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STABLE PEGYLATED | NTERFERON FORMULATI ON RELATED
APPLI CATI ONS Thi s application clainms the benefit of

woh@s/opr7evi si onal application serial nunber 60PGDOSBNH028441

filed August 12, 2004. FIELD OF THE | NVENTI ON The
present invention relates to stable fornul ations of

pegyl ated-interferon conjugates, which are usefuyl _for
treating W‘&M@&m ; on

therapy is beneficial. In particular, fornulations are
provi ded that include the active pharmaceutica

i ngr edi ent pegyl at ed |nterferon and trehal ose, which

are stable at room thtiane EATIONShi | | zed.
BACKGROUND OF THE INVENTION Interferons are a.famly

of hi gHtiyapptinasiongeirss e bensfihel Y.Haproyipinnab pppligatioq serial number
replication, inhibit cellular proliferation and

Mo a0 %i84s filedyngust E5@0se. Human interferons are

grouped into three classes based on their cellular

origin and antigenicity: a-interferon (|eukocytes),
b-interferon (fibro F A\ eron (B
cells). Reconbinant forns of each group been
devel obeapreseat inyeationraiesdp spbly f%&%ﬂ%‘tﬂ of] peg edrigterfamon,
various biological activities, the use of .interfero

f epnjugatast Whigh are uerftder ERtinghrAtiely s sonditions &ory *b“r"o‘ﬁ?i&fnéf&“
including viral infections and various cancers

Heveeaparis beasfiaiglt In pertrafarfpmpulations arg pEovisied thaf nrpluds B active

phar maceuti cal agents has general]ly
pharmaceutical ingredient pegylated interferon and trehalose, which are stable at room

temperature when lyophilized.

BACKGROUND OF THE INVENTION

Interferons are a family of highly homologous proteins that inhibit viral
replication, inhibit cellular proliferation and modulate immune response. Human
interferons are grouped into three classes based on their cellular origin and antigenicity:
a-interferon (leukocytes), B-interferon (fibroblasts) and y-interferon (B cells).
Recombinant forms of each group have been developed and are commercially available.

Due to their various biological activities, the use of interferons for treating a
number of conditions has been proposed, incluc/ling viral infections and various cancers.
However, as with 6ther proteins, use of interferons as pharmaceutical agents has generally
been limited by several shortcomings, including antigenicity, which leads to formation of

neutralizing antibodies and loss of clinical response, and a short half-life, which means

that frequent doses are required to maintain therapeutically-effective concentrations of the

protein.
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been Iimted by several shortcom ngs, including
antigenicity, which leads to formation of neutrali zing

wa@nioshomdees and | oss of clinical response, andPEr/Ebmn$/028441

hal f-1ife, which nmeans that frequent doses are

required to maintain therapeut4cally-effective
concentrations of the protein. These problens can be
overcome by conjugating interferon to polyners, such

as pol yeksyiretlendéantr loverttinEME onjuphtinganterferon to polymers, such as
i nterferon-polymer conjugates are clinically _
begsfeiiiacat giychie me&%ﬁ%inﬁﬁ@roﬂfpo%ﬁhc&?&bﬂég &k @finitdlly
clinical practice requires formulations that can be

St neski{10the Weﬁﬁ%&aﬁﬂﬂ@ dr ek t@fugales il dRiALSrhdiRe requires
manufacture and distribution'to health care providers.

