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[ 0007] One suggested approach for solving this and other problens is
"reversible PEGyl ati on" wherein the native active agent (or a noiety
havi ng i ncreased activity conpared to the PEGyl ated active agent) is
rel eased. WRWEREMA e, reversible PEGyl ation WO PCT/US2007/026522
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unacceptably low activity due to, for example, the steric effects introduced by the polymer.
Attempts to remedy conjugates having unacceptably low activity can be frustrated when the
active agent has few or no other sites suited for attachment to a polymer. Thus, additional

PEGylation alternatives have been desired.

[0007] One suggested approach for solving this and other problems is "reversible
PEGylation" wherein the native active agent (or a moiety having increased activity

compared to the PEGylated active agent) is released. For example, reversible PEGylation



Ha is an ionizable hydrogen atom Rl is Hor an organic radical; R2
Is Hor an organic radical; (a) is either zero or one; (b) is either
zero or one; Re% when present, is a first electron altering group;
11' 2, wheWVPPWEEH66 i s a second el ectron al tering gr ouBCTARYPOVA265 O
or' S; Y2 is 0 or S; and . VWF/ F8).is a residue of. .
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moi ety. [0012]1n one or nore enbodi nents of the invention, nethods
for prepdescrbessonipgajes usingxeeerpiblpingeges. Podessyibed ioribis pnblinstien, reversible
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br ovi deq AR AERPIES. SRERFE R me GOl LM e Crert TR obfien
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2008/ 082669PCT/ U52007/ 026522 [0016]11 n one or nore .enbodi npents of the
i nvent i oPerfosmangs ofthe coplugats aFé?BEé}f}e\R%ﬁt gepulgions, th oia%h‘é‘i“gﬁmf‘ﬁ‘(j % is
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factor of at least 1.57as conpared to fhe.in vivo half-life of a von

W | | ebr adesireiet or . moi ety not conjugated to the water-sol uble pol yner.
[0008] Another approach'for reversible. PEGylation is described in U.S. Patent No.

: 7,060,259, which described (among other things) water-soluble prodrugs in which a
biologically active agent is linked to a waterfsdluble non-immunogenic polymer by a
hydrolyzable carbamate bond. As described therein, the biologically active agent can be
fe‘gdily released by the hyd_:r'dlysis of the carbmate bond in vivo without the need for addixig

enzymes or catalytic materials.

[0009) - Another approach fc;r reversibie PEGylation is des{c’ril")éd in _Pelcé—Schulman
(2004) J.-Med. Chem._47:4897-4904, WO 2004/089280 E_mci U.S. Patent Appliéatiori
Publication No. 2006/0171920.  Although this approach has been applied to a limited
number of active agents, these references ignore othér active agents for which reversible _
PEGylation would be particularly suited. Yéf aﬁothef releasable approach is described in
'U.S. Patent Application Publication No. 2006/0293499. T

[Oﬂlﬂ] In the area of bleeding ‘diS(;rders, pfotéins (such as, for example, von
Willlébran'd Factor and Factor VIII) can sometimes be administeréd to a patient to address _
_ or otherwise ameliorate the bleedihg disorder. Due to the relatively short half-life of such
' proteins, it would be advantageous to increase the in vivo half-life of these proteins by, for
example, reversible PEGylaﬁonl Thus, the present invention seeks to solve this and other

needs in the art.
SUMMARY OF THE INVENTION
[0011] ‘In one or more embodiments of the invention, a conjugate of the following

formula is provided:
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[0017] I n one or nore enbodi ments of the invention, a von WI I ebrand
Fact or-wat er sol ubl e polynmer conjugate is provided, the conjugate
having an in vivo half-life increased by a factor of at |east 2 as
conpar ed t¥WO£#8/0$2¢6%,i vo hal f-1ife of a von WI I ebrand PEFUSROHDI6EI2y
not conjugated to the wat er-sl% Qb_l_ ;pol yner. 100181l n one or nore

enbodi nents of the invention, FactQ I/lFi‘”];mi ety-water soluble

pol ymer conjugate is provided, the cd@phjlgate IQfavi ng,an in vivo

hal f-1ife increased by a factor of at st 1y5 as conpared to the in
vivo half-life of a Factor VIII noiet Oty atGediHi(oVR/FR

wat er - sol ubl e pol yner. BRI EF DESCRI PT,
1 shows a typical chromatogram of a a eRcorrposi tion prepared in
accordance with the procedurep Qf_f ' 82Exarrpl e 1A. [0020] Figure
2A shows a typical separation %Lr of iTe of a conjugate conposition
prepared in accordance with the procedure set forth in Exanple 2A

[ 0021] Fi guvker@dB shows a typi cal chromatogram of a conjugate
conposition pr i r i the procedure set forth in
Exanpl e 2A [0%%?%%%%%%%%%§%Eomt ogram fol | ow ng ani on
exchange chr on®QBgF aphsecorid veatersalublg atlmeonposi ti on prepared in
accordance w t hat et forth in Exanple 3A. 100231Fi gure
3B shows a gel r’ﬁg{f%ﬁ*ﬂ’g&gﬁ[§%&§\$ anal ysi s under reduced conditions
of a conj ugat e Xdnpeesond speeepmeisht ed i n accordance with the procedure
set forth in . j@’%’ ex Tris-Acetate Gel (3-8 %9 wth
Tris-Acetate %@%ﬁ‘ﬁ?ﬁ%"%ﬁf r. H%‘é gel was stained by Pierce

Gel Code Bl ue stRijinH of amerganic fadivilt r ogen Hi Mark Unst ai ned Hi gh

Mol ecul ar Wi ghyz; i . d. Lane 2: rVW standard. Lane 3:
conjugate. WO 6%%%%&%%%@?%@2007/ 026522 [0024] Figure 3C shows a
gel follow ng $93s Aheszeameropsi s under non-reduced conditions of a
conj ugat e conpqgyit L, RrEPALRd i n accordance with the procedure set
forth in Exanpl€ 3A NUPAGE Novex Tris-Acetate Gel (3-8 % with
Tris-Acet ate SIE.RbampiseenRisa st clepmen PrEdnggreuriet ect ed by Barium

chl oride/i odi NgBtAkLNreled S alsecdndRleHPH BrerideRGupland)- 002 Wt/ v% of
PEGOK control . Lane 370,005 Wi/ v of PE control. Lane 4: 0.01
Wt/ v% of PEG2OKR dbHF 8] . [0025] Fi gures 4A and 411 show chr omat ogr ans
following ion erghangs. £iAr omat ography of conjugate conpositions
prepared in accordance with the procedures set forth in Exanples 3B
and 3C, respect(YVE(E) ispgepdert gipaing cavniae bolosicalhtachy agsitaeleged

conj ugat e £OHRRSH&IPRBndNAL 8f £¢bn Willebrand Factor moiety and a Factor VIII moiety.

® THE FI GURES 100191Fi gure

[0012] In one or more embodiments of the invention, methods for preparing

conjugates are provided.

[0013] In one or more embodiments of the invention, pharmaceutical preparations

comprising the conjugates are provided.

[0014] In one or more embodiments of the invention, methods for administering the

conjugates are provided.

[0015] In one or more embodiments of the invention, a construct is provided, the
construct comprising a conjugate as provided herein bound to at least one Factor VIII

moiety.



accordance with the procedure set forth in Exanple 4A. [0027] Fi gures
6A and 6B show a gels follow ng SDS- PAGE anal ysi s using Barium

| odi ded st ai ni ng and Coonassi e staining, respectively, of a conjugate
conposi ti dHO B @g%ﬁ@d in accordance with the procedur es PSBUSHEFPH5I2n
Exanpl e 4A00]6)028] Fingume er Moslkohsditnas of theimventiah, acloa Madetaandzat i on of

native r Q P
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Coonassi e lsfcalcmam by@éfw@irotht I%mm&aﬂﬁoomamd mhheamp*momlfduﬁmf aamxl human
VW antib

mul ti mer gﬁfgl%eﬂf- %?i?cgg?%/oﬁerﬁﬂ?t ?%e%qgﬁgﬁggar ose ggﬁ el ectrophor esi s
detected with anti VW anti bod Further information concerning this
figure is 9PHAl ded InPreERbmples odl{r@wgﬁtmgluwoa agepwéilletanddomai n
structure ofdr9laRasAYIE IR caljfghtd fa@&hu&a 8 atd/ ha¥iidlah 286 vdNalf-
reduci ng SD§§3AG§ wi th %go)tﬁgfn sjﬁéajilt nllyg\fqév Panel A}\ ﬁReduglgg SDSYPA?GE
fol | oned bYfederapesd by p fHarqat lpsiess compredigdiasdn SH- hpAdife 461vPBwed by

Coonassi e ﬁﬂil@dbfbhﬂiQactd:lﬁ[&élﬁﬁotlcsﬁjegamttbﬁi&w%&ﬂ&ﬂﬁﬁlb Pllyhéd s figure is
provided in Exanple 5. [0030] Figure 9 shows the domain structure of

rel easabl e | ated r VW visual i.zed b ob 0 edu

Ss. ace SHRETY | o £ on e Bentes ALt RV KOyl FOREL Sl
pol ycl onal sohthld pohyuen cony\rtednprotidety tlmfcoﬂuh@tegmk/mg afi irt yie Watfdife edreased
SDSPAGE. Pan ot Wlt t .- PEG.ant i. body of
Che gel s o e Lol Thn  Sattotared g e Bt 30h RS T Baidr i P o
figure is @nmgatdcéubthm&mtmbbp{alyme\d\o 2008/ 082669PCT/ US2007/ 026522

[ 0031] Figure 10 shows the VW mnultinmer distribution of rel easabl e
rVWF conj ugates visualized by |ow resolution agarose gel

el ectrophoresis. Panel A: Miltimer distribution detected with anti
VWF anti body in the gel. Panel B: PEGyl ated VWF nmul ti ners detected
with anti PEG antibody aft @r““?"rﬁ@?ﬁﬁ?@’c%%g"“l%‘?'f%r i nfor mati on
concerning this figure is provided in Exanple 5. [0032] Figure 11
shows t he [0'[31&] st r uFtpurel ﬁfow\a/\i\ﬁzpﬁnal ¢hroedteprof of&\@nmhtea@aﬂaisﬂionW\F
conjugates VISU lized b -res ut| 0s el ect rophor esi s.
Panel A: Fffrcé)fdaré eWIl(l?I FREOVEGAT |zed‘gzt)Eé/“"r(r;{el QE'\/V\F anti body in
t he gel. Panel B: PEGyl at ed V\/\F multimers detected with anti PEG
anti body af2¥ i mufiignee 24 shws Riiyrissbeepprationmiefll ofe coaivee pOMRPSIAR 5
figure I's prebiddifidedofiafoka e procdddR3Il EuiRadfie shovs (he
FVI11-binding capacity of the rel easable PEGr conjugates in the
presence owrmdl fied rVV\F under fl%\:ﬁv condi t| Squar es, en:
PEGyI at ed Lys SisuresB shovs ajypiqa ‘Efn"i“?gﬁfi‘f’ a%"(‘j‘i}’ﬁ'f‘ 8§°m?—5‘é@)9 at ed
rWIF Lys 20pdid iheteoldan@ vatdhepdeddindlstd fortit iniBanghlesa. open:  PEQYI at ed
rVWF Lys 40K br rel short and rFVIII; triangl es: PEGyl ated r VWAF Lys

40K br rel g and Lys 60K br
rel short g}qugﬁr FVI | Flg“gél%: hO%}S a%h@amg% Lé&%&%ﬂaﬁfr el long and
rEVI L st dromatagraphg of W@t(gt@&owpmtb)l pafmdred Emc{:drsiarm vk the ppcediesel 98
and rFVI | 'fﬂf‘g&%@ ddf ormation concerning this figure is provided in
Exanpl e 5 gure‘ 13 shows the changes in VW CB activity of
VW in the ADAMIS13 di gested sanpl es. Squares, open: PEGyl ated r VWF
Lys 20K br (0083 shor FigusedBshoss a@é@llwlwsqua@alzwwr wedfced ong;

triangl es, .QRRBns TEGYH tiday ﬁ@éﬁba bRhnceR@hith sdamls&$ rth
PEGy!| at ed ?VV\FI nsé/s 40I%a%r rd\lhl’lg)\ﬁllonlgre i ccnatrllv V\/‘\alr—ﬂr e >

Furt her i nidiapiedA SBRASEN g THE- gc?‘?tﬁ Giek(3r8s? °b\"6‘i‘/?ﬂ%ﬁ°‘i(‘ﬁe @%rrpl e 5.
[ 0035] Fi gurgnnlds IRV hE %@ wAPAMhEd By Fiﬁﬂl: 8tieddsBlug bthint BanbaRvi@fdmAt | ON

in rVWF visual i zed by S ros Furt her infor n concerni ng
Lhi 6 11 gur BNk Sicomtisihan Nsea b et PO R 25 SHEEEHD LeTne
course of gh,aﬂjgg&e,l n PEGyl at i on degr ee



denonstrated by anti-PEG i munobl ot. Further information concerning
this figure is provided in Exanple 5. WO

2008/ 082669PCT/ US2007/ 026522 [0037] Figure 16 shows the conpari son of
t he nati veV@WHMs24¢d PEGy| at ed r VWF Lys 20K br short | &T{USHOH024632h
co-i nj ect doz4fVI | |') Figaré3( showsl e geldolaitinkSIBESRAGE analgss unller non-reduced

Ti me- dependent. ch B: Tinme- d end chan i

PV et e gors Be ot prapored if e amgy o HGRGR 14 P
nmouse pl asifriExarfiple 8 Ae dluP REBN carexe Tris-Mfatg (EelQ3-ISQ46]<\gl)h ‘BneclAcetate SDS

rEVILT. (2001 ULk a natl VI
(2001U/ kg)olg EiQufﬁ{)oﬂlllhe’@% o“\?\éllstdﬁéﬂﬁaégnéa{'/"ém éh%o“%@f "F%iaﬁpq%né rasma
sanpl es Obioajugﬁel Iaatneea&mlwuﬁcé/o pOPEG20KRuntrdle Laneri¥: 6008 wi 01 OffBEG%GKm ng
this flgure r Qv 0038] Figure 17 shows the
conpar i son 0 %lenagﬁggb?@%ﬁ?%ﬁ%ﬁ%?@Fﬂat ed rWAF Lys 20K br long | ow
(both with co- | njected rEVI11) in FVIII-deficient knockout mce. A
Ti me- depenl@83fl chanBigyras AA\mYEB appw gromptpgramefoiatiss fonpighiges i n
FVIT1: act 'éﬁk&rﬂatog@&ﬁ@o@éd’n t§Q&rﬁﬂc@ﬂm%kﬁdm\f%ac%G{dHﬁcthth rboéhrkd
nmouse plasma. QTrcles: PiE ng/ kg) and 111
(20014 kg)forth i Bysempes 3B qad Gpaespeayrly( 1. 6 ng, /kg) and rFVI ||

(2001 1/ kg). The synbols show the nean values SD of the 6 plasm
sanpl es obpezged at Fipacds ihoWe a plxbimhtogrnhildf B esnjhgateahapbdition peepacd imi ng

this figure i rovided in Exa Figure 18 shows the
conpar i sona"B?ra‘l“ﬁﬁwr‘Fhf e\?éocfwsegﬁ’d[%ﬁta‘{“&’?ee TWAF Lys 40K br short |ow
(both with coinjected rFVI11) in FVIII-deficient knockout mce. A

Ti me- depeni@82if] chandémrenbA/Mmid 6RshoB:a gis e lodenesHe RAGE haalgrésnsing

FviLL: Sf; Y ngériu%&o% &stﬁﬁjg%%kﬂs@ &ﬁ@ﬂﬁ@mkg %é}éfctfe%rﬁf aQb Jhg@f\éupbél{%

(1801 U kg) preparéddngécestangganithike me(es_sesfqmg/lrk ?)anmlﬁj% FVITI (1901U kg) .
The synbol s show the nean values SD of the 6 plasma sanpl es obtained

at eaghdt I szngI nlt Fig fﬁlg%b ﬂfe@&!ﬁ&r&?ﬂmﬁ&&%ﬁ%ﬁﬁ&aﬁwﬁWE msp%w{ﬁ
provided in anpl e ure ) e.conpari s e
native r\WieeiqRhgsEy m%& Fv{me HGQEE?I?WH%}' FOE-ERBIg: &P‘Fﬂ
%0 i an ect eﬂéeduféélsr?immaﬁﬂowed dji‘tb&hﬁﬁiE st&ﬂﬁ@k@hﬁex ai Iilﬁnuﬁﬁblot with a

I ne- epen ent changes I n P (o
FVI | 1 : act i RAlygje na’tﬁ‘f‘gi VE{%W‘B%QO é}éegie 063‘\19 %E‘F?f{] SL'%ﬁ P‘ﬁﬁgFéﬂerPrm
Wﬁ;li e) pl asywF Iﬁmﬁﬁlbﬁﬁstnﬁﬁaj WishRided BANG, %ﬁar@@éld@ctrapﬂﬂrdéﬁ\détkdted 80
I g tria e rVWF (1.6 a reEvVILLL (L
he- oy ol SRopi i Eoba et dceso T B SRIOUAHR BT H ned
at each tinme point. Further information concerning this figure is
provi ded i WOENanpl eFigurd ® s} Bieglomein20udiro nbretchmble MigbiatatedaMWaT t he

o i nj cct o TROFT P eliidfetdihe sBRPROE I pFiiah bl PERIA. Rl
Ti me- depen8leBP A6Henlegediby sUEsigingB Pamel BeRetipehRiehPAGRdelipesdibn
FVIT11:acti &5&:}{& Sl igusngr ?ur@lef %ggonac%née“n% mﬁﬁwﬂd IE\éL{éI‘hﬁl%

nouse pl asna.
2008/ 082669PCT/ USZOO?/ 026522 1. 6 g_u and rFVI ] (200 HI #ﬁg:)
triangl es: (043¢ ve rWigpred stew )“a‘é‘r? oprgof felepsably synbol s

tshow t he {Tﬁ&%h!i'alhwﬁiﬁmufﬁ@lﬂ ?ﬁrg&cﬁg@msﬁmE é?g!'éﬁift b e%ﬂbNahﬁuam@t Pa@@lCA}d

I e p0|n ur er_lInrormatli on conce | S I gure |I'Ss ro e in
Exanpl e 5. ImmwedeErghp olydlonahetishumea "r‘%ﬁﬁfbp%?ﬁ L{aﬁrg H ﬂrFarF(?%cY % | MF
and PEGy| apgdEr YMkl Byﬁnn@%mbfwitmgowcﬂm(mmﬁ@m;bowmgenstoecher FVI 1)

W Ag. B A DS LA oh PSP Edet T . POMEA el S

di splayed as U VWF: Ag/ml or TUFVIII/nml nouse plasma. Circles:
PEGyl ated rVW (1.6 ng/kg) and rFVII1 (20010/kg); triangles: native
rVWF (1.6 ng/kg) and rFVIT1 (2001U kg). The synbols show t he nean




[ 0045] Fi gure 24 shows the AUC and half life for FVIII, co-injected
wi th PEGyl ated r VW candi dates. Further information concerning this
figure is provided in Exanple 5. [0046] Figure 25 shows the MRT for
EVII1, coWMmp@dP®eewi th PEGyl ated r VWIF candi dat es. Fur PA&HUS2007/026522
i nf or mat i opozIPncer NFigard 10 sSO\fJ:i Hel VVE mulpl‘rﬁit/dxﬁiﬁbhtioﬂ obehapble rSWF

0047] Figure. 26 sho st ructur na rEV,
I[—|EPES] Ollgllic)on—\}l%t?fa‘i’?“\éﬁzc?ﬁ EQ} A {?ﬁ%ﬁ%wn a§%§e% %éec 1106 E)%VF‘f‘nlgnLnﬁloBI ot
w th a poldigtieniah deedtéd witknain \HVFIahtlhmdy mhbcdgel PEnulBhEEGylmfed)NNﬁ ion

concernin s fi . :

5006 08 LOABBEHRD ‘ggﬁ‘fﬁ%%‘%ﬁdbﬂﬁgf‘b’ 5%%( BBirSiofioe Fiter foamet ™t i ve
par anet erScom‘:ermhgthE.)ﬁgu@emgmlﬁed)m BExample 5. Furt her i nformation
concerning this figure is provided in Exanple 6. [0049] Fi gure 28
shows the g gjﬂ}' n st ?fgﬁwﬁh%s i 't‘ﬁ@siﬁ:@!u?e JFESF lﬁ}ﬂtﬁﬂersc&mqu@&s@ae

vi sual i zed reduci g SDSPAGE d by i mmunob Panel
| munobl ot tXWF pordugeiss yievadipes byénghi temlmm agappse |gelaalﬂcrrﬁdmﬁsxsp§ﬁ@l ABVWF

| nununobl %ulmnkhsu%c‘nfwgahl%aby ant vmngddmﬁl@gelagmenﬁtpﬁ%wﬂw@her

i nformati on concern ure is provided in Exanple

[ 0050] Fi g um@ltlz@rsﬁ@m? wﬁleargtR @rﬁlrbedbbarftewraﬁ@megofwﬂ@r @é@%v@

PEG rFVI | | Coggéynﬂggﬁsq&uyé 1§Hﬁbidé@$éﬂmoﬁ@uc' ng SDS- PACGE fol | oned by
i mmunobl ots. Paneél A:” I mmunoblot with a npnocl onal anti-human FVI 1|

HC- A2 dorral nti bo Pan Jot with rmnoc
e poaoloall b oikird Briiow? s PV DL Bpaing oty of e S RbIE ROV W
concer Ni Ngcdnfigstes in Gt fReserice PIf Onthetified I WEBaRIDI m)w&onﬂlﬁﬁﬁal}sdﬁtagﬂ,r@eﬂ 0

non- act | vt ere b Ry sy S RpRaf frzoc o

circles: PeOohngMd ahd ESAEII20#ndes, spear PEG#latednGVE Sys Miarrra shbrt andlr STIROK

o S1OL L BMALEBeo G WL B, 8185 M ™ 101
PEG r FVI | | riWB L$O§0K0br rklshort axﬁt}lﬁ&fil&s:;rcleq)éﬁGyEEGrVW\Pl Hyls 6(119 br 60Kinpand
o0 UL g BRSO RIS e T SRSyt ULASA!
presence oﬁmfddnam}mpmenamgﬁmeﬁgedlﬂﬁaqd@dhﬁkamﬁt &rs: native rFVIII MOQ
HEPES 01 -E; circles: PEGrFVIII Lys 20K br short; triangles:

PEG r FVI I | 10'03’ 40K bfgu?@ﬁ%ow§%%ﬁ£1§es 1E E’QVIE Eylalzt v1t’y§6?VWn@ie short;
cross: FVI control ;" circles, open: }ﬂi}rl‘: 20K br | ong;
g

triangl es, A@MTSI@E(geptpd‘/qampieE.y&wm qgf:n |P§ﬁglate§ days Z%épﬁrel short;
PEG 1 FVI1 T sh¥s: @@&medlrvmr L;F%Kh,e fel ldﬂi%%lés Gk PR [RdPI WL 40K

figure is provid 0053 ure 32 shows the actlvatlon

and i nact i Vel Hert; dﬂa@E@Pﬁrgﬂﬂt?quﬁE ky ‘ﬁre ngy tar: palips PeVF PR

HEPES 01- Ejyftef mb@Satidifebndemtg ﬂnslfagﬁrezp;kgoéaaedsﬁmm plé 5.1 angl es:
PEG rFVI1I Lys 40K br short; squares EGth-VIII Lys 60K br short;

Cross PV o - el (£ jQOGR0aEE N Lt 2 o

PEG r FVI | | r\0y® vs0dizbd by SIDSyagarase ighle Fustind mfasraiaumoommeg tlulsrfggutehs S
figure is eroeylcgm%xamplaganpl e 6.

[0036] Figure 15 shows the time course of changes in PEGylation degree
demonstrated by anti-PEG immunoblot. Further information concemning this figure is

provided in Example 3.



WD 2008/ 082669PCT/ US2007/ 026522 [ 0054] Fi gure 33 shows the

APC- nedi ated inactivation of PEGylated FVIII conjugates. Stars:

native rFVI1I MOQ HEPES 01-E;, circles: PEGrFVIII Lys 20K br short;
tri angl es:WPRSHF266% | | Lys 40K hr short; squares: PEG PFTHSPO07PIpE2260K
br short; mnms FVFighre:m"shbm checmm;ﬁinemofdmanvd?EMF mdIBGylays] (XOKE hr

I E VL
PEG T BV || Ok o gk v s B A P BRI R PR A
figure is Prewegadert nhdﬁgesrleéVlﬁAg{ B%ﬁkﬁeg@mteﬂangmmﬁhectmty Data

con ugat ostre SpARE ot VO Rl B RIRWREbBLE LR, B vy

Lys 20K br(ighog/kg) ahd rmul(mmm@smaﬁybs atives VIMI(1 ormgkg) abd rFGlar es:

PEG r F VII hr shont d

PEG rFVI | | E@%ﬁﬁg%ﬁ bo°rlusgSh r| an Sﬁégop%%%i)%g?’laﬁ‘{ﬁ “Qﬂe%%b&?&ﬁ%r

| ong; squaeaek fimopeint. mﬁh}rnﬁbﬂmaltlotg‘/@caﬁﬁg Bhis figynegis pmrd!%ﬁerEnaw@brSrmtl on
concerning this figure is provided in Exanple 6. [0056] Fi gure 35

shows the jogpgjoVvemeploupd 11 MEAHE BolSes A i hatile AVVhid PECIREE Livame
plasma by In vitro addition of native rEVIII_. Panel A Thronbin

gener at i onL¥sA0Kds lonedawy fheth with 99-inresed 1F WD BEge figient kagekeut gpigen 1y

FVIT1 defi %ﬁtﬁepaideﬁréﬁangédlﬁwF A‘Q‘ Bhowe- deEéﬂdlaﬁt,chAd BﬁanVI@a&Qaf’ Uﬁla
rEVIIUM ; line c: Vﬁf"gAr FVITT/mt; line d: rrngVIII/

line e: 0. ae jdisalarqd\aﬁ W PEN &F HBFVLVrﬁblaPusaa@w e@ﬁéﬁs%‘i%? oAb P

native rF\Wild mpe HERRINQIodru/kE) idAeks: nBfi@WRLE Q1 RORGQROFWIIL hi s
figure is Prow ded in Exarrpl e [ 0057] Fi %E)n"e 36_shows the thro

gener at i onl200iLeR. Thesyabels shaw th Brean Yidiees fitheed masesa spagpley obial

in the FVItdehdekipsin€ MurthérasioBnA0f cdddembhg Hes ﬁ@ﬁr@ﬁ@&ﬁ:d@diﬂ@&n@ﬁwel G)
of the peak t hronbi n vaI ues. Stars: native rFVIII MOQ HEPES 01- B;

| VI h hort. 1
Shor - squiVed” pechirAY ot B g5y A GOt b fhphhavier ©
circles, Obﬁi’ﬂOKHE@adrHVM(bothymhzajﬁebmd THOiY) 1ntFNIH—rqigﬁcas‘gt kapgebout mice. A:
PEG 1PV | | by OIS 000 AOHALR: THREeRESHEVLL b 14001 o

| ong. Furt’fl;er | or na n COI’]CGI’ ure I's provi
Exanpl e 6. m{e@&ﬁﬁmagwmm\»sm B‘élik/mtm\r@e}vla@malfﬁlrdiw PEGylaspd i WFc

L R TGE ASRH lrB hprhy aghn T1

PEG | PA/ I | (19Q§i§kQOKhmn®hb rShOV( thee owenlvadies ¢l SE59f thanfplpaxrgaiplpeebtained at
I ' d
ICIO;]; (egéengiﬁg?%nﬁgf)es) ane k’b&t%% @gﬂg tﬁ?ﬁ%sg%&%% iaﬂ%@( clsz)sgg

squares) and |ong (open squares). Further informatiaon concer nin th| S

figure is MO8U ded Figursihshows e coppsrspmeflithuanssobCYT erbligTyiees

[ 0059] Fi QULIe_«i; A% l&h&i@ﬂmﬁr il REPYEmYecRE FFNIT) | FB\QIILH%ﬂEieﬁtﬂtﬁwkaﬁtlnﬂﬁb ian
buf fer at 8.1. Pan A: stars) _and

% ._natlve rFVI I ES 01 PS”S
FVI 11 cont FBre-{eppusienychansssin VEF A8 8: Tima-daperdsn 6}%%‘?‘ {Hpeuv| Hadq
circles) apg dhstgec(aam[enrwr ‘AGInfl%} U Panginl ﬁoudelgeasﬂﬁh/l Circltsy BEGRIKebrVWROT t

0K br  shokkrerDeetnuTal Bl AR diangle N dreeRo el

i nf or mat i oQ190NAEGr ThélgnibbisShdw Gdmeean Salfys a\IHefthd mpxaf@arminpleﬁobtamed at
[ 0060] Fi gure, 39 sho ruct ural chan es of.FVI cubation
e 1 it eas SR BT a BBy R RoTe SRS PRt b it PR S

i nformation concerning this figure is provided in Exarrpl e 6.
[0061] Fi quit®4Z)0 showigurn2d wmdtewpmpartshlan@bsnwe PXWF landiBiefaylatad GBEE T on
at i ncreaseds pit HRURIRN @LE hideod)bhediUir) i EvAPIARTRAL BobitNHRADAOL

Further in Ion concernin i gur I'S provi Exanpl e 6.
[0062] Fi guffenmepsmwhmes wt VY Evy &8 Toheadrperdentichmges mﬁjfdaﬁcﬁlwwatau on

at increasg &E‘lc SIRPG WARE: %%/nmﬁr WFVIIBE%'OM{RL Oérrclgé" I’E@gﬁted rVWF

|nfornat|on cohcerning this figure is provid




upon incubation in FVIII-deficient plasma at +37C. Panel A: Changes
in FVII1 activity upon incubation expressed as IU FVIII:Chrom

activi ty/rérg grot ein. Panel B: Changes of the FVIII specific

activiti eV 8P3%® to the initial value expressed as PEBUSIH026522
initial ve(llﬂmg/kg)aaaﬁul*“éﬂl 2008d kel elaygledt haive tWWF4tdintglghandaFVHE pl asma.

Synbol s: -E L ,
PEGrF VI | ?@g’”‘%ﬁ) gyl &L %4‘% op enE‘E:"ﬁ‘JrX%)s EEEE-‘QW%@S?‘% gﬁ}’g&é’%ﬁg‘%ﬁ &

| ong; cl os®ch time poigfl égl;thePE@mﬁnM doncdrying thipiighre isporided wdeampleSangl es,
PEGrF VIl Lys 40K br long. Further information concerning this

figure is pagyi ded pBufANRbSs Be cdrifAEMnr HemBHEIVIIONR HECS 1630985 1 N
the FVI I antlgen to protein ratio of the PEGrFVIIIl upon'incubation

in FVI I -desite éﬁ%onaloabsﬁbatha’fmcgmectﬁhrﬁéﬂll);\n FYHEfgficdent knockqut grcst Axv | |

antigen / ﬂﬁa@ld‘é‘faBéﬁdéi@%nlgé},ciﬁ'WF 8B, §Xﬂﬁ1%§l%\feqdé}§ clidngdsVh FVIIAHRBy. Data
protein. Panel g s of the ratio F antigen_ / PFroteln

relative tae dimdaiedpt {UhY Whatefe! esdbhBdianl mauseplaima fdrefoy; REGaterVeS

measur ed i (mgggH @%ﬁd’l@ﬁﬁ ooiRgRERhiED Ratdve riWE (Pl a5y asyiFyoli s bl ack
stars, nat(l ve 1 Ir I\/DQ@IHEP g)a Eé cl ?)tser Ci r(cl es, aEGrFVI [ P’S

20K br shd?$0 6@&“&%?@%5@9@Vw‘Ialuetﬂy§D?érbet§rpiaseﬁ§amléf5&§’@a’e a

triangles eaaﬁqiné oitdl IFLede? inffOnallbn Edhedrhing thi¥@igure is provided in Example 5.
2008/ 082669PCT/ 2007/ 026522 open triangles: PEGTF VIIILys 40K br

Exanpl o 6. OFB65] Fi BaPE 22 eRoRe AR rpr el SuBpRYL AT BT anc

PEG r FVI | | debgtsle@@Kariges i VOVE: Aign BFWirﬁd—darjafdenimbmtged(md‘m ad:uwtyc@perPanel

A. absol ute FVI ct| V, | e osed Chg

PEG r FVI | |Sqt‘?§fz'sok)#ﬁ?' ‘f%’? Lﬁg?%‘%’ Shof‘@%“éa %?’??’gng gLes ) (Eul%"éd"r P
(170 1111 Kgys 228 bpt@ékg)and?ﬁﬁllk;ophﬂhsnghnﬂﬁ@%ew ILas 40Ksbrshert BB of
the 6 plas - (

i nf or mat | RS RLE A AE P RO LTy va 3 4BR Plonglov) sl By AKEAAE

[ 0066] Fi gufESABedHOWE Lyhekcorspert losomd of ViHatiroles: PEG#lated AF PEGOKRY] | |

Lys 20K hr | f ‘,Jﬂ_qg g} E”A\I ﬁ?g te
FVI11 act |I\c/’Ji1 g'Ia(llajg lﬁ)ﬁl éndds ésgnl%%tr | ose g"ol:"&)11 &FrFIXE% %&)lﬂ

| U kg, 164c0pcegmkg)h,18 ftgutﬁsedrovﬂp@mgixemplerﬁatl ve rFVIII (200 I11/kg, 35
jig/kg). The synmbols show the nean values +/- SD of the 6 plasm

sanpl es obpaiqied at FRardRIBbRE th@fdostelaﬁﬁstefHUtrf@JVW'Ff@’ Rikth&Information

concerning this figure is provided Exanpl e 6. [0067] Fi gure 46
shows t he @Bfﬁ%ﬂ%@éﬁrﬁg&ﬁlﬁaﬁwﬁdwﬁvﬁwlﬁﬁd PEG rFVII1 Lys 40K br short
in FVI1I1-deficient knockout mce. Panel A absolute FVIII activity

| evel s in ppbsgna; thgamlzmhbm;elsAUEEzﬁdelfoelfbrI(\ZHOcd ldjekgd WO pg/ kg) ;

Chow ¢ he. rg 9] ORE barfiders’ oot heeingfile Sl G cac

poi nt of tExmmpldfurther information concerning this figure is provided
in Exanmpl e 6. [0068] Fi gure 47 shows the conparison of native rFVIII

and PEG r F[gg,a I LystélgltﬁB 2y shb&é‘&e'xxpxﬂé}r Fimdel Pﬁé&éath&%%ﬂéd

Panel A ute FVI activity levels 1n plasm; closed ci rcl es:
PEG r FVI | | capdigaes. (Burher ifarmstign kegyeming drefisure is arnyided in Bxamples. r FVI | |
(230 I'1'1/kg, 32 pg/kg). The synbols show the nean val ues +/- SD of

the 6 pl asasganpl eFigabd 24 heds ae deasih s ofhe AdtRErF VI r(le HEPES

informatio oncer. nln this ovi ded i Exarrpe

[ 0069] Fi gu‘?leﬁ ysualizsa ?ﬁ’@“&%h@gﬁ“@‘%ﬁ “rﬁ‘ﬁ’ty pEupgRAtWith 2 pgivelepal, Fy | |
Lys 60K bl’azﬁlhﬁﬁﬁanIFWIIFMitibbdﬁeFdr@bﬂﬂfordﬁl@ﬁ kéndtrniig Gids fifiaaRlprodidealnsol ut e
FVII I act%I\_‘/ vels in plasma; closed circles, PEGrFVIII (200

I U kg, ’ﬁﬂ%l%ge closed triangles: native rFVIII (190 I U kg, 32
pg/ kg). The synbols show the nean values +/- SD of the 6 plasma
sanpl es WO 20081082669PCT1US20071026522 obt ai ned at each poi nt of
time. Further information concerning this figure is provided in



[0071] Figure 50 shows the conparison of native rFVII1 and PEGyl at ed
rEVIT1 conjugates in FVIII deficient mce. Cosed circles, PEG rFVIII
Lys 20K br short; o en circles, PEGrFVIII Lys 20K br long; closed
triangl es, VRRESPEHY | Lys 40K br short: open triangl es PCHEG2(0RA6532
Lys 40K br[OMB]g, cl Bgeuhlﬂcphawe&;e qiREGati B pardmdters o fgRIEF - g@hﬂ@ti@r; cugyen
squares, P r P native rFVIII.
The synbollglcéhﬁﬂ&ofrhat}ox%%?cgéf%zﬂe%?%& ° 5 aﬁﬂ%‘%llﬁe Jﬁﬂ%%) ‘of the 6 plasma

sanpl es obtai ned at each tine point (for PEGrFVI II%:i or _the mean
val ues SDI08#91t he 2Higpredfrhownivpdemain pirusieef releasable REGTh¥Iheningates

(native r F\\{!;dalﬁed bF'r'&itE‘iﬁ% sb@ﬁﬂéﬁ%llo%d E?%ﬁﬁ&bl%@l EaRbISA fiingHah&blbtSvith a
igure 51 shows the dose-adjusted AUC

rovided in
gnd hal f -1 perhéﬂqvgfanﬁdmwemmwbo%aa@lz@Lmnnplpioeﬁlﬁ} yppdrcdanal anfibedy A
Area under gitdd@d GaHitsePEE Oﬁn?r&@ﬁintb?ﬁlﬁ@n conddgniSytiR Ol Gre S VAW ilid¥an BRAHple 6.

val ues +/-95% confidence intervals for the respective PEGrFVIII

conj ugat e; a for_rFV native are t 5‘V
interval s @ﬂ?‘gl | coRtBPEt iggsth’ﬁ’f)g‘eﬁ@f%?Prggc @@E?vé{ﬁ‘é %gng%gﬁ?mal s
per tine pcﬂnﬁigateoﬁamhmmgmﬁcm@absmGH:Mllbxbedbyhmmdolﬂqmal’aesl A;

Exanpl e 6, ITOUPSCFY LT BORS ek ERG FERG~ RLnAredd GamiEitbPo” PRARE ) Tor

native r F\/Irﬂldmr@bkdt Wil mbMicldnalcarijhugat BV Meays deesinchanitelyt Fustheand
range for I VIIL contr uar.e,,.mean f aII control groups, 24
ani mal per’ “f%‘immﬁnce rﬁ‘%" geﬁafeﬁ Eﬁl%ﬁ ¢andi dat es (cl osed
squar es). Further information concerning this figure is provided in

Exanpl e 6. (00§D 2008Fizgpec¥rbors isFaoq X06EXs") BETRNOERTIESORFPTCQY OF
THE | NVENTACQ\LCE@QME%@WIQ @e&cam% REvINRORY B3R 1L Leakd: PRGLPVIN

detail, it is to be understood that this invention is not l[imted to

parti cul ar LysddO¥rRs skort; ipnelps PES- Ifeq:lhh)’iﬁ%bf shert: isquares gfdiE-g VIHAas 69
like, as Sb{fshowoswm oL Rl rbibs, BPSE pbe-rp@npeystzbﬁtbr 1688; M&?gﬂesl ﬂaefa hi s

speci fication and the clains, the singular forms an t he"

i ncl ude pl PRGIE YiBHlop GARSY IPREauTes BB G VId] Iéfaﬁ% ’baloes Howter

ot her w se. inJfigtion BhceXi@ Mis Siguled SHARSEIn FRarpic BO! yMer " i ncl udes a
single polynmer as well as two or nore of the sane or different

pol yners, rence_to refers to.a Si onj ugate as
et | oot Wl ror cFismr {HTERA BT grhibh e B pRared SR ance 1+ o
an "exci pi sdiikited pmmasx Stas: native rBXUI MIOSENHERRS MleE;l ciakes: (MG - tFNIlrmye of
the sane o he like. |ng
and cl ai m ?ﬁodgt’ h& Cﬂ%‘%ﬁ‘{lﬁé‘ 2&%% @8?15 W Ry 9% H}ﬁ{)g)és WI 11 be
used in acﬂmﬁdameFWEdanﬂrMecmbm‘s,l pri.\ |%rFéVéH<ws Iﬁﬁbrbaig;)mangl&igaﬁe}n‘ PEG "
"pol yet hyl d oI e sed.h re|n are
nmeant to eﬁg%ngg%fggygﬁOﬁ% Ong 5 rusbP p&%mygneﬁﬁm %)F yp| cal | Y,
PEGs for uséormatiexcooredamrbisdigtae it previdediie ixérople 6onpri se the fol | owi ng
structure "-0(CH2CH20)",-" where (m is 2 to 4000. As used herein,
PEG al so i pkydes " @dmhg@%%mm gadzea@vammm-@wﬁ@yaamh

dependi ng upon whet her or not the term nal ens have been

di spl aced. S“@ﬁe?ﬁ%@"ﬁ@@@%ﬁ?@ﬁ Oé&vrﬁ&f‘fléseEEﬁ"f Eloys 20K besRery frigngles:

descri bed ppGGEent By 4@ﬁtb§1kﬁonb§‘du9i% 1P]§<13§*'@IIQJ§§GGI@BH%hb§'cP&s tI*WII%&&E)@r
noi ety, when coval ent| é" atta a wat er-sol ubl e rrer se ?

do not res girgles; opepFEG Vﬁﬁtlﬁ‘%o%?r !81*& Fiapgieh-oBsy 5@9“’5@?‘8 Y5408 br

-0-0-" O sR8Fe bl PEGHRROELys GDRIUGHRO Wlrthdd efSRiRaGdd donédnhifgththure is
clains, it dglhoulg be renenbered t hat the term" PEG mclﬁ%esr&u

structuresPW&VF%E\%é‘PPﬁés term nal or "end capping" groups and so
forth. The term "PEG' al so nmeans a pol yner that contains a ngjority,
that is to say, greater than 50% of -CH2CH20- nononeric subunits.
Wth respect to specific forns, the PEG can take any nunber of a
variety of nolecular weights, as well as structures or geonetries

