FACTOR IX CONJUGATES WITH EXTENDED HALF-LIVES 1. FIELD OF INVENTION [0001]The
present invention relates to biocompatible polymer conjugates of Factor IX, compositions comprising
Factor IX conjugates and methods for treating hemophilia with Factor IX conjugates. 2. SUMMARY OF
THE INVENTION [0001a]In a first aspect, there is provided a Factor IX-polyethylene glycol (FIX-PEG)
conjugate, wherein PA€ TORNE peIbidarrg WalHEET ReIboDid Ae FactersX through a PEG
containing moiety which bridges two cysteine residues which form a disulfide bond in Factor IX.
[0001b] In a second aspect, there is provided a composition comprising the conjugate as defined
above, whereinlthe coliiBEagliOF ANY Edhpeides a pharmaceutically acceptable diluent, adjuvant or
carrier. [0001clIn a third aspect, there is provided a composition comprising the conjugate as defined
above, Wit taked Hserretonbiny eeigticnl ssersisehisisnmpes ey fcontieptasofdinttrasiect, there is
provided.gpharmareuinghepmrasitioncasnprising 1he E%@&q»o?%&a@%ﬁ%%@ﬂg%ﬁﬁove and a
pharmaceutically acceptable diluent, adjuvant or carrier for use in treating hemophilia B. 10001e]in a
fifth aspgéﬁt@ﬁé%qgrﬁ%ﬂ%d a pharmaceutical composition comprising the FIX-PEG conjugate as

defined above and a phgypacgeiicallypasepiabiadisRt, adjuvant or carrier, wherein the composition
is substantially free of Factor IXa, for use in reducing the risk of hemarthrosis, hemorrhage,

gastroinfgstina| blaadifa-aasaenasibagiadndeannasith hanephiia BiQAqEHira sixth aspect,
there is provided the use of a pharmaceutical composition comprising the FIX-PEG conjugate as

defined SHRVEURP R PREHECUBERPAYEELMEHE EiNrohEHR\VERDS R i A I HsHER BN of a

medicanpeits fentreatipghaemapiiis,Bdfe00kglinstesrvRBIlRSRAGLIITSHS isdtaMideddne tse of

pharmaceutical )gomposition
actor IX.

[0001b] In a second aspect, there 1s provided a composition comprising the conjugate as
defined above, wherein the composition also comprises a pharmaceutically acceptable
diluent, adjuvant or carrier.
[0001c] In athird aspect, there is provided a composition comprising the conjugate as

- defined above, which takes the form of a solution, suspension or emulsion.
[0061d] In a fourth aspect, there is provided a pharmaceutical composition comprising the
FIX-PEG conjugate as defined above and a pharmaceutically acceptable diluent, adjuvant or
carrier for use in treating hemophilia B.
[0001e] In a fifth aspect, there is provided a pharmaceutical composition comprising the
FIX-PEG conjugate as defined above and a pharmaceutically acceptable diluent, adjuvant or
carrier, wherein the composition is substantially free of Factor IXa, for use in reducing the
risk of hemarthrosis, hemorrhage, gastrointestinal bleeding and menorrhagia in mammais
with hemophilia B.
[6001f] In a sixth aspect, there is provided the use of a pharmaceutical composition
comprising the FIX-PEG conjugate as defined above and a pharmaceutically acceptable
diluent, adjuvant or carrier in the preparation of a medicament for treating haemophilia B.
[0001g] In a seventh aspect, there is provided the use of pharmaceutical composition
comprising the FIX-PEG conjugate as defined above and a pharmaceutically acceptable
diluent, adjuvant or carrier, wherein the composition is substantially free of Factor IXa in the
manufacture of a medicament for reducing the risk of hemarthrosis, hemorrhage,

gastrointestinal bleeding and menorrhagia in mammals with haemophilia B.



comprising the FIX-PEG conjugate as defined above and a pharmaceutically acceptable diluent,
adjuvant or carrier, wherein the composition is substantially free of Factor IXa in the manufacture of a
medicament for reducing the risk of hemarthrosis, hemorrhage, gastrointestinal bleeding and
menorrhagia in mammals with haemophilia B. 2a. SUMMARY OF THE DISCLOSURE 100021The
Applicant has deteiinid MIRAARY QAN LIREHMS 61,08 IlInant Factor IX (herein referred to as FIX)
may be enhanced by conjugating FIX to one or more biocompatible polymers so that FIX can be
effectivel)Waratd ?r%ﬂ?’#‘ff@ﬁogal%etﬁ%‘?&ﬁdrgféwga RPRERIRLS Of K SMREREL d #hi9h dfhcturing
propertighcse 1eftde thesaaiktymayrbe duenkighbplidy e Hugatess dGP ORI X conjugates may
provide therapeuti ben?fits, for ex%‘r.?Pple, when coﬁn%%ared to unconii_lygated FIX. Such therapeutic
benefits HRAGERHBIRE HBEmTRAEAoL WicieBed KHeama o RaRRL FRdeE TR hicity, higher
activity, lefeeicdasIROREM)IreThe Bishaabehalionvingdoialtprmativey aitem ahadminisiiaton (e.9.,
subcutaneously). [0004]As used herein, the terms "Factor 1X conjugate” or "FIX conjugate” refers to
Factor X"t R dditieq #ifide a biocompatible polymer moiety that results in an improved
phannaqekingtic prafie.aseempaked tectnesmergstifiad Faeer orlhadprioveEmeRtipdhg o
pharmacokinetic prafile.may he observed as an improvement in one or more of the following
paramet¥PSOBoes F é&bﬁl‘lﬂ?}lépé’ﬁaﬁﬂﬁé% RRRebtivRckple R ERRG AR oL BR38ASFHa specific
embodirsgatishedhgir-psitycfi¥-aanjHgnesfR s g feleir ayel swhstariiallyiee-ai miXa.
Considegg contaminant of FIX composijtions, even trace amqunts of FIXa can result in dangerous
thrombo®¢ 30L8FH TR TR DY SO SthA ALBLe S o ABCHR41875L9), incorporated by
referencpbespin. [A0QGHMheed fierainmtherietsn ISuksiritialtyJree1of RiXagate thergentext of purifying
FIX andlll::IX co[gfl%gat s, refers to g,u%mti,es of FIXa that are ti%ci‘)w lu F1Xa/1000 IU FIX. Small
concentrzifois o Pk A AT BerMEH & Bty 36 THETERITHRG AR E SXTbethth T dR 4 Thromb.

HaemosimpBQk,Aphaf3{4d64560. prd Sy e @nbadiihenis thenamguatratioPia camaminant may be less
than 0.5.u FIXa/1000, IU FIX. In some embodiments, the amount of FIXa contaminant may be less

than 0.2BNRENERI 1808 1P PRE RASRRe Bl SHImEIS DR RP SRS S A R IR ST EY 1893 0.1 u

FIXa/108ébie) dflke £0ROART berearivgationobl| Xamilha biocampaiiie-pely mer erhangas the
separab[iillifétjy Z,ffthe FIX conjugate from FIXa, and thus enhances the utility of FIX in pharmaceutical
composi ﬁ“l. foreover, the biocompatible moiety may protect FIX from degradation and antibody

respons@0iisg FIXiganjpgaiksembydnavet adpsolipngadioireulatiog halfcifeewhicdd iesuiisar a

dose-sparing effect and | equent administration, In a specific embadiment, FIX is conjugated to
one or n?B‘%% eg%%l%eh%' B %?ﬁ%fp&i%@tf’ﬁ% ﬁ‘é@&ﬁf&@ﬂ%ﬁf‘rﬁé’ﬁﬂ E#%Cis conjugated to

one or maieupelysializ acith meigtipsdingetanaibeiepeciiecembeeinmk i, & . isigenjugated to albumin.
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 F1Xa that are below 1u FIXa/1000 U 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 FIXa/1000 TU FIX.

la



[00081Thus in a first aspect, the disclosure features one or more biocompatible polymers conjugated
to FIX via one or more cysteine residues. In an embodiment, one or more PEG moieties is conjugated
to FIX via one or more cysteine residues. 100091In one embodiment, the biocompatible polymer
moiety of the FIX conjugate may be bound to two cysteine residues, which form a disylfide bond in

FIX. ThdPOIGHE, thd Esendesrinmieg ikkar i giecmeaill el YorucTHan sebriscamBIdhent, a

biocompatiblerpRrIveIgh d5t6 FUHORIRY, tand facaeisines tagenaralionnuia bHAdLEuEK 1; wherein the
both -S- are from cysteine residues that form a disulfide bond in FIX, wherein Q represents a linking

group WHREHPESHHE 2 MREPiSErie Qi snRyRatb g e T raRsrBEFE ERo TR Rets3gap)att an
optionallyrskhistitetaeaey| PEOBIRreanyh 1R P WIRRRIR Hislandarawnidnsiing Phenwhhanzoyl and

naphthyl groups; wherein suitable heteroaryl groups include pt)r/i‘ridine, pyrrole, furan, pyran, imidazole,

pyrazoldSBuEBa JoRaRzing HHieiAne ‘SHuisanme: WHERSH 1D stﬁ‘éc}?tﬂﬁ‘ﬁ P e by way of
a hydrolyticaliwdahile:hand 0aeky aaeiabianend: 1001 T iSubptivents Whiehonry §r@msent on an

optionally substituted aryl or heteroaryl group include for example one.or more of the same or different
sUbsit EMESERETEd ol CENEHNB S SRR RYHSLIBENT RISHESOR YOEBRT0002R, SR,
-SOR, -3féific eNblatARnt NRE @RoNIE6PR atbifizO2R, -NO, -NHOH, -NR'OH, -C=N-NHCOR,
-C=N-- NR'COR, -1\I' R3, -NH3, -N+HR2, -N+1-12R, halogen, for example fluorine or chlorine,

_C,=-CRYMBEL R T e ieHppcht MAPRCSE R SRTShEREBS r e RO B HS drogen atom or

conjugated to FIX via one or more cysteine residues. In an embodiment, one or more PEG
moieties is conjugated to FIX via one or more cysteine residues.

[¢009] In one embodiment, the biocompatible polymer moiety of the FIX conjugate may
be bound to two cysteine residues, which form a disulfide bond in FIX. Therefore, the PEG
containing linker bridges the disulfide bond. In a specific embodiment, a biocompatible

polymer is conjugated to FIX according to general formula I:

O}—CS\HX

I S/

[0010] I

wherein the both -S- are from cysteine residues that form a disulfide bond in FIX, wherein Q
represents a linking group which can be a direct bond, an alkylene group (preferably a C.yg
alkylene group), or an optionally-substituted aryl or heteroaryl group;

wherein the aryl groups include phenyl, benzoyl and naphthyl groups;

wherein suitable heteroaryl groups include pyridine, pyrrole, furan, pyran, imidazole,
pyrazole, oxazole, pyridazine, primidine and purine;

wherein linkage to the polymer may be by way of a hydrolytically labile bond, or by a non-
labile bond.

[0011] Substituents which may be present on an optionally substituted ary] or heteroaryl
group include for example one or more of the same or different substituents selected from -
CN, -NQO,, -CO:R, -COH, -CH,0H, -COR, -OR, -OCOR, -OCO3R, -SR, -SOR, -SO:R, -
NHCOR, -NRCOR, -NHCO,R, -NR'CO,R, -NO, -NHOH, -NR'OH, -C=N-NHCOR, -C=N--
NR'COR, -N'Rs, -N"Hs, -N"HR», -NHoR, 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



WO 2009/130602PCT/182009/005763 an alkyl (preferably C14 or an aryl (preferably phenyl) group.
The presence of electron withdrawing substituents is especially preferred. [0012]In one embodiment, of
formula I, PEG is conjugated to FIX according to general formula IT: [0014]Conjugates of FIX may be
manufactured such that they are substantially free of FIXa. Under certain conditions the rates at which

FIX and FIXa rggchwiibgPiocompatible polymer substrate may be differgat. WihaitReing bound by
theory, the difference in reaction rate may be due to the different size (FIX has a molecular weight that

is 11 kDa greater than Fl nd/or different conformatiqnal strugctures of FIX.and FIXa. The structure
of FIX Is SO AT T0SHIER T )T R R QAT (T HBSOL B Fix actvation t
FIXa. As a reghitratrieg sdistitecstsles chminahapisidresithg conjugated may be more sterically accessible to
the polymerg@pypining RGP R, 1??%*1@&k&?ﬁ%d@ﬁ%%ﬁi@'&&@ﬂﬂg%"ﬁ%éﬁ@d faster with
the polymer containing reactant. This difference in reactivity ultimately allows for a'kinetic separation of
FIX and FIX@T‘TB‘Gi%lRecombinantly produced FIX may contain small quantities of FIXa as a
contaminant. Sometimes these@uanyitie§ can be extremely small, on the order of lu FIXa/1000 IU FIX
(Gray et al. Thromb. Haemost. 1 pr, F8{4): 675-9). Under some conditions the rate of formation of
a FIX conjugate, such as Fl G, m %e faster than the rate of formation for FIXa-PEG. In this
situation, a stoichiometric 0 toichiometric amount of the PEG reagent relative to FIX may be
added to the reaction mixturg=Tn this instance, all of the PEG reagent is consumed in the formation of
the FIX-PEG conjugaf&Sy FIXa remains unreacted. Properties of the F1X-PEG conjugate, such as
molecular wE##@f# and polarit9, allow it to be reHdily separated from FDCa using purification techniques

