglg{i? oqglte o?r;!vh%h ﬁ)ﬁﬁlte%gr}fco{rﬁo%étgygf p[ 007.9]

In addition |veness of 'vari ous reven rotein
oxi dat irefereriche Spei Eﬁhulahoﬁﬂhﬂhérmalm}b}gmicdmms Mwlrt@eﬂavce@f it @zmrrdla@@ ot her
coval ent or physi cal changes tothe protein is_of concern. For exanple
reduci rigdagye ﬁf g ‘G%CIE%F%%@ <fites agspinisiered agents: dpapeading gp thei Wuferifde | i nkages,

Wh' ch Ca%ﬂnh 1otnoa gl!ll% &(ﬂ@ 153%%122&%@9&0}(’% %\%%o‘&{y%&?@& shﬁg&sdréé gn net al

ions, ascorbic acid and EDTA een s to'pro I oni ne
oxi dat iargan dizea Anpprbmat@ﬂoqcageﬂ @aybe awwdrtpepd thiagh(vdk ef ssta%mxshahmks@esffet i ppi s

MR. Peptides .an ns as Parenteral Sol utions. In: Phar cal
e ot el s loB e AR e Gubctinmav B BPRER: e foar St Thr s

Hovgaarggha) Qéﬂag@fe%m?rhﬁrdé&@ﬁﬁ{eﬂ%g'theSStte%Hﬁ% h%ﬁ%iaﬁrco%@ﬂefﬁévﬁio%s fadfork 1999) );
Fransson J. R . Pharm Sci 6(9) é) 050 (1997) inJ, et al

Phar m Relsich H@ﬂ(fﬂi Pe acpeT pf 8@126.200 49 druSe dpesifia zmtlcystm,l thesevenifsoftbe damagsor t ed

tor educ?l the responsweness of the patient, the age, condition, body weight, sex and diet of the

patient, the severity of any infection, time of administration and other clinical factors. As
studies are conducted, further information will emerge regarding the appropriate dosage

levels and duration of treatment for various diseases and conditions.

[0097] The following examples are not intended to be limiting but only exemplary of

specific embodiments of the invention.

Example 1

Shaking experiments

[0098] In order to determine the amount of precipitation of rVWF in various formulations,
the extent of aggregation of rVWF following turbulent shaking was tested under a variety of

conditions.

[0099] As shown in Table 1 below, various rVWF formulations were assessed in a 20 mM
citrate buffer, pH 7.3. Shaking experiments were designed to simulate mechanical stress

conditions. 1-2 ml of each formulation was shaken with a laboratory shaker for 10 minutes at

1200 rpm.
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| evel s of light and tenperature induced nethionine-oxidation in rhuMab
HER2; however, the formation of a thiosul fate-protein adduct was al so
reported wo20twaesxzsudy (Lam XM Yang JY, et al., J Phar mC$aiS2008661m1) :
1250-5 (1997)). Selection of an appropriate antioxidant is nmade according
to the specific stresses and seni,ﬁgﬁlz/%il es of the protein. Antioxidants
contenplated in certain aspects without Iimtation, reducing

agent :.\nrz*l5 oxvgen/f re_e_r_adllr | Qr‘:\\le_p_%ef N nT and sodiumthiosuylfat

Met al |i GRS | 0’8@‘6] F‘ﬁ‘“"é“e &rar, | ¥k tTeh [ mekal T&ﬁ’% aP s e el

pr ot ei[n 10T udoafii PNS DeLause [t hey [Cabecaial yze phyS| cal anid chenp cal

degra d[hﬁﬂ redC[ T T [T_Pr Oot[er s | HegeEveT, spJCITIC metai Tons jare

i nclu cu20| orratt+on 38m)FI thc‘y’ at cg—Factprs—to prot Hs—art——
suspens-op—rermipt-onrs—of—prelel-Rs—where—they{ormeoordinat-on—econrphexes
(e_ g.,zlnc Qu:pp'\':i on bf in II?I n) ecemt | V. he usle of ngnpci um- i ons (10
-120 nM_has been|proposed tg inhipit the isonerizat)on ofl asparftic aclid to
i soaspar #i c|at®™¥ (WO 2004039337). [0081] |Tw¥- exanpl els wherle netal ions
confer| stabillity prom¥cyeased actijity in p#loteins are hunman

deoxyr|i bonu¢l ease| (r hDNaseym Rul mozlyme(r) ), sand| Factor VITI[. Tn t|he case of
r hDNage, 2s5cafz2 1 ong (up fo 10 BT [ NCT easeqyt NE stapj t1ty [of the enzy

t hr ough—a—spect-Htbirnding—stte—{(ChenBTet—at—+ frar-m—Sct——8[8(4)~—]

- AWAY lh fAart ro vl cal eyt 1 ANLe thao lceal 11t 1 n At
A PO X T T VA A M TN AN MR AD Sl
ef f ect_wls o¢bser ved"BAl v with Ca+2|ions; [ot her d%ﬁ’il ent cdtions Mg+2, Mh+2
and Zn+2*werne observed | o"dt abilj ze rhiPNase. | Si'#k I jar ef flects were
observed? n|Factof VIII| Ca+2 #md [Sr+2 i ons sta¥kzed thg protein while
ot herg Tike[My+2, Mh+2 apd Zn+42, Cupf2 and|Fe+2 destabjli1zed the enzyne
(Fat oyros, A zem@ml|al., [Nt. J. Phay megL 1pDsgnl2[l- 131 [ L997)[. I n a separjate
st udy 31 30mM Sg/l, Sg/l,

32 30mM Sg/L Sg/L

33 30mM Sg/L Sg/L

34 30mM Sg/L 0.1g/L

35 30mM Sg/L 0.1g/L

36 30mM Sg/L 0.1g/L

37 30mM Sg/L 0.1g/L

38 30mM Sg/L Sg/L 0.1g/L

39 30mM Sg/L Sg/L 0.1g/L

40 30mM Sg/L Sg/L 0.1g/L

41 30mM Sg/L Sg/L 0.1g/L

42 5g/L

43 Sg/L

44 Sg/L

45 Sg/L
46 Sg/L Sg/L

47 Sg/L Sg/L

48 Sg/L Sg/L

49 Sg/L Sg/L
50 Sg/L 0.1g/L

51 0.1g/L Sg/L

52 0.1g/L Sg/L

53 0.1g/L Sg/L
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with Factor VIII, a significant increase in aggregation rate was observed
in the presence of Al+3 ions (Derrick TS, et al., / . Pharm Sci., 93(10):
2549- 57 (WO0Q4)0)e482fRe aut hors note thatot her exci pi ents PCrashubfers7gal t s
are often contamnated with Al+3 ions and illustrate the need to use

exci pi r| ate aIJ ormul ated products.. Preservatives
[0082] e[@f!i@i viﬁ? Ssgieat %%’éﬁ?{’%ﬁg%%%%‘?ﬁs NRAFGHding &0 %ﬁﬁ% al
formul ahpRRBelat«<VigpRl a\ggraga{eg”albﬁﬁspcra@eseéﬁerg%pafuheﬁg ffﬂse@ma&lgﬁl SREBe G ai ner.
Their primary function is to inhibit mcrobial growth and ensure product
st eri | iabput K0ougholf cnhe shel f-1ife or termof use of the drug product.
Commonly used preservatives include, without Iimtation, benzyl alcohol,
phenol and mcresol. Although presS&CGHEMEs have a |ong history of use, the
devel opment of protein fornul ations that includes preservatives can be
chal | engi ng. Preser paittickes| al nost al ways have a destabiliz|ng effect
(aggregation) on proteg ns, Ad\partitles Nas Decome a maj or factor inlimting
their use in multi=do pT —et—at}, J Pharm ScL,
94(2): 382-96 (2005 ):ff[oo o%ﬂdlﬁ i, ?‘5“;5’2’“‘5""5‘5’?‘;?.‘ drtgs—have been

formul ated for single-use '“'yp Noles, Kprely yi 'Y ~dose fprmul ations are
possi bl e, they haye_t ad $Pi rﬁm’ﬁi‘ﬂfﬂﬁﬁﬁaﬁlw VE %‘-h(lfﬁbﬁ‘??) patienf convenience,
and i ncreased nar ket a | i t ymany pardidlen easibyvisile(fibaes)  of humhn growth hor mone
(hGH) where the devel dpnent visiblepaeticesvetinfdibers) at i ons has | ed to

comerci alization|of Bbre ciifyewhi@precipithte (swideon Hesatthc) pen
presentations. At [Teapd ToUjenpfssh pen devices containing pfeserved

formul ati ons of hGAare currentty avai tabte onm the market.- Norditropin(r)
(l'iquid, Novo Nordi sk), Nutrop| n AQ(r) (l'iquid, Genentech) & Genotropin

oo B R G S s ST bR Chghy oot i 1 phenl

(—.

