FACTOR | X CONJUGATES W TH EXTENDED HALF-LIVES 1. FIELD
OF I NVENTI ON [ 0001] The present invention relates to
wor@oasgsat i bl e pol ymer conjugates of Factor | XpCT/IB2009/005763
conposi tions conpr|S|ng Factor IX conj ugat es and
f hi

conj SO S =

Appl i cant has detern1ned that the nanufacture of

reconbi nant Factor | X (herein referred to as FI X) may

bd- enhéﬂEE@LQﬁlBBﬂﬂﬂEﬂéﬂng FIX to one or nore

bi oconpati bl e pol yners so that FI X can be effectively
[0001§ e paFlag rrescit byyeiEzy islatqsie b(qﬁem@atﬁble eolymee gonjugades of Factor 1X,
n 0

compyitilysot i RAIAPEF P WL S MY ApRE R IbUE RrkBniia wicy
FactoEDOpotgagsss. [ 0003] FI X conjugates may provide

therapeutlc beneflts for exanpl e, when conpared to

uﬁconjx,\ MARYOFJHE Nic benefits include,

re not I|n1tedito i ncr eased C|rculat|on_
[0002ﬂ1al lellq Applicagthips éiaterlmmﬁél@émecm@@n faqiyg oé Fecambingnt factor IX

(herelg?%{\@{r:rﬁg %bsésr}g?(g ?]fag' gegﬁmd: d b? %?I}Jgéétgl:g EI% tfo%'he or more

biocoﬁlq:bbt(tblt: polaiesd $0) that[EIGlOdhh bz flgsteet 1 mparamed ﬁrdﬁﬁ FaetonEXa (herein

actar | X con ate' "FI X con ref to..
roforrg by LXK 1 PR A DB s egiO RS it g guge T biliy to
dubd B &t pb@(g@5 pRr noiety that results in an
pﬂ)u‘ &%ggd§ghar%a okinetic profile as conpared to the
[0003&1 noldiX ¢eejudasmstoory priXvidd teerapeptiobevking f(irrw:xaﬂnple when compared to

uncorﬁ egﬁlgl%tré] %1 %éeog? lbmﬁ%gy @?ﬁl{iﬁ,ﬁﬂ? rgqvelemn? H]éteg to, increased

mrculﬁ’ﬁ’(ﬁﬁl"[@f—ﬁfesredﬁégdeiﬁﬁﬂunogéﬁ@itﬂr iHigher 86tR3tyURRRE dbdifg FdduMBments,
and circuiating half-life 0005] In a specific

and aliotviog |f¢meai‘ternatt1ﬁ@ rqut@%mfpdmlmytra}tlox (egnjsulpatasouider | bed
erejn are substanti al. S« Si de
0004 5 AT B RR R bR luealy R PO B gy
Factof1XXeha€ Bk tees ddifidd td amgedcolisiotdthpatidispay raelcmbﬁtmatt @sults in an
Gray et al. Thronb. Haenost. 1995 Apr; 2 675-9),
improvpg Bhaamaa%@etmpr?félﬁ@ﬁ sPPBaRE fethe unmdé“ﬂi Agtoy &8 The
| o
improd il ek iR RIGIL bV Y b Eecls i iProveplinl ione or
more gfithatfolioveing (pﬁraﬁie)@s t pattncyr etaliéitygarch unédrxaé 10O alhd_bleul@tlng
§wal| concentrations of FlXa can be neasured accordi ng
half-lifg, { he t echni ques described in Gray et al. Thronb.
[0005;]"39ni(]?isa,t speéi%% %m‘%@ﬂvrne?@ (¢ hiBK Puddty FIX SRR RYRRL RO hrein are

he anount of
substantially free of FIXa. Con51dered a contaminant of FIX compositions, even trace

. l4 ‘_.fs! l.‘.

amounts of FIXa can result in dangerous thrombosis according to Gray ef al. Thromb.
Haemost. 1995 Apr; 73(4):675-9), incorporated by reference herein.

[0006] As used herein, the term “substantially free of FIXa,” in the context of purifying
FIX and FIX conjugates, refers to quantities of FIXa that are below 1u FIXa/1000 IU FIX.
Small concentrations of FIXa can be measured according to the techniques described in Gray
et al. Thromb. Haemost. 1995 Apr; 73(4):675-9. In some embodiments, the amount of FIXa
contaminant may be less than 0.5 u FIXa/1000 IU FIX. In some embodiments, the amount of
FIXa contaminant may be less than 0.25 u FIXa/1000 IU FIX. In some embodiments, the
amount of FIXa may be less than 0.1 u F1Xa/1000 IU FIX.
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contam nant may be less than 0.5 u Fl Xa/ 1000 U FI X.

I n sonme enbodi nents, the anmount of FI Xa contam nant
woreapohsoehess than 0.25 u Fl Xa/ 1000 11U FI X. | n BOIEB2009/005763

enbodi nents, the anount of FI Xa nay be less than 0.1 u

| Xa/,1000. 1 U.FlI 07 he conj. on of, FI X th a. ..
10007 o0 tsBLOT A} DROR B 4B A G Dol Spprcry e boapbility
of the Eﬂljé ® Xﬁﬂgu@%&n Fremafl ¥us caRshcb s uﬁn’fwmx ih l@ﬁaﬁﬁdckﬁﬁw
i'n pharnaceuti cal conposi tions. Moreover,
compmlmwmmee, thro beicompratyblp mei ey magipxoteetdihXdegm ddguadaﬁmn and

antibG3) dp bice e FIS ARG e AP Mot d e PRIRTHER R At Re which

result§iRSEdSPApAME Efdcesid REMERSHt ddhaadentorn diianpsdifidtmBOdiment,
In a specific enbodinent, FIX is conﬁugated to one or

FIX inepngugsisdyie ong p@méregmlzﬁfzshylemgbycq%ﬁ%@ wwicticp HroHsk specific
ernboélprfe%l[ ng |1.§ E'S}g@%a du ’eo I’e: lggrﬂo? 19(92 15['lgcﬁ%ct (ﬂmto?etlgp eInfo§Fet gl%tﬁer
spemfﬁi‘rémlﬁbdﬁﬁﬁﬁt FB{ X doajugaﬁ&ﬂuxgalb&ﬂhlﬁ o al bum n. [ 0008] Thus

a first aspect, the invention features gne or npre
[0008b| oc%ale pIre aﬂaﬂ%@ Qversign fgatieg opg omRre figeqspratigie polymers
conjugﬂ&?tocﬁﬁ% \915 Bfic B%b%%%telﬂegeﬁﬁlue%nl@@gﬁ Qf‘ﬁﬂ&dlﬂf@ﬁ@ oftf ofBbfe PEG

EG noieties is conjugated to FI X via one or nore

moictey $¢ @nnezated3o HU¥ yia ¢re@f Mork nyveiec exstimds.ment , t he

0009 B B BB mEh e S T B ol
be boﬁicﬁt@lti‘)vb @?st@ﬁ’l@ ges'ld'heE |%lcﬂ_ﬂﬁ'ﬁﬁf @iﬁlﬁﬁd@ B@nd:}%qugo nltlﬁiréfbﬂégthe PEG
I'inker dges the disulfid nd. In a specif

contal@n‘tgdmkﬁehmdgea th @sdﬁéfab@tbi eIn pcspwtﬁc emboql;lmpu gém@@ntp@tlble
I Fl X accorg } for p | wherein the both
polynics GFERAITELL pSREhE o bR telid oo o Wi sul 11 de

bond in FI X cwher Q represents a linking group
whi ¢ §>dx€?¥§ kond, an al kyl ene group
C1-\0

(pre 2 Ikylene group), or an
opti su-stltuted aryl or heteroaryl group;
[0010pher ern e aryI groups J;ncl ude phenyl, benzoyl and

napht h s; wherein _ suitable heteroar roups )
whergjit e&eéﬂ 1§y|ar 918 cyggine sseducs theh Formpydigwfide ﬁw&g@&lg wherein Q
r
repreiff 33 e (HEE Ohfeh Y bt A3FERDon ITYIEVIBE: 8860 BERSiy a Cug
amykmy@nnmynnaabbymmabhmbmbmmdamﬂbrhyﬁﬁmnaghnmgIe bond.
0011] .Substi.tyents which nt on an
wherd % |areﬂp§a15§fv$etﬁleaal EWPY dﬁ@BE‘?‘% $9PDYr oup
Where'n{‘ﬁllfég% He®ro 83 AIBLS R08dOpy ﬁﬁ%ﬁ% p?/r frofdh ﬁﬂ%"ﬁrra‘?{ imidazole,

ferent subStituents selecte om - NOZ
pyrazolm;olemdazmmammldlmd pugRe; - OCOR OCOQR - SR,

Where_er%_aLge ?%ﬁqolyr@[{pwm W&%W}HR ballyNng:Pe bond, orlﬁ} anon-

labile bond.

[0011] Substituents which may be present on an optionally substituted aryl or heteroaryl
group include for example one or more of the same or different substituents selected from -
CN, -NO,, -CO3R, -COH, -CH,0H, -COR, -OR, -OCOR, -OCO2R, -SR, -SOR, -SO:R, -
NHCOR, -NRCOR, -NHCO;R, -NR'CO,R, -NO, -NHOH, -NR'OH, -C=N-NHCOR, -C=N--
NR'COR, -N'R3, -N'Hs, -N'HR,, -N'H;R, halogen, for example fluorine or chlorine, -C=CR,
-C=CR; and C=CHR, in which each R or R’ independently represents a hydrogen atom or



-N+R3, -N+H3, - N+HR2, - N+H2R, hal ogen, for exanpl e
fluorine or chlorine, -CCR, -C=CR2 and 13C=CHR, in
wokiehswerh R or R i ndependently represents a PYOIBEM05763
atomoran al kyl (preferably Cl1-6) or an aryl
ef er abl hen The esence, of el ectr.o
an kPOl AR G SO68Y Pt Eireichivy RS, The ersiicer Sectron
w1thd£aQ\9 lub'sﬂtu‘éﬂt@ 1§§5§@HhIWﬂ&f&fedf ormula I, PEGis
conju ated to according to general fornmula 11
[0012] 001I¢]0n@@n}bugmeels obforimplg InﬁljiGbe commgatectof ¥ diceerdingtth general
fOmmihﬁy are substantially free of FIXa. Under certain
bhditions the rates at which FIX and FIXa react with
a bioconpati |l e pelgner substrate nay be different.
i [ yx theory, the difference in
may_bg due to the different size (FIX

reaction ra

has a nol £ ar wei ght that is 1l kDa greater than
FI Xa) andRor /di fferent conformational structures of
FI X and Fl/Xa. The structure of FIX is shown in Figure

1, WREGT\ncl udes the activation domain that is
[0013¢! eaved ugdn FI X activatjon to FIlXa. As a result, the
residue side chain that is being conjugated nay be
[0014for eCoytegatesali R Xapaeksnphuwactored vactpdbi/tiey al@@nbmrmaﬂg free of

FIXa. r§8§ gﬁglt’taln%Pn 1%<8 ﬁthf:l: Ira%‘gas’ at V\/,\Al(flilﬂ?% ({)ﬁfc Cre Y 091[ eli)lﬂ?%népatlble

polynie@ 8gsabie. makhbesditiefche rWSuﬂ Bifgegsint by ttyeodV tthéraifRkdhce in
allows for a kinetic separation of FIX and Fl Xa

reactipmpisparbe dbioandifergi stacEK mse malpedantaicht agip |1 1kDa
greateg %ﬁtfil%(la?g‘na%r te ne r a n@%ﬂ& F‘ﬁ?ﬁ{u‘oers] §?Eﬁ& hﬁ@ﬁl)gah?ﬁfeustructure

ntities can order o
of FDF[S)@bﬁzﬁG)ﬁ) FidurE 1 Xwhishaycledes a]he activatdorbdortde s is c1d:898% upon FIX

B 80 by e B R bl o
stenczflﬂrsetc%ss{b"'@f(‘) thb Eolgﬁlte? c@ftaibi %g@édté?fﬂ if PIX 5 P8cPER thkMaore

is situation stolchiometric or sub-stoilchionetric
accessihlb memdtwfwrﬂlrread?mtar@agﬁuhe pohetr comanmgitaCtardy The dfferedce in

reacti Rt PEulsR T & o h K skl T I Raonhr “theo
[0015EI X‘I?&@nﬁﬂ[b]nﬂg ?h%uchmmFy Xanth BN ANSqud i RACIFUXa as a

roperties of the FlIX-PEG conjugate, such as nol ecul ar
contagygiaght Smmpﬁslthwtqyantmels sen be cxtesnindy sraaldlianythe exdar of b

Foxu O PR SO0 ARIS AR AP e

condi@dvd/ tHE ratOSf @mﬁtaﬁg@f OGO QTR Ph SBEYXPEGLS RSl bdfablaethan the
urification step 0016] Under sone conditions the

rate 0? formatign f%ﬂ%@w@@ n this sityedion oh jtaightometidg esulsstaphigmetric
arnouﬁ% thd 15 é‘fi@&g%ﬁt %ﬁ‘ﬁge e ﬁltaf bﬁfad&éartg%é et mE #1%6 PEGhis

ese conditions, sto lonetric excess O
1nstanE’E(Bllrdfal§;EhEG redgahi i eotisantel Xa theefgrivgioaddelde FIX-PR& conjugate,
In this it L.s inportant to

e QELLEAT XL L LS, LOEL BB L LS RO 0,
weight and polarity, allow it to be readily separated from FIXa using purification techniques
known in the art, including but not limited to size exclusion and/or ion exchange
chromatography may be used in the purification step.