SOfFEmuIRMHs HAE O RQEPfor SPEkdAEE] R¥iod BPURY Bliring RdHusicdire and
deteriorate, even in frozen solutions. Lyophilization

( 2hiSALIRAS hedh bR PERAH. Rineliftederbi-POGRSr dolifEate Rowever,
render an interferon-polynmer conjugate in a Tormthat

CaRpRWAIEPBRd, Blch ifl &bidh sBRGYns. lnygmiiéa'ﬁaﬂaise Rnbwn & freeze-
process whereby water is sublimed froma conposition

af §:9ig) i alpfocbds AR Qan refider Bh ThidfeRMmEoRymd? @%@%H%'f@ﬁ{ that can
and brologicals that are relatively unstable in an

a0 IRt Hif@hcpver a period of tinme can be placed
into dosage contalners in an easily processed |iquid

st ate, i g -5k ¢ é} i'ﬂ t - .
st or ed Lﬁﬁblg ﬁ%g gkotjx%rg teE@%V%&?@og%aéngg%g [:l)erg(li igglg c%ﬂlgosmon after it

f Ofs FoL& I 1R hidgret 38 PHarhBbeuki¥ AP ﬂi@l@%ii:zﬁg‘thgtf FERLFEON] Fhikdble in
bul ki ng i ngredi ents that increase the anmount of solid

naﬁdaa{d.tu@t;us sSBtiNENer @ erfdd? BRRCAFEARERA ity ARG &atadRlSin an
and other stabilizers to protect the active Ingredi ent

fr %I?%@&&dqfﬁmd%té Rt e itfidut b ABOLA daﬁﬁélhg Reat and stored in a dried

state for extended periods. A formulation designed for lyophilization often contains
bulking ingredients that increase the amount of solid material, as well as cryoprotectants,
lyoprotectants and other stabilizers to protect the active ingredient from damage during
and after lyophilization.

U.S. Patent 6,180,096 discloses that lyophilization of pegylated-interferon alpha
conjugates may result in changes in the nature and degree of conjugation of PEG to
interferon a. Such changes include degradation of the conjugate into free PEG and
interferon o, subsequent attachment of the free PEG onto another pegylated-interferon
molecule, or intramolecular shifts of PEG molecules from one site of conjugation to
another within the same molecule. This patent discloses that the stability of pegylated-
interferon alpha conjugates during and after lyophilization is achieved by lyophilizing

such conjugates in a buffer, a stabilizer, a cryoprotectant and a solvent. While the ‘096
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U S. Patent 6,180,096 discloses that |yophilization of
pegyl ated-interferon al pha conjugates may result in

webaeg®es20 N t he nature and degree of conj ugat i pOT/US20RE@8441

to interferon a. Such changes include degradati on of
the conjugate into free PEG andl interferon a,
subsequent attachnent of the free PEG onto anot her
pegyl ated-i nterferon nol ecul e, or intranolecul ar

S hpaltdné mehtidiESeviel B§opre@cthiitd BauldIBe wkd, SnchidipCiiadgatid@Nsucrose is
to another within the sane nol ecul e. This patent

di e bAls eopldtktahf\Bedindtid biily Jorahilafi@ONAas GRLIAEANREBPified in this
al pha conjugates during and after |yophilization is
acht@yed by |yophilizing such conjugates in a buffer
a stabilizer, a cryoprotectant and a solvent. Wile

the ' 096K FERIARAS conBMBALPegftdr RSO SHAL ) Hibasi®dddthm
be used, 1 ncluding disaccharides, sucrose is the only

CIr MRRpHtcamh ARéusUSBAbYadlc bd#ur® Phosphads dikyddte, Rcrbdind bSlysorbate 80
specifically exenplified in this patent. Lyophilized
f ofrBtHafdetc@§ SERHNEI0BHEatIBR AL dMIROHE Vs PERLRISM® vials and PEG-

di basi ¢ sodi um phosphat e anhydrous, nonobasi c sodi um

PhR&BRBRRJIBEASEE REE-InSsHE PRBud Rfodkivs ek 2/65. BOTRIFR dipen® is a
mar ket ed by Schering Corporation, Kenilworth, N as

PEGHakl-Bl @R £1hss\Chididoe30ftaiRRS yphiBRed PRG-BRENRE Bud chB@ber and
PEG Intron(r) Product Information, Rev. 2/05.). The