Enown ciin' th%ﬂ%ﬁk]k‘?'@ﬁj@g‘%& 61[3%'11&2&%9 }3@ %ﬁm'%@ﬂﬂﬁ?ﬁd? @r@éfﬁf@@ﬁlﬂﬁ]_ %}?@Eg{ raphy may
e used in the purification step. [0 nder some . condjtions the rate of formation of a
conjugate, sf%ﬁ‘ag@ﬁ?ﬁ?rfg}?g?rf 1?5’5%%{3??%%%%?%%‘%&5% PP R fiese
conditions, stdichéombstigtexeeds difftrer E@iteaybringdiotivibbiotkddt, thayifferadded to the reaction

mixture. In t%&fb‘ﬂ?&ﬂ@ﬁm&iﬁ PR bigRaR YIS ek alof IgEa IR eRnEUMet ibihe foimation of
. FIXa-PEG, while most FIX, if not all FIX remains unreacted in its unconju%ated state. The properties of

the FlXa-PEEFREHHE A er s hiisrentrariRagtaneh oo e b B rlheiHSBParated from
unconjugatesf FIX isshegtdo Figgues, krtovhrirnichities tir. danionredobadinients thevedopnjuiiated FIX is
purified by sizg eXGIUSIPRQr 4§ 'a%!iﬁﬂ%&%&?fﬂ@ﬁ%ra&ﬂ}athgﬁ% 5@&0%%5%%%{& Bl samihen be

conjugated to PEG, which results in a pure FIX-PEG conjugate. 1 e FIX conjugates have one

or more of tSEHMIEGReaFsliGIRitE By RS SaREl R RepeR D E R MTdIE4 BRLBRMHble polymer, such
as, PEG attactmghlrdsidacotijugaterfoasr bétattivaigthen odvaibing-satoan | ks Wilkrand tissue factor, to

yield FactOf4@&%&%}%&&9@@1&%&&%iy&ya%ﬁg?c%éfg&%wm ma¥-Be, determined using the assays

described herein. T00181Compared to unmodified FIX, the FIX conjugates of the disclosure may show

an improvent¥fin ofteeamhirathapmiuted £6F i sretrinamst cetRRSmEFX&ititing area under the
curve (AUCkdommmxaalessaraméCihshalfatifaicplasrbasasitdencedithennd bidavdilability as compared

to unmodifiedf1% 400 117 FIX (Gray ef al. Thromb. Haemost. 1995 Apr; 73(4): 675-9). Under some
conditions the rate of formation of a FIX conjugate, such as FIX-PEG, may be faster than the

rate of formation for FIXa-PEG. In this situation, a stoichiometric or sub-stoichiometric
amount of the PEG reagent relative to FIX may be added to the reaction mixture. In this
instance, all of the PEG reagent is consumed in the formation of the FIX-PEG conjugate,
while FIXa remains unreacted. Properties of the FIX-PEG conjugate, such ag molecular

. weight and polarity, allow it to be readily separated from FIXe using purification techuiques
known in the art, including but not limited to size exclusion and/or ion exchange
chromatography may be used in the purification step.
[6016]  Under some conditions the rate of formation of a FIXa conjugate, such as FIXa-
PEG, 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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[0019]The "area under the curve" or "AUC", as used herein in the context of administering a peptide
drug to a patient, is defined as total area under the curve that describes the concentration of drug in
systemic circulation in the patient as a function of time from zero to infinity. [0020]As used herein the
term "clearance" or "renal clearance" is defined as the volume of plasma that contains the amount of

drug ex&&tET R 9002 1] AS TRt B piawr edhat Siodthe Fdra iy ooniymed & fhext of
adminisﬁﬂﬁﬁt@@@@ﬁ@ﬁﬁm,%ﬂ@% H)@,ﬁ%@@aﬁﬁﬂb@ tineirequred dor i@'@t%'ﬁﬁc@ﬁﬁf’g%%&aﬁon ofa

drug in a patient to be reduced by one half There may be more than one half-life associated with the

peptide HAly deisararigtiss il tiebRihcanngaitasisings raaleabtass sihardiretitéchanisms well
known inithe: arte YewallvileParaied Rela halbliveseerirfingthbsdehniatinedliaha phase. igassociated

with redistributjon, and the beta phase is associated with clearance, However, with protein drugs that

are, for R RIBRPGEHEREIARNEAAR IRa RIS HERY 4R Belariensr gsb BIEaHaRce half-lives. The

precise ipRacieEREGYatienaniainhsupbase andihetapbask fakdivesivall waryhdepanding upon the
size and other&ﬁarameters, as is well known in the art. Further explanation of "half-life" is found in

PharmabBIfiE L BIGEIRBIGRS (1997, DFA Crommelin and RD Sindelar, eds., Harwood Publishers,

Amsterdaoy P 10ihE30K {00REIAS used hereinibe: terme 1asidenae bmeaida dheresdeneof
administering a p%ptide drug tg a patient, is defined as the avegr%ge time that drug stays in the body of

the patiéitaftérdddiny’ 8|PISHOpEHIB RO s G I £ ﬁ@@%hﬁﬁﬁé%ﬁgﬁﬁtiany free of

FIXa depaansiraie/urharoyessaietyciod {1860 Orda GRMAOSIH ARG GO BPRASIAF fis raonjugates, which are
substantial%_ree of FI,Xa(gre less likely to result in thrombasis, In.a sPecific embpodiment, the

composIBIRELGHASHENY Huhs EIX conjpgairs e he SEITkmiPTs rslache o808 SeRrERMSosis. In another

specific gghadiment, the compositions comprising pure FIX conjugates are less likely to result in
arterial thrombosis. [0024]The FIX conjugates of the present disclosure are useful in treating

hemophth 8! As J<¥ePRishin tmetd: Hhe Flgconingatss oftheiinelnsore mensiiatthe severity of a
subject'smeprditiaarsiteshicacnosratigasipartiallyhimibeoxed kiasme ipsdlediacddn fhatsamralleviation,

120 pABSTBESISH O e ComeCH AR il T B SEH SSCAot R HEaR SF Ao inecs,
The ternasnitseaid totieating fied RiEatment of' also means managing the disease state, e.g., hemophilia
o by prolAI0h Fix S REARE St QN Dt dPE ARy SHogive amountof
FIX conpiyaie aadneoniepdiiods:deseripediere te{0OP6 Asdseebheikintie thewpeutically effective”
amount gsgr?ggs Ne %i(;]nizsei%?a Jon ot gh'ug in systemic circulation in the patient as a function of time

from zero to infinity.

10020] As used herein the term “clearance” or “renal clearance” is defined as the volume

of plasma that contains the amount of drug excreted per minute.

[0621] As used herein the term "half-life" or "t;2,” in the context of administering a

peptide drug to a patient, is defined as the time required for plasma concentration of a drug in

a patient to be reduced 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).



that provides some improvement or benefit to the subject. Alternatively stated, a "therapeutically
effective” amount is an amount that provides some alleviation, mitigation, and/or decrease in at least
one clinical symptom. Clinical symptoms associated with the disorder that can be treated by the
methods of the disclosure are well-known to those skilled in the art. Further, those skilled in the art will

apprecidtY it the'thershbetrefs e eEdiRsh tettBmpie b orutirstiod adaisistpHasp R ihefit is
provideditadhe sphiest, [0a2FiiasurailesgRhadimentithe SRR CUMRIISINGLRF 21X

conjugate that is free of FIXa provide for a method of treating hemophilia B with a reduced risk of
thrombo@%}‘é‘%idenced by a reduction in mean thrombus score. [0028]As used herein, the "mean

thrombugegare,” i@@ﬂ@@ﬁﬁ%@lﬁﬁ&%ﬁgm l£RRRRSCARRS: QR Au3LRIRON L freb FOPIROf O

represents completely fluid blood; the presence ot small fibrin dots are scored a 1, several larger
pieces SAESFESIBBEP eSS4 EI6t TS HRATRIRP BECRIHERs I SERBrsiNg S Bsconitealsordich 4

represeni .50lig¢as} aleher seumentiedNaaean MR s-seBRRNaWld Hrdgiermined from three or
more independent experiments following the protocol from Wessler et aL, J. Appl. Ph)ésiol. 14:943-946

(1959). FRRATR SR et EPRRSHROBH BRI ERE PHEC RS SOBI 5 s ss AR A8 iRIYHES provide a
method {ehéhe preribdsetiairaaimanietirngphiliaRninmneiisisresificamhadinsnte ik

compositions comprising a FIX conjugate may be administered to patients suffering from hemophilia B,

who are GRIERIGHE S SiirBielY frocadbie rsetlerMETom a surgical procedure. [0030]The

adminisyggin) of FiX.qanjugates:ie s Ratipalkiputhetieatmant of hareanhiia R paw e combined with
other theraﬁgﬁu;gﬁs, such as, tranexamic acid, amingcaproic acid, Factoralgr{g)rothro_mbin) and/or Factor

X (StuartP EEHC o881 FRAk I RBRRu gateLe BT KA d ReAR Ak g Sy FhRited with a

pharmagebiéeeitycasarivakiecaniaroAs useddaaiein; thedersa phaindeauticalyReegpiahle” when
used in reference to the formulations of the ?resent disclosure denotes that a formulation does not

result inRty UIAURRDIRERIRR 8T SFSrFtstidhahithe! SHfE TR SHBIIHE ot RASEd ALY Suhfridiered by
any knowniakiministatianaegime pioxamnesiisitaidnine kideohyprisangitvits geasiiensg to FIX.

00321Due to the ingreased half-life of FIX conjugates, the pharmaceutical compositions
[ tﬂe onset O%n dcisease or ri‘i%qess. ’?{ne ferms “!t gates AL

réat, -ireating” or “treatment of also means
managing the disease state, e.g., hemophilia B.

10625] The FIX conjugates of the disclosure are useful in treating patients suffering from
hemophilia B by providing FIX to those patients, comprising administering a therapeutically
effective amount of FIX conjugate and compositions described herein.

[0026] As used herein, a “therapeutically effective” amount as used herein is an amount
that provides some improvement or benefit to the subject. Alternatively stated, a
“therapeutically effective” amount is an amount that provides some alleviation, mitigation,
and/or decrease in at least one clinical symptom. Clinical symptoms associated with the
disorder that can be treated by the methods of the disclosure are well-known to those skilled in

the art. Further, those skilled in the art will appreciate that the therapeutic effects need not be
complete or curative, as long as some benefit is provided to the subject.

[0027] In a specific embodiment, the compositions comprising of a FIX conjugate that is
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,

[6028] As used herein, the “mean thrombus score,” is defined as foliows. 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.



may contain a lower dose of FIX than typically administered to effectively treat hemophilia. The
pharmaceutical formulations of the disclosure may be formulated for parenteral administration,
including, but not limited to, intradermal, subcutaneous, and intramuscular injections, and intravenous
or intraosseous infusions. The pharmaceutical folinulations of the present disclosure can take the form

of solutiohE REdpEHeBRYS &rAtisim dhsdrmamed Fint SHRA & YGRS RSB EED PRl
pharmagsuéically deqapiable silHenteaivvant or casperRKieRanding/omtye 1oty of administration.

[0033]The %harmaceutical compgsitions of the disclosure are formulated to_deliver a therapeutic dose

of a FIX [88Aflgate mrie thss SBer B 68 RIS Rl il Ry B RERBFELEAliR N PRSI units (LU). As

used hepeividae @emonisrIRdisRAIMETRItrHlniele 6F tRAe ROIE BCYIRSsIgRBIepLENS is referenced to
the World Health Orgganization International Standard. According to this assignment, one IL of Factor

IX activifFPer G BEOE8y WRRGRIERNS SOPRRT R A T dueai 83 B de 3Rt o o mttistSooled
normal RypAsh BlASMa: A HIGEERSOS dhecRlAgMa.seNs LA RIEAGIObPf oy i, OR3A hThe dose

of the FIX conjugates_contained in pharmaceutical formulation can range from 1 [U to 10,000 IU. In
certain SHIBBANREMEIR dose of the FIX conjugate can range from 100 IU to 5000 1U, or 200 IU to

2500 1Udoxgrtainem bedimentsidh e fduseohigkdXicanjugaie foathbe-akeish260hEMophiut 500 TV,
about 1000 IU or about 2000 IU. [0035]The FIX con'!ugate is admijnistered in an amount sufficient to

treat herSPRTRCEORLEE FHE M ADLaRILRY & LERSRARIN BT ARACHITREC Afeve a

particularxesplt reiethiehanmmalst Piadr X caujtgpiewhariseifective to produce a desired effect,
which is o§tionally therapeutic effect (i.e, b%{ administratjon of a therapeutically effective amount).