[0016] Under some conditions the rate of formation of a FIXa conjugate, such as FIXa-

PEQG, is faster than the rate of formation for FIX-PEG. Under these conditions,

stoichiometric excess of the PEG reagent relative to FIXa may be added to the reaction
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formati on of FlXa-PEG while nost FIX, if not all FIX
remai ns unreacted in its unconjugated state. The

wWeewpaste)es of the Fl Xa- PEG conjugate, such asPCT/IB2009/005763
nol ecul ar wei ght and poI arity, allowit to be readily

. Separated from unconj ugat ed FlI ues Q
Mixtuyg, Pﬁ@ apfance.qt isigrg 6‘? FesHtC ¢ h?‘haj ‘Efﬂl%%ﬁ asqtlr@?é lwgh
forrnaHHﬁ bf FBeh-PEGSvARE %gd B, mlo@ Bl GEK réihhihs ﬁfn‘e@&ed in its unconjugated

chromat o raph The resul ting pure FIX can then be

state. Mjmw@@ af $hPRIC - BBG chnjugetal sush amnmlqgukaemlgm |Eolarity,

0171 ~The FI X co es have. one
atlow GBIHISy sERPRE R tro i GRRL FER D A BigBR KeRpy B e art. 1n
one effibedieh) eiétundoMueaedPEY idheifieal g@&re,ex&ki@lbn as el'?ﬁfﬁatlon
attached) A FI X conjugate can be activated In vivo b

chronpagaranhyx|The gesulfingzpusn HX raysiien paeenngatedbtoR . avipgl resplts in a

: ogi cal activity of the FIX conjugates nay
purel:g%ganEe%[ %%%&g usi ng the assays descri bed herein.

[0017] oomﬂe Taoquadj e tds chaum@mbrfﬂl@fé o th%, bidlogickl a)étlomejs ugaﬂnﬁsdlﬁed
t he i.nventjon may W an i nmpr ovenent in on

FIX (lﬁ%f%% Artheut %P@C%ﬁp%t}bée Mé@%é% Heb FE affreied): eA FIX conjugate
can bé MQVHQH rz‘? Fz@{) ‘B? P‘?l@lgfﬁ(lé g‘le\/ Ay ﬁﬁftlgsﬁy@ctor eld“fja@t%f L CThe

asma residence tinme
blolog)cadn avtavityaddithe FIX a&uugnmanadbet detennmpal dsiredthEhisays {l@@ﬁ@@d
h The "area under the curve" or "AUC', as used herein in
Creifk he context of administering a peptide drug to a

[oo1spat | @6Yhpark® ti@ih e ABIX, @ﬁ@tmé&@ugarf@%rf thdi@vEonndNdow an

descri bes the concentrati on of q@% I n syst emcC
improg¢mentlimphoar nare fgarmpeiets o thegshagm§ metlg pradile,tinghadifg evpa under

the cu.%\?qr @aL?g)n gp fxl, gll Eu.)ép%é &ﬁ%olllaéfgﬁg Blglsrnag %@%et g& g‘lr?éwailability as

compa/[@htmanﬁédlﬁbcasrm that contains the armunt of drug
reted per mnute. LOOZl As used herein the term
[0019} ha|Thq 'fafqarunger the icprye® of AQe as yaedhareisfin fgrfopiest ef i ng

admlnzi‘st@r%%é @,%ftﬂé ldgfédtgngaaﬂgﬁt' IR eﬁn c?asdtg%l Qr%g ﬁ&erttﬂéc&rbgﬁlat

requi concen |on

descrlbad the edndeatrbtdon edrae th skWteﬁTﬂ@chfftlon'lih elteepamayt daet fometédn of time
than one half-life associated with the peptide drug

from Zexdy thd 1YY on nul tipl e cl earance nmechani sns,

[0020! ed' &S ﬁée@%tefe‘i’ﬁ‘th&ﬁgw Y OREndT® SP%heﬁ'E‘Eea%'cE” iérélgﬂ'ﬂed &% thBGolume

Usual |y, and beta half-lives are defi ned
of plasma: Fhat b(attalnhéleallrmimat tp)ﬁﬂarag ckgetad $elcmatum:i WI th

edi trlgtlon and]; la phase C|a
10021} o R rd 0 WS 8t B @ bgeader apamigine o
pepudef&u%*w pdIRA{, is &%&a B theltPnd REuiBPRE Bk R3O dABEBOrCHY drug in

ast two clearance half-lives. The precise

a pati¢nipabe regficed by one half. There may be more than one half-life associated with the
peptide drug depending on multiple clearance mechanisms, redistribution, and other
mechanisms well known in the art. Usually, alpha and beta half-lives are defined such that
the alpha phase is associated with redistribution, and the beta phase is associated with
clearance. However, with protein drugs that are, for the most part, confined to the
bloodstream, there can be at least two clearance half-lives. The precise impact of
PEGylation on alpha phase and beta phase half-lives will vary depending upon the size and
other parameters, as is well known in the art. Further explanation of "half-life" is found in

Pharmaceutical Biotechnology (1997, DFA Crommelin and RD Sindelar, eds., Harwood
Publishers, Amsterdam, pp 101 120).



PEGyl ati on on al pha phase and beta phase half-1lives
wi Il vary dependi ng upon the size and ot her
w@a0oamseer s, as is well known in the art. FurtP&r/1B2009/005763
expl anation of "half-life" is found in Pharmaceuti cal
[OOZZEIdSTXSC E\sg: {kg%%n %g%ﬁg'ﬁg;@eng o'nmgiiégpﬁag(gﬁe%&)@ Iagr(rjuenlis%erring a peptide
drug th2PatibROR LA MSBEaNSE& it Nt HRERayk &S IHEPBEE of IldBafient after
“inthe context of admnistering a peptide drug to a
dosingatient, is defined as the average tine that drug

10023 B el PR ol Bl SRy €St e

demodiied idiprbaldl syfeky. eRurtferdbréacsteporiidnk @b@piisiRg PV donjugates, which
safety. Furthernore, cpn‘g,om tions conprising FI X
are supgaptipgatiecs of ke aredess lkghystoaprultan thrompess.ofn Fpgeifigr
ernbol 81 iotoc fioh Sebbbritfl bk ATRUSh R Do IRTERYY 6 rosultin
venous G iasie s rvandth e sgeclfikahyodimeiite tiglcomiposiviemotasnprising pure FIX
. thronmbosis, In another specific enbodi nent, the
CONJUEHRHIS {qsp Blﬁ%lyé%FFélf‘]itéf} ?’f@er‘ﬁhﬂ]éom\’%l%onj ugates are |ess
(0024 ! ket X Cfipillatos o iR pr&lch PinyEfIAMROR Rl ih A&t KEdphilia B.
| X conjugates of the present 1nvention are usegf ul n
As ustd katinntpe hanmpsphicht’ 2 ‘tBatids’ ars tidatnene df¥, mednehiteharseverity of a
. "treat”, "treating" or "treatnent of mean.that the
sublect AT by ey ot By S BievPLof BaRiasteh A gpr tha some
allevibtRAS ifddtioh t b¥crb LR O¥ 1860 bn@8Eli¢ D s AhFOnARACREVAAId/or there is
~sone alTeviation, mtigation or decrease in at |east
an inhgitio bt déleyain thy mpigeassios ohdieicondidionnnd/or delivemethe progression of

i nhibi.tion _or del in the progressi.on.of .the .,
the o eh R o lin S Bls ot e "B ERRC O BhoehPofs alspansems
managihg HeSHense Qlitel ¢4 NB&HophlleBt €erns "treat”, "treating”

or "treatnment of al so nmeans managi ng the di sease )
[0025§ t at Bhe I Xgconjypatas whilici iavatiop eoseiuf etreating gty suféying from

T I
effectpatainenhsof KIXqonj Riateganddioinpositiend dgcrdbddierdapeut i cal |y
[0026522 g&t; {ﬁ\ég @g@%‘tﬁ%@g&gfﬁ&gfﬁgﬁgwgg&nﬁ ?snlgsoea Ihtefre?l{] 1S§ an amount
that provitRS 3RGE ith FidlvEM e Tdr %@ﬁéﬁ%% tHRAHAL. %ltéfﬁaﬁgzeﬁﬁsrtz%c?,,ai S
an anount that provides sone | nmprovenent or benefit to
“therapbeticallpjcffettiveAatmenntat v empusttthitedo vides' soheradlpeiatio ahitigation,

effective" anpunt is an anount..that provides sone .
and oot R ACTO ofiafebIBiARY &Ikl s URRETS Aso faith the
disord@Peha bdn b Cdat MO Mctifdds B Bl inS3hiBh @RBw ARRAG R iPMose skilled in

W th the disorder that can be treated by the nethods
the arpfFurther, ithnse nkillod iathe avievill-dppiarata hat the therankeiti¢ efficdtsineed not be
com fl{]ee 1racr %a't' l:urstlher st hosbeensﬁti il l ?od 1%6?1 tt Ia%ee sahte W n

pgppor SHANE PHATE $HENST peﬁtpl ¢SRS URESY not  be

[0027¢ onpihet Peéific ebibalinkt, tiScdrp@itdss sempriieg 6f 4 FIX Sonjugate that is

Provided_to t he subject. . . ) ) )
free of FIXa provide for a method of treating hemophilia B with a reduced risk of thrombosis,

evidenced by a reduction in mean thrombus score.

[0028] As used herein, the “mean thrombus score,” is defined as follows. Thrombi can
be scored on a scale of 0-4. A score of 0 represents completely fluid blood; the presence of
small fibrin dots are scored a 1, several larger pieces of clot are scored a 2; a clot that is

partially occluded is scored as a 3, and a score of 4 represents a solid cast of the segment.



[0027] In a specific enbodi nent, the conpositions

conprising of a FI X conjugate that is free of Fl Xa
WEewoidiwof or a nmet hod of treating henophilia BP@I/IB20€9/005763

reduced ri sk of thronbosis, evidenced by a reduction

in an,t hronbus ore. [0028] As used herein, the )
The megp HHOMRPYLIAGHHSS ”@efff@ fet?fgm%ﬁ‘éfé% dhres of @Pfedagepeﬁ% lperiments
fouovﬁﬁ@t&epr%%l%rﬁ'vv@sl%fiéﬂcﬁ @fAlgpl“Ph i0F CI: 64308461 1959),
represents conpletely f the presence of
[0029% mal In appthei $pedxfm§naq0élrs@mté@| improyedspopeties bﬁlFIg@q:onJugateS
.pl ece SCOr e
providfl £ EEGof forh® brobbiePE kB s Slia B} 3y abfmersnseifiy
ernbodlﬁrwhﬁ sRNESInpo Bk Bobpsdin®@h FIX@osagire Alay HRdAB@ktered to patients
hr onbus score shoul d be determined fromthree or nore

suffermgofép”e phifig Be mibawrt wndeegdiegg piySicRepipesiusre reeqvghng from a
surgl%@gfulrnt al, J . Appl. Physiol. 14:943-946 (1959).

anot her speci fic enbodi nent, the inproved
[0030pr opHtid ddesinBfratidnofdUN] doghigates oy opatitet fornied fiedmebmrofthbmophilia
prophylactic_ treatnent of henophilia B, In another |
B massb%eqmblae%ﬁ%&m% HherancHics 6‘%1 FRSHAM AT PEYRgaRro akid,
ts suffering
Fecto i B P X B A B S g cal
[0031pr ocBouUFIX mnjugtmv@scml@dfhewm angubgfocablaprdoeidida pearmaceutically

Th ad istr Fl X conjugat e Q :
accep Rl BHicH o1 PHbNFTBa it GPeRRASERTLD Sots TS baen used in
refereﬁ%'tﬂ@ﬂ)ﬁﬂdaﬁoﬁi Hthe b%érﬁﬁ’%h&% der%ﬂé‘sﬂh@tsw folthAAENRHS not

acid, am nocaproic acid, Factor (prot hronbin

result amajt @macr;%niubiﬁ leXel(czftluaamoerdh@ﬁube@cé tmw)lom[tmfo@lr]nu en H x

. conj ygat e
s RHARTAEY kol GOURRERIE Fitaa TS AGGEAERAC ©
hypergdﬁgltﬁvﬁpmacﬁbﬁtmgutl cally acceptabl e" when used in
reference to the fornulations of the present invention
[0032§ e n dPesstortharinceeapest hald- el o A LY sesjugafes. rtﬁfspha@’maefsuaﬁal compos1tlons

C I v tion
iy IBRPERL PR D e A BR S BBl rcmonni
The phgimantgicabfiormolatiegy efighe inkxaigpl sy bé formul i@t fod paremetalide

admquﬁ%?égggglhalgg/} ‘tt)urt In;gl?lg%tle@{]&n{{%dr;{rjéé,t 813%1%,?@% eanEi ?nt}ra%?uscular

1nJectB|ﬂ§ ra’ﬁﬁ‘%ﬁ%’iv‘eﬁ&ls &%ﬁ%%ééogé’ﬁﬁm %@ﬁoﬁh&ﬁeﬁt@ﬁ@for&gﬁdﬁom of the

FIX than typically admnistered to effectively
preserttnnasadntlhna noptaké ihe. foifhef gHetioracenpénsains fammutsibed thetigclofle a FIX

conjuéag?eﬂ sim: nlga]?{)gﬁga %H}ge el rmll%ﬁ%l%h%ct%gptgﬁllre?igheel{tgal}djuvant or carrier,

depenld Mol RARE FRkte oSHbGHEAREALS, and intranuscul ar _
i njections, and intravenous or intraosseous infusions.

[0033The erhmnwml@%éIcomepmmwtqféh%m@entmear@ f@g@tﬂted to deliver a

t take th f I
theraplg%(fe g?slggs a s tCO%‘H]%F'tﬁ %hg%{g%na)%% o’?]ho J‘Lig[ coorﬁjSu% e, nes éx%rr]essSed n

internktiotraPlits @UY As pharitegehé toal* Ynt@tﬁ@t@cﬂ{aabhle &1 1IUE Réfers to the
adj uvant or carrier

potency assignment that is referenced to the World Health Organization International

Standard. According to this assignment, one IU of Factor IX activity per kg of body weight

is approximately equal to the Factor IX activity in 1 mL of pooled normal human plasma, and

increases the plasma concentration of Factor IX by 1%.

[0034] The dose of the FIX conjugates contained in pharmaceutical formulation can

range from 1 IU to 10,000 IU. In certain embodiments, the dose of the FIX conjugate can



dependi ng on the route of adm nistration. [0033] The
phar maceuti cal conpositions of the invention are

WO aropab@mded to deliver a therapeutic dose of aPEI/H2009/005763
conj ugate. The dosage of the FIX conjugate may be

range B TP ook B Brast 7 ih it ehppainats g dbie of th

FIX &%}@B@caﬁ%@ lag&renh 1Uhaouk $06 A SbsRCRBOUY JrhieoVieivod IU
Health Organi zati on nternational Standard. Accor di

[0035] 0 tPhcsFIXseringyrpatons admimasteregd af arFamowart suﬁﬁcmmt fovireay hp@ophllia B.