Regdife Wated for jéktidl 8 the PRBRAAmBraThe AdfulfidudtO€recommends room-
contai ning |yophilized PEG Intron in one chanber and

St RhipbRruyBdiGthed Bf pﬁ@nﬁm mﬁi.@., bec Pt frizbRa &toragl 16 PEG-

manuf act urer recomrends roont enperature storage for

PEfa bR Re@Pen'datttidedsi(i.&,2° 188 €, and refrigerated
storage for PEA ntron Redi pen cartridges (i.e., 2 to 8

Q). ThefiRrdisa ?re@én? At foNRRAoh A fordfiMitbhOMa!not only protect pegylated
formul ations that not only protect pegyl ated
interferon conjugates from damage during and after lyophilization, but that also allow
long-term storage at room temperature when lyophilized in glass cartridges. Ideally, such

formulations should be amenable to a manufacturing process that is more cost-effective

than the process used for sucrose-based formulations.

SUMMARY OF THE INVENTION

The present invention is based on the surprising discovery that the use of
trehalose, as the sole cryoprotectant or in combination with other cryoprotectants, during
lyophilization of pegylated interferon alpha 2b allows use of significantly shorter
lyophilization cycles while producing a lyophilized powder that is lower in moisture
content and thus more stable at room temperature than when sucrose is used as the sole

cryoprotectant. Reducing the moisture content has been found to significantly increase
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i nterferon conjugates from damage during and after
| yophilization, but that also allow | ong-term storage

w@roosommed enper at ure when | yophilized i n gl assPCT/US2005/028441

cartridges. ldeally, such fornulations should be
anenabl e to a nmanufacturing prbcess that is nore
cost-effective than the process used for sucrose-based
formul ati ons. SUMVARY OF THE | NVENTI ON The present

| € FohPBmpératiASebil of dtRaipe@flated MBrfdions BMENdpHiIRE
the use of trehal ose, as the sole cryoprotectant or in
cofghthinaddnon W th ot her cryoprotectants, during

| yophilization of pegylated interferon al pha 2b all ows

use of THegbehbficl bidctsSdTarechbse WPtk pettddivothusd/ht Eilapse
whi | e producing a | yophilized powder that is |ower In

MDfe fhbéth @r(@0} £lglR Farsiien tdifefanirt el f @ tfrok&fBzylated interferon
tenperature than when sucrose is used as the sole

C I MMR{oR WA thitRAb0scR8 teCInROori dpRotéRing {-29. S CAML-2TVC, RdfechORY) are

found to significantly increasethe roon1tenperature

St @R inluch %ighér (RAT th@TORELLY bEthe Shrde o RiiDE WAABsucRbsis used instead of
| yophilized formul ati on.” These beneficial effects of

t r ehialos & NEEMy BYSPREhAT-3D e URE-2NE, 16PLURBSE In theory, the
tenperature (Tc) and gl ass transition tenperature

( T]Si’iﬂlar?t:lry?ngfs‘iéﬁziﬁ lyopﬁqylhgs Bébylddashe 8RR ftRhlatibPshowddlde

trehal osé as the ‘only cryoprotectant (-29.50C and

degfonﬁ&‘ﬁ@apﬁélc\/@ mé)l“c%ﬁ@ TE‘O&hW th GREMmay E@ﬁpkhﬁe {Fwarming of
and Tglof the sanme solution when sucrose is used

| ngt Rdudf whitkha %@e e ciRSo %Htéin ﬁfgﬁ&ﬁﬁ&&@t‘é%@:ﬂ&nt which can lead
(-32.70C and -320C, respectively). In theory, the

P {oFBdute A EtiRg of {hg ?eéﬁ‘atédﬁﬁﬁmellohz TR, the REIAYd ﬂ'ﬁ?&q seeking to reduce
interferon fornulation should be perforned well bel ow

t hipe %lﬁﬂg cdiffent oPLRBRENbSEd pAIS1a6AK ReTBYN Fo?xlnll@f?&ﬁ iflp@sst O

warm ng of

cartridges would not have considered using a cryoprotectant with a higher Tc or Tg' than
that of sucrose. However, as described in more detail below, the inventors herein
surprisingly discovered that the use of trehalose as a cryoprotectant allows the primary
drying step to be performed at temperatures higher than the Tc and Tg' of the frozen
solution, while achieving a lyophilized product that has both low moisture content and
minimal cake defects.