10



WD 2008/ 082669PCT/ US20071026522 al koxy group. Thus, exanpl es of

end- cappi ng noi eties include alLkoxy (e.g., nethoxy, ethoxy and
benzyl oxy), as well as aryl, heteroaryl, cyclo het erocycl o t he
like. In POPBR69s at ur at ed, unsaturated, substitut edPé S
unsubst i t UG f or neFighregidshovsthe ABCfrmd@ga@uwgnWIen ehRE@laseddigv Il

Mor eover , Pﬁgﬁ&ds&?@%m BV RUROBATERESA - @%n@ie@PlE@”n‘?VIffﬂFs mr%ﬁdwl ng

group can a advant a%eous rise a detectable |abe When t he

pol yner hdsanglesePRG-RGHi g 4@%’@0@%@%@% PRG-THVHEL¥scRO0RIr shary pieps: t he
amount  or pagalhRs; Glleb Qgexp@hmrmn@ﬂgy R $rlin nmaﬁgws 6 OPEG-ASEIIMS s

agent) of interest to which @'ﬂ mer is couE can be determ ned
by using a0riess) suees, éEQ%FEGSE [ LK dr jone Hergher ipfarmatipn conceming

limtati or}hlsffggh&g lﬁgﬁgeﬁmgpﬁﬁgléym nescers, noieties used in enzyne
| abel i ng, col metric dyes), met aI i ons, radioactive

noi eti es, the Ijke utab tectors |nclude ho rreters
films, e@?‘%érret erg‘g“'éFr?g 4’ ﬁg “TRES ARG AR RtAR P [P aSEET i ng”
\t/viht [1 r es p texcﬂa;mgdaf«‘\?m c_yiﬂjﬁgat?r Swiiad: Qaitive F il MOQ(I—IIMOIHE&HSIeﬁ PEGHyWHEIE

at in i ngir i S no u non r
occurring %’5&9&& 5\5’% Wﬁ’f‘él?s-: g%@ﬁﬁ?]éf 1236{}\%3’! el??ﬂysq“ﬂ‘%? "fﬁéﬂc!)?(r?’ 2% one
or nore sWwiyhdr; Sroes: FNUI tdnbbB cmcflesaolﬁub]BEG—iF\llﬂdtys 2ok bnwhginddnigles, open:
occurring, e overal | | .S n ound in
narure. o LRk Beiabe b Rw LT b ASs R Bud Mok Tt "
sol ubl e | ninfoahstion @bnceming) thie fipee &tpusveded Ty Banglld 6, a wat er - sol ubl e
polymer will transmt at |east about 75% m)re preferably at |east

about 95% i ght, _tering.
On a wei g%'t%%é:;s gitg\[/'\ge?g’gh é‘gieﬂ%%pr%% ymer w % Fa élrgg%ﬁ/lz ell at
| east abomef@@%p@dgyla\hmrgmr‘) adsliglon|of ativa rijdile Panaldy Ehmombinggepgatipngt

| east abo 9 Iy
about 70% ygﬁél‘éﬁ VL O e O =N Py JoBE A R P

about 85% YiipuiEV, tl)ﬂe§o@ PRSeeirRVIHmE fine £10.Q1guesVI/miding dif} @35eter ed,
however, tﬂit@fuuhhqm\é@t@r pgfmh}nﬁ PoheY BB inkS d@QQE%?ox%@%ﬁ&&yof‘ﬁ’ﬁi\Qlﬁ‘hll

solubleln wat er and referred that the er-sol ub ){mer IS
conpl et el yMOK HBRES §1E. \A@trﬁ\er inforng o vBRcEEINELhis HEnrg PﬁPrP‘ﬁdqu%EWR &%t of
a wat er-sol ubl e polymer of the invention, such as PEG can be
expressed @es®it her F@ummﬁsw@memﬂ)mgéremubmmmu(musWF)aabWeg Riith

o b ecurtiF PherbYATspls i e PR SeEnEb BB Rt 8 Jer A5 e OREFEaT GroeT
wei ght .  BoGofiid ekitbesmbhe v gints. Safsehdiive eRVIINSOQ HEES0] 4 eirdege PRG

or other Qe bR RabEh R ek Ly PR P I e e
measuri ng 60K lﬁ(shérarcrdme thlnm comadol @Belesqopeat BEG-0EVlSled 20K bbe longismiddgiesuse

of _end o7 ou, 3L WSl 1OF 46, YD, 2008/ QE2000PTUISC0RT 020222, e

measur enentt reez?
depr essi ornpfdmmtimmgnqannngttlueﬁgmansmomd«dnnBsmnl@&: pressure) to
determ ne nunber average nol ecul ar wei ght or the use of |ight

scattering ob@sihm qumuré%m@-@@eﬂr: ;&Bmmpvﬁr sﬁébﬁﬁeqmtw $iOndBhnm ne

wei ght avera nmol ecul ar wei ght | yner s the i nvent| on are
typically @@Pﬁ@l‘ aspld 8de Papel &: Hatﬁaﬁﬁ‘ém MQ@rI‘@’@Sr%r%@@F%P“WI&WPn%d

wei ght averags. E‘P:le?ﬁuﬂ'ﬁtﬁ MEIAHL 20K bE ih%rt@élbééﬂ@i’rcﬁes?ﬁxﬁi 188 (o kes).
possessi ng | ow po di s}ger SIM val ues of preferab | ess than about

1.2, nore -5F Villd §rs $05abr shero(flosed tfsnglzs@ pnd *O?ﬁaﬁoeerw@fg&sthl | ess
t han aboutnlpé(ﬁl FUIBLLYS bOK br SHBFEcI¥E EQhal) Md @S Sogdel 8uarlip Ylurdler05, and
nost preferabl yrl ess yt§han fabou'?c 603(ialr @1008213\5ﬁeu§<ﬁehd%ﬁ}e)rel n, the
t er m " car bigipitiongencgminggthiy lﬁb@&fg}%%lﬁ&%ﬂp €8&-OH functional group
[al so represented as a "-COOH'" or -C(0)011], as well as noieties that
are derivatives of a carboxylic acid, such deri vatives including, for

1



WO 2008/ 082669PCT/ US2007/ 026522 [ 0086] The terns "spacer" or "spacer
noi ety" are used herein to refer to an atomor a collection of atons
optionall ﬁﬁa%gearr ng between one noiety and another. The i}gacer _
noi et es ¥rolytically stable or may include oRETHP24GHPZES22
physi ol ogi [@&H]y hdelghwmheN&)!ﬁle engvyempefifdAIlAg upeh sestrbbein HuffkeayeH.

100871A " Y i I

al kyl o sungiTEney ARy S0 EPESELE (it 150 HOR pork B RABTRu b

subst iht gt eRE@-h‘WHw}'S 2&K§bt shartdclesgh sir¢les) pmidorgy (ppen i 1@@@8]Pﬁm1 EyPEG-r efers

t r in
0 ahy ﬁ@ﬁlﬁﬂgsr zgdci@él%rrlhoﬁ g{dsgﬂnwglés?&gfel?r%r(gﬁﬂ%%%% U Phndi®: %ﬁG%Vﬁ‘E

| engt h. Such bon alns are not necessarily
sat ur at ed IesrrcﬁOKcé;y stipet (blpsgd@m@des})mdslorrga(pwtsqm rFur%wltlhbmwpymce@rqu

st rai ght cgﬂgl esis ahigfined mﬁggnpl ary al kyl groups include nethyl,
et hyl, propyl é}fj penty 1- et hyl butyl, 1- et hyI propyl,
3- et hyI pent vyl , and the |i ke As used herein, "alkyl" incl udes

cycl oal kyl L n t hr Bigugg 39 35pws the stgisfiralchapgesaf £V F%P@F’e‘ﬁ@@@“’&ﬁa | ower

al kyl . [ 00@8kask@pR dedbdsihted Byedr@L By NIQmaiinadidty Furfied lifori@fdrddonteiing thizm 1
to 6 car boggugtorrs and may Fe strai ght chain or branched, as

exenplifie ?/’Sﬁ‘ﬁ’t" n-butyl, iso-butyl, and tert-butyl.
[ 0090] "Cycl oal I cyl " refers to a saturated or unsaturated cyclic
hydr ocar booéHai n, Figate srhgwbthb digrethyral fchemgek, of §VII$ ppancnapatidnct

conpounds, inj re%esfe g%lae orr?dtgd an(il F\;IIItPQC ?.gglgt A4 %ncl%? fn%@;”?info% bifon

preferably car on at ons. n-1n
subst i t uentsteraing thisfoe: igpouided intExamplatben present in a nol ecul e, are
typically non-reactive with other functional groups contained within

the mol ecujogey! 00921@1% 416hBs ik RSdchiri RehgesPst PVt uf,&rmaesarmla@
"substituted alkyl,” refers to a noiety (e.q., an alkyl group)

subst i t ut etcigpsehPid demenstiraipd by n@nﬁﬁ%mﬂm@lﬂph “§hﬁ§’ﬁﬁ°¥fﬂﬁé‘ﬁﬁ goncgg thig

but not |ighied p;&:de@,% wad. oal lcyl, e.g., cyclopropyl, cycl obutyl ,
and the Irke hal o, | uor o, chloro brono, and iodo cyano;

al koxy, pheny itu hen he like, .fo

mor e bydr ol om;!“g" RS by Ie s o EBNEY
non-i nt er f gonmgubHtion PSF VBI-defi siebrs;ﬂasﬁﬁ @tt37°C.0PansLASCHahghsi |110]?-1‘SIImr1a1ty
reta or p I ET G SO BRI RS Stoes S e
non- i nt er f ée IFNYI gpecifip act{vétieg relataa tmgaamatvahmchxp:aks)ad asvaf tulbstal tvaleest .
WD 2008/ 082669P 1US 71 3 | kox rs t

O oup,  whePEeR TRy pRa Rt 1 e iR m b i sy e S
al kyl (e. gMOQrHEhmm-Eealdmdwclqngﬁ@mw Lygéwggor shogt epej plrm BEG-rFVIII

pref er abl yLC:IzOgrbr% %Lﬁd E'Pagglé; g%GLl'%%ﬂI E}?sr f-@krbr sh&l gs&ythangiegf ers to a

branched or anch
PEGAFVIII Lys 40K br long. Further information concerning this figure is provided in

Example 6.

[0064] Figure 43 shows the changes in the FVIII antigen to protein ratio of the
PEG-rFVII upon incubation in FVIII-deficient plasma at +37°C. Panel A: Changes in
ratio of FVIII antigen / protein upon incubation expressed as IU FVII: Ag/mg protein.
Panel B: Changes of the ratio FVIII antigen / protein relative to the initial value expressed
as % of the initial values measured immediately after the addition to the plasma. Symbols:
black stars, native rFVIII MOQ HEPES 01-E; closed circles, PEG-rFVIII Lys 20K br short;
open circles, PEG-rFVIII Lys 20K br long; closed triangles, PEG-rFVIII Lys 40K br short;
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group of 2 to 15 atoms in length, containing at |east one double
bond. Exenpl ary al kenyl include (without limtation) ethenyl,

n- propenyl, isopropenyl, n-butenyl, iso-butenyl, octenyl .k decenyl,
tetradece ?Ogﬁfﬁ’ﬁ(’{g’he li ke. [0095]The term"allcynyl" ég_hﬁlg?é’ﬂw?%?_zéi n
refers to epebrangtse BEGTFVHbE 6K langd Ferdher nérmghansenesming this figgreat ons

in | ength, | Al | east one triple bond. Exenplary allcynyl
i ncl ude (v\ﬁrt&ﬁ%g&?ﬁp#%lg%i on) ethynyl, n-butynyl, iso-pentynyl,

octynyl, decynyl, and so forth, 100961"Aryl" 0 e
aronatic r[ﬂ%ﬂ, eacﬁ‘gB‘fe‘*ﬁSBW%*%W%%H”W@H“&’FW aﬂ??&rfﬁ&’ﬁgﬁ&z“
mul L i plhe alfrxhoArfihlrzmnldéﬁaiemclb@tmg&e?anaa: hmmmmf 3 h)égtivitpﬂeﬁﬂﬁﬁxused, as
in bi phenyl. Aryl rings may al so _be fus or. ynfiise th on

more cycl iﬂasﬁ?d‘flﬁ%'élnﬁgﬁgp TRY A Uk ?ggéi‘@i‘%c%)?ﬁeaE’aflyﬁsgg?mﬂgl:ﬁiled
?er ein, " i?(nyd fUrkg)eb gg&@. ][T(ﬂ'& Efﬁﬁlﬁﬂsydhow:ﬁ& 1620 R0 ésCH CEIM bBth b p!gsrﬁﬁ)iaﬁ'ﬁalyes
e.g., Arl, Ar2, and so faorth), nmeans a,structure caqntai.nin yl.
{00871 i ey S0k BT At FE BBANS SIRGRIFS i WS 1t BoTaa

het er oat onBxanpleas erably N, 0, or S, or a conbination thereof.

Het eroatyl rings may al so be fused with one or nore cyclic

hydr ocar bo eterogyclig .ar e | =4 PEE.
12008] -t BOEEy e o Pt frspBidthe bl RANE VIR PEGAPVIL Lys 20K,
at ons, pr effrdorglh §VBI-defaiconimockyiut micer Pavict Aoabsoluta SN pctivitplevels inar omat i ¢

charact er i AlaAdis bﬁﬁ%@v@i{]@éhﬂﬁ%%&)% | Gl icl ke, 3aGREPO

Preferred ‘hetetoatons | hc ur, Oxyg en.
[ 0099] " Sub@o9 flkeads netkey Fhe yymbalsshhwitke mesnyhlugiai/i $§ obhe 6 plasmpsamples

0N i Nt 1 54,140 988N BSimT D Fholhd 8 i b Ak S AR bl ovided in

het erocycle” I's a erocy avi ng one or nore side chalns forned
from non- i Btamplee i ng substituents. WO 2008/ 082669PCT/ US2007/ 026522
[0101]"El ectrophile" refers to an ion or atomor collection of atons,

that may bgosgni Cc, Ravidh Bhwehecbhnpbdd dfGaBRIF R ard FEG-FY I €/ €0K
that is el ectron _seeking, i{?@%bl e .of re%ct_i%% WII;@ a nucl eophil e.

[ 0102] " NucYeBprhim ¥ illdeharns kposkayt migs, Tapel Ay aolfe O 26RF VIR B at ons
that may bgladn@nbieselautIRYPBGHECIIEEPOIU/E, 96 @BIKEY; clobedariangRs:GRAVEFVIINAL

i s seeking ectrophjlic center or, wWith el ectrophile. [0103] A
- hyst ol o aaNTAE b aaabiis sEbalstieve heay gty Sh6 B 5 it P

rel ativel yom&add #bedH pbihedf tia Fhsharidfbrmatidredontdmitg this fputeyisprobidadi)
under phyajaol ngie al conditions. The tendency of a bond to hydrol yze
in water T3P %end not only on the general type of |inkage
connecting two central atonms but also on the substituents attached to
t hese cent [0@b8lat ons FigBredidhawsy thi gonpargoradfinativsa RMHI anddIEGHd VIH s 4t

not limte . ) : - oP a teRiry 3 I

ncetal | 1 oo ofkinEROPRIR SRR icc PRRPAM GRS SIMENES 104
"r el easabl plagmanklaspd tir¢lee PEGaE VIIB(230 Fd/kg ot visika; cloged tgangles: native rEVIII

physi ol ogi @%b hyfkg, 32 pg/kg). The symbols show the mean values +/- SD of the 6 plasma samples
obtained at each point of time. Further information concerning this figure is provided in

Example 6.

[069] Figure 48 shows the comparison of native rFVIII and PEG-rFVIII Lys 60K
br short in FVIII-deficient knockout mice. Panel A: absolute FVIII activity levels in
plasma; closed circles, PEG-rFVIII (200 IU/kg, 133 pg/kg); closed triangles: native rFVIII
(190 1U/kg, 32 pg/kg). The symbols show the mean values +/- SD of the 6 plasma samples
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cl eavabl e bond, a hydr ol yzabl e bond, and an enzymatical ly degradabl e
| i nkage. Thus, a "rel easable |inkage" is a |linkage that may undergo
ei ther hydrolysis or cleavage by sone other nechanisnlge. )

enzyme- cat"dP yP&E8268%ci d- cat al yzed, base-catal yzed, and STg@FWW7mﬁﬁder
physi ol ogi @dinedaheiich poinf tiFer Fendznpifematon’ mtms&bﬁseﬁgmqika@éiﬁe i5nin

i nvol ve a fgﬂdg§at|on reaction that has a base abstraction of a

pr ot on, an |on|zable hydr ogen atom Ha, as the dr|V|ng force
For purposes herei n "rel easabl e i nkage" is Sénonéﬁous

" degr adabl B0Td nkagehg“rel‘@ls(l}@l%ﬁhe capparisen AT @atveyT Y U andIEGE W IM%.@(E{

neans a |ig nﬂfﬁi déficichtRioBdut th:edPQJeﬁﬂaéHs&ﬁteWH@&w&? V86 &
enzynes. [01061A" hydrol tical Ii/@s tabl e" linkage or bond refers to a

chemi cal bi#na; elossr cuplesy EGﬁBVH AP Tk $2 usﬂfal °¥°§ed§Uﬁ§!"érﬂ3P‘é€f Ry

stabl e in wap Al/kg, BRAEKES THe spidols S8R ThdREanUAREY-GOSD ohihe 6 Playisih Sartpisder
physi ol ogi cal. conditions to a preci abl e ext ent over an gﬁgfnded

period of ¢hwieed aEsaghpPiaLot Wehfa?%ﬂrytf?fwvw%f%f%thﬁ HREGRROVHE] Wde
but are nogxampMd.ed to the follow ng: carbon-carbon bonds (e.g., in
aliphatic chains), ethers, amdes, and the like. Generally, a

hydrol ytic stable |i S one that. e

hydr ol ysi sﬁh#ﬁl ess ah° §HSS g‘t"s <% %antsondo fna% &gyflg%ésﬁﬁy?até%({gym
condi t i onsconjdgateoinBIB deﬁxﬁ@smm’e C&pe@aetﬁ,&%ﬂ@ﬁ%ﬂém%bmmt@pman be

RECTI FI Ep S TRRON 1 21 s s 3 SRR IR 88 =0

t hat sone triandesgBBG cBWIldeys HOK bolopg;ichatd squata BEG rBVIHMr@K)bzaltﬂrQOPen
dependi ng upon r c e hi9 18

anbi ent conditr %%g F@igﬂgsfﬁ%k%% %f(y?}{%ﬁﬂﬁ%n& he?ﬁgﬁg\}rjp can togﬁg%wﬁe
whet her a (e Vemmhlizel % enceon viwssd: SBofheld plagna &aalbleyolsmatﬂféemh time point
hydr ol yzablg i Y enyf

| i nkage- coL?alllﬁr‘lbl iﬁ%ﬁ %&e} I?l %}uiegt g?eogghe%g{ez%%%an |ét§|%g{ralgle(g?t e|acnhttier?eest
and t est i nppifitdnatiye FMHY eFusthetinfrottipicanceming, this figige rosevideddn Braprmbunt
of two nolecules resulting fromthe cleavage of a single nolecule).

Q her appr pagi)es kn@mréﬂ §hBQ§&e@Ese%dﬂ!sié@Aﬂ@iﬁﬂ'hhlf Life fbh@u@é iFmerand
det er m ni ng whet her a given |inkage or bond Iéqs Slro%g tca stable
or hydr ol yPEEHEVRLepnpeates. hanel s dreand Arerevey Gassadn bk SR
" bi ol ogi cajpk ¥neas tdine +298A tconfaeﬂbe lﬂaamm ‘ﬂ‘leQ@p@@'vl‘, PE@G‘FVHBCO&B@EIE 'da@ar €

used i nterc¢hangeabl.y herein and to | ude a agent,
drug, conpg’tﬁﬁ‘a‘g[ Hres e girant’ ﬁ%f"tc%‘i‘ dﬁ?cer’r‘i‘tﬁ’?’ aﬂrfﬁf‘" r%%‘?ﬁes some
phar macol ogérformed, E@ﬂvdi&ﬂﬁ)fm%hﬁﬂals Rt fuaebomm,ien@q\méaenaﬁmnrmse@l in

Vivo or in vitr cl.udes food su n nut ri

nutriceut i SHPES OP&%CU%??HI) ‘B'fhéf??i téod’ccioﬁ‘%gmggﬁis ‘158’&‘%%‘0"‘@‘7";‘8@7‘%3*6 Snd
ot her beneficial agents. As used her ei n, these terns further include
any physi oltdgsical | yFqgurpﬁzasmwsdiemyiacad51dynca¢ime\(‘@dﬁ"ﬁ'b®tr arive rif Vi and
produces a

[0108] " Pha?irargégm&&’q "\%{‘f"%ﬁ‘g sg‘feg&fat%%a’ﬁdg%n ﬁp"qtﬂb Wﬁé’?ﬁ‘ﬁé" Utieal Ty
accept abl emear ¢fial controd gxopps, %ammalemsampém Pmlkthand(farri’%‘erﬁ\ﬂlilcamtqs n

t he conpos t i | iR hisGRHS i £ t
adverse to Gﬁ%o?%lgegl ?2?462}(@2%? ggﬁﬁg&gg_?ggﬁt . GpRRadd HEdhfiE8
101091" Phar macol ogi cal |y effective anount," "physiologically
effective anmount,” and "therapeutically effective amount” are used

i nt erchangeably herein to nmean the anmount of a pol yner-active agent
conjugate -- typically present in a pharnmaceutical preparation --
that is needed to provide a desired |evel of active agent and/or
conjugate in the bloodstreamor in a target tissue. The exact anount
wi | | depend upon numerous factors, e.g., the particular active agent,
t he conponents and physical characteristics of the pharmaceuti cal
preparation, intended patient popul ation, patient considerations, and
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[0111]"Branched,” in reference to the geonetry or overall structure
of a polymer, refers to polynmer having 2 or nore polynmer "arns." A
branched polgner nmay possess 2 polyner arns, 3 polyner arns

4
pol ymer arh@ 20080880 ver arms, 8 pol ymer arms or nore. SR&USHOTPIHZar
type of highly branched Ps&iryvep DESCRIPHOMEF FiE INVESTIPNer or dendri ner,
whi ch, for the purposes of the invention, is considered to possess a

structure @oadi nct BERA debbdbinglihePriemifR8tbnIN UM it is lobkLdddstood that
"dendrinmer” or dendritic pol is a globular, sjize nonqdi sperse

: ol ymer .
pol ymer i nthigfention i 09§ dinued irmsrtisaler BIYEEE pyRhSimieshrigrs v gLt 2pdi nt
or core W fhBliRe, b&GBh Rky Pdrgnchi ng pattern and with repeat units that
each contribute a branch point. Dendriners exhibit certain dendrific

state prop ies sugh as co encapsyl.ati on, .maki n hem.uni,que from
ot her type@ﬁ%)%} pol y ugfbe[lﬁ%ﬁéﬁaﬁ aﬁgsselgén %‘?’s Sg%cffgf?%mr%g eacg%msc’:lé%cri bed
her ei n i ncdinghées farmelts,'dlap,” akdtd dochategplhueal yefarents exdess taticogregalebrly or s

thereof. [Ql14]The term "patient," refers to | i,z n ani s

Sufferi ng PPEE SpeEn hysb L SEblr 1 GHe o Bolmels dhditeOh APl Pimer
treat ed byasavehiiasingd sraare nf thé samecw djffegent golyserp raforcntedo b broajupste amiis

i ncl udes bgth.h n i_mal sed. [ PR |.ease
rate" meantg ag mtgge{;%ml?%a?é;%e%l zilg!wiaC§ %ra’{'%% %?%‘é?w’%n"?\%bf?g‘{‘%?ﬁ%fﬂga‘g{’ ye[qﬁré&fz ot al
anmount of (ahyemeipieattilcheleageingle exipierg at well asrfwa osmete@fithgisirhe ¢l diffarent

into the agt] a d a polyneric residue. [0116]"Optional™ and
"optional I%lp\@gh%%h%aﬁlﬁ%he subsequent |y described circunstance may or

may not occur, so that the description includes instances where the
ci r cunst an87@c cur sIndegeribingnd elauning be areqnt myRsiondke fofleying ferainglosy

herei n, thgil'thals&'in d@StARRAh th€ddinitiohd #REded 686Wr 0, i odo, bromo, and
so forth) is generally used when the halogen is attached to a

nol ecul e, ile the, Fihx, "de" (e.q,. . flyorid hl ari de, ,iodi de,
brom de. alll7 8o 1 or tiET eotyelsianefedh anchapllias AeD’ pfieq hoeh

i ndependenire izt to éroompasLary. watatsolhblpolytediylene beda)i AgpicallyUpEGcfaves a
nol ecul e).. WO 2008/ 082669PCT/ 1JS2007 522 [0118]. t,.ext of
The. b ecent Tortrce w68 fbihn EaPass thedRinifs st o Sior et st
of a vari aph)ds prooiDe edls wded hereia SPE blsd rclodes "TH, Ot EHGTHO0:-CHL,@HA-S

applicable_t ,_T&gie > wvariable re ed | ifferent structure,
unl ess t heanél on eﬁ?ﬁgﬁgf a%gesnadg{gﬁl P%Rggger[obﬂc?éﬁ% /igmp“%ag\%y&u% %flwes eg?ed,
t he pr esendisplared WhartheREQ furtherscofnprisrn g sprckramoitthitn §s Yescobrd g eressr
having a r i . (e i bi
SHEERRL i e R R i .
and a f uncwatenslublerrobme sqgaishiedofotresalt in thyfowhatlen ahameryeen-giyeepbad an
active ageft , b "-b%-mo Jr&l'&qﬁﬁpée?. 'hllrg@lgl?t’ thé&égaﬁéaﬁoﬁarfaacﬁmWSﬁould
| i nkage T “be di scudsed
" be remembered that the term "PEG" includes structures having various terminal or "end
capping" groups and so forth. The term "PEG" also means a polymer that contains a
majority, that is to say, greater than 50%, of -CH,CH,0O- monomeric subunits. With
jornty Y, 8
respect to specific forms, the PEG can take any number of a variety of molecular weights,

as well as structures or geometries such as "branched,” "linear," "forked,"

"multifunctional,” and the like, to be described in greater detail below,

[0078] The terms "end-capped" or "terminally capped" are interchangeably used
herein to refer to a terminal or endpoint of a polymer having an end-capping moiety.

Typically, although not necessarily, the end-capping moiety comprises a hydroxy or Cj.a9

15



[0121]Wth respect to a given water-sol uble polynmer, each

wat er - sol ubl e polyner (e.g., POLY, POLY' and POLY2) can conprise any

pol ynmer sqo _long as the pol ynmer |s wat er - sol ubl e and non tidic

Al t hough M%F@gﬁﬁﬁ? a pol y(ethyl ene glycol), a water- sSFEﬁfg@ﬂa%%r

for use henlkdxy soan. Bhus, fremplex afqseapmgravicir tmiuds alkoky (. gpoleihesy.s such

as ot her &1@&% aLd E%Eﬁgﬁr QJSB&%HE:?A%I ﬂét?r@ rélef:ﬁ:'i ﬁgertog)fc?os archthe like. In)

"poly(allcy eoxl such r opyl ene

copol yner saddftmem\)ar urgatyr@@ld %!hﬂmﬁ%bWIﬂewéSthy@ma@fcﬁaﬂtﬁmq ke,
pol y(ol efi 0 y .
Dol Y( hydr ogyS7 oS Fafrbiond Nl WSKd PicbiaR Bl e iso e slaney Thegnd

poI y ( saccheappige gtpup gl a}seadwagmyly a@mmse apleqewb}f- label. Hhep wmpyiymer has
pol yphos ph@;&ﬂ%gap@r%' %{ent Qllphﬂxgg a @@écﬁ@“‘l%f YHleOW] oBR o RRLEADE the PG eRS

described in 84. THe water sol uble polynmer can
be a homp@d{mﬁwm%b&%fﬁéﬁmag@ﬁwlvﬁwtowblﬁhamewgmewp#éloym and
random bl ogdterRflel BF lisiff 2 @it¥biOfeddf. SRR udeNw R firth@ffion,a

wat er - sol ubl e pol ymer_can be linear, but can al so be in other forns
(e.g., brafearesgers Chyplunnesss. maites ysed neszyie lpbebiss, eloHmEwE &-§-ryes).
further dehgil iofela@Wactivd ndoltfies; Y BX liked fSuRAINEERIRSBALIMELRIR )
overal | structure, a water-sol uble pol ynmer has from 1 to about 300
termni. @@?Q?PWWE"F%%ECW%W t he pol yneric reagent conprises two
or nore vvat er-sol ubl e polyners, each water-sol uble polyner in the
overal I st mﬂm}ur e carnorbmutrhle/ oz:a:mang)'rmdi Ifefpectemh polj,'ﬁlencﬁ*wlat’eﬁfscﬂiib’led

however, t all wate so u nmer s |l structure are
of the san% W%éneaﬁoarpo agm s enmé e%tgc?uf‘é ? %P?n Wleﬁ sol ubl e
pol yner s Wdchiring aolginera water-sajohle polamaqmyi, lyc(v@/blybcmml giey)c oloje spinjter s
[0123] Al t hou t he. wei ght - aver a nol ecul ar i i ndj vi

wat er - sol uBi p%nlonf of a3 slpt)%létnthzﬂ arg nal%?%lg occumr}% soali’/\g %%e ovefaﬁ gXllyg‘lr 9 \At[éu.cglﬁ

of any gi vemo&/ﬁatrekmsuhmbl e poI ynmer will typically be in the follow ng
range: 100 Daltons to about WD 2008/ 082669PCT/ US2007/ 026522 150, 000

Dal tons. Exggg! axy TROQES 5‘w2n<9‘\’¥gfﬁgfc1polyﬂﬁl'"qgﬁ1yvﬁ%!}9ﬂ} aAViE s e ma@&u{ ar
wei ghts in the foll owm ng ranges: he range of from about

Dal t ons t oroa@dmpesﬁve}eonwl&rﬁswawrrﬁo?cuh@ relymgevak tr@r’reﬁﬁtéﬁaﬂ mw 7é%aoo

Dal t ons tom@&%ferlﬂ? aQQQt Ltt%%of "1ight, &E&%m‘itﬁe’ﬁ%? #fsahé QRRRAHE: fﬁteQQ%
Dal t ons to about 90, tons; in the range of from about

Dal t ons tooawmghs@swowqj%rr%h@ ‘polyrper Wil Rrafﬁijéiy&ﬁ algpashabont 15y 10, 000

Dal t ons t oy gwéoﬁﬁe Q@@t&aﬁ&@pﬁfmwy 4t Imstraa&g 80%f(bf #aphpLAHe i3 Qa0
Dal tons to apout 826 8 Dal t on in the range of frqmabout 53, 000

Dal t ons t oStHEBeRE PEEraRb0abeR] 105HEY Werghp ﬁ%‘u?lawg\éataf and,sB{repragfersBlY 000
Dal t ons thlﬁ)bDS»_‘I"/G b2 QueBO sblablk aNwater. fltiEEtﬁl 1808 pef@fedf HoRRv@Battthe?9, 000

Dal tons to about 120 000. S, e of from abouyt 000
Dal t ons to“’atﬁ‘aii’ﬁ bi P‘Etg’gé;(bi’ Wmﬁ tisq@ﬂ%@ V@Fe"é IB?S%@gmés}l"bns
to about 6&5&@&r—5ﬁhﬁl@ﬁtﬂm¢rmddﬁﬁ;ldtdﬁgﬁuwm&ﬂﬁﬂt 440 Dal tons to about
40, 000 Daltons; in the range of about 440 Daltons to about 30, 000

Dal t ons; [lﬁlsir}” t hebfo%&l%r \9@1 tru? %Qrggctt ﬁ%vggr-so%m%%ﬁkgfetﬁﬁggénhon

120, 000 Da s. For any er SO
mol ecul ar wehghPEG, wamhfeexgreswdaeeldtbrammr a\aragem0hpldalp¥®€1@prewelght

0124] Ex
Lot or) SaruRjeRed miL O AU BHRsTRICRAH AENEY, ithctertRes btcculas weight
about 300 Eabmmfg to thio wgighdDeraPatplspdar vedightit BGFh@ODahlﬂbmghtabout 500
Dal t

ons, #h&ﬁ&sfﬁm%p&mgp% On@&? a%gteoaaﬁ be ﬂ}agsla;edlégg gﬁ%%mﬁm

about 800 tons t 900 about 1, 000 Dal
1, 500 Dal tdnsmatagmdw ozom@dlqwdlcﬁxmtogs@mbmecmma Pherragikods &bmsuzmsoo

Dal t ons, agg}ét:ulgh\%g%t %ﬁctsggr?alscﬁ;é%éd éuoﬂggth@%et&@ﬁd—g@gﬁ)bﬁalﬁm%pﬁe

Dal t ons, about 4 Dal tons, about 5,000 Dal t ons, about
Dal t ons, about 6, 000 Dal t ons, about 7 000 Dal tons, about 7 500
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HO CH2CH20- ( CH2CH20) , , , i - CH2CH2- OH WD 2008/ 082669PCT/ US2007/ 026522
wherein (mM) typically ranges fromzero to about 4,000, preferably
from about_ 20 to about 1,000. [0129] The above polyne

al pha-, o né@ 3%?ﬁ§ﬁ¢bxylpoly(ethylene | ycol ), can be r£§F6§EWW@Eﬂ2
brief for muesuieoeRBEdigaitepiepdrtiosi(sgufittaing o deprrssion peilingppgint symbol

can repr es%{a}itza éﬁg% I)s?ﬁéhggsgﬁrﬁ td &é@etnﬂfnglnmﬂﬂértaver e molecular weight or the use of

- CH2CH20- ( where (m) 1s as defned as above.
[ 0130] Anot kght sqagtwgé«?chmnw, \dﬁaon@m@esam oPFESaReEY §0 dtermineaveight aeige

i nvention 50BNt PR gi’me%rof ﬁ?e%@ehponbarré S'{)mallfbomisﬁé}sé)(“@ h@ksg nus

Is the relatively 1nert net OoXy group, he ‘other termnus is a
hydr oxyl g#vstage mPlseulan weight epdweight melx@i@wéwelsm o e polymers are not

CH30- 012CHZPA 16, %@E‘%&)ﬂ)& Eolgéi%évalm%@ﬁref@aﬂy leSs tRsh B6QM, Rk above.

[0131]NUIt|-arned or branc nol ecul es, such as those descri bed

in U S Papeferabidessthagabout 35, sillmos mefenblyese than abauh b 1®mes Si8ImAver |

For exanpl grefeRB 1&.@%&1@3&1&6@ a9l & éiﬂéf@f&blg%é’@afaﬂgpr@&l pol y-
wher ei n: pol ya and pol yb are PEG backbones (either the same or

different), such as nethoxy poly(ethylene glycol); R is a g
nonr eactive nnlety, such as ' H nethyl or a PEG backbgne, and

and Q are W8Heacti @‘éufc‘ldr?ﬁ?ﬁ’eg‘e 1R "Sprhprliesdid ds 2mASH, e @ ChdH

Ibr anched PE%@?M@M}I [?Esc i‘éﬁkkﬁﬁl@:&lg@@h YOBHr ecc(e))«gHy@]g)bv}u ﬁhdlﬁggﬁds itfatiire d
yS|ne n a (e e can co rrse.a 1or
exanpl e of& iEdo ?%Egﬁlﬂ’abﬁé"} dingrfor examp de8§F°t?11.

fol | ow ng émdmlicacids. Thus, unless the context clearly dictates otherwise, the term carboxylic
acid includes not only the acid form, but corresponding esters and protected forms as well.
With regard to protecting groups suited for a carboxylic acid and any other functional group
described herein, reference is made to Greene ef al., "PROTECTIVE GROUPS IN QORGANIC
SYNTHESIS” 3™ Edition, John Wiley and Sons, Inc., New York, 1999.

[0083] The terms "reactive” and "activated” when used in conjunction with a
particular functional group, refer to a reactive functional group that reacts readily with an
electrophile or a nucleophile on another molecule. This is in contrast to those groups that
require strong catalysts or highly impractical reaction conditions in order to react (i.e., a

"nonreactive" or "inert" group).

[0084] The terms "protected," "protecting group," and "protective group" refer to
the presence of a moiety (i.e., the protecting group) that prevents or blocks reaction of a
particular chemically reactive functional group in a molecule under certain reaction
conditions. The protecting group will vary depending upon the type of chemically reactive
functional group being protected as well as the reaction conditions to be employed and the
presence of additional reactive or protecting groups in the molecule, if any. Protecting

groups known in the art can be found in Greene et al., supra.

[0085] As used herein, the term "functional group" or any synonym thereof is meant

to encompass protected forms thereof.

17



PEG X-C-H wherein: X is a spacer noiety and each Z is an activated
termnal group linked to CH by a chain of atons of defined |ength.
The chain of atons linking the Z functional groups to the branching
carbon at YR sWBHRSYs a tethering group and may conpri s@CTUSHOEREMS e,
al kyl chai [0986]et her Thétaimms'spagert’ er "spirar meictyl atedeeddiamimes referdo an atom or

conmbi natio f 4 e LQuS
for ked PEé a% r ué:of1 ﬁ’?fggmgg%‘)g?g} g’? Ead}}gb?tﬁe%h B%r%e eg'td%l(ﬁlr)]t\g%n? hé’ﬂial:é?

[ 0133] The RE@igahayrbehydralyticabyprblsor map@nhlémneI@E@omhesqlbgc#lhm ng
reactive g gntly attached al ong the

| engt h of ftiﬁ‘%%@a%%? at?cﬁﬁﬁgg%gatb Ceigﬁéﬁé d of the PEG chain. The
pendant reactive groups can be attached to the PEG directl r

t hrough a K88Yer nofet'granigedicals agpsed haip sielndgs &Eﬁxal‘fﬂm\’éﬂ‘}’h}‘bﬁ&a’ie@i on
to the abOé{lﬁyldﬁIé&xsd Redidien HFRerBzfl B, RBGHNEHIBMYS SyHdSuRGhYaREy1 N
the polyneric reagent can al so be prepared with one or nore weak or
rel easabl e

descri bed B)lg @ﬁgggs %ﬁrpﬁﬁl %ﬁ%ﬁ%@lbgrg@%g{e o8 a?'é&i“g/\ﬁt‘]?rﬂgg%‘fgfo 20

| i nkages i mombé lpghhy rdach hjnﬁdicaﬂ:foﬁ chdiny aea:;irefembly)bdf 1k y&eSarilpsatelaedand

bel ow, this h 0 s. in. cleava [ into
fragnents 8 d‘?@%%‘? é% tcal@\‘é’laétﬁ?u g%ﬁ’égb é}fi@ams mge

- PEG CO2H Exdd@ld?jzﬁnql[g@dﬂﬁg:]rﬂuldemeﬁnyu ethjrlypmma,l Huyyl, rpehtgaﬂ;aﬂndﬂwlﬂum}dages
useful as r.el eas [ er, ckbone,

car bonat e Fh}ﬁlgroaq & ﬁ*?’fﬁ’sfﬂi’ gr%atiéj\éef%ker g’ss < SEein, palk %exaudels cyd?a%SH Hfien
reaction oﬁueamrmmrbandtoanasdrd@fepdada(l@bwerﬂk)g O.IChI a al. (1997)
Pol yner Prepri nts 38(1):582-3); phosphate ester |inkages forned, for
exanpl e, bypggact | n%@&raik?phatmmmw@}ae&%%ﬁn R0 BYADAZANS,

| i nkages ich are typi cal fornmed reaction o hydrazi de and an
al dehyde; andanay be|strﬁa@tgé§n phla@ncapfé ag Wﬂ’éhﬁf}dg}?}’fn@ﬂ’f%(ﬁ% nriugd tifaobptyl,

bet ween an,gi gdehyge and an al cohol; ortho ester |inkages that are,

for exanple, formed by reaction between a formate and an al cohol ;

o L MRS R AT R ofimel ol B i ™

| i nkages f Qﬁlﬁﬁﬂgbﬁdﬁéﬂl faged! cbr@jﬂlr@éycllec@npouiﬁsﬂﬁﬁ'emblyl”maﬂe te6fd about 12

i socyanate and a P h ti Ilnkages formed by an
anine gr ouﬁf’% s, RPredhe gﬁ@yg% Qboﬁbfﬁléorn g Th as

20081082669PCT/ USZOO?/ 026522 PEG and a carboxyl group of a peptide;
and ol i gonl®PHot i de "Nomidgfesng sbrtisdents) arcftigrse Ewamih@, wlhgn present in a
phosphor a t a0y

hydr oxyl S]r“ g&%ﬁg% Fﬁ%oﬁ@é’%ﬁﬁ?ﬁ%&‘?ﬂ‘e&ﬂ%g& %té?]apé}b undt%r stolg]éléby t hose
of ordinarypekRilel in the art that the term pol y(ethylene glycol) or
PEG represents or includes all the above forns of PEG [0137] Those of
ordinary skiobt] i n t ae Gk "Wbbtltutt@CRH) & @xdoad, "§ubgithied AYAJ" M€fers to a

di scussi on concer ni ng, subst anti al I% wat er - sol ubl e %QJ rrers i s by rlb
means exhalete/(&-8aAYalicy grppLT St#PfF B{tR QRS QF ENoTRRT-IpIEEring SPOSREp iSSP
mat Sr ihal s E@w’unﬁt ﬁxhl@edq&atsL(tglc:@SIoéiiE%fdg ,bgdbp\rbpyesyal]fomylpmdaﬁ@lﬂag Bio, As
used herein, term "wat er - sol ubl e e

ol ecul ¢ aSEndITOETh BssFEie %Fyﬂﬁﬁfag‘fc}’/‘gﬁi"fﬁﬁlpgﬂﬁg Sg}?fswt%dwﬁfn%égd
been att achediké Q‘o:aﬁebhﬁbrempdxegm atohhe "Bﬁﬂshmw ragrl de S@I’ lnamﬂg(zoﬁe of mére

wat er - sol ubl e ner are a i, cabl Dnl

Fengent . bt bl e Eai & f SRl Bt Bt AR B R s ents
descri bed pﬁwa&rmgoﬁemgmﬂtnse o[—tﬁd,&&}aTbepaﬁaJnmubﬁtmbdgﬂmomumf ist he
polyneric rea entilguse formt.h 85{@)&% t s described,.herein is a

f unct i onal *GFEUE™ Bﬁ%?’?%f“of TP ea%aﬁ(?r%m(gmdma A active
agent to feuhmitaentel easabl e |inkage, such as a carbamate |inkage. The
invention is not limted with respect to the specific functional

group so long as the functional group is capable of reacting with an

i8



WD 2008/ 082669PCT/ US2007/ 026522 [ 0140] An exenpl ary pol ynmeric reagent
has the following structure: 1 POLY - X1 2 PCLY - X2 wherein: PCOLY1
Is a first water-soluble polyner; POLY2 is a second water-sol ubl e

pol yrer; YO PUWS/ABE% st spacer noiety; X2 is a second sBREP2MTIEFR}:
Ha is an @03 abl e MWkt eaferatocm-OR griosp, hereindh isaikyher sobstindédedlyl. R2
Is Hor an i adi ' 1.S..2l one; | .t her
zero or o J?feﬁg{},&ﬁ%%k%?%%b%@m}%yé etgé)wf{g{) ﬁgyggét?’r&ghag?’tn(g?% %‘Jaéﬁ‘?%p;
Re2, when @r€sdkl, is a second el ectron altering group; and (FU)
is a functional group capable of reacting with an am no group of an

active ag bs‘iio for B Gsehi GheASAMRyI" FMF Q% britidhdd R SntareREd AR rbon
| i nkage. [0141] Exenpl ary polyneric reagents fall within the foll ow ng
formul ae: #ReRaf2 to 15 atoms in length, containing at least one double bond. Exemplary alkenyl

include (without limitation) ethenyl, n-propenyl, isopropenyl, n-butenyl, iso-butenyl,

octenyl, decenyl, tetradecenyl, and the like.