As ustEhhin? e YA e e 28R S TR TR i BR paRE R resul

refersit®) 64 @RS GS JrRAGFIRI a&ﬂ%a‘ﬁ@!h@ﬁ@ teFraétiveno @fodnas b @bsited dbféctl Uthich is
[0034] The dose of the FI X conjugates contai ned in

optiongHx ertherapautie gFfcetdf. eru batadanistariona gdherppsutical |y pifestive amount).

ror 09 Ly SRR SORGEAER i 251 s G

effective t& 5&ﬁcd: the risk of eémamhiroan,‘dmmmga gatthEntdatirl blcedihg and
F] X . conjugate can be about 250 |U, about 500 IU, about
menoReiR.| U or about 2000 | U [ 0035] The FI X conjugate is
[0036ﬁd m rlh %Fﬁ&ﬁ dribBdAkn a':%‘gdcf' aCFI fL%a{erlg Qtsufﬁcwnt such that
emophi[ia B. As used herei I ent anount" or
the coaperttmnon nf cisa ftingi Fantor 13 hctaatyi mﬂdUékng]ISK)dUI/leg Inesaothtr

refe to an anount , of FI X conjugate that is :
crmbofftedlt b, iy iR an eumiaihutd oconp bt el toneputration of
mrculQﬁH{g eRArIIX a@tltfﬂ?ﬁfsal@q@j/k§toelf2f0qgt/k 'In%noth@/ embodiment, the
adm ni stration of a therapeutically effective anount).
comp@piioreis admiinastergd ag aflpseciueln thas thepancenatiomafl ereplating Factor IX

act1V1tSye Qiﬂjﬁﬁ%t ﬁB(%lIﬁ n be an anpunt that is effective to

“hemarthrosis, henorrhage,
[003792astTIR ddnRphichdF tHeligagitidg canbe 1RAGH fHeagn@ mdndeB&] unhfbdified
certain enbodi nents, the dosage of a FIX co4&ygate i's
FIX. Hogigrer bwﬁ@e efubnimpared prerergiptentlXaanggatss, the pharmaceutical
formuﬁ}o&y ha{ < ano Ité ?gne]%q%‘(gﬁ 1sYé Ly lte ssfr uleh{[l gltaL%na'cﬁlgugated FIX.
For e;&d{plﬂ itlsd E%%@hga&sdﬁ@ebesatttﬂnnis’maéd dSIhJe Wﬁaklkyeﬂﬁtée&i ofahe ofice daily

circlatln Fact or tivity is 10 |UWkg to 120
for unpgdiiied TorprbiBaH X Kertischiisi Vel RPIPete] &osing rogimens

{ el
e L 1 8y ARSI b v

three drfokgdaysp@3Itice Thveeck e fligraively tofat hdmophnl\vaeﬁt Denreesed fheuency of
nthe s ner as ynnpdifie wever,
admin GRS GPOERE N HONbUET PSSR TESOGPRIK ebfii abbived
treamtenso@t@m&aﬁﬁ%n eimprovepatchoqmligf oftiye, i nvention can
be adnini stered | ess frequently than unconjugated FI X
For exanple, the FI X conjugates nmay be adm ni stered
once weekly instead of the once daily for unnodified
r conmb BRIRF IPEXCRIRFIQNOEMHE DRAWINGS! so
enconpasses dosi ng regi nens
[0038] FIG. 1 is a schematic representation of Factor IX showing the amino acid

sequence, structure and various domains.

[0039] FIG. 2 illustrates the circulation half-life of unconjugated FIX-PEG in mouse
serum.

[0040] FIG. 3 illustrates the circulation half-life of 10kDa FIX-PEG in mouse serum.
[0041] FIG. 4 illustrates the circulation half-life of 20kDa FIX-PEG in mouse serum.



wherein the FI X derivatives may be adm nistered tw ce

a day, once a day, once every two, three or four days,
WwW@ro0onswon week to effectively treat henophil i BCBIB2009/005763

Decreased frequency of admnistration is expected to

result in iJnL ' ing to
i ﬁpr ovpﬁ‘i& e ﬁiﬁ% S [%%WMOVM
atient qualjty of |ife. BRI EF DESCRI PTI ON THE .
[0042mexfh@c%efe@b@§fntr9 esqrieg %Q@EWE%PFD?FEO PR RUR PP BRatible
polynfds faREQo beoy ORI IR ThA0;s @%&ﬁ%% @REBf FIXa. The FIX
structure and various domai ns. [0039] G 2
conjugdtésdstseratodsherdie also hewd iatpirovediadlbgichlf endphaumasokinagapegertics

: -| X- PEG in .noyse serum. 40 3 jllustrates,.the
includfpg: bl S QAP P e birdo ekt e elopmt BB Sy
comp@@flindd fHicd FIx | BekHcdhBr, R ofjuaids atdcABedRdrtinlard Rsof
2CkDa FI X-PEG i n nouse serum 4. DETAI LED DESCRI PTI ON
suscegblaterntioEnmIS IS 0 O prasiet ipradionts ilaw ehatpdie methods of
scribes. Fl X cpnj ugat-ed t ne hi oconpat.
ponsfGFSHRRE o ST YBRS5 Ly BgR5 e EBS FolPBOMRatPb
conjugdt® s Thadpricadnk ynvich@en fufithEd Xeutes b endthods @8 0fig &€ Sonjugates for
descri bed_ herein al so have inproved bi ol ogi cal and
treatmsRbeihserhHB.c properties including, but not linited
o i . 21 ' - i : . i.dence
003, T SESHIRSLRHLALA PRI Lof il GRS
biocompatihlgpdlgmed ssonjugetdd he vrd or moe dyssticsesdept ibbe ¢dmbodiment,

anti bad onse.. The present inventj is also .
the Cowga&eéagﬁif-ﬁﬁcﬂ R pihspap PRgOSTRN ﬂﬁ ElRyar &< copjyggted to
FIX v&P& drinfor® e’gﬁghmidue& hg Fp¥cifie %%Qéfn?en'tﬁh@Fﬂ-i‘E@t?%njugate

conj ugat e. present invention further relates
comprsstspod or moraBEQ gréipX stowjangeaitsésbdund to featystgine rshidues that form

) hi,l. . 1.0043] .The invention i articul a
o cisuf 5RO it BEE; s P ef A e et o
disulfRRIBOAB follSwEPPY Healach IOwRIR Y PE® hidi&y &N bound to both thio
residues. In one enbodi nent, the conjugate is a

groupf| Xhprsulgioaiblyspeugsihepreipms o KEmopty Bappalggs otip sulgire that had
i ed to FI X via one or nore cysteine residues.
ﬁnnmﬁ%ﬂ%ﬁ%%%ﬁﬁgpt enbodi nent, the FIX-PEG conjugate
[0044¢ oNPrics@enposiRions ofMhE énviebiog tahpssce HINUPE@BeRugitys thatdrd
wo cysteine residues that forma disulfide bond in

substapgiedly FreS6r Gen j tgsoaponiignel (e Bugei kava arediset thygmbus score,
comn S 1S W0 LIS, B AL SR

the riggrad tipembdhticreesnts trichglig, Xucoapogahecdtont@ions aad/BEGterial

i.,ety that bridges two sulfurs that had forned a
thromfipsiz 1 de bond.

[0045] The present invention also relates to a method of purifying FIX from FIXa by

taking advantage of the differing rates of formation of FIX conjugates versus F1Xa
conjugates in conjugation reactions with biocompatible polymer moieties. This results in the
kinetic separation of FIX and FIXa. In one embodiment the biocompatible polymer is PEG.
[0046] The FIX conjugates of the present invention have an improved pharmacokinetic
profile as compared to unmodified FIX.

[0047] Another aspect of the invention is a method of treating hemophilia B comprising
administering to a patient in need thereof a pharmaceutical composition comprising a FIX

conjugate and a pharmaceutically acceptable diluent, adjuvant or carrier. As used herein,
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[ 0044] The conpositions of the invention conprise

FI X- PEG conjugates that are substantially free of
WO-2009/1306b2 conposi tions of the invention have BCT/ERMEHHS763

thronbus score, conpared to conpositions FI X t hat

tains trace contam s of Fl Xa, thereb educ
when FS1B Pty R SR AT E NP BREEISH AL TG dig iop S GG o Gpticnt in
need tlhrb]t%bf eehidiQ to ¥ BARNS wAB Wa@’ﬁee%ﬂu%’ﬂo@éd Wik ﬁ&ﬁ@liﬁhﬁa B[a%@flﬁ?ls

present invention also relates to a ne
dﬁﬁGQManyﬁm@)le from FI Xa by taking advant age of the

differi es of f nagi of FI X conjugates versus
Fl Xa cé g#%%—ﬁHL@gﬁﬁgﬁﬁigon reactions with
|b| ies. This, results_ in the
10048§,; 1 RT B Rl BB opromroes dh e ds kFgiR S st et
contefPRtdAl fBE @émpmlag Qnd 0 iBtionSn B&Grddn@®46th tHhErefinXinvention.

con ates of the present i nvention have an |rrproved
Prefermaﬂ; eiiciaoducced Lo m@ﬂa:sf,is@@trfpﬁh@uom%orummdafﬂhee@llwmg

patent% 9183' 711]2)110 hse re%hc Siggor%or%edtbh %efelrr]e\{l%n { f?rtﬁ hnFeEI% l(i)ldlts entirety:

rea I SIng mnrsterin

U.S. Beddnit m@ 5 %8}2’5(1, shetsed, 3 8@8@809@(:@5811 298, Iﬁ@ﬂiﬁﬁ@ﬁaﬂ A@@hcatlon
conprising a FlI X conj ugat e r maceut i

Publiggien Doab Ve 2005(E19039.a% {10647zbayp,2@p6/ogg6gség§ Application
Pubh&%ﬁ Ms%@/ fz%%ﬁ h0s/b27 11618, 2"1‘1@5%7012?5746‘51!1@@0(%?015'41584

gates o nvention, the t
[0049heed[ntsbmee:0fb,odlrn€&1ftsa ItIE EI@( laasppatn l@m’phﬂ\ﬂzed blta&edzeelnled In preferred

embogh ﬁlp%l Zpta?_ n%:tgg ﬂ{z§¢§£ r/sq?zrer 1Se[d8 ;grlnee Qrtnbocﬂrnents, the

FIX h&eﬁ&%@xﬁé’sréh t&8Sb otéc%%n@sr 9%“ G oRY o hal®BE NROScfeRRWN i N
the art are conte | ated for derivatizing and

embodiomintsgtciFdX Ham natlmn dapesed t ¢yopreechints egt, siarosritehalose.
Preferr d Fkﬁ Ezﬁg Eroduced usi ng nethods set forth
in one? W ng patents and
ubl i,.catio eac ref rence as if set
[00505) or t hO'RBY" Sﬁ?ﬁ’ iei ‘F@ed;ﬁ]?{ @F@@g ﬁ'%e IRgghtion may show an
improvebf ik 6Bc or Rore/ParafSers 0@ t&%ﬁmaﬁg@coknﬁtlg’ Blofd®8ncluding AUC,

I nt er nati onal plication Publication Nos. Vo
Cimax, 2lo@Bno3§d3ohaline2peena ocbiirace e 200 bioagokbdity b eympared to

[ i bl 003/ 0247
unmodBBu FE8 183 KT BpuERYs SR v R s R s e
compirdd sOiEmed et FIrenTBe cdngzatds X fiigsinbagivonliygothivk impebved potency
freeze-dried. In preferred enbodi nents, the FIX has

and stai{ityheen | yophilized or freeze-dried. In some

[()()SIErmoﬁﬁerﬁgit fbnll}%g%es Flchias lg?e%ﬁ] &Gt %Q? EE(F and iso ted from FIXa via

ryopr ot ec <y sucrose or
chronptc@r@’lﬁ@ﬁeﬁb’d&)kimmnhﬁhe the Tht Xehimsls nm;ﬂudaeblrt a&(ﬁlﬂ&l&ﬁitddao ion
exchap% ¢ %&%&%@R}I 36%?1%% exclusion ghsrgmgtrogltrarp y. ll"gg I%IX conjugates of the
invention have one or more of the biological activities of unmodified FIX. Conjugates of
FIX can be activated in vivo by Factor Xla or Vlla and tissue factor, to yield Factor IXa. The
biological activity of FIX conjugates may be determined using the assays described herein.
[0052] The FIX to be modified in accordance with the invention may be obtained and
isolated from natural sources, such as human plasma. The FIX to be modified in accordance
with the invention may be expressed recombinantly.