Thus, the formulations of the invention comprise a pegylated interferon as the
active pharmaceutical ingredient and trehalose as a cryoprotectant. The formulations of
the invention may contain one or more other agents that perform a cryoprotectant
function, provided that trehalose comprises at least 60%, by weight, of all such agents that
are present, The presence of trehalose during lyophilization of pegylated interferons in

dual chamber glass cartridges has been found to allow use of a relative short
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the product, which may cause the cake to contain
hi gher noi sture content, which can | ead to reduced

web@biokiey of the pegylated interferon. Thus, PEEUS2005/028441

skilled artisan seeking to rerce t he noi sture content
of sucrose-based pegylated interferon fornmulations in
gl ass cartridges woul d not have consi dered using a
cryoprotectant with a higher Tc or Tglthan that of
s Ulyopiskzatiblovyeled.g., &3 dayssersidetiddyn farthessanie farmulabieh cwtaining
the inventors herein surprisingly discovered that the
ussicwbe dvthhalloggomstectant) ppprdote tyaplitilizt powdertoli ®w initial moisture
primary drying step to be performed at tenperatures
hi gimeent artddow thipgroscopiaity] with' miofmal hegectsrduz éncake baltapsen shrunkenness,
whi | e achieving a | yophilized product that has both
| oliddedness arrmeltbackt ent and m ni mal cake defects. Thus,
the forrmul ati ons of the invention conprise a pegyl ated
i nt er f dnone asbddireera,ahé presephiavention ptovitas a salgioadorgmepaaingla
trehal ose as a cryoprotectant. The formul ati ons of the
i niyeptiilizzd powgerdomiwitionoiBe sxutivorcemptifesa pegytuddsntetfaron, a
performa cryoprotectant function, provided that
t r efeprosaatpntprifes astabilizbre ast St&lleqWdver fovdhjgttion, wheraihnltrehalose
such agents that are present. The presence of
t r ednagrizseat dast G0, by epight, ot cynprofectprtgy | at ed
interferons in dual chanber glass cartridges has been
found tAnahdrepecifeenbbdimentdfabd imeersiboista lyephilizkd pawded nomprising
cycle (e.g., <3 days versus >5 days for the sane
f os pegyaitdddntedernd,ai diyapeptecient, adbaffers aridestabilizer, wherein trehalose
cryoprotectant) to produce a |yophilized powder of | ow
I Ntdmised@ilabio0es, b Meipht, ofithe clyoproteygniand deilgiphilizedpdvirder has a
m nimal rejects due to cake col |l apse, shrunkenness,
| i edadnessmtadt lesethib®sk. | n one enbodi nent, the present
i nvention provides a solution for preparing a

Yet another embodiment of the invention is a pegylated-interferon drug product,

which comprises a glass container, which comprises a lyophilized powder comprising a
pegylated interferon, a cryoprotectant, a buffer, and a stabilizer, wherein trehalose
comprises at least 60%, by weight, of the cryoprotectant and the powder has a moisture
content less than 3%. In a preferred embodiment the glass container is a cartridge having
first and second chambers, wherein the first chamber contains the lyophilized powder and
the second chamber contains Sterile Water for Injection, which is used for reconstituting
the powder into a solution for injection.