[0095] The term "alkynyl" as used herein refers to a branched or unbranched
hydrocarbon group of 2 to 15 atoms in length, containing at least one triple bond.
Exemplary alkyny! include (without limitation) ethynyl, n-butynyl, iso-pentynyl, octynyl,
decynyl, and so forth.

[0096] "Aryl" means one or more aromatic rings, each of 5 or 6 core carbon atoms.
Aryl includes multiple aryl rings that may be fused, as in naphthyl, or unfused, as in ‘
biphenyl. Aryl rings may also be fused or unfused with one or more cyclic hydrocarbon,
heteroaryl, or heterocyclic rings. As used herein, "aryl" includes heteroaryl. An

aromatic-containing moiety (e.g., Ar', Ar’, and so forth), means a structure containing aryl.

[0097] "Heteroaryl" is an aryl group containing from one to four heteroatoms,
preferably N, O, or 8, or a combination thereof. Heteroaryl rings may also be fused with

one or more cyclic hydrocarbon, heterocyclic, aryl, or heteroaryl rings.

[0098] "Heterocycle" or "heterocyclic” means one or more rings of 5-12 atoms,
preferably 5-7 atoms, with or without unsaturation or aromatic character and having at least
one ring atom which is not a carbon. Preferred heteroatoms include sulfur, oxygen, and

nitrogen.

{0099] "Substituted heteroaryl” is heteroaryl having one or more non-interfering

groups as substituents.

[0100] “Substituted heterocycle” is a heterocycle having one or more side chains

formed from non-interfering substituents.
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\--OPEGm NHO 0- OPEGmMC(RI)(R2)(FG, and mPEGO -N--N 140** NH
HN O O(Rl)(R2)(FG OPEC-m wherein, in each instance: (FG is a
functi onal 8rou capabl e of reacting with an am no group of an active
agent to Y A% ¥ easabl e Ilnkage such as a car bamat 8C1rﬁUﬁ?<°c9§%26°%I

is Hor an organic,ad " H di
10142] St RDT; nr EEHBPIS) raamirah o8 o . iveltrlpa of o, flonavbe -
wher ei n Fﬁ@‘hﬂﬁngﬁ‘g—eﬂoﬁoﬁﬂh&’%ﬂméﬁl i.e.7@centd¥r thakik elddbron Bébkinp(Fapable af -

previ ously defined, and W -is a first el ectron altering group; and W
i's a sectraeting with 2 seleaphide.i ng gr oup. 10143] Stil'l other exenplary
pol yneric reagents fall within the follow ng structures 00

CH30- ( CHef+p2P0) 3- Chfdckeophile” refersto mN}Jn ok éralEdtéR of afolié @ik nfdy be-

ionic having a nucleophilic center, i.e., a center that is seeking an electrophilic center or

. with an electrophile.

'[_0103] A '.'physiologieally cleavable" as well as a "liydrolyzable” bond is a
reiaﬁvely weak bond that reacts with water (i. e. is hydrolyzed) under physiologicel
" conditions. The tendency of a bond to hydrolyze in water will depend not only on the
general type of linkage connécting two central atoms but also on the substituents attached_
- to these central atoms. Exemplary hydrolyzablc bonds 1nclude but are not lumted to,
‘carboxylate ester, phosphate ester, anhydnde acetal, ketal, acyloxyalkyl ether, imine, and

ortho esters.

[0104] v A "releasable linkage" incledes but is not limited to, a physiologically -
cleavable bond a hydrolyzable bond, and an enzymatlcally degradable linkage. Thus,
"releasable linkage" is a linkage that may undergo either hydroly315 or cleavage by some
other_mechamsm (e.g.|, enzyme-catalyzed,. acid-catalyzed, base-catalyzed, and so forth)

under physiologicel conditions. For exar-nple; a "releasable linkage" ean involve an ‘
eliﬁinatioh reactioﬂ &at has a base abstraction of a‘pre'ton, (e.g, an ionizable hydrogen

atom, Ha),.asr the driving force. For purposes he'x;ein, a ‘;releasabie linkage" is synonymous. - |

‘with a "degradable linkage" -

. [0105] _ Ari "cnzymatlcally releasable hnkage" means a linkage that is subject to

degradation by one or more enzymes

‘ [0106}‘ _ A "hydrolytically stable" linkage or bond reférs to a chemical bond, typically
a covalent bond, that is substantially stable in water, ‘that is to eay, does not undergo . . -
hydrolysis under physwloglcal conditions to any appremable extent over an extended
period of time. Examples of hydmlytxeally stable linkages include but are not limited to the

~ following: carbon-carbon bonds{(e.g., 1n_a11phat1c chains), ethers, amides, and the like.
Generally; a hydrolytically stable linkage is one that exhibits a rate of hydrolys;ié of less
than about 1-2% per day under physiological conditions. Hydrolysis rates of repfesentative

. chemical bonds can be found in most standard chemistry textbooks. It-must be pointed out
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0 exy W"" aNN NO Ol hN-012CH2( OCH2CH2), ( OCH3
wherein, for each structure and in each instance, (n) is
|ndependently an integer from4 to 1500. [0144] The pol yneric reagents
can be prefarY¥E/FHc%any nunber of ways. Consequently, sPETAS2003/026522 he
pol yneri ¢ thecgeriiskdgss danbe hydilitdlly stablber W}izﬁﬁle dbp@bm'g b (for

2 polyror | Bargic st etieaf HFETRA SRa PR et O a6 CGRene PRl

herein, thte raﬂbkmdttmmamhsm&a dieh liﬂkig\tlodbdh@ iglfydedpivally Lattoant ai ni ng
noi ety beaj| fi.rst. attac S.eco att hrrent

o opt i onar Bt F ki soRRRURY for Stapre BaBEe R keB TR P R Eef
reagent w inkeré¢shendet anamuatstoauim hntﬁbiﬁﬁg fcm evid&isk bf hyﬂ_rdmis (.t i

attachnent S|tebar| fun nal apabl e o cti ith
an am no gF'6tp o an acf3 ?t\‘/”e0 négecﬁ esé“’ﬁa' E’f’(f\hel% ea‘éagFg%%%gé%Flgﬁg‘i‘l\F,‘?kage,
such as a Otebapaadies hntdvn(tc)hoseaﬁmtdumgyauwaithe arss for dérbréniniog wheslterbear i ng
a reactive ch Sit.e an when present,

t he opti on%ﬁgérﬁﬂ&r%&% g@&@?&% gtfagham g{ Iyzall’*}e fa")a Ok?gu%egcond
attachment site bearing a water-sol ubl e polyner through a spacer

moi ety andl®PTh) t heThpemamastiveiseng” Shielagipatnetiveisgent” andé nhapn@@baatcally
bearing a &%@99&11%&%3&9 el%mn%e Nd¥Eih aﬁﬂr@&&ﬂe?toaﬁﬁ?ﬁ Tanf Rge! t

sonme instances, (b) is performed before step ( e I n ot

i nst ances, qEPPUR coRRopHiPH BT of mixSirefaynsyvides samspirIRFOloRHs, QfWFls

net hod f or bReRAA! Bt tBat PR %r@fn'oﬁsura%agﬁﬂ@o or@n HiBYUIThS theflabPobd ()
provi ding an aromati c-cont aj ni ngl npi ety bearing a first attachment
B

site, a se™SREMERS REERRAOEICERIcAlRLIrYgs, RIPEING (Yageinehiapdbogies.yémmdptand t e

I'n the cont@tbedfical @eﬁﬁs h&t iged REeRAhA:t@ s filrfhel lﬁcm&dﬁg@ﬁﬁ%gﬁm} or
"providing” a na er%l&agrreans to obtain the materi al for exanpl e,

synt hesi zi PRfrpgeoggic fivs syBstance tahpraducesa lpsalizedsgy mr:féwm a patient.
aromatic-containing noiety, for illustrative purposes, is

9- hydr oxyni®uogi1- 2, 7"Rhaanncmfchluafce¢]mblmc$hmI\Mr l)ﬁhxﬁchuﬂWDy acceptable
2008/ 082669PCT/ LU520Q7/ 02652 14 r tic-contaipin

9- hydroxyrr%i gem?tg P& ﬁ%r%fﬂag?aél% ?uziegﬁqgigﬁ‘ﬁf’%u gﬁl iellRhhd
aronmati c- cthatcausms ngsigmii@nyadaersd togictlbgied effédtato inapatiensi t es: a hydr oxyl
group at the 9 position and anmino groups at each of the 2 and 7

posi tions. jpipg ar O”Eéﬂaﬁn&%%&‘élgﬂ éﬁﬂctm'aﬁlroﬁ{nt@a%}gﬁlogrcglw afegwerau@uﬁkase
or salt form Wth respect droxyneth di am nofl'uorene, it
i s possi bl &g’ Hleﬁ'ﬁ%““?ﬂb/ e@ﬁeﬁyfara@emt e gesdfimprahianggalyrherein to mean the amount
aronat i c- CoMtRl Jﬂ-leflﬂ:u@é ﬁt'c@ﬁuéh?él BicRly¥isef ch é/ﬁr@m%xaﬁltﬁbfegmao]n -- that

preparation an urchase froma comercial supplier Havi ng
provi ded t ﬁ@e“é‘F‘bﬁ?ﬁq"@eéS?ﬁf&i leveh gf astivecazgnt anddericppeasin ﬁmbhmfla%awmed

broadly i ngldettfiSue! MRe &kbh& BmSiint WRAGHEAMpSn mteecrus ﬁa@dougbé £, RObMRIar REBL I NY
a reactive group with the attachpent site

aromati c- c%ﬁ’??‘aﬁhﬁFwoﬁﬁséWPhﬂsié?*éhaWS%ﬁog %ﬁB%ﬁn%?ﬁ‘ﬂ%‘cG‘é’éWaﬁaﬁ‘?ﬂ intended
attachi ng gatemipBuision, piet dé:ﬁél&’di@fonst Qndlﬂ@hl&%nﬁ@&ﬁ‘eﬁﬁl&@&%ﬂlne&b}@n% on

t he aromat | ont noi et used and the nmethod_ is not
limted to° ftp‘ﬁé“ g‘ér‘f‘:&% arf s S‘?H&"‘E‘?‘éﬁ%’%" eggerﬁlﬁ'?li‘fba‘“?’éﬂ&!?t‘?% PEG
(such as ame%rﬁu@ﬁtum.m dyl ester-termnated i nPEG fornmed, for

exanpl e, fromthe reaction of N-hydroxysuccinimde and

CH3O CH2 7 di cvcl ohe ar bqdi i m de
(DCC) or Cg\%l @opyl cégggt? ki %C%)Owa g‘ném CONAEAR® ﬁ*“’é%’é’ﬁ‘ﬁgé’ﬁd
opti onal | ympme fmﬂqeorpkgwc@tanfedz&letms ghere g ﬁbvetmebgmeaslnmy bdthasneror ne

bearing ar
9- hydr oxyne Eﬁﬁﬁryf %&g{}&({@ héya I uo%‘ﬁéﬁ%gﬁ%aafn from abouﬁ 3n1500 ﬁmcmnal Broups,
reaction ofr ftOh‘re3 %ﬁlequs@wbpseomnyﬁi ﬁibetmmlrsgmas pefEmt B-\Iéﬁgct@mpi with

the aromat grsu;goa}tﬁ%@'te &&5%1 fw ké omm%ﬁ%ha Aklg 9%§5Pi0%%%.?a?hﬁem

si tes havi hg ‘wat er - soI attached théret
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WD 2008/ 082669PCT/ US2007/ 026522 the two amine sites. A third hydroxyl
site is thereby available for reaction with a functional group
reagent. [01501The frmal step is reacting a reactive site of the
aromat i c- COPEWPAINY noi ety with a functional group reaf€RUS2087/026522
preferred apgioahh thespolyiner, %Mafuhdsrbnhy@bimqr hmmt;mlymeﬂ@vmg two functional

9- hyd th | b t L.ubl
ool ymor o B P hEIn Eit PREAG- R R B Ael oL S TRE gene

fol | owed bhetdrodifanharemt!). Wi t h N- hydr oxysuccininmde. In this way, a
functional group capable of reacting wth an am no group of an active
agent to f a rel wl i in

t his case, Wlﬂ ‘acti f/e%t% e E%a%’ﬁ%%?%m%?g? Réoé%%rm%%ré dfgl%%m(
hydr oxyl - c@fwafprpp}ygler keingi2voz H@retwlynmi@mpNo‘\hﬁmb@ﬁ Poitinetmaymesssesch i s
used, the iR s, RS SENEAE L foiHRk B, 6 Bligmbl ARE byl ARRIPRGIA! ©

sol vent . e of or di { ski 1 'in the art can determ ne whether any
speci fic s@nveamticuias pp o kighly braached polymgr igp dendrifieprlymesier depgdrimer whigh,

hovever, t feRolyea ofe“ne aﬁsﬁtﬁﬁ qpbaﬁsﬁm@@ R:%?;E&Es SUnVERdiBhcFroRPhAf a
aprotic solvent. Nonlimting exanpl es of nonpolar solvents include
benzene, x?ﬁ@ﬁ@ﬂmdwaﬁane tetrahydrofuran (THE), t-butyl al cohol and
toluene. Particularly preferred nonpolar solvents include toluene,
xy: ene, di pimyje, lteW'ﬂhﬁxhﬁef"lUiaéhdﬁ&ﬂﬁolymé}uﬁylblo&hﬁ}g)gﬁ morfo¥pevdear y

pol ar aprotic sqlv ncl ude t.are not lipted to, DVS

Ui ot hyl ESRER HEEh S Re PRGNy FORGSEHE! Bep e tger ot a egular
(di met hyl f eeaohiriggakern DM Awifithepat Mis&l&eml‘rbﬂﬁ)buté\ﬂ\/ﬂanch point. Dendrimers
(N—nethylp reolidi.n 015210nce prepared c rea ents
Can be | sob SRR R e RGP ERT e OBl Piprrugih wilh

reagent, Dbftbmiothet sp@afpolememar|y preferred to use chronatography,
e.g., size exclusion chronatography Alternately or in addition, the
met hod i nc s the

is forned. k&?ﬂ sfgﬁ 90 §$#£ %%%E&HSQQPE%%¥§§%%ﬁ% %Eﬂ%%%ﬂ e used
to purify @h@ﬂpoﬁmﬂﬁhﬁymﬁéagéht 101531The pol ymeric reagents are
sensitive to noisture and oxygen and are ideally stored under an

inert atnogpigre, SuBHteAs "MAGR" réfbd @ Wingbtg@isnNiveRBERom oo to hOW
tenperature. In otential|ly degradative processes

I'n t
associ at ed°RiAD ﬂ?b‘ia’lé’ﬁa'f‘?ﬁg ed oz frigfedpyadmini Wa’éﬂf a ‘é’f‘lélg‘?‘t%ﬁﬁﬁ%ﬂd%ir
avoi ded enhdréif) and ﬂcmdmmﬁgsmdtm\ml d oxidative degradation,
anti oxi dants, such as butyl ated hydroxyl tol uene (BHT) can be added
to the pol icre ok tor | n._add
bref orrod PATTH ni m 28 SRt e kb RRe e a B bl fe Wi e
storage c owtlich hdhef thototabauamt gobmicr-adtivy agkahmgiuggtes Baclston sill cleave
associ at ed; 4d. s of the active ester.
Mor eover , |¥M&Qa%@g mt&ggtpblyejégépelsﬁgé storage conditions dark in
order to prevent certain degr adat| ve processes that involve |ight.

Thus, pref B1@8d st or dgjéeneloae topeenslly’esagdiat b subseaugpibedesivede
fol | owi Ng: ¢igduRkABR N o BRAGHABLER A8 h@%@&ﬁét@%ﬁﬁﬁ@deb‘ﬂQ@ﬁceQCvﬁer@ﬁQon or

anot her dry inert gas; storage at tenperatures bel ow about -15 C
st or age |n°1f%é’3*éb°§é’ﬁ%‘§3@dq‘si‘a@ﬁ?sw}§mn§{@é)ﬁfﬁge Wi th a suitable anount
(e.g., about 50 to about 500 parts per mllion) of an anti oxi dant
such as BHD117/0154 1 R @sealliiein; the Skiio'hisigpodry @, flgors, e ARe) iddo cir@nsjaed ul

for conj ugat to bi i,cal | ctive ent.s. Fo xanp| am no
o oup (o g2 ofifh i gongtaf Sk e the Reiaecht, BEERRT0 » ler T e g e
functi onal "ide"qeip., Gaxpalb) cﬁimﬂe mﬁhdd; bmgucm idd salﬁorﬂmsnm(gwhmphaﬁal@m addd ve
agent to forl{nlrﬁiereenlde Sa‘blf%m:ltI W e als Sva Cra(‘)r n\%[s% dl Pﬂu

[ 0155] Exenpi'ary conj ugat es i Prosé? of ' PRE“IRIT ?03 | ae:
wherein: POLY' is a f| rst water- sol ubl e poI ymer ; PO_Y2 |s a second
wat er-sol ubl e polyner; Xl is a first spacer noiety; X2 is a second
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(a) is either zero or one; (b) is either zero or one; W, when
present, is a first electron altering group; Re2, when present, is a
second electron altering group; Yl is Oor S Y2is 0 or S; and
(VWF/ F8) %0 200888366 le of a am ne-cont ai ni ng bi ol ogi cal PETASI0Y2688ent
sel ect ed fmcms}t he g LOtP carmexs bSthé prgseaf digussivn, Wﬂobmhreaadgﬁ@adtthm thepi ety
and a Fact 8/ 08 669P US200.7/ 026522

(01561 ExeriaHy E6ATRTGE SIovE) S REDG A DR 0t P RPT A applicable o the
cp- CH2CH2- {aiehafiiPMefdatdd in O diffatdn Gitiz CihiaOGINs CHOTntEACHIBtaB:s whhervasen, f or
each structure and in each instance, (n) is independently an integer
from4 to , and e
agent sel e@?g% fromA'% g&?ﬁ%#@%ﬁﬁ%ﬁeﬁg&o Jl%nac§g4ﬁ9%ﬁ?%nq%% %gfc%l)or
noi ety andcayuBaies wavinglalrelesspbletipkagd.01571The bi ol ogi cal |y actl ve agent
to which a polyneric reagent as described herein can be conjugated,

is an am nrmgqnt ai nB@ﬁ;r@de@émg@aéma@%mu@teagﬁmte invEMRInCethdodiménRQf a
biologically active agent will be a macronol gcu e, Ewg as a

pol ypepti dgateﬁwwoé“%?%ﬁﬁ%?‘l%wcwaéﬁﬁ FeaptgvL GEing s5erp of
Dal tons. PRhaddiee lefGb €l AreREsably Enlh@t K@k b d8Bah APLAGEE) ilkbPdisfussed.ed
type of biologically active agent. It should be understood that for

pur poses o e pre t di S USSJ on, the tide:

generic foI ﬂ| gopep cfgipe% 2Byt “e'f“ﬁrss‘)h'\tﬂ%t@w%@ar %erbsg ubw {ymges
F\I[]te am ne {ec. \MGLGJ)PDEH‘ pod BOEY ) carrmg:esﬁang(pulpinessotlmgﬁarﬂlmlymgr?he ]

erninus_or e-cont ai ni [ suc

as |lysine) w{%lub%f enf)rcl)ipypp tlAQ@oEg[hg:%g‘%%‘% @%&?ﬁ’% g%lg&ilég provi des
for t a {rpt hedtenfolyhlegpdymen doraise apin gat b, ©oemampls otgertwaeersolsble @blymers .
contacting r Login Vo &g nder
condi tions @E??&E{@ {yg %ﬁ%@%ﬁ}mlﬁ;&{gegﬁfé@g?t aag'hﬁr@(lt H%gg%;\%éﬁs)ﬁ é3[1%0 ymer
aﬂd the bi pblpigopalehyslaet) (R @y snpelymiypoictiope glybal apbprprdeneigycabrndd t o
the active, w ggg 0
the desir e giﬁ?f%peg {%‘icfg‘gﬁ S?yteva{ﬁ)ﬁ olrié{e)éggi??%m&w%ﬂg&gg%ﬁc? %}ve
g rou 821 gr atbly(aydmt}attkybmﬁmadatﬂmollds@aﬂphéeS) phle(Ophﬂdymraprf) ;pelafenvl can

e added t

Cpot yror i e aD A nAGimAEhG 68 B nebo AR R A AT B Pendithy |
or 10: 1. TheU8oRytangbivi Hi29%38AcThewatersoluble poksuier aan e & beraepolsmar

substant | a!;{?\s ,a%ﬁlt@g&p,ﬁgr SARAGA AR pAGHH Sna Mol LI GABoRFILEAY Y1 D

det er m ned e progres reacti on over

Progr ess ofhetftbregqlmdn ﬁ‘dfhtl@aﬁ whier-sadyiile rpdaerr ban Wi Hinkary sl beduothey
fromthe r HAnthedl forifdd, HRAMOHS) 4B bPAsBita AN EiABAMA bBEw! e
reaction mﬁ%&t&}egé]by r%DS— P,&GE or d ) mas?s spectronetry orwany
VWO 2008/ 08 isaoRext plSorregniosdsn an overall structure a water-soluble polymer has from™1

to about 300 termint.

[0122] In instances where the polymeric reagent comprises two or more
water-soluble polymers, each water-soluble polymer in the overall structure can be the
same or different. It is preferred, however, that all water-soluble polymers in the overall
structure are of the same type. For example, it is preferred that all water-soluble polymers

within a given structure are poly(ethylene glycol) polymers.

[0123] Although the weight-average molecular weight of any individual
water-soluble polymer can vary, the weight average molecular weight of any given

water-soluble polymer will typically be in the following range: 100 Daltons to about
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ot her suitable analytical nethod. Once a plateau is reached with
respect to the anount of conjugate forned or the anount of

unconj ugat ed polyner remaining, the reaction is assuned to be

conpl et e. W HIO¥EH2P8? t he conj ugati on reaction takes anyGHEPBITAZH2
m nut es t 01:5g006 Dalto30 Bkémtifry Ganged, howaver, inchudé esighteavedgdrmolesulonveightse) .

puri £10d 15 CBlParE ot o fheenss R gmran "thpaiira foel TR el m
(e.g., actiheeanagefigriatddficdesj00e Dahasto atoon]0t§ad Beltsysico thesanganflifrbmee or
unr eact ed pol ~.he resul ti jugates ca he f

characteri %é)a?lét;(gqon%a-ﬁgﬂsaw U g‘%’&%el‘éﬁ%ss g“s%‘% ﬁangeso &Lnb%ogtglgpqép}dé%m 0

el ect r ophostesi 85,000 &laltedseintthenphgerof gieater il 1 HE00dFattomstd ogmuahylo PAwEY] | t
narber - BbERiE Y AE b 2q ol pRicts Rarle b RORRRR, 1l Mlgeiof o'
cont ext of alButTHAO Pattorsrio afoutdiPadd2eitess; in-thofangeoiffiver dbout2s Ag@ Pakons tat
aver age nufar 91000 RGBl fiud citge 3t B BRI ANl R, EELSL T N

conj ugat esPaltms] iy thegaige befrdm abpre 35,800dPeltags SBBUPALE)003EEons, FGhe range
VALY TOF. 0 100,00, 000 8o SO ARG QU SR SEb ©f
wat er - sol u#t,e00Jedltpns in the taaghefahout 44 Dhleaps tarbpiid 0400 Daktons; apd irathelrange
guantitati i i ' ) 0 von
W I ebr and® ERH %‘%0%@?%%?%3%&3‘6@@? t"?%ﬁ*}%@é‘i a@f@‘ﬁﬁiﬁ"?‘%& of

at t achnment polarsergRG haging v@;o}ecdbswi?séém onpsor gy ofrtkede tangesarrPrefeed: based
on SDS- PAGE. Wen anal yzing the degree of attachnent of rel easable
von W | ebldAH Fact Sxeiderseight-tisrage profspilar weighty 195 e agteryoldeplysper

under redugicRge SR0C100ITANSs, SRLERRDMbnd MRBuVEH0eIa116:R] AHLEI00DNBRY, about
during sanple treatnent and el ectroghorem s. can lead to an_overall

inder ost; P on, HBuE SULbaeq 8o POMBRipRS AbeH, 100 B 03, ehret ZgpReH

for t heddséﬁfﬁm@él?ﬁb{ ﬂh& mkme?ﬁﬁgbdaf 1,&&@5&3&@%@@”0@)&?&@@%% gg )
IS a nNodliTlLC |on O e \Wor (0] an r Ker. ee e .

pal . B 0ChO Dl sbot 5208 Al PRt 100 Dot Ao ok oD
290: 382- 38Paltohk bR talud DaBordgshatt 4Q500alBss, ot ROCOTMIbhS, bisvat fGoT a

chr onophor g, anunoni um.ferr ot hi oc te, from ueous e into
the chl or oﬁBV‘?ﬂS’;ﬁ]‘?Q‘g@qoﬂ Dia[ﬁ Spﬁmég%yn@@%ﬁ"%o bigq%t@ Pﬁ’gl?%‘gg@foe
itself C?nm@ns,%pﬁmmaﬂaﬂﬁlsiv?bﬁt 1oloe0 mié@rsfétﬁﬁﬂgumham}tmisla][&emtlzmn@ PEG
presence). esti o on elr acto e fre

PEG 11 om i Redepagdz oo Kiber aeot 400 Poeh i RO PaRGe b ol
subsequent Dyltdag, dbbgt 13)30®Dhts f ab6utd 8 J0DO Dyladna taboura § NOXDaltdsi, About B0,600
principle, a.revers HPL that cir ts th or
Gl or of o nPA 2508 PoROE DSt tedauPoDssEs it U Biteas d8ats P dbec
t o det er m Deldrheboeg0®60 Dhltaktabodts 900 Deltons dow SH0UYRsless,dbsg 55,68
herein. [0161]With r .t I 5 ive j uga he
con; ugat 65 DORP o F BT Bateerg AR Bafert BT oo EBMAE A Sl
speci es. Al7f,eonadlicue| Branchedivarnome of thefwareadsblyble pelythovek., abtaeded 40,000

wei ght (e.g, ., less t 20 1 ci 855 [ [ I ess

t han about %ﬂﬁoﬁ Véaﬁ?rosﬂguﬁ{ggﬁg%%%“errlggds%fq‘fgﬁgé’pr oaa&tg?p%?ﬁ%%% A %%E
purified toegbtaengd heledilatweightiof aop obthe fmegomgsal allyl b2 ysed.ymer segnent s
per active agent. For exanple, the product m xture can be purified to
obtai n an #éflage ofThepglieriareigenimseshie preparejthacoppgie ik compripes leggient
(e.9., pol ypepiitdShble Hafmet Aot Pzl e g8 tdiRf fifhel dGirdiiritabs
conjugate reaction mxture wll depend upon a nunber of factors

i ncl udi ng, relesse efthrroniugate famedihersfipmr Foraxanple.grcopkgatpbavingarelativsoy ed,
the particyghe1ael ;a}e%aﬁlggﬁ}%parémoﬂ%blsq%%&@%eﬂglapﬁg!e.eagasui@mrtzbe
residual actrvity and in vivo properties of the individual
conjugate(s). [01621If desired, conjugates having different nol ecul ar
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W | ebrand Factor noiety useful for the present invention includes
any protein that has the same activity (although not necessarily the
sane degree of activity) as native, human von W1 Il ebrand Factor and
i ncl udes XY 2908PRE6S%F native, human von W I | ebrand FacP6FUSIHEIGEA2Ng
t he nononesdtedaddrcttatidn pﬁar ioGeIEz(zE oBthe bigt ugent msmrshei cnnjbgmke and (b)

C\? lrrlt)rerltj):’;lngr%&czéﬁf aby J,”é ,Euvo clearaxgzg g‘hgﬁ%elmeai’l% ‘%?J; om I lconju at?eu Of release
deri vati vefrom lthcwhnyngzita) Ihlmw&eﬂhaﬂhetmj\@steaaﬁ:alatwelyzfast rélease Fea; thon the
VI, thevnW | ebr.and, \Fact g formthat is not

bi ol ogi callfyy“?ié_ic reaéentwouldhtgju‘fa ael eeruﬂril eecrusfWcl that the pr esent

| nventi on @RgAMPASSQReflL bEALANL, Ls%yga@isom Pyl @ o1

noi eties t used i n conbi nati |t|on usef ul
for the prwsagnt teREGHypically vapprisses u@ebedpfmfbﬁﬁzmrmmr[@r (CHe¢HA&Dent

derivativeg, rpa j@n&ﬁf&%@% %_EG‘?% ,}4&30'% Héahm@o&% aégcr' Mat inges

not bIO|OgIC tive ically activit von
W | | ebr andnrehst @frreminmlym@:&ndﬁb)@ﬁwb‘a'stb‘? adsaript T dPEH D" i Thussither o

assays (Turgeal( ally £401 At on€ B Hor Fi’h@ rowh'FngQﬁgE o 2L Qbout 60) -
Crg ct g}as

The ristocetin or assay is 88 utination of fresh
f or mal i n- f $408cdfrea ahont @wbplﬁdé%érowbpmoﬁmabmt@ & fiomepbertd P9 19 abputt he

presence 0378 ﬂ?&x‘?&t‘ﬁ}uf‘d&% bRkt X030, f\%h E@QE a1, El%% PJ30264rh Xl&dhi/tiso'ﬁbe
degree of platelet agglutination en s on protein

200810826 68PaTyo8& fvard %@Q@w@én@téﬁ 5@%@%&3 wﬁovat@%é@e’r@auttﬂﬁot he
tur bi di met iGpHR LA frof-aBout 7@%%&&&3@%&9@5&gmta%ut(zvm #omabalt-
(1973) .1 din. Invest. 52: 271 Macfarl ane etal. (1975) Thronb.
Di ath. HaePRSrte hb°“3%73§0961d§’(98§ aboqtﬂe?@é%mt h940n &ar any eiisa pelymer afich

bi ndi ng asaeﬁmzeemxc\bmgtﬁ iN@SRA, 0B pbsibRAo uGEhHA :ﬁguurmﬁe @wepeah@ unitg 1986)
Thromb. Res, 43:303-311; Faval or.0 (2000) Thronb. i

83: 127 1356- A hbxqisidinghe tB‘Ph‘t’"égli‘"é“’E’B@tfé?JeWaEWe‘tg? ﬂrepaynnr by ®E1 agen.
The pr oposg@lewﬂ@Mghkgﬁﬁ@@gmﬁagh@ﬁmﬁ@l ety is bound to the coll agen
surface and subsequently detected with an enzyne-| abel ed pol ycl onal
anti body. [bhe7]l ast Ehdpwvdta-sbhble pulysier @ typidaRpbibéompatibeeh can be

phot onet ri caII noni t or, with ap. ELI SA reader. Suc hods are

oot ol 1 or SRERPRItG THLStREH OP P EURHISEACPEP R FURIYST borh t he
noi ety it Skibéonipatitle tfhl&rt&ﬁeﬂcaﬂ eﬁembeeSou&ed“%uae of\ionsulitdnce bbsenst viaCt or

noi ety') as ] .as e corres n |et ugat e.

[ 0168] Von W&%‘g’g‘ﬂ © R8BI Ig %%S%efﬁnmm t}lss B%gé pol yrer
conj ugat esadrigisiraion ¢ Lytibnt) anwelgkfs aap deletetiouy leffeqtmreedsaecﬂ tyra olinigian,
v e ARABRRS S b b O SARAAIDY DR SPRMIM BT ey
neasuring tirsunpbenicifiosl of iretbstacodloteive with apatya sebstanerin Wiinkdion auidl
Factor, ang_. I in
Bxampl es. o RIE0E ot PR Eh Bttt (P 30 (iR AT o5 B2
treated w arhinammomsonsn}swdumd, bt suddre i¥dohseds an dedRaedichnicaliysigaifizent

W | ebr and
bt e xed wRTReE et 6 s nf 16 paThIh TrBiol TRl W B e
Fact or ant pgjemerp é%emk@dép@mraw@uﬂe@m%atpﬂi dMVE%mwtmpmqrwg time

poi nts. bid k Q FaatiRmubddehicdef i cient mice can be treated with a
bol us inj ect‘?‘g1|l )t Fact or E\ﬂ +é,e gr a von WI Il ebrand Factor- or Factor

VI -vat er (598 ubl e RPoNETBrn @sem $38 benonBAG PRELOK liddal polhdritGRihated el S
are rreasured in plasma sanples at various tinme points. Von WI I ebrand
Fact or ant P@Eﬁ“‘h‘f’i@‘bﬁ’&"éﬂgmﬂsl antigen can be neasured via ELI SA
assay. [0169] The von Wl Il ebrand Factor noiety includes plasma-derived
von W1l ebrand Factor andHOeCK;dH,00H,VHO)WCH,EBkL®H Factor. The von
W | ebrand Factor noiety may be produced by any nethod known in the
art. One specific exanple is disclosed in WD 86/06096. [0170]Wth
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del etion corresponds to one of the region between Pro | m and

Aspi 582, the region between Thr778 and Prol659, and the region
between Thr778 and A ul 694. [0173]Wth respect to both the von

W | | ebr an®Fa@$/R2668nd Factor VI noieties, biological PGT/HEINT&6522

f ragment s, wighedi© toh' Pfypi¢allyi ramtes fromubsttd hivnt QOO0Y prefepddlystren atawao2( tbabout
variants of any of the foregoing that nmaintain at | east sonme degree
of the desi¥®d von Wl lebrand or Factor VII| activity can al so be
used. [01741The active agent can advantageously be nodified to

i ncl ude on@12 nor eTlrrbave prdyraery adpiadorasga siihytroaglpoli sthylenaaiptad), canbsi ne,
cysteine [N L i i h

the. pol yraepiegneR iEhil A o RGCHRGIOH BhR R Bt 5 8 L PR Rl
Techni quesrepresentitiel follgwmgistrectureliwhitr esi dues are wel | known to those of
ordinary skill in the art. Reference is made to J. March, Advanced

Organi c Chenistry: ReactionsgcifeshoncamsLendcehedsture, 4th Ed. (New
York: W/l ey-Interscience, 1992). [0175] The active agent can be

obt ai ned fron1ELQod- i yed sources. For exanple, Factor VIII can be
fracti onat ¥bFT§ At W“%Fi?ﬁ@’using precipitation and centrifugation
techni ques known to those of ordinary skill in the art. See, for

exanpl e, VW0tXEr hausénothargiig)of fieaorsfonkiuot PEG 0#fd46 1 Beseménvertiont er et
al. (1976) SES| o6 . AV/E

i sol at ed f?o@ngﬁ?n%ﬁbggggnﬁfg%yt es?’q%g’gwggl% ttg{{%s‘}sé% thg?'g?@k %@%ﬂhoxy
Haenat ol ogiravy, Bil¢ the ofheHeminys:ig 7 fydrgp] srpan 78k Isaucerd iof nBRC it gikenact i ve
agent can glsp be obtained fromreconbi nant nethods. Briefly,

reconbi nant mnet hods i nvol ve constructing the nucl eic acid encodi ng

t he desired pol ypeptide or__fraqgnent cloning the nucleic acid into an
expressi on vector, t r ansf 649 2§HH%§FH53#$)T@3EC?TbaCteria, yeast,
or manunal i an cell such as Chi nese hanster ovary cell or baby hanster
ki dney cel Wwhere anfjlisex pesesiwtiaoviche nucl eic acid to produce the desired
pol ypeptide or fragnment. Methods for producing and expressing

r econbi nante1pAl Y PEPhAe Smic of bhhdhed BEG iBIRLIRK ALHAL b ARGBUKATYS! | ©

host cells are known to those of ordinary ski inthe art. See, for
exanpl e, UP&ent Mgt H12,498. can 2Be Be uspd as @@Rﬁépcrlﬁ@era&w exagplenBEG cgn have

bi ol ogi cal hy RAcki-¥e agents are nmeant to enconpass, where applicable,
anal ogues, agoni sts, antagonists, inhibitors, isomers, and
pharmaceutically acceptable salt fornms thereof. In reference to

pepti des and proteins, the inventi@ﬂhr57intended t o enconpass

synt hetic, reconbinant, native, glycBsyCated, and nongl ycosyl at ed
fonts, as well as biologically act'MggLéagnents thereof In addition,
the tent WD 2008/ 082669PCT/ US20077 026522 "active agent" is intended
to enconpass the active agent prior to conjugation as well as the
active agemhertinesi due" foll owi ng conjugation. [0178] The present

i nvention al so Jd/ng hﬁ%&ﬁybat@émﬁﬁuﬁdne@denwr%%@& b BerGRREdn Sk B@thexy
conjugate as provided herein in conbination with a pharnaceuti cal
exci pi ent . Pasdylens glycohe conjugate itself will be in a solid form
(e.g., a precipitigh8dnreabllChoie@NsubIP asi® HRINE O SPRA batkBHe! Al €
pharmaceutical excipient that Can be_in either solid or liquid form

[ 0179] Exenpl ar yP P epgreactipinkgess- i & psigEed srpRofmpen Hhe trapshed PEG

sel ected ff,ngng,hgamgghggppoqﬂagglgﬁej gD liseriR@ay gl es, inorganic salts,
antim crobial agents, antioxidants, surfactants, buffers, acids,
bases, and[@ezpi nat IpaRitidacthePEG chiddobiplife £iarked PEG! aineexstipll ofistrée or

, deri vat d h di. t | doni id,
cstr | 11 eanethgad SamPEY Sresied by kg o ocent as an

exci pient. Specific carbohydrate excipients include, for exanple:
nonosacchari des, such as fructose, naltose, gal actose, glucose,
D- mannose, sorbose, and the |ike; disaccharides, such as | actose,
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sodi um chl ori de, potassium chloride, sodiumsulfate, potassium
nitrate, sodi um phosphate nonobasic, sodi um phosphate di basic, and
conbi nations thereof. [0182] The preparation may al so include an
ant i m cr oBYQAPOOZYEKE® f or preventing or deterring m cr obP&I/U§EHIES22
Nonlirniting exanples of antimcrobial agents suitable for the
present invention include benzal koni um chl ori de, benzet honi um

chl ori de, benzyl alcohol, cetylpyridiniumchloride, chlorobutanol,
phenol , phenyl et hyl al cohol, phenyl nerREG-KeC-Hi trate, thinmersol, and
conbi nations thereof [0183] An anti oxi dant can be present in the
preparation as well. Antioxidants are used t% prevent oxidation,

t hereby preventing the deterioration of the conjugate or other

conponent sy pfeihhe R SRR aueggd?d ShiintzAi0 L,ﬁaa%weshﬁﬂgtgfwbm CHbylhe

present invention in exanpl e, ascorb mtate, butyI at ed

hydr oxyani ghsineof aismsyr defimed lepgth o Bharhamoss e@mﬁn@w@@ 7/ formged groups fo the
hydr oxyt ol pgfing R8P NERRBQE BUSteAElith gr@ﬂiﬁ&ﬁ %a?%ﬁﬁﬁ%g )C()ﬂor exBRBRYAlky!

gal l ate, sodiumbisulfite, sodium forml dehydé su | at e, sodi um

met abi sul f Fians, el chainsoesivachadisartideshats and M@J}anowhemﬁ  Hr Patery Noe

present aseagm, BACHiIGE vanEefsefaHJeawG%uﬁ&a@; @Pivte dMiSd AR prEhiRLBA]L €S,
such as "Tween 20" and "Tween and pluronics such as F68 and F88