TABLE 2
Lyo 25 Lysine Histidine | Glycine Serine Mannitol PEG Tween Shaking 1-
Samples 1500 80 2mL 1200rpm
30min
18 30mM 5g/L. E1
19 30mM 5g/L. E1
20 30mM 5g/L. E1
21 30mM 5g/L. E1
22 30mM 5g/LL E1
23 30mM 5g/LL E1
24 30mM 5g/LL E1
25 30mM 5g/LL E1
26 30mM 0.1g/L E2 big
27 30mM 0.1g/L E2 big
28 30mM 0.1g/L E2 ~6mm
29 30mM 0.1g/L E2 ~3mm
30 30mM 5g/L. 5g/LL E1
31 30mM 5g/L. 5g/LL E1
32 30mM 5g/L. 5g/LL E1
33 30mM 5g/L. 5g/LL E1
34 30mM 5g/L. 0.1g/L B1
35 30mM 5g/L. 0.1g/L B
36 30mM 5g/L. 0.1g/L E2 big
37 30mM 5g/L. 0.1g/L E2 big
38 30mM 5g/L. 5g/LL 0.1g/L D
39 30mM 5g/L. 5g/LL 0.1g/L D
40 30mM 5g/L. 5g/LL 0.1g/L B
41 30mM 5g/L. 5g/LL 0.1g/L B
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[ 0084]

confer
For

in marketed products (Remmele RL Jr.,
[ 0085] Devel opnent of

(1998)

Sever al

o Bl

devel ORFRAENiRY
using differenti al

).

aspects need to be considered during the fornulation
devel opnent of preserved dosage forns. The effective preservative

concent r avpanio/oasz7he drug product nust be optim zed. ThiPETASQWYERI78 St i ng
a given preservative in the dosage formw th concentration ranges t hat

r obi al

PR s%

fec

veness w t hout.c

F@]é%tlﬂl%%x%@émé 6’6&“@%& d
T&ebd-80h8d Mhmmagrb@ae Hférbe!st%ﬁﬂds%é(' the leakCARRIPLE (Type 1),

scanning calorinmetry (DS

et al

rom

7 el ag s

ei n st abi

QrEgons

lity.

The preservatives were rank
or der echglgeegetdoron their inpact on stability at concentrations comonly used

., Pharm

are nore chall enging than |yophilized fornul ations.
can be lyophilized w thout thEprezstharaexpaimatsr econstituted wth a
preservative containing diluent at the tinme of use.
for whi[00103]pr Beeraaaivspbismeiits SRt @signed tdadsas thy dipaknofsugi Jaucaityl y
m ni m zing the associated stability risks.

pr eser VaPGa{Rd fegerbigiand dhwgag. o rdditias tpiths foraylatipes (E?é“ﬁ'%ﬁdrﬂbai’%@é thsver t he
entire Sﬂﬁﬁgg

t hat preser

e?i}ﬂ?én} (l'['af)ﬁ IS the ol

fecti véness

vee

oA fnf B

Wth i

onSA‘Q/eferggQJsE Ta

nonst r at ed

Res., 15(

2): 200-8

| i qiixdndpbe 2rul at i ons contai ni ng preservatives

Freeze-dried products

This shortens the tine

quid formul ations,

e3n#n| -piqjiote IS

formul ab)i on containing the active drug and all exci pi ent corrponent s. [0086]
Some preservatives can cause injection site reactions, which is another
factor that needs considerati on PA®LEBoOOSIi ng a preservative. In clinical
trials that focused on the evaluation of preservatives and buffers in
Nor di t[r oplyfi2s pail nMp@fitcepPf | OlPEGaS Pbsewsed §0 fikrdk©OWET Tréhalo@r MUTRAiIORS
cont ai|ni swnpgpkenol and behzylisml cohol &8s conpared tofa fornul dtion
cont ai[ni ngi2m criesobg/.Kappel gaard A. M, Horm Res. 62 |Suppl 3:98-103 (2004)).
I ntergstingly, [anong the| commonly|[used preservan ve,| benzyl &l cohol
posseSSES gnestetic Sg/l,

45 Sg/L

46 5g/L 5g/L

47 5g/L

48 5g/L

49 5g/L

50 5g/L 0.1g/L

51 0.1g/L 5g/L

52 0.1g/L 5g/L

53 0.1g/L 5g/L

-30 -



properties (M nogue SC, and Sun DA.,

out wei ghswarnyimidszsef f ect s.

Anest hAnal g. ,

100( 3) :

683-6 (2005)).
In various aspects the use of preservatives provide a benefit that
Met hods of Preparation [ 008PLT/iseoopesi@nt
invention further contenpl ates nethods for the preparation of

pharmaceutical fornulations. [00 g!m;iﬂg present nethods further conprise
one or m)re of the follow ng ste ing a stabilizing agent as described
here sai mxture prior to I\/nnh|||7|nn
025 Lysine Hijstidjng .| Glycine Serine Mﬁ'nnltol Tween 80 Sucrose Trehalose Raffinose
selg;’{;;lgd f1°0m [a " bulki|ng a@gept’; ™an © IgsEb(y egulat|i ng agent, and |a
surtactant, edch of vwnich as desdrimgd nerein, agLsdl gL Xtjure prigr to
| yopii lization. [0089] The |st anddr d2o¢lecgnst i tjutd2eh gractice f ol ygphilize
materfallis tad add back a violune lof2%hre water P¢lstlerile water fof 1021
i r' I AV IR 2N P PO Y PITTRVE (I L hn \lnngl-m ra 'ad durinao
HOR— Rt PHE Ay —equi-va- it r e o enbued—ayf g
|)U}Jlg] LI aLIUI},lsmLIUquI ?kl utlt © DUOyEILIID Ul adkyLU CLCT T al QQCIILD al F)g/L
S QTTEEA nE‘E USEd T Bmii g REBOUCtT O [Of 2opiTar[Taceyt Téat. S | Ofogparent er at
adm m3 stfafion [Gaen,| Drug Devel dpnegt dnd T nduskri gl Phar facygeL
18:1341-1354 (11998Y] .| Apebrdi ngl v, et hads arle ¢P¢/bvilded forl preparagti Bl of
recofstiltuted It \AMMcamdd¥ ti ons dond8¥k siln he Ozzg/hp of addilng a dilluent to
a | \It&@\hl 1200 r\A Fay '\'\r]%!r 1 n-nf |t h: gl]i‘ o an O’Zg/hﬂ Nl The ll \ltjiqg’ﬂﬁ lil=2nd
T ygrlll LB “AYA%] T VIBHIM\JI H:]S,[nl\/[l I‘j Ul LII:PUQLII \.aig]l_‘\_ll Ozlh/tu UJ AIII\.: T _y:fo.lg}nl .I:l [~A AW ]
it Csd atmay e Tkt O[S TRUaS [amygQugouS—SOT {4 01— A varT ety O [aqygous
Ccl’l'lsserS, e. d.|, Suall @saMRter T or I'logn@CL 1 ON, |[Wad2@t Wi th pr servdalt | VeSisy/0r
mil t wo dojse usdg, waMwdter w it h apgr opgi atle anguni2Lof| surfagtants (1or 1sgL
exanM e, | an aquevwd gqudidhs| on t hat2%glont|ai ns |t h@gBetli ve corpoudfst i1
admi2t ur e 30eM excinilents suitablle ] %‘Ir tthe nmﬂLgFfl re of agued®d
u-nr9\4nﬁi nol) | n301\1}1\4:| aOLLG Acihnect o (‘: r\/ni ni r\n .2, L o oo n- nr“lqgltL‘ ANt o
SLIJ'J\gu ol :IJ} . IIII -\IiA: T U:S&II?MAJ!J:/U: -J, J,oy]:l \¥ AN | |JI : Zg/L \/I J:JJ'JI\. :Iu:loglm u& it o9,
f or—gganpte—and—wthgut—T T tghi Lll,z(@yw o cdt AL LILVARCAA LICLT Y D
sThyi cel TUl 03, shydr[oXypr opyt Wetnyhee! 1[Ul 058, &t Um al gi fal @i
pol yes nyl pyrral 1 deve,| gem t|r agacgnt eiand 0.2g/L 10g/L
99 15mM 15mM 20g/L, 0.2¢/L 5g/L,
100 15mM 20g/L, 0.2¢/L 10g/L
15mM 20g/L, 0.2¢/L 10g/L
[00104] All formulations were frozen at -20° C in a freezer for approximately 1 hour and