In addition, the present invention provides methods for preparing lyophilized
pegylated interferon formulations. Such methods comprise lyophilizing a pegylated
interferon in the presence of a cryoprotectant, a buffer, a stabilizer, and Sterile Water for

Injection, wherein trehalose comprises at least 60%, by weight, of the cryoprotectant. The
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| yophi li zed powder fornulation. The solution conprises
a pegylated interferon, a cryoprotectant, a buffer, a

wGeb@bioki7zer, and Sterile Water for Injection, PBEUSI005/028441

trehal ose conprises at | east 60% by weight, of the
cryoprotectant. Another specrﬁ c enbodi nent of the
invention is a |yophilized powder conprising a

pegyl ated interferon, a cryoprotectant, a buffer, and
a 1gdphllizhtionds perie@ et éMBROASHRAGRETUCE 8 BDisdire bt less than
60% by weight, of the cryoprotectant and the

I ysophi | i zed powder has a noisture content |ess than
3% Yet another enbodinment of the invention is a

pegyl ated-interferon drug product, which conprises a
gl ass cont ai PRTAMEIEDESCRIPTERS OF THRARVENEON OWIEr
conprising a pegylated interferon, a cryoprotectant, a
buf f er Thapfésent fivaktionipfdides Wl BlophiliZed Tadnutiof OofejrAREd
at | east 60% by weight, of the cryoprotectant and the

P QMEEEroRAthathrd RALI diirg Gttt stbr@Sesat kbbb tederatule, @s well as
preferred enbodi nent the glass container is a

C Hrédebs@@for Pryhrit thist SormaRdose anRGeatda PRREms a WhslledidBscription of
the first chanber contains the |yophilized powder and

t NRese ESrAN iR THRR prép@iaticd 49 tfiedpplicuti¥¥d. ethid d¥kcription is by way of
I'njection, which i's used for reconstituting the powder

| Neferat eréthplhryGifustr@tiors th ffctdaSifg ddtill Adckpbdifidity, 6f1Re various
present invention provides nethods for preparing

| VeiolinenRbrREOMVatRE. THsE ELBHpNR afOoMUniitih g Afd reliddvariants
nmet hods conprise |yophilizing a pegylated interferon

| NhitRA1 BE SHRRGE10Une Bf SKilY RRACAESD Aibnded td Ve ch€dmpassed by the
stabilizer, and Sterile Water for Injection, wherein
trgbaldessamapri ses at |east 60% by weight, of the
cryoprotectant. Thel yophilization is perforned under

condi t ig@Rfat ikahveRfiSIMEFbAMIR r&ldHy Endefitc@Nerh@S&hhid@ind

scientific terms are specifically defined in this section. All other technical and scientific
terms used herein have the meaning commonly understood by one of ordinary skill in the
art to which this invention belongs.

As used herein the term “pegylated interferon” means covalent conjugates of one
or more polyethylene glycol (PEG) molecules and one or more interferon molecules.
Preferred conjugates for use in the formulations of the invention have one to four PEG
molecules per interferon molecule, and more preferably, the conjugates are between a
single PEG molecule and a single interferon molecule. The pegylated interferon may
comprise a single positional isomer or a mixture of conjugate positional isomers, e.g., the
PEG molecules are covalently attached to different amino acid residues on the individual
interferon molecules. For example, U.S. Patent 5,951,974 describes the preparation of

mixtures of PEG-interferon alpha conjugate positional isomers in which some of the
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3% DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention provides novel |yophilized fornul ati ons of

w@egghzt7ed i nterferons that are stabl e during Pongsioesms441

storage at roomtenperature, as well as processes for
preparing these formul ations. 7This section presents a
detai |l ed description of these fornmulations, their
preparation and their applications. This description

| SsoRerdVBY cotjudafy BétdeeCXEGBARS istidinetedidl df @itSntetféron molecule,
i ncreasing detail and specificity, of the various

ergane isoBBisSn B nikiufe dray&gugh@mbet%&m(emrmliﬁ&g%e lysine residue
e

non-limting, and related variants that wll

ARRAEENbthEdsdes AE cSfidates bAWEHEPEG hndPHh€ amito@GHfchslopiHee
enconpassed by the appended clains. So that the