(both of woisd) are aﬂapt@bblgmtehﬁﬁv Bhphse Muadint ﬁ]iﬁ\ﬁﬁﬂechﬁ\ﬂav]iﬁg SB3ve

sorbitan esters; such a sphol | | ecithin gnd
ot her phospHERS WLE&@F%Oﬁé'scovﬁlﬁ{S@p%ﬁ%g foag ﬁ‘ﬁg%‘ﬁérﬁ% H\Q?% ‘g‘ E"d’l‘? the
pref er abl yemiaif thelPHG ¢h@momad pérﬂﬂﬂf}eacﬂiﬁg&éhp&ﬁdrﬂﬁ: afifled Rithey/PIS Higdcqy or
st eroi ds, ﬁCh as_chol ester‘gnabs @q@he' ating agents, such as EDTA,

zinc and olff&h & AR IRRie % T §B¥B5] Aci ds or bases may be
pr esent as exci pikent..in. t repar.a | es of
aci ds that (ﬁgﬂ be ug%a dlmr?f:lltougc}}e aﬁ%g'ggs»cg%ﬁd srmssg(% %{3 wa tﬁﬁoherg? gr oup
consi st i ngpdyménid hephlyoriicreagantcanatse bt prepaedivitipbresip nord wealor cbleasabterl c
acid, mali ghleroac |ca
o aci A e BBhtn 3Rl ing Bl ) e AR Loeslibef L BHER0 R RafFbibng
acid, and camrﬁglpmneéwghtaherlmbdges B«h‘fmﬂlmrdiatmlsmh@t@ Hydobsisi ﬁskshﬂd\el
wi t hout | i f [

sodi um hydea i B R LR R il el e RS bl BB
hydr oxi de, Wallshfonl um acet ate, potassi um acet at e, sodi um phosphate,
pot assi um phosphate, sodiumcitrate, sodiumformte, sodiumsulfate,

potassium sul fate, pPPLEKY,WRJ-UEAt-e—andpeaidhpat engsd.her eof
101861The pharmaceuti caI preparatl ons enconpass all types of

formul atio nd in Iar th re sujited for injection,
e.g., pomﬁlﬁé t hat Evéfﬁ K e Legmégg%&‘?fuifé ag‘ﬂ%ﬂﬁ@ﬂ%&“ & and
sol uti ons. withia aépﬂlyumt baakbonb dnahede) capahate rkages, indidedinkayep tegaltisg, far rred
bet ween t he ac a nd the I escri be er ei

commosit 1 orirl o SHein @R ainih® sRPar iR ¢ Ly €% Llalphprer
optimal |y Bepeint B8{afea3)] gmbphjtcesteldtkaye fdosd M’ﬁmplh@y@mﬁmdl on is
stored in a1 iwuﬁj a Eos %?et r&%tgaﬁﬁ%%azﬁgﬁg%(ag?s qugh arfi, tly%ﬂ@ fI%\ B’by reactlon

phar maceut i ¢ prep

t her apeut i ofd lhyylraefdbemd am&iedgkea@&hllﬂegdehaeammligmed bertaiohy by
repeated a r cre S|n nts of th nj_ug {.n
order to dgéﬂg?ér?lahéﬁ V\}}?%g ﬁ% Hount Opr 0 (?fgegp %‘aéisltﬁﬁt &al re"&"@#’r{: fied by
endpoi nt. [oadBibThecmnondte efd Wohddmdduadagﬁimd bm an amint g@up, e.g.,
conpositio L Di ent and
particul ar Qtr?\géelc]i OtYyr?ge(?g‘%Hq!%glg i%lﬁl a@%};é‘f}; gﬁl}lé&a%ﬁthgop (feén%a rpgﬁgﬁlﬁ
any i ndi vi HnlaBeSéﬂqulf@ntrewgomef, egnk RBEG Wlthrad@rghﬂavi tatyianate group and a PEG

ambunt s of TEHE" BeR Bk X(fgéﬁ%?f‘a’gﬂﬁ?l%%ﬁ’%é%" R Rl R OO

stability and other paraneters, and then
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described in "Rem ngton: The Science & Practice of Pharmacy”, 19th
ed., Wllians & WIllians, (1995), the "Physician's Desk Reference",
52'd ed., Medical Econom cs, Mntvale, N (1998), and Ki bbe, A H.,
Handbook dY0 PH&P#EPeuti cal Excipients, 3rd Edition, AmBETIAN07/026522
Prplar maceut PEG,: and\a 386631 pRp o M}?ﬁeb%dh@hx@ﬂhhg&lﬁeou&ﬂﬁﬁageﬁ 05196 By) €or ¥

phar maceuti ca aratians of the pres i nventio hca

B Ehough nBRRIRBEaPRPIOL ouR, S ARt TRL" P F £Ber B G iy 83up &

t her ef or e gesigpaldeptidid. qui d sol uti ons or suspensions inmediately prior
to administration. The pharmaceutical preparation can also take other
forms suchl0486]syr up$t,is anrdeatvnd bpihnsenafotdinary edill mtths arpibovdier tsom and t he
like. O heE lg@@gﬁng %l?{co X d@t&t %p‘%sler?tgoﬁrnﬁu&l %ﬁ tﬂqu(l} 19115 O§B€Eecal

pul nonary, ermal®, "transnucosa ora intra

subcut aneopgs7i Ntra b [)Qﬂz%]df%% iR &L&é
descri bed, Hﬁge} conj Egé{eggb@lgﬁw%gm%%eﬁﬁstler%d par ent eer aﬁgg % ssion
i nt r avenousorceriag substantiadly Wates-solpble balymbss 5 HYWOIWFW@@UYWdGﬁ’mWI}’

subcut aneoygsil,E Caﬁd E't allgh afnﬁ:hl: fhafeRhITHAVRLS tﬁ@qﬁaﬁﬂ@sﬁie&%ﬁe@ﬁfo@@&r@r al
admi ni stration inclu e ready-for-injection solutions, @rég;oqmpers f or

conbi nat i ofPnjgniiated. sf‘cslureiﬁerq@muﬂmte% wates-soluble pelimprd refers b lecule

i njection, ;dif 4sRAkdR S GAHRATHHIE Rhindr Hat Eé%@éérf‘ﬁifaé}féﬁ td"érifoﬁleﬁm}!%@' cle
prior to use, and emulsions and liquld concentrates for dilution

prior to adh fellaving dessription b iyatst-priyble pahomey 21epReliqebly eptanbiio dies o
provides ap agﬁé}meégeﬁt B Bk écsrﬁ‘ersfgdﬁamgc&gﬁaw%ﬁeaﬁsﬁaﬁya&%eaer einto

a patient suffering froma condition that is responsive to treatment
with conj uByBericTRzEC At hod conpri ses adm nisteri ng, generally via

i njection, erapeuti cal effetlve amunt of t ate
(pref er abl y’%ﬁé]ow deﬁﬁa@n L ggpupp ﬁﬁé’PH‘Ht?E&fﬁaE“é‘FS “ﬁ?‘gfﬁ&?@{ ‘ﬁgﬁ‘)“ﬁ‘gﬁ‘?e
met hod of  aetsiteld Biteinl iNg fuionBlzrotpadpdble Jf redfingAish sHQRdhd ¢rowp dffaakctban
be renedi ed or preven edhlg?{ii}egm nistration o i

articul ar
conj ugat e. *BFALS OB 51°ET° RiSprR 453 cpihamalp Emlé?ﬁfjr @Pl BYBUGhT eff
condi t i onsliaitepeith fesgec0 Iﬂjeugﬁﬁf&; fadtiondl E@Op by Bhy ad the Ainctiohbigrraptisial

dose to be adm njistered var end,.upon th
gener al cofﬁ’f’ﬁ% red O‘gl 6@5‘8@%’!5 F B%gﬁﬁté%%“gfrélf%\gbigﬁﬁaé%t as
wel | as thaxcheyecarbapaa&flnﬂch@ (Exadplbnydmcbenamgrotqﬁse:ﬁp&ﬁh oftrdsnetmgw;g-rmnt of

the health care essi.ona on
Ther apout i EArPyrBpPLETRYE GenifiioeTpat BRBIG-UEO MR B et BhShup e
art and/ or cmmumgaﬁecn\beakbpnntetshechpebt sun@mldye,flebeemeambfkumldamb

b oA e AR b SLERE DG G e
to 75 ng/d ayntroah@om endimOébreh aﬂglbq; ap nsmgtsleesq‘ ifolm f@tl‘leoagmgﬁsja@ﬂabdn Bith

/ da 10
oot o abl y TS oIS AR Rl AR S ROIFECLAAD don e
admi ni st er &uctionalgrquprdf ghteypotyimerio sgapent m@uﬂresylde@em@pm erthesdne
j udgnent Otorﬁ&ﬁexﬁé 'hxmélu Saar}ele%ﬁaggar 6fmt&h ient, and so forth. The

speci fic dosing sc nown y t hose of ordinary skill in

the art or g3 be d%&%ﬁhx@%@lyﬁf&ﬁ@?&aé&&tﬁhww%Hﬁ&;sEéali!ﬁ ht@erMRlal0@S -
Exenpl ary dosi ng schedul es i ncl ude, "W t limtation,

adni ni str aﬂwarberrwfterﬁ%‘sat Hh%vereq%erﬁlsw i§wet specafisplly shommdn ppnieEmyacday

twice dail ¥y suQBGRs @tﬂsemer fdi'B%Sl?m%hd@&eﬂ@@dﬂjﬁgatetWaﬁ?oﬂ‘@ﬂ%hﬂula&nce
weekly, tw ce month E%e nont h K’u and any conbi nation thereof.

Once the cPyYsHER) th%ara’wr% rRyac HSucsER C@vearplaérdm@meﬁonterfeas well as

conposi ti 0Borhgostliohd &ﬂ}pnaagé-%r'&s df2adh®nARioHRARIGEAD Akl odrldAl . Ve ak&nit he

i nventi on has been desc ed in conjunction with the preferred
speci fic efbtue tugeﬁuﬁ]rrﬁ’@(’)"f” that the foregoing description as well
as the experinental that follow are intended to illustrate and not
limt the scope of the invention. O her aspects, advantages and
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[0197] The foll ow ng abbreviations will be used. [0198]FVIII; rFVIII
factor VI11; reconbinant FVII1 [0199] HPLChi gh pressure liquid
chromat ogr aphy 10200] hydr hydr ol yzabl e 102011PEG r VW PEGyl| at ed r VWF
[ 0202] PEGYEO AB0828690y| at ed r FVI |1 [ 0203] r VAFr econbi nantPCii§2007/026522
W I | ebr and[tld@]t or 102@A&nHMiy pblyeeoeizhgeanhas Bi¢lfoloWiP@mEBRS- PAGE sodi um
dodecyl sul fate pol yacryl am de gel el ectrophoresis [0206] The r VWF
product used for PEGylation was a purified rVF preparation derived
froma Chinese hanster ovargy (CHQp cell line and was purified using
conventional purification tecLhni gues HJ] Pol ynmeric reagents were
made i n accordance with the basic ache , described in U S. Patent
Application Publication No. 2006/ 02% £09 an@ had the fol |l ow ng
structures: "polyneric reagent A" erETfagent B' Exanple | A
Preparation of vW Conjugate (20,000 Dg Hﬁg_ég Pol ymer Wi ght Aver age
b

0- ( CH2CH20) n- CH2CH2- ONN

wherein:
POLY' is a first water-soluble polymer;
POLY? is a second water-soluble polymer;
X! is a first spacer moiety;
X2 is a second spacer moiety;
He, is an ionizable hydrogen atom;
R'isHoran organic radical;
R?isHoran organic radical;
(a) is either zero or one;
(b) is either zero or one;
R, when present, is a first electron altering group;
R*?, when present, is a second electron altering group; and
(FG) is a functional group capable of reacting with an amino group of an active

agent to form a releasable linkage, such as a carbamate linkage.

[0141] Exemplary polymeric reagents fall within the following formulae:
O NH
O o ’
m-PEGO\/\NJ\/\/u\N O 0 o
H H HN
" \—opEGm

G(R")R*(FG)
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.1,NH-VINF O (wherein VW is a residue of von WII|ebrand Factor)
102081An appropriate quantity of VW protein solution was thawed
(using warmwater of 30 C) so as to result in a protein solution

havi ng 60 WR2ZWR 0§36t ei n content. The protein sol uti on REYUPHAVEE 22Nt o
a new sterilized 400 nL di sposabl e p&F) r NPyl ene beaker. |f

necessary, the terrperature of | ution was adjusted to

22C( 1 ©O. If soI tr@n-\ |uted with a
solution [20 M%E%ES (pH 7. %} ﬁ@vv sucrose] or

concentrated to ensure a concentratioﬁRdﬁzﬁh@5 ng/ mL 0,88 ng/ L. A
sanple of 0.2 nL was retained and stored at 4C for |ater
concentration verification. The protein solution beaker was pl aced
under an overhead stirrer, wherein the inpeller was |lowered into the
protein solution approximately 3/4 down (i.e., "A fromthe botton
and the inpeller set tp gphglﬁngcgt 60 rpm (2 rpm. In order to
prevent contam nation as nuch 3 bl e, the beaker was covered.
WD 2008/ 082669PCT/ US2007/ 0265 vent y-five nol ar excess
(relative to von WI I ebrand Fg r of 278 kDa) of

pol ymeric reagent B having a to aI r wey aver age nol ecul ar
wei ght (i.e., the sumof the wei ghtgaverpas nol ecuterecaei ght of each
pol ymer "aint) of about 20,000 Da was wei ghed and placed’into a 50 nL
pol ypr opyl eheexﬁah e@h utstahee () ida Smodonelkring capkdiernd réctidy] v anjamizm

amount suffi ci en a 5% (o] | wit ).
Opti onal | ygm?%o algéﬁﬁwea i il onmtl:?aﬁe égbléeehﬁ’g% 1‘%‘5@% {gé%apg%%gk%gﬁn
bench top mearntorgaﬁmgsilcEQlanri)E?eertahoi'gahmleﬂrds:afor 50mL Fal con tubes, at
1000 rpm) which will result in a clear solution collected at the
bott om of A&t ube. SsotberpnemplanyipelyPED: oantsihaye thasnersied, it was
punped via a syringe punp into the prgigpnssolution at a rate of 1.5
m./mn (90 nL/h). The tube transp ng the PEG sol ution was placed
in the beaker such that the PE@ bon was fed into the protein
solution at the level of the inpel Her&after the protein
solution conbined with the PEG sol C'?r"e‘lf@rred to as the

"PEGyl ation reaction m xture". Re§t| G of gt he PEGyl ation reaction

m xture was continued for five ho with tenperature (22 C 1 Q)
and pH nonitored at intervals as reqW [ 0210] Fol | owi ng five hours
of stirring (the pH of the PEGyl ation ré’gb\fron sol ution should be 7.3
0.1), 14.5 nL of a 0.1 Mglycine solution was added (at 1.5 nL/mn in
the sane way the PEG solution was added to the PEGyl ati on reaction
sol uti on) waeremmw Ponrrr‘nP@Lgr yiSi, BA-R ORt, Bl m(FGPEGy baviously defmed,iand

t t l. t
T 1, o A LA P Bl 2 4 gy g ot i o
I
oy 0 CoMRT 19, S I R0 88 4 iR

for anot he hou ours of stirrin ,

nm. sanpl e was renoved and stored at 4C for protein determ nation.
[0212] To purify the conjugate W thin the glycinesa@ntidnineH,
PEGyl ation reaction m xture, the glycine-caqt i ng PEGyl ation
reaction mixture was diluted with 3 glysi cB*hthi ni ng PEGyl ation

reaction vol unes of ceolcuti.omr AP0l W" gdium ditrate (pH 6.1), 0.5%
w v sucrose] to reduce the NaCl concentra '%@)W 100 mMM and to

di lute the unbound free polyneric reagent B |l owi ng dilution, the
gl yci ne-contai ning PEGyl ation reaction solution was m xed wi t’h gentle
rotation (swirling) or mxing wth an overhead stirrer. The conjugate
was purified by cation exchange chromat ography on an AKTA Basic
System A MIIlipore Vantage 44 mm I D col um packed with GE-Heal t hcare

SP-HP nedi a. The packed bed height was 100-105 nmresulting in a
colum vol ure of 150- 160 WO 2008/ 082669PCT/ US2007/ 026522 ni,
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[0213] The basic procedure of Exanple | A was repeated except that

pol ymeric reagent B having a total polynmer wei ght average nol ecul ar
wei ght of about 40,000 Da was used instead of about 20,000 Da.

Exanpl e 1VPrWp8%268% on of VWF Conj ugate (60, 000 Da Tot ECTO8R09FRI6522
Wei ght Average Ml ecul ar Wi ght) ("Lys 60ngt;, ‘@W)'ﬁ‘{%??*t’ﬁ%e basi c
procedure of Exanple | A was repeat ed exce pol ymeric reagent B
havi ng a total pol ymer we ht aver gge Iar owel ght of about

60, 000 Da was used iHt&d876f 48 Da., anpl e 2A
Preparation of FVIII1 Conj ugate (20, (5'00 Da ar | ymer Wi ght

Aver age Mol ecul ar Weighty ("Lys 20K hr | ong" :
0- OH2CH2- ( OCH2CH2) - OCH3 00 CH30- ( CH2CH20) n- CH2CH2- 0. -, NA. 11

... 1(NH-F VIIl (wherein FVIIl is a residue of Factor VIII)

[0215] FVIT1 protein solution (3.23 ng/nL proteip %;_g&mw-@@vz@m@ms
qui ckly thawed (using a warm water bath at room erature for five
m nutes) and, using a 1000 p.L pipettor, ap fmately 3.1 nL of the
warned FVII1 protein solutionjwas plage na. 50 L coni cal tube.
[0216] A 42c&o@¢@|§o)nrcagdupo(/elﬁ\t)wt or Q1) of polyneric
reagent B (38 ng) having a tiot al pcﬁ ynmeri yepglit] aver age nol ecul ar
wei ght (i.e., the sumof the weight averag ecul ar wei ght of each

pol yner "ayni) of about 20,000 Da was placed into a 2 nL

m crocentrifitge tube. The wei ghed polymeric reagent B was suspended
in 500 pi- of 2mM HC1. Pol yneric reagent B was sol ubilized by
alternating and centrifu the Img¢rocentrifuge tube over a twent
second perlgod CHSO*C“ﬁc“ZO’"%H'-?C heies ? Y

o]
o NJ\/\/KN,VO-CHZCHz-(OCH2CH2)n-OCH;,
H H

QDIO

o

1 O R
/\/N ' NJK/\)’LN/\/O-CﬂchQ-(OCHQCHz)n-OCHa
G H H
8] o

&S
Py

CH30-(CHzCH30),-CHyCH-O

H
N N
CH30~(CHzCHo0)y-CHoCHp-0” " 0-CHaCH{OCH;CH,),-OCH,

H
CHyO-{CHaCHy0)-CHyCHp-0 =0
o N~ O-CHaCHOCH,CH)-OCH
QV H
B

; and
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[0217] Using a pipettor, the solution of polyneric reagent B so forned
was added to the warnmed FVIII protein solution dropw se over 10-20
seconds. The resulting m xture was mai ntained at roomtenperature
(appr oxi maY@p8ps/o82e89 f or one hour. At the end of one hoBET/USHIOHP268R2 g
0.1 Mglycine solution was added to thereby f a gl yci ne-contai ni ng

PEGyl ati on reaction m xture. j \pae] pl aced in a 500 pL
m crocentrifuge tube and theh pllaced i\ﬁaa =

freezer. 102181To
renove salt within the glyci C H\F"ai nfng "BEGy| ation reaction

m xture, a 5 nL H Trap DeSalt col unmoness+presequilibrated with 20 niv
hi stidine, 10 mM CaCl2, WD 2008/ 082669PCT/ US2007/ 026522 0. 1% Tween
80, pH 6. Syvherénder echustiucturestnddy edch ésende] (n@isvipdependenly anlmgeger from 4 to

gl yci ne-cop%oﬁi ning PEGyl ation reaction m xture was | oaded onto the
colum and Tractions were coll ected and pool ed. Protein-containing

fractions col | I ! I i.ately
pl aced in }éﬁé‘ﬁandar ?ﬁ% ﬁ%ﬁcﬁg&%g%&%‘?g’%h%?& earn?, ﬁg‘q‘é%'%gﬁf e Wthin
t he gl yci n€omseaveatlyn pynthePEc) the polpmenargegents fs not hmiieddo thespecific technique or

gl yci ne- cont al.mi a4 PEQUL ahbpiheaction mxture was diluted 1:10
sol ution ATT20 mvlﬁrstl d?‘lﬁfé, T6 mM caCl2, 0.1% Tween 80, pH 6.5]. The

conj ugat e p@agsjpurif if&e?ﬂeﬂﬁﬁ%x‘ﬁe}ﬁﬁﬁ%ﬁﬁfﬁﬁ&g@dﬁtngé'faiﬁﬂ reﬁ:{}izﬁ!heAKT A

Basi ¢ System The columm used was a L H Trap, Q HP colum (system
and col unmeenitgRitdspribed dersinphrencihod AYMRIBAH (% PRVIAEIES) dromfic s
verified byoleRSchf f bt MABHTeRd site)a SREAE at@UkERsitPiRd\ @ lob@Han@irgas hi ng
wth MITi-Qwater, or, purification buffer). The cgj umm S washed
with 10 ni2@ehrat site g recuns afuprtiops groyp s538ent HEh fhedis eHCOmEm Sthal

col | ect ed ieBulbinithd-firka@8dhinRAsite BELInER BincSorRN@ 66 dapaile dfQtactiftewith an
purification included sqolution A, so]ution L?Ll%(g rri M hi st})di ne, 3.0
MV CaCl2, BMgEHRahagsuveager agd repulfnateiegsable finkasesuch 35 a coppamale: go
vvhler ein tlh@) RRBtidgQ \Wna&elfwa@?mer bestinga ﬁa@ﬂvagﬂoeﬁhﬁvit? ﬂqe@aioumwamgmof 2
col um vol unes 0 m) of solutign A was run. The fol.low n radi ent
s sed: | bUR HiRe Pabarb et i hee keI LB, o
step to 50%ahmé&nkitd beringth witet sambleglolyrer hasighl 8 @ghcermabidre b @ipthe 15 nl
(the peak ) lected in.approximately.2 ni fractio and. were
Storen on oy bt sE0EGH Rt it S P B S s
used and helrghghaspdoerthoietgnth someaddskapcesa(bpis ppridrmed béfore 084 ¢f) whilk it atlem B
in the nobile ‘ghgz)e vas ugf@efgn%h d for 15 nL. A typical separation
profile i s"ﬁ?ﬂg raed® Be 0I‘irlngure Ei\.pﬁj'ZZO] Protein determi nati on was
carried ou t haw - i ifJ I

sanpl e andiofggI uL/ Vn\q_ﬁg?’ %@%ﬁlog}f?%répg\%%%éggﬁcé%& %’ #ﬁ%&ggﬁeﬁ% s(a)at
0.2, 0.5, @w7Eingrd atonBtipggnidinipg mpiett kearing 4 firsigliachmeaipdie.adecdr each
run (sanpl gmg%aﬁgﬁmd aRoptRihi tﬁja&ataeme el @ dhe cotleRoks Shikie

appropriate substance was placed in a clean 5 nL tube and 1.5 mL of
Pi er ce ProPrepaaiinssiajs uReerserr thitBpevidingBp swestmetapylp obridhe migsia (& d

L) was adggd, tid RenkddBmadnd ob@mirzQl domiRsbidtl). MAXbRehpRly drbGafont ent s
of the tube. After !ncubagl on for ten mnutes at roomtenperature (22
C), the conewsitiss Bpricyatd ihEEEIvVaErRRoedHO-hedraiymsthybdédisgprilugreas.éf  at
595 nm [ 0ZLIARRkySi s via ion-exchange chromat ography was carried
out by placing a 4.6 x 50 Mni Q colum (CGE Heal thcare Bi o-Sci ences
Corp, Piscataway NJ) on an Agil ent hr omat ogr aphy system

(Agi |l ent Technol ogies, Inc., Sant B3 y, wherein WO

2008/ 082669PCT/ US2007/ 026522 i ferk_isNgane as those used for
purification and the maxi num fl ow ratejused was 0.5 niL/mnute. Thirty
mcroliter purified conjugate sanple (&r Factor VIII as control) were
diluted with 30 pL of 2 ni M HCl and'ﬁ aced in an HPLC vial with 200
gL. The follow ng gradient was used: for tine zero, 0% of the nobile
phase contained solution B; for tine zero to two mnutes, 0% of the
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200 nmL of deionized water. During the hour period, several changes of
wat er were conpleted. After the hour, the gel was analyzed with a
Kodak Gel Logic Scanner system (East nan Kodak Conpany, New Haven,

CT). ExanpY@20989826¢%par ati on of FVIII Conjugate (20, 00BCBAISE7/836522
Pol ymer W\ejogén) Aver alie ailagetdrddinideingletyl, 9-hYdrygsymidih¢!1-Dy7-diomgofluorene, is
resynt hesi zed" 2231The synt hetic oced

repeat ed. ‘)"Blﬁl[p?w WY tFecoPRESBLE u?‘é‘“ H&w agad]?’er%ngesn%ﬁ}%éo’iyﬁat
sone di ffeg:eﬁpsﬁshd mpdshﬁnmﬂatdﬂ’ﬁﬁglbﬂpsﬁaeatcbbfﬂh R land Apositiona sTielrsenaried

bet ween the resynt hesi zed con

ugat es_and , t.hos |l e 2A, which
m ght be. oSBT HRORY Phes HiSBugRy B P bt SRR SRR ods. s
i nvest i gat @dydryxiagecyi7idahinelstenk, ntlagossibtlweuwthe dibydrochbridefopmer i ¢
ea0en B BEIRLOSH BoB e RS BRLRLAR RARLE AL ERRIAL! o ©
Wi ght) ("myshaéﬁkorbacbmgfb)alsupﬁlim:ﬁhe ba5| c procedure of Exanple I A

was repeated except that polyneric reagent B having a total polyner
wei ght aveltd¢¥ nol ediaviag preidghthe gforghogentigng moieyaangther sieei thaymeteedd

of about %9&19@%@9@& @&néoarﬁﬁglrs%mb%o%el;%]a%g Qﬁaw?%wa with

(40,000 Da Total Polyner Wi ght "Aver age Mol ecul ar Wi
hr long - thesyavhmentisite(g) on mm@sqsrpwen@ylmgﬁmw Berscay aﬁénwn mpmpb e ZB

was repeateqanéémga%remlﬁmg paagmmeoper&my&ecm Btes bh gis@s noted
that sone differences In the ymer to Factor VIII ratio was

observed bepme%cqnw@m@eylﬁweebezwd enstihugathedis apidinird dethe spesifisinpl e
2A, which glLohin bﬁ‘or%%ﬂﬁ;ﬁé aﬁgmm-rééaevm Qbecttisfah RLLBLniARGA Y | cal

met hods. As i nvestag%at ed bariumi odi ne staining, however, no free

pol yneri c péegeminagdreRRg, rﬁféeeﬁi forgrymBlarfoe the maeteqndﬁ N-hygpxysucemimide
2008/ 08266 xR Al AR IE e HEXGOR)(81,48€H,COOH with dicyclohexyl carbodiimide

(BCCQ) or diisopropyl carbodiimide (DIC) as a condensing agent and optionally in the
presence of a base) can be reacted with an amine bearing aromatic-containing moiety such

as 9-hydroxymethyl-2,7-diaminofluorene.

[6149] In some instances, reaction of the water-soluble polymer bearing a reactive
group with the aromatic-containing moiety will result in all possible attachment sites
having water-soluble polymer attached thereto. In such circumstances it s necessary to
remove at least one water-soluble polymer so that an attachment site is made available for
reaction with a functional group reagent. Thus, for example, reaction of the N-succinimidyl
ester-terminated mPEG discussed in the previous paragraph with
9-hydroxymethyl-2,7-diaminofluorene results in a mixture comprising (a) a species bearing
two water-soluble polymers, one at each of the two amine sites, and (b) a species bearing
three water-soluble polymers, one at each of the two amine sites, and one at the hydroxyl
site. Here, it is possible to remove and collect higher molecular weight species by using
size-exclusion chromatography. In addition it is possible to treat the mixture to high pH
[treating, for example, the mixture to lithium hydroxide (LiOH), sodium hydroxide
(NaOH), potassium hydroxide (KOH)], followed by ion-exchange chromatography (IEC).
In either case, the result is a composition containing mostly

9-hydroxymethyl-2,7-diaminofluorene bearing two water-scluble polymers, one at each of
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Preparation of FVIII Conjugate (60,000 Da Total Polynmer Weight
Average Mol ecul ar Weight) ("Lys 60K hr long") [0226] The basic
procedure of Exanple 2A was repeated except that polyneric reagent B

havi ng a tY%@ a008886¢Arer wei ght average nol ecul ar wei ght PET/UARSY/926522
60, 000 Da thaswuaeile sikest aldrdifydalzgisite 20hGEF abalabExamnpdcgoBaitiPs &patiakl on
of VWF Conj r%gg;fg%glﬁo 000 Da Total Pol ymer Wi ght Average Ml ecul ar
Wei ght) (" r short" (wherein WAIF is a residue of von

W | | ebr and t

sol ut i Lﬁ”(b"c $,°ry Hend %%5 R Pl re g og AR CaEl B m
7.4) was aMtbaémctl@at graw rs@genbdrmm@nprénmmlels torreadt theryilugrylroanipining
(relative pg MMSFQmeQI 139'&{ ok%egaﬁl%%ﬁvcwﬁér s%lum)poty%&mneaat&&mr

pol yrer vvelgt aver age’ m) ar wel e., the sumof the weight
aver age nofhedwe @mmmteg mth@ﬁpf@wne %P‘y@‘ﬁeby tregimmpn) w@h Nadwdigrysperigoolepa,

whi ch was frg8 may ﬂuﬁ&i@hé’l%%ub 'Bapzabl% o%gfng Lyitih El@i]no g\“@x% o hO¥HiYe agent

pipetted into t tion. The mxtlire was al lowed to shake
gently on & f§m1kéellca$ad?ie 1@3%@%%%‘8? 3s aa%arbﬂwmlmk%ﬁéma@waée aphEVESEt i on

was quenchegd,h¥eddedichhaiomtbe dydBotfchaikndeivetine i n water, which was

al l owed to shake ‘gently on a shaker at roomtenperature for anot her

three hour gsfihe SON4trh4¥@r WhiSh Sipkdabiefd ubdd, ﬂlheeepmmetswﬁe&fmelﬂoﬁ el of
20 inlvl I'VIES Buffer at sucrose. The ution

th 0.5 W %
was m xed W9 inEY RS S%\)(F‘Fif]j oaﬂ!aart/ﬁ@ﬁmmﬁga%f%c{s&fﬂaww ther any
over ni ght . spEBiic UAb&l RApMopydiefor @nyrge&geéwcndh iTypichiy, BOVdvel, @1t svmentlishen
renoved by i%ga WD 2008/ 082669PCT/ US2007/ 026522 exchange

chr omat ogr BSFHREPSERrPHar IR R BY AR seent THEulng ¢ %WB‘GEBfrﬂ"E]Efﬁ?’
was hc har aCE\cﬂﬁén?sﬁﬂcllhié rSRenLAGER, dibheechirdpabigmnaTHEY lz-bmw d1gphaleing 3
exchange chroma Vi n Fi A Fi s 3B and 3C
S h o e o e RrsBs Pessohfen MR ebiens. i Srox

non- r educ eetabydeifiranRsd t-—bl.&ﬁlmﬁibhd)lv Ekamplizy aolpt @radi sPivapamaltde butake nov\F

C"Lys ok b Do Gy AERRD, SRR be Ry Be uRee T oall ana
Factor (" V%}mﬁﬁimhﬂam),mmmmqhﬂa@mmm) QOVIP @jethppgyralidioosed t 0 t haw

to roomtenperature. A 135 nolar ratio (relative to VW) of polyneric
reagent A (015374 g) Owawpmappred, thetpalymeot yeageniswen brhisolated r Kuepevoradteaia kar

wei ght (i f Ve ht of each
pol 3mer( %Fﬁezllt}?lscﬁ%gh}% pﬁ%’g%BWEV\ET %%cﬂ?&}gﬁﬁ%%dd% gegl ved in
13.7 nL of cigomathvidtly, e. waszqsftxol»myn plupte@tombfwﬁdicmhrelywmddmmtthqan The
m xture Waﬁlefﬂoh g sttﬁe st tHMeg%%g{t og%rlt 1{*2 %rﬁi@d hR 1? at

room tenperature. he e ctlon tion of 95uL of

2 M gl yci netandardprt-kowmptiifi¢ptiommetipdsone be vsgdmm@@eﬂﬂzlmereme@e%aker
roomtenperature for another three hours. The solution was dil uted

by sl ow ad#fi¥¥lon of Thygolymens resggnisRIeNESIBE AT BeisHe Bhoryeen 29 arhideplly

W % sucr 0S goreii@det @h el @fndsRerd kucBds Welel arEdh @ORddr 8in®Wésd, hidW lowand t hen
was stored at 4C overnight. The unbound pol yneric reeégent Ain the

sol ution wWeESAReRRERe- 1B HY Ry, Botentally dearpaHyRPrets ShHa et ehh. fasexamnle |y o
4A for the espIReP 0BRGN drerBdRBRQFHIAR enliXehTh Somdécases, to avoid oxidative

degradation, antioxidants, such as butylated hydroxyl toluene (BHT), can be added to the
polymeric reagent prior to storage. In addition, it is preferred to minimize the amount of
moisture associated with the storage conditions to reduce potentially damaging reactions
associated with water, e.g., hydrolysis of the active ester. Moreover, it is preferred to keep
the storage conditions dark in order to prevent certain degradative processes that involve

light. Thus, preferred storage conditions include one or more of the following: storage
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Preparation of VW Conjugate (60,000 Da Total Polyner Wi ght Average
Mol ecul ar Weight) ("Lys 60K by short") [0229] An aliquot (175 nL) of
von Wl ebrand Factor ("VWF") solution (60.2 ng protein content) was
al | owed t OVQ AUHOE265% oom t enperature. A 150 nol ar rati o PETABHOTESR20
VW) of pohnderdr; ergbeagnotherir thed @s; tprahast tergpesatired telovpatoyres “Qrei ght

aver age nol ecul ar 28031?/ 82669PCT/ U52007/,026522 i i t he
sum of the“%?eglﬁfhe&ggfl% 'ﬁgtl’ %%‘fﬁ?od?gev‘v”éqlﬁ“g%stmtao ©EAC t%%l’gﬁiurt 54 %"rsar??‘)t of
about 60, 081D gaas paniiltibn)wdan itlegidey sdéhss®@HTed in 13.7 nb of 2 nmM HCL,

was slowy pipetted into the VA solution. The mi xture was allowed to
shake gent[0§54n a sfibkabové-descriited@elymetic agentspromseubiepeqniigation to 22C) .

water i SHORRRAFBGIER P RLRt B fpobirta iyl ke
t enper at ur ggehowillassot wid the fimetdonabgroup cafkide efatagtingomitrpsaning growofisp sl ow

addi tion %céi%% ? eL{% f(gln azrglegg%lygﬁvﬁgstlﬁf as@tcaIBngfﬁe fifdea th 0.5 wt%

sucrose. Ion was m xe y gent swrling, and then was
stored at fgsgver ni gt Theo i Ses DERd: ok (RObIWiaNfMRRas hen 1 enoved
by ion exchange chronmatogiaphy. See Figure 48 for the corresponding

" chromat ogram Exanple 4A Preparation of Factor VIII Conjugate
(20,000 Da Total Pol yrrsrrowéi—ght Ave e Mol ecul ar Weight) ("Lys 20K
hr short") (wherein FVI I ™ _a/;%g# due of Factor VIII)

[0230] Factor VIII protein solutfony/(3.28"nmy/ iz protein concentration)

was qui ckly thawed (using a war ter bath,dt nperature for
rgégg ﬁ@%%’%@ot ein solution

five mnutes) and, using 165 gL Jof
was placed intpa 1 nl mcrocentfifu € tebe. The microcentrifuge tube
was placed in standard ice,bat DY reflry ice as solution should not
freeze), thereby form ngor-ehkd | ed Factor VII1 protein solution.
10231] A 70 nolar ratio (relative to Factor VIII) of polyneric reagent
A having a }lota! pol ymer wei ght average nol ecul ar weight (i.e., the
sum of the™Werght average nolecul ar wei ght of each polymer "arm') of
about 20, 000 DePQIAS iph frsedatentadubde olymkerni crocentri fuge tube. The

wei ghed pol yner eagent S 2mM HC1 to forma polyneric
reagent A sol utIL:'(?)[ﬁS[.F ' ? eé?ndg\%ég%rﬁoﬁlgﬁ'ﬁﬁggﬁghe pol ymeric reagent A was
di ssol ved WD 20084 0B2EREPEFIAE2007/ 026522

X2 is a second spacer moiety;

H, is an ionizable hydrogen atom;

R' is H or an organic radical;

R*isHoran organic radical;

(a) is either zero or one;

(b) is either zero or one;

R®, when present, is a first electron altering group;

R, when present, is a second electron altering group;

Y'isOQorS;

Y?is O orS; and

(vWF/FR) is a residue of a amine-containing biologically active agent selected from

the group consisting of a von Willebrand Factor moiety and a Factor VIII moiety.
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(achi eved by vortexing the solution for five seconds foll owed by
centrifuging for ten seconds), all of the polyneric reagent A
solution was added to the chilled Factor VIII protein solution, the
resul ti ng W x408P8%%%as pl aced on a rocker plate at rooni’?@’ﬂﬁ@#’ﬂ?’tﬁ?’é
for one howis6]At t hExewdargtonjupetelbave thelfSliBvihg dtruofur@ 50 M gl yci ne
solution was added to thereby forma glycine-containing PEGyl ati on
reaction m xture. The glycine-containing P | @dricBfocke@rdaon m xt ure
was rocked for twenty m nutes at roomter ure on a rocker plate.
102321To renove salt within the gl y gnt'ai ni ng PEGy! ati on

reacti on m xture, caomwhchprErap-of § urm was pre-equilibrated with
20 MM MOPS, 10 I nM CaCl2, 0.1% Tween 80 pEwvEFe) Once equi | i brat ed,
the reaction was diluted with MI1li-Q watey (MI1ipore Corporation,
Billerica, MA) to a final volume of 1 nL. The entire volunme was then
| oaded onto the colum and fractions were Q;@:LHS_Q T AR PodTed.