then thawed at room temperature. The results are shown in Table 5 below.
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gum acaci a; dispersing or wetting agents are a naturally-occurring
phosphati de, for exanple and without limtation, |ecithin, or condensation
product s Wb 2ar/@BX§l ene oxide with fatty acids, for examprasarnd/osisrhout
limtation, polyoxyethylene stearate, or condensation products of ethylene
oxide with long chain aliphatic ?éiﬁ-}gg for exanple and w t hout

I

i m tat i on, heptadecaet hyl - eneox or condensati on products of
et oxide with partial esters r| \Ind fromfattyv acids and a hexitol
sine | Histidine l)’zine Serine 1tol Tween- Sucrose Trthalose .| .Raffinose reez Ereeze/
sucg,l;ﬁ{n PoryloxY ety 6 he| 610 Y81 ool 556, | B Egndengat i on pr o&qgft o
et hyI ene oxide wtlh parfial |esterdq derfived fromfdtty acids and dm)(els)tol<~10)
1h\/r|r| for ex ndwithodt lilmtatilon nal v car hi | times
al ST | o _Sxanple and i phout L LalipA,—palyethylshesardifan 1
mllluﬁl oy LT, 1 IjOHMI I'Uuo OPC\;L Osg/LL Ll AYS aQﬂjcuuo DUO.}JCI OI Ullo I oVvU |3 LILLY (Ell IIE
MOT &0 PT ESET VAL T VEY, 30kl | EXanpt rarnd Wt ttout 7 m tgtTorm, gty [or dr- pr oRy |
p-hydr oxybenzoat €. Adm pis& rjatdgmn |[[ O09L] To jadm nijSter composi |l ORS (/0 21
human ofr test animals., | nMone aspgct. [the conpositlions conprisgs one lor
mureX2phatmMcenticglly acceptlable daefilers  The phrlases "phar madeutl cal | 32"
or—Hharracol-S¥ba- Ly hccegtabl-ers tonplecullarentilties gnd® | 2
mﬂn: H nal + E—.-&- A%OﬁlMﬂ all ol e + H l adat » P I oo C 24
C(lllmbl I UlI'1o tIirat Aal © O Ml'l y LA Ugg}L PI UL Tl 1 ucgl auaL Uil OouUullIl Ao C 25
aggregati o @nd ctjeavagge f@r gaucts,[ and 11T addi tTor do ot prodyce aft tergirc
ol _akshefoadVer S€ rjeaciipns when adm ni[Sto@ged] usi nd rout €3 Wel I -[Kn®an | n2et h
art . ?27as| desclr 3@t |[bel ow " Pharmacguti caldiyl acceptdbl e cafriers” W@l ude2’an
and Al l{clinfcally $teM¥fll sgl vent dijsdé¢lsi pn nedia— coatings, B 28
antiBact-er $ and lantifuAlnH agentls Hedt8hi e and labsorption detaying 2
. . M. g ! . r~ J
agetiyys aSbﬁMt fre—HKe— ettt ||95g/lhu55§/La]gc|u s—dtsctgsed—abgve: [UGS%' H €3,
pTariTacEUt T Cazo-MOT|[TUT atf ONS [argLadri.mi St eredf orat ffy, topijcar 'y, D 31
tnangdefr nal lly, parlentBrial | y,[ gLl nhaialt 1 on spray, [vagi nallly, rdgctreidy| &
by i¥triacranjal irjecti oﬁ&mTheSg/lLer e/l o 33
34 30mM 5g/L 0.1g/L 2 (rest B) 34
35 30mM 5g/L 0.1g/L E 35
36 30mM 5g/L 0.1g/L E 36
37 30m 5g/L 0.1g/L B 37
M
38 30mM 5¢/L 5¢/L | 0.1g/L B 38
39 30mM 5¢/L 5¢/L | 0.1g/L B 39
40 30mM 5¢/L 5¢/L | 0.1g/L B 40
41 30m 5¢/L 5¢/L | 0.1g/L A 41
M
42 5g/L D 42
43 5g/L D 43
44 5g/L E1l 44
45 5g/L E1l 45
46 5¢/L 5¢/L D 46
47 5¢/L 5¢/L D 47
48 5¢/L 5¢/L D-E 48
49 5¢/L 5¢/L E 49
50 5¢/L 0.1g/L Bl 50
51 0.1g/L 5¢/L Cc-D 51
52 0.1g/L 5¢/L Bl 52
53 0.1g/L 5¢/L Bl 53
[00105] As shown above, Trehalose provided the best results (i.e., the least amount of
aggregation).
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parenteral as used herein includes subcutaneous injections, intravenous,

i ntramuscul ar, intracisternal injection, or infusion techniques.

Adm ni st raiDi2ot/dag275nt r avenous, intradermal, intranmuscl aPCTIUSRe0GNN®RT Y,
intraperitoneal, intrathecal, retrobul bar, intrapul nonary injection and or
surgical inplantation at a particu:gr s&tg is contenplated as well.