For examiirttla "sUrREIERE SRTBRERS, ST aRRO M LnmRnRtJommR Hedy igfeEtive to

reduce the¢iait bemarthiesisehbarahageagasyipiniesitnatiigedingRBit menal hagia [0036]In
certain embodiments, the dosa eftga FIX c%%'g]%ate is a suffjcient, such that the concentration of

circulating EEEo PRI RAFIACE 115 PES T8 SIS T SR B STREB Y IRERTS M composition is
administesett af andosecpcibthddtte € antandratiothofdneotatirvgbacior fotaotatiyniss10 [U/kg to 120

IU/Icg. In nothgre bodiment, the ]%omgosgtion is adminj teregﬂhata{.do%isggg hggj the concentration

of circulgflﬂ}lngmll—saec or X activi f%ﬂ ?&gﬁﬁoliﬁéemegrl.'[ fe %olr}“;?uga e< 0t i€ disclosure can be

used in thesameithatnesasunmddified FIX. However, because of the improved properties of FIX

conjuga gep rmaceutical formulations of isclosure can be administered less frequently than
Cncom B o D L R S o S 8 B R PR e once
daily formaynadified adcerrbinsme - B{XTthengresenit Wiskiosisteradso effecivphsgest diesinphiégimens

whereinhe S derivalivss maybe.dministared ice, dak once aday,once eyery two, tree or
e liaB.

r1:»harmaceu il( ? o oo,
four days, Oor once a week 10 ectlvey reat emopni ecreasea rrequency o administration is

expecteddoirgsuittionprovephtienttdompitbtic enleating 2o snbprved te atml éntroutconias, as well as

improvegn e%g%p;g,qa%%l iltXtr(gvlfi:];xedu%'gr%ﬂ%ﬁo@s%ﬁ?’u%%%ﬁ%@. %cng_l'l%m[%aRc%u zlzgﬁ‘gmulations of the
present disclosure can take the form of solutions, suspensions, emulsions that inclade a FIX
conjugate, such as FIX-PEG, and a pharmaceutically acceptable diluent, adjuvant or carrier,
depending on the route of administration.
[6033] The pharmaceutical compositions of the disclosure are formulated to deliver a
therapeutic dose of a FIX conjugate. The dosage of the FIX conjugate may be expressed in
international units (IU). As used herein, the term “international unit” or “IU” refers to the
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



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

2009/1388E9 P 182608765 4 BETAILED BESERIBTIEed FmEmeyENITIRF 685 The

present FveniiRndescibas: Ahheonygetemhia o JUMBH: 000 aisopebovensin order to provide
a FIX coérH'éJ%ate that is_substantially free of FIXa. The FIX con%'ugates described herein also have

improve bgical Bhb sreamisskisesombbericl mr Ayt stdmnEad IR Rirculating

half-life gfsplasMRrrasidencertinaraseanpaies tamanediliet e (FUIhRIBArgathie.reniaates
described herein are less susceptible to antibody res or_lseii The present invention is also related to
éﬁb‘%ﬁ‘d i

methodSTFSTEDAAR QRUPEBAEGateLuerts SaldH e adseehiridste WCkIX-PEG

conjugaigtibhglBresaptinentismtither wlalastameibads ekksipal Xaoorigeates fatdegatment of
hemophilia B. [0043]The invention is particularly related tg FIX copjugates, in which the biocompatible
polymer iSOG tedl PO ATBPE Ty SteifB FEHDER RS EmEBHInBhAmRE A date is a

FIX-PEG&enjve aiacWhereid HieophmemeHrés, Ganpsiie:.conbeniesitaFhesignenadr more cysteine
residues. In a specific embodiment, the FIX-PEG conjugate comprises one or more PEG groups

simultan@50I§P88End to two cysteine residues that form a disulfide bond in PEG. These conjugates

may be pyossiced ViR el varBlRRYRER Gha diskkide hend, dofpwed Ryaadgagtisnsiyvitgh the PEG
moiety becomes bound to both thio groutpﬁs. The r,esult,ini FIX co%ate contains a PEG moiety that

bridges Mo SHffAaen Rt PSR RS BINADE0LAYRE ComBdSitndbttisvention comprise

FIX-PEGgpaiigrigstiwadompsibsiantialiiiae el biXaotheuchmpogitads @htipgainyention have a

reduced thrombus score, compared to compositions FIX that contains trace contaminants of FIXa,
thereby Fér&H]:ﬁHBg Factor IX activity 1s 10 [U/kg to 120 TU/kg. In another embodiment, the

composition is administered at a dose such that the concentration of circulating Factor IX
activity is 20 IU/kg to 100 IU/kg.

{00637} The conjugates of the disclosure can be used in the same manner as unmodified

FIX. However, because of the improved properties of FIX conjugates, the pharmaceutical
formulations of the disclosure can be administered less frequently than unconjugated FIX.

For example, the FIX conjugates may be administered once weekly instead of the once daily
for unmodified recombinant FIX. The present disclosure also encompasses dosing regimens
wherein the FIX derivatives may be administered twice a day, once a day, once every two,
three or four days, or once a week to effectively treat hemophilia B. Decreased frequency of
administration is expected to result in improved patient compliance leading to improved

treatment outcomes, as well as improved patient quality of life.

3. BRIEF DESCRIPTION OF THE DRAWINGS

[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.



. the risk of thrombolytic events including, but arc not limited to, venous and/or arterial thrombosis.
[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 FIXa conjugates in conjugation reactions with
biocompatible polymer moieties. This results in the kinetic separation of FIX and FIXa. In one
embodiment the bigcompatible polymer is PEG. [00461The FIX conjugg{@s:pid@parmsent invention
have an impr&%@{gﬁg??n%cokinetic profile as compared to unmodified FIX. [0047]Another aspect of

the invention is a method of treating hemaphilia. B compris q g'ﬁtering to a patient in need thereof
. ETAL D P HIF Q X . .

a pharmaceuticafcompdbtiSH-cotaprdiers Ep]jha'rmaceutlcally acceptable diluent,

adjuvant orgagrier. Ag Used Rercing WRLAY tBOEHsRAEE 30 B idcsthgmibrierring to the

I
administratjion of FIX conjugates of the invention, the, ;Q{E] a P ti%pt inf% gl tﬂ%r "refersto a
patient whaHEBBERPHRIgA BERAF AR et BRI dh S PRHEHEREY iR Factor 1X 4.1Recombinant

Factor IX [Qe48)Recanbibal idractdso Xapsonpesddiyidegicaiethinistimronkinicnscactéae contemplated
for dervatiag, a0 EUNGRIRIL ) AESQILANGE IR PIRSST S IMBNIGIRigiaras FIX can be
0 or

produced using me sse in one or more of the following patents . and Publications, each
incorporateeiyzreddeanseodii¢f B P hRTeFeiINRSUREFASH @?@%Qﬁﬁ%i‘fg. 8968,275 , 5,171,569,
5,888,809, §234ise% lnteynatienahénpiitapenditinieationiNos W@:2005/080889, WO 2006/101474,
WO 20061089613; U.S. Application Publication Nos. : , 2006/0121574,
and 2006/03?@%@&.3[’68&@%?%%%2{%% 80%3%?%%%%%2§b9§%%9%%?§5 3[c-‘)%ﬂfafeeze-dried. In
preferred emboditedts, Rr@emﬁfﬁé?m@ﬁé@rf%ﬁﬁﬂi%&%ﬁmf@é‘i’é‘%g MBI ®mbodiments, the
FIX has begp.gxpasedda-snepmtectants, e.g., sucrose or trehalose. In preferred embodiments, the

FIX has not gesn expased {0 S RRIOIRCIaNIS: it SHPORG ALHE Al SRtk actor X Coniugates

biocompatible polymer is conjugated to one or more cysteine residues. In one embodiment,

the conjugate is a FIX-PEG conjugate, wherein one or more PEG groups are conjugated to
FIX via one or more cysteine residues. In a specific embodiment, the FIX-PEG conjugate
comprises one or more PEG groups simultaneously bound to two cysteine residues that form
a disulfide bond in PEG. These conjugates may be produced via reductive cleavage of a
disulfide bond, followed by a reaction in which the PEG moiety becomes bound to both thio
groups. The resulting FIX conjugate contains a PEG moiety that bridges two sulfurs that bad
formed a disulfide bond.

[0044) The cornpositions of the invention comprise FIX-PEG conjugates that are
substantially free of FIXa. The compositions of the invention have a reduced thrombus score,
compared to compositions FIX that contains trace contaminants of FIXa, thereby reducing
the risk of thrombolytic cvents including, but are not limited to, venous and/or arterial
thrombosis.

[6045]  The present invention also relates to a method of purifying FIX from FIXa by
taking advantage of the diffcring rates of formation of FIX conjugates versus F1Xa
conjugates in conjugation reactions with biocompatible polymer moicties. This results in the
kinetic separation of FTX and FIXa. In one embodiment the biocompatible pblymer 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. Asused herein,
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. [0050]Compared to unmodified FIX, the FIX conjugates of the invention may show an improvement in

-one or more parameters of the pharmacokinetic profile, including AUC, C., clearance (CL), half-life, |
plasma residence time and bioavailability as compared to unmodified FIX. The FIX conjugates may
have increased clinical activity in vivo as compared to unmodified FIX. The conjugates of the invention
may have improved patency and stability. [0051)The FIX conjugates, desgri c%h rein, can be purified
and isolated frvowr“-)nzmg%éﬂ{?% chromatographic methods known in the art. T%%T/?n&e ﬁ%%”gﬁsclude, but are
not limited to, ion exchange chromatography and size exclusion chromatography. The FIX conjugates
of the invertibe Kfvaipmie Sreprnbiiionns Bhfcorinanin et Bf isamder i EaRfiRTARS of FIX can
be activategded\heechl frefeto tod adicMitghandstinsh eikaatetdtaialehiophing Bad/bbes biological activity of
FIX conjug%tgc{gw?y t%%cchrtﬁr(mined using the assays described herein. 100521 The FIX to be modified
in accordanCe with the Invention may be obtained and isolated from natural sources, such as human

JcepadingnbRa A the invention may be expressed recombinantly.

plasma. The FIX to be rAddifi
onent of the conjugate. has the sequence identified as human
e e

Jovdiiatatiala il

[0053]In on odigent,.the FIX co
efg&i‘r{?ﬁ wecf."}?fpdm 25 e sequerce

FIX identifi igure .ernat_lvecﬁ/, sequent / _ .
2009/130602PETRBEAF00de0 5B a &rrudifieki uepiiuy massedaerinvitivdaresett imuretehanges in the

amino acid peuRRTEXIBIRG R Ielimitadie iRsatipnscdelptions arsahstiutigns. [0054]A

FIX-PEG conlu ate CIna 1Ie%pl to inc;teased ci;;c l%tin half Iife.?ged fglr%%gé%{glsédgncg gitm_e, decreased
clearance, &AG INCreFed Hititarat i%’lf)‘?' PAVE. EIX Fﬁeanf % hodifte y covalienfﬂly f)lr‘{ding a

polyethylen¥ . §lyRaeimd dlgmbRERidlfgh Solid 66 o8 &5 809 arfifid 0/] Iustduisahalerlipaiiobut not limited to

lysine, hiSti%’iMic%QHmlﬁ,; wgét%gfmdsglww;zbr?@qmssr@ @N@ﬁﬁi@%@ﬁ vl ﬁﬁﬁtmtmﬁer_minal )

a-amino and C-terminal car r the pr. . thyle ymer units can be

linear or brar 8?:?‘.%53%]%:@ @?Eég‘gé@@iﬁ‘%&?éW%&1&5#‘.%/%@%‘[1.#{993%%%%% or subcutaneously
“via injection{0T#f FIXuPEGecorjodatentnaledbd ibe feemiytatolifal arbtemrdirstritipntiredtablet,

capsule, SOWHQIALFHSHE 1T R.{ ABPEIANSBRIRSES Of HREANVRRIION d5ri BibEESR #OM0ate, wherein
PEG is bound to one or more amine groups of FIX. Another a%pect of the jnvention, is a FIX-PEG

conjugate, WHePEFPED SIS RGRIGHS SIS ESTHY (5°8He B MBI ¥ hoxy! groups of FIX.
Another aspedtodithatinthe MiErasnat BéREBscd mjugam etdrengsa o) yethyde netghatodepolymer is bound

to one or more alcohol g{gupsﬁc@g(lm%[&g ific embodiment, a PEG containing moiety may be

bound to a cysteine thiol side Chain: Tn another specific embodiment, the PEG containing moiety may
bridge two ¢9888ine thiehgaodps thatofbified ¥ sthiéi TEbond gatesatiVddiention may show an

improvement in one or more parameters of the pharmacokinetic profile, including AUC,

C s clearance (CL), half-life, plasma residence time and bioavailability as compared to
unmodified FIX. The FIX conjugates may have increased clinical activity in vivo as
compared to unmodified FIX. The conjugates of the invention may have improved potency
and stability.