[0053] In one embodiment, the FIX component of the conjugate has the sequence

identified as human FIX identified in Figure 1. Alternatively, the sequence of FIX may be
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[ 0050] Conpared to unnodified FIX, the FIX conjugates

of the invention may show an inprovenent in one or
woreee/1pmpanet ers of the pharmacoki neti c profi | BCT/IB2009/005763

i ncluding AUC, Cmax, clearance (CL), haIf-Iife pl asma

esi dence.tine. a bi oavai lahility dto

modlfiﬁ%dﬁefwweﬁt%nc[%ﬁs Opf ¥ WgF; (gagEdn ?Fh%ﬁfﬁ& ACilfeduense

mclucﬁﬂl%(%f?ﬁét 1tddb tiﬁ/sehﬂ)ny | RtRAs 60MMRaHoAL unnodi fi ed
he conjugates of the invention may have inproved

[0054b0t ef?ﬂﬂxd?ﬁﬁ sombgdte mpy le{a(dO@ 1I]cr@h@d ¢irodlagwgjhalfaifesnd plasma

d h d d
resideBRS G P e s e R B R P b DOy pe
modifieitiyosvaleRGy bidingliiol Potiey 18 oIl édTipbBendr Shrol@NoRXGNARYR S its

chromat ogr aphy and si ze excl usi on chromat ogr aphy. The
aminocid l@éhijua‘g@ts@émgf bythet {ipjted tq bsingaveiding asgnigpraspatic acid,
i 9 [ f
gluta Q%mgig ae% e, e’g?%é vyélf %gﬁ% gl{ tevﬂﬂé{ﬁgg& Ia{ﬁl?r\(f/t @dﬁ terEnnatl carboxylate
groupé(bﬁth@ rprc\feilna P@Bd:tﬁyle&&l.géyd‘oapbl@mer tioitsydaglbd liﬁaatcmbrd@éaed
he bi ol ogical activity of FIX conjugates may_ be
[005511 et et FEIPESicRyIvers %s%lla%@é rﬂiltf?éfan%%?rrﬁubflém}wly via

nj jcctibl® ThE FIXPHRE ¢ %Eg%e{)é ﬁq%ego L TOnAR i at edg" %eﬁ ahﬁl‘?mstratloln in a tablet,

I nventi on may tal rom natura
cqmukoﬂﬂmmﬂ1msmqhmmsnhunan plasna The FIX to be nodified

10056} 0 SHEF FRRTIY DR 1 8- BrBGEMREHE, “EREAREg s bound t

one o%ﬁ?&oﬂﬁﬁéé upk B?FI}@ NAHSBRECsPES of B ﬁ&*ﬁ%@ﬁ C@a'F@XfliE(ﬁ b&dugate,
human FIX identified in Figure 1. Alternatively,

wherdithe pslefqﬁhahne ghfcolmotymreiyis bewntiofane @r erorelearbert igrasigs HFIX.

or _.nore in.the anm no aci
Anotigf AR bR & HRPES, ofiufel olTC2 pRE Ry leg glyeol
lyniteissiduai o 6fic Subsicialdshb STF%] 1A akpecifEEMBadIndgab PEG
po may Ié%d to ﬁncreaégd c??%ﬂ%gtlnaihaﬁfbllfe and g%gsna

containgiy meisbemey hebounddp esyeaing ik d¢rehaimnly anpthepsnsetic
embo&‘lltﬂeﬂt (fl?é H’]@@tcb?{fghﬂn 1%01e't }lﬁh h{o g%u ¥ that form a
y brn ne g yco

coval’ent
disulfiderboud in mnsedXmor e of |ts am no acid reS|dues
limted to si_ne, . histidine,

I ncl udi but n
100574y g | Anoibet HWRIFAPE fhe iBangon & .k B Gonpgaisayhicipa polyethylene
glyco%ﬂoﬁ%ﬁbﬂ@ bBEnd\®lthe §7§1nte h&sididl & snﬁhma g 19934k in FIX can be

term nal carboxyl ate groups of the pr tein.
readilP@EYnidigd ene vaiioty of teploigmesy inghiding panotlemited@anlkydation and
ltpranched [ 0055] The FI X- PEG conj ugate may be
acy A - i ver ed intravenously or subcutaneously via

[0058; nj e&ﬁdtﬁ& asp&r® oFIRK-iiREStio R Y Aot @oﬂ'ﬁ?@ét@\Lvﬁé}e fo)olyethylene glycol
ornul ated for oral adn1n|strat|on In a

polyn@a pshﬂued tas thiedY tayminal aw@p@ giiupn The @b&@]ﬂlt@he aasp@tqmd@ﬁ of FIX
can fQDO g 0]9(;{ g&élﬁga nya%ﬁi?uéletg no1f Eﬁnc a8 1n91a filanr %éﬂ 1{11%85 % all%ylatlon
or acy@ﬁm@fthttb@lhmmmin@rgmms a FI X— PEG conj ugat e,

[0059] Another aspect of the invention is a FIX conjugate that contains one or more PEG
conjugated cysteine residues. The conjugation of the PEG unit onto a cysteine residue may
require the cleavage of a disulfide (-S-S-) bond.

[0060] In one embodiment, one or more biocompatible polymers is attached to FIX
through one or more cysteine residues. In a specific embodiment, the biocompatible polymer

moiety of the FIX conjugate is bound to two cysteine residues which form a disulfide bond in
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wherei n a pol yet hyl ene glycol polynmer is bound to one
or nore carboxyl groups of FIX Another aspect of the

wo pwensicon, is a Fl X- PEG conj ugat e where a pol PE/B0e®5763
gl ycol polyner is bound to one or nore al cohol groups

FIX. e sny e SBirimetio T 10 Pabhisr PacBIuesecs ERRhrEordine

the gcB@l Rgfmufpeci fic enmbodi ment, the PEG containing noiety
may bridge two cysteine thlol groups that forma

di sul fi d&\bon IR native FIX. [0057] Another aspect of
the invent I s BIXFI X- PEG conj ugate where a

m061FonBEGym§ne ol .polymer is bound to the |ysine

esi due. The e-ami nd group of lysine in FIX can be

wherdire QdeprysciRts@yliddieggoyp avhicr ¢aatbye aafircteladnal m;uﬂkylene group
inclu 'ng t not limted to alkylation apd ac

(prefer%%vs%$ sl%e HOPR T ¥ ontioRafiyrouhaiised aral of fr-er%@afy group;

Where%)ﬂ‘ﬂelégﬁt oWRSRGude IﬂféhyleinlaWaﬁﬁ‘tﬁyEérﬁﬁﬁ pol yner is bound

term nal ‘a-am no group. The N-term na

wherem amahk@ heesoaykegrofipsHhXudapyrfidnenparPEG wanjpygar enidyzdae,
vari et of t echni %4|nclud|n but not limted to

pyrazole, Qxazple oy mﬁ&ﬂﬁﬁ?ﬁgﬁzﬁﬁppﬂg 'N-t er mi nal a- ani no

whercif BblRge &&ﬂé%w{@tdwbe&%p@@;t oP4 hdr8lytiBMBMbbi®Nbdrd, 8r b3 &non-
conjugate that contains one or nore PEG conjugated

labile bpad.ei ne resi dues. The conjugation of the PEG unit

(00626 " Kb @éﬁ%%t‘i'g'?{gcl{ 1%%%9@&6?%% 85%8 ! {ignatn@es ngiug@t‘é@%‘;‘yl of h@eroary!

groupdﬁclﬁah" for bkaeglopat bbmerds] tieeimhse dnSdlﬂ”erteacdm@s!tlthanE!;érected from -
t hr ough one or nore cysteine reS|dues In a specif

N, -¥fbodi COHp e i QI - i-BRe -6 PRaeP CRRR &SR o$OBh§OzR -
t s N ~N--
NHC@% WQF%EF‘?CQS%W&M% 5390, PNEDEL DRI, EARPAMOR, -CoN
NR'CORhadiRye Hit h‘é H?EGN)dehalogm domjxamatecithdrine B ¥hlorine, -C=CR,

- cREERL TR g e ens gl foutal s e eln gt geents
an alk@l @é@ﬁ%l}g@ f)é) iBr ﬁlﬁ) 'él%ffl @ﬁr@i‘%&%lﬁpl@ﬂyﬂ%@dﬂ( yhe B?es&{délé@):lecﬁén

an optionally-substituted aryl eteroaryl group;
medmhen@sdmnh@n@nyﬁmQWQMpyfﬁmuﬁude phenyl and napht hyl

0063, 23 UGB RS PEBAC ) AP PSS o v

g@xxgﬁaQQMQ, pyridazi ne, primdine and purine; wherein
| inkage to the polynmer may be by way of a
hydrol yri cal R rBe bond, or by a nonlabile bond.
[ 0062] Substi ch may be present on an
optional |y, ged aryl or heteroaryl

PEG
[0064] O

[0065] There are several different types of polyethylene glycol polymers that will form
conjugates with FIX. There are linear PEG polymers that contain a single polyethylene
glycol chain, and there are branched or multi-arm PEG polymers. Branched polyethylene
glycol contains 2 or more separate linear PEG chains bound together through a unifying
group. For example, two PEG polymers may be bound together by a lysine residue. One
linear PEG chain is bound to the a-amino group, while the other PEG chain is bound to the &-

amino group. The remaining carboxyl group of the lysine core is left available for covalent
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group include for exanple one or nore of the sanme or
di fferent substituents selected from- CN, -NO2,

WO B09MR3060C0H, - CH2COH, - COR, -OR, -OCOR, - OCO2RpCE/BRN09/005763
-SOR, -S2R, - NHCOR, -NRCOR, -NHCO2R, -NRCO 2R, -NO

-NHOH, -NROH, -C=N-N , - C=NN - N+HR3, - - N+H3,
attachmqn} jox promwwgﬁalﬁﬁmrwﬁ&gaﬁéﬁlem glyFylmehgpers are
comm%m_lﬂgl aﬂ%ﬂabl% ranke 6RMoRRAlaL JEEHEHR, 1 n which each R or

R i ndependently represents a hydrogen atom or an al kyl

[0066{ pr ef eﬂlabwasmct@f tlwrlnwntlanya FIO@PE&W@D@W@;&I@@W&S)OH@ or more
. rou The nce
tincar 5B i RoF B E Sk Houfty 5 EPEHn A BEE hap 4 elpeutar
weigh® BekRer asqe ekbh ¢o S560d00TE. , Inaﬁﬁhbﬁas‘g@é‘ddﬂ gatigdedtonFl KIX-PEG
according to the general fornmnula: 65] There are
conjuga¢ eIH#Ing PR @ rape Lingperp st ﬁ@me)/&lvw |péhféneg$ heund to FIX, wherein

cach IPn%Ialy ﬁé%ggg %{qlé@u a!r v&;eﬁ)%ﬂpbgt%eﬁ g@&ﬁ%kﬂattg FIB:AL?%PIIIB? ﬁll c%lftgm

at contarn a sing
embo@tlrr)eﬁcsl, ez(dh&inﬁar Iﬁ@ hthermelaukr bieihe bad/eem alb‘ﬂlit BkDatO’m‘tBEGZO kDa.
ycol contains 2 or

yners. Branched pal yet hyl enge
In C@%ﬁr embediments each figegt Pﬁ?@@?ﬁ@ﬂ@cx@enwalgbb@é& in@boytdOdign In
certai eﬁﬁBbfllﬁieﬂ& cRYfe IFI%G ﬁmofecuﬁ eféggﬂﬂﬂs%@ rtﬁ‘an uPR kDa.

ound t oget her ysine resi near
In partib@hmnerisodimonts), thcrettlhﬁeFLX -BRGnongigeteontaftisingort hlmnainhémear PEG

poly oG A PR BERATIYF Bl TooRaoh e ea pabier bpynd to FIX.

Ina séﬁié‘ bmBOditchAY the ‘F\Iﬁlm abitjBENERVntdi®s RoRREEPPG pBBInkkrs, where
| i near and branched polyet yl ene gl ycol polyners  are

emﬁlﬁ@ﬁhﬁEGﬂ@BBVKéWEWHa%mQﬁDﬁMaHHéﬂ@@aof mol ecul ar
t he, i.nvention

ig n o

[0067ﬁeX g%@(g{ %}tl%at% Sp @ genglﬁg may colitain pue ormore bPanched PEG

polynfe@d bRink b EITE, \@ﬂldf&meaﬂpﬂ)rﬁﬁ@fea PRGURg 4 @oktufar WBighth@Ween about
each PEG has a nol ecul ar wei ght between about 2kDa to

2kDa gnehewt 10QU5Ba. InpropibIshest 04 disdayesions HEDY-REentongigateecontains

one OIF ﬁ/ gﬁ%ﬁ(ﬁgﬁgggfﬁgleﬁg gé@bﬂéolglﬂ rg%&gﬂ?{o Fdx% eln each branched
FIX heaa@ molldcnawcRiEGhbagca abmit SRDb &5 alvit gﬁlltDeb el&lvueﬁﬁhn&lﬁﬂid)tilments,
cach l}srgtﬁ]gt i OUt g %@r | %g]%? re\%gqlze% oY lglgk__aetﬁnent BB %Ch n certain

ernbo&ﬁ’ne‘ﬁgo E‘éch%q)a&@@d PEG 128 ﬁttﬁdl@cuwg abo% a‘tﬁ)"ﬁ‘g E‘O kbR eﬁ{ certain

has a nol ecul ar wei ght that ut
embodlerdna;g pachrivocthpdk RES, has a il bqulveravci BEE A1 aasless ulmnh elumit aﬁ kDa. In

pertictfit FaPiAERs e FRETECC B Lo BORORL e Rished PEG

polynichabbuda o Fixedf eﬁ%@@%y RS d?%'ﬁlcbr&&hgdl KEdpzﬂyrﬁée@ 'EBhﬁi to
two, three, or four |inear PEG pol ymers bound

FIX. Irna aorg@w@b@m@diSn@ﬂﬂX Rie cmu@%@%@msuwt@@cm&]?ﬁﬁns
polyrnerﬁ I neei%rch Fe ]%@(E as 3 mf CE%BS%%pght bPSRut IIDE Ebh as a
[0068] The FIX- PEG conjugates may be purified by chromatographic methods known in
the art, including, but not limited to ion exchange chromatography and size exclusion
chromatography.