Pl aced in standard ice
bat h. A typi cal chrgggtg%‘;%@%g

yec€ordance with this
procedure is provid ) (fy phewaenjugate within the
desal ted gl yci ne-contai ni ng PEGyl ati on rea®-on m xture (to renove
unconj ugat e PEG species), the conjugate was purified by cation
exchange chromat ography on an AKTA Basic System The colum used was
ab5nm HTrap Q HP colum (regenerated with 20 nM MOPS, 10 nmM CaCl2

0.1% Tween 80, pH 6.5 + | M NaCl and pre- e%ﬂ%ﬂ*z%ioﬁw%)“wa

MOPS, 10 mM CaCL2, 0.1% Tween 80, pH 6.5. The Bl ted
gl yci ne-contai ni ng PEGyl ati on reaction
colum and purification was garrigd
0- 50% MV MORS{CHIB MRPHLHLR2 ~, Oh 190
fractions were coll ected, pdol ed ald st I'n a contai ner that was

pl aced i medi ated in standard ice bath. See the chromatogram provided
as Figure 5. 102341The purified conjugate was anal yzed by SDS- PAGE by
allowing a 3-8% TRI S-acetate gel (Invitrogen Corporation, Carlsbad

CA) warming to roomtenperature, fwherein a standard curve of of

pol ymeri ¢ reagefttO-B FHORCHREACL ail concentrations of 0.001% 0.01%
and 0. 1% of polyneric reagent B ( Wndargc,@@g(@ﬁze@%@g by

pl acing 10 uL of H Mark nol ecul ar I ghtl ma I nvi trogen

Cor poration, Carlsbad CA) i‘f‘\"ﬁﬁ“*ﬂ&g@ Purified conjugate sanple or
control were each individually di ted with 30 p.L of 2 mM HC1,
wherein 30 mcroliteres of each HO diluted sanple or control was
conbined with 10 pi, of 4x LDS Sanple Buffer (Invitrogen Corporation,
Carl sbad CA), wherein 25 WD 2008/ 082669PCT/ US2007/ 026522 !l L of the
solution was then transferred to i gpated,wel | . 1 medi ately,

the gel was placed in the gel N ). @cHBOcHiiHLdces at
150 vol ts. Fﬁﬁﬁoéﬁ/\ﬂcﬁﬁ’"ﬁ’é%f’etl or of the run, the éel was renoved from
the gel apparatus and rinsegrdsfmdel®ni zed water. The gel was then
stained with a barium i odi ne stai 0(performad by: adding 15 nth 0.1 M
perchloric acid to the gel followed by a five mnute incubation ;
period; followed by addition to t e ge of 5 nmL of 5% bariumchloride
then 2 nL of iodine foll owed m)y e i ndt e i ncubati on peri od)

fol | oned by:Hnm&cmg)nmmzt:rhwd’eT‘én' T IV eC-At ALt t he gel
was rinsed with deionized wateP, gel %as anal yzed with a Kodak

Gel Scanner (Eastnan Kodak“tHpdnry° New Haven CT). See Figure 6A.
102351After scanni ng, any remaini wat er was poured off the gel and
50 inL of Gel Code Blue (lnvitrogen Corporation, Carlsbad CA) was:’
added to the gel. Follow ng incubation at roomtenperature for thirty
m nutes, the gel was rinsed with deionized water and allowed to stand
for one hour in 200 mT." of deionized water. During the hour period,

X e was | oaded onto the
M a step gradient fom

AHubet 1 M Nad . The
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(40,000 Da Total Polynmer Wight Average Ml ecul ar Weight) ("Lys 40K
br short - resynthesized") [0237] The basic procedure of Exanple 4A
was repeated except that: (a) polyneric reagent A having a total

pol ymer waYQPM08/B826%age nol ecul ar wei ght of about 40, 008CTESHAEIZGTEd
instead of about 20,000 Da; andi(b) a nolar excess of 150 of

pol ymeric reage‘?‘i’t"‘%ﬁ”@f -§E$R” 10 Factor VII1 was used for the

conj ugation step, wherein 5 ng Q\L&ag@qykbcaﬁmm&apl aced int.o
a clean 1 niL mcrocentrlfu%eatybe and was Nissol ved in 50gL of 2 niM
HCl. Vortex the solution fOr 5 sgconds, then centrifuge for 10
seconds to conpletely dissolve the PEG Add all 50gL of PEC*¥b| ut i on
to the chilled FVII1 and place on rocker plate at roomtenperature
for 1 hour. Quench with 21.5gL of 50 inM d ycine. Continue rocking
for 20 m nutes at roomterrperature Exanpl e 4C Preparation of Factor

VIl Conjugate (60,000 Da T a néKV‘él gf‘nt Aver age Mol ecul ar
Wei ght) ("Lys 60K hr short")N ]T basi ¢ procedure of Exanple 4A
was repeated except that poly r|| eagel A having a total polyner

. : M £ .
wei ght average nol ecul ar wei ght about zcéfi)4)<:(‘)00 Pa was used instead

of about 20, 000 Da. .Exanpl e In Vitro Vi vo Experiments  of
PEGy! at ed VAR Taaor et insaeh o ather Al s mHor bR el B « %

el ect r ophorseszad (@ESFME:‘E}esi&&Soﬁ)ﬂméloglmu ativ@@gent sdescidrignCibagdiotp ons  as
described in.th ifvers; aln g (Figure 7,
Panel A) anasﬁ%ﬁ'g% “mléfegfaﬁﬁfl ﬁ%m?r me Xnd% Plagﬁ ﬂf’wlyUnder reduci ng
condi tions mature r VW appeared as a prom nent single band (nonomner)
with a MVIBI5ST1260 KkTee hiplpgicallymetiveiagent thwlielsa provinericaeaes® ap ddaribedhen

the gels wergn, AP @&Qb%&ietdeﬁ aﬂ"aﬁlﬂe-%mﬁ%ﬁﬁgbfaﬁ% cali’;ﬂ&c'twé‘%ﬁt“ TY¥ally, the

anti body, as denonstrated In ure nonomner s "'show
MA$ appar ebielpgiciygriere agemd vilbboa me@maeﬂéc%sqches %IE‘E[YR?PH‘éﬂs hErent MV WO

2008/ 082 6@%5%49%%%@?@9%&% SbARGA0 @bﬁnodélapha\fﬁaao\ééﬁaﬁﬁ&% papRBned as

a single VW nononer in the ant i - VW | rmunob sone m nar,

non- r el evaisPredsata %refafr%wpb%fmogwﬁwwwéﬁg%nﬁbﬁi@?ﬁhﬁﬁﬂ%ﬁé@qq{b@éiﬁ gat ed

by non-r edyhdiss AURRSEntSREusSbRGhd @RNQoBPbSideShMDbedehtl forl BigSeplidedn
gel to denonstrate the integrity of the multineric structure and to

confi rm t hatd PERSeIBS: tVEith T"S@déﬂp%lfﬁ%‘i‘de&é}@“raé‘&%‘t to SRR RAIC 5Ra8ER T ed

(Figure 7,¢ ?1@@!0 chll be ANYBE Wil ibredhus @A hrParthe-DHidiMBy £186/0kinlo #dmind acid
provided in Table, 1. Tabl e |; Analytical Data of Native rVVWF 133P1

rr Startin§abasy S’d’él jithin the polypeptide.
[0158] The invention also provides for a method of preparing a conjugate
comprising the step of contacting a polymeric reagent with a biologically active agent under
conditions suitable to form a covalent attachment between the polymer and the biologically
active agent, Typically, the polymer is added to the active agent or surface at an equimolar
amount (with respect to the desired number of groups suitable for reaction with the reactive
group) or at a molar excess. For example, the polymeric reagent can be added to the target
active agent at a molar ratio of about 1:1 (polymeric reagent:active agent), 1.5:1, 2:1, 3:1,
4:1, 5:1, 6:1, 8:1, or 10:1. The conjugation reaction is allowed to proceed until
substantially no further conjugation occurs, which can generally be determined by
monitoring the progress of the reaction over time. Progress of the reaction can be
monitored by withdrawing aliquots from the reaction mixture at various time points and

analyzing the reaction mixture by SDS-PAGE or MALDI-TOF mass spectrometry or any
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al nF2113F1b . Protein Bradford (ng/m) 0.344 VWAW:. Ag (11U nml) 54.6
W/F: Ag /total protein (11U ng) 158.7 VWF:RCo (1U nl) 24.3 VWVF: RCo
(TU1U Ag) 0.45 VWF:CB (U nl) 63.5 VWF:FVIIIB capacity. (% 34

WAF: FV | | WOBPOB/A82669M ) 46 WANF: FVIIIE affinity; KD (M BCRES2007026522

[ 02401 Rel eabaishigabieMBElydahinetiad. eQnceREBicaViINFenbe] wigatesmcitb the amohmadabl e
bonds conjugate formed or the amount of unconjugated polymer remaining, the reaction is
assumed to be complete. Typically, the conjugation reaction takes anywhere from minutes
to several hours (e.g., from 5 minutes to 24 hours or more). The resulting product mixture
is preferably, but not necessarily, purified to separate out excess reagents, unconjugated
reactants (e.g., active agent) undesired multi-conjugated species, and free or unreacted
polymer. The resulting conjugates can then be further characterized using analytical
methods such as MALDI, capillary electrophoresis, gel electrophoresis, and/or

chromatography.

. [0159) It is possible to characterize the degree of attachment (that is, the number
— often expressed in terms of an average number in the context of a composition of
conjugates -- of polymeric reagents that became attached to the protein) of a conjugate. To
determine the average number of water-soluble polymer molecules on protein conjugates,
analytical techniques such as SDS-PAGE, SEC, IEC, MALDI-TOF, and so forth can be
used. Spectrophotometric detection of the residual primary amine on a protein using
TNBSA following water-soluble polymer attachment has led to the qualitative and
quantitative estimation of degree of attachment. With respect to von Willebrand
Factor-water-scluble polymer conjugates, the degree of attachment was qualitatively
described as low, medium, and high based on SDS-PAGE. When analyzing the degree of
attachment of releasable von Willebrand Factor-water-soluble polymer conjugates by SDS-
PAGE under reducing conditions, release of the water-soluble polymer during sample
treatment and electrophoresis can lead to an overall underestimate of the true degree of
PEGylation.

[0160] One approach for the determination of the degree of PEG-based polymers
attachment is a modification of the work of Nag and Barker. See Nag et al. (1996) Anal.
Biochem. 237:224-231 and Barker et al. (2001) Anal. Biochem. 290:382-385. The method
is based on principle of partitioning of a chromophore, ammonivm ferrothiocyanate, from
the aqueous phase into the chloroform phase in the presence of PEG (as the chromophore
itself can not be extracted into the chloroform phase without the PEG presence). Digestion
of von Willebrand Factor by pronase frees the PEG from the conjugate, and the quantity of
the PEG is determined subsequently by the ammonium ferrothiocyanate method. Using

this principle, a reverse phase HPLC method that circumvents the need for chloroform
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via the am no groups of the |lysine residues of rVW were prepared in
accordance wth Exanples IA 1B, I1C, 3A 3B and 3C. The PEG r VWF
conjugates had total PEG nol ecul ar weights of about 20K, 40K or 60K
Tabl e 2 sOHPBEWPPEEX he PEGyl ati on degree of the conj ugBCEIS20pEMI6E222:
PEGy!| at i onexthagtiogevas tlevelvped ©ldermribd the Bigted o iichinemdarthd ¢onfugatbht eri al
Nane Pr ot eéen%’gqggi‘%%PEG nononer Free PEG SDS- PAGE*

ate

Ferrot hi ocyg LC Lys 20K br short low 0.304 1 - 2 3.7
<0.002% Lys 20K br long |l ow 0.450 <2 5.2
[0161] With respect to polymer-active agent conjugates, the conjugates can be

purified to obtain/isolate different conjugated species. Alternatively, and more preferably
for lower molecular weight (e.g., less than about 20 kiloDaltons, more preferably less than
about 10 kiloDaltons) polymers, the product mixture can be purified to obtain the
distribution of water-soluble polymer segments per active agent. For example, the product
mixture can be purified to obtain an average of anywhere from one to five PEGs per active
agent (e.g., polypeptide). The strategy for purification of the final conjugate reaction
mixture will depend upon a number of factors, including, for example, the molecular
weight of the polymer employed, the particular active agent, the desired dosing regimen,

and the residual activity and in vive properties of the individual conjugate(s).

{0162] If desired, conjugates having different molecular weights can be isolated
using gel filtration chromatography. That is to say, gel filtration chromatography is used to
fractionate differently numbered polymer-to-active agent ratios (e.g., 1-mer, 2-mer, 3-mer,
and so forth, wherein " 1-mer" indicates 1 polymer to active agent, "2-mer"” indicates two
polymers to active agent, and so on) on the basis of their differing molecular weights
(where the difference corresponds essentially to the average molecular weight of the
water-soluble polymer segments). For example, in an exemplary reaction where a 100 kDa
protein is randomly conjugated to a polymeric reagent having a molecular weight of about
20 kDa, the resulting reaction mixture will likely contain unmodified protein (MW 100
kDa), mono-PEGylated protein (MW 120 kDa), di-PEGylated protein (MW 140 kDa), and
so forth, While this approach can be used to separate PEG and other polymer conjugates
having different molecular weights, this approach is generally ineffective for separating
positional isomers having different polymer attachment sites within the protein. For
example, gel filtration chromatography can be used to separate from each other mixtures of
PEG 1-mers, 2-mers, 3-mers, and so forth, although each of the recovered PEG-mer
compositions may contain PEGs attached to different reactive amino groups (e.g., lysine

residues) within the active agent.

[0163] Gel fiitration columns suitable for carrying out this type of separation
include Superdex™ and Sephadex™ columns available from Amersham Biosciences

(Piscataway, NJ). Selection of a particular column will depend upon the desired
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4.0 <0.002% Lys 40K br short low 0.228 <2 2.18 3.2 <0.002% Lys 40K hr
long low 0.315 1 - 1.9 <0.001% Lys 60K br short low 0.216 <2 1.6 4.2

<0. 005% Lys 60K br long | ow 0.410
WO 2008/082669 PCT/US2007/026522

fractionation range desired. Elution is generally carried out using a suitable buffer, such as
phosphate, acetate, or the like. The collected fractions may be analyzed by a number of
different methods, for example, (i) optical density (OD} at 280 nm for protein content, (ii)
bovine serum albumin (BSA) protein analysis, (iii) iodine testing for PEG content [Sims ef
al.(1980) Anal. Biochem, 107:60-63}, and (iv) sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS PAGE), followed by staining with barium iodide.

{0164] Separation of positional isomers is carried out by reverse phase
chromatography using a reverse phase-high performance liquid chromatography (RP-
HPLC) C18 column (Amersham Biosciences or Vydac) or by ion exchange
chromatography using an ion exchange column, e.g., a Sepharose™ jon exchange column
available from Amersham Biosciences. Either approach can be used to separate polymer-

active agent isomers having the same molecular weight (positional isomers).

{0165] An amine-containing biclogically active agent for use in coupling to a
polymer as presented herein may be a von Willebrand Factor moiety or a Factor VIII

moiety.

[0166] With respect to a von Willebrand Factor moiety ("vWFE"), the von
Willebrand Factor moiety useful for the present invention includes any protein that has the
same activity (although not necessarily the same degree of activity) as native, human von
Willebrand Factor and includes all forms of native, human von Willebrand Factor,
including the monomeric and multimeric forms. Useful forms include homomultimers of at
least two von Willebrand Factors. The von Willebrand Factor moiety may be either a
biolegically active derivative, or when to be used solely as a stabilizer for Factor VIII, the
von Willebrand Factor moiety may be of a form that is not biologically active. It should
also be understood that the present invention encompasses different forms of von
Willebrand Factor moieties to be used in combination. For example, a composition useful
for the present invention may include different multimers, different derivatives and both

biologically active derivatives and derivatives not biologically active.

[0167] The biologically activity of a von Willebrand Factor moiety can be measured
in two different in vitro assays (Turecek et al., (2002) Semin. Thromb. Hemost. 28:149-
160). The ristocetin cofactor assay is based on the agglutination of fresh formalin-fixed
platelets induced by the antibiotic ristocetin in the presence of a protein having von

Willebrand Factor activity. The degree of platelet agglutination depends on the protein
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[0260] VAF mul ti mer analysis The size distribution of the r VW
preparations were anal yzed by high-density horizontal SDS agarose gel
el ectrophoresis using high-resolution (2.5-2.7 % agarose) conditions.
Sanpl es WYQ@2WBPEEd to t he sanme concentration in the P&Ry§2487/026522
0.3-1.0 11%ciHle MW" Agntaﬂléd tonmtddaaeothivbdtiite dgenspricdic’cobigatiofaf el aslthe
mul timers wer e separaj e nder non-r.educi ng conditi ons on an agarose
gel . [ 02617SAME28H (7S ﬁ?\‘ﬂmg FEYYERET i buti on of PEG on the VWVF

mul timers were either V|suaI|zed in the gel by imunostaining with a
pol ycl onal [01Z8]bi t afhé plesenGinveuién @l inblodsy phavmeSRticabpteparat@ng samnyising

Denmark) o EQ% AR I

el ect robl o% f onr‘l'}gf%e%s g&%&ﬁ&&lﬁbr%@&a@ﬁb h&?g%kﬁ Sg‘gt%eé’e"é%%t
ant i - r abbi thelcgiingeie its¢lf wilkiseoin a lweliv flaon R@,evamdmlta@bwdmhc@n eamehined yithe |
UK) usi ng | es, CA,

USA) . [026éf‘§\?ﬂegﬂ%g&eﬁg%§ &Cﬁ)o%ﬁ hg%%bggiﬁ?gggﬁqﬁu@ﬁaw er et al.
(1995) Nat. Cenet. 10(1):119-121] were used. The m ce s red from
severe her‘rﬂ’dﬁﬂl i a AER@Euplpy excipiensy inhufeypythontdiniigtom iosae eFtéggP@ RF v
(appr oxi na%l%h?(ctgméﬁl deletboliyatatds] MSrpiric uaBRNMAbIaeiRREMEE)xidamsI CKi ng
human henophilia A 026 plicatiron of VW apnd FVII1I: Reconbi nant
FVI 1 ( 2145y f5cknys, rhaﬁéaﬁﬂgf’o’ﬁ%}gatlﬁ’g%@e‘ie al | experinents in
this exanple and co-i nj ected with rVWWF. The freeze-dried final

cont ai ner s[om8ble st Omedrla)hycﬂatB Eichnsla sean adeiitatiteiduge hohes asdditclhe

di ssolved rEVLII . nd E Iat d or | a (MW th
20° T nM riep@ons st Tk B erartngt By b Vel i Bige

CaCl2, 1 %Sbwthnaﬂ:blminatmxcmttn% :ﬂclﬂmf foe exainplea vhhaeahaples, opthi @fl@ctose
concentratios fo i.on. I aal n at
200G and- 1 FaEs: $lrelo% BREE p ARSI SHUL P oG, bk BHer WLREET,

U m FVI | lac©sqsebrdse Srehdos, txllnlgbsegaﬂd\tre llkﬁhmolyﬁmvéaemes abghon gaffirgse
measur ed a%%BOmIsE %l&ﬁ&ﬁﬁ%@a %as@&?.]l@% 2B 1RE aﬁwhh@&' %%Eﬁla}ﬁﬁ{o?

cal cul ated es’ grveh i n gures [edends

bodywei ght xwgplemaMOé,d@oaebl,vthtot h@rbtteau(tlwai)nmamsgrs@bp@ mfomeoimr@éhe
were bled By, heart puncture after 5 mnutes, 3 hours, 6, 9, 16 and 24
hours, and |? necessary, after 32 and 42 hours. Nine vol umes of bl ood
wer e mxed with 1 volune of 3.8 %sqdiumcitrate, d |mTed| at el
centri f uged ) 3000 e reipian o alipriadudeprdnagrmicrsalt P ey ueh axfaiR 2iho
2008/ 08266 95fdh bEISHR ! pAGRAZhRaAE, lsbdikid 96l f28d, p&@s@&nﬁmfrﬁé s5diliin PHbspBate

pl asma was separated, frozen in aliq and s d bel ow -60C for
anal ysi s. E‘WEBQFF‘B&P@P%H#‘S Pﬁ{'}ﬁ ’(9?51$‘9? ‘?Oﬂi’é'faf‘f}?st ‘ mouse pl asma.
FVI11 activity was determned with a chronogeni c met hod fol |l owi ng the

assay pringéiske as %bpfepmﬂzpnaim)wésovimhhﬂeraasmMrobrak 4dent fohepreventingatri on
ofVV\FFVIIIbIndln a t T i me
course of tﬁtemnggn é"fm‘ a(l’:ltlh| ?écﬁlg}‘?lﬁﬁﬁ% g@ & SPJH? g&nél%ﬁe%s Sﬁ%%btlﬁégfmgwa
measur ed vmptelacm inveiton oplele benzelickenm ahlozi,%bmtb@uwg clnlheddxbmﬂla&omjde
The sl ope t cation
in the san%{;%fpb%lﬁlg%\%ﬂ Flae gﬁlgghﬁfgﬁllﬂgg&? hglﬁ{ %ﬂo} ph cul at ed
rel ative t mitetd)thimersqdl aad pembindtionethereoft h pr epar at| on, caI i br at ed

agai nst the WHO pl asma reference (5 1S for FVII and VWF in human

pl asma, N BH§3102/ 150) andBeldax BantepRsledt i thd prepdfhtion[-9380] Retidahiat on
of VW antigen in nouse plasma: :Ag was determned wiith the

sandwi ch EMFedAc geyent Pﬁéﬁwaﬁb%bwf‘ﬁn?@éb%%ﬂttertoansaﬁﬁmf &crwlae'iesmtb?fr in
;/I tro L el e%@@p&i&ﬁtﬁbfﬂﬁ@ aseﬁaramd&@ﬂamhyﬁamsffer 8% m/myprewna@mtl?xarrﬁl es
romteparrracocmems i es con ratiqon of the
sanpl es wadniugeclar semple r"@F%{% vaimpgteg b‘i‘i’(}\/\/\@#‘)a? qTee§j

preparation (SSC/ | STH secondary coagul ati on standard, #2) The

basel i ne-| evel of nobuse WAF was subtracted. The quanti fication limt
of the assay in nouse plasma was 0.03 U m of VW Ag.
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WD 2008/ 082669PCT/ US2007/ 026522 case of different doses adm ni stered.
Dose adj ustnent was performed by dividing the cal cul ated AUC by the
dose per lég bod%g mass adm ni stered. [0268] Term nal Elimnation Rate:
The terni Y89 2WPPH0%ati on rate (k) was estimated using FREUVARIOTHIEEL2 ¢
mean of t hbydwatytohene, hgpephbsphomuodcid, nebhathidgliaterd opromi glbd, eriunabisilfie,

| ast three_ti ] i {J Lt 0 L correction.

Wl f segger & uqrgfogg%l%%gﬁﬂobﬁgtrgf\é%%%l??}art]ale%fsf%l@te’ &%@%@gﬁ@rﬁ%&%ﬁ
32(5-6):757-766. [0269] Mean Residence Tine: Mean residence tinme (MRT)
was cal cul 8188 as Aksprfagteit mapibe preging aschadxppieiUERempl frly gqrfaptants include:

AUMCO- 1nr M {1ysodachs AbGDas " Twhen 0" hnd We¥eBn 8@ Sl LS Mctt erek hAEES
trapezoidal rule using the arithnetic neans of the concentrations

observed f Grotfrfhishert 2veilshle i BASFoYlount Qlive New Jesexnt sortdian edgrg dipids,

correct i onguchRephaapHoliBkie sch 8¢ ebifthid /I MRBpAHalALHRANRY | 09-| i near
fitting on l%che grﬁ r?r;g!ti C neans obserovedp}g)t%theﬁ(} ast %/hr ee time

poi nts per Phasehptidylethanglantiegs (atopgicoratpbly apt ip Hagsopal famp) By agds and

PEG r VW 0@ etk 6104, sithQb oblsabolf A eﬁéléaa%%@fmsvéﬁeh WEEBTA, zine and
characterized by different paraneters. VW CB, VAF: RCo and WF: FVH B
ver e nmeasuPBEr 6" PHaRIeeateRT- ze. the integrity of the coll agen and

pl atel et-binding site, required for the VW-nedi ated pl atel et

adhesi on, @85Jof t hécidsisbassd regsbeqfreshetan st a&sipient iihie: prdjadaubh.| B
capacity apd affinit eseri. the avaj.lability of the [ 11.-binding
ciPes.  heoRatpishl pintbefe BEA0ETRy bt R i Rloviost 48t £ i o0

t he nmeasur eahsistigxddydrathldme deioaceat aud, ahasghar@tatidscigin deid pedicfabid, lactic
activities sumay i, z in_Tabl.e .4, 272} Jo. i nvestigate the .. .
poss! bl o of fap i M Biond ek apid oAbl e BB Ao St
a nock pr epad,dumar ferlpmdroompinmadans desof. N kes bisugablewbdsethinelade, whkawigh

t he whol t . } i L
e, vhol e BEASRRSoRM iR B0 AR Bkl SuRL SRR Rallpdenl o
negati ve effwmonumrhydivyfe, foGesi8h Bpbade ammbnipmragigt,qrogssien eceitaysddamh y

affected, : A Y T S

ot he VINPIRHEpaihEERICARAE otk S RERLE B0 AR RELEEM
with the 6eKiatepgesumiurentesaidepmbingtions thererbasi ng effect on the
specific activities, even at | ow degrees of PEGyl ation. |ncreasing

the PEGyI| ajgi84) degr e phatHacktcaPprepmationiRmbieipdsy Sil 8P dFtoruBlons and in

conjugates) resulted in a substantial decrease in

WD

2008108266 9BEY5da50 hrie apted fnr frcptpn. vigp ipawdersibiaiean be Tegonstituted as welke: cB
andI )j/v\gz F}j/bd duaaenm@f #ad @dr]]htibfa fmzo nﬁﬁbﬁlc‘(ﬁ'!fﬂe ﬁaﬁjug@@(ik.pmb E@xg%g?getfgﬂéd: es
cou e detected for the Lys r . hi onj ugat e. A ation
with the r8f¥5eY ?%w%%@aéhﬁ@%gGﬁwﬁﬁd?’ﬁwwgﬁaﬁmﬁﬂow&? Yig@l/ﬂﬁfase
ih n L he Sﬁeﬁéﬁehdiin?.&t ?1 Mirkbee 5f fa@vE) budivill @wndh' Rgbeﬂeeﬁel@ﬁeuﬁﬁﬁﬁkﬁgdtﬂa dosthe

i gher the of the reagents were, the greater decrease in
AGLivi t1 o "BELLF SUBOEH BORCILAG BT o FPUTER e YURD POAISheneen
t he "short phameeelili@nhgrepaaion¢at beteasedfin & hieinga ne thdpefrR2A KRG Tebevevie |
affinity was 1:gje erm ned assumlp%e,hom)tgtin ous 1.1 %].nteracti on bett]\{lveen
the i mobi PSP NRECGHE RS VAL 4SS BET AT TOR™ SHETaT e SEIoUR P 8line
const ant s wetegatdh erdai tn @edtetnsingighich eandangmdiuces aeloélallp8esirbdendpoint.
"Bi oeval uati on" program of the Biacore 3000 apparatus. The affinity

const ant r th I g i . i in the
sane orde ?@)lfs Jrn(r)rxalg ni ? 3 géﬁﬁg%ﬁ‘%g%g d’?ﬁé\ga"v@/%ﬁkp rlléélﬁ &gfllz%f/b?ﬂe?tg QHEW ‘e
i ndependent¢pendifig ehi@e pgiyity of thivpycarfient prsl napishlaeeperud thacpgwnsition.

Typically, the optimal amount of any individual excipient is determined through routine

experimentation, i.e., by preparing compositions containing varying amounts of the

excipient (ranging from low to high), examining the stability and other parameters, and then
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Table 3: Quantitative paraneters of rVIA/F conjugates Sanples Pro ein
(mg/ nil) Measured val ues WAIF: FV111 Vnding affinity 1CD (M IDft2
WWF: Ag (111/ml) VWW:RCo (Mm) WF.CB (Unm) '"WWF.F VIIIB (Um
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determining the range at which optimal performance is attained with no significant adverse

effects.

[0188] Generally, however, the excipient will be present in the composition in an
amount of about 1% to about 99% by weight, preferably from about 5%-98% by weight,
more preferably from about 15-95% by weight of the excipient, with concentrations less

than 30% by weight most preferred.

[0189] These foregoing pharmaceutical excipients along with other excipients are
described in "Remington: The Science & Practice of Pharmacy", 19" ed., Williams &
Williams, (1995), the "Physician’s Desk Reference", 52™ ed., Medical Economics,
Montvale, NJ (1998), and Kibbe, A.H., Handbook of Pharmaceutical Excipients, 3™

Edition, American Pharmaceutical Association, Washington, D.C., 2000.

[0190] The pharmaceutical preparations of the present invention are typically,
although not necessarily, administered via injection and are therefore generally Liquid
solutions or suspensions immediately prior to administration. The pharmaceutical
preparation can also take other forms such as syrups, creams, ointments, tablets, powders,
and the like, Other modes of administration are also included, such as pulmonary, rectal,

transdermal, transmucosal, oral, intrathecal, subcutaneous, intra-arterial, and so forth.

[0191) As previously described, the conjugates can be administered parenterally by
intravenous injection, or less preferably by intramuscular or by subcutaneous injection.
Suitable formulation types for parenteral administration include ready-for-injection
solutions, dry powders for combination with a solvent prior to use, suspensions ready for
injection, dry inscluble compositions for combination with a vehicle prior to use, and

emulsions and liquid concentrates for dilution prior to administration, among others.

[0192] The invention al-so provides a method for administering a conjugate as
provided herein to a patient suffering from a condition that is responsive to treatment with
conjugate. The method comprises administering, generally via injection, a therapeutically
effective amount of the conjugate (preferably provided as part of a pharmaceutical
preparation). The method of administering may be used to treat any condition that can be
remedied or prevented by administration of the particular conjugate. Those of ordinary
skill in the art appreciate which conditions a specific conjugate can effectively treat. The

actual dose to be administered will vary depend upon the age, weight, and general condition
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native rVWWF n.a. 0.344 54.6 24.3 63.5 46.0 5.5E-10 133P1-1 74 74 74 c
z n.d 48.3 17.8 n.d 37.8 4.8E-10 133P1-2 0.373 49.1 22.1 n.d
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of the subject as well as the severity of the condition being treated, the judgment of the
health care professional, and conjugate being administered. Therapeutically effective
amounts are known to those skilled in the art and/or are described in the pertinent reference
texts and literature. Generally, a therapeutically effective amount will range from about
0.001 mg to 100 mg, preferably in doses from 0.01 mg/day to 75 mg/day, and more
preferably in doses from 0.10 mg/day to 50 mg/day.

[0193] The unit dosage of any given conjugate (again, preferably provided as part
of a pharmaceutical preparation} can be administered in a variety of dosing schedules
depending on the judgment of the clinician, needs of the patient, and so forth. The specific
dosing schedule will be known by those of ordinary skill in the art or can be determined
experimentally using routine methods. Exemplary dosing schedules include, without
limitation, administration five times a day, four times a day, three times a day, twice daily,
once daily, three times weekly, twice weekly, once weekly, twice monthly, once monthly,
and any combination thereof. Once the clinical endpoint has been achieved, dosing of the

composition is halted.

[0194] It is to be understood that while the invention has been described in
conjunction with the preferred specific embodiments thereof, that the foregoing description
as well as the experimental that follow are intended to illustrate and not limit the scope of
the invention. Other aspects, advantages and modifications within the scope of the

invention will be apparent to those skilled in the art to which the invention pertains.

[0195] All articles, books, patents, patent publications and other publications

referenced herein are hereby incorporated by reference in their entireties.
EXPERIMENTAL

[0196] The practice of the invention will employ, unless otherwise indicated,
conventional techniques of organic synthesis and the like, which are understood by one of
ordinary skill in the art and are explained in the literature. In the following examples,
efforts have been made to ensure accuracy with respect to numbers used (e.g., amounts,
temperatures, and so forth), but some experimental error and deviation should be accounted
for. Unless otherwise indicated, temperature is in degrees Celsius and pressure 1s at or near
atmospheric pressure at sea level. All reagents were obtained commercially unless

otherwise indicated. All generated NMR was obtained from a 300 or 400 MHz NMR
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47.9 2.9E-10 133P1-3 0.396 42.4 17.7 n.d 37.9 n.d. nean 0.385 46.6
19.2 n.a. 41.2 3.9E-10 Lys 20K hr short low 0.304 0.259 21.1
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spectrometer manufactured by Bruker (Billerica, MA). All processing is carried out in

glass or glass-lined vessels and contact with metal-containing vessels or equipment is

avoided.

[0197] The following abbreviations will be used.

[0198] FVIIIL; tFVII factor VIII; recombinant FVII

[0199] HPLC high pressure liquid chromatography

[0200] hydr hydrolyzable

[0201} PEGrVWF PEGylated r'VWF

[0202] PEGrFVIII  PEGylated rFVIII

[0203] rVWF recombinant von Willebrand factor

10204] rFVIII recombinant FVIII

[0205] SDS-PAGE  sodium dodecylsulfate polyacrylamide gel electrophoresis
[0206] The rVWF product used for PEGylation was a purified rVWF preparation

derived from a Chinese hamster ovary (CHO) cell line and was purified using conventional

purification techniques.

[0207] Polymeric reagents were made in accordance with the basic approaches
described in U.S. Patent Application Publication No. 2006/0293499 and had the following
structures:

H
CHa0-{CHZCH20),-CH,CH2-0 A0

0 Q
o N WN,VO-CHZCHZ-(OCHZCHz)n-OCHa
H H
N—»OT
QO ;
"polymeric reagent A"
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11.8 19.5 13.6 7.5E-10 Lys 20K hr long low 0.450 0.529 25.3 18.7 21.7
16.8 3.9E-09 Lys 40K hr short low 0.228 0.234 9.1 5.5 10.4 8.8

2.3E-09 Lys 40K hr long | ow 0. 315
WO 2008/082669 PCT/US2007/026522

0-CH2CH2-{OCH,CHa)-OCH;
0

%JJNH
HH
0 o o
CHYO{CHCH;0)CHCHz-On oy i~
H H o \«o—?
)

"polymeric reagent B”

Example 1A

Preparation of vWF Conjugate
{20,000 Da Total Polymer Weight Average Molecular Weight
("Lys 20K br leng™)

0-CHzCHo-(OCH,CH,),-OCH;
Q

NH
Q
Nk
o} 0
CH30-{CH3CHz0)p-CH2CHz-On o~ N)l\/\)L N
H H NH-VWF
O~
o}

(wherein VWF is a residue of von Willebrand Factor)

[0208] An appropriate quantity of VWF protein solution was thawed (using warm
water of £30 °C) so as to result in a protein solution having 60 mg of protein content. The
protein solution was poured into a new sterilized 400 mL disposable polypropylene beaker.
If necessary, the temperature of the protein solution was adjusted to 22 °C (= 1 °C). If
necessary, the protein solution was diluted with a solution [20 mM HEPES (pH 7.4), 150
mM NaCl, 0.5% w/v sucrose] or concentrated to ensure a concentration of 0.45 mg/mL +
0.05 mg/mL. A sample of 0.2 mL was retained and stored at 4 °C for later concentration
verification. The protein solution beaker was placed under an overhead stirrer, wherein the
impeller was lowered into the protein solution approximately 3/4 down (i.e., % from the
bottom) and the impeller set to stirring at 60 rpm (£2 rpm). In order to prevent

contamination as much as possible, the beaker was covered.
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0.212 14.3 8.1 15.8 15.8 2. 6E-09 Lys 60K hr short low 0.216 0.235 2.9

1.0 1.3 2.7 5.5E-09 Lys 60K hr long low 0.410 0.459 10.3 3.5 9.9 10.9
5. 4E-09
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{0209] A seventy-five molar excess (relative to von Willebrand Factor monomer
mass of 278 kDa) of polymeric reagent B having a total polymer weight average molecular
weight (i.¢., the sum of the weight average molecular weight of each polymer "arm") of
about 20,000 Da was weighed and placed into a 50 mL polypropylene Falcon tube and
dissolved by adding 2 mM HCI in an amount sufficient to provide a 5% w/v PEG or 50
mg/mL PEG solution). Optionally, the PEG solution can be centrifuged (using a Beckman
bench top centrifuge equipped with holders for 50mL Falcon tubes, at 1000 rpm) which
will result in a clear solution collected at the bottom of the tube. As soon as the PEG
solution was formed, it was pumped via a syringe pump into the protein solution at a rate of
1.5 mL/min (90 mL/h). The tube transporting the PEG solution was placed in the beaker
such that the PEG solution was fed into the protein solution at the level of the impeller.
Hereafter, the protein solution combined with the PEG solution is referred to as the
"PEGylation reaction mixture". Stirring of the PEGylation reaction mixture was continued

for five hours, with temperature (22 °C £ 1 °C) and pH monitored at intervals as required.

[0210] Following five hours of stirring (the pH of the PEGylation reaction solution
should be 7.3 = 0.1), 14.5 mL of a 0.1 M glycine solution was added (at 1.5 mL/min in the
same way the PEG solution was added to the PEGylation reaction solution) to thereby form
a glycine-containing PEGylation reaction mixture. The final concentration of glycine in the
glycine-containing PEGylation reaction mixture should be 10 mM (= 1 mM). The
glycine-containing PEGylation reaction mixture was stirred at 60 rpm for another two

hours.

[0211] Following two hours of stirring, a 0.2 mL sample was removed and stored at

4°C for protein determination.

[0212] To purify the conjugate within the glycine-containing PEGylation reaction
mixture, the glycine-containing PEGylation reaction mixture was diluted with 3
glycine-containing PEGylation reaction volumes of solution A [20 mM sodium citrate (pH
6.1), 0.5% w/v sucrose] to reduce the NaCl concentration below 100 mM and to dilute the
unbound free polymeric reagent B. Following dilution, the glycine-containing PEGylation
reaction solution was mixed with gentle rotation (swirling) or mixing with an overhead
stitrer. The conjugate was purified by cation exchange chromatography on an AKTA Basic
System. A Millipore Vantage 44 mm ID column packed with GE-Healthcare SP-HP
media. The packed bed height was 100-105 mm resulting in a column volume of 150 - 160

50



control 0.163 0.145 18.4 8.0 n.d. 15.5 n.d. All results were
obtained froma freshly thawed sanple and are the nean of at |east 2
nmeasurenents. WD 2008/ 082669PCT/ US2007/ 026522 Tabl e 4: Specific
activiti eSVORIBRAESI onj ugat es Sanpl es Activity rel at ed PEHUFPT/A§522
Speci f ¢ aciniLythérgby rebudtirgdn & ooltuine loaiiE o 08 eng/mL Ve fidRCote(ill Wielcolagin
W CB (U &%As%) to 15 mL/min (linear flow rate of 1 cm/min). The mobile phase used for the
purification included solution A [20 mM sodium citrate (pH 6.1), 0.5 % w/v sucrose] and
solution B [20 mM sodium citrate (pH 6.1), 0.5% w/v sucrose, 1.0 M NaCl}, or a mixture of
both, wherein the mobile phase was run using a gradient. The following gradient was used:
Step 1: 0% of the starting mobile phase contained solution B; Step 2: for the first retention
volume equaling 0.7 of the column volume, the mobile phase contained 0 to 70% of
solution B; Step 3: for the next retention volume equaling 2.5 of the column volume, 70%
of the mobile phase contained solution B. The UV absorbance of the eluent was monitored
at 280 nm. The unbound free polymeric reagent B eluted during Step 1. The conjugate,
which eluted during Steps 2 and 3, was collected as soon as the absorbance began to rise
from the baseline and was stopped when the peak diminished back to 7% of maximum peak
height. A typical chromatogram prepared in accordance with this procedure is provided as

Figure 1.

Example 1B

Preparation of vWF Conjugate

(40,000 Da Total Polymer Weight Average Molecular Weight)
{"Lys 40K br long')

[0213] The basic procedure of Example 1A was repeated except that polymeric
reagent B having a total polymer weight average molecular weight of about 40,000 Da was
used instead of about 20,000 Da.

Example 1C

Preparation of vWF Conjugate
{60,000 Da Total Polymer Weight Average Molecular Weight)
(""Lys 60K br long")

[0214] The basic procedure of Example 1A was repeated except that polymeric
reagent B having a total polymer weight average molecular weight of about 60,000 Da was
used instead of about 20,000 Da.
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VW: FVI1IB capacity (%9 VW: Ag (IUnm) WVW: CB (Ung) 'V W
FVIT113 (Ung ) VWAF: RCo (11J/ng)
WO 2008/082669 PCTE/US2007/026522
Example 2A

Preparation of FVIII Conjugate
(20,000 Da Total Polymer Weight Average Molecular Weight)
{("Lys 20K br long'")

O-CHpCHy{OCH;CH2),-0CH;
Q

°>—FMH
NH
G 0
CHyO{CHRCHA0)CHyCHON o~ ,lk/\)LN
H H O\%NH-FVIII

{wherein FVIII is a residue of Factor VIII)

[0215] FVIII protein selution (3.23 mg/mL protein concentration) was quickly
thawed (using a warm water bath at room temperature for five minutes) and, using a 1000
uL pipettor, approximately 3.1 mL of the warmed FVIII protein solution was placed in a 50

mL conical tube.

[0216] A 42.8 molar ratio (relative to Factor VIII) of polymeric reagent B (38 mg)
having a total polymer weight average molecular weight (i.¢., the sum of the weight
average molecular weight of each polymer "arm™) of about 20,000 Da was placed into a 2
mL microcentrifuge tube. The weighed polymeric reagent B was suspended in 500 pL of
2mM HCI. Polymeric reagent B was solubilized by alternating and centrifuging the

microcentrifuge tube over a twenty second period.

[0217] Using a pipettor, the solution of polymeric reagent B so formed was added

‘ to the warmed FVIII protein solution dropwise over 10-20 seconds. The resulting mixture
was maintained at room temperature (approximately 22 °C) for one hour. At the end of one
hour, 36 pL of a 0.1 M glycine solution was added to thereby form a glycine-containing
PEGylation reaction mixture. A 100 pL sample was placed in a 500 pL microcentrifuge
tube and then placed in a -80 °C freezer.

[0218] To remove salt within the glycine-containing PEGylation reaction mixture, a
5 mL HiTrap DeSalt column was pre-equilibrated with 20 mM histidine, 10 mM CaCl,,



native rVWF 0.45 1.16 84 159 71 185 134 Control #1 ML n.d. 88 121 50
n.d. 107 Lys 20K hr short low 0.56 0.92 64
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0.1% Tween 80, pH 6.5]. Once equilibrated, the entire volume of the glycine-containing
PEGylation reaction mixture was loaded onto the column and fractions were collected and
pooled. Protein-containing fractions were collected, placed in a container and immediately

placed in a standard ice bath.

[0219] To purify the conjugate within the glycine-containing PEGylation reaction
mixture, the glycine-containing PEGylation reaction mixture was diluted 1:10 solution A
[20 mM histidine, 10 mM CaCl, 0.1% Tween 80, pH 6.5]. The conjugate was purified by
cation exchange chromatography on an AKTA Basic System. The column used was a 5
mL HiTrap Q HP column (system and column washed with 0.1 M NaOH and complete
removal of NaOH was verified by testing for neutral or near neutral pH following washiﬁg
with Milli-Q water or purification buffer). The column was washed with 10 mL of solution
A at 2.0 mL/min and the flow through was collected in 5 mL fractions. The mobile phase
used for the purification included solution A, solution B [20 mM histidine, 10 mM CaCl;,
0.1% Tween 80, pH 6.5, 1 M NaCl], or a mixture of both, wherein the mobile phase was
run using a gradient. A column wash of 2 column volumes (10 mL) of solution A was run.
The following gradient was used: 0% of the starting mobile phase contained solution B; a
step to 50% of solution B in the mobile was used and held for 15 mL (the peak was
collected in approximately 2 mL fractions and were stored on ice); a step to 100% of
solution B in the mobile phase was used and held for 5 mL; and finally, a step back to 0%
of solution B in the mobile phase was used and held for 15 mL. A typical separation profile
is provided as Figure 2A.

[0220] Protein determination was carried out by thawing 1 x 0.2 mL aliquot of
purified conjugated sample and 100 pL/mL of Factor VIII. A standard curve with points at
0.2, 0.5, 0.75 and 1.5 mg/mL of Factor VIII was prepared. For each run (sample, standard,
or purification buffer), 30 pL of the appropriate substance was placed in a clean 5 mL tube
and 1.5 mL of Pierce Protein Assay Reagent (Pierce Biotechnology, Inc., Rockford IL) was
added to the tube and was followed by mixing of the contents of the tube. After incubation
for ten minutes at room temperature (22 °C), the contents of each tube were read using a

spectrophotometer at 595 nm.

[0221] Analysis via ion-exchange chromatography was carried out by placing a 4.6
x 50 Mini Q column (GE Healthcare Bio-Sciences Corp, Piscataway NJ) on an Agilent
1100 chromatography system (Agilent Technologies, Inc., Santa Clara CA), wherein
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buffers were the same as those used for purification and the maximum flow rate used was

0.5 mL/minute. Thirty microliter purified conjugate sample (or Factor VIII as control)
were diluted with 30 pL of 2 mM HCI and placed in an HPLC vial with 200 pL. The
following gradient was used: for time zero, 0% of the mobile phase contained solution B;
for time zero to two minutes, 0% of the mobile phase contained solution B; for time two
minutes to 2.5 minutes, 27% of the mobile phase contained solution B; for time 2.5 minutes
to 8 minutes, 27% of the mobile phase contained solution B; for time 8 minutes to 8.5
minutes, 70% of the mobile phase contained solution B; for time 8.5 minutes to 14 minutes,
70% of the mobile phase contained solution B. For each injection, 30 pL of sample or
control were used. In the chromatogram at 280 nm, peaks will correspond to the following:
native Factor VIII at about 11 minutes and conjugated Factor VIII was earlier. A typical

chromatogram prepared in accordance with this procedure is provided as Figure 2B.