[0051] The FIX conjugates, described herein, can be purified and isolated from FIXa via
chromatographic methods known in the art. The methods include, but are not limited to, ion
exchange chromatography and size exclusion chromatography. The FIX 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 XIa or VIIa 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.

[6653]  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

“9.



. [0057]Another aspect of the invention is a FIX-PEG conjugate where a polyethylene glycol polymer is
bound to the lysine residue. The 6-amino group of lysine in FIX can be readily PEGylated by a variety
of techniques, including but not limited to alkylation and acylation. [0058jAnother aspect of the
invention is a FIX conjugate where a polyethylene glycol polymer is bound to the N-terminal a-amino
group. The N-terminal a-amino residue of FIX can form a PEG conjugate a variety of techniques
including, but Rt fAEE3 alkylation or acylation of the N-terminal a-amfifd §F&y® T%1659]Another
aspect of the invention is a FIX conjugate that contains one or more PEG conjugated cysteine
residues. THeoEBHRyatENGREA doPREderpotaare 5taRse FdRIvBIMAYAaMEhe cleavage of a

disulfide (-Sﬁﬁﬁ@@@u{ggﬁw@mq,@mmgimabw aibesaredRipcompatible polymers is attached to
FIX through orm e re5| ues. speC|f|c mbo |me b|o atlble polymer
moiety of thg?@%é con}j%g)ie |58bc°nH1§% 5 BvG (:e astaﬁrécheagl FES WG q}hol?;{nefa Eﬁsﬁ &bond in WO
2009/130602F¢T¢e BReOBIOB7S 8l FInds mmasgb@iﬂ@dmﬁomemmh@ﬁ@@yﬁmymer is

conjugated {R.kiRc@EF oA IINGAQ theiaengial larpuias Qb1 o IAABURESHGne or more of its
amino acid residues including, but not limited to lysine, histidine, arginine, aspartic acid,
glutamic acid, serine, cysteine as well as the N-terminal o-amino and C-terminal carboxylate
groups of the protein. Polyethylene glycol polymer units can be linear or branched.
[0055]  The FIX-PEG conjugate may be delivered intravenously or subcuteneocusly via
injection. The FIX-PEG conjugate may also be formulated for oral administration in a tablet,
capsule, solution or suspension,
[0056] One aspect of the invention, is a FIX-PEG conjugate, wherein PEG is bound to
one or more amine groups of FIX. Another aspect of the invention, is a FIX-PEG conjugate,
wherein a polyethylene glycol polymer is bound to one or more carboxyl groups of FIX.
Another aspect of the invention, is a FIX-PEG conjugate where a polyethylene glycol
polymer is bound to one or more alcohol groups of FIX. In a specific embodiment, a PEG
containing moiety may be bound to a cysteine thiol side chain. In another specific
embodiment, the PEG containing moiety may bridge two cysteine thiol groups that form a
disulfide bond in native FIX.
[6057]  Another aspect of the invention is a FIX-PEG conjugate where a polyethylene
glycol polymer is bound to the lysine residue. The s-amino group of lysine in FIX can be
readily PEGylated by a variety of techniques, including but not limited to alkylation and
acylation.
[0058] Another aspect of the invention is a FIX conjugate where a polyethylene glycol
polymer is bound to the N-terminal a-amino group. The N-terminal g-amino residue of FIX
can form a PEG conjugate by a variety of techniques including, but not limited to alkylation
or acylation of the N-terminal g~amino group.
[6059] 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.
{8060} 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

moicty of the FIX conjugate is bound to two cystcine residues which form a disulfide bond in
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. wherein Q represents a linking group which can be a direct bond, an alkylene group (preferably a
C1.10 alkylene group), or an optionally-substituted aryl or heteroaryl group; wherein the aryl groups
include phenyl and naphthyl gups; wherein suitable heteroaryl groups include pyridine, pyrrole, furan,
pyran, imidazole, pyrazole, oxazole, pyridazine, primidine and purine; wherein linkage to the polymer
may be by way of a hydrolytically labile bond, or by a non-labile bond. [0062]Substituents which may
be present on%f #1984 substituted awl or heteroaryl group include fC&ZBAMIESHE or more of the
same or different substituents selected from - CN, -NO2, -CO2R, -COH, -CH20H, -COR, -OR,
-OCOR, -00MR2RIn-SktheBORIASORR(NMCRPEMNRGOER, isNM(DO2H, to-RIR' @0R2&1g MO, -NHOH,
-NR.10H, %%ﬁ&]ﬁ%ﬁnﬁ N-- NR'COR,-WHR2, -N4112R, halogen, for example fluorine or chlorine,
-C=CR, -C=CR2 and 13C= CHR in which each R or R1 independently. represents a hydrogen atom or
an alkyl (preferably C14 or ﬁxeferably phenyl) group. The presence of electron withdrawing
substituents is especi prefer d. o 3]In yet another specific embodiment, PEG is conjugated to
FIX accordifft§¢dlthe g%gg" formul®: [0064] PEG F | X [0065]There are several different types of

polyethyleneﬂg&b&@m@bte@a{ﬁ hati festp canhigaies H\dﬁk’eﬁl%n'ﬂhﬁfemybdkmnf EG polymers that
contain a sipgl len col chain, and there.are hranched g [ Jpolymers.
Branched p y%fﬁ% nela/dlﬁfcﬁfgfgnetgfr?gp 8}‘ More ms)ré%%rgltlg ﬁr%ggaf%@c%n]%afn oun together through
a unifying growpeirieesdranrstine HE chppilane perhylis8o8BUnd together by a lysine residue. One

linear PEG ghajgidsskioimnchie:thaa-atupoisioue pyviiie. theraikef.REGehaimiribeld to the s-amino
group. The L?Q%pép%gz%ﬁg’og rlugz éoprgégcﬁng%l&{epcore is left available for covalent _
wherein linkage to the polymer may be by way of a hydrolytically labile bond, or by a non-
labile bond.
[0062] Substituents which may be present on an optionally substituted ary! or heteroaryl
group include for example one or more of the same or different substituents selected from -
CN, -NO;, -CO:R, -COH, -CH,0H, -COR, -OR, -OCOR, -OCO,R, -8R, -SOR, -SO:R, -
NHCOR, -NRCOR, -NHCO;R, --NR'CO;R, -NO, -NHOH, -NR'OH, -C=N-NHCOR, -C=N~-
NR'COR, -N'R3, -N"H;, -N"HR,, NH;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
an alkyl (preferably Ci¢) or an aryl (preferably phenyl) group. The presence of electron
withdrawing substituents is especially preferred.
[0063]  In yet another specific embodiment, PEG is conjugated to FIX according to the
general formula:

Q
FIX

PEG
[6064] o

{0065]  There are several different types of polyethylene glycol polymers that wili 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 cxample, two PEG polymers may be bound together by a lysinc residue. One
linear PEG chain is bound to the a-amino group, while the other PEG chain is bound to the e-

amino group. The remaining carboxyl group of the lysine core is Icft available for covalent
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. WO 2009/130602PCT/1132009/005763 attachment to a protein. Both linear and branched
polyethylene glycol polymers are commercially available-in a range of molecular weights. [00661In one
aspect of the invention, a FIX-PEG conjugate contains one or more linear polyethylene glycol
polymers bound to FIX, in which each PEG has a molecular weight between about 21cDa to about
100kDa. In ano(t)hz%r %?si%&%t of the invention, a FIX-PEG conjugate contajpsppa@fiaafe linear
polyethylene Siycof’ olymers bound to FIX, wherein each linear PEG has a molecular weight between
about 5kDa to about 40kDa. In certain embodiments, eacliéli ear PE hfas a molecular weight
between aBHAPSIBEES BIGTIR- 2BADENRT B RPEHHBYTH ﬁ[(lgl,eega%‘f? medr BEE has a molecular
weight thatcsrahaetialp ddaitabln iaertaigesibotinbntssighish linear PEG has a molecular weight that is

955 thar 2By 0 KDanihaligas g edimen e ieFede fuR G ARk eRorians more 1ar

one linear olymers bound to FIX, for example two, three, %\r,éfg%r linear PEG polymers bound to

FIX. In d sdRsaniystirrealysAbrrhRep e by ethie §ate d COHELRY Y B’E‘é"gc% ymers, where each
linear PEG-haghaynolesulasuvaighteobaheaddDkDm {086#1ApEdeREGroenjivgatd Bf-#iSiinvention may

contain one or. more branched PEG polymers bound tq E1X, sineacbarched BEG has a
molecular WEIJREESRTEER & %ﬂ%&ﬁ‘éﬂ;ﬁ%@ﬁ&%ﬁ%ﬁﬁ g%@ﬁl[er asfg}ect of the inyrention, a FIX-PEG

conjugate cenitdineaoPBGDhanpreolsratstredsbbhyEtssTerew ISt poR e AOHRING 661X, wherein each
branched FL¥has:RmoleouakweishiiashveascalpwtikDaiocab b SkDatd aboer tik@mbodiments,

each branched PEG has.a moleculay. wei etween, about 5k a %5290% Iﬂlcertain
embodimeﬁ%?%ﬁ&heﬂwgﬂ‘qﬁé}aﬁ%aﬁgr%ole% ar weight ‘fﬁ%ﬁl%l?st%tf)%%lo kDa. In certain

embodimenistaachiodimehisceRE GnbaPEGiviee maleobiyweighithetisdssathanabeut fokda. In

particular eghodimentsibaireHae fibk BE Frromivoaie Ganisinea Mo ihaacne branaied PEG
polymers bound to FIX, for example two, three, or four_ br ncheg]%’GECéLfé)gb ers 5’%“1’-‘19(?0 FIX.Ina
e

some embdtBRIEDIA E X A e 86%6%%3’&%%?&%5 %a(%’ eraarnc. polymers. where each
branched PEG soas anthodiensy, tve KJpt-BEGbouiutadDenfdoos v tiresr PEP Py BEMHiUY2AEs may be

purified by ghromatogmefis MeEtQdsknRewR iF t8s.a1b imsjuding, but not limited to ion exchange
chromatog_rfdé%%and size exclusion chrom\%tfoegraphg. 4.3Methads of Produ%nﬂcﬁggﬁg X Derivatives

4.3.1. Tech s foPtEEPEE AENERE C I KR T S OB A Bimber of methods exist in the
art for formipg)ypodpcitytiene i cohooi egetddirohd@PEG hted wmptteiiis veigbuEvTeBRIWantage of

these technigues are thabsey. WeREUIR0BORRGHIRRA0ICEFES asgaleckvadny cysteinc, which

means that other side chains remain unaffected by these meth Inhschemezﬂlgli trt}:%eadctivated

disulphide, PECT SRS AR RIRIAES RYSRIPRYHTIBIETD Porm e Fhote Stabia

e symmetric
disulphide. Frsthemadizcdaeystipindcosich ebrab SkdwithhREG Rk dmidea i arebadistaddition to the

activated doybie, hRpptinadtishaglAddiieRagacion<l shemolacdsenivoatsaatiackasine thiol on

the activated terminal vinyl group of PEG-vinylsulphone, yields t_he EG%I d st%rlle residue_. In
scheme Id tfabegEnsR{e mﬂ%@ﬁ?&é&?ﬁ@%ﬂf&%‘?ﬂ% WE{@I‘% aﬁl’r?cag‘ffgék ?CESB ?ie% FE'BEG conjugated
cysteine resigisedinehtmech branched PEG has a molecular weight that is less than about 10 kDa. In :

particular embodiments, there the FIX-PEG conjugate contains more than one branched PEG

polymers bound to FIX, for example two, three, or four branched PEG polymers bound to

FIX. In a some embodiments, the FIX-PEG conjugates contains two branched PEG

polymers, where each branched PEG has a molecular weight of about 10 kDa.

[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.

43  Methods of Preducing 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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- [00701Two 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 WO 2009/130602PCT/132009/005763 group,
such as, e.g. a sulfonc. The subsequent elimination to a second cnone, followed by 1 4-addition by the
remaining thiot1844% {3 1Ha bridged disulfide with a PEG group attached.szﬁg%ﬁogé}féﬁl]The

technique shown in scheme 2 can also be used to prepare a FIX conjugate with two or more

independentiP B v dbiety ein gareh meps tharhe iin phaing TmeinaneEatsd it@esend is reduced
under contrellashaengitisnsnyell knowrvndhe anbiasllrst B shmpiabyisithemaliached shareto in

accordance with scheme 2. Subsequently, a second.disylfide bond is reduced, for example, under
more complté\t{@ ?éﬁu%%%%%lﬁldelt%a%s W erﬁ?{‘?ltxol\?v%sl‘ﬁﬂ? e%#’f‘,&%&%‘gn ’5@&%%1%?5 f/“;% ﬁ‘?’éﬁr?%ttached
thereto, agawitnPEéeoredesaidanitia sdriemddtiontistinafiteteg frudedand temMishesheddivms necessary.