4.3  Methods of Producing Factor IX Derivatives

4.3.1. Techniques for the PEGylation of Cysteine Residues

[0069] A number of methods exist in the art for forming polyethylene glycol
conjugated, or PEGylated cysteine residues. The advantage of these techniques are that they
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[0067] A FI X-PEG conjugate of this invention may
contain one or nore branched PEG pol yners bound to
WO-20¢9/184se2 ei n each branched PEG has a nol ecul apCThiEB2g69/005763
bet ween about 2kDa to about 10CkDa. | n another aspect
f .the invention,, a Fl X-PEG conjugate contains ong o
are seffiye E\raﬁ%ﬁaa BB B B ThATy s ChaaF gareria ??aefta/ these
methdds Xin Y¥hRARI 1A, 8RGR:PIiaNE@PhGE XPEG SriRo FRHEPU i AlIpMBé, $icts with
~ between about 5kDa to about 4CkDa. In Certain '
thiols ¢orfswdi the nosg stelle hymetrohdish PEE . hisscheme [1bcu Pysteingicglduc reacts

. ween ahout 5 t.Q.. about, 20, .k In.certain,,. .\
with I3RS Yo 2 P iR st o Bl Wishggieddition
reactibhlaln sche@@ AUt cdBjulkdda attddk 15t &iibl @NRe detRIkdSern@iagihinyl group

branched PEG has a nol ecul ar weight that is |ess than
of PEghguy!sulphapayiclds thraPEGrlatedrcy sgthe desidust dn seheanecld the cysteine

. - COnR te i . .
tiol Gigces e TR S R AR L6 iR PG RO AENES ol
residuer anched PEG pol yners bound to FIX. [In a sone

enbodi nents, the FIX-PEG conjugates contains two
branched PEG pol ymers, wi€he@nedch branched PEG has a
nol ecul ar wei ght of about 10 kDa. [0068] The FI X- PEG
conj ugates may be pu&#&&ed by chr omat ographi c ne@ﬁ@ds
ngg%n in the art, inc{yding, but not limted to ign

a c

%g rogat aphy si ze_exclusi on S “
chr omat phy. of Produci ng Pacto ‘%
Derivatives 4.3.1. Techfigues for the PEGyl ati on ofg

pEGHgM§b§M?%mB@§hQUGS [0068] A nunber of methods exist in
theart for form ng pol yethyl ene glycol conjugated, or

PEGy| at ed cystei ne resi.dues. The advant age of thesawqu

techni ques are that t are selective for cysteine, NH

wheght nmeans that other;'Sige,chains renmain unaffected H
Y

b hyAhest et hdds. HP | a,—The Act i Velbea™~-S
di sul phi ¥e, PEG ef't ho- pylr i d¥! - di sul phi de, c#§ct B2 wi

AR 9 %uli&ef orm the norg,stable symetric disul phide.
In schenme I b, a cysteine residue reacts with
PEG nmal eamide, via a thiol addition to the activated

doublg bond in a M addition reaction. In s
| e aygonjugate attack, by the thiol on the activat

term @ty vi nyl group H REG vi nyl sul phone, vyields e H
¢ Tat ed. cyst ei i < I n~schent | o i %
thi ol /gisp he i odllde ¥ia a nucl eophi\ i attackO

to iéﬁd.the PEG conj ugat ed cysteine resi fieN Schenme®1
l’sﬁg’éﬁdﬁlﬁ%fﬁyri dyl - di sul Ki de C PE sLdte

O NH
N ’//i:\\\g I — pec. s N
ety T A E ;
H
o) @) @)
PEG-iodoacetamide cys

[0070] Two cysteine groups that together form a disulfide bond may also be PEGylated
selectively by using the technique shown in scheme 2. The native disulfide bond is first

reduced. One of the resulting thiols from this bond can nucleophilicly attack an electrophilic

group, such as a 1,4-addition to an enone. This is followed by the departure of a leaving

-13 -



[0070] Two cysteine groups that together forma
di sul fi de bond may al so be PEGyl ated sel ectively by
wa@ig000g3dehz t echni que shown in schene 2. The nak¢CTEB2009/005763
disulfide bond is first reduced. One of the resulting
t hi Is from ond. can nue Ieo hilicly attack
groupepl taﬁoep%muH ﬂbe Sl TIAURNAR 4ist 5 Pengfollowed by
1,4- a&mnleo thB Ireﬁnalﬁmfg%lbpmﬁ&*s B¥hd Bﬁdgéara@sruw{eewf?ﬁ a®EG group attached.

eaV|nggroup, such as, e.g. a sulfone. The subsequent
elimnation to a second Snhera¢ 2f ol | owed by

1,4-addition by the remaining thiol leads to the

bri dged disul fide w thr&OBEG group attached. Schene 2
[0071] The techni que shown | n scheme 2 can al so be

used to prepare a FIX c with two or Ee

I ndependents PEG es fonj tes thereto

exanpl e, a ¥F %t%ﬁ%é’ di ?Sjlef .f@%m—.—s’%&h ed?¥

under controlled conditions well known |ang‘JarL$mA

first PEG noiety is then attached thereto in

accordance with schene 2. Subsequently, a second

di sul fide bond is reduced, for exanple, under re

conpl ete reduction conditions well known in t art. A
second PEG noiety is then attached thereto, again in
accordance with schene 2. This nulti-step praeedure

can be tﬁpe gd as necessapy. 2. Metho of
Pr oduci n ghkix Pur& ed Fl@ﬂ* Fhe—c&hj Ufat ion
of FEE-t0 b s’on‘patl bl e PEGHMErS—¢r ovi des a hod
Wi th which to produce highly purified FI X conjugates.
In particular, nethods of formng FI X conjugates in
t he presence of FI Xa, while not formn
[0071¢ o 'E'@f‘é?%@“‘li’ree“ ewpde pehempe ZearAtofessd 3% e E@Hﬁ“ﬁ gdtl &sopfugate
with t&/'o%r Wb e Iﬁﬁie%ﬁﬁghﬂ IyEﬁ %gﬁét?e% %gnjfugé)cgg {ikr%80. D¥or exam le, a first native
chromat ographi ¢ net such I on exchange of si ze
disulfeedloud isoededed ometrognaphsd cdnd@ivd} wiel knnenembedirteh first PEG
. the r ormation of FIX-PEG occurs .at faster rat
moicty fiHeR S T SERCAP T Fb R Bt arquraty. scbdh
dlsulfﬁi%r!ioﬁg & e@ice@f fol bxarh F@e &hﬁwmbfb éo%tiﬂas ré’du@ﬁ&%ndﬁfdh@ m?eu
3 G purification Xa - FIX-PEG + FI X +
knowie uthqu @*osmpndrBEQ m@atytlis mnmitmh@déhawomgﬂm inracwéance with
res anpun i s added a
sehenfd £ FIHE o0 PRGN Y B rbentey ESaeesde One
enmbodi ment, 4{30k Rﬁﬁlb@@@ﬂ'ﬂodhcﬂg)ﬂlbﬂw Rurified REX
reaction mxture 1s fromabout 0.1 to about 1.5. In
[0072an0t TR confipaEbMBNELX {oltBoddmipagiBedlyrherk brovidh landtBod WRAWhich
about 0.1 to about 1.0. In another enbodi nent, the
to propes highly @urified EXcenipgaies. dnpedientaponethadspfiferming X conjugates

it end VIS STFRGRPE 16, PR PREy Bl

Conjughaiee df ABOay bb ecddBGsepagedtrom FXYE byathr@matsghap®icimethods such as

ion exchange or size exclusion chromatography.

[0073] In one embodiment, the rate of formation of FIX-PEG occurs at faster rate than

FIXa-PEG. The reaction for the selective conjugation of FIX is shown in scheme 3 below.
Scheme 3

PEG purification
FIX + FIXa ——— FIX-PEG + FIX + FIXa » FIX-PEG
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about 0.5 to about 0.7. In another enbodi nent, the
PEG reagent / FIX ratio is fromabout 0.7 to about
WQ@A2®9/13@075] | n one enbodi nent, the PEG r eageneCHEB206Y005763
added to the reaction mxture in one charge. In
not her enbodi nment, P reagent .is added sl }
[0074]or g ?F@Ptl%@”ﬁ%’oéta@gn‘fﬁ%kﬁ% s qfiafregvapoupt ﬁgﬁ%ﬁ is added

a stoi@fioH@rit AnRRRUF JPEG rea@entl 4n otSc@bodthcHOMSPEd W& igent / FIX ratio
progress of the reaction may be nonitored by matghods

in thereashion imgfurdig frompabadut friltte dbews Infasly agpier eobedbpynt, fleREG-

r in.liquid chr t ogr aph FPL or . dodecyl
reagofl FpK el 511t Gty B T R o b g s PlabP R Bpgroagent
FIX rétlo is Sronsdut 10tto aBo@NSUI R dnbaber Eth¥edimSnt) @He HISG-Rehgent / FIX ratio
converted to a Fl Xa- PEG conjugate. |In _one enbodi nment,

is fromakoytd). hivabioyt Gaam pradhareatbpdiemi.dhe BHGigagankPE rafig is from
abou SR T80 R Raf 9N BB A By Shom out 0.

to abomoh¥@er si on, 60% to 70% conversion, 50% to 60%
conversion, 40% to 50% conversion, 30%to 40%

[0075¢ o n\i8ror Sbogimagnt. shau BEL derasat wpp RS addvghie fheggagtion mixture in one
charg .Oﬂlvﬁlroﬁi.e?e Bbdi (1){%'{ %"r@%ﬁ% Sk 'Sl&‘&)].ry%(-\)"%}: %eﬁ"ﬁg PEY-

€ recyc , an ndergo adadi tional conjugation
reagemtanat booakled pOG A6 eridd el Xp REGbanohj 2uidai 2, Iteyr dehouesadieyprogress

separated from.t he reaction. mxture via.on affinit
of the3REPS gt s TG LY BRECOTPABAYE: Rt isr ke S paantppscopy.
f; k&R lighitl chforh FPLQ) @R [ it dcBAkthldeng]
! pl%l e?( 5E%Hgoioj uga eﬁlﬁg sugs)t% aﬁ?di[fﬁ y f?eteﬂel)@%fc%él Xg.e hi s
clectrephordses (SOISPAGEN Bys trporiast lecusurd éleat Fl¥e i rioh banggorterted to a

Thronb. Haenost. ,.199 L, 73(4):675-9, or the
rxa B sHARR: SURTF bR FER pegh Htliariay RigptiBa o pix-
PEG. aahasihseshbddideitaF EX Gf coh¢rteittb ®IMX HE G- ho@phisamernj 8ma8t©90%
occurs faster than for FIX-PEG Unreacted FIX is then

convesaornr/AYele S0P peenvieesiqn, KAZpeE0¥osnygatoa. HYe to 60% conversion, 40%
g 09rphic - b of L i vl r ot 0

e T

convewictesgi%a td 20% lvenvdriy.| Bhreatted ERX tayrbe rSejvdste add uisleemws
.how purified FI X-PEG may be synthesized under this

additigpal cOWKEHROL AR Me 4 FI X + FI Xa PEG FI Xa- PEG + FI X -
[0076!:)u ri Alﬁﬁ-ﬁm c&l'h%a&e El%@b% ré:a!dﬁyFs) Q04 BhmA8 &lacliteSexture via ion

conditions, a stolchionetric excess of the PEG reagent
affinityelr atze eeclusofr Eammngriphya dded thesephratiomstep,iitis impsuttant éo ensure

ot o DRI RGN P B e
the mEAOAREcrEHAR IGFRNE: o/t TR oRBEGHRAHEN 1995 Apr; 73(4):675-9, or the
methods in Section 5.3 below.

[0077] In another embodiment the rate of formation of FIXa-PEG conjugate occurs faster
than for FIX-PEG. Unreacted FIX is then separated from the FIXa-PEG conjugate by
chromatographic methods described herein. In order to produce pure FIX-PEG, the
remaining purified FIX may undergo a further PEGylation reaction. Scheme 4, shows how
purified FIX-PEG may be synthesized under this circumstance.

Scheme 4

PEG purification

FIX + FIXa ——=3—» FIXa-PEG + FIX PEG-L

» FIX ————» FIX-PEG
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/| FIXratiois fromabout 10 to about 100. In another
enbodi nent, the PEG reagent / FIX ratio is from about

wamotgweabout 10. [0079] It is inportant to enBCE/EB2EKAI05763
all of the FIXa is consuned in the formation of FI Xa-

E ro erfies of t FI Xa- PEG ¢ suc
10078] 6 e e PTG Yol RQe afesnl pe PECHEigBhS to
FIXa £ %& atigdh b rtﬁmeuafcﬁl%&%b ad Rk Enibsiingent QE@PEG%%:&FPWXa ratio
in"the art. In one enbodi nent, the unconjugated

in the eactiph euxtvye is ifioe abook L@Y trabont HKI0. fl hatheri eprbodiment, the PEG-

reaeei TGP POBRb o dO B KRR Tl BEES CPRBH R IR roagent/

FIX rtaVi8 fdRCalyut M6 abbuttipe bi ol ogi cal activities of
unnodi fied FI X. Methods for determining the activity

[0079bf dlt B ixpesaftle ahrphapalt ebitha E&Bs i sogsuraed ind fnﬁm@a@n of FIXa-
t b

PEG. °f etﬁlggé%%sﬁ‘lﬁ ng%aeﬁﬁbgﬁ e]%g?tte,’ s%gﬁ %% Hgge‘égfé&l (Ne@t glgde polarity,

allow atctb ibe at iy papdratad fiohr mmb@jmgasﬂ FIX ubing tachaRyesdlBnown in the art. In

described in, for exargg %% (1972, Human Bl ood
one crahofimeak fsrhnoaRiHerAE] lmlﬁp éfrﬁ?@seixgluﬁlEﬂ or ggl filtration

hronfXJ 2% Bl ackwel I, Scientific, pg. 614). Briefly, to
cire assgg;}ji?he bi ol ogi cal activity of a FIX conjugate

devel ogeld adMeahddsef Assaving BielobwdbAofivibhe present
i nvention, the assay can be perfornmed w th equal
[0080Y ol unhesFIoF cmg‘ntgjawatoé thepavdntiah hhixr endbophas toif thertaalgertl, activitics

i sol.ated froma ent. with
of unrﬁ%ﬁﬁﬁﬁ F aﬁ%ﬂt&d# ?@rn%feémnrlgg ﬁm a@B&%ﬂ{f ?]?i RIS PiRaed
accor®if® Wthk Pndtifs %"f the ﬁ@&n’f‘f%@ﬁion&%ﬁ lhe dalicaDNPuSSe rnethods well

standard, or the sanple. In this assay, one unit of
knowm gt the |attysu0la agefonpeidgasctiviatet partell dtrombom@stlmnmg/ agpae @sedﬂscrlbed

i, for a2 B oG oo JbRE o PR e e ARt e

1), oﬁw& B@hckﬁi@lﬂ CRidhiicChP 6l U N BrickfEroQksay! tAS B Idgi@Mactivity of a FIX
FI X- defi ci ent patients to nornmal can be perforned as

conjugide devobangdiapcordiog te shgmpetbodsmf s preseah uwﬁ@tyap&tetaseayg@m be
peto BT e s B AR) TR 00U RRL o geon

plasmk hs?é&?atecbftbﬂm mbnmlthﬂa@/m@;ﬁudzeBersmgrsmiﬂuplnln@otblln@ taslaamsS well
described in section 5.3 as wel|

knowpHyhggeetitd Wab?ﬁ%%’sﬁ’ piterhas toknd, 01er@ 561?“813% ff this assay, one
unit of Q&Rﬂ‘t 195‘6ﬁﬂ%h%% Bt Lo ROYF qgt‘f\ﬁﬂit ¢{8?elnt ﬁlodm%lllﬁﬁtglnéf norrnal pooled

contarning a conj ugate as “the active |ngre I ent
plasmahéurfieX an@njaydat Eologjcabactivay irascdtoamdhewnbibityaof FIX to reduce the

clottnf)g?‘%%gg glggrlﬂ% rf)rlny EI%?@%&? %gtler%?%groélgh]a%lgcué{? épte pﬁ{hgl%led as described
in, forp&%ﬁ?&? P%dt&%hd%ﬁm GIOQDSAIH&V J C@I'M fP'a{h 36! p2 07 rTH%Qﬁ@loglcal
of FIX than typically adm ni stered

activity of FIX conjugates to ensure that there is no FIXa contarmnatlon may be determined
using the assays described in section 5.3 as well.