[0222] The purified conjugate sample was analyzed by SDS-PAGE by allowing a 3-
8% TRIS-acetate gel (Invitrogen Corporation, Carlsbad CA) warming to room temperature,
wherein a standard curve of polymenc reagent B in 2 mM HCL at concentrations of
0.001%, 0.01% and 0.1% of polymeric reagent B (w/v). The standard was prepared by
placing 10 pL of HiMark molecular weight marker (Invitrogen Corporation, Carlsbad CA)
into lane 1. Purified conjugate sample or control (Factor VII) (10 pL volumn) were each
individually diluted with 30 puL of 2 mM HCI, wherein 30 microliters of each HCI diluted
sample or control was combined with 10 plL of 4x LDS Sample Buffer (Invitrogen
Corporation, Carlsbad CA), wherein 25 pL of the solution was then transferred to the
designated well. Immediately, the gel was placed in the gel apparatus and was run for 60
minutes at 150 volts. Following completion of the run, the gel was removed from the gel
apparatus and rinsed in deionized water. The gel was then stained with a barium iodine
stain (performed by: adding 15 mL 0.1 M perchloric acid to the gel followed by a five
minute incubation period; followed by addition to the gel of 5 mL of 5% barium chloride
then 2 mL of iodine followed by a five minute incubation period) followed by rinsing with
deionized water. Five minutes after the gel was rinsed with deionized water, the gel was
analyzed with a Kodak Gel Logic Scanner system (Eastman Kodak Company, New Haven
CT), wherein unreacted polymeric reagent B was identified. After scanning, any remaining
water was poured off the gel and 50 mL of Pierce Imperial Stain (Pierce Biotechnology,
Inc., Rockford IL) was added to the gel. Following incubation at room temperature for

thirty minutes, the gel was rinsed with deionized water and allowed to stand for one hour in
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200 mL of deionized water. During the hour period, several changes of water were

completed. After the hour, the gel was analyzed with a Kodak Gel Logic Scanner system
(Eastman Kodak Company, New Haven, CT).

Example 2A1

Preparation of FVIII Conjugate
(20,000 Da Total Polymer Weight Average Molecular Weight)

{"Lys 20K br long - resynthesized')

[0223] The synthetic procedure of Example 2A was repeated. Upon carrying out
the procedure again, it was noted that some differences in the polymer to Factor VIII ratio
was observed between the resynthesized conjugates and those of Example 2A, which might
be explained by the use of different analytical methods. As investigated by barium-iodine

staining, however, no free polymeric reagent B remained in any sample solution.

Example 2B

Preparation of FVIII Conjugate
(40,000 Da Total Polymer Weight Average Molecular Weight)
{"Lys 40K br long')

[0224] The basic procedure of Example 1A was repeated except that polymeric
reagent B having a total polymer weight average molecular weight of about 40,000 Da was

used instead of about 20,000 Da.

Example 2B1

Preparation of FVIII Conjugate

{40,000 Da Total Polymer Weight Average Molecular Weight)
("Lvs 40K br long - resynthesized')

[0225] The synthetic procedure of Example 2B was repeated. Upon carrying out
the procedure again, it was noted that some differences in the polymer to Factor VIII ratio
was observed between the resynthesized conjugates and those of Example 2A, which might
be explained by the use of different analytical methods. As investigated by barium-iodine

staining, however, no free polymeric reagent B remained in any sample solution.
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(wherein VWF is a residue of von Willebrand Factor)

[0227) (175 mL) of von Willebrand Factor ("VWF") solution (0.344 mg/mL in 20
mM HEPES, 150 mM NaCl, 0.5% Sucrose, pH 7.4) was allowed to thaw to room
temperature. A 175 molar ratio (relative to VWF) of polymeric reagent A {766.3 mg)
having a total polymer weight average molecular weight (i.e., the sum of the weight
average molecular weight of each polymer "arm") of about 20,000 Da, which was freshly
dissolved in 7.7 mL of 2 mM HCI, was slowly pipetied into the VWF solution. The
mixture was allowed to shake gently on a shaker for two hours at room temperature. The
reaction was quenched by addition of 1.8 mL of 1 M glycine in water, which was allowed
to shake gently on a shaker at room temperature for another three hours. The solution was
diluted by slow addition of 175 mL of 20 mM MES Buffer at pH 6.10 with 0.5 wi%
sucrose. The solution was mixed well by gentle swirling, and then was stored at 4°C

overnight. The unbound polymeric reagent A in the solution was then removed by ion
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Example 4A

Preparation of Factor VIII Conjugate
(20,000 Da Total Polymer Weight Average Molecular Weight)
("Lys 20K br short™)

H
CHyO-{CHyCH0)-CHZCHp-0 = >N 0

NmN,\/O-CHECHT(OCHzCHz),.,-OCHa
H H

FVITI-NH, O

b
0

(wherein FVIII is a residue of Factor VIII)

[0230] Factor VIII protein solution (3.23 mg/mL protein concentration) was quickly
thawed (using a warm water bath at room temperature for five minutes) and, using 165 uL
of the warmed FVIII protein solution was placed intpa 1 mL microcentrifuge tube. The
microcentrifuge tube was placed in standard ice bath (not dry ice as solution should not

freeze), thereby forming a chilled Factor VIII protein solution.

[0231] A 70 molar ratio (relative to Factor VIII) of polymeric reagent A having a
total polymer weight average molecular weight (i.e., the sum of the weight average
molecular weight of each polymer "arm") of about 20,000 Da was placed into a 1 mL
microcentrifuge tube. The weighed polymeric reagent A was suspended 2mM HC] to form

a polymeric reagent A solution. After ensuring that the polymeric reagent A was dissolved
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(achieved by vortexing the solution for five seconds followed by centrifuging for ten
seconds), all of the polymeric reagent A solution was added to the chilled Factor VIII
protein solution, the resulting mixture was placed on a rocker plate at room temperature for
one hour. At the end of one hour, 18.8 pL of a 50 mM glycine solution was added to
thereby form a glycine-containing PEGylation reaction mixture. The glycine-containing
PEGylation reaction mixture was rocked for twenty minutes at room temperature on a

rocker plate.

[0232] To remove salt within the glycine-containing PEGylation reaction mixture, a
mL HiTrap DeSalt column was pre-equilibrated with 20 mM MOPS, 10 mM CaCl,, 0.1%
Tween 80, pH 6.5. Once equilibrated, the reaction was diluted with Milli-Q water
(Millipore Corporation, Billerica, MA) to a final volume of 1 mL. The entire volume was
then loaded onto the column and fractions were collected and pooled. Protein-containing
fractions were immediately placed in standard ice bath. A typical chromatogram prepared

in accordance with this procedure is provided below.

[0233] To purify the conjugate within the desalted glycine-containing PEGylation
reaction mixture (to remove unconjugate PEG species), the conjugate was purified by
cation exchange chromatography on an AKTA Basic System. The column used wasa 5
mL HiTrap Q HP column (regenerated with 20 mM MOPS, 10 mM CaCls, 0.1% Tween 80,
pH 6.5 + 1 M Na(Cl and pre-equilibrated with 20 mM MOPS, 10 mM CaClL;, 0.1% Tween
80, pH 6.5. The desalted glycine-containing PEGylation reaction mixture was loaded onto
the column and purification was carried out with a step gradient fom 0-50% mM MOPS, 10
mM CaCl2, 0.1% Tween 80, pH6.5 + 1 M NaCl. The fractions were collected, pooled and
stored in a container that was placed immediated in standard ice bath, See the

chromatogram provided as Figure 5.

[0234] The purified conjugate was analyzed by SDS-PAGE by allowing a 3-8%
TRIS-acetate gel (Invitrogen Corporation, Carlsbad CA) warming to room temperature,
wherein a standard curve of of polymeric reagent B in 2 mM HCL at concentrations of
0.001%, 0.01% and 0.1% of polymeric reagent B (w/v). The standard was prepared by
placing 10 pL of HiMark molecular weight marker (Invitrogen Corporation, Carlsbad CA)
into lane 1. Purified conjugate sample or control were each individually diluted with 30 uL
of 2 mM HC], wherein 30 microliteres of each HCl diluted sample or control was combined

with 10 pL of 4x LDS Sample Buffer (Invitrogen Corporation, Carlsbad CA), wherein 25
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1L of the solution was then transferred to the designated well. Immediately, the gel was

placed in the gel apparatus and was run for 60 minutes at 150 volts. Following completion
of the run, the gel was removed from the gel apparatus and rinsed in deionized water. The
gel was then stained with a barium iodine stain (performed by: adding 15 mL 0.1 M
perchloric acid to the gel followed by a five minute incubation period; followed by addition
to the gel of 5 mL of 5% barium chloride then 2 mL of iodine followed by a five minute
incubation period) followed by rinsing with deionized water. Five minutes after the gel was
rinsed with deionized water, the gel was analyzed with a Kodak Gel Scanner (Eastman
Kodak Company, New Haven CT). See Figure 6A.

{0235} After scanning, any remaining water was poured off the gel and 50 mL of
Ge! Code Blue (Invitrogen Corporation, Carlsbad CA) was added to the gel. Following
incubation at room temperature for thirty minutes, the gel was rinsed with delonized water
and allowed to stand for one hour in 200 mL of deionized water. During the hour period,
several changes of water were completed. After the hour, the gel was analyzed with a
Kodak Gel Scanner (Eastman Kodak Company, New Haven CT), wherein uncongated
Factor VIII was identified. See Figure 6B.

Example 4B

Preparation of Factor VIII Conjugate

(40,000 Da Total Polymer Weight Average Molecular Weight)
("Lys 40K br short')

[0236] The basic procedure of Example 4A was repeated except that polymeric
reagent A having a total polymer weight average molecular weight of about 40,000 Da was
used instead of about 20,600 Da.
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Example 4B1

Preparation of Factor VIII Conjugate
(40,000 Da Total Polymer Weight Average Molecular Weight)

{"Lys 40K br short - resynthesized'’)

[0237] The basic procedure of Example 4A was repeated except that: (a) polymeric
reagent A having a total polymer weight average molecular weight of about 40,000 Da was
used instead of about 20,000 Da; and (b) a molar excess of 150 of polymeric reagent A
relative to Factor VIII was used for the conjugation step, wherein 5 mg of polymeric
reagent A was placed into a clean 1 mL microcentrifuge tube and was dissolved in 50puL of
2 mM HCI. Vortex the solution for 5 seconds, then centrifuge for 10 seconds to completely
dissolve the PEG. Add all 50pL of PEG solution to the chilled FVIII and place on rocker
plate at room temperature for 1 hour. Quench with 21.5pL of 50 mM Glycine. Continue

rocking for 20 minutes at room temperature.

Example 4C

Preparation of Factor VIII Conjugate
(60,000 Da Total Polymer Weight Average Molecular Weight)
{"Lys 60K br short')

[0238] The basic procedure of Example 4A was repeated except that polymeric
reagent A having a total polymer weight average molecular weight of about 60,000 Da was
used instead of about 20,000 Da.

Example 5

In Vitro and In Vivo Experiments of PEGylated rVWF

[0239] Sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE)
was performed under reducing conditions as described in this Example 5 followed by silver
staining (Figure 7, Panel A) and Coomassie staining (Figure 7, Panel B). Under reducing
conditions mature rVWF appeared as a prominent single band {monomer) with a MW of
~260 kDa with some minor bands down to 150 kDa. When the gels were immunoblotted
with a polyclonal anti-human VWF antibody, as demonstrated in Figure 7, Panel C, rtVWF
monomers show MWs apparently higher than 280 kD due to the use of different MW
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standards. Native rVWF 133P1 appeared as a single VWF monomer in the anti-VWF

immunoblot with some minor, non-relevant degradation bands. Multimer composition was
investigated by non-reducing agarose gel electrophoresis using a high resolution gel to
demonstrate the integrity of the multimeric structure and to confirm that no satellite or other
degradation bands had occurred (Figure 7, Panel D). Analytical data of Native 'VWF
133P1 is provided in Table 1.

Table 1: Analvtical Data of Native ’VWF 133P1

ST gty RN AR R
Protein Bradford {mg/mi) 0.344
VWF:Ag (IU/mi) 546
VWF:Ag / total protein (IU/mg) 158.7
VWF:RCo {IUfml) 243
VWF:RCo {IUNIU Ag) 0.45
VIWF:CB (U/ml) 635
VWF:FVIIIB capacity. (%) 84
VWEFVIHIB (U/ni) 46
VYWEFVIIB éffini’q'/‘, KD.(M) 5.49E-10
[0240] Releasable rVWF conjugates: PEG-rVWF conjugates with releasable bonds

via the amino groups of the lysine residues of rVWF were prepared in accordance with
Examples 1A, 1B, 1C, 3A, 3B and 3C. The PEG-rVWF conjugates had total PEG
molecular weights of about 20K, 40K or 60K. Table 2 summarizes the PEGylation degree

of the conjugates.

Table 2: PEGylation degree of the releasable PEG-rVWF preparations

. Protein PEG/monomer Free PEG
Material Name -
{mg/ml) SDS- Ferrothio- HPLC
PAGE* cyanate®*
Lys 20K br short low 0.304 1-2 - 3.7 <0.002%
Lys 20K br long low 0.450 <2 52 4.0 <0.002%
Lys 40K br short low 0.228 <2 2.18 32 <0.002%
Lys 40K br long low 0315 1 - 1.9 <0.001%
Lys 60K br short low 0.216 <2 1.6 42 < 0.005%
Lys 60K br long low 0410 1 - 32 < 0.00625%

The protein content of the PEGylated rVWF was determined using the Bradford assay with unmodified rVWF 133P1 as
standard. The remaining free PEG was determined by barium iodide staining of the non-reducing SDS-PAGE.

* The number of PEGs per molecule was counted by analyzing the Coomassie stained reducing SDS-PAGE followed
by gel-scanning analysis.

** The number of PEGs per molecule was determined with the pronasefammonium ferrothiocyanate method,
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[0241] Some differences in the PEG to VWF monomer ratio determined were
shown with the different methods applied. The HPLC method, which does not require a
PEG extraction step, gave an average higher number of PEG/monomer than that given by
the SDS-PAGE method. Thus, the original target of a low PEGylation degree of 1-2
PEG/VWF monomer ("monoPEGylation") was exceeded in all preparations except in the
Lys 40K br long low conjugate. As investigated by barium iodide staming, no free PEG

remained in the sample solution.

[0242] The protein content of the samples was measured according to the principle
described by Bradford using the Protein Assay Dye Reagent Concentrate from Bio-Rad
Laboratories (Hercules, CA, USA). Bradford (1976) Anal. Biochem. 712:248-254. The
microassay procedure was performed according to the manufacturer's instructions and
calibrated using a certified human serum preparation (Qualitrol HS-N, DiaSys Diagnostics,
Holzheim, Germany; distributed by VWR, Darmstadt, Germany), obtaining a calibration
range of 20 to 1.8 pg protein/ml. Pre-dilution of concentrated samples as well as sample

dilutions were prepared with 0.9% NaCl solution.

[0243] Determination of VWF:Ag: Two different VWF:Ag assays were used
during the experiments: SIMIT and sandwich ELISA.

[0244] A single incubation multilayer immune technique (SIMIT) for the in vitro
characterization of the conjugates was one analytic technique used. The double sandwich
VWF:Ag ELISA was set up with a commercially available antibody combination of a
polyclonal rabbit anti-human VWF:antibody {A-082) and a peroxidase-labeled polyclonal
rabbit anti-human VWF antibody (P-0226; both obtained from Dakopatts, Glostrup,
Denmark) using the single incubation multilayer immune technique SIMIT. Wells of
microtiter plates (NUNC Maxisorb F96; obtained from VWR) were coated with 1 pg anti-
human VWF:antibody diluted in coat buffer (100 mM sodium carbonate, 100 mM sodium
hydrogen carbonate, adjusted to pH 9.5 with HCI). Phosphate-buffered saline containing
Tween-20 (PBST) used as washing buffer was composed of 137 mM NaCl, 2.7 mM KCI,
1.5 mM potassium dihydrogen phosphate, 7 mM disodium hydrogenphosphate dihydrate
and 0.5 ml Tween-20 (Bio-Rad, EIA grade). For the dilution of samples and the antibody
conjugate, 0.1% non-fat dry milk and 2 mM benzamidine was added to the washing buffer.
All incubations were done at room temperature. Peroxidase activity was detected by using

tetramethyl-benzidine (TMB}) as substrate. The developed color intensity was measured
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with an ELISA reader at 450 nm. A normal reference plasma calibrated against the actual
WHO standard was used for the construction of a calibration curve. A dilution series
consisting of the six geometric 1+1 dilutions 1/100 - 1/3200 was prepared and analyzed in
duplicates on each single plate obtaining a VWF:Ag concentration range of 0.01-0.0006
IU/ml. Samples were diluted at least 1+1 and five further 1+1 dilutions were analyzed in
duplicates. The assay blank was also run in duplicates. For the data evaluation, a linear
regression curve was calculated between the logarithms of both blank-corrected optical
densities (ODs) measured and the known VWF:Ag concentrations of the six calibrators.
Sample ODs were extrapolated on this curve only when they were within the range defined

by the calibration curve and results were reported in 1U/ml.

[0245] Sandwich ELISA for in vitro release experiments and for analysis of ex vivo
plasma samples from the pharmacokinetic studies was also used. VWF:Ag was determined
with a sandwich ELISA. Wells of microplates (Nunc-immuno 96-microwell plates,
Maxisorp, Nunc, Roskilde, Denmark) were coated overnight with 1 pg/well polyclonal
anti-VWF antibody (A-082, Dako, Glostrup, Denmark) in 50 mM sodium bicarbonate
buffer, pH 9.6. Plates were then washed with washing buffer (20 mM Tris, 140 mM NaCl,
0.1 % Tween-20, pH 7.4), and diluted samples in the range from 0.02 to 0.001 IU/ml
VWF:Ag [in washing buffer + 0.3 % bovine serum albumin (BSA)} were incubated in the
wells for 2 hours at 25-32°C, followed by washing and incubation with polyclonal anti-
human VWF conjugated with horseradish peroxidase (P-0226, Dako, Glostrup, Denmark)
in washing buffer + 0.3 % BSA. After a washing step, 0.4 mg/ml of ortho-
phenylenediamine (P1063, Sigma, St. Louis, MO, USA) in phosphate-citric acid buffer was
added. Color development was stopped with 3 M sulfuric acid. Absorbance of wells was
read in a microplate reader at 492 nm. Absorbance is directly proportional to VWF content
in the sample. The VWF:Ag concentration in the samples was calculated relative to a

human plasma reference preparation (SSC/ISTH secondary coagulation standard, #2).

[0246] Detennination of VWE:RCo activity: VWF:RCo activities were measured

with the BCS (Behring Coagulation System) analyzer (Dade Behring, Marburg, Germany)
according to the instructions of the manufacturer by use of a lyophilized von Willebrand
reagent containing stabilized platelets and ristocetin A (Dade Behring). The VWF
(ristocetin cofactor) from the sample causes agglutination of the stabilized platelets in the
presence of ristocetin. The resulting agglutination decreases the turbidity of the reaction

suspension. The change in absorbance measured by the BCS analyzer at 570 nm is
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expressed in U/ml VWE:CB.

[0248] Determination of VWF-FVII-binding capacity by an ELISA chromogenic
assay (ECA): The VWF-FVIII interaction was determined by an ECA based on the assay
described by Bendetowicz ef af. See Bendetowicz ef al. (1998) Blood 92(2):529-538. A
commercially available polyclonal rabbit anti-human VWF antibody A082 (Dako,

Glostrup, Denmark) was immobilized to the microtiter wells. Phosphate-buffered saline
(PBS; 6.5 mM disodium hydrogenphosphate dihydrate, 1.5 mM potassium dihydrogen
phosphate, 140 mM NaCl, pH 7.2) containing 0.05% Tween-20 was used as washing
buffer. For sample dilution and as blocking solution, 0.1% non-fat dry milk (Bio-Rad,
Hercules, CA, USA) was added to the PBS-Tween buffer. A constant amount of rFVIII
0.2 TU/ml FVII chromogenic activity (FVIII:C)]) was mixed with the diluted VWF-
containing sample (VWF:Ag concentration range 0.156 to 10 mIU/ml) in separate tubes
and incubated at 37°C for 25 minutes. The rFVIII source was a frozen bulk derived from
the ADVATE brand of Factor VIII (Baxter Healthcare). The rFVIII bulk had a
chromogenic FVII activity of 4046 IU/ml, and contained less then 5 pg (~ 0.5 units)
VWF:Ag /1000 IU of rfFVIIL. The rFVIII product was stored frozen in aliquots below -
60°C and thawed immediately before the assay.

[0249] This VWF-FVIII complex was transferred to the blocked microtiter plate
and incubated for 60 minutes at room temperature. Unbound FVIII was removed by a
subsequent washing step with washing buffer. Bound FVIII was quantified by a
commercially available FVIII chromogenic assay (Technochrom FVIII:C reagent kit,

Technoclone, Vienna, Austria), in which the reagent contains minute amounts of thrombin,
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[0252) Determination of the FVIII-binding capacity of PEG-rVWF in the presence

of native r'VWF under flow conditions: A constant amount of rVWF was immobilized on
the flow cells of a CM5 sensor chip of a Biacore 3000 (Biacore AG, Uppsala, Sweden).
Different amounts of rVWFE were incubated with 5 TU/ml rFVIII at 37°C for 5 minutes to

form a complex and then injected into the flow cells with the immobilized rVWF. The
amount of free FVII bound to the immobilized r'VWF was calculated from a reference
curve, established by injecting rFVIII in the absence of rVWF in the range of 0.1 to 5
IU/ml. The rFVIII remaining in the complex was calculated and expressed as a percent of
the added rFVIII bound in the absence of rVWF.
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activity, which depends on the multimeric size of VWF, before and 4 hours after the
incubation. The degradation of the multimer numbers and formation of the specific satellite

bands were visualized by multimer analysis.

[0254] For the degradation of r'VWF, normal human plasma {George King Bio-
Medical, Overland Parks, KS, USA) was used, as the ADAMTS13 source. ADAMTSI13 in
the dilutions of the plasma were activated with BaCl, for 30 minutes at 37°C in the
presence of 5 mM Tris, 1.5 M urea, pH 8.0 and mixed with constant amounts of r’VWF
(prediluted with 5 mM Tris, 1.5 M urea, pH 8.0) and further incubated at 37°C for 4 hours.
The incubation mixtures contained 6 pg/ml of native or PEGylated rVWF conjugates and 1
to 33 mU/ml of ADAMTS!13. The reaction was stopped by the addition of Na;SO4 and the
incubation mixtures were subsequently centrifuoged for 5 minutes at 2500 g and the

supernatant was used for further analysis.

[0255] Collagen-binding activity (VWF:CB) was determined. High-binding 96-
well ELISA plates (Costar 3590, Corning Incorporated, NY, USA) were precoated with 100
ul of 1.5 pg/ml human collagen type III (Southern Biotechnology Associates, Inc.,
Birmingham, USA) in 6.5 mM di-sodium hydrogen phosphate dihydrate, 1.5 mM kalium
dihydrogen phosphate, 140 mM NaCl, pH 7.2 (PBS) overnight at 4°C and subsequently
blocked with 200 pl of "Super Block Blocking Buffer in PBS" (Pierce, Rockford, Illinois,
USA) for 30 minutes at room temperature. The centrifuged digestion mixtures were diluted
1/5 with PBS containing 0.05% Tween-20 and 10% of the blocking sclution and 100 p! of
these dilutions were added to the blocked wells. After incubation for 2 hours at room
temperature, the plates were further incubated for one hour with 100 ul of a solution of
polyclonal horse-radish peroxidase-conjugated anti-human VWF antibody (P-0226, Dako,
Glostrup, Denmark) diluted 1/10000 in PBS buffer, pH 7.2 containing 0.05% Tween-20
and 10% of the blocking solution. Between each step, the microtiter wells were washed
three times with 250 pl PBS containing 0.05% Tween-20. The color reaction was achieved
by addition of 100 pl of "ImmunoPure TMB Substrate” (Pierce, Rockford, Illinois, USA),
and after 5 minutes incubation the reaction was terminated by the addition of 100 ni 1 N

H;80,. The absorbance was read at 450 nm using an ELISA reader 680 (Bio-Rad
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were subjected to low- and high-resolution multimer analysis as described below under

"VWF multimer analysis."

. [0256] SDS-PAGE and silver staining: VWF samples (20 mIU, equal to 0.2 pg
protein per lane) were applied to gradient (3-8%) Tris-acetate gels and electrophoresis was
done under reducing conditions, followed by silver staining, as described by the
manufacturer (Bio-Rad). As molecular weight standard the Precision Plus Protein All Blue
standard was used (250-10 kDa, Bio-Rad, Hercules, CA, USA).

[0257] SDS-PAGE and Coomassie staining: VWF samples (100 mIU, equal to 1 pg

protein per lane) were applied to gradient (3-8%) Tris-acetate gels and electrophoresis was
done under reducing conditions, followed by Coomassie staining, as described by the
manufacturer (Bio-Rad, Hercules, CA, USA). The Precision Plus Protein All Blue standard
was used (250-10 kDa / Bio-Rad, Hercules, CA, USA) as the molecular weight standard.

[0258] SDS-PAGE and immunoblot for VWF VWF samples (0.55 mIU equal to 5.5

ng protein per lane) were applied to gradient (3-8%) Trisacetate gels and electrophoresis

was done under reducing conditions, followed by standard blotting procedures onto a
polyvinylidene difluoride (PVDF) membrane. To visnalize the VWF bands, a polyclonal
rabbit anti-human VWF antibody (A-082, Dako, Glostrup, Denmark) was used as primary
antibody. An alkaline phosphatase (ALP)-labeled goat anti-rabbit [gG was applied as a
secondary antibody (Bethy! Laboratories Inc., Montgomery, TX, USA). The blots were
developed with the ALP Conjugate Substrate Kit {Bio-Rad, Hercules, CA, USA). A full
range rainbow marker (250-10 kDa, GE-Healthcare, Little Chalfont, Buckinghamshire,

UK) was used as the molecular weight standard.

[0259] SDS-PAGE and immunoblot for PEG VWF samples (5.5 mIU equal to 55
ng protein per lane) were applied to gradient (3-8%) Tris-acetate gels and electrophoresis
was done under reducing conditions, followed by standard blotting procedures onto a
PVDF membrane. To visualize the PEG, polyclonal rabbit anti-human PEG antibody was
used as primary antibody. The anti-PEG antibody was raised in rabbits by immunization
with a PEGylated protein. The IgG fraction of the rabbit serum was purified by affinity
chromatography on Protein G Sepharose 4B (GE-Healthcare, Uppsala, Sweden) followed
by specific negative immunabsorption. An ALP-labeled goat anti-rabbit IgG (Bethyl
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[0261] VWF multimers and the distribution of PEG on the VWF multimers were
either visualized in the gel by immunostaining with a polyclonal rabbit anti-human VWF
antibody (A-082, Dako, Glostrup, Denmark) or with a polyclonal rabbit anti-PEG antibody
after electroblotting to a PVDF-membrane, followed by ALP-conjugated goat anti-rabbit
1gG H+L (Jackson Immuno Research, Soham, Cambridgeshire, UK) using the ALP
Conjugate Substrate Kit (Bio-Rad, Hercules, CA, USA).

[0262] As a hemophilia model, FVIII-knockout mice [Lawler et al. (1995) Nat.
Genet. 10(1):119-121] were used. The mice suffered from severe hemophilia A (FVIII <
0.01 IU/ml) but had normal levels of VWF (approximately 0.15 IU/ml relative to human
VWF reference), mimicking human hemophilia A.

[0263] Application of VWF and FVIII: Recombinant FVIII (214 IU FVII/ml) from

Baxter was used in all experiments in this example and co-injected with rVWF. The
freeze-dried final containers were stored at 2-8°C and reconstituted before use. The
dissolved rFVIII and non-PEGylated or PEGylated rVWF were mixed with 20 mM Hepes,
150 mM NaCl, 3.2 % mannitol, 0.8 % trehalose, 2.5 mM CaCl,, 1 % human albumin, pH
7.4 buffer to achieve appropriate concentrations for infusion. The mixtures were aliquoted,
frozen at -20°C and thawed just before the applications. Target dose was 200 IU/ml
FVIII:C and 1.6 to 2.1 mg/kg VWF. The concentrations were measured again from the
thawed samples and the applied doses were calculated. Doses are given in the Figures
legends. 10 ml/kg bodyweight were injected via the tail vein and groups of 5-6 mice were
bled by heart puncture after 5 minutes, 3 hours, 6, 9, 16 and 24 hours, and if necessary,
after 32 and 42 hours. Nine volumes of blood were mixed with 1 volume of 3.8 % sodium

citrate, and immediately centrifuged at 3000 g for 10'minutes. The supernatant was again
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baseline-level of mouse VWF was subtracted. The quantification limit of the assay in
mouse plasma was 0.03 IU/mil of VWF:Ag.

[0266] Calculation of the circulating half-life parameters of human VWF and FVIII:

For analyzing FVIII levels, the concentrations for t, = 0 hours was set to zero as FVIII
deficient mice were studied. For analyzing VWF:Ag levels, the concentration for tg=0 was
set to zero and the arithmetic mean concentration of untreated mice was subtracted from
mean concentrations at subsequent time points. FVIII levels over time were summarized
using pharmacokinetic parameters AUC from zero to 24 hours, terminal elimination rate
and mean residence time. VWF:Ag levels over time were summarized by the

pharmacokinetic parameter AUC from zero to 24 hours.

[0267] Area under the concentration vs. time curve (AUC) from 0 to 24 hours: The

area under the concentration vs. time curve (AUC) from 0 to 24 hours was calculated by the
linear trapezoidal mle using the arithmetic means of the concentrations observed at
individual time points. It was assumed that there exists a linear relationship between dose

and AUC. Under this assumption, the AUCs for different items were adjusted for dose in
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WD 2008/ 082669PCT/ US2007/ 026522 103101PEG rEVII | conjugates wth
rel easabl e bonds via the am no groups of the |ysine residues of

rEVITT were prepared in accordance with Exanples 2A, 2
2C, 4A, 4B0° 20@%?823 d 4C. The branched PEG derivatives ﬁéﬁ”ﬁﬁbg@%%r
wei ght s of cap0e€ diffkeat dergs Siminisieredh Dose adhstmon was perfermuid by dividing the| ease

char act er i gidyf:fed (RO} the A6kel 2P BoAY §RASE diiIRdred TO T NVestigate the
possi bl e effect of the conjugation conditions with the rel easabl e PEG

reagents, a_mpck preparation (control) was also manufactured whic
ran t hr ougif?¢te mhol@méﬂﬁégg%%nﬁ—%%s’}q%?%wg@? ral‘%bbjé" aiﬁﬁm’ateg

EEGJ | ati ?nus/ﬁi%g?@%é%ﬂ?%&a%ﬁhf Ml 1ogxarrmnaer( a}iﬁmieuah/ain%édnaﬁodyanmc last
rotein ) ( * colaorinetric PEG E ** HPLC
(mol / ol ) n&%é@@@lﬂ%@%% i %ﬁi%@“ﬁ?“?@-og%z‘ﬂ.’&%fégﬁée‘é’é.(%j {ys 20K hr
| ong 0. 265PkurfRacokinetic. Pharmacodyn. 32(5-6):757-766.

[0269] Mean Residence Time: Mean residence time (MRT) was calculated as
AUMC.infinity divided by AUCq.inginiy. AUMCo.infinity and AUCy insinity Were calculated by

the linear trapezoidal rule using the arithmetic means of the concentrations observed for

different time points plus a three-point tail area correction. The tail area correction was
calculated by log-linear fitting on the arithmetic means observed at the last three time

points per item.
[0270] RESULTS

[0271] Functional parameters of PEG-rVWEF: The different biological functions of
VWF were characterized by different parameters. VWF:CB, VWF:RCo and VWF.FVIIB

were measured to characterize the integrity of the collagen and platelet-binding site,
required for the VWF-mediated platelet adhesion, one of the first steps of hemostasis. The
VWE:FVIIIB capacity and affinity describes the availability of the FVIII-binding sites,
needed for the chaperon function of VWF. Table 3 summarizes the measured values, while

the calculated ratios and specific activities are summarized in Table 4.

[0272] To investigate the possible effect of the conjugation with the releasable PEG
reagents, a mock preparation (control} was also manufactured which ran through the whole
process but was not PEGylated. This preparation had similar activities to the controls,

which confirmed that the process had no negative effect on ’VWF.

[0273] Because all parameters were similarly affected, the VWEF:FVIIIB capacity,

which was expressed as a percent of the VWF:Ag level, only marginally decreased.

[0274] PEGylation with the 60K reagent had a substantial decreasing effect on the
specific activities, even at low degrees of PEGylation. Increasing the PEGylation degree

(Lys 20K br medium and Lys 20K br high conjugates) resulted in a substantial decrease in
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all activities, especially in the VWF:CB and VWF.FVIIIB, where only a few percent of the
initial activities could be detected for the Lys 20K br high conjugate.

[0275] PEGylation with the releasable PEG reagents resulted in a substantial
decrease in the specific activities, even at low degrees of PEGylation. The higher the MW's
of the reagents were, the greater was the decrease in activities observed. No substantial

differences were found between the "short" and "long" derivatives of the same MW,

[0276] The FVIII affinity was determined assuming homogeneous 1:1 interaction
between the immobilized rVWF and FVIII, the association and dissociation constants were
determined using the Langmuir model of the "Bioevaluation” program of the Biacore 3000
apparatus. The affinity constant (KD) for the PEGylated rVWF-FVIII interaction remained
in the same order of magnitude as measured with non-PEGylated VWF, independently of
the type or MW of the applied PEG reagent.

Table 3: Quantitative parameters of r'VWF conjugates

Protein
{(mg/ml) Measured values V‘;:Edl::fgl“
Samples VWF:Ag | VWF:RCo | VWF:CB | VWE:F affinity
#1 #2 (TU/mi) (IU/ml) (U/mi) VIIB KD (M)
(U/ml)
native rVWF n.a. 0.344 54.6 24.3 63.5 46.0 5.5E-10
133P1-1 nd. n.d. 48.3 17.8 n.d 37.8 4.8E-10
133P1-2 n.d. 0373 49.1 221 n.d 47.9 2.9E-10
i33P1-3 nd. 0.396 42.4 17.7 nd 37.9 n.d.
mean na 0385 46.6 19.2 n.4. 41.2 3.9E-10
Lys 20K br shortlow | 0.304 | 0.259 21.1 11.8 19.5 13.6 7.5E-10
Lys 20K br long low | 0450 | 0.529 25.3 18.7 21,7 . 16.8 3 9E-09
Lys 40K br shortlow | 0.228 | 0.234 9.1 5.5 10.4 8.8 2.3E-09
Lys 40K br long low 0.315 | 0.212 14.3 3.1 15.8 15.8 2.6E-09
Lys 60K br short low | 0.216 | 0.235 29 1.0 1.3 27 5.5E-09
Lys 60K br long low 0410 { 0.459 10.3 3.5 9.9 10.9 5.4E-09
control 0.163 | 0.145 18.4 3.0 n.d. 15.5 nd.

All results were obtained from a freshly thawed sample and are the mean of at least 2 measurements.
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Values were calculated from the measured data, shown in Table 4.

[0277]

Releasable rVWF conjugates: Similar to the SDS-PAGE results of the

stable conjugates, mature rVWF appeared as a prominent single band (monomer) with a

MW of ~260 kDa with some minor bands down to 150 kDa. Remaining amounts of non-
PEGylated r'VWF monomers were still present in the PEG-rVWF preparations, especially
in the 40K derivatives.

[0278] The PEGylation led to a band shift to higher MW which correlated with the
MW of the applied PEG reagents. No structural changes were shown for the control

preparations.

[0279]

immunobiotted with a polyclonal anti-human VWF antibody, as demonstrated in Figure 9,

To verify the results of the protein-stained SDS-PAGE, the gels were

Panel A. The unmodified native rVWF 133P1 appeared as a single VWF monomer in the

anti-VWF immunoblot with some minor, non-relevant degradation bands. No structural

changes were detected in the mock preparation (control).

[0280]

All releasable conjugates showed a non-PEGylated band and some distinct

bands in the higher MW range. The number of the increased bands might represent mono-,
di-, tri- and higher PEGylated monomers. The MW of these bands correlated with the MW
of the applied PEG reagents.

[0281]

Panel B of Figure 9 shows the immunoblot for PEG when the blots were
stained with a polyclonal anti-PEG antibody and confirmed that the higher MW bands
contained PEG. No reaction was observed for the non-PEGylated materials rYWF 133P1
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[0312] Determ nation of FVIII activity: FVIII activity was determ ned
with a chronogenic nmethod. In the assay, the FVIII-containing sanple
was m xed vmth thronbin, activated factor LX (FlXa), phos%holl i ds
and fact orVX* 2% 1 a puffer containing cal cium FVI PET{US2042P3652 ed
by t hr onbi andaMi¥ Isaenselqlewed YW eandsappeaehip B xanpléshmphi dsgh oipreeerdisg  Fl Xa
and cal ci ugg,j.qn: Pgé%]aw% L.%leaas %b‘%éﬁqg%ﬁzj;}e wkisg; Wi ch in turn

cl eaves a speC| chronogenri ¢ su ref easi ng para-nitroaniline
(pNA) resulti ng in a color reactl on. V\D 2008/ 082669PCT/ U82007/ 026522
[0313] For WA%Alysi s Stucpyrs pf RE(hylate oY SOVE AR I
reference N@lihePEdmdsiibh o th@ef&equvsdmhsﬁ ¥o t'mslplrailf{e{a Wé Ihbesﬁ%m&imy .

activity in a human FVIII-deficient plasma and further diluted
the dil uti®- rs@JanéragﬁfBS%e'r%%epffqr@m%msaﬂ%v-ws@@@m(U/mgelﬁvﬂ?tﬁnr@ﬁ%?n

The tine Cﬂ.ﬂrﬂﬁaﬁonﬁe flilemeNAnd & hRBSeAIutibOM $4) e bl RSte§iAhR (e YBRATIME 6f
with a mcrog_blﬁle reader at 405 nmusing the kinetic node. The sl ope

of the real®f MeG-proportional to the FVIII concentration in the
sanple. The FVI11 concentration in the sanples was cal cul at ed
rel ative t®283]r econBimilant thedtdtle wajgend, tkah&:r@h@ﬂd’&ﬁd;za@&hhé]hﬁfa@ﬂ;s of

“0's) sclfHiondn B fich Ao éhasdly b ieR 1SNl ikl iR s, oy
was 0. 03 | tlumktd efea E\Rahé¢l A @ﬂB@&# Bt ehlmn madd tberexatt daiibed of amtmtgmmemby

enzyme-lin e ant | vel
was deter m&ﬁ%éi acco?‘% bﬁ'[ gxncﬁtrgérﬁg(ﬁr%w 12) ?aﬁ’seié)u% or?gF\%lﬂ%aﬁ sone
m nor nodi énpelanti}milgmdsmcrg weteeP Eydagd, kwhich obaralthlaedachmdamhlaﬂbat

(Cedarl an Igg(,gﬁ' quggg tari o, Canada). Hi gh-binding
96- wel | ELeﬁQ’%r at sAt§Cos ar é?@g] Cor ni ng I ncorporated, NY, USA)
were coated with 100 ullwell of a polyclonal anti-human FVIII

ant i body alfd84Incubaleshighyreselpipnngaiose set (Figend 1 ehpye abmadeningzang iclear
wer e di | ut ggkt b 8OV UFARI8mES tPnighdr Wlotdb iy \{/élgl'ﬁgwiﬂll 5 RidoP Srvdl i chdat OBy the

buffer fromthe kit. Plates were then wash phosphat e- buf f er ed
saline (PBSS 8Kdr shortdew apd 2 mediyaiergension dis M% %Olﬁbm%&la‘evéonmasesmnel
pot assi um gj, mi@be Q8KE BorkIAS IR @e pﬁé atidtMeblREtescitdd fn ZdblEP N RIRIeNO

0. 05% Tvveen EY E‘?Sg%}ﬁ 100 ul % e diluted sanpl es were added t

the pl at es™™2H&SPhE éraiaasfw{% e peK acenﬂfga@ﬁfe@@f?s@%%&lmi a%‘lf’%?ada
washi ng st elistkétba@BST, 100 td/ wel |l of peroxi dase conjugated
polyclonal anti-human FVIII1 anti body (#El A8- 0015R1, Cedarl ane

par oxi dasel BT vy YR AEr B 45 “ayoel Rer e B P ot il

Per oxi dase Y Was by Ui Hg Pdi ne (TMB)
as subst r aPEGY18ed; Rzt mebmthajleecsa, m@mer ¢8ipined i deagione PEﬁgldtedMVéF

intensity Pﬁ@ﬁin{@ ag ek ﬁtogﬁal oag u#@fb%‘?%ﬂﬁ aftls w%?eostalrllr{(?fi wﬁ%é%%%%iif%@r d,

a human nornal plasnma poo tionre erence, ,
Baxt er) anahtibedycwhich olightreprsentriimafnde REGYplobatiyitekeagediudsr €he#B0206000-

05/ 01) wasg e Ag concentration was calcul ated relative
to the stan %ﬁl%gh E)éggpgx@gﬁ (L)n and expressed as FVII1:Ag U n.