4,3.2. MethogzafPadkréng 'I@melnﬁ%?@‘é%@{dﬂ?%}%@ﬂ@ﬁt&@@&ﬁ%@@&bﬁﬁiﬁ%ﬁﬁ;@ igsggpatible
|

polymers provides a method with which to produce highly purified FIX conjugates. In particular,
methods of PSPy BIEUBMtYaLE ?ﬁ?‘t'hféErﬁ%%éeﬁlcccé’ %?qﬁ%p?,“é\?ﬁiIg‘r?f)]?‘?m%%ﬁ%%egg%jugates are
especially athisintaglecwsshCodidmetesnot Boxhihaptoek eadityd sbpBFteddrpaick 0vatbyechromatographic
methods sughigs.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>*&&M&rhe 3 FIX + FIXa

PEG—§ = NH H NH H
a e S N
R R e
8] O
PEG-orthopyridyl-disulphide cys
O NH - NH
Y s N
CH + HS. N ——  PEG S N
PEG™ NF 2 \/k[r \g ;\ %, \/lY \g
\/ S o’y He 8
PEG-vinylsulfone cys '
NH H NH H
¢ PEGN, | \y\)\n,wé —— A s\)\n,u\g
] O N O
PEG-maleimide cys PEd O

N NH O NH
H H — H
d + PEG.. S N
GO N
H
o] e} &)
PEG-iodoacetamide Cys

[007¢] 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
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- PEGpurification ) FIX-PEG + FIX + FIXa FIX-PEG WO 20091130602PCT11B2009/005763 [00741To
a reaction mixture of FIX, in the presence of a trace amount of FIXa, is added a stoichiometric amount
of a PEG reagent. In one embodiment, the PEG-reagent / FIX ratio in the reaction mixture is from
about 0.1 to about 1.5. In another embodiment, the PEG-reagent / FIX ratio is from about 0.1 to about
1.0. In another, iment, the PEG-reagent! FIX ratio is from about 1. /ﬁgh n another
embodiment, tﬁiggﬁgi-gaega%ent! FIX ratio is from about 0.1 to about 0.5. %égnotgg{%iﬂrsﬁggodiment, the
PEG-reagent / FIX ratio is from gbout Q.5 tg about 0.7. In another embodiment, the PEG-reagent! FIX
ratio is fromEBBE B SEALRT159 ST HES S ECERHIRHE THE PR ES MHE M e added to the
reaction mixtdredditemebg!liar gendiniap dtlvé icedsho theritenigah diREReredly e ftiS andedtsidwilly over time.
The PEG-reagent may be added over a period @fup,ia about 1, 2, 6, 12, 18 or 24 hours. The progress
of the reaction may be monitored by methods including, but not limited to mass spectroscopy, fast
protein liquid chromatography (FPLC) or dodeoy.sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). It is important to ensure that FLXa ig not being converted to a FIXa-PEG conjugate. In
one embodiment, FIX is nearly quantitatively £ 2 to FIX-PEG. In §iiGther embodiment, FIX is
converted to FIX-PEG at appr%}maa m'e 0 98%Fcohyersion, nversion, 60% to 70%
conversion, 50% to 60% convérsion, 4096 to 50% conversion, 30% t24Q% goj:y;rsion, 30% to 40%
conversion, 20% to 30% conversion or 10% to 20% conversion. Unreactsd FiX may be recycled, and
undergo additional conjugation reactions. [00761A FIX-PEG conjugate may be readily separated from
the reaction mixture via ion affinity or size exclusion chromatography. Aftef the separation step, it is
important to ensure that the resulting FIX-PEG conjugate is substantially ffee of FIXa. This can be
confirmed by the methods described in Gray et al. Thromb. Haemost. 199%4pr; 73(4):675-9, or the
methods in Section 5.3 bw\ﬁlln another embodingnt the rateéyi%qtion of FIXa-PEG
conjugate occurs faster th r FJXPEG. Bhreact IX igithehseparateyl from the FIXa-PEG
conjugate by chroma%&r_a%hic mathods describeéd herein.n order to prodtice-plire FIX-PEG, the
remaining purified FIX may undergo a further PEGylation reaction. Scheme 4, shows how purified
FIX-PEG mzflla/ be synthesized under this circumstance. Scheme 4 FIX + FLXa PEGFLXa-PEG + FIX
purification E&] PEgpﬁ: feé%_qg own 1n scheme 2 can also be used to prepare a FIX conjugate

with two or more independent PEG moieties conjugates thereto. For example, a first native

disulfide bond is reduced under controlled conditions well known in the art. A first PEG
moiety is then attached thereto in accordance with scheme 2. Subsequently, a second
disulfide bond is reduced, for example, under more complete reduction conditions well
known in the art. A second PEG moiety is then attached thereto, again in accordance with
scheme 2. This multi-step procedure can be repeated as necessary.

4.3.2, Methods of Producing Hichlv Purified FIX

[6072] The conjugation of FIX to biocompatibie polymers provides a method with which
to produce highly purified FIX conjugates. In particular, methods of forming FIX conjugates
in the presence of FIXa, while not forming FIXa conjugates are especially advantageous.
Conjugates of FIX may be rcadily separated from FIXa by chromatographic methods such as
ion exchange or size exclusion chromatography.
[0673] 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

-
FIX + FIXa -8 FIXPEG + FIX + FIXa — 800 o BIX-PEG
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- WO 2009/130602PCT/D32009/005763 [0078]Under these conditions, a stoichionn,iic excess of the
PEG reagent relative to FIXa may be added to the reaction mixture. In one embodiment, the .
PEG-reagent / FIXa ratio in the reaction mixture is from about 100 to about 1000. In another
embodiment, the PEG-reagent / FIX ratio is from about 10 to about 100. In another embodiment, the
PEG-reagent / FIX ratio is from about 1.1 to about 10. [0079]lt is import at all of the _
FIXa is consuti8d i thefdrmation of FiXa- PEG. The properties of the %}g@g@{ﬂ%ﬁ%gme, such as
molecular weight and polarity, allow it to be readily separated from uncong'u ated FIX using techniques
known in thB%#1 In cheagrssBenEHEre e dhiigaiewnepele farmnosy ﬁg}é@dﬁgﬁgﬁdor gel filtration
chromatographiniodMethadsafohs FatngaBiato ghoalAeihdtim@O 303 TG HEXgconjEFatesof the
invention haye, one. of, are, 9L 1% BiolRgial AEles o ynmasileth bk Methadser. determining the
activity of a Fi conjugate prepared according to the methods of the present invention can be carried
out using mieaseets WAIrRAGEFamirRow . sloabar &bnk srageractsrpattlBFSHBTHIAstin time
assay as degxikad ingd Seampiao Biggsi (1 9Fk2adimambBlcac £ ohgpGomntacFostasis and

Thrombosis,(d, 1) Oxiqrd, Blackeel Seientiic, og 34 Bl o assarie fiologieel activity of a
FIX conjugafe déve oped according to the methods of the present invention, the assay can be
performed wipne@o4e obtuhfcs &t aratbenerymsimentnitnRBOpaagmtreBlgeitippdaarberihblasma

isolated frony axpatient with hemophilia B using sterile phlebotomy techniques well known in the art,
“and normal d plasma as standard, e sample. In this, a one,unit of activity is defined as
that amou n&a%itivit?‘ﬁf&%ﬁqcﬁ?%ﬁ%’ %ﬁﬁ#@r B %egrpr%ng?’ggc?@gdsp\ls%a},%rﬁéﬁgﬁ%h%%%ﬁ g‘égré%/ for biological
activity basebagge.tie moifisr enbalinerethedEhecebstingrtded oplaovma froem HpEHEHcient patients to
normal can Reperfprned asdesaribrgida Jogexampe, Brector ang:Ranapertiidgigaemer. J. Clin.

Path, 36: 212). The biological activity of FIX conjugates.to ensure that there is no FIXa contamination

may be detdIRER AL EEAy BBy LRSI S B £ BRrPASe el

Compositioffisst [#0@1 TiheipcesemtagurahtdRticlAtestwipibsmttoptizairbmisesitions containing a FIX

conjugate agihe ariuGRerrdieitEl he ﬁ%ﬁ?h@@t&mﬁm@ﬁm ladesnitharhamaageutically
-life

acceptable carrier. Due to the increased ha f the FIX conjugate, the pharma ical
cOmpositiodS Ay ESEIE Ao NP ERES R%th BASERGS ﬁ%ﬂi"s%gr‘éod&gnee é%%ﬁ/%tl'y treat!
hemophilia BEGhénphattmaasutibakiorfid aionsofthe FiveREoremay-@emigidy 80% to 90%
2009/130602RCT/A52009/006763, [QuRKIatesh 15 PRYRIRTlRAMIBIS AP GG 4oys not limited

to, intradermal, subcutaneous, and intramuscular injections, and |ntrav$nous or intraosseous infusions.

The pharma@é?ﬁ&&??&?ﬁ#ﬁfh@g?{%t%f%/é%nggmqﬁ%ﬁ%ﬁoé/éﬁ%‘ifés% St Df E8lutions, suspensions

or emulsionsadinatdinal ud 08 Fd X (26 rpnyeatsos uChres: RE LK emyczl e end difiectwitterwlyethylene glycol,
and a pharrgg&&gﬁ&aé%&gg&&{q@aigﬂgent, adjuvant or carrier, depending on the route of

administration. ) , . .
[0076] A FIX-PEG conjugate may be readily separated from the reaction mixture via ion

affinity or size exclusion chromatography. After the separation step, it is important to ensure
that the resulting FIX-PEG conjugate is substantiaily free of FIXa. This can be confirmed by
the methods described in Gray et al, Thromb. Haemost. 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

rification 5
FIX + FIXa —EBS s FIXaPEG + FIX —o 808 o prx ~EEGL o prxepEG
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. [00821The pharmaceutical compositions of the invention are formulated to deliver a therapeutic dose
of a FIX conjugate. The dosage of the FIX conjugate may be expressed in international-units (IU). The
‘dose of the FIX conjugates contained in pharmaceutical formulation can range from 1 U to 10,000 U,
In certain embodiments, the dose of the FIX conjugate can range from 100 U to 5000 IU, or 200 IU to
2500 TU. In centajn embagdiments, the dose of the FIX conjugate can bepgaaubaddfobsssabout 500 U,
about 1000 IU or about 2000 1U. [00831In some embodiments, the pharmaceutical compositions of the

invention display an advantageous irnmunogepicity profile, for.ex le, compared to an analogous
pharmaceu’c@gﬁ:omyélgﬁféhcgﬁ iﬂﬁlggfﬁﬁsgﬁtsé[g’ﬁg&m n cer gﬁﬁs8&%%?&5%%?%%{%&?:%aceuticalg ;
compositioi&Xfths teadrtibie drersaliiswmmtictiye| de onaembadigenic e L GriaisosuS Breidtiaceutical
ccr)]mpositio&qﬁg&gg@gga@ﬁ@%&gg%tmi@I%&gqﬂmg{m _ ' ?Fg.g&age‘q @mﬂqugbl irPgn_ts, such'
armaceutical compositions with advantageous.i nogenicity, profiles ar able of bein
zdministeré"aaﬁ?’é’i /p%ﬁ%ﬁigdﬁgﬂﬂﬁ%%é@ﬁ%%%ﬁalﬁp% i ﬁ{eetl%{%%dgﬁrrlga%ﬁles emophi faB. ) ’
4.5Method DX fat@atiripid eboeohiliso BHO88] The FIX conjugates described herein provide a method of
treating hemgpbjlia B, The Aharmaesulicalaampesiions o thrimentian aemiarmuatastio deliver a

therapeutic dose of a FIX conjugate. In certain embodiments, the dosage of a FIX ¢onjugate is

sufficient siEPthAbemeceeiiee Af RS G RRG seninerie sk aomPiRcal e 4 AR o 150 1U/dL. In
another emfagimentethadimpasitenfieadonjsteretifikados edudiutdhthe dotheantrdtion of '

circulating ¢ aeiih @Sy BIRehiS AR WA IodaRdt ik, 1t gl eaahedingnt, the composition is

administered at a dose such that the-concentration of circulating FIX aclivity in a subject is 20 TU/dL. to
100 1U/dL. [hosBazEshye embodiments, the activity of the FIX conjugate is about 100% of that of an

analogous unconjugated.FIX. Mdhsae dbadimeBisiotiepatiiiinof the FIX conjugate is greater than
about 80%, 60%, or 40% of that of an analogous unconjugated FIX. In preferred WO I