Ceneral ly, conpositions are essenti ee of pyrogens, as well as other
inmpurities that could be hargrul 10 the recjpient.[0093] Single or nultiple
adni ni strations of the conpodiPPRIHZAUEREXPErIMEYS oyt with the dose |evels
and pattern being selected by the treating physician, For the prevention or
treat miﬂgl%ﬂ dl-eeppdlezation expesinenty veie dedigasife aspeigbiiky pratieyspe of di sease
to be theatihbnsas oS IS ARAUEof atl?s.caﬁef%ﬁfcms@ eSRAUESGRAT 16 RgnAlskase.
whet her drug 1I's aénlnlstered for preventive or therapeutic purposes,

pr evi oussultaen aplear {dhdtiquatAremicelsrazéd statohly doudyteasyalsngkrfoempd nsdemanstrive dr ug,
and the discretion of the ttepdin physician. Kits [0094] As an additi onal
aspectfhgﬁgﬁ%ﬂéﬁﬂ4gﬁsP Pﬁ@&? UWEYwhi ch conprise one or nore |yophilized
conposi tions packaged in a manner_which facilitates their use for

adm ni IPPHY onThofosmy]atiensshopn 15 Jabledhbede vrevere Iyonbikized with ainiE9ssdes

phar mqgggﬁiﬁ&k 16000 kb ohAB 6! ?Qﬁﬁaglgfe?"s TndGelons, AHERGBATHE En_compr i sing
a therapeutic protein or peptide), packaged In a container such as a seal ed
bot t | e lgsphilémssioh wasiapproainhadle 72 abfitsx étch of thh dormanitaing éeloor alsaadntded] i n t he
package, t descri bes use_of t conpound or conposition in practicing the
met hod.2olgqﬁg\ﬂ@ %}Hjiiréﬁ?[“ TYVFI%U'E armaceutical fornulation is packaged in

t he contai ner such that the anount of headspace in the container (e.g., the
amount of air between the liquid fdBLEtG on and the top of the container)

isvery small Preferably, the anount of headspace is negligible (i e
all st [ fite) M pfbenbUif et [t AE: Kitewenk Brttrs| Herey SO At |l
a TheTppaMi C 10g/1,
2 [ 15mM 15mM 10g/L,
3 [ 15mM 15mM 10g/L,
4 [ 15mM 15mM 10g/L,
5 [ 15mM 15mM 15mM 10g/L,
6 | 15mM 30mM 10g/L,
7| 15mM 10g/L
8 | 15mM 15mM 10g/L
9 15mM 10g/L,
10 15mM 15mM 10g/L,
1 15mM 15mM 10g/L,
12 15mM 15mM 10g/L,
13 15mM 15mM 15mM 10g/L,
14 15mM 15mM 15mM 10g/L
15 15mM 10g/L,
16 15mM 15mM 10g/L,
17 15mM 10g/L,
18 15mM 15mM 10g/L,
19 15mM 15mM 15mM 10g/L,
20 15mM 15mM 15mM 10g/L,
21 15mM | 15mM 15mM 10g/L,

[00108] The results of the lyophilzation experiments are shown in Table 7 below.
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protein or peptide conposition and a second container having a
physi ol ogi cally acceptable reconstitution solution for the conposition. In
one aspecwQ 20tve4gdtar maceuti cal fornul ation i s packaged POTAISaWN6HOEage
form The kit may further include a device suitable for adm nistering the
pharmaceutical fornulation accori%gﬁjiﬂ a specific route of adm nistration.
Preferably, the kit contains a | at describes use of the

pharmaceutical formulations. Dosages [0095] The dosage reginen involved in
a ‘ treatifg al condition desdribed hefei Eﬁf%? be"detler {i ned by
the??tt%ﬁﬁindmﬂﬁysfﬁPﬁn ﬁgﬂngﬁ§%riﬂgsyd%ﬁ§ﬁ§ Pt pHigidhi CHreiffoditfeplopnelatinese

actTon o ~g. tTe age, CyndrtTom,  body Wef gitt, $exX_and Giggt [of  t1e
pat 2enft ;smMnle severity of anyf rnrgction, U1 ne ohmadm NI Stratl on ana dt her
clii calsmMactors. [ By way of |exangle, & typical dosesaf reconbieant| VW of

2}
thedpret®eMi| i nvention ik apgroximately 50 Wkg ejgual to B5OW gnMety I 0096]
| n—onel H&Malet £ of mul atj ons{of—tHe inventionl 3EM bdmi nittered by nlinitial
l e 15 o ; s e ; + mM _L 1 & &lel: l ;

bot B S Oy T a o+ NugqusS— 1 r oS agi—t o1 Nt ar Tt e apeurit—Ct Tuljllm_ﬁ'g
| evat s Ug prpduct. [ AS gnot gr _exgnpt e, [he TVEmRLIT V& COmMpound T[S togr.
agmoni st ered asMal one-1) ne dose. [Ihosg orordj nary[ skill[1in the a&i wll
readt |y opth nfed effect)jve dosaggs and adm nj Lion regineng as/L
det & nj ned pyie¥od nedifcal practijce and the lclinicaf™¥ondition %1t he
i r\rlilzli ual n Thal froadiianecel nf ocl Nnn ana S AN KL har r‘%&‘nl Lrnat i o

flul13 T CACAT nBL LILJ . III:/ LELEA "3 u:,::\.’y A4 ) . U\Jll Ilv i,sHIMI ~J :J:I II~5 nll\.l IiLgI[JUI\: moeuvinT o
pargrerers- 5N AgENtp angtne[routg o oS FatT O 5k C [OPT T T8I qog71.
pnanfraceutrcal 10 MLVt [ On 1|5 detferm ned pDy pne sSKitrredfrn tne adh

dependj ng ujpon theé wsewte of [adm i strdiion and desised dosage.| Tea flor

a)
exadple, Repm ngton
i =)

s PhaPmdgeutidal Sdiences| 18th Ed 1990, |MvaAGk
Publll shing ICo. Easton | BAM13042) nagds 1435 PPl t he di scl ogud®lofl which
i [ &Sf\r h\ldi oornnr nt f\A \L r ¥1§MI I'\I:\ > Ill\h ; m’ 5 \/I'\ i onc n SFIMAV\I\AOgaJh
r |2¢II :.l :- |:-JU| HU MIL .Ll:.‘. y LA™ IL] :ll A\ | -\:Jl\sl-]]M\_u?.lll ] [Sum mJUlTo LILI Sh]Mbll\J\IOthll\.a
physicar——state—stabrtty,—rate g T T v " e e, T5mM T0g/L,

[00109] As shown above, either a Citrate or HEPES buffer in combination with an amino

acid provided the clearest solution.

[00110] In order to assess stability of the reconstituted lyophilized r'VWF, VWF:Ag and
VWEF:RCo tests were performed. VWF:Ag corresponds to the amount of VWF which can be
detected in an VWEF-specific ELISA using polyclonal anti-VWF antibody, while VWF:RCo
corresponds to the amount of VWF which causes agglutination of stabilized platelets in the
presence of ristocetin. Samples were stored at 400 C. Assuming applicability of the
Arrhenius equation, one month stability at 40° C is equivalent to approximately one year at 4°

C. The results of the stability experiments are shown in Table 8 and Table 9 below.

-34 -



and rate of

route of adm nistration,
bwoyosu8zse area or organ size.

wei ght ,

dosages in conjunction wth approp

o QL

in vivo clearance of the adm ni stered agents.
a suitable dose is calculated according to body

Dependi ng on the

Appropri at e dopagas2000961320
ascertai ned through use of established assays for determ ning blood |evel

se-response data. The final

dosage reginen is determned by th i ng physician, considering
various factors which nmpdi f\/ the action of drugas. e. g the d ug's Speci fic
activity, the severity of the d mage and tWéelﬁséE‘@onm veness pf the patient,
the age, conditijonYWded wei ght| sex and diet of the patient| the severity
of any infecti on tOPPHIORS | adni nifstrhtig r cllinifal factors. As
studies are conducted, further inf'3thmtli §ASw | Illé'r(?er 89ar di ng t he
appropriate dosage | é&vel s| and dur a2i-®n |09t eat hiddt for11@§r| pus di seases
and conditions. |[[009F] The fol |l owing9exjab2lles aré.not| | H2&nded to be
limting but onlly exenplalry of $pear8ic ewhmod nmsis df tiea I nvention.
Exanpl e 1 Shaki ng experi nents [)U&ﬁjzl N ogeel tpry@etermme t he anount of
precipitation of 1T various |1%3|w Al Prs, 99 extentof| aggregation of
rvWF fol | ow ng tarbutent—shakiag—y testedundara ar1'1§t4y f conditions.
[ 0099] As shown H-nTable 1 below —varigus AN T ornmilati oRs—were assessed
ina20mMcitrate biffer] pH 7/3 B&hadi fa?elnet®Blents Hare Hesigned to
si nul at e mechanilcal 8tress condi tlldFrg. 1895 of%dach fWFAul Ati on was
shaken with a | aboratory shaker |f 02240 [ni8Alit es H6.01200 s TABLE 1[ 00100]
The assessnent of tha vis|ble VW aggr egar.es| waslsgone aogarding to the
schene shown bel[ow. [2Vi ST pl e agQr egab es|, Toolon| MORP.oCasesio3ar €| gel ati nous
fibers ranging immsige frpm 1102 | 923 106.0 1124