[ 0315] Measurenent of VWk-F VI I | affl nity by surface pl asnon_r esonance
t echnol ogyt028¢lt i ve Petegnipaiion ofthe EVIIbinding canapity of|ths PEGylated-WE inthe

sensor chi gre@bcebrBhRsHfi& Wux{cﬁf AGR Echdfons: umgm A%ymelﬁmo RRRAEAL US
to a constant evel accor the T nstructions of

manuf act ur Bfh rFXT Ié@?m@gxeéﬁw’erp?mqnehylt&fher?gﬁy{féedéWﬁﬂE@ qurmv/\ leyelsfnpl es
were then @japidnet VWF]th@eR the 4kt akdie, wHeteNhBOIWF IREHR cordptOWitNGe

three m nu fo h WO 200 69PCT/ US2007/ 026522 assom ation
and ten m%‘%eﬁlé%le‘{ G}r ?Fﬂé ﬁtﬁ@g‘a&ff% 12 %Bf‘d %ﬂls quagtgcompeifiiogef FNES
cycl es FVIdompléxsd &BRPEGHatkd ONWEFRathaAiie: NWEgmﬁéaaﬁrb@m a)&@dwlest Bem, as

OBt o SRR ibiot B toopst MR T V1l Singing i gg&@%b%@gg

per lane) were applied to gradient (4-12% Bis-Tris gels and
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WD 2008/ 082669PCT/ US2007/ 026522 activities) in the presence of a

t hronbi n-speci fic inhibitor (Pefabloc TH, Penthapharrn, Basel,
Switzerland) were added to a prepared m xture of Fl Xa, FEX ;
phosphol i pYA2%¥§25¢%si cl es [conposed of 60% phosphat i d)?FEW§?q0W@26(’330)
and 40% phieghysratsenbglof vativa eV {VPSnder flowlvohditons ACamstant #uduats of nphetkfiddnc
(Al abast a, \MF wyr%'bgnlno rﬁged%g:%ens ?hg)u%f%?ecﬁih&? gigxlﬁ@ﬁtsanﬁrﬂgﬁ%%}ed at

37C to all ow conpl ex ormatl on an seguen ener ati on
Subsanpl esp%fi@edm\ffvﬁﬂfm cepeplele Ponfacing ﬁﬁTé/ml aE‘éIIIugadtlocr%mmamwésofan d

added to CRIRORT Loyl RRL IR colfBlef ydriﬁl BELRERL oIy wal apneda s

FXa. The substrate er contal ne enedi am netetraacetic acid
(EDTA) to psraspt ofihe #ddedREH. FXa generation. After 15 nminutes of
i ncubation, the reaction was term nated by the addition of acetic

aci d. The [aimpr banceigade 140Rowsithe feRERE0f rMMIICRatirSmAfANL EdrhRBakith @et he
FXa concentéatlons was Gﬁisure in an ELI SA reader. A reference
ttedy

curve was E6aepeFELY 9B gRt S P s Homrstthe XAV E QY VIR Fhestar
Researc hOI Lﬁh@g((kprme%aowﬁwﬂaﬁarvw&i) re@ilfing fhe IO&Q&WWB@&E’VI\CI’BME%IS | \I/ver e
converte a c ration acti ed r

(rFVI 11 a) %Fléﬁgﬁetté) $ k?ip aﬂ‘d’%ﬁgﬁ . E‘;be 1 Plileﬂfiferf@%
native or dEGhdukMVWE gtebﬁ}étgonMMdVWEﬂb&)&oﬁ@ﬁ;hr@ﬂﬁodfﬁﬂ%b@p@fmﬁdﬁng t he
reaction was s ed by adding 10 0, t hr onbi n-s ifi i bitor
( Pef abl oc ‘?ﬁ?reb@ﬁfl'hg}f}ﬁ\é‘i‘:ﬂ?ra%’&gé? l?m%‘\fgsﬁ lgz%ﬁli Befaye ¢ ["B’?E%it‘% ° cour se
of FX act i Mali-gndifdig 0wl ¥ W7 ) Bavasowkcawal A1 Sphpby SH): 529-538) | ows: The
maxi mumrate of FX activation was cal cul ated by determ ning the slope

of the lingag part Q r X he

| ag phase @/as deter ﬁenﬁggﬁ;t}é é\glevc\g ;%%%u}%ﬁ% %%ggﬂ: F’lr%éMrege81 %ma}]{

l'i near pardiffetnaehbetwemnie biffdieg mmlwﬁﬂmc@1¢aeabﬂwcmsatgm(ﬁeblnﬁheﬂi as the

mean FXa capgend fifhlion j, ERASH/ SHlpRel WRR M2 A0 AR R Buklle
p2

hal f maxi mumti ne ul at usin orrm

11/ 2 =( rraxi(}ﬁ%bmstf Ilagowmast@ af il g8V YHI. Jhese rpgults ?)mehiﬂﬂe\t/@}rs
wer e cal culgt &dRatisbfng the internal functions of Mcrosoft Excel.
103211Ki netics of thrombin-nedi ated activati on and | nactivati on of

FVI T d by the Fl Xa cof acto t|V|ty assay. tive rFVILI
and PEGr Ia:ﬁ)gﬁsﬁl wer é-a%m&&l—%—mus 1A plyysi ]Gﬂic%llcf’ opedtivarleres t o
t hei r chr onRgeBIsOf ¥WE Mk Higeai:d bi the VABE-tieMikiERESise tADAMM SN lvhich tmig/ m

bovi ne ser m al bum BSA buffer. an c te
D o oS 3ot & Be hraentiol b rtioR Gich e B Frted by tpis g
m nut es memgeadﬁeﬁhrmf\awqaectaaseaﬁe $xpRpt @WIF hib biveshedh expoddd,to FX,

phosphol ip vesicles. (co e . 60% PC and 40% CaCI 2 and
a t hr onbi n}‘ﬁﬁ%ﬁ@? oF SPSSG%%B}(EY Ptr}&[? ’ﬁ%ﬁsgdsia{}ém’%tﬁmd’?eaﬁw ?&?Q S
2008/ 0826 GiategHy 200/ P e, ﬂmaAnﬂm Biinced phgsiologic dbgmub@d @dbkor

i xtare adt AR (6 B aPirs i ATE 8l MRS ey SeRERealory ol 5

cleaved by FXa. The FXa concentratllon was determ ned as described
above wit hi0P¥8pect Figup|lXshavsitherelstveahnnges of/VHECH actinidy (b of thed

agai nst  t hewipesl RakiP el 1Pfhe ggélerlxcle o%mﬂlfglgyﬁtﬂe cohfat s flction

i nactivation had been quantitativel %/Q eval uat ed om t ascendi ng
part of thef AMMAS hspneentrationg Thpbys ) K hr eonisigaig ihed 2ygmolisenY WEICRIS| ng

the interngky Eibe‘ﬁ“h&EfoM ,s:édaﬁ)q{ok b@é&@d Al[ &%ﬁ%hmh%@a Qsm&%@&uapn

Assay (TGA severe ilia | asma activi
obt ai ned f %ﬁﬂf@% ‘&8 aKﬁ“n'g lmubat%wi%aprefwoam ompwmé TSA) was

spi ked wi tPEEIA8RRnfuRatds dhb@é&@sl%ﬂ@{j Mﬁhe@ gusE’é@bﬂlﬁMb Immﬁstﬁ&mmm
generatlon WwWas nBasure ec ot hronbi n r)

( Technoc! offEent RAtYR AW E Ayt timer pnalwsisreniopitisd wlqaa@awa?ﬁﬁf&&%sf@r The
reaction was triggered by a relipidated tissue factor (TF)
preparation (TFPL RB reagent) containing low IF and | ow PL
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[ 0325] The thronbin-activated FVEI (FVIlla) was prepared freshly for
each test by incubation of the 2 U /int native or PEGrEVIIII

sanpl es w 1 nMthronbin (#2311 PL, Enzyne Research Laboratories,
Swansea, 2?08{38%6% nute at 37C. The reaction was st oppedSRAP”a¥ding
10 uM of amplepdereighs paltivarc(Figurd 190t/ premeftiahd showad-gimibgrsersitvita tm,
Basel , Sw hpamnkpqid) - [ 0326] Mouse nodel : As a henophilia nodel,

FVI Il -knockout mce were used. The m ce suffer from severe hem)phi lia
A (FVIII Pg M m  evel s of VWW\F (approxi mately
0.15 1 U m [%alati veln yirarsies plegsaple PROZEWE: Roripterigass thtdagiics of in

henmophi | i avifo rc{l&B@c?ﬂtﬁ@PEG ﬁ'@ldtl@é'\fr@ﬁ r‘FW'FJ the PE@ﬁat@@-f’(ﬁVF%Exﬂﬂ@d waB il | |
subst ance (rFVIII

bul k used for ation ontr ol
NDQHEPESd"fE)"OX‘T'ﬁE’%b{HOWgé!}avf‘”‘&tﬁ%ﬂ e 0 e Siegess 130BM ¥allw %60C and
t hawed bef ﬂfcﬂ)s&l&&wst&ﬁ@;ﬂf% 3 witle Hmihldﬂtrﬁﬁ A4 a doRBoNAhdiNe rVﬁ‘P’lxx‘als e r ol
wer e thawegﬂeand m'xgﬂ th 20 EM HEP 150 niv NaCl 3.2 % manni tol,
0.8 %t r ehHf 54 V.- ﬁwéa%ﬁeze 9Pt g5 FRRih PR Or $Hilpyy- f’4 yhremele was

achi eve appképivegiday SORCReiate] ARBokd frokeH 448 k0Rd atl 8e°d- Mt hnakglsut i ons
were aliquoted, frozen at - 20C and thawed just before the

applicatio heta AN
concent r at fb%?\islr V\/ere&gnlggagg]?e %@%}cﬁg?rom Jf(% R s@wn}gls i Y he
appl i ed dose¥Fueitd V@@IS@blbat@dhe Wodesmepariodi WbenVWﬁ Aglmldadyﬁﬁareatltm@mds
in the res . i pjected
R A e o T v
after six @iffagadEG-g/W Colgugaleﬁ deveripdlessoll sz deaw@ivewfshmsmrgase mf ter
32 h 9
ours.  wiea y R4t die B0 qomrb@nwa&ﬁ& ekl ngA #FRhcl o e

sodi um ci trat e centrifuge

m nut es. @Kdé ﬁmlawwoma@t@gm AWEéyte P#OEi:ge'@tlmeaGS@® Ghegarigopf thpve
m nut es, le A90R/Was separated, frozen in aliquots and stored bel ow
-60C for analysis. [0328]Determi nation of FVIII activity in nouse

plasma: FVIII activity m n?d fol | owi ng, the assay principle
descri bed above. The ti %€ 1208e5;0L VWF: AR Pralelalioplf r om t he
substrate was neasured mléal%b&?ﬁ@r_‘@ﬂfaﬁ;ﬁngﬁ&d&:rmaﬂaat%S nm usi ng t he
WO 2008/ 082669 PCT/ HS288-+-B26523—ta—Rettec—rode he—stepe—efq t he
reaction is pr oportlf"(‘JPfﬁan o{uﬁhe Exs| lléy‘%jaé?{:” rﬁlafsi Oﬁoé%n,r%\vhg sanpl e.
The FVI11 concentrjat ip S bl cul |a ive to a
human pl asma ref erenece pr spsd?rgt i g‘nﬁ) t%’fti b%’o'éﬁ :Sgg-gafél'%f "thel wio pl asma

reference (5th |S fer—Fft—ardMWirlHEARR—Bl-asra—N-BSC| #02/ 150)
and expressed in U The fudntificBilod 1 { mt [oft he %hsbay was
0.03 UL of FVI Il r‘m?ql L qui®st | o df #he ¢ rici?fali i half-l1ife
paraneters of hungn VYVE_and4 EVIL 186 | F8r larbal Yz86nd P91 11 %0 efel s, the
concentrations forl_ to3= O] htddrg Was|s®t |tdlzer® ds 7FV] I lade]i ci ent

m ce were studied.] FVhI | | ewsl § ove[ &i ne eoefersymsearfzed psing
phar macoki neti c pgraneterp AWC [f son] Ooé d 24 hour'§, & ef mmna
elimnation rate gnd g€an resi denge| T3y, st OB AT gd yINger t he
concentration vs. {Tinmg CUfVe,(AUGL TT8M0,3:01 24 'ro%s THe] area under
t he concentration fvsTtimn e A AP fironrP— o124 hou Nas
cal cul ated by the .imssa. .Egcwi%aﬂ'fu#ewgs “%3 t'“.z £t i?‘.E...‘ti C neans
of the concentrations observed at individual tine points. A linear

rel ati on was assuned to exist between dose and AUC. On this
assunption, the AUCs for different itenms were adjusted for different
doses adm ni stered. Dose adjustnment was perfornmed by dividing the

cal cul ated AUC by the dose per kg body mass adm ni stered.

[0331] Terminal elimnation rate: The termnal elimnation rate (X
was estimated using the arithmetic mean of the natural |ogarithnms of
i ndi vi dual concentrations at the last three time points nodified with
a bias correction as suggested in Wl fsegger. See Wl fsegger etal.
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WD 2008/ 082669PCT/ 1JS2007/ 026522 was determ ned by ELI SA, as
described in the experinental section. To conpare the specific

activitie | fferent conjugates both paraneters r d
to the pré’Y‘g%%y@%ﬁ ent of the products Tabl e 11 sum?&é‘gz@ﬁ@%&%
measur ed val ues. Tabl elable6: Ghanges m M WHEVILR spasifisastivity obEGY| at ed

rEVI11 conjugates Sarrpl Q@eaggbqgm@r\(-wg/cmmg ﬁ{&m@@ayﬁj ues WAF: FVI | |

b|nd|ng aff|n|ty D C\/| A, (LII né‘i) _\/III'r\hrnm{I—h n‘ﬂ_)
Lys Lys ys Lys Lys Lys
native rFVI 1| 3. 021&!_%6:9)8 20K | 20k | a0k | 40k | 60K | 60X | rvwr
time short | long | short | long | short | long* native
{days)
br low
0 46 34 37 35 17 n.a. 81
2 60 45 40 35 32 n.a. 66
5 102 54 82 63 57 na. 93
g 128 73 92 101 69 n.a. 84

*VWFEFFVIIB of the 60K long conjugate after release reaction in buffer could not be
measured due to non-parallel dilution curves

[0293] Table 6 shows the changes in the specific VWF:FVIIIB capacity calculated
as U/mg protein. During the incubation period a full recovery of VWF.FVIIIB was

observed for all batches evaluated.

[0294] To assess the possible degradation of rVWF and the changes in PEGylation
grade, the samples were subjected to SDS-PAGE under reducing conditions followed by
immunoblots with a polyclonal anti-VWF antibody and a polyclonal anti-PEG antibody
(Figure 15). As shown in Figure 15, all PEG-rVWF derivatives showed a gradual release
of PEG after in vitro release in buffer with a moderately increased pH (7.5 — 7.7).
Corresponding to the release bebavior of the conjugates of "short" and " long," some
differences in the PEGylation degree could be observed after longer incubation periods. In
contrast, there was no substantial increase in the free PEG during the incubation, possibly
because of the presence of free PEG already shown in the first sample after dilution with
the incubation buffer. No free PEG was visnalized for the 20K conjugates because the
imimunoblot showed only MW ranges above 75 kDa.

{0295} Pharmacokinetics of PEGylated rVWF and co-injected rFVIII in the
hemophilia mouse model: FVIII-deficient knockout mice were infused with either a

mixture of tVWE/ 1FVIII or PEGylated r'YWF/ rFVIII in a target ratio of 1.6-2.1 mg r'VWF
to 200 IU rFVIII /kg (based on Bradford protein determination). In the experiments, 6 mice

per time group were used for each conjugate.

{0296] Figures 16-21 show the changes in plasma levels of VWF:Ag (Panel A) and
FVIII activity (Panel B) after substance injection. The exact amount of the injected

material is shown in the appropriate figure legends,

77



19167 1.5E-09 FVII1l control 0.170 1120 820 5.5E-10 Lys 20K br short
0.290 82 277 2.4E-10 Lys 20K hr long 0.265 116 231 2.9E-10 0.320 114

281 n.d. WO 2008/082669 PCT/US2007/026522

[0297] In general, all PEGylated rVWF showed improved pharmacokinetics versus
the native control (Panels A). The 60K PEG conjugates gave an increase in detectable
VWF:Ag after injection, which might be an effect from the release of PEG chains, thus
making masked epitopes accessible for the detection antibody. rFVIII, injected together
with PEG-rVWF, was eliminated to a lower extent than rFVIII co-injected with native
rVWF (Panels B). The degree of improvement of pharmacokinetic parameters was

calculated with statistical methods (see Tables 7 and 8).

[0298] For in vivo experiments, a control mixture (native rVWF and rFVIII) was
compared in one experimental set with one or two candidate mixtures (PEG-rVWF and
rFVIII) and elimination curves were constructed (Figures 16 —21). To allow comparative
analysis of releasable PEG-rVWF candidates, the elimination curves were normalized. The
plasma level obtained 5 minutes after application was set to 100% and all subsequent levels
were calculated relative thereto. The mean of all control groups performed throughout the
investigation (n = 48 mice at each time group) is shown for comparison in Figure 22

together with all candidates.

[6299] The comparative analysis confirmed that all PEGylated rVWF circulated
longer in FVIII-deficient mice, compared to native r'VWF. rFVIII injected together with

PEG-rVWF had superior elimination characteristics over the control mixture (fFVIII and
native rYWF).

[0300] Area under the curve for VWF:Ag was calculated relative to the VWF:Ag
units applied and also in relation to the amount of protein applied. Relative increase factors

for the PEG-rVWF candidates versus control are given in Table 7.

Table 7: Increase in dose-adjusted AUC for VWEF:Ag

VWF:Ag AUC adjusted to | VWF:Ag AUC adjusted to
rVWF Sample protein dose VWF antigen dose
increase versus control increase versus control
Lys 20K br short low 3.2 43
Lys 20K br long low 2.2 3.8
Lys 40K br short low 1.9 3.9
Lys 40K br long low 2.5 2.9
Lys 60K br short low 1.6 5.1
Lys 60K br long low 1.5 34
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Lys 40K hr short 0.400 122 512 3.4E-10 0.100 33 111 n.d. Lys 40K hr
|l ong 0.120 25 130 1.2E-10 0.220 32 183 n.d. Lys 60K hr short 0.500

WO 2008/082669 PCT/US2007/026522
[0301] The area under the curve for PEG-rVWF antigen was increased for all

candidates in a range from 2.9 to 5.1 when dose-adjusted to VWF antigen units injected.
The increase was statistically significant for all candidates. When calculated relative to the
protein dose, AUC was increased between 1.5 and 3.2 fold, statistical significance was not

calculated.

[0302] Figure 23 shows the dose-adjusted AUC values together with 95%

confidence intervals.

[0303] Table 8 summarizes the half-life parameters calculated for rfFVIII, co-
injected with PEG-rVWF candidates.

Table 8: Increase in pharmacokinetic parameters for co-injected rEVIII

rVWF Sample FVIHHAUC | FVIH halflife | FVIIMRT
increase versus control
Lys 20K br short low 20 0.9 ns 1.3
Lys 20K br long low 1.8 1.0 05 1.7
Lys 40K br short low 185 1.2ns 1.5
Lys 40K br long low 195 1.3 ns 1.7
Lys 60K br short low 1.6 1.5ns 2.0
Lys 60K br long low 2.1 0.9 ns 1.8

s: significant; ns: not significant

[0304] As shown in Table 8, all PEGylated r'V'WF candidates caused a statistically
significant increase in dose-adjusted AUC for co-injected rFVIIL. FVIII half-life was not
significantly changed by all candidates. Mean residence time was elevated by a factor
between 1.2 and 2.0, however significance could not be calculated with the statistical model

used.

[0305) Figure 24 shows the dose adjusted AUC values and the terminal half life for
FVIII together with the 95% confidence intervals.

{0306} Dose adjusted AUC for co-injected FVIII was higher with all PEGylated
rVWF candidates, compared to the native r'VWF control. In contrast, FVIII terminal half
life in the presence of PEGylated rVWF was very similar to half life obtained with rFVIII
and native r'VWF control, which reflects the parallel run of the FVIII activity curves at later

time points in Figure 22.

[0307] Mean residence time for FVIII {Figure 31) was always increased when
co-injected with PEGylated rVWF candidates
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the rFVIII1 protein FVIII: Chrom

Example 6

In Vitro and In Vivo Experiments of PEGylated FVIII

[0309] The native recombinant FVIII, was an Advate rAHF-PFM [Antihemophilic
Factor (Recombinant) Plasma/Albumin Free Method bulk drug substance], a licensed
lyophilized drug product of Baxter AG. This rFVIII bulk substance was formulated in a
buffer of 50 mM HEPES, 5 mM CaCl,, 350 mM NaCl and 0.1 % Polysorbate 80 adjusted
to pH 6.9. The analytical data of this rFVIII are given in Table 9. Protein content was
determined using the BCA assay (Pierce, Rockford, IL, USA) and specific activity is
expressed as the ratio of FVIII chromogenic activity (IU) / protein (mg). The rFVIII bulk
contained less than 2.3 pg VWF:Ag/1000 IU of rFVIII. SDS-PAGE performed under
reducing conditions followed by immunoblot with a polyclonal antihuman FVIII antibody

showed the intact domain structure of FVIII (Figure 26).

Table 9: Analytical data of the pative rFVIII MOO HEPES 01-E

Native FEVIII
. MOQ.HEPES .01-E
Protein BCA (mg/mi) 3020
FVIH:Chrom activity (1lU/mi) 19167
Specific activity (IU/mg) 6347
FVIIl:Ag (1Ufml) 19698
VW Ag {(IU/ml) 45
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to FVIT1:Ag (11U 11U FVIITI:Chrom (IUng) FVIT1:Ag (11.1/ng) native
rEVITT 0.97 6347 6523 WM control 0.73 4824 6588 Lys 20K hr short 3.38

955 283 LX?O g&@ﬂ&%éﬁ‘l ong 1.99 872 438 PCT/US2007/026522
[0310] PEG-rFVIII conjugates with releasable bonds via the amino groups of the

lysine residues of rFVIII were prepared in accordance with Examples 2A, 2A1, 2B, 2B,
2C, 4A, 4B, 4B1, and 4C. The branched PEG derivatives had molecular weights of 20K,
40K and 60K, each of them with two different release characteristics (short and long release
time). To investigate the possible effect of the conjugation conditions with the releasable
PEG reagents, a mock preparation (control) was also manufactured which ran through the

whole process but was not PEGylated.

Table 10: PEGylation degree of the PEG-rFVIII preparations

Material Name Protein PEG/FVIIi* PEG/FVIII ** Free PEG
(mg/ml) colorimetric HPLC
{mol/mol) (mol/mol)
Lys 20K br short 0.290 12.7 12.8 <0.01%
Lys 20K br long 0.265 59 11 not detectable
resynthesized 0.320 - 8 <0.01%
Lys 40K br short 0.400 107 “ <0.01%
resynthesized 0.100 - 11 <0.01%
Lys 40K br long 0.120 14.6 - <0.01%
resynthesized 0.220 - 10.1 <0.01%
Lys 60K br short 0.500 9.8 - <0.01%
Lys 60K br long 0.120 123 11.3 <0.01%

The protein content of the PEG-rFVIII was determined wsing the “DC Protein assay” of Bio-Rad
(Hercules, CA, USA) with the unmodified rFVIII as standard.

* The number of PEGs per molecule was determined using a colorimetric determination

** The number of PEGs per molecule was determined by an HPLC method

-: no data avilbale

The remaining free PEG was determined by barium-iodide staining of the non-reduced SDS-PAGE.

[0311] Due to the extended in vitro and in vivo analytical testing, three conjugates
had to be resynthesized to complete the investigations. Some differences in the PEG to
FVIII ratio were observed between the resynthesized conjugates and the first batches for the
20K br long and Lys 40K br long PEG-rFVIII derivatives, which might be explained by the
different analytical methods used. As investigated by barium-iodine staining, no free PEG

remained in any sample solution.

[0312] Determination of FVIII activity: FVIII activity was determined with a

chromogentc methed. In the assay, the FVIII-containing sample was mixed with thrombin,
activated factor IX (FIXa), phospholipids and factor X (FX), in a buffer containing calcium.
FVIII is activated by thrombin and subsequently forms a complex with phospholipids, FIXa
and calcium ions. This complex activates FX to FXa, which in turn cleaves a specific

chromogenic substrate releasing para-nitroaniline (pNA) resulting in a color reaction.
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Resynt hesi zed 2.46 878 356 Lys 40K hr short 4.20 1280 305
Resynt hesi zed 3.36 1110 330 Lys 40K hr long 5.20 1083 208

Resynt hes%ggm?mgz%ﬁg%z 145 Lys 60K hr short 3.70 PCT/US2007/026522
[0313] For analysis of PEG-rFVIII conjugates, samples and the reference were

pre-diluted to approximately 1 TU/ml FVIII:Chrom activity in a human FVIII-deficient
plasma and further diluted with the dilution buffer to a range from 0.5 to 0.008 IU/ml
FVIII:Chrom. The time course of the pNA released from the substrate was measured with a
microplate reader at 405 nm using the kinetic mode. The slope of the reaction is
proportional to the FVIII concentration in the sample. The FVIII concentration in the
samples was calculated relative to a recombinant FVIII concentrate standard, calibrated
against the World Health Organization (WHO) concentrate reference (WHO 6) and
expressed in [U/ml. The quantification limit of the assay was 0.03 IU/ml of FVIII.

[0314] Determination of FVIII antigen by enzyme-linked immunosorbent assay
(ELISA): The FVIII antigen level was determined according to the manufacturer's

instructions with some minor modifications using the assay kit obtained from Cedarlane
{Cedarlane Laboratories, Homby, Ontario, Canada). High-binding 96-well ELISA plates
(Costar 3590, Corning Incorporated, NY, USA) were coated with 100 ul/well of a
polyclonal anti-human FVIII antibody and incubated for two hours at room temperature.
Samples were diluted from 0.0078 to 0.5 IU/ml FVIIL:Ag with the dilution buffer from the
kit. Plates were then washed with phosphate-buffered saline (PBS; 6.5 mM disodium
hydrogenphosphate dihydrate, 1.5 mM potassium dihydrogen phosphate, 140 mM NaCl,
pH 7.2) containing 0.05% Tween-20 (PBST). 100 pl of the diluted samples were added to
the plates and incubated for two hours at room temperature., After a washing step with
PBST, 100 pl/well of peroxidase conjugated polyclonal anti-human FVII! antibody
(H#EIA8-0015R1, Cedarlane Laboratories, Hornby, Ontario, Canada) were added to the
plates. Peroxidase activity was detected by using tetramethyl-benzidine (TMB) as substrate
(Bio-Rad, Hercules, CA, USA). The developed color intensity was measured with an
ELISA reader at 450 nm. As a standard, a human normal plasma pool (coagulation
reference, lot IR920031, Baxter) and as control a recombinant rEVIII bulk (Advate
#B0206000- 05/01) was used. The FVIII:Ag concentration was calculated relative to the
standard preparation and expressed as FVIIL: Ag TU/ml.

[0315] Measurement of VWF-FVIIT affinity by surface plasmon resonance

technology: Native r'VWF was immobilized on the flow cells of a CM5 sensor chip of a
Biacore 3000 (Biacore AG, Uppsala, Sweden) apparatus to a constant level according to the
instructions of the manufacturer. A series of dilutions of native and PEG-rFVIII samples

were then applied to the chip using the "kinject" mode, allowing three minutes for the
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[0318] FIXa-cofactor activity assay: Untreated or thrombin-activated native
rFVIlla and PEG-rFVIII samples diluted to 1 IU/ml (according to their chromogenic
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activation, FXa activity was expressed as.a cent of the i mum
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rate of FX.activation than , that o ot tjve r,FVI11, and the FVI]I
Contr ol . NRALTERLHE S A ihcererd et Fpantss Tl mpia gt
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Quant i t at i the palf madmemsingf ()b easdaalaedhigiog the falotving forynuwld: ) sdkathmonbi n
activation, _w ut . thromi,n activation Native al /111, rFV111l contyol
Lys 20K hrA}s?’ﬁ%%{I%ﬁ dass Gperiene ﬁ"g’%%’l O DY ‘é’%‘%?@"“‘a‘ed by st ke SR
functions of Microsoft Excel.

{0321] Kinetics of thrombin-mediated activation and inactivation of FVIII
measured by the FIXa cofactor activity assay: Native rFVIII and PEG-rFVII were diluted

to 1 FU/ml FVIII activity (according to their chromogenic activities) with 25 nM HEPES;
175 mM NaCl, 5 mg/ml bovine serum albumin (BSA) pH7.35 buffer and incubated with
0.5 nM thrombin at 37°C. Subsamples taken at various time points up to 40 minutes were
added to aliquots of prepared mixtures of FIXa, FX, phospholipid (PL)-vesicles (composed
of 60% PC and 40% PS), CaCl; and a thrombin inhibitor to stop further activation of FVIII.
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These reaction mixes were incubated for three minutes at 37°C to allow FXa to generate. A

N
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4
4.
1.
subsample of this mixture was added to a chromogenic substrate, which is selectively
cleaved by FXa. The FXa concentration was determined as described above with respect to
~ FIXa-cofactor activity assay and plotted against the incubation time of FVIII with
thrombin. The rate of inactivation had been quantitatively evaluated from the ascending

part of the curves by fitting them with a single exponential using the internal functions of

Microsoft Excel.

[0322] Thrombin Generation Assay (TGA): A severe hemophilia A plasma (FVIII
activity <1 %) obtained from George King Bio-Medical (Overland Parks, KS, USA) was
spiked with 0.0025 to 1 ug/ml native or PEG-rFVIII and thrombin generation was
measured with the Technothrombin® TGA kit (Technoclone, Vienna, Austria) as described
by the manufacturer. The reaction was triggered by a relipidated tissue factor (TF)
preparation (TFPL RB reagent) containing low TF and low PL concentrations. An amount
of 10 ul of this TFPL solution was pipetted to 40 ul FVIII-deficient plasma, without FVIII
or supplemented with FVIII and 50 pl of TGA fluorescence substrate, into the wells of an
ELISA plate. The plate was placed into a Microplate Fluorescence Reader FL800 (Bio-
TEK Instruments, Winooski, Vermont, USA). The increase in the fluorescence intensity,
which is proportional to the concentration of the generated thrombin, was monitored
continudusly at 37°C by automatic reading every minute up to 120 minutes using an

excitation wavelength of 360 nm and an emission wavelength of 460 nm.

[0323] Because thrombin substrate was present in the assay mixture, curves were
seen that represent the accumulated effect of all the thrombin that was generated and split
the fluorogenic substrate during the reaction. Therefore, th_e rate of increase in the
fluorescence intensity (the first derivative of the curve), which reflects the actual effective
thrombin concentration, was calculated for each reading (FU/min) and converted to
thrombin-equivalent concentrations (nM) using a reference curve prepared by measuring
the rate of substrate conversion by a purified human thrombin. The thrombin generation
curves were drawn as the thrombin concentration versus time, and the quantitative
parameters (peak thrombin, onset time, and peak time) were calculated by the built-in KC4
software (Bio-TEK Instruments, Winooski, Vermont, USA) of the reader.

[0324] APC-mediated FVIII and FVIIIa inactivation: Untreated or thrombin-
activated native and PEG-rFVIII samples were diluted to 1 IU/ml (according to their
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par amet er Sp%lixtétosq?mx‘nf: g)@desphl 3 or FVIIla by measuring its FIXa cofactor
activity as described above with respect to FIX-cofactor activity assay.

[0325] The thrombin-activated FVIII (FVIlla) was prepared freshly for each test by
incubation of the 2 IU /ml native or PEG-rFVIIII samples with 1 nM thrombin (#2311PL,
Enzyme Research Laboratories, Swansea, UK} for | minute at 37°C. The reaction was
stopped by adding 10 pM of a thrombin-specific inhibitor (Pefabloc TH, Penthapharm,
Basel, Switzerland).

[0326] Mouse model: As a hemophilia model, FVIII-knockout mice were used.
The mice suffer from severe hemophilia A (FVIII < 0.01 TU/ml) but have normal levels of
VWF (approximately 0.15 IU/ml relative to human VWF reference), mimicking human
hemophilia A.

[0327] Application of FVIII: The same recombinant FVIII bulk used for
conjugation was used as a control substance (tfFVIII MOQ_HEPES 01E). The bulk was
stored in aliquots frozen below —60°C and thawed before use. PEG-rFVIII candidates or
the native rFVIII control were thawed and mixed with 20 mM HEPES, 150 mM NaCl, 3.2
% mannitol, 0.8 % trehalose, 2.5 mM CaCl,, 1 % human albumin, pH 7.4 buffer to achieve
appropriate concentrations for infusion. The FVIII solutions were aliquoted, frozen at -
20°C and thawed just before the application. The target dose was 200 IU/kg FVIII:Chrom,
The concentrations were measured again from the thawed samples and the applied doses
were calculated. Doses are given in the figure legends in the results section. Seven to ten
ml/’kg bodyweight were injected via the tail vein and groups of 6 mice were bled by heart
puncture after six minutes, 3, 6, 9, 16 and 24 hours, and if necessary, after 32 hours. Nine
volumes of blood were mixed with 1 volume of 3.8 % sodium citrate, and immediately
centrifuged at 3000 g for ten minutes. The supernatant was again centrifuged at 3000 g for

five minutes, plasma was separated, frozen in aliquots and stored below -60°C for analysis.

[0328] Determination of FVIII activity in mouse plasma: FVIII activity was
determined following the assay principle described above. The time course of the pNA

released from the substrate was measured with a microplate reader at 405 nm using the
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Tabl e 14: Quantitative paraneters of the Fl Xa-cofactor activity after
thrombin activation after thronbin activation Native rFVIIIT rlirVIIlI

Fong Lys SRCHP™SEEC Lys BOK. hr f’én'g"{‘gg%ﬁaigz mi oy Tehgsibyieteg
1. 10 1.55 kinetig mode. The slope of the reaction is proportional to the FVIII concentration in the
sample. The FVIII concentration in the samples was calculated relative to a human plasma
reference preparation, calibrated against the WHO plasma reference (5% IS for FVIII and
VWEF in human plasma, NIBSC #02/150) and expressed in IU/ml. The quantification limit
of the assay was 0.03 1U/ml of FVIIL

{0329] Calculation of the circulating haif-life parameters of human VWF and FVIII:

For analyzing FVIII levels, the concentrations for ty = 0 hours was set to zero as FVIII-

deficient mice were studied. FVIII levels over time were summarized using
pharmacokinetic parameters AUC from 0 to 24 hours, terminal elimination rate and mean

residence time,

{0330] Area under the concentration vs. time curve (AUC) from 0 to 24 hours: The

area under the concentration vs. time curve (AUC) from 0 to 24 hours was calculated by the
linear trapezoidal rule using the arithmetic means of the concentrations observed at
individual time points. A linear relation was assumed to exist between dose and AUC. On
this assumption, the AUCs for different items were adjusted for different doses
administered. Dose adjustment was performed by dividing the calculated AUC by the dose
per kg body mass administered.

[0331] Terminal elimination rate: The terminal elimination rate (1) was estimated
using the arithmetic mean of the natural logarithms of individual concentrations at the last
three time points modified with a bias correction as suggested in Wolfsegger. See
Wolfsegger ef al. (2005) J. Pharmacokinet. Pharmacodyn. 32(5-6):757-766.

{0332] Mean residence time: Mean residence time (MRT) was calculated as
AUMC.infinity divided by AUCq.inginity. AUMCo.ingininy and AUCq.inginity were calculated by

the linear trapezoidal rule using the arithmetic means of the concentrations observed for

different time points plus a three-point tail area correction. The tail area correction was
calculated by log-linear fitting on the arithmetic means observed at the last three time

points per item.

[6333] Functional parameters of PEGylated rFVIIl: The potency of modified FVIII

was measured by its chromogenic activity. Under the assay conditions, FVIII is activated
by thrombin and thus the assay reflects its maximum potency to enhance the FIXa-mediated

FX activation. To distinguish between biological active and inactive FVII{, the FVIIEAg
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was determined by ELISA, as described in the experimental section. To compare the
specific activities of the different conjugates both parameters were related to the protein

content of the products. Table 11 summarizes the measured values.

Table 11: Quantitative parameters of PEGylated rFVIII conjugates

Measured values VWE:FVIII

Protei o
Samples (mg/mpy | EVIIL:Ag | EVIIEchrom gg‘:i';f
(IU/ml) @U/ml) KD (M)
[native rFVHI 3.02 19698 19167 1.5E-09
[FVHI control 0.170 1120 820 5.5E-10
[Lys 20K br short 0.290 82 277 2.4E-10
0.265 116 231 2.9E-10

ys 20K br long 0.320 114 281 nd,
0.400 122 512 3.4E-10

IL“ 40K brshort I —555 33 111 .
0.120 25 130 1.2E-10

EL’S 40K br long 0.220 12 183 nd.
[Lys 60K br short 0.500 142 526 1.2E-09
[Lys 60K br long 0.120 65 272 2.1E-10

(All results were obtained from a freshly thawed aliquot and are the mean of at least 2
measurements.)

[0334) The FVII affinity for VWF was determined using the Biacore 3000 system
as described above with respect to measurement of VWFE-FVIII affinity by surface plasmon
resonance technology with an immobilized native 'VWF (fVWF 133P1) and the sample
(native rFVIII or PEG-rFVII conjugates) in the fluid phase. Assuming a homogenous 1:1
interaction between VWF and FVIII, the association and dissociation constants were
determined using the Langmuir model of the "Bioevaluation” program of Biacore. No
relevant differences for the affinity constant (KD) with VWFE between the native and the
PEG-rFVHI were found. Only an approximate evaluation could be performed because the
PEG-tFVIII conjugates did not give an optimal fitting, either with this or any other
interaction-models, possibly because of some conformational changes of rFVIII due to the
PEGylation. The ratios of the measured values and the specific activities are summarized
in Table 12.

88



33.7 38.3 35.5 36.3 33.6 35.3 32.9 [0347]After activation with

thronbin, all PEGrF VIII conjugates showed a rate of FX activation
simlar t f the native rFVIIl or the control, ad
an enhance E‘l Vi y Al so_a sI i ght |ncrease had been OEW%%BJQH(S%EM
maxi num FXa- generatma- gitigs of BEG-IRSdIL gpnivgates nhi n- medi at ed
activation and inactivation of FVI I I rreasured by the FI Xa cof act or

activity assay: The[TT Hamp&ur S€ OTRaH4IT ONDI nmri

i nactivation was nehsured w t h[the Fl Xa-oehathar cB3H protetny] assay.
Sanmpl es containing L U m nat i FEHBChREGIVRYChiomye FEII:Agz upat ed with
0.5 nM thronbin. Supsanpl es we e“’%@)@& gwnUBeEbr  t®E™@dd) ti on of
thronmbin and at i nt pryad-s—pfterwed tpHHo—40—-Aut-es—ard added to a
prepared m xture of '}'f{fmmr(, P U%—d—ee—%—l—m orifle and a

t hrombi n i nhi bitor D380 shad § NET 3 Tseact|i ONggyT FI TTas3Thi B reaction
m X was incubated fprLystéKaongl hut esosbecquse sz tHI s #38ne point there
was only a mni num FReyithesizenit i on We4bhout| t h8@nhi 0 _an#fbabolut 40% of

maxi mum activity vva‘Llfir‘?I%'Hd "reachﬁg aftler {481 4dctiydtiop by
t hronbin. [03491Fi g > hows—thestHre—cose—d 3 n
activation and inac Régﬁ{tnegmd of theynatijve asgpd PEG r Ryl | || conj ugat es.

Tabl e 15 shows the [®Bys@ti mahdrt f ST BT0der [ nadkt vat|l on2#at es conpar ed
with that of the nalLxsé0k\Wop] WHIB2008/ 03Z%669P ‘T_/ US$2007y 026522
Tabl e 15: Rate Const arnfelyes yfre leplasediion tha mesueddito frogdrpible 3Rel at i ve k'

FVITT cont {09!55]0' 72 %&Yi%ﬁ}% \}HI cgrgggates had a markedly reduced FVIII activity compared

with the native rFVIIL. However, the FVIII specific activity was also slightly reduced for

the FVIII control, which was not PEGylated but ran through the whole process.

[0336] The decrease in activity was not related either io the MW or to the
characteristics of the PEG reagents. For example, the Lys 60K br long conjugate had an
approximately 65% reduced FVIII specific activity, while the specific activity of the Lys
20K. br long conjugates was reduced to approximately 14% compared with the native
rFVIIL. The cormrelation between PEGylation degree and specific activities cannot be
assessed, because two different methods for determination of the degree of PEGylation
were used throughout the analytical characterization, except for the Lys 20K br long
conjugate, where data obtained with the HPL.C-method are available for both the original
conjugate and the resynthesized material. Although the resythesized Lys 20K br fong had a

lower PEGylation degree than the original conjugate, both had similar specific activities.

[0337] The FVIII antigen to protein ratio was below 10 % in all conjugates.
Because two polyclonal antibodies were applied in the assay described above with respect
to determination of FVIII antigen by enzyme-linked immunosorbent assay (ELISA), this
decrease indicates a strong shading effect of the PEG moieties throughout the molecule.
The FVIII chromogenic activity (FVIIL:Chrom) to FVIIl:Ag ratio was elevated, which
might suggest that despite of the strong coverage of some epitopes PEG-rFVIII can be
activated or a partial release of the PEG moieties occurred immediately under the activity

determination conditions, possibly due to the effect of thrombin in the reagents.
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[0342] Figure 29 Panel A shows the PEG MW-dependent increase of the HC-
containing bands. The antibody also shows some 90-kDa intact HC bands, without any

further degradation bands. The rFVIII used as the starting material contained an "extended"
light chain, which was also detected by the anti-LC antibody (Figure 29, Panel B). A MW
increase is observed for both the 80-kDa and the 160-kDa bands in the immunoblot,
suggesting that the light chain has also been PEGylated, albeit possibly to a lower extent.
Some lower MW degradation products appeared in the 40K PEG-rFVIII conjugates.

[0343] Effect of PEGylation of rFVIII on FIXa-cofactor activity: The FXa-

generation assay, also known as the FIXa-cofactor assay, is based on the fact that both
FVIIl and thrombin-activated FVIII (FVIIla) form a complex with FIXa on an appropriate
phospholipid (PL) surface in the presence of Ca™* ions, which rapidly activates FX. See
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short
determined as described above with respect to FIXa-cofactor activity assay. However, even

if all rFFVIII conjugates were diluted to 1 IU/ml, there were slight differences in the
maximum FXa achieved (Table 13). Therefore, for a better visnal comparison of the time
course of FX activation, FXa activity was expressed as a percent of the maximum FXa

activity (Figure 30).

[0344] Without thrombin activation, all PEG-rFVIII conjugates showed a delayed
complex formation and a slower rate of FX activation than that of both native rFVIII and
the FVIII control. No relevant differences in the rate of FX activation were observed
between the conjugates, except that the Lys 40K br long showed a slightly more reduced

FX activation rate. The control seemed to be slightly more active than the native rFVIII.

Table 13: Quantitative parameters of the FIXa-cofactor activity without thrombin activation

without thrombin activation

Lys [ Lys | Lys | Lys | Lys | Lys
Native | rFVIII | 20K | 20K [40K | 40K | 60K | 60K
rFVIII | contrel | br | br | br | br | br | br
short { long |short] long |shortj long |

lag phase (min) 2.4 1.8 42 140139143 38137
maximumn rate (nM FXa/min) 6.7 8.8 26 | 2120513120123
t12 of maximum (min) 4.6 4.0 10.8 [10.8(11.4]123|11.3) 9.8
maximum FXa (nM) 30.1 39.6 33.6 [28.7]130.6121.6]30.2128.8

[0345) Thrombin-activated rFVII (rFVIlla) was prepared from all products by

incubating 1 IU/ml native or PEG-rFVIII with 1 nM thrombin for one minute at 37°C. The
reaction was stopped by adding 10 pM of a thrombin-specific inhibitor (Pefabloc TH,
Penthapharm, Basel, Switzerland) and the cofactor activity of rFVIIIa was measured as for

the non-activated rFVI1I.

[0346] For showing the time course of FX activation obtained with the different
PEG-rFVIII conjugates, FXa activity was expressed as a percent of the maximum FXa

activity (Figure 31). The quantitative kinetic parameters are summarized in Table 14.
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concentr at I"B?f”ﬁ%\‘?’h‘f‘?sé’l‘ea%%wﬁﬂé@ﬁBﬁé‘”’em&?wé‘”st“’\‘/W pHaY. famplss qopRinigal | |

wer e nmeasungehl niMve GRPEGEFCRL ©&e tdddatddawith VN ihrb@bine 8aembies medi eve
the sane peak. level as the native rFVIII. The Lﬁs 60K br | ong

conj ugat e SEefFRY" PYCRARFAIGitAR gitiBromkin gngat iptergls@fiprvaris up o 4%@1&&&9? ad y
in the hi ghdled ernsiepiddahix@ife dfemge FX| BBILdid1e, Mildidd chIEH &5 a Birombin

rel easable, PEG rF VI i ncreased. pH. To Jnvesti gat th netics
of in vitr el ‘a§@p&rfﬂvﬁ@aﬁﬂe¢°ﬁ§?’ﬂ! s epsioR P o %Egﬁeat ed

rEVIT T sanplifesbedaasd dﬁ&h@ﬁﬁ@ﬁblﬂtﬁg&&ﬁasﬁmy@ MRkmunr FKh Eoriautﬁd‘nemtt(oao mvi
HEPES, 5 ni.M Cl2 orbate 80, 3 , -6.9).
TR ot e A R R TR TR AN T

native rFthird»miaﬂd the un-PEG rEVIII control was treated the sanme way.
Al sanples were kept at anbient tenperature. A sub-sanple was taken

at di ffera@? 4b) me p%g&?é&%@@w&ﬂﬂ@ﬂ&@% r&: b hbifGerivatdd Jnd%é?ﬁﬁ&?f&tc

activit re neasure structura anges were | nvesti gat ed
SDS- PAGE f tiemetiedind PEGRYIE lspaegaiesgl ah/letlﬁ SF(VYSI the mgiatvPES wges diabiiation

ant i bodi es te[sqgl‘ﬁg;rguigﬁg%t ditmeiMddd FAgrand chronogenic activity during

invitro reﬂ ease O

92



PEG noi ety: Figure 37 shows the changes in FVIII-specific activity
and Figure 38 in FVIII1:Ag, both expressed as IU ng protein. [0359] The
native rF e shipping control showed a contin decr ease
of activi &éangﬂ%ﬁ&rgen | evel s. In contrast, both the ggiﬂﬁ’\? @/ 2
antigen | evels of the PH@pledfelate Exnsiantsedryarhie edivgfieadual | y i ncreased
in the first 48 hours afU alTeg, APl at caU UGLIRD gain. The

hi ghest relative activitly mcreaa@% (2.4 flol d) avxaggg_c_a eved for the
Lys 40K br short conjugdtes. FYHbconfat est [i ncr e witlh the short est
pl at eau was observed forn-théyigikEeertconilugat &35 WO

2008/ 082669PCT/ US2007/ 02 : &pa-l—gsﬁa-ngas in PEGrFVII|
during in vitro rel ease jof—t ol eyt 7o U88sualilze structural

1
ganpl es were

: : S LysA0Kbrighe
changes upon i ncubati on fat T G SR T
subj ected to SDS- PAGE unhdet Ty5 BHED M CON it unb:51| ot | wed by
i mmunobl ots with pol ycl cwa'lﬁ'rrh?%'ru'réu Fvitt—antTtbo (Figure 39),

monocl onal (¢354)i - NUMB{kLB BRYCEHE]. Snien-SRBRI BbuPRL hRRE Yt QH YR Aforand
pol ycl onal antl -PEG anti body (Figure 41). Native rFVII] and the FVIII

control sh¥hfwed arpstactivation e apesmam o vibyuithin g mimytesfollaypdbyefast Ag
level , whi GRctR@fdnasANAE SirdoS: &ﬁ%le%%ﬁﬂﬁéol 428 3@&1ﬂéslrle é;@éiwe@g i he
i ncubatl on. [0361] Because both the FVII1I:Ag | evel the FVI11:Chrom
activity iferraance s ith e Xageppationsherastensties CWOBCUPM kq pere getivaigd Ay
demaski ng @fdn@sd arfdf shield 4 BB SEowd: eI atcO ThEPEG FanPingdatto t he

e nmeasured FVII1I1:Chromactivity of the material

gel accor dglp \Ae’ri’;\ EIQ

Wit hout pefPEENF HiphLY Playerachvation pig rswhpgwwwbﬁﬁvwnéﬁpérﬁmws e
ant i - FVI | | subgthrithng d&geaseddnazQ0atizh thtd Witk FesiGhdl P4 @factbiavtiee ant i body)

[ 0362] As shown in Fi gure 39 after 3 days incubation in buffer pH 8.1

no substan chan he faound GLEVILLI | tes
but a sli gt??adl urri APT: dl dotivallo ff:g Il anla%\): ﬁata’ﬁan?ﬁ*ggﬁi%?‘?l
control w FWIiGiéU&uitdliuﬁthtCIordmwn GVl thpnvmqubs.erevleﬂ:bath@wghf) 05 U/ml

i ncubati on L ec

epi t opes. l;t/li 9?:%(9 rétre?lg%ﬁﬁcﬁ%ﬁ#&gﬂ‘ g?tg %gandvada}\fl\%e)émmt a1 Eﬁ el%fﬁsﬁmﬁ’

| ong and L@fsPIz@KICIrfﬁ apdfbafloenilesgritied shovsh Glke desiduel H\ﬁngmltyaftmutR(ur aI

i nt egrl tie F

conj ugat esﬁocélggt?@e%\/d %ﬁlﬁ aI{l/ésasl ng %ﬁ%ﬁ&g@" cngWs{ﬁllfﬁ%g d Sff | gur e
40. After fpr Hﬁ?@gﬁtﬁ%mombm medijtpd astimjtivg andivadtivetigd@ingdcs Sabramples of
appear ed. tﬁeh‘?@%‘@ﬁi’ﬁnﬂ@?%re% HaERG: Qltmta 10 eﬁ%HL sa‘ﬁﬁ%@%ﬁto«{ al |

dormai ns was al so observed he ant1 - I muno Igure 41),
whi ch refl y&%ﬁ@@#@@@@é&@%ﬂwﬁ@cl%wmm chiggidsy Bhe mptires weagrount s

of free PEGWat8 f&eélﬁﬁm@s wﬁéntlﬁnﬁ—aZtngfbﬁ%na RE Hbé%hﬁ s TR ’thr@tMnB-e

COI’]] ugat es were (Igrra ed to such an extent that ey cannot

vi sual i zed?HyatehE ‘(ﬁ\fIFLVsaﬁéla:\ieftlgeteﬂmmmmm@n(tm seredesesion e time
[ 0363] I N Vidukses mmag%ﬁermmnﬁéaﬁa&ﬁ@% ﬂ%@i&, ot Ml Acwatéa Jﬁlﬂqgtﬂ/ated PEG-

FVII1-deficient plasma: To sinulate the physiological conditions, in

t he secondTvel senieeates paryreitand gd): F‘E@ ¢hown| tmegeiiAbard %t the Btk and
40K PEG wesc@vityiad BadnQikeddy réachédmith d/ Pl’ild}-cgﬁtléa@ésem ﬂlpﬁma@tcoﬂh?d C. The

di ssoci ation of the PEG was investigated under these conditions by

measuri ng PREVEHETEE g BBGHVIE h‘feEFrfﬁij’é’ﬁﬁe@: inghy ?bwi“rflc?o%*?ﬂ%c FRigwes Handgen

| evel . The34¥hbowrite\Mirhd coﬁﬂ@bﬂﬁ@&ﬁ&h&no@ﬁ‘ér@ BKa Wiivfly RadBble¥@d hfMpdrdenddtd
the FVI 1| %ﬁ%rol wer.e di It&%?d to 0.1ng/mL protein concentration and

added to aPEURP Mepifed dpang the AL mipul it e gRPTERTq cogiEelimixfuges fRehbAlsd. WO
2008/ 082669isT! ME2007H1O 2EmA 7¥hd e tgeulkibd@iaBlOfidbsig adre Q48EhhaNd

Par ks, KS, US 1) t&ig‘“‘? 005 %s i uma ? to prevent m crobiol ogical
cont ani nat F°8H2EdH H’Easiuﬁ’gﬁ q BHVE el Sanpl es were withdrawn at
defined tinme points and tested inmedi ately in the case of FVIII
chronogenic activity determ nation or aliquoted and frozen at -80C
for FVI11:Ag determ nation. [0364] Because of a |ack of material,
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[0367] Figures 44 - 49 show plasma |levels of FVIII after substance
injection, either in ICI EMIII/m (Panels A) or nornmalized as a
percent (R The exact am)unt of the inj ect ed

shown in t e%épp?f%prl ate figqgur ends. 0368] I.n gengﬁgﬁfdsﬁow%ﬂz
PEG rFVI 11 showed i oneb}saf?%%ﬁ Btrsefﬁ% rediatsd dpacivalionat i ve
control . The degrees of [ITTPr OVEGKiie 0T PhalRaaiie kel | | paraneters
were calculated with st cLILI‘Y§Q¢I€QIIShHR[ Mous —and—arggeunmmpri zed in Tabl e
10. WD 2008/ 082669PCT/ l|1§§, 31419554 (03691 HIH:U]SGﬂ.[ ety after infusion
of PEGrFVIII, the plas 2&’01{ r SBbk! vity TTicregsgd, Tpached a pl ateau
between 3 hours and 6 h 15@4@1(5{110 SUbSEqUEMT gy Tmep 24 hours after
i nfusi on, approxi mately $Us EORTBSshBYT © PEGTIFVIy zd(,Ll vity was
nmeasured in the nouse pli’%’T 1 570, gu ter— llj eu 735 O of—hative rFVIII.
[0370] Simlar to die Lys br—stort—candrdate—PEGTFVI I | 20K hr
long cir cukgked rrucIwﬂe%g@actm@@na%lrmr\f\éluhclubaé@@l@d Fegaiiprant
FViil, PEGéI ated with 40K br short S{] circul ated longer than native
FEVLI . [ OBmbpsier s iestivatiovay qbﬁ@'mq with 2 af0ve0toyl | o oppist s PEG: o
the limt ﬁfVIﬂlé@ﬂjhgz;téSQﬁgt'sﬂ:ﬂved%ahﬁerﬁ HerdadeMh tﬂelrlFYX‘a A dacd g vas

still detect;table 32 _hours after_infusion. [0373] The 60K conjugate
wi th short [Hleredbahfist rferisactivtipaaibel amsapeqorlma%x Wforlonsr gicoeret han

native rFVigile dols@R RBS Sinlth S iRles | El@@l?aﬂd-mﬁ]epﬁghcre RYlpC. B flke g | ong

conj ugate ircul ated rmuch | onger in lic_mce than the native
cont r ol ?rr yH H""nli’@i“e%j‘ief’"é@t:d %fbb}baﬁe%hﬁgwﬁ é3nbip detr peeayrilsblederib i on

curves forc@iulol&té%mEMckbf@&mtaﬁtﬁ%e&éﬁtﬁuWl zed in Figure 25. The
control group is the nean of all experinments, perfornmed throughout

the investigation (24 ani rraf%léole)rlncg‘twagg& q:),ons 0§7n§1 The results from

the statistical eval uatirer—are & S at-a are given as
i ncrease in phannacoki nétisc nar SAIRIE, ¢ oy o Relgt "@kr*edj:cat ed controls,
der the curve

run together with each EVE2IKbiotigate  FVI 1] G3la |
(AUC) was significantly|ilded¥abelang or 211 dandi®® es | but none of the
candi dat es appears supefigEdQibeshartor hers lincrl¥kse ih PV |

hal f-1ife varied bet weedlh@kblangiat es  PEHG rBA41 Lls 20K br |ong
resulted in a significaptyif¥besdartin oyl hal%34ifel For the 40K
candi dates, a statisticalytbprlongar ds oignifi%8hi 1yl i ncreased FVII
hal f-1ives was observed, but a study extension with plasma sanpling
poi nts up 0 hou ul d.be necessary Lo c i gni fd

The 60K vaidlgg%ts gaiiliiecu%\glogf)gér%f Fean wf‘ ﬁcraetgggr i nd &Iﬁ ﬂ?weéj s l\%‘%ﬁ
resi dence inactivatias (Bigway4) Vhtl'g&p@roxﬁmitely B YREG-er fateyifdr theREG-dgElles t han

for the na I h i NGr observed for
the Lys 40%‘-‘\{(&&&%@# 'P @g ?inﬁngln?m% t\?ﬁeerd élggvet ﬁ%ff pad ggé'ﬁégﬁj}aucﬁa'tu&tesgave
t he | owest ranadned aglee or hoRFbBTabheslig®le d@bfaamﬂkfaﬂefamr pavignetter s f or
PEG rFVI Il {iLnereagg versus control)

—

<

[0354] Effect of PEGylation on the thrombin-generating capacity of FVIII in FVIII-

deficient plasma: A plasma sample of a severe hemophilia A patient with FVIII activity
below 0.01 U/ml (<1%) was spiked in vitro with increasing amounts of native and PEG-
rFVII in the range of 0.0025 and 0.1 pg/ml, corresponding to an activity range of the intact
FVII 0f 0.025 to 1 IU/ml. Thrombin generation triggered with low concentrations of TF
and PL complex was measured as described in the experimental procedures. As shown in
Figure 35 (Panel A) the addition of native rFVIII dose-dependently improved the impaired

thrombin generation of FVIII-deficient plasma. The improvement resulted in a shortening

9



rVIVF Sample FVIII AUC IFVIII half life I FVRI MRT increase versus
control Lys 20K br short 3.65 1A" 2.1 Lys 20K br long 4.15 2.0 "' 2.6

Lys 40K bry,§hkhsses> 28 * 3.9 Lys 40K br Tong 4.85 2.0 us%udesa

of the onset time and peak time and an increase in the peak thrombin, which showed a
lingar dose-response with the logarithmic of FVIII concentrations, as drawn in Panel B of
Figure 35. This correlation implies that the most effect occurs in the low concentration

range.

[0355] Figure 36 shows the thrombin generation curves (Panels A-F) obtained with
the PEG-rFVIII samples in the FVIII-deficient plasma and the dose-response curves (Panel
Q) of the peak thrombin values.

[0356] All PEG-rFVIII conjugates corrected the impaired thrombin generation of
FVIII-deficient plasma in a dose-dependent manner, however with minimal effect below
0.01 pg/ml plasma. Above this conceniration parallel dose-response curves with the native
rFVIII were measured, which indicates that more FVIII is needed to achieve the same peak
level as the native rfFVIIL. The Lys 60K br long conjugate seemed to have a higher activity

in this assay, especially in the higher concentration range.

[0357] In vitro release of releasable PEG-rFVIII at increased pH: To investigate the
kinetics of in vitro reelase of the PEG moieties from rFVIII, the PEGylated rFVIII samples
were incubated in the original rFVIII buffer (50 mM HEPES, 5 mM CaCl2, 0.1%
Polysorbate 80, 350 mM NaCl, pH ~6.9) adjusted to pH 8.1 with a 1/10 volume of 0.1 M
NaOH. As a control, a native rFVIII and the un-PEG-rFVIII control was treated the same

way. All samples were kept at ambient temperature. A sub-sample was taken at different
time points and changes in FVII:Ag, FVIII chromogenic activity were measured, The
structural changes were investigated by SDS-PAGE followed by immunoblotting with
FVIII and PEG-specific antibodies.

[0358] Changes in FVII:Ag and chromogenic activity during in vitro release of the
PEG moiety: Figure 37 shows the changes in FVIII-specific activity and Figure 38 in

FVIII:Ag, both expressed as [U/mg protein.

]0359] The native rFVIII and the shipping control showed a continuous decrease of
activity and antigen levels. In contrast, both the activity and antigen levels of the PEGylated
rFVIII conjugates gradually increased in the first 48 hours and after a plateau decreased
again. The highest relative activity increase (2.4 fold) was achieved for the Lys 40K br
short conjugates. The fastest increase with the shortest plateau was observed for the two

60K conjugates.



Lys 60K br short 475 0.9 ns 1.5 Lys 60K br long 4.65 1.2" 1.9 s:

significant, s: statistical trend, ns: not significant data show the
i ncrease i oki netic paraneters versus the resp t.J,ol
group with % ?@%%(%FVI 1, run t oget her Wi t h each PEGrEg/JF)U¥&0%% {2
conj ugate 77]V\h A SHARES =5 1 =2 '
increase Vg ﬁlb@alzﬁehﬁmbtﬂﬁil Wadgalupmﬂaub@ﬁomn@ﬂérmf, HFS gweeaxﬁﬁleehe%
t he absolut 1t1|afor %‘Jgand al f Ilfefromstatlstlcal eval uati on

t oget her wf Jﬁctﬁ o Gx>-BACEapde sodueing crudiigny foliowrdy imimupelleis pit
conpari so npd)ﬁildﬁﬁﬂfhtl&ﬁlﬂﬁh ﬁHIIB&mbb@a(FEghPéfw) Adaotioial ali-hiRkrhedvyichiin A2

conj ugat es was cI r th { n native

control . TRmasanH 8‘{9?1(%} g@g gﬂ?&ﬁ 1 gEGtaﬁ@WSE@‘WC )r %JaHV%rFN(W
overl ap w ind thd T8I doh@shshdveeda@nhtinibus déérekte i FVIEl Lty M IFVIILegneletjat es
the Lys 60K conj ugat d, th ndl date seened to
have the nBYFH g@@ﬁ%tgggeﬁggﬁnoxﬁﬁmcﬁﬁﬂngaﬁ q‘i‘cé‘ W8 al so increased
with all PEGr FVI Il candi dates. [0379] Mean residence tine was

el evat ed fB6HI | PEBetaBse\Hol the Bl daterel ave the FY 1 Ibronatdtiviey mEivhsies

control I\/F\}%Q) ?ncfugz(tloﬂ u\fi%r Qtlréﬁggég@% {)«5 gg6 ff‘e t P%Gr}gl%s )t&e The

hi ghest oun he Lys
short and #uongt Qﬁﬂﬂli@aml@d to fhe B@@]:qorﬁied m:;hqmeaalhrbd PED: €F’0‘Inlalctmty Of the

conj ugat es

cont rast - RER U b A I e LR G e B e e A
be parti al yibpdiespnd pRAMIIY ML Ghepmy fepantirtfithantibedy) However, it shoul d
be taken into account that the neasured val ues were influenced by the

rate of thpesezsi mul tzxasmuﬁn F%@f‘etHQOaﬁ&rBHay@ indubioh & KALLpRE.1RBG
noi eties, the in |vat| %Ig rFVLLI andthelnactlﬁgﬂlon of

|i berated FrRERH! shegges pouldhlop OB@RPﬁﬁ'TFXHbC%‘BﬁFEbQFé shefy blyriRggher
speci fi c aeffdcyiot YotRAsliva SFETIGAA HREVET eentRdN weh @i¢ahed VI riitiblbts was
generation i it functional or

capacity. However t .show gny ot.her
struct ural "%é‘ﬁ%‘fi I&¥1§Tr I%\ﬁgﬂE’Pt“P &7 g"’ryébeé‘:‘)'fef’é%&éfi’g? %‘H‘é}n‘ﬂ?R’dﬁﬁﬂc akje K
PEG rFVI | | e;meﬁs}sugﬁé@@ahﬁbntdﬁemtd&sdran mﬂfdareﬂm-,Lysm br long and Lys 20K br
2008/ 082669PCT/ USZOO? 5%% 1[1038:H_‘FVI [.I -defi ng? e were | ct ed
with rFVI PR FOBIEESE ERAY GgeRh "%‘tlf‘ﬁ%‘i“iFs CIRRSS ‘&F

up to 32 hﬁumsaft}ﬂHEG?EGmE&ﬁ;hgatasea;uugeahm 3$lhﬁ$\liﬂdlb$tioﬁ\aeﬂerﬁjﬂsmtﬂﬂiyl on

t han t hat ve rrEVill co rol tive rFEVII

ol mi nar et Eern AR B troon® 8l ishiisad £ GEAL Podn' Pl AR

i nitial phégpendanicearesse ofhe ntotecuihnadighp bfslbdoniaire wak@ss Ebébﬂvbd with tiedati-e s
foIIovveda te |i eI| nag.i,on aracteri st sZOK br
short candl afmmlr"eogﬁ?[ﬁ m)anltul lhf?fﬂ%cgsssém}eﬁe the Oﬁlt@ﬂ’ géma | evel s up
t o 6 hour ssubfthrgial amguatstof frne PEf oretralephd. |Afer Ailoe ;ncllbeltioo\tm di})coa]uEMd:sl I

opl i nodt By RgedelEuk Bl i WAEREAREnduBe il SRS BLRR, 0

recoveri nngMObloac{ﬂatwcttyhown)

[0363] In vitro release of releasable PEG-rE VIl in a human FVIII-deficient plasma:

To simulate the physiological conditions, in the second release experiment the PEG-rFVIII

conjugates with 20K and 40K PEG were incubated in a human FVIII-deficient plasma at
+37°C. The dissociation of the PEG was investigated under these conditions by measuring
the changes in FVIII chromogenic activity and FVIII antigen level, The PEG-rFVIII
conjugates together with a native rFVIII and the FVIII control were diluted to 0.1pg/ml
protein concentration and added to a FVIII-deficient plasma with an FVIII activity below 1
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[ 0382] The slower elimnation of FVIII activity with the PEGrFVIII
conjugates mght also be a result of two overlapping effects, a

| onger ci ij%&%&g 9PEG rEVITT that continuously i bera&g”?mgfbtojg}fz%szz

revVIEL en cleared with the nornal elimnati

[ 0383] The P\CrorseiKing BigrMedical QverlanPaghs; Ko U quth QR0S % sedim-aide Re
det ect abl ep&¥nt tmc@&:tdw%ttay conBRHADE dSMACH inGubadnl thhd. sarﬁﬁteﬁ%r& | was

| ower for the PEG r FVI candi dates, this resulted in_ 1.

6.7-fol d hiikdsrwis defined timsaimtsae tesiedsipperiately &he E?@a%‘:swlrf“&f?*towmt he
native rFVidivitf @dddrh@ationdhrQiigkotdl dndifdadni 018008 fPEGII: K g MblensgR1¥E. NOt tO
be dependent on the higher protein dose applied but further

experi ment f{)ﬁ@f]e neeged 85‘3]('2‘\#%&%?5@{%331%&8 ClgVI?I Cﬁﬂj8 ér%%_y%{hcm dﬁtlgﬁs ar

of native tever
protein dOﬂl&expénnREGonlE‘tﬂel Ilys 20KChASHVB wai frol th@ﬁrptpmthcﬁmu Tfhlgret)hnﬁlesized

followi ng str up e

211 ot vl e R e TR s PEG g o T B RRuena iy FS blgpe
pol ymer; Xdls¢ sloavef B’nglansrpéme Imweeendue XXliffgem asadymabn@p@js,ero dimeitet y;
Ha is an | %rllpzataisl?olnewag eamgge(l?ab{ile er’l“here were also some differences in the specific

activities, however they did not seem to correlate with the PEGylation degree (Table 11).

[0365]) The specific activity of the native rFVIII decreased upon incubation in the
plasma system {Figure 42). In contrast to this, the specific activity of the conjugates
increased transiently upon incubation reaching a maximum level after approximately 10
hours. None of the conjugates achieved the initial specific activity of the native rFVIIL
There were no substantial differences between the inactivation rates, determined from the
ascending part of the curves, between the different conjugates and the native rtFVIII (data
not shown). The FVIII antigen level also increased during the incubation (Figure 43},
which hint at a demasking effect. Similar to the FVIII activity results, none of the

conjugates achieved the initial level of the native rFVIIL

[0366] FVIII-deficient knockout mice were infused with either rFVIII or PEG-
rFVII in a target dose of 200 TU FVIIl/kg bodyweight. Groups of 6 mice per time point
were used for each conjugate. To allow dircct comparison of elimination curves
independent of the FVIII dose applied, FVIII plasma levels were normalized relative to the

FVIII concentration found in plasma 5 minutes after substance application (normalized %).

[0367] Figures 44 - 49 show plasma levels of FVIII after substance injection, either
in IU FVIIVml (Panels A) or normalized as a percent (Panels B). The exact amount of the

injected material is shown in the appropriate figure legends.

{0368] In general, all PEG-rFVIII showed improved phannacokiﬁetics over the
native control. The degrees of improvement of pharmacokinetic parameters were calculated

with statistical methods and are summarized in Table 10.
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Rl is Hor an organic radical; R2 is Hor an organic radical; (a) is
either zero or one; (b) is either zero or one; Rel, when present, is

a first elvf'(? Ilaggéterl ng group Re2, when present, is ﬁﬁ?ﬂ%ﬂgzﬁszz

el ectron errng group S;

(VW F8) i B389 es; q ol aé?ﬁ1#@51%?@5@1{?&61113%?163?%@{1 R ve
agent sel embRskel rréH&héd'heplﬂédithéwﬁ‘e@ﬂs h&irk fgl fours Withih Mbdehedar @tind-agt or
noi ety and a %l%etor VIl noj e%{ wherein %% ﬁ,ghge cont ai ni n']g_ .

bi ol ogi cal 13pratEer Pisiogemproxunatily iy tinesoqre ShEe HESBUKE Pepsyredin the
native forgbusegesmp s hdragédtish otmdd fFvans and i s bioactive. 2. The
compound of claim11, wherein the am' ne cont ai ni ng bi ol ogi cally active

agent is a Wil I g I:E,e ﬁ]ﬁ%daim
2, Wwherei nlo}jﬁg von S\lr‘“f‘fie rani(':iy gc rs omﬁag 1§‘/§‘|“s uman reco ant von
W | ebr andciﬁatateﬁnnuchmngﬁth@n@uvmﬂﬂléorrprl sing a conmpound of claim?2

bound to at |east one Factor VIIlI noiety. 5. The construct of claim

4, having gaz{n vi V edtitiaht et P%ylhédkvﬁﬁﬁ@[@%?&oﬁ?’a@o&ﬁ%fa% 18:dget e
in vivo ha I|f a WAE nol ecule. 6. The construcf of claim 4,

havi ng an 1hﬁnvqt\ygrlﬂgllf-| ife that is increased as conpared to the in
vivo half-life of a Factor VIII npoiety not bound to said construct.
7. The conpegnd of okahi iﬁerﬁﬁ’ééhﬁlg naivelr AV W& dit fo-tht figitbhat s

The conpountieepin ity PEUREY I a8 Flenpinss Aufechble 2T AiFeased

by a factomfigionat | east 1.5 as conpared to the in vivo half-life of a
VW nol ecule. 9. The conpound of claim7, wherein the in vivo

hal f-life ncrea t t he
" vivo hal @t e o tac ety st it RThuk BB MRALRRaE, |
wher ei n thmuatmlmeerdanmamwrﬁﬁﬂbfr@hu@n&mlésylaact| ve agent is a Fact or
VIIl noiety. 11. The conpound of claim 10, wherein the Factor VIII

noiety is pwmn recqgbprantver @Krbrﬂﬁxlg%&ﬁ?%a@&%&ﬁte&/h{u&h longefin 1he

conpound of claim 11, wherein the Factor VI noi ety i s human
reconbi n an{xerpqnh;hqngﬁ'gtpqtp the patiye coptyo] tFVIII did. For direct companson the normalized

elimination curves for all PEG-rFVIII candidates are summarized in Figure 25. The control
group is the mean of all experiments, performed throughout the investigation (24 animals

per time point).

[0375] The results from the statistical evaluation are given in Table 18. Data are
given as increase in pharmacokinetic parameters versus the dedicated controls, run together
with each rFVIII conjugate. FVIII area under the curve (AUC) was significantly increased
for all candidates, but none of the candidates appears superior to the others. Increase in
FVIII half-life varied between the candidates. PEG-rFVIII Lys 20K br long resulted in a
significant increase in FVIII half-life. For the 40K candidates, a statistical trend towards
significantly increased FVIII half-lives was observed, but a study extension with plasma
sampling points up to 60 hours would be necessary to confirm significances. The 60K
variants gave no significant increase in half-lives. Mean residence time was always higher
for the PEG-rFVIII conjugates than for the native control. The highest increase in MRT
was observed for the Lys 40K br short candidate, whereas the Lys 60K conjugates gave the

lowest increase.
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13. The compound of claim 10, having an in vivo half-life that is
i ncreased as conpared to the in vivo half-life of a FVIII nol ecul e.
14. The c claim 13, wherein the in vivo half-
increasedc\g8 hﬂggao%or of at least 1.5 as conpar ed to tﬁé{tﬁ:@?@%ﬁszz
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bet ween 10, 000 [Daf{s0@K B0 PO0 gt ong and; e Segond ywter-{sol ubl e
pol yner has a WETGRGoRWEE @ ol egylsar ywei ghp o@f betiweer; 0,070

Dal tons to 85, 0UOL Lok Tengl 8] 1hG.600NMPOUNT Phochal i I {igviTy a

structure sel eCTEU TR MITEs: Shaotbh emdl Tos! nof slgdoakl -
00- cH2cH2- ( ocH2CcH2) BataaBdw3helidreistta Glden 6&%%:&2 s CIsti3ne Widpddéde control group
00

CHB0- ( CH2CH20) - CH2 @Hpratie NIVEIL, N top @it (G BRGHZ O Ioor@eCHD - O

--\ - 2- 2CH2)n-OCH3 0 (VWF/ F8)-HN--? 0 and O
gIEI-BO_ } CHg C%%)?H C&%ﬂgre@s 1)n Table 18 resulﬂs are glven) as relative increase versus the

individual control experiment, Figure 51 shows the absolute data for AUC and half life
from statistical evaluation together with the 95 % confidence intervals to allow direct

comparison between candidates.

[0378] The AUC for all PEG-rFVIII conjugates was clearly higher than for the
mean native rFVIII control. The 95 % confidence intervals for the PEG-rFVIII did not
overlap with those from the control. Within the PEG-rFVIII candidates the Lys 60K
conjugates and the Lys 20K br long candidate seemed to have the most pronounced effect.
FVIII half-life was also increased with all PEG-rFVIII candidates.

[0379] Mean residence time was elevated for all PEG-rFVIII candidates versus the
native rFVIII control (range for native control was from 5.6 to 8.9 hours). The highest
MRT was found for the Lys 20K br long and the Lys 40K br short and long candidates.

[0380) In summary, all PEG-rFVIII conjugates preserved the domain structure
without any degradation. In contrast, all functional activities were decreased, which could
only be partially recovered upon in vitro incubation. However, it should be taken into
account that the measured values were influenced by the rate of three simultaneous
reactions, i.e. the release of PEG moieties, the inactivation of PEG-tFVIII and the
inactivation of liberated native rFVIIIL. The Lys 60K br long conjugate had a higher specific
activity and as a consequence an elevated thrombin generation capacity. However, it did
not show any other functional or structural beneficial properties properties over the 20K or

40 K PEG-rFVIII conjugates in the tests performed.
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mcrease in FVIII activity might be explained by the release of releasable PEG from the
PEG-rFVII, thus recovering FVIII activity.

[0382] The slower elimination of FVIII activity with the PEG-rFVIII conjugates
might also be a result of two overlapping effects, a longer circulating PEG-rFVIII that

continuously liberates native rEVIII, which is then cleared with the normal elimination rate.

[0383] The FVIII dose applied in the animal model was based on the detectable
FVIII activity. Because specific activity of FVIII was lower for the PEG-rFVIII candidates,
this resulted in 1.9- to 6.7-fold higher protein doses for PEG-rFVIII conjugates than for the
native rFVIII control. Slower elimination of PEG-rFVIII seems not to be dependent on the
higher protein dose applied, but further experiments are needed to assess the effect of
higher protein doses of native rFVIII on the FVIII plasma levels, in comparison to similar
protein doses of PEG-rFVIIL
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CH30- (CH2CH20) , - CH2CH2-0 0701 00 j, N2CH2- ( OCH2CH2) n- OCH3 F8
-NH,rO O wherein, F8 is an am ne-containing residue of a Factor

noi ety and (n), in each instance, is independently from4 to
22. The conpound of claim 21, wherein the Factor VIII noiety

i s reconbi nant B-domain deleted Factor VIII. 23. The conpound of
claim 21, wherein the Factor VIII noiety is human reconbi nant full
| ength Factor VIII. 24. The corrpom@scl aim1l, having the
foll owi ng structure: p-CH2CH2- ( OCH ,-OCH3 i NH 00

CH30- (CH2CH20) n- CH2CH2-0, -, N),

1. A compound having the following structure:

1
POLY—X! el
\ \_/1 R ]a

\ / R’ y2

I I
C—Y1~C-NH-(VWF/F8)

He,

2 /Y /\f[Re2] )

POLY —X?

R2

wherein:

POLY" is a first water-soluble polymer;

POLY? is a second water-soluble polymer;

X' is a first spacer moiety:

X2 is a second spacer moisty;

H, is an ionizable hydrogen atom,;

R'is H or an organic radical;

R?is H or an organic radical;

(a) is either zero or one;

(b) is either zero or one;

R®!, when present, is a first electron altering group:

R*2, when present, is a second electron alteting group;

Y'isOors;

Y?is O or 8; and

(VWF/F8) is a residue of an amine-containing biologically active agent selected
from the group consisting of a von Willebrand Factor moiety and a Factor VIl moiety,
wherein the amine-containing biologically active agent is liberated from the compound in

its native form under physioclogical conditions and is bioactive.

2. The compound of claim 1, wherein the amine-containing biologically active agentis a

von Willebrand Factor moiety.

101



N HH o wherein, F8 is a residue of an am ne-contai ning Factor VIII
noiety and (n), in each instance, is independently from4 to 1500.
25. The conpound of claim 24, wherein the Factor VIII noiety is

reconbi nant B-domain deleted Factor VIII. 26. The conpound of claim
24, wherein the Factor VIII noiety is human reconbinant full |ength
Factor VIII. 27. A composition conprising a conpound of any one of

clains 1 though 26 and a pharnmaceutical ly acceptabl e exci pi ent.

3. The compound of claim 2, wherein the von Willebrand Factor moiety is human

recombinant von Willebrand Factor.

4, A construct comprising a compound of claim 2 bound to at least one Factor VI

moiety.

5. The construct of claim 4, having an in vivo half-life that is increased as compared fo
the in vivo half-life of a VWF molecule.

6. The construct of claim 4, having an in vivo half-life that is increased as compared to

the in vivo half-life of a Factor VIII moiety not bound to said construct.

7. The compound of claim 2, having an in vivo half-life that is increased as compared {o

the in vivo half-life of a VWF molecule.

8. The compound of claim 7, wherein the in vivo half-life is increased by a factor of at

least 1.5 as compared fo the in vivo half-life of a VWF molecule.

9. The compound of claim 7, wherein the in vivo half-life is increased by a factor of at

least 2 as compared to the in vivo half-life of a VWF molecule.

10. The compound of claim 1, wherein the amine-containing biologically active agent is

a Factor VIl moiety.

11. The compound of claim 10, wherein the Factor VIII moiety is human recombinant
B-domain deleted Factor VIII.

12. The compound of claim 11, wherein the Factor VIil moiety is human recombinant
full length Factor VIII.
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13. The compound of claim 10, having an in vivo half-life that is increased as compared

to the in vivo half-life of a FVIII molecule.

14. The compound of claim 13, wherein the in vivo half-life is increased by a factor of at

least 1.5 as compared to the in vivo half-life of a FVIll molecule.

15. The compound of claim 13, wherein the in vivo half-life is increased by a factor of at

least 2 as compare to the in vivo half-life of a FVIII molecule.

16. The compound of claim 1, wherein the first water-soluble polymer is a poly(alkylene

oxide) and the second water-soluble polymer is a poly(alkylene oxide).

17. The compound of claim 1, wherein the first water-soluble polymer has a
weight-average molecular weight of between 10,000 Daltons to 85,000 Daltons and the

second water-soluble polymer has a weight-average molecular weight of between
10,000 Daltons to 85,000 Daltons.

18. The compound of claim 1, having a structure selected from the group consisting of:
O ©-CHCH-(OCH,CH,)-OCH,

NH

. ()
CH30-(CHZCHZO)R-CHZCHZ-O\)L O.
N
H

NH-(vWF/F8)

(@)
0 ;
0-CHoCH,-(OCH,CHa4),-OCH5
Q
NH
Q
O
j)K/\/(l)k .
CH3O-(CH2CHZO),-,-CHZCHZ-O\/\ )
N N -
N b o NH-(VWF/F8})
0
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H
CHa0-(CHCH;0)-CH,CHp-0 ~ Ty

o o o
‘.O N)l\/\)LN,\/O-CHchz-(OCHong)n-OCHa,
H H

(vWEF/F&—HN

o

o<

o 0
¥ O'@
N J N -CH,CH,-(OCH,CHy),-OCH
CH0{CHyCH,0),-CH,CHy-0" N ﬁ/\,oc 2CHZ(OCH,CH)-0CH,

0

(VWFIFB)——HN\(

O

N N
CHz0~(CHyCH,0),-CHaCHy- 0~ ™ ~~""0-CH,CH,-(OCH,CH,),-OCH,

(VWE/ES)}—HN 0

and

H
CH50-(CHyCHz0)-CHCHp-0 <My

= 0
\/\)LN,\/O-CHchz-(OCH;:CHz)n-OCHs
H

(VWF/FB)——HN\"/O
O

wherein, for each structure and in each instance, (n) is independently an integer from 4
to 1500, and (VWF/F8) is a residue of an amine-containing biologically active agent

selected from the group consisting of a von Wiliebrand Factor moiety and a Factor VI
moiety.

19. The compound of claim 1, having the following structure:
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CH5O-(CHyCH,0),-CHaCHp-0 = e

o} 0
NJ\/\)LN,\/ 0-CH,CHy-(OCHCH5),»OCH3

H H

v WF-NH.__O

b

0
wherein, vWF is a residue of an amine-containing, recombinant human von Willebrand
Factor and (n), in each instance, is independently from 4 to 1500.

20. The compound of claim 1, having the following structure:

0-CH,CHo(OCH,CHy),-OGH;

Q
NH
9
NH
0 ol
CHaO-CHCHO-CHACH O~ I K
H H o A
o

wherein, vWF is a residue of an amine-containing, recombinant human von Willebrand
Factor and (n), in each instance, is independently from 4 to 1500.

21. The compound of claim 1, having the structure

CHyO-(CHyCH30)-CHpCHp-0 = 0

o) o)
Ao A O-CH2CHa(OCH,CH),-OCH,

H H
F8 -NH. O

b

O

wherein, F8 is an amine-containing residue of a Factor VIii moiety and (n), in each

instance, is independently from 4 to 1500.

22. The compound of claim 21, wherein the Factor VIII moiety is recombinant B-domain
deleted Factor Vill.

23. The compound of claim 21, wherein the Factor VIII moiety is human recombinant
full length Factor VIII.
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24. The compound of claim 1, having the following structure:
}_/_)—NH
o}
\\{NH -F8

0-CHaCH,~(OCH,CHy)-OCH,

CH30-(GH;CH0)y-CH,CH,- o\/\ )k/\/"\ ‘

wherein, F8 is a residue of an amine-containing Factor VIl moiety and (n), in each
instance, is independently from 4 to 1500.

25. The compound of claim 24, wherein the Factor VIII moiety is recombinant B-domain
deleted Factor VliI.

26. The compound of claim 24, wherein the Factor VIIi moiety is human recombinant
full length Factor Vill.

27. A composition comprising a compound of any one of claims 1 though 26 and a

pharmaceutically acceptable excipient.
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