2000/1306098#01r/11 FreF8 0 TR Ehnb i imesndonavs A r Brie IR Polotigeleeiy iSater than
about 20% ef thabeffra Fnalogahsds ReaRiygaiteasih sMiite JTatHieterjeghtéhespatidity can be lower
than 200, S e e BARIE YR S0 ANF R RS YANIPIRINSIY Hagdearpared lo non -
conjugated T—LIC)?%% %iﬁgor pa(flents regelvmg the FIX conjugate, tﬁgr FI% activity may need to be
monitored dypermetieaprafelsaicrrie WFWM]H@Q%%@%@&%@?@ AssragsAets e ddministered
to patients sulfferiagHee) BREQPHIarBWROBMEITERIRION HHraaaNE g Tahdais gizal procedure.
(00871 Furthg 0K TSI FOBMGRIES SERTUDSORYCI AL, TR RHSAUIPLRINAY YR PR |
| | conjugate developed according to the methods of the present invention, the assay can be

performed with equal volumes of activated partial thromboplastin reagent, FIX deficient

plasma isolated from a patient with hemophilia B using sterile phlebotomy techniques well

known in the art, and normal pooled plasma as standard, or the sample. In this assay, one

unit of activity is defined as that amount of activity present in one milliliter of normal pooled

plasma. Further, an assay for biological activity bascd on the ability of FIX to reduce the

clotting time of plasma from FIX-deficient paticnts to normal can be performed as described

in, for cxample, Proctor and Rapaport (1961, Amer. J. Clin. Path. 36: 212). The biological

activity of FIX conjugates to ensure that there is no FIXa contamination 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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. FIXa, which may lead to adverse thrombolytic incidents. Therefore, the FIX conjugates and methods of
manufacturing FIX conjugates described herein yield pure FIX-conjugates that are less likely to cause
adverse thrombosis as determined by the mean thrombus score. In one embodiment, the mean
thrombus score of the FIX conjugate composition is less than 1 after three or more independent
measurements. In another embodiment, the mean thrombus score is Ies;ct]t}m (397'3 g,;tt]gr three or more.
independent MERATements. In another embodiment, the mean thrombus scoré}, a?%er three or more
independent measurements, is less than 0.3. In another embaodiment, the mean thrombus score, after
three or mof&ritkp FIGATAIEASHHEHISHAOR fRELdREn B PoREed o tREREIbdiment, the mean
thrombus segheutarRoaftefidteemaistanrdnpdopandeihteasucon ente 0081 fusome Bmbodiments, the
administereg) dage Qe IS AAMMARR S ARBICKTAISbcs:2ate BRBRLRRgRSary for an analogous

unconjugatg . In some embodiments, the administered dose of the FIX conjugate is about two

times, aboutugRRIsieRheSeABBIRD atiRdeder Bt Bniechrnf Reckauisilissrodifish 2itlous

unconjugategify IHRSHIh captessatinerianisagmbisilehinmetnds afieeating hemophilia B by

administerirg% to Sldoatiept in Qeeg t ereqé%FIX conjugate and an additional therapeutic agent. The
o ending Or iNe route o %mmls ation. : ) ) : ) .
additional thePapeu C agent may be one or more of tranexamic acid, aminocaproic acid, Factor Il

(prothrombilP&ad/or EectbarxaSttis mmmnsitoaresifeivonger e Praediiipdeliysifthe additional
therapeutic ggephaanibe spirnisiengdoargueRtialy.e bt conshudhagnpinsiesadasaquentially, the
order of administration is.flexible, For instanc e FIX conjugate can be adminjstered prior to
administratig'ﬁeg?ﬂ’?élag&aﬁ?g@'t%?aéﬁéﬁﬁg%%egln } %?éur%&g) ]q\/%%?ag&r%ﬁg A |8%elcl)£fq[ﬁe additional
therapeutic fagenlatam gsreeagielmmidisteat b0 thelirsxriesninpatimraoo tivvketieé hElXare
agministeree’oaﬁ@.@p@srﬁ@n @%ﬁﬁiww RIS60017E, Genpasitionsemnh capasitionisipieiarably
pharmaceutically suitable for administration, Morggver, the - 18 - W ,
2009/13060‘9%@?‘7%%@%6@%‘1‘—‘1ﬁ“%8ﬁj#§§fe§5§?1§}tﬁt§‘{ﬁe;r‘§’p%ﬁt?§%‘éé‘r)] VG ahiittered
separately, ge#0E.administered by the same or different modes of administration. [00921In certain

embodimengedhe FIX,GoRLIgRSaiRkIRE HyaDHRnSYNRItsHpsianialby theisamaphapmaceutical

effects as an analogous unconjugated FIX. For examfﬁé%, in some embodir};?ents, administration of the

FIX conjugdtbaPireSAvLITHBIRESA IR 35 ARG EUmRBEG M ehaR#RY coagulation. 4.5.1.
Dosing Regitensc{0093 tBasisigomeginmeos]imsiad ElXd hinistrationtofiilentoijagates of the invention
twice pharmaceutical compositions of the invention are substantially less immunogenic than
analogous pharmaceﬁticai composition of unconjugated FIX, or substantially non-
immunogenic. In related embodiments, such pharmaceutical compositions with
advantageous immunogenicity profiles are capable of being administered to a patient
subcutaneously, for example, in a method of treating hemophilia B.

4.5  Methods of Treating Hemophilia B

[06084]  The FIX conjugates described herein provide a method of treating hemophilia B,
The pharmaccutical compositions of the invention are formulated to deliver a therapeoutic
dosc of a FIX conjugate. In certain embodiments, the dosage of a FIX conjugate is sufficient
such that the concentration of circulating FIX activity in a subject is 1 TU/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 TU/dL to 120 TU/dL. In another embodiment, the
composition is administered at a dose such that the concentration of circulating FIX activity
in a subject is 20 TU/dL to 100 TU/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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. daily, once a day, every other day, twice weekly, once weekly, once every two weeks or once a month
to a patent suffering from hemophilia B..[00941A medical professional may monitor the FIX activity in a
subject receiving FIX conjugate, and vary the dosing regimen accordingly. In one embodiment, the FIX
activity in a subject is determined immediately after administration of a FIX conjugate. In another

embodiment, the Flx Activity in a subject is determined 0.5 hr., 1 hr., 6 higw/igddasfeos€s24 hrs. after
administration of a FIX conjugate. In another embodiment, the FIX activity in a subject is determined 2

days, 4 days, 1 week, 2 weeks, or 3 ye after administration of a opjugate. 5. EXAMPLES
5.1Synthes@%‘%ﬁﬁ/w&&lﬁ’fuaﬁgfé?° 6%‘9‘%%‘}?83&@%‘8%63{3 és% ﬁ“?gfi%é%nq[?éﬁ%ﬁ%ge readily
synthesizedmaiggusymtioeiigsisd tiods Whidswetnreiernass hectsipwind siereteeiimpres demonstrate

the synthesgs9é/~b%: BEGA£9m{udaiasy il RxamRieds PRy atign-el thadnl orjaRigulfide Bond
Bridging [0096]To Factor IX is added agueous urea solution 2-mercaptoethanol. The pH of the
resulting so n is adjusted to pH 8.5 using a 10% aqueous solution of methylamine. The reaction

solution is tiA8ubbked pitnisitrogieimchaplif orinvgnetytBOr RS, «Stillipyurginee wdith Pitrogen the tube is

heated at 3%&@?@4@?&9@&5@1&&%’5&&%@%@@9@&&&@&&@-&%@&%&%%&1%&@L of an argon
purged chilled solution of IN H 1:abso|-iute thaégtl is added to the reaction solution. @ recipitation

occurs and HEB g R et T RS ERR AT EBE%W&%%‘% AU RTEE AN further
portions of tha:tdicdiglsmiite.ethanol mixture and twice with nitrogen purged chilled diethyl ether. After

each washinge precipitale is isalaiad W AA0RK ANGPRRGTAERACY QNREER Ay epRiiTugation. The
washed precrisé;ate is then dissolved in nltrca)%ﬁyﬁéu[ge, deionized water and fre,eze-dégfii to afford a

d
dry solid. P& FetehmeH StHoehvapole S d0GHAYG U aHEfREs JRAGE ARRAHREEPERE which gives
the number figacRiofsrpeipraiein Fiklealea{@08ddkthned hapneariddduth BlHarigllyaredheed FIX is

dissolved In,loQ0 RUIDECLAK I ATIANE-RAITN: I A 3REBIAE SRRRMGH,ISBREr conjugating
reagent, a-methoxy-co-4- [2,2-bisR -tolg;}sulfonyl -met?glllacetyllbenzamlde derived from

poly(ethylerfRRRSKiaenshaiBsan B moansBn CsibtsroamEtseraaaiftrddleidhis ladded to the
Factor IX salgtiofrctbeiicGndppadaorhissurshe with:ireksh enbedtiniens ohatisrmathtothisds also added
to the main (eaction eppendors Ihe.Leaelion. spasndart is apelased sk araon and heated at 37C
for approxma?eﬁy Zfsn and then allowed to cool to room temperature. The cooled reaction solution is
then analyzeatsgissaiibe msgeSratp e pHerBsn RIdGE BIarbiib REISIPRERS) 5.1.2.
Example 2: gleciive ignatienmadia ifteation ef:bd%us score, after three or more independent

measurements, is less than 0.1. In yet another embodiment, the mean thrombus score is 0,
after three or more independent measurements.

{0088]  In some embodiments, the administered dose of the FIX conjugate is
approximately the same ag that necessary for an analogous unconjugated FIX. In some
embodiments, the administered dose of the FIX conjugate is about two times, about three
times, about our times, or about five times that necessary for an analogous unconjugated FIX,
[0089]  The present invention is also directed to methods of treating hemophilia B by
administering to a patient in need thereof a FIX conjugate and an additional therapeutic
agent. The additional therapeutic agent may be one or more of tranexamic acid,
éminoc&proic 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 simultaneousty. 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 onc composition,

cach composition is preferably pharmaccutically suitable for administration. Morcover, the
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. PEG in the presence of FIXa Contaminant [0098]To a reaction mixture containing FIX that is
contaminated with FIXa is added aqueous urea solution 2-mercaptoethanot. 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
37C. The reagi ixture.is then cooled in an ice-salt water bath and 10P 950@5} glan purged
chilled solutio%ﬁ@a%ﬂﬁazbsolute ethanol is added to the reaction solution. prec?gg?tation occurs and
the precipitate is isolated by centrifugation and then washed three times with further portions of the
Haabsolute ' th &Pt ARG B RREER RRoA O GEM PiSTEEY CRATRG BiSt VISR RFEY Bhch washing
the precipitaiie isnsalafefit:hyitancdtdudatininikhremashed precipitate is then dissolved in nitrogen
purged deiqqigad wajer and tegze:Aisd 1RAfard.afonsolifPariak idusiian. et &iximay be

confirmed and quantitated using Ellman's Test, which gives the number free thiols per protein
molecule. [(BOWRT BRCEPHEH f?ﬁ?éti)%ﬁrﬁﬁﬂi}#@&ﬂ@éﬂlm‘ﬁ%aﬁl%gme%oﬁ%@ﬁﬁﬁPﬁ@'ﬁ pH 8 ammonia
solution. In engRE@ataies eppandestidess thariesigMaledtiof el et waringatidgteagent,
a-methoxy-w-442.2:bisRp-tal I§ulfonxl l—meﬁhyljacetylibenzamide derived from poly(ethylene)glycol is
also dissolvltzl'f}(ciﬁlll%ecélﬁ%%ﬁﬁ(’)t1 a‘“@é}fﬁtﬁ“ ¥ _t"hg)rés.ulting solution is added to the FIX solution. The PEG
eppcndorf is washed with fres¥-&hmBasingdis BERERNd this is also added to the main reaction
eppendorf. action cppendorf is then closed under atgon and heated at 37C. for approximately
24 h and thg#sa:{gwe? (S)mc%gfg o foom ue%r%?;erf’é ﬁsrtggfﬁg C(%% e 3@3& sglllﬂlf'irce)w%ltweiﬁganalyzed by
sodium doddai suifatedaxaPeR0Uber IR 6 UL FOTRAL S 20B9/D0ETH IR PHemy) IHih RS életrophoresis
(SDS-PAGER)mke Kl XpREfesisthan purfingapmithe from the reaction mixture via size exclusion
chromatogri\@;% [01Q0]The isolated. praduct may be further analyzed by.the metho ovided by
Gray et al. mnllb. aéjr%écsatflfﬁ S§B§l %{4‘3‘%‘%@0 ﬂgr[i%?c E)lr‘{ . f‘eﬁ%g efgra%etlé?lr}(%?gé%r_he level of
FIXa contarniningets. 2Rrvdy thiodrshRestnebinmardigiorinens anbofieaniptee 31X gatiary Transfection of

g'l*? Ce_”f \%/%HisjE@Ifl:;&Qlfe!M%aqr%@ét&léﬂﬁ(wﬁ@rty&ﬁiﬁ@d@gaf%fg@}g &%ﬁ@@ﬁﬁg%@%ﬂfi&CH? cellcs Iﬁy limit
lution Into - we ale e Factor ene, is, under ntrol o e - I oter. Cells are
Clowed! to BRI A L GBI P ARGt A Eted g AS total amount of
Factor IX aritigefiinadgipétmiioristrbhtiiedpta Hactothx gntsiomeitbal Marsitiame50 clones are
evaluated aggthe;lojakamant @Jyﬁaﬁa@dr/ézﬁ rsusedagieRR S dateumingd . IR1Q3IGHO cells

transfected with the Factor IX gene produce Factor IX antigen which is
FIX conjugate.