14 108.9 107.0 103.0 109.0

TABLE 9
Weeks at 40°
rVWF:RCo
formulation 0 4 5 8

1 86 102 97.0 93.0

2 84 97 88.0 89.0

3 85 100 87.0 93.0

4 102 81.0 98.0

5 85 89 88.0 98.0

6 83 102 88.0

7 92 97.0 95.0

8 88 94 90.0 104.0

9 93 91 97.0 100.0

10 95 87 87.0 87.0

11 86 93 89.0 99.0

12 84 91 89.0 95.0

13 88 87 96.0 89.0

14 90 91 86.0 92.0

[00111]

The standard deviation for the ELISA is in the range of 10-20%. The results

above indicate that all of the formulations tested provide good stability over 8 weeks at 400

C.
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about 100 nmto 1-2 cm SCHEME [00101] The results of the shaking
experinents are shown in Table 2, below TABLE 2[00102] In sunmary, the
shaki ng ewpepiomast’s descri bed above indicate that fornulPariuse@9vensv@i ni ng
Tween- 80 and Mannitol provide the best results (i.e., the | east anmount of

aggr egat | . npl e 2 _FEreeze-thaw experirent 0010 Freeze-thaw

exper i i@hﬁ&)} mgggﬁﬁgﬁdf?@bhw&‘%%%s ¥ Heﬁggﬁ?‘fﬁ’g?@%ffg‘]srgnt@gﬂg%acﬁ@wf?@peat ed
freezi nge@ntnt faWuldion! fe, gsﬂ%vry&ih@ Nylife bhEish @RI B NS 2068 ChihdeHeRRRVe for

t he shaking experiments (Table 1); the follow ng fornul ations were assessed
(Tabl e draabuffabls vyied TABLE 3708LE M0 1:0ddscitbed aborenstabilitpnsr\VWtewdsr ozen

at -20 Ci.n a, freezer r r oxi mat el 1 hpur,.and 1 hen .t hawed at room

P enmor Aot GE N WERAPRERAN TR Yy 08 o R 4 80 1 05] e
shown ahgvencelvahiabBeecarforVHEdRUBRCHES! vAIeSWI ¥ WIF st@biligi Qenpl@asére@ppunt of
aggregation). Exanpl e 3 Lyophilization experinments [00106] Lyophilization
exper i MéRtls hesendeangyplelic tragyemerts misee ghfied wifh ag-1esk.i Dasintesmadingt i ons to

al | ow tsd?ﬁili& NS fka fwa d:eééfrhﬁl%ﬁ% \yglicﬁﬂtiﬁ. ﬁl%%o‘é‘?écii&g.oﬁﬁaﬁah{@gn 18 JgiQut es
and results in a clear solution. An accelerated stabilTity study was al so
per f or ne¥dhd Qaldrnnsd thailsy/ whabelow 200gmid mewhe vhlagsiontriterialodgiCoad20g6t i vity.
Based on the above, it can be concluded that rVWF is stable in all citrate buffer systems
tested, independent of buffer molarity and amino acids added. rVWF remains stable for at

least 13 months even when stored at 40o C. The potency determination using the VWF:RCo

activity assay shows good intermediate precision with CV values below 20%.

[00113] Thus, in view of the data presented herein, a formulation was proposed for 'VWF
including 15 mM citrate (NasCitrate x 2 H,O), 15 mM glycine, 10 g/L Trehalose, 20 g/L
Mannitol, 0.1 g/L. Tween-80, pH 7.3.

Example 4

Long term stability

[00114] Accelerated and long-term stability testing

[00115] Studies were conducted to evaluate the stability of the rVWF final drug product
(FDP) stored at both the recommended and elevated storage conditions. Data from the
elevated storage conditions provides assurance that deviations in the temperature will not
impact the quality of the r'VWF FDP and will be used to extrapolate the acceptable expiry

condition of the material in the absence of real-time, real-condition stability data.

[00116] The current specification is < 3.0% residual moisture (as determined using the
Karl Fischer Method). Lots r'VWFEFF#4FC, i VWFF#5FC, rVWFF#6FC and rVWFF#7FC
were released with moisture levels of 1.2%, 1.3%, 1.2%, and 1.5% respectively. Based on
the past experience with other products with similar vial and stopper configurations, it is
expected that any rVWF lots released with approximately 1.3% residual moisture will meet
the specification limit of <3.0% at the end of the proposed shelf life (i.e. 24 months at the

intended storage temperature of 5°C + 3°C).
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[00107] The formul ati ons shown in Table 6 bel ow were |yophilized with a
nitrogen |yophilizer TS20002 according to the manufacturer's instructions.
The t ot alwoOi2om/d482751 yophi | i zati on was approxi nately 72 Rouns200@acts7of t he
fornul ati ons bel ow al so contained 20 g/L Manni tol and 0.1 g/L Tween- 80.

TABLE 08] The results of the |yophilzation experi.nents S in
Tabl e %"h&% “erm sfabglity §fudics aEWG\Kﬁp ed éﬁoﬁarﬂgfcoadléﬂl fieft gg‘gr ﬁ%}ﬁﬁs
buf f er joR <fQal @@ﬁp&ﬁ'tui@st(he ape@n @C?%ﬂa RSk tich @&J&VWF €SP 1§8|th'§t' on.

[00110] In order to assess stability of the reconstituted |yophilized r VW,
WWF: Ag hame bsanrmR@dadtersd s ThesestyskesfharerpbvidedBuifgiano date sporrdpare thet dtabilatyount

of VW ich c b ed .i.n an VWWF- speci fic ELI SA using pol ycl onal

ant i -V\}%ﬂ%‘f‘}?ﬁ(ga@?m%\m&?ag t?WEl corresponds to the anount of VW which
causes tion of stabjli telets in the presence of ri stocetin.
Sanpl ed " s wabu Efewcef Ia&i%dii@ﬁp %3 SﬁBB‘il‘?Ib%fF}P? PRI diatag ptaky ¢!
equat | %’E‘abﬂ%%c&?@fﬁ&d&e %ﬁé@i‘a' éafn}be%ulﬂpln@dbfe BAWhi¥RLRBIohAIR Fi?l%%ét[@it ©layedgone
year at 4 C. Thé results of the stability experinents are shown in Table 8

and Tabb ¢heor VO¥FdiRPTIABLdY aBia®dBh BheSstdtiliy bajdiefhe st andard devi ation for the
ELISA is in the range of 10-20% The results above indicate that all of the
formul ati ons tested provide good stibbleilly over 8 weeks at 400 C [00112]
Addi tional stability experinments were perforned where di fferent am no acids

were used in the fofnmulaflons (e ]\?J me or histidine at 15
0 ’ Con¥§ete dr
mvbr 20 m, and whefe gdlé;n%) er V\as }sﬁ)liﬁ) ;ﬁt , 15, 20 or 25
mV). As descri bed apove, ity of r VW | was m&g@@r ed usi ng the VWWF: RCo
activity assay. Evep—after—13—+manths—rno—signifcant
5°C +3°C fVWFRHIFC 1 0,1,2,3,6,9, 12, 18,
24 months
30°C rVWE#1FC 0, 1, 3, 6 months
5°C £ 3°C rVWE#2FC 0,1, 2, 3, 6, months
5°C +3°C fVWF#FC | 0,1,2,3,6,9, 12, 18,
24 months
30°C rVWF#3FC 0,05,1,2,3,6
months
40°C rVWE#3FC 0,0.5, 1, 2, 3 months
5°C +3°C tVWFHMFC | 0,1,2,3,6,9, 12, 18,
24, (30) months
40°C rVWEHFC 0,1,2,3,6,9 months
5°C +3°C tVWF#SFC | 0,1,2,3,6,9, 12, 18,
(24, 30) months
40°C rVWE#5FC 0,1, 2,36, 9 months
5°C +3°C rVWEF#6FC 0,1,2,3,6,9, 12,
(18, 24, 30) months
40°C rVWE#OFC 0,1, 2,3, 6,9 months
5°C +3°C tVWE#TFC 0,1,2,3,6,9, 12,
(18, 24, 30) months
40°C rVWE#7TFC 0,1, 2,3, 6,9 months