| NEAErbR holBile D BrefdRdtly, HiRAR LY 1ed IR fefdnQRfhpokc@f dathéformulations
technical and scientific terns are specifically

deftiiRafvenfion inspr&cd hiXfure 6f posiibha hisohRENA Whith 2818kt 15%, and

scientific ternms used herein have the meani ng comonly

UNRGE pleRRsb1PYt 1843€309%, 0P FdicBAYatedkh te nhiRtutd¥e Bétlvedn single PEG
whi ch this 1Tnvention belongs. As used herein the term

" RRGIYuRL £ al siHe®Y ih@FO0n nfRRME aCLNiRidR reG@ Ugat es of
one or nore pol yethylene glycol (PEG nvolecules and

one or e PEG Mdi6uleR iPiRe H&h@é&k@s G hE{eﬁfiﬁérEﬁ%cﬁ&ﬂiaH GR1R8.
for use in the fornul ati ons of tﬁe i nventi on have one

t Ol RHMbIyPHEEPER! RALUES hRRY anl Vb8 RE LI b faRiging BEtween 1,000
more préferably, the conjugates are between a slingle

PEGd 19066 UinG ARuBIS bRErRd bRb&difehOfe B8tk Gre pl&ifared using
pegyl ated i nterferon my
PEG 12000, 1.€., which means the PEG molecules in the conjugates will have an average
molecular weight of about 12,000.

The interferon portion of the pegylated interferon conjugates used in the present
invention may be any naturally-occurring or recombinant interferon known to those
skilled in the art. Natural and recombinant a-interferons that may be used in the
formulations of the invention include interferon a-nl (e.g., Sumiferon®, Sumitomo),
interferon a-n3, interferon a-2a (Roferon® A, Hoffmann-LaRoche, Inc.) interferon a-2b
(INTRON® A, Schering-Plough Corp.), interferon a-2c (Berofor®, Boehringer
Ingelheim, Inc.), and consensus interferon (Infergen®, InterMune, Inc.). B-interferons and
y-interferons that are suitable for practicing the invention include interferon p-1a
(AVONEX®, Biogen Idec), interferon B-1b (Betaseron®, Berlex Laboratories,
Richmond, CA) and interferon y-1b (ACTIMMUNE®, InterMune, Inc.). Preferred

interferons are interferon a-2a and interferon a-2b. Most preferably, interferon a-2b is

used to prepare the active ingredient of the formulations of the present invention.
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conprise a single positional isonmer or a mxture of
conjugate positional isoners, e.g., the PEG nol ecul es

waemecozrad ent |y attached to different am no acPdr/us2005/028441

resi dues on the individual interferon nolecul es. For
exanpl e, U.S. Patent 5,951, 978 describes the
preparation of m xtures of PEGinterferon al pha

conj ugat e positional isomers in which sone of

thei so T'Gifn?:g@t’i&l ST RIS iRBinfeEb0R @idldekes Mg b@pdHothbdby @y
residue of the interferon nolecule, other isoners in

t h&)njﬂf&ﬁdﬂr@a@ﬁbﬁkﬁdﬂ 14 9RIse Skilket inarrER, &\ dts@ibed in U.S. Patent
interferon |ysine residue and still other isomers are
CORb4I GBI 2360 SIMEOM RS 99174 hBrefdtdby theQHT MURcEl istddPalently
interferon nol ecule. Preferably, the pegylated

| NREARNS the GRBRGDE MbleBile Wit aluedtiRAk BoAdO Wor@ brefdifbly, the pegylated
i nvention conprises a mxture of positional isomers in
Whin€edafe Rt i4 Sstatel DYoreadiich iR fEroR MathfelitlxYp i (eth§RAE g3

of the conjugates in the m xture are between a single

PEGBRinaH cSrbaife BCSPEG) & pHIY £l 