5. EXAMPLES

51 Svintheses of FIX Conjugates

[0695] The FIX conjugates of the invention can be readily synthesized using synthetic
methods known in the art. The following synthetic examples demonstrate the syntheses of
FIX-PEG conjugates.

5.1.1. Example 1: PEGylation of the FIX via Disulfide Bond

Bridging

[6096] 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 IN HCliabsolute 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 ethano! mixture and

twice with nitrogen purged chilled diethyl ether. After each washing the precipitate is isolated
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. detected by Factor IX ELISA. 5.2.2. Example 4; Supertransfection of Factor IX-Producing CHO Cells
With VKGC and VKOR Genes [0103]In order to increase the percentage of active Factor IX produced
in Factor XI- transfected CHO cells, the primary transfectants are pooled, expanded in tissue culture
and supertransfected with vectors containing cDNA for enzymes generally thought to be important for
the efficient Viggmin ds-gependent gamma-carboxylation of Factor IX. Fagiasigsdabridsssind clones are
pooled in a shake flask and supertransfected with cDNAs for both Vitamin K-dependent

gamma-carpoxylase (VKGC) and Vitamin K-dependent epoxide reductase (VKOR), Individually’
supertransfg}';t%&%gﬁéa%?% glr)l&ﬁﬁsge IR RIS ?o‘%teflr? Ib%-s\%?eﬁ)'lcg(la 3ér?ﬁq§b%u§%?%rdn§ onrlgfé days. The total
amount of FeatoriX feaetigdriodriocdioed apby nelids Retiabgdugtiop PR mxy Be repfimsd @ithount of active
Factor IX is easiedss 2NART TEotinendssaynisinehfacies inforieficinptdtanpieas. substrate and
plasma-deri\éﬁg Fact%_rilx as st r{}ga}g 5.3 ioaésag/;n Fl ,Cow’u ates 5.3.1. xq{ngole 5: Assay for
FIX-PEG antPiXa [ ﬁhﬁﬁﬂfg% iHSPERE BEEE ‘ﬁ SN S aSsayed 1or the detérmination of
FIX-PEG activityrdssaieticas lanysqertgrppentor. e o Fixa - REGait/ftesnT venmtienyseade conducted
WO 2009/120680C TALRORORGIAR Aamelon R e RRIOSRIRASGARRER B ARty 0. ot al.

Blood, 72, 1269-1277 (1988), Tor FIX"and Varadi, K. et at, Thromb. Hacmos., 35, 576-585 (1976), for
FIXa contarfiffafise o smmonia solytion apslihgsiuigne-seiupipeiseddsp ssthioRarianils seishbogenicity
Assay [01064¢ rEcexaeniafs wsehktosdibt fughnenvaine uside Xnd drijugatey plddfiedthr aegord with the

process of SRR GReCRNE R IRABICA SoRGH ARG, Ao bl e.calam Rahon e eggured by the In

vivo Wessl . tasis Assay for ogenicity. [01061FIX preparations are injected in vivo into
isolated, lig APBEPsEAIERL bR Ardkhen allowed to cool to room temperature. The cooled reaction

solution is then analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE).

5.1.2. Example 2; Selective formation and Purification of FIX-
PEG in the presence of FIXa Contaminant

[0098]  To arcaction mixturc containing FIX that is contaminated with FI1Xa is added
aqueous urca solution 2-mcrcaptocthanol. 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 watet bath and 10 mL of an argon purged chilled
solution of 1N HCl:absolute ethano! 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 waghing the precipitate is isolated by centrifugation. The washed precipitate
is then dissolved in nitrogen purged deionized water and freeze-dried to afford a dry solid.
Partial reduction of FIX may be confirmed and quantitated using Ellman's Test, which gives
the number free thiols per protein molecule,

[6099]  Inan eppendorf, the partially reduced FIX is dissolved in argon purged pH §
ammonia solution. In a separate eppendorf, less the one equivalent of the polymer
conjugating reagent, a-methoxy-o-4-{2,2-bisf(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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_jugular veins according to the procedure of Wessler et at, J. Appl. Physiol. 14:943-946 (1959) to
assess the formation of stasis thrombi. [01071Scoring is accomplished following the system of. .
Wessler, et al. according to the size of the clot wherein a 4clot represents the largest size of clot which
can normally be generated with thrombogenic materials in the size and type of vessel selected and +1
is the smallest such clot which can be visibly detected. The experiment i%%%gf%%%ot%rée times, and
the arithmetic TH2AN 18 4& % rmined. 5.3.3. Example 7: Detection of [race a and
FIXa-PEG in Purified FIX-PEG compositions 0108#Reference FIXa (25[4 diluted with TI35/1% human
albumin or Polyacrstamidersst derraherstis SRAFATHT B8 IBFMERH hmwsrfst E9Lbed into 96 well

microliter plates @k shttichmassayiedgenitaeniai thashagigadpeiumes human FX, bovine brain
phospholipi recgmbinant desulphatohirudin is warmed for 5 minute at 370G | volumes of
warmed rec%’r@l@iﬂan?%ﬁffﬁ%e 83%!‘:2 aayeg%yé#%eégga y;zoefsh% (aa]sesrg?/ rglgggpzrﬁfllsnm% 1a eI;t/ after mixing
125 pi, of thié fdueeht faerorit d 385Watis BéMARTrrsreBeEIRdeamidstennise s el pXa generation
at 37C, 50pgyis; kangierad into 100pl of S-2765 (Quadratech Epsom UK). After 2 minutes of

incubation the reaction was stqprg§9 E'X tg?ﬁgc%%%nngf tS‘QEclfogftg% ace_tic acid and_ an absorba_tnce
wavelength is recorded. The L strate is then carried out at this
wavelength to determine the ggantitysehfibiedn thadest Mmixis@ition of CHO Crilsvikample 8:
Comparisorretihaigea@ation Half-Life of 10kDa FIX-PEG and 20kDa FIX-PEG with Uncoil" ugated
FIX [0109]10kDa FIX-PEG and 20 kDa FIX-PEG (where the PEG moiety in each is linear) were
prepared udit§the prozdlicoes Eagtes ik sene jairapriecteding SHOe IR Brfutixi MR *2okDa
FIX-PEG, apditpkia FiRES weiaadmidistercshiondt X tefTimR misenaed taispiasma concentration

in each were,measured both.bhy ELIS d chramogenically from 15 minute hqurs after
administrati%#j“ﬁ%%%@&é% E%ﬁgrrﬁ% @5?)2%6@%%%@%%&6%%}6Bgyggg%%éce}%?%%ns are shown
in Figures 2a@oum¢ A asepecanigyn WHe nenahds Barsiist theatirdop X §d-Pénnatbeilit M eninutes to
about 4 hougsaftes adreinisiatendnembaltives eiclakbrrane: 20 befdakdsdr Henwvere about 2-2.5
times longer than the half-life of unconjugated FIX. When measured over the time period from about
15 minutes 93%%’83?%8 hours after administration, the half-life of 201cDa PEG-FIX was approximately
11 times grd@t@2kthanCHex «ilatreasipatpdredirhe Eaapnhé srue-nredaee Blama Brdigax widdh &pproximately
8 times gregigtthanihatef woepmagated FIX. 53.5. Example 9: Activity of | OkDa FIX-PEG and

20kDa FIX- 5.2.2, Example 4; Supertransfection of Factor EX-Producing CIHO
Cells With VEKGC and VKOR Genes

10103]  In order to increase the percentage of active Factor IX produced in Factor XI-
transfected CHO cells, the primary transfectants are pooled, expanded in tissue culture and
supeﬁransfected with vectors containing ¢cDNA for enzymes generally thought to be
important for the efficient Vitamin K-dependent gamma-carboxylation of Factor IX. Factot
1X producing clones are pooled in a shake flask and supertransfected with cDNAs for both
Vitamin K-dependent gamma-carboxylase (VKGC) and Vitamin K-dependent epoxide
reductase (VKOR). Individually 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 [X as
standard.,

5.3  Bipassays of FIX Conjugates

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

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

activity as well as any contaminant FIXa or FIXa-PEQ activitics. The assays arc conducted
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. PEG in FIX-Deficient Mice MilliThe activity of 10kDa FIX-PEG and 20kDa FIX-PEG was examined by
performing a bleed-out study with FIX-deficient mice. The mice were-administered the equivalent of 45
ig/mL dose of unconjugated FIX. Mice tails were clipped, and 10kDa FIX-PEG and 20IcDa FIX-PEG
was administered to 12 and 16 mice, respectively. Death was prevented for 11 of the 12 mice in the
101cDa FIX-P%gé%QHQ%QPd death was prevented for 12 of the 16 miceég{ﬂgzg&IﬁQ@,@X-PEG group.
Cessation of bleeding was observed by visual inspection to be due to the formation of a fibrin clot, as
opposed to a platelet-only cessation. These results indicate that both 10kDa FIX-PEG and 20kDa
FIX-PEG artFSufRe tPamigtgcolsdescrioed o 19t &y Liftank &?ﬁé’(é %78;)6690 h&te, wherein
one or moré& o et Mylaiickglsicd, Gitoomps. decinosndiic Fatto 17 fudhize RE@Grpataming moiety
which 5bridges two cysteine regidyegwhich o i Pedfidgnediin EAgigr 1X. 2. The FIX-PEG
conjugate ofgladeMiiigreisihe oneor more PEG €ON a n ng moiety bridges one or more cyst eine
disulfide bonds according to the formula. FIX PEG-R1 10wherein R1 represents a linking group which
can be a dirfdd#Bond, s alepipiva sgrevdo( petsferab i@ oIR8 korngety muifdn ancord
Optiona”yﬁmtm%{%@e@é'@ﬁi@&%ﬁ%ﬂ%%&!ﬂ%@é@%&a&'&'&H@ﬁ}ﬂﬁ%&%ﬁﬁlﬁ{&y}' And naphthy|
groups; wherein sujtable heteroaryl groups include pyridine, pyrrole, furan, pyran, imidazole, pyrazole,
oxazole, pyFFASIFS, %ﬁﬁfﬁ?ﬁﬁoﬁﬁsgﬁrﬁa&bf%’é aﬁ'rfﬁéﬂ%%%"ﬁﬂ@mer may be by way of a
hydrolyticalligfib]le b&BY peapbsationomd dydeddondivBinithisdidXdPliE@dmaftigateiohbléim 2, wherein the
one or more, BHG GoNaiinARRQicle Brilegs OnewL Mt systeinpidisylide Randsagcording to the

formula.

(1959) to assess the formation of stasis thrombi, '

{0107}  Scoring is accomplished following the sysiem of Wessler, ef a/, according to the
size of the clot wherein a “4clot represents the largest size of clot which can normally be
generated with thrombogenic materials in the size and type of vessel sclected and *! is the
smallest such clot which can be visibly detected. The experiment is repeated three times, and
the arithmetic mean is determined.

5.3.3. Example 7: Detection of Trace FIXa and FIXa-PEG in
Purified FIX-PEG compositions

[6108] Reference F1Xa (25uL) diluted with TBS/1% human albumin or 25k of test FIX

concentrate ditutions in TBS/1% human albumin are placed into 96 well microliter plates at

37°C. An assay reagent confaining equal volumes human FX, bovine brain phospholipid, and
recombinant desulphatohirudin is warmed for 5 minutes at 37°C. Equal volumes of warmed
recombinant FVIII and CaCl, are then added to the assay reagent. Immediately after mixing
125 uL of this reagent is added to wells containing FIX or FIXa samples. After 20 min FXa
generation at 37°C, 50uL is transferred into 100uL of S-2765 (Quadratech Epsom UK).

After 2 minutes of incubation the reaction was stopped by the addition of 50uL of 50% acctic
acid and an absorbance wavelength is recorded. The level of absorbance for the test substrate
is then carricd out at this wavelength to detcrminc the quantity of FIXa in the fest mixture.

5.3.4. Exampie 8: Comparison of the Circulation Haif-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 cach is linear)
were prepared using the procedures set forth in Examples 1 and 2.