[00119] Summary and discussion of overall stability (24 Months)

[00120] The rVWF FDP stability data presented is comprised of the following:
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di fferences were observed for VWAF: RCo activity values of rVW stability
sanples stored at 400 C. the significane of the neasurenents were tested
wi th a t-we=010/088295i nt er nedi at e preci sion of the assay was/usetognnsidsned by
calculating the Coefficient of Variance. In all series of the stabi I i ty

data t wa | ow 20% a net the val i criteria of
Based gﬁoﬁié E gzgmqu\ll{hs@é% O%WEWGE}@\&S@:@?&I %\/\E(F‘IémE]F[?HF%mﬂ a%ﬂ? CI t rate
buf fer fysheiFer@dfaftatd ﬁ%p@nd?@ﬁc%pﬁwt%ﬁfngmﬁﬁ AWvapgE@N no aci ds

added. rWAF renmai ns stable for at |east 13 nonths even when stored at 400

C. The igpipicy, dghar Al %HSJ%QBEBM&: )36iyhtyrassey shows good

i nter preC|S|on wth CV valu el ow in view of

t he dat | for L OPOS for | udi ng 15
vt ot ¢ OV RaS ! PRE s Ay Fﬁsﬁeg%aﬁ?fgnﬁcmﬁﬁl Sl R k"5l P
Manni t alt 30@C QQClanEl'\BﬂﬂcﬁhtB@datzpld 41)06 + EG@phglee te@tﬁ@)tf@rlm SWWipkBFCyY [ 00114]
Accel erated and long-termstability testing [00115] Studies were conducted

to evaliggiz]t he. 34 alintrstsvab@ity ARG af YMF +f300akhd Ordigh Ry @AxeL40CEDP) StpI&d at
both the recommended and el evat ed storage conditions. Data fromthe

el evat e ¥Fo#de conditi ons provi des assurance that deviations in the

tenperature will not inpact the quality of the rVWW FDP and will be used to

ext r apdPat25]t he. a¢ cepthablabilex datayt 6UN i3 Cand Ofmaortks demd er4(AC 4 XA foe latbsence
real éé,hg]g 1;r(gza -condition stability data. [00116] The current

speC|f| ity < 3.0%resi dual noi sture (as determ ned using the Karl

Fi scher Met hOd%b Lot s r VWFF#4 r VIEFF#5FEC, r VNFF#6FC and r VWNFF#7FC wer e
rel easd@Matln Boi F{?P@Sﬁ@@é% déﬁa af 545k 3{Caog 9monghs datpatt56,% S ol {qtvel v,

Based QR/wWEF#6FC; and
[00127] 7. 12 months stability data at 5°C + 3°C and 9 months data at 40°C + 2°C for lot
rVWFF#7FC

[00128] The variation observed in residual moisture for lots r'VWFF#4FC, rFVWFF#5FC,
rVWFF#6FC and rZVWFF#7FC has remained well below the acceptance criterion < 3%, and
has not impacted the functional activity (VWF:RCo). There was no observable change in the
stability results for qualitative analytical techniques (i.e. appearance, SDS-PAGE analysis,
etc.) for the lots manufactured to be suitable for use in the non-clinical and clinical studies.
Similarly, there was no trend in decreasing stability for the total protein analysis, the

VWE:Ag analysis or the observed number of VWF multimers during storage.

[00129] Variation in both the ratio of VWF:RCo activity to VWF:Ag activity and the
VWE:RCo data presented for lots ’VWF#1FC, rVWF#2FC and rVWF#3FC was likely the
result of variation of the test method, the fact that the individual VWF:RCo stability test
results consisted of data from a single determination of one stability sample, and/or data from
the non-Ph. Eur.-conforming method assay methodology. All testing time points for the non-
clinical lots subsequent to the modification of the assay methodology to the Ph.Eur.-

conforming assay were tested using both the original and new assay methodology.

[00130] The rVWF FDP manufactured at a large-scale exhibited similar stability
characteristics to the r'VWF FDP lots manufactured at an experimental scale. These r'VWF

FDP lots maintained VWF:RCo activity for up to 24 months of storage at 5°C + 3°C. There
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t he past experience with other products with simlar vial and stopper
configurations, it is expected that any rVWF |lots released with

appr oxi mewel291010482%6r esi dual noi sture will neet the speciPCirastéooncidron t of
<3.0% at the end of the proposed shelf life (i.e. 24 nDnths at the intended

st or age tenp rature o C +.300).[00117 n1st it studles at
t he rectHht¥) ngslfldlﬁ%g’é?é IgBWE:‘FP?r %’ i1, 18 54 BJé 9@6%@8%? VerEgtly on
tenper ak4bias, dven AfteAéBionths 20 SoradR e3¢ @nduet %@9%511&51‘%%5&{% E0Pecot s that

have been manufactured. These studi es have provided sufficient data to
conpar elabkel Isthaisiresuits fhQWFoRCof VIIBAR add ViVdki alulteherpattain ¢fchebatfl@118] The

stabill f the,stability-.indi

2soays P FNEARE BN BCORRFUPEI AL st oFaBels olpE S 7 o
al so contad.Mehd ﬂaéﬂfsrrﬁame staBllity @cklévarddnempdfifurdEBrao@ tondN & sUaf @ ehdnthst he
stability studies. Table 10 [00119] Summary and di scussi on of overal

st abi | iWRiclt oan bastiagglajed ante @] shaif &if¢ eixporetians? xedrs ptambietdcrppeaarmmsed i s
conpri s 1. 24 nonths data of |ong-term studies
at 50C %9%8% %Dﬁdefrﬁéf g&%agtcl[)%&)l%g%gnd 6 nmonths internediate data at 300C +
20C (conplete testing) for |lot rVW# FC, [00122] 2. 6 nonths data at 50C +
30C (conplete testing) for |ot rVWAF#2FC, [00123] 3. 24 nonths data of

| ong-term studies at 2-8 (conplete testing), 6 nonths data at 300C + 20C
and 3 nonths data at 400C + 20C (conplete testing) for |ot rVW#3FC,
[00124] 4. 24 nonths stability data at 50C + 30C and 9 nonths data at 40Q0C
+ 20C for lot r WWFF#4FC, [00125] 5. 24 nonths stability data at 50C + 30C
and 9 nonths data at 400C + 20C for |ot r VWWF#5FC, [00126] 6. 12 nonths
stability data at 50C + 30C and 9 nonths data at 400C + 20C for | ot
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r WEF#6FC, and [00127] 7.

nont hs data at 400C + 20C for

in resi dusib 20wiE82se f or

has remai ned wel |
t he functi onal

SDS- PACE anal ysi s,

12 nmonths stability data at 50C + 30C and 9

| ot s r VWFF#4FC,
bel ow t he acceptance criterion < 3%
There was no observabl e change in the
techni ques (i.e.