4.4.1. Pharmaceutical Compositions

[0081] The present invention relates to pharmaceutical compositions containing a FIX
conjugate as the active ingredient. The FIX conjugate may be formulated with a
pharmaceutically acceptable carrier. Due to the increased half-life of the FIX conjugate, the
pharmaceutical compositions may contain a lower dose of FIX than typically administered to

effectively treat hemophilia B. The pharmaceutical formulations of the invention may be
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effectively treat henophilia B. The pharmaceuti cal
formul ati ons of the invention may befornul ated for
W(pam)em%mal adm ni stration, including, but notPCT/M20ed05763
i ntradermal, subcutaneous, and intramuscul ar
i ons aj 3 L. Nt ravenou or ntra sseous .i nf usi
il

fomﬂ*’m fﬂﬁaﬁlﬁ‘ﬁ@ i FadoRunS RS it uts éfmaderma

subcutdd¥&HY b inGraMul ke 1ﬁje@acfn‘§refﬂdq{1tr§sféhélﬁ§ &rlﬁtrao%kl&ﬁ§ RELQHSs. The
or emul sions that include a FIX conjugate, such as FI X

pham@h@mcehfomuhbdmﬁ afebic pictdnt poleyeerhgdnetake gk Yoot of wolticas,

rmceu cal .accept e diluent, adi nt .or . )
suspeRifH B SRR bt i EEPE REX ForfibeS Phch R MRty Rlly modified with
polye{l@%@hlﬁbﬁ afd @? hBeRdbitally 6Qep@bictdiRBst, &djutdhe or carrier,
invention are formulated to deliver a therapeutic dose

depengdfngzonphxraughplilagamisistraiin. dosage of the FI X conj ugat e

00822 t'ﬁg W&%ﬁﬁgﬂ c{y‘m@@&%{?&f*tﬁé‘%erﬁ et fdridh atecf‘ﬁ% A95& o

conj uga cont al ned arna eu
theragfeatierddetof@rF I Kaconj@age Thcodosdgd &F th@F]]X) ,000fightd mdyrbe expressed in
certain enhodi nents, the dose of the FI X congugate can

internatignab unitsdht 1 0Bhq d9se §f BisddX| epnipgatesoniainedgn phgmapeyticph
formugﬁfoih%'aﬂ rﬁ%g ?M 'i‘ltﬁo 16 660 ﬁgs n Qécr%'ﬁh@mﬁ;%n@&tgj HY GB d“fz%ﬁ]e FIX

e about 0 1'U, about’ 500 or about
conju@0OOanl tangd HOBRIN00IIN to GHEO ﬁﬁm:rdZIOﬁﬂhTtts 25008U. In certain embodiments,

e oL FRITN, LRt ROIRISL onl, S5 SN 0L 20 BB abou

2000 Aenpared to an anal ogous pharmaceuti cal conposition of
unconj ugated FIX. In certain enbodi nents, the o
[0083ph arlnmomtemb@ﬂlm;@m dwi phaomacepfical kemposiaensi b theamaention display

subst ant.i al | han ana ous
on o PAERL ARG e b B3Ry bR SR Bk i B St BEPHgtozgps
phamﬁ@&&tcaMdnqidsmoﬁ@mmmmgedaﬂ BX. 1A cerbiatepboaimhad, mRNt s,
such pharmaceutical conpositions with advant ageous
pharmageriisalemnosttipnp pbihic lipenter aaphyidiagy lessimgunogenic than

oato TSRS S AR AP, Yo 0T,
immuiiogeaid. g rélered phibotandaty, @@c&@haﬁh&eﬁhéﬁl compoiadrasyith

descri bed herein p ide a of treatin
a Va%ﬁ%%mmlglogenlﬂ%pﬁ?%lésﬁa%aw ]@ @Hﬁé&lﬁlﬁ%ﬁg tQf Pptignt

subcu{a%&[k}__;l P &hafm gfeo i hRiRd of frefield M&fopillgr apeuti c dose

X conjugate. I'n certaln enmbodi nents, the dosage

of a FHX coMethedseofi Breatihf iHeineothikaB h that the

concentration of circulating FI X activity in a subject
[0084] s 1THdJ) Id(l_cdngngﬁt'e@ d!e&d./rﬁbbd hé¢minggrotide a nerthabio firemating hbmophilia B.

osition is admni.stered .at a os ch . that the
The pRRERieal fapasiions PLIE ThyoaORRR ATRoRH o ffiNar & i Faeptic
dose df% FIK doHjudhitel Qn 2&@aih U[n@Bdln{eﬂtsaﬂf%td&%gemqﬂq}(r@%ﬁ{wga{eri? sufficient
conposli tion is adm ni stered f dose such tha
such thafrtbe pancantraonef cotuletm@b Xhgctvit ime sulyeetys 1 1U/dL to 150 TU/dL.

In another embodiment, the composition is administered at a dose such that the concentration
of circulating FIX activity in a subject is 10 IU/dL to 120 IU/dL. In another embodiment, the
composition is administered at a dose such that the concentration of circulating FIX activity
in a subject is 20 IU/dL to 100 IU/dL.

[0085] In some embodiments, the activity of the FIX conjugate is about 100% of that of
an analogous unconjugated FIX. In some embodiments, the activity of the FIX conjugate is

greater than about 80%, 60%, or 40% of that of an analogous unconjugated FIX. In preferred
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in a subject is 20 1UdL to 100 U dL. [0085] In sone
enbodi nents, the activity of the FI X conjugate is

W@Rb@at30n% of that of an anal ogous unconj ugatBCI/E2509/005763
In some enbodi nents, the activity of the FI X conjugate

IS greater .than.ab 80% 60% or 40% . of t of a
embomﬂ%b*g@ﬁsacmyo?ﬁ tﬁa BE% qompsers ReviRe R bt f an
analogd8 uﬁ@éﬂdﬁ%a&é’d o tWaiIEhdt HeRYIahE aétd i @R bE lowdtaRan 20%, such

about 20% of that of an ‘anal ogous unconjugated FI X
as 10%h5 Yoerigwen pYoeind mpaychtilltieerdsianthgaously cagd ¢senpasedeto nohaanjugated
FIX 20% such as 10% 5% or even 1% and may still be

" advant ageously used conpared to non conjugated FI X
[0086] 008&]r paéntP Adcb R THeSthé BECcuhjigaté RBeiFFX e@Rjitydadyencet hebE
nme

FI X activity may need to be nonitored by a i ca

monitpregftyssinedied professiqak Elemiidgeandugatrsslepqrived hpisiremay alg be
‘ L 2 ot Fferi ‘ ‘
a8 R TR o R LS B BB gring om
a surgsaat giocadurpr ocedure. [0087] Furthernore, the FI X
onj ugat es descrjbed herein are free of contam nation

[0087_53 r orfi EIPREMORRAiNE I Frppmivgatas deorbrrdhesain e Brfue| sppiagnination from
FIXa,é{m&lgFﬁQ% $ead 1O BHETQ BrontdFyild iffciaoM VIR SR Atk BB éml?u;%aaes and

manuf acturing Fl X conjugates described herein'y
methquisoénahifactonpg §aX esnjupats daseribalderdin el pro Fd¥wsejugates that

adverse thronbosi § as, determ ned by the nean thronbus
are 1o GRS s vt i b 4 Srec T ot e e duppgs gpre. In
one mﬁnﬁ@diﬁfe?ft, AR &FAhRNINIRESE b 82 FIX do%ﬁl%a{ertl%ﬁlp%siﬁ?fﬁ gs:less than 1

ree or nore I ndependent neasur enents. n ano
after threg@d inmen indepénd enteagrstitenenisudn geether dnebaddesentt thamegn Birombus
after. three or nore independent neasurenents. |
score T 5Hbn Qefir siRe O RS ST BATEC DL e T agofhsy
embodiffc@e td mbE Brdmiblapendeaticr MRAS bf AIBE iIhdepehdert @5RistiB@Bnts, is less
0.3. In another enbodi ment, the nean thronbus score,
than 0g3.¢ ranpihes embedimshie theraesmahtrsrhus seers afiaries or merd iadependent

meas&@rﬂ?ntg,:ig' 166§ ﬂlg%{ %tl qp%pﬁ{otﬁquﬁl%iom t tfl@%g%fﬁ?or{lgﬁsomfé‘cis 0,

score’lis 0, ter ee or nore | ndeépen
after i@ ou here iddsper/do38¢ashirensatye enbodi nents, the

adm ni stere ose of the FI X conjugate is i i
l0088hppr18>§PWﬁte€ﬁﬂg93théﬁss hrerdminisicerd gnse 85y Xrcgpivgate is

approRiiahQ @déssaggcd@ Mht ABER ot anldRaROIR GIEBRULAEAESX. H\®me

adm ni st er dose of the FI X conjugate I's about two
embodimmess, thalmdotinistaredelos¢ othe FEX conjugate it dbwestwootimedyebibut three
five tines tha necessary for an a

. | .
times, hOK U dBRSEOTHPRUL FG0@BT SIS ST MhOAREOHR upeoniseatsd FIX.
[0089fi I erhBftciRt HRENAASS Bfso irB@Ed ROMBRBBPSY tlréaﬁn@h%ﬁ%hilia B by

~adm nistering to a patient in need thereof a '
admingsierjingtatacpagiaet iamcedidictcodbadiX comrape and an adsbinenal theeapeutic

agent,ta ?“gi Eé. (g{rf[g?arl%:al télge?%)jaegfeié’l etlée%t %%? rt])te ogea Xr rtr)lgreoo ra%rexanntl)lrc eacf()if
aminocaproic acid, Factor II (prothrombin) and/or Factor X (Stuart Prower Factor).

[0090] The FIX conjugate and the additional therapeutic agent can be administered
sequentially or simultaneously. If administered sequentially, the order of administration is
flexible. For instance, the FIX conjugate can be administered prior to administration of the
additional therapeutic agent. Alternatively, administration of the additional therapeutic agent
can precede administration of the FIX conjugate.

[0091] Whether they are administered as separate compositions or in one composition,

each composition is preferably pharmaceutically suitable for administration. Moreover, the
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am nocaproic acid, Factor Il (prothronbin) and/or

Factor X (Stuart Prower Factor). [0090] The FI X
w@owpagmde and the additional therapeutic ageneCTEBRIM05763

adm ni stered sequentially or sinultaneously. If

adm ni st er.ed se uentlallﬂé t he order of adm ni st rat.i on

FIX cpujugyte gpefhe thagpeufif @peicid admpisterpd o telyagan begmpeistered by
the saﬁférﬂrrdif%r@r{t%d%& bPhdhRiddAbAi stration of the additional
therapeutic agent. Alternatively, adm nistration of
[0092{ he Ia@gﬁ@m@ndjodmnsgﬁmﬁl%cmgmtes oathegneagige cxhibit substantially
adm,nistr con
the sof R Mice gl ettt eleB oy APR G Rt FohSgitis,n some
embo@RRnGONRADIIaB6n o LA FIX RERRASAES ONthe SniRh8bElead td/normal fibrin-
pharmaceutically suitable for adm nistration.
mduC%‘Pl@‘EWérmdtcﬁ’é@ Soagwlafigat e and the therapeutic agent,
i f adm ni st gr, tﬁﬁ L3t glé an be adm ni stered by the
same or dlfgersegn i : Enscm’nistration [0092] In
[0093?‘;{/;12('85?%'12 rﬂeng HthhSlcE] gc{wn%n*s Xﬁ nf‘tﬁg Zc% %%a?es oft%ﬁe invention twice
daily, phad 0HEE lé%tﬁjaitheefdﬁﬁ Glvceaseohly, aﬁcad WO onBE WYrgad @deks or once
FI X. For exanp I n sone_enbodi nents, adm nistration
a mong tqqﬁ%at@}t)%uff%fﬁ}&@&m@m@t’hlﬂlﬁ@ i nvention | ead to normal
i brj
[0094jDo Ar111'1 egl f&g‘%é}é@% %@?(hrctﬂér Eg? %@ﬁg@:ﬂﬁ gltshggct réce?vﬁltg FIX
conj uga:lm alnd shryatht dosing rdghﬁercmptdylaglg s [rodnet dmebadimaents tho i 1X activity in
tw.ce daily,. once a day, ver. ot he , twce
a subjgeldi 5?6“%‘}% %fﬁwly et g'fmewe% wg X conjpegiie n aqother
embodRith tﬁ@FI@( RatvaDtin 8 Yidj&dtiid@l MA@ TRP N hi 36 Brs, [qul%J or 24
A medi cal prof essi onal may nonitor the FIX acti'vi ty |
hrs. afersudbjiistratromadiaki IKgCOﬁJU)gatﬁo Ap agethe, endmdlmmtythe ﬁéX ddswtygn a

. ' : di d
subje R IJRRYES e | ehct SR RS Tuke NGy iskign of
FIX cafibabstration of a FI X conjugate. I n anot her

enbodi nent, the FI X act|V|ty in a subject is
determned 0.5 hr. 1 hr., 6 hrs. 12 hrs., or 24 hrs.

akter tration of a FIX conj ugate. In another
e%bodl MFI X activity in a subject is
determ r% Eﬁ%?; lays, .1 k, 2 weeks or 3 weeks
after g m n soﬁﬁwnj ugate. 5. EXAMPLES
Fl X at es 095 Fl X
10095F 1 wgAPBL ot PR PO IS s Bulibt Y By esagngymivetc

methdds kAgw yrith et crheesiadisg lsfihﬁlﬂéhd dXahipes@etnondthe the syntheses of
follow ng synthetic exanpl es denonstrate the syntheses

FIX-F§G mmugagss. conj ugat es.
5.1.1. Example 1: PEGyvlation of the FIX via Disulfide Bond