[G110] 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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.20 4. The FIX-PEG conjugate of any of claims 1 to 3, wherein the one or more PEG-containing
moiety has a molecular weight of 10 kDa. 255.The FIX-PEG conjugate of any of claims Ito 4, having,
one PEG-containing moiety. 6.The FIX-PEG conjugate of any of claimsl to 5, having two
PEG-containing moieties. 7.A composition comprising the conjugate of any of claims 1 to 6, wherein
the compositign also comprises a pharmaceutically acceptable diluent, agi ier. 58.The
composition ol S /.}:’40\}5\, erein the composition is for parenteral admin%%%%%gpﬁégcomposition of
claim 8, which is for intradermal, subcutaneous, and intramuscular injections, and jntravenous or

intraosseoUNFRIFINES VB SR %&%@iﬁ@%@ﬁnﬂ&%ﬁ%@&?’ BidihE™eto0 6, which
takes the fopamigf RoaohBian] SusRensieboternuisiofc ddihewarijugdiemifdivoiiclaiDs 1 to 6, wherein

the FIX-PEG cOpugAndAs ¢ IQNISLRAIl e a2, 59maared 42 HRmRH BRh Bl fugated prx.
When measured over the time period from about 15 minutes to about 48 hours after
administration, the halfilife of 20kDa PEG-FIX was approximately 11 times greater than that
of unconjugated FIX, and the half-life of 10kDa PEG-FIX was approximately 8 times greater
- than that of unconjugated FIX.

5.3.5. Example 9: Activitv of 10kDa FIX-PEG and 20kDa FIX-
PEG in FIX-Deficient Mice

[0111] The activity of 10kDa FIX-PEG and 20kDa FIX-PEG was examined by
performing a bleed-out study with FIX-deficient mice. The mice were administered the
equivalent of 45 pg/mL dose of unconjugated FIX. Mice tails were clipped, and 10kDa FIX-
PEG and 20kDa FIX-PEG was administered to 12 and 16 mice, respectively. Dceath was
prevented for 11 of the 12 mice in the 10kDa FIX-PEG group, and death was prevented for
12 of the 16 mice in the 20kDa FIX-PEG group. Cessation of bleceding was obscrved by
visual inspection to be due to the formation of a fibrin clot, as opposcd to a platclet-only
cessation. These results indicate that both 10kDa FIX-PEG and 20kDa FIX-PEG are active.
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15 12. The conjugate of any of claims 1 to 6, wherein the FIX-PEG conjugate has a higher AUC as
compared to unmodified FIX. 13. The conjugate of any of claims Ito 6, wherein the FIX-PEG
conjugate has a higher 20bioavailability as compared to unmodified FIX. 14. A pharmaceutical

composq;gn gg@prlsmg the FIX-PEG conjugate of any of claims 1 to 6 and a pharmaceutically
accepta t, adjuvant or carrier for use in treating hemophilia B. 2515.A pharmaceutical
composition comprising the FIX PEG conjugate of any of claims 1 to 6 and a pharmaceutically

acceptahle dilu |er her posmon IS s stantlall free of Factor IXa, for
use in re?ducm %rr?ea ?f(s)i%? r%nsfib ?%&% tnrvbuﬁ?es’th Fisiet e’éréharmenorrhagia in
mam matmi/yﬂth}}éenagtyhai@mﬂ&imnnmpdﬁm I)X@lamngtﬁa %@ramtthmmgeﬁniéty@mmﬁs score of

com oamoq is less than 1 after thr e%I depe H{({exg c[[n rﬁts e composition of claim 15,
Ste e residues C. orma U. .
erein the mean thiombus Scors of the comp03| ion' 1 1828 A 3(9 r three independent

experlments 18. The composmon of claim 15, wherein the mean thrombus score of the composition is

0 after trbree |ndﬁpeg&ei;}38(8e§61nge%r€%sot53[%£he cgerrr] os tlggf%f S\I/alr(r)]réL ﬁ?«é erein the com[%osmon is

administered subcutaneously e compositlon F R4 erein r%pndgﬁlg}?
administerdddntravenoustycysteine disulfide bonds according to the formula:

R S
)\—C FIX
PEG-R' g .

L

10 wherein R’ represents a linking group which can be a direct bond, an alkylene group (preferably
a Cy.10 alkylene group), or an optionally-substituted aryl or heteroaryl group;
wherein the aryl groups include phenyl and naphthyl groups;
wherein suitable heteroaryl groups include pyridine, pyrrole, furan, pyran, imidazole, pyrazole,
oxazole, pyridazine, pyrimidine and purine;

15 wherem linkage to the polymer may bebyway ofa hydrolytlcaﬂy labile bond, or by a non-labile
bond. '

3. The FIX-PEG conjugate of claim 2, wherein the one or more PEG containing moicty

bridges one or more cysteine disulfide bonds according to the formula:

20

4. The FIX-PEG conjugate of any of claims 1 to 3, wherein the one or more PEG-

containing moiety has a molecular weight of 10 kDa.
25 5. The FIX-PEG conjugate of any of claims 1 to 4, having one PEG-containing moiety.

6. The FIX-PEG conjugate of any of claims 1 to 5, having two PEG-containing moieties.
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21. The composition of claim 14, wherein the composition leads to a reduced incidence of
10thrombosis compared to compositions of recombinant Factor IX which comprise a measurable
guantity of Factor IXa. 22. The composition of claim 14, wherein the composition is administered once
a day. 1523.The composition of clai 14, wherein the composition is administered once every two days.
24.The composition of claim 14, wherein the composition is administered at a dose from 1 ID to 10,000

IU. 20 23. The acropgsiidoroiaiaifsig, whesejngiie comgasitienis admnispeedaha 8988440200
IU to 250? IU, 26. The composition of claim 1413 rein the_.composition is administered at a dose of

250 2510 B TP 1H08 685iﬁﬁl.iyﬁ.°%8’é% e‘b@ficﬁﬁijb‘f"é iff $4\¥herein the composition is

administered at a dose such that the concentration of circulating Factor IX activity is 1 111/dL to 150
IULdL. 3028.The.composition of ¢laim 1?, herein the composition is administered at a dose such that
thé conc htratiggﬁgfgpm%{ﬁﬁﬁéa%f’dﬁ ’é\{l‘éﬁﬂ?ﬁpi@f@?@‘l&?ﬁ%"ﬂé §o5/i ot adeinisBaid of claim
14, wherein the composition is administered at a dose such that

9, The composition of claim 8, which is for intradermal, subcutaneous, and intramuscular

injections, and intravenous or intraosseous infusions.

10 10. A composition comprising the conjugate of any of claims 1 to 6, which takes the form of

a solution, suspension or emulsion.

11. The conjugate of any of claims 1 to 6, wherein the FIX-PEG conjugate has a longer half-
life as compared to unmodified FIX. |
15 ‘

12. The conjugate of any of claims 1 to 6, wherein the FIX-PEG conjugate has a higher AUC

as compared to unmodified FIX.

13. The conjugate of any of claims 1 to 6, wherein the FIX-PEG conjugate has a higher
20 biocavailability as compared to unmodified FIX.

14. A pharmaceutical composition comprising the FIX-PEG conjugate of any of claims 1 to 6

and a pharmaceutically acceptable diluent, adjuvant or carrier for use in treating hemophilia B.

25 15. A pharmaceutical composition comprising the FIX-PEG conjugate of any of claims 1 to 6
and a pharmaceutically acceptable diluent, adjuvant or carrier, wherein the composition is
substantially free of Factor IXa, for use in reducing the risk of hemarthrosis, hemorrhage,

gastrointestinal bleeding and menorrhagia in mammals with hemophilia B.

30 16.  The composition of claim 15, wherein the mean thrombus score of the composition is less

than 1 after three independent experiments.

17. The composition of claim 15, wherein the mean thrombus score of the composition is less

than 0.5 after three independent experiments.
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the concentration of circulating Factor IX activity is 20 1U/dL to 100 IU/dL. 30. Use of a
pharmaceutical composition comprising the FIX-PEG conjugate of any of claims 1 to 6 and a
pharmaceutically acceptable diluent, adjuvant or carrier in the preparation of a medicament for treating
haemophilia B 5 31. Use of pharmaceutical composition comprising the FIX-PEG conjugate of any of
claims 1 to 6 and a pharmaceutically acceptable diluent, adjuvant or carrier, wherein the composition
is substarttially free @hhastoodXd dathe I antitaciuth ohasmedisamanictae eleina:ibestisk ¢ hem
arthrosisa e%orrha%%, g%str%)intestinal bleeding and menorrhagia in mammals with 10haemophilia B.
32. The {iS€ of ST SRR &R THE ’8&4N thrombus score of the composition is less than 1 after three
independent experiments. 1533.The use of claim 31, wherein the mean thrombus score of the
c%mpositlign is lﬁ:}g égan 0.? aft%ﬁ tg{eeoir%dg%endergéex eriments. 34.The use of claim 31, wherein the
mean thrombus SE0re OF the Coth 5E&Hon 18 G Lrar 188 FhEmSSHRS SdmEmiisHrd s3BcsBphs e of
claim 30, wherein the composition is administered subcutaneously. 36. The use of claim 30, wherein
the com%sitionr' adminis;tered é:ﬁraveggus(%: 253F%The use of claim 30, wherein the composition
leads to & reducel] HORERCE B 8B OIS CSHTBRFRY UGS AL B CETABRTERE RS 1X which
comprise a measureable quantity of Factor 1Xa. :

21.  The composition of claim 14, wherein the composition leads to a reduced incidence of
10 thrombosis compared to compositions of recombinant Factor IX which comprise a measurable
quantity of Factor IXa.
22. The composition of claim 14, wherein the composition is administered once a day.
15 23. The composition of claim 14, wherein the composition is administered once every two
days.
24, The composition of claim 14, wherein the composition is administered at a dose from 1

IU to 10,000 TU.

20
25. The composition of claim 14, wherein the composition is administered at a dose from 200
U to 2500 IU.
26.  The composition of claim 14, wherein the composition is administered at a dose of 250

25 IU, 500 14, 1000 IU or 2000 IU.

27.  The composition of claim 14, wherein the composition is administered at a dose such that

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

30 28. The composition of claim 14, wherein the composition is administered at a dose such that

~ the concentration of circulating Factor IX activity is 10 [U/dL to 120 TU/ dL.

AH The composition of claim 14, wherein the composition is administered at a dose such that

the concentration of circuiating Factor IX activity is 20 IU/dL to 100 IU/dL.
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38. The use of claim 30, wherein the composition is administered once a day. 30 39. The use of
claim 30 wherein the composition is administered once every two days. 40. The use of claim 30,
wherein the composition is administered at a dose from 1 |U to 10,000 IU. 41.The use of claim 30,
wherein the composition is administered at a dose from 200 IU to 2500 1U. 542.The use of claim 30,
wherein the composition is administered at a dose of 250 1U, 500 TV, 1000 IU or 2000 IU. 43.The use

of claim 30, Whéfﬁjmfh@nmmawimmimﬂhﬂﬁ@&dﬁﬂiﬁgﬁe&wgﬁﬁ%ﬁ% m%%a@ﬁm@%
C|rculat|n Fact is 1 1U/dL tg 150 U/ 10 44. The use of claim wherein the
com p05| ? f% W%ﬁgéﬁ%ﬁ%ﬁfgﬁg OREBh LB (ARG &‘S&Eﬁ%@&%\ﬂﬁ/ is 10

IU/dL to aa&&ﬂdheﬁﬁgfﬁ’f@m@mfeﬁ{agmaamherem the composition is administered at a dose such
th§1t the 15concentration of circulating Factor IX activity is 20 ILI/c1L to 100 1U/dL.
31.  Use of pharmaceutical composition comprising the FIX-PEG conjugate of any of claims
1 to 6 and a pharmaceutically acceptable diluent, adjuvant or carrier, wherein the composition is
substantially free of Factor IXa in the manufacture of a medicament for reducing the risk of

hemarthrosis, hemorrhage, gastrointestinal bleeding and menorrhagia in mammals with
10 haemophilia B.

32. The use of claim 31, wherein the mean thrombus score of the compeosition is less than 1

after three independent experiments.

15 33. The use of claim 31, wherein the mean thrombus score of the composition is less than 0.5
after three independent experiments.
34. The use of claim 31, wherein the mean thrombus score of the composition is 0 after three

independent experiments.

20
35, The use of claim 30, wherein the composition is administered subcutaneously.
36.  The use of claim 30, wherein the composition is administered intravenously.

25 37. The use of claim 30, wherein the composition leads to a reduced incidence of thrombosis
compared to compositions of recombinant Factor IX which comprise a measureable quantity of
Factor [Xa.
38. The use of claim 30, wherein the composition is administered once a day.

30
39. The use of claim 30, wherein the composition is administered once every two days.
40.  The use of claim 30, wherein the composition is administered at a dose from 1 IU to
10,000 IU.
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41. The use of claim 30, wherein the composition is administered at a dose from 200 U to
2500 1.

42, The use of claim 30, wherein the composition is administered at a dose of 250 IU, 500

IU, 1000 IU or 2000 IU,

43.  The use of claim 30, wherein the composition is administered at a dose such that the

concentration of circulating Factor IX activity is 1 TU/dL to 150 [U/dL.

44, The use of claim 30, wherein the composition 1s administered at a dose such that the

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

45, The use of claim 30, wherein the composition is administered at a dose such that the

concentration of circulating Factor IX activity is 20 TU/dL to 100 TU/dL.
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