activity (VW RCo).
stability results for qualitative anal yti cal
etc.) for the lots manufactured to be suitable for use

| ot

r VWFF#5FC,

r VWFF#7FC [ 00128] The vari ati on observed

r VWEEEAG R 0061470/ \FF#7FC

and

has not

I npact ed

appear ance,

in the non-clinical and clinical sttapedl Sinilarly, there was no trend in

decreasing stability for the total protein analvsis, the VW:Ag analysis or
t he obferved nunber of V\Ntamiity DhtadorsVo##RQata0@razj€. [ 00129] Variatiofp in
bot h t freratT T of oYW E RO Tty o YWrAg—act vty —ammd—tHe—vWFREo] dat a
tiribute Spedili | “Resyl .
presen ed' ﬁor | of & rWﬁ—Q 1 tﬁg'[&—’g: and r VAIF#3FC was likely the resplt of
variat{on of the|test netody—t{e act aG tg TIgH v puats YW RCY
st abi | | hsi st od ' L det grAHnatign of one
st abi | Hat'® f fomit’he jnon“'Bh. |Eur?” - cpnf b6¥ni rlg &t hofi
assay 5ting {ine poijnts for [the nonfclinicgl lots
subseq| r—o—pf—tre—tlssay—rethedategy—to—tha—Ph—Fo+ -
conform eogéus ch9 orilgi nal apd Z%W gdssa
nmet hod| - . 3 AN -a-t—% a-ge-—scale—axhi-b t ed
simla 199 | REErst pridt r YANF TDP% ot s| maAlf adt ur8d af an
experi enf i cal o Thesel r\ANE EDP | ot sl nai nt ailned \AEN BCa actli vi Ly fbr up
to 24 fonths of storage attEgrDatatgcy Wi esdd G2’ Ehange in the VW
mul ti npr Aabblr N| $gecifiain PS Rbuld BErimar ge-scal e Tots currently on stabjlity,
even ajter 6 nonfhs of stprageMaathdOQ0C + 20C or 9 nonths storage at 4P0C +
20C. Thble 11 shpws resul fs dor | VW1 RCd, V@F. A§ angl WF md t1 qer patt grn of
the barTREsrrcs 70-150 107 119 120 116 132 134
Activity
[U/mI]"
VWF:Ag Report result 94 86 84 91 90 79
ELISA (U/ml)
VWF multimer | Report result 20 20 18 19 20 19
analysis
Stability Data for rVWF#6FC at 40°C £ 2°C
Attribute Specification Results at Time
(Months)
0 1 2 3 6 9
VWE:RCo 70-150 118 111 126 129 130 119
Activity
[U/mI]"
VWEF:Ag Report result 85 95 86.3 73.5 80.8 70.3
ELISA (U/ml)
VWF multimer | Report result 20 19 20 20 20 n.t.
analysis
Stability Data for rVWF#7FC at 40°C £ 2°C
Attribute Specification Results at Time
(Months)
0 1 2 3 6 9
VWE:RCo 70-150 111 115 122 105 99 112
Activity
[U/mI]"
VWEF:Ag Report result 87.3 85.3 77.5 68.8 75 73.8
ELISA (U/ml)
VWF multimer | Report result 21 20 20 19 19 19
analysis
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r VWF#4FC, r VW#5FC, r VIF#6FC and r VWF#7FC stored under stress condition at

400C + 20C. The results indicate stability at el evated tenperature storage

condi t i ors0Of20r0/@82mnt hs whi ch can be extrapol ated i nto &Czhiskdoolosfseo of nore
than 3 years at anbient tenperatures or even nore under refrigerated

diti ble 11[00131] A COV, | ysi
deronstPALYY "t AGeTHNE Al Farared 1L QN Aguelior HHaoHGgrassion FRRESCY ) ot s
r VWFF#4EGio és\/c\/tﬁﬁé*%: ssm}«{\tﬁE#@Et@rW@t:ft‘#\ﬂﬂEF#\?ﬁ@mspeGWWFF#&% anB0C) is not
S|gn|f|cantp (p=0. allow ng the VAF: RCo activity data to be pool ed as

descri bé’dNFFn#WF@-BtOJeA a( RO + 3Tﬁe18dlot fignidice (p+0.80@vatavong 8fe YWd:R€end | i nes
of the | d| Vi | ot I-can ra ol. at on. of e pool ed
vor se. dsaatLpnE b 8dsd @i helGhich I A HEAL e AR B kPRl B val <

are weltlenwilinbi Bftlhbﬂl(ﬂﬁﬁﬁfrﬂtl@t@@s?al&f hét&idn&ida@f. BxtFpBiafiiopthePbokaRidiSe The
| ower confidence interval for the nean curve decreases to 80% of initial

act i vi topseatlops, as shenerhia Higogoli @0m8§battthmcqné%¢wnﬂwwatse%re el wdtingen
est! ”ata%gepﬁ&tcg @ﬁ?én%’%gr S hlifdaPot &Xn&lgo W%etéé)dhd\éﬂéé ﬁ?ﬂ@ﬁﬁ%@%&' RCo

Ph. Eur) wor se case slope's rease o

per nordubve dEbte&seQQﬂBG%l cfanitish@sity baj 1 sibaihi k80% ichier te neixitmekff@tndehe r VWF
FDP, specifically the VAWF: RCo activity, did not change as a result of the
changespef‘ﬁeetlt?émﬁ‘ﬁ@éLE’BEeiHBYtaIH]r Heted gotet%efoa%wnésepr‘étﬁ sl Sacten it Eent he

ext ensi B ﬁ%foletd%rg)é Qa\éls slo eg@ @illoﬁshaeélécréa'sé 5@ 634{4%\5% (? pgrAtnGPcHt ITﬁ when

stored at ‘the recommen storage tenperature. [0013 The trans er of
noi st urcenfpagsort sﬂnewsttlm@pebﬂttyz)cltdnmtd:qmphoﬂ thz e Wi EEBcipemsﬁlcailda;péladé\NF Ro t he

stopper mater, dis infl d t he residual noistur the st opper
ot 0 or ® el e Shinsers oI GE Sttign BhE ML IpITEoseSs o Tt e ¥ana ¢ ho

i ntrinsdga ht%Mu%pM@ﬂB%fe%enﬁéﬁ 8f @F pkd\8siShQRREF }ife'Ui'@VWtsF@!P% 2MRhSHiRY € 1N
the lots r F#4F r VIFF#5FC, r VNFF#6FC and r VWIFF#7FC stored at 50C + 30C

was corpmnaiired ot the regomiended gofage temperature.

[00132] The transfer of moisture from the stopper to the lyophilized product is dependent
on the stopper material and is influenced by the residual moisture of the stopper after
sterilization, the humidity at which the sample is stored and the intrinsic moisture transfer
rate of the stopper. The residual moisture in the lots ’IVWFF#4FC, r'VWFF#5FC,
rVWFF#6FC and r'VWFF#7FC stored at 5°C + 3°C was comparable (the difference in
comparison of slopes being not significant, with p=0.734), as shown in Figure 2. Lots stored
at the elevated temperature condition 40°C + 2°C also showed a comparable increase in
residual moisture over 9 months (Figure 3). ANCOVA analysis demonstrates here that the
difference in slope of the regression lines is comparable (p = 0.546). Figure 3 shows the

extrapolation of the worse case pooled slope up to 24 months.

[00133] These are sufficient data to support the use of lots r'VWFF#6FC and rVWFF#7FC
for the duration of the described expiry period of 24 months when stored at 5°C + 3°C.

[00134] Proposed Storage Conditions and Shelf Life

[00135] The recommended storage condition for the rVWF FDP is 5°C + 3°C. A
provisional shelf life of 24 months for the r'VWF FDP is therefore proposed when stored at
the recommended storage condition. The shelf life for the r'VWF FDP lots likely can be

further extended based on additional data to be generated for longer storage periods.