Bridging

[0096] To Factor IX is added aqueous urea solution 2-mercaptoethanol. The pH of the
resulting solution is adjusted to pH 8.5 using a 10% aqueous solution of methylamine. The
reaction solution is then bubbled with nitrogen for approximately 30 min. Still purging with
nitrogen the tube is heated at 37°C. The reaction mixture is then cooled in an ice-salt water
bath and 10 mL of an argon purged chilled solution of 1N HCl:absolute ethanol is added to
the reaction solution. A precipitation occurs and the precipitate is isolated by centrifugation
and then washed three times with further portions of the HCl:absolute ethanol mixture and

twice with nitrogen purged chilled diethyl ether. After each washing the precipitate is isolated
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5.1.1. Exanple 1: PEGylation of the FIX via D sul fide
Bond Bridging [0096] To Factor | X is added aqueous
W e@®13whut i on 2- mer capt oet hanol . The pH of t heCT/1B2009/005763
resul ting soI ution is adjusted to pH 8.5 using a 10%
eous | uti of et hyl reacti on sal ution

a
by cerntg Reatian. pUsET AR PHRE 1 %H’fsé‘?lV%fE’Br%BE?%F&tpé‘F%ﬁd tonized
water rah@ fretd dricdrb afoRPa Wyt 181 k@880 8N bpm( by Be@bRfmRld an
C. The reaction m xture is then cooled in an
quantlt@ted wsihg Ellanar'’s Tiostt whiwh@ives thd nuphbeadireq rtlgoh n@upl@e@n molecule.
hilled solu

1009750 118 BRudole el F R PR Fo GV el R 8

ammdn'i'di‘somtitﬁﬁﬂ B4 §etparaltesepp‘é@d1cﬁf ekk ﬁtﬂyﬁl@ﬁédnbﬁgéﬁﬁﬁ t@geﬁn@méﬂmy -0-4-
hed three tines with further portions

f
[2,2- bmm@béwlfsml)én%ﬂaﬂcem}kmna@l%@mtw ér@nv\mlh(emwwgéwol is also
I
dlSSOlQ&{ ﬁlL (}m?g'ltuh Sglgtl‘?% O ch% %stunﬁlrgnstoiﬁllft filis %a?%ﬁ t%%?a%g Pjg golutlon.
The PEGB@and@f B wahédheith dicsls ﬁ)rhnﬁ)dlal s&hmohraﬁ@ elis p;LH‘l:gﬂ.‘dided to the main

dei oni zed water and freeze-dried to afford a dry .
reactigy pRRgNAgirkhcaragtion sepseiRTids thep xlates uprer ew.apﬁ@aata%t 37°C for

QARG bAHEAd YTl td Fodim tc ' @ fi
PO o Rl s Do ] R M VR recion
solutimptsehednmfalyz'e& by paditmalodycyl ewltﬁne@o]f?hofylasmde ga@lacedpharesis

purged pH 8 anmpnia solution. In a separate

(SDS'?ﬁgI?%orf t he pol yner conjugating reagent,

a- met hoxy- w542, Example 2: Selective formation and Purification of FIX-
PEG hfth@ ftesintcof PN éﬁmﬁ%ﬁf methyrTacet yr [benzam de

dgerrved frompof y(€ enejglycol is also dissolved in
0098 L PSS ﬁ?@“%%ﬁﬂ%?%ré PES U BoBa L ATy 28 Koo
aqueows tifeafsolasibn amanamogindnoet.iTdwr pihelf thh lraultmgabhld’maukjmjiusmni to pH

o5 uion T bt oSO SRSt s S FBP RS bk i
nltrog@ﬁ’ REQphFBRIRAY ¥%4) rﬁmaggll‘pthegrh? tﬁ“ﬁﬁ%g&ﬁ’ 1608be fshehR@M 37°C. The
tenperature. The cool ed reaction solution is then

reactiomuiixtureds Bynsoodlicd in doesylt watdr pathend d0yalk pf haatigde pyeged chilled

soluti FELN PRIM SR cHRRoL 4T o Rk isi QI hiof R tsginitaign occurs

and thRpRsEMtRe Rfisdtit&RbFesitAfigatet alOB8BIvadiedahice @fidek Qith further
m xture containing FI X that is contam nated with Fl Xa

portiopg ofidhg értClaaé?&é@wtfmn@bm%u@tamé Wiz e herise gratvagrst chiliggedicthyl
cther. %l_ilte? aéhh\%)%y%% %lp%[%‘fel{% !ls%ﬂlté ;ﬁ%ﬂ#ﬁlgﬂlotnoTngN%sh‘r’ed precipitate

us 'so m ne

is ther[ &@mlvmni’fﬂﬂr(hgeh%rgeﬂ dehﬁmzeb w&ﬂﬁér%dd\ﬂrefsib ti¢d ogeford odry solid.
pproximately 30 mn. Still purging wth nltro%en t he

Parti] {fguctia Hedenanle opErmetiand @il wina FiBaR's T ptephich gives
the R B o P T o | N hchabsol ut e et hanol 18-
[0099hdd e aneppirelorfe etpacmllyotditced HIX As gissedvegiih atgoarpuosdyts
ammonia solution. In a separate eppendorf, less the one equivalent of the polymer
conjugating reagent, a-methoxy-m-4-[2,2-bis[(p-tolylsulfonyl)-methyl]acetyl]benzamide
derived from poly(ethylene)glycol is also dissolved in ammonia solution and the resulting
solution is added to the FIX solution. The PEG eppendorf is washed with fresh ammonia
solution and this is also added to the main reaction eppendorf. The reaction eppendorf is then

closed under argon and heated at 37°C. for approximately 24 h and then allowed to cool to

room temperature. The cooled reaction solution is then analyzed by sodium dodecyl sulfate-
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and the precipitate is isolated by centrifugati on and
then washed three tines with further portions of the

wodwahawhut e et hanol m xture and twi ce with niRCDTR09/005763
pur ged chi Iled diethyl ether. After each washi ng the

s 50 B B TS BB R T NS o

from @8 'ré%{étlét?gu%ke\rla and etcrl@ﬁ@@cmm%gt@hgf ford a dry
solid. Partial reduction of e confirned and

[0100uanthe iseledd psidugt BRY hefurther e@tlyzedtbwhﬁ gictheds piewided by Gray er

ol AR s loSF a2 Ra RED LGB 3 oo dBBr bt v of

FIXa 8é@8ainaky ged pH 8 ammoni a solution. In a separate

eppendorf | ess the one equival ent of the pol yner
conj ug&t¥ ng Predugtion of Recombinant Factor IX

a- met hoxy- \/\/—4}22b|s[ ptonIsquonyI) rrethl]acet
] benzani de &exi.vEg nd vhlaans ’ Cglls, With
FactodilXdGéneed i n anmoni a sol ut| on and the resultl ng
solution is added to the FI X solution. The PEG
[0101¢p pem&a'lrdﬁty'ps Fagtehiedganictih trimséedtic dimtmGHE cedlk by iliomt dihdion into 96-

vl SRR e TR BB TR T
allow&?@t R6wah 587 Serurh @6 RIRRIYOXTHERLAl V1tdd e i$ Reesdd MRE: total

to cool to roomtenperature. The cool ed reaction
amountaif facton IX gnt[igfr@nn algajey@é_dts lgyatmﬁg:dl]pm adogtosyK ELISA method. More

ate al ya S P

than 3Hicl e CREAARIMUAN HE, 195} B RRREES pabier domt i
deterrﬁﬁa@tl on m xture vi a si ze excl usi on chromat ography.

E (Eﬂ]é The isol ated product nmay be further anal yzed by
[0102{ he Orrsts trglps(feﬁt%ﬂltbyte@aﬁpr ggne pmdp@ﬁqgactqngx@glgen which is

675-9 or section 5.3 belowto

detec‘%@?éfﬁ&%&l){ﬁg@%vel of FI Xa contam nant. 5.2

Product i on 6f2.Re@xahiphes Sujretransfedtidn @ BactéxxXBXPreddcing CHO
Cells Wit h VG CranadsVEOR Gene§ CHO Cel s Wth Factor | X Gene

[0101] A wld-type Factor | X gene is transfected into

[0103FHO Bl t&¥nckdaRd theGekdehiags of adtide $actoEX brdduaddein Fadtoe XI-
Factor | X gene is under the control of the CHEF-I

transfpgtehiHEY cellsethp prigasy Banséakats e greled.ioxpauded dn tispup gulturg and
supert?%%@eicte-ﬁn%ﬂ‘f%clt?rg gl)ﬁtli!' Bﬁtg@\lk IR)II e%z LY gﬁe}}e?aqllyqﬁ%%hlt] fo be

anoun nti gen In
imporeHn@ fdrithe efficleyit Hithant Krdephdehl SinmBhbddxylMideoft Fuator IXOFactor

IX prt%jlrugn ezcé@?reg é}?evn?qlo at 'egtssﬁn d th ﬁla% é@ﬂm@am%&@% lgglﬁ\]gs for both
n C
Vltam;tll'ri1 KI cgef %ﬁcﬁl@' %Q‘n Cget X ggﬁ%‘fa@ﬁﬁ?ﬁl cFSeRjEﬁfeBPépdx?&e

reductase (VKOR). Ind1V1dually supertransfected cells are grown by limit dilution in 96-well
plates in 5% serum for 14 days. The total amount of Factor IX antigen produced per mL is
measured by Factor IX ELISA. The amount of active Factor IX is measured by an APTT
clotting assay using Factor IX-deficient plasma as substrate and plasma-derived Factor IX as
standard.

5.3 Bioassays of FIX Conjugates

5.3.1. Example 5: Assay for FIX-PEG and FIXa

[0104] The purified FIX-PEG composition is assayed for the determination of FIX-PEG

activity as well as any contaminant FIXa or FIXa-PEG activities. The assays are conducted
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5.2.2. Exanple 4 : Supertransfection of Factor
| X-Producing CHO Cells Wth VKGC and VKOR Genes [0103]

WO R00dnswN2t o i ncrease the percentage of acti vePECEDB2009/005763
| X produced in Factor Xlitransfected CHO cells, the

accorBe {LinG PiAIOTL FrE PrSRUBHE R 11 v ERgr L doRydP AT o) for
FIX aﬁ@'%rafd@ K &% MBisoSBNAL&hdyY, 35h9WaBEs t1®78E fhiMPIXat@Atantition.
the efficient’ Vitamn Kédependent gamTa car boxyl ati on

of Factor | X3.2afixa ] ] positiomineviviol ed i n
Thrombepalieity Assly and supertransf ect ed with cDNAs for both
Vi tam n K- dependent gammra- car boxyl ase (VKGC) and
[0105Vi t dhhinckenddpsndedto épaxiitewhetlerct BEEcdnyfigaR), purified in accord
. ndi vi du pertransfected cel are gr by limt
with t{i? PREFSI &EﬁZ@B L€ g [CPUSGP WR Nt ?‘ﬂ Jé’&% ﬂ??% ﬁ% Cﬁé%lma“on as
measut8eh n%ﬁfeeﬁl VWW@ésl&fRa%ﬁﬁ tS@e[smlA(ss@@ Fdrg%nﬁbg per
'S asured by Factor | X ELI SA.” The anount of actlve
[0106FactdX prEparstiorsaseimgrtdolyin arvoARD isaditod tllgag:das@amS vérabhit
Fact or | X;defi ci ent S, supstra
iugulag REER Ao P e RSP U R et b 1P sint g -6
(1959?&%5@&@]‘[&9@?@&1051 of slasisE@mpie 5: Assay for FI X-PEG and
| Xa [0104] The Eurlfled FI X- PEG conposition is ,
[0107hssa§ﬁ@@1ﬁg@?aq0h@p gied fohlovaing dhe smsteml Weslaceliajiacgording to the
n ¢} n X | X [
size o?ﬁm clo% ah%sé{% r%em%:l%tn ﬁr% énéég t(ll:lc garrgést 512%; §f FIE‘[Gwﬁlrc%l tcéﬁ %{)I%’?ally be
genergted Wﬁﬂhbm@mb@g&ﬁb tfateriils id the dke ald typ@bf)ﬁ@sel Zaected and "1 is the
1269- 1277 (1988) for FI X and Var adi
smalles pushyslot g pipean egsgmb@ﬁ;l@gasi (Tilg-pgy)erlrpg}t 1q:qexgated three times, and
@, 2. Exanple 6: FIX-PEG Conposition
the arﬁﬁﬂ\gu VOQ%IS% egggﬁfim ty Assay [0105] This exanple is
used to det ér38.nExahmpih®r Datdetidn ob TiracpaF X a gnd FIXa#FGin
PurifRdFIXAPBG donihitiyngcess of Exanple 2, causes unwanted
coagul ation due to FI Xa contam nati on as neasured by
[0108] he Réferéh¥OFMESEKEL) ﬁﬁb&i WitDITBY BoAssay aftdinin or 25 uL of test FIX
t hr onbogeni ci TBZ% [ 0106] FI X preparations are injected
concepiaty idyiationttip Tilsv] athemman aftysie areselessdane 9§fw¢lblﬂiltﬁf?htef plates at

37°c.Ja HA %Ls?& _ré/a%gfc_oﬁ iahdl 0{1\9&1 glug%g hRhaR ?%g ESXIR% b as@l‘ Eh&ﬁpld and
recontbirenf d)ersllmhhmhimdmss aralrrﬁedt for ﬁmﬂnnuteﬁ @?377 V\g S?quall xmj;um& of warmed
St em o ss| er

Cco |ISh
recorfi @Cﬁﬁ agg tilsn 6&5 qdﬁ% ltqaéﬁaym%%ﬁ‘élﬁ n r@ﬁ@%eﬁeb’taﬂﬂ mixing
125 HL%@H%?JA énttlmddeaw@%hs SdrASn @ % ah kQ: Pk g&}n@@p RREM fhth FXa

e generated wth thronbogeni materials in the size
generamuh at ppC.aioules Heﬂlsf@’eddelotoeIDOahd)f B-2®5t(Rmadratech Epsom UK).

After 2 minutes of incubation the reaction was stopped by the addition of S0uL of 50% acetic

acid and an absorbance wavelength is recorded. The level of absorbance for the test substrate
is then carried out at this wavelength to determine the quantity of FIXa in the test mixture.

5.3.4. Example 8: Comparison of the Circulation Half-Life of
10kDa FIX-PEG and 20kDa FIX-PEG with Unconjugated FIX

[0109] 10kDa FIX-PEG and 20 kDa FIX-PEG (where the PEG moiety in each is linear)
were prepared using the procedures set forth in Examples 1 and 2.

[0110] Unconjugated FIX, 10kDa FIX-PEG, and 20kDa FIX-PEG were administered to
FIX-deficient mice, and the plasma concentration in each were measured both by ELISA and

chromogenically from 15 minutes up to 48 hours after administration. The average plasma
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smal | est such clot which can be visibly detected. The
experinment is repeated three tines, and the arithnetic

wore@s/13@02et er mi ned. 5. 3. 3. Exanpl e 7: Det ect i BCI/TE2009/005763
Trace FI Xa and Fl Xa-PEG in Purified FlX-PEG

03|t ns [.0 ef erence Fl Xa (2511.) dilute
Concel%’éaé O WnalP i’&ﬁ’rgr W%oﬁ TS%PGP%‘&“ﬁY FW%G’& girédn ?‘? ard e time
perlodjfrbl‘ﬂta'befﬂtsl g IﬁmﬁE’é/tcl %B A B0 u A dHETh dn B @raBbRGRInAINi Qe 10kDa
mcroliter plates at 37C. An assay reagent

and 2@1@& E\]XTPE@ \eera abouwt -2 frgisnds denger Hidn tltmlmlfabfemfamcpnwgated FIX.

wherlARRRAGRLP B fRRGBIIER RN LE R GORURE B et

admuﬁﬁfa‘ﬁﬁbl tAa Al bft 208md FERCIFTR eas tappidxaakdeld 1t qlrﬁé%egr@as@fauan that
reagent Innedlatel¥ after mxing 125 niL of this

of unqogpigated HIX. aibel halélifepl FOKRsREG ﬂXquslaxp@mrmtyda 8 times greater
r mn FXa generation at 37C, 50ni is
ﬂmntﬁégﬁgﬁ F@%&ﬁw?%pIOCnL of S-2765 (Quadratech Epsom
UK). After B.38.nikampdd9:i ActibAl b NKIe FIXFHG and\3kDa FIX-
PEG &i PRPo®Rfidient MEc@ddi tion of 50ni of 50% acetic acid and
an absorbance wavel ength is recorded. The | evel of

[0111pbsoTRAREQIt) OF 10K FIDSPESURI0RDE FIX-HHE {a§ 8kdnhiagd I;‘;“(Mt
at this wavelength to determne the quantity of FlXa

perfornping hélocdout srusty with FIX-@@figientsep | The gnicoprisaadnypistessd the

cquivilp g B Frp b b e 2t S et S mE e Fix-

PEG aZﬁ 0RDaFHIX- REGwWawhenistted RER amd &6 phideNre@pediively. Death was
near) merelfrepared u5|n t he Erocedures set forth

prevemﬁd Etaltnide 12 ais ip thq Pk %B% jetigrey abd fyaih wagRsyented for
Ipf

12of e g?@%tﬁ%ﬁ%’? et ?ﬁgﬁe SR8 BRY e pseed by

visualdagiecti@r © teehs ue éa fbohdtionyof Elﬂ‘t&ﬁ daetdaschyposaiye i pdatkletronly

t;q;]g ”ﬁwéer g abit oo MRS BEG B ANADF HEREE g acive

and 4, respectively. Wen neasured over the tine
perlod fron1about 15 m nutes to about 4 hours after
adm ni stration, the half- lives of 1CkDa and 2CkDa
FI X- PEG were about 2-2.5 tinmes |onger than the
hal f-1ife of unconjugated FI X. Wen neasured over the
time period fromabout 15 m nutes to about 48 hours
after admnistration, the half- life of 2CkDa PEG FI X
was approximately 11 times greater than that of
unconjugated FI X, and the half-life of 1CkDa PEG FI X
was approxinmately 8 tinmes greater than that of
unconjugated FIX. 5.3.5. Exanple 9: Activity of |CkDa
FI X- PEG and 2CkDa FI XPEG i n FI X-Deficient Mce
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[0111] The activity of 1OkDa FI X- PEG and 2CkDa Fl X- PEG
was exam ned by perform ng a bl eed-out study with
wo-Rowdadedzi ent mce. The mce were adm ni st er ePICT/IB2009/005763
equi val ent of 45 ng/ nL dose of unconjugated FIX. M ce
II's were clipped, and 1CkDa FI XPEG and 2CkDa FlI X- PEG
CLA adm ni stered to 12 and 16 mce, respectively.
1.Deat k pedr e&%gﬁe&g@enfe %llyclail(fq& PIE) dohjubafe vuhereﬁrhsnew&ﬁl@r
FI X- PEG gr oup, deat’h was prevented for 12 of the
16 npqiygethl[qunh glyzck@aupd de PEG dodiaptor Cé slwatghom cyfteine residue.
bl eedi ng was observed by vi sual inspection to be due
ytot for as op
25 at Sar SRy BRUS LR s BT PSR SRS So Pgmore
bot rpolﬁﬂlil@lelﬁb Bhyieblze a&@bﬁﬁld:tbx@a%ﬁlﬁfb@ of6 bt MRrélealhddd
. A Factor | X-polyethylene glycol (FIX-PEQ
conJQ}’Q'@tI@ digiBdebatidsne” or nore pol yet hl yl ene gl ycol
groups are bound to Factor |X through a cysteine
r esiferT>2PE Iy
3'conj ugat%( P\/\,{Q\er eﬁlﬁg%ﬁg%%?ﬁr%osgg%g % %E%e(]glf yco'l'r:t@nlng
gr oupsicty Eridpesinoe d)rcman:tysuemle)dldmyﬁctﬁtmnds aamrchng eodthe éakmula:
cysteine disul f|r§de bonds. 3. The FI X- PEG conj ugate of
claim 2, \t he one or nore PEG containing noiety
bri dges one & cysteine disul fide bonds according
to t REGFSY'nul ¥—Swherein Rlrepresents a |inking group
whi ch can be a di r ect bond, an alkylene roup
(pr ew]éerglml%, rgpresents é‘[}kk% gr,qu (g ct bond an alkylene

T T —

gr oupscroaipegreup, sui t abl e het er oar yI gr oups i ncl ude
pyrld le, furan, ran, ir%mo pyrazol e,
oxaz¥ f‘éemﬁﬁélfua gioHes mﬁﬁ’lgﬁlpg%/lﬁ’z ang, g Y% S Wher ei n

I nka@§ehQuiths H&Eﬂ(ﬁ%ﬂ s R 1R pyMinf pdrole, f

hydr ol ytell cgl I ye [ abi | gﬁ%j, or by~ a hon fhoe uran pyran
4. Timedd=zok, Pﬁ@zmiommgdtaoymfdamha,l pnrmdeaed@unnt he one

cy s BTN b BOREST BRSPS ERa i<y foil bond. o

The ) XnbiEfabaeBbagate of claimil, 2, 3 or 4, wherein
the one or nore PEGcontai ni ng noi ety has a nol ecul ar

gH; of about 10 kDa. 6. The Fl X-PEG conj e%l:;:\te of
4.cl ai FhelFIXoPEG conjugptent cligmidnyheisen theane ervmgrank g containing

r5m| ﬁ%léle? br%c%%s EIE@(O %e aGS’EdGHI%%S%lf?({G ‘t%nak g&cjordlgg tothe Forflula;

/FIX
S

PEG
@)

5. The FIX-PEG conjugate of claim 1, 2, 3 or 4, wherein the one or more PEG-

containing moiety has a molecular weight of about 10 kDa.

6. The FIX-PEG conjugate of claim 1, 2, 3, 4 or 5, having one PEG-containing

moiety.
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noi eties. 8. A conposition conprising the conjugate of
any of clains 1-7, wherein the conposition also

w@opnswes a pharmaceutically acceptabl e di | ueP€T/IB2009/005763
adj uvant or carrier. 9. The conposition of claim S8,

78RR ERTRESLAL PRLRS, B L8 BB &, L s

cl ai f{ipRijerhi ch is suitable for |ntradernal,
subcut aneous, and intramnuscul ar injections, and
i ntravenous or intraosseous infusions. 11.
8. conp@@pulp@wl@mmprsm@th@ lsenje sy 9f ameOﬁﬁlalanyl -bfwherein the

enul S%OﬁpTé%ﬁ? 0&2 %Sé gl%-ﬂa%a u’?igell %Cg%tabﬁg aﬁll&]? uV%[lt or

wher@itiert he Fl X- PEG conjugate has a longer half-life

as conpared to unnodified FI X. 13. The conjugate of

any of claing 1-7, wherein the FIX-PEG conjugate has a
9.hi ghble RxpOosKion ok . VECTgHNBa reMRepiEgndas hgen ulated for

conjﬂggﬁgang@H%Ugﬁﬁglalns 1-7, wherein the FIX-PEG

conjugat e has b|oava|Iab|I|ty as conpared to
unnodi fied FI X 15. A method of treating henophilia B
10z onpFhiesiomgpoaidion wif skagm Onghich iasypablednt intraderead subartasdus, and

h | t t he FI.X- PEG
conj OBAT G SRy B e eSSV E Bk ah e eal 1

accept abl e diluent, adjuvant or carrier. 16. A nethod

11 0 redusPodifién tdrf 1sﬁ>1ﬁg he TBAjupate dF sny SRdI@IfHsNagavhich takes the
gastrointestinal bleeding and menorrhagia in manmal s
wi t HORR 96 RPINFAN BUSREHHOR O PRYISEMNI ni stering to a
patient in need thereof a pharmaceutical conposition

12|C 0 ngi;}lg:séoﬂ i 5311'7 ugﬁ&glngtpe ?‘?Y PR gd has a longer

ar nace tlca accepta l'uent, ] uvant
or daifriiferas compined ¢o nnrhbdificd FpPOsi tion i s substantlally
free of Factor |Xa. 17. The nethod of claim 16,

wherein the nbus e of . t 05|t|

13 beeTkaozabrg any R PBE hacRhfialiin® BRsEReP Ry taafihas' higher
The ﬂetfh@@oﬁlfpaeh%uhéédﬂﬂem n the nean thronbus

score of the conposition is less than 0.5 after three

|ndeﬁfndent experinments. 19. The nethod of claim 16,
14pher Biqronpgaieedsny Bf el dcwhercisrthe REXPhipensiygagmhasg higher
0

bioavailability as compared to unmodified FIX.

15. A method of treating hemophilia B, comprising administering to a patient in need
thereof a pharmaceutical composition comprising the FIX-PEG conjugate of any

of claims 1-7 and a pharmaceutically acceptable diluent, adjuvant or carrier.

16. A method to reduce the risk of hemarthrosis, hemorrhage, gastrointestinal
bleeding and menorrhagia in mammals with hemophilia B, comprising
administering to a patient in need thereof a pharmaceutical composition
comprising the FIX-PEG conjugate of any of claims 1-7and a pharmaceutically
acceptable diluent, adjuvant or carrier, , wherein the composition is substantially

free of Factor 1Xa.

17.  The method of claim 16, wherein the mean thrombus score of the composition is

less than 1 after three independent experiments.
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after three independent experinents. 20. The nethod of

claim 15, wherein the conposition is adm ni stered
waemeas@mneousl y. 21. The net hod of claim15, wWhEr/E82009/005763

the conposition is adm nistered intravenously. 22. The

thod of clajm 15 erein the c osition | eads to a .

1% ed %ftﬁe@ abrla %@%ﬁﬁ@b%@ga%@ﬁa%&?fa of T composition is
CONPRS thiPS abr hREARNFRANN ERGERentsX Whi ch conprise a
nmeasur abl e quantity of Factor 1Xa. 23. The nethod of
claim 15, wherein the conposition is adm nistered once

1% dalhe mathodpéclaim hodvisteip thy mearsthragplaseicerctof ghe composition is 0

conmp@si .t on. i 1.Ni St € once every two days. 25.
The2%%?ﬂg%pgpa%%ggﬁgfé%%&ﬁé%ein the conmposition is
adm nistered at a dose from1 IUto 10,000 IU. 26. The
20ret Hpik aéthod af oikd ] 5, Whitesirah thd dven@eitipass ddministeed subcutaneously.
adm ni stered at a dose from200 U to 2500 IU. 27. The
met hod of clajm 15 erein the conposition.is .
2lagri HSPEhes OLehi 4SRN AcTAmPESHIoR s SBRiNCTabistREEnously.
about 1000 IU or about 2000 IU. 28. The nmethod of
22| aihclipeth¥i8r Ehit I NEVIKPER AR ddnPdsitonashks R & k@Bl Atidence of
dose such that the concentration of circulating Factor
| X dbrambosis dompared(tp dompesiti@s of wrapmbizemt Fatier Jﬁgwhmh cofprise a
cIainr[palSab e%ﬁﬁ”(ﬁﬁ%,FQ gsition is adm ni stered at a
dose SR IR S E8RCE Mt Fat i on of circul ating Factor
I X activity is 10 IUdL to 120 U dL. 30. The net hod
230f  cTlad methbd of wibied €5, nviidiein cloguasidsition i sdradistdred btveadday .
at a dose such that the concentration of circul ating

Factor | X activity js 20 11U dL to 100.1U/ dL,
24. ”Phe rnethoc? o% clam¥ lé, wherein %e cornposflflon 18 a%glimlmstered once every two
days.
25.  The method of claim 15, wherein the composition is administered at a dose from 1

IU to 10,000 IU.

26.  The method of claim 15, wherein the composition is administered at a dose from
200 IU to 2500 IU.
27.  The method of claim 15, wherein the composition is administered at a dose of

about 250 IU, about 500 IU, about 1000 IU or about 2000 IU.

28.  The method of claim 15, wherein the composition is administered at a dose such

that the concentration of circulating Factor IX activity is 1 IU/dL to 150 TU/dL.

29.  The method of claim 15, wherein the composition is administered at a dose such

that the concentration of circulating Factor IX activity is 10 IU/dL to 120 TU/dL.

30.  The method of claim 15 , wherein the composition is administered at a dose such

that the concentration of circulating Factor IX activity is 20 IU/dL to 100 IU/dL.
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