-41 -



conpari son of slopes being not significant, with p=0.734), as shown in
Figure 2. Lots stored at the el evated tenperature condition 400C + 20C al so
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ANCOVA anal ysis denonstrates here that the difference in slope of the
regression lines \k\,ﬁ conparaple (p = 0.546). Figure 3 shows the
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are sufficient data to support the use of |ots r VNFF#6FC _and r VAFF#7FC f or
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recomren %ﬁgdgl%io@g%g congﬁé}ﬁoﬁ%ﬁn oé;?%ﬁie}\}r%(bggge ?Q%%ecﬁdﬁeglggggéﬁ%r(g)vé}g onal
shel f ldrineorehm2db avidst b dheor trivee stvMbzikPRgégs;tahé (©focne @r proopostdtantsen st or ed
at the recommended storage condition. The shelf life for the rVW FDP |ots

li kely can heidwwhebmextiapdedlypapdt wieceddidnm aRadro@latasistngef:gener at ed for
| onger storage periods.Wiat is clained is: 1. A stable |lyophilized

phar maceut i cal (hé emmd id %u@;{ce%etr&ﬁ%TDEquN@)QBi; W | ebrand Factor (r VW)
conprising: (a) a rVW ; (b) one or nore buffering agents; (c) one or nore

ami no_aci dssy) ()ic R0 (ERIEAIALHALAL NG A800K S apnd (©) one or more

surfactants; “sal conprisifng a polypeptide sélected fromthe group
consi sting of: ] i d s . c NO 3; b) a
bi ol ogi cal | yc)aacﬁcl}1 éﬁgﬁgﬁ%ae?fggglﬁé% glr@ﬁ:\ggcr??e%ertn%{) ga?s)QS c; CfEl?lpol ypepti de
encoded by the polynucl eotide set_out in SEQ |ID.NO 1; d) a biologically
active anal oﬁ,agﬂ"éﬂ%ﬁ?a Ve ANR[Ogn fragipentyor Vaid té?f'égaﬁ%l ypepti de encoded by a

pol ynucl eoti de that hybridizes to {he polynucleotide set out in SEQ I D NGO
1 under mdeega&%qqyp@flﬁ? RereEd Ry B mnEelbr s BehiePrBRs the polynucleofiae

set out in SEQ ID NO: 1 under moderately stringent hybridization conditions;

said buffer is comprising of a pH buffering agent in a range of about 0.1 mM to about

500 mM and said pH is in a range of about 2.0 to about 12.0;
said amino acid is at a concentration of about 1 to about 500 mM;
said stabilizing agent is at a concentration of about 0.1 to about 1000 mM; and

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

2. The formulation of claim 1 wherein the r'VWF comprises the amino acid

sequence set out in SEQ ID NO: 3.

3. The formulation of claim 1 wherein the buffering agent is selected from the

group consisting of citrate, glycine, histidine, HEPES, Tris and combinations of these agents.
4. The formulation of claim 3 wherein the buffering agent is citrate.

5. The formulation of claim 1 wherein pH is in the range of about 6.0 to about

8.0.
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said buffer is conprising of a pH buffering agent in a range of about 0.1
nmvito about 500 mMM and said pHis in a range of about 2.0 to about 12.0;
sai d am nwoaeciod48xsat a concentration of about 1 to abowrCTABRMb143@I d
stabilizing agent is at a concentration of about 0.1 to about 1000 nmnM and

2" The T o mi at i ohP<0PTRN ST & UGk LA REEHLT WP (R5Ber SEethESdhr Aol d

sequencesset out in SEQID NGO 3. 3. The fornulatlon of claim1 wherein the
buffering agent is selected fromthe group consisting of citrate, glycine,
hi stidi ne, HEPES, Tris and conbi nations of these agents. 4. The fornul ation
of claim3 wherein the buffering agent is citrate. 5. The fornul ati on of

claim1l wheregin [ t he nge, of ahbout 0 ut 8.0.6. The

formul ati on 7gf cpglerrf?)gn@ﬁ%?ne?f;&%ﬁﬁ‘szhFrr?mtﬁlﬁl §Ialrsl aEe)ouot?bja)lbout 6.5 to about

7.5. 7. The formulation of claim4 wherein the pH is about 7.3. 8. The
formulation of claiml1 wherein the buffering agent is citrate and the pHis

about 7.3. 9. The_fornulation of claiml wherein the amno acid is_sel ected
fromthe group colf$ifeImMHgieT olglyer hehekinsthr grieringpiesrt Heitderich®e PR ni ne
and ar gjgj,e3. 10. The fornulation of claim9 wherein the amno acid is at a
concentration range of about 0.5 nMto about 300 M 11. The fornul ati on of
claim 10 wherein the amno acid is glycine at a concentration of about 15
m

9. The formulation of claim 1 wherein the amino acid is selected from the group

consisting of glycine, histidine, proline, serine, alanine and arginine.

10. The formulation of claim 9 wherein the amino acid is at a concentration range

of about 0.5 mM to about 300 mM.

11. The formulation of claim 10 wherein the amino acid is glycine at a

concentration of about 15 mM.

12. The formulation of claim 1 wherein the r'VWF comprises the amino acid
sequence set out in SEQ ID NO: 3; wherein the buffering agent is citrate and the pH is about

7.3; and wherein the amino acid is glycine at a concentration of about 15 mM.

13. The formulation of claim 1 wherein the one or more stabilizing agents 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.

14. The formulation of claim 13 wherein the stabilizing agents are trehalose at a

concentration of about 10 g/ mM and mannitol at a concentration of about 20 g/L.
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12. The fornulation of claim1 wherein the rVW conprises the amno acid
sequence set out in SEQID NO 3; wherein the buffering agent is citrate
and the pwoisicalagars 7. 3; and wherein the amino acid i s @CyaiSo@9omati4an

concentration of about 15 mM 13 The formul ation of claim1l wherein the

one or rmre tab ent elected framthe g consi sti ng of
manni t ol , stjsmgvlﬁ@no =|um Iheig{jithg ST ffelrelod (IR RSSOt el t ose,
lact Qs%onﬂlstﬁ&ﬁgoé{% 1Ec§1flﬁ IMRSEX- LR, Irﬁmn%q,mgﬁwmmsmgmg@hﬁ@se

ar abi nose, glucosam ne, fructoseé and conbinations of these stabilizing
agent s.coinbinafioas 6hthee satfagantsf cl ai m 13 wherein the stabili zi ng agents are
trehal ose at a concentration of about 10 g/L mM and mannitol at a
concentration of about 20 g/L.15. The fornmulation of claim1 wherein the
surfactant is selected fromthe group consisting of digitonin, Triton
X-100, Trit o, X- IThkdornT Wi 21ait\EEMh &@inathel seedthin® &t TWEEN R0 hihaet
surfactants. 16. The fornulation of claim 15 wherein the surfactant is
TVEEN- 880kg/Labout 0.01 g/L. 17. The formulation of claim 1l wherein the rWF
conprises am no acid sequence set out in SEQID NO 3; wherein the
buffering agent is citrate at a concentration of about 15 nM at about pH
7.3; wherein the amno acid is glycine at a concentration of about 15 n
wherein the ]§tabiThezfongula@@n®ﬁcla'rrel tvheteal the €VSXF eommﬁaeeaﬂrﬁmiaic@seqﬁem:bout 10

L an n | f L. r
g{” f gcgsgﬂ(?u rfllg E%%%t\}}l @0 ; ]cr)ldﬁt bo erg*ygl_z?g%gt%ts c12tr9%1teg!1t a concentra\tqlgg OF about lg
mM at about pH 7.3; wherein the amino acid is glycine at a concentration of about 15 mM;
wherein the stabilizing agents are trehalose at a concentration of about 10 g/L and mannitol at

a concentration of about 20 g/L..; and wherein the surfactant is TWEEN-80 at about 0.1 g/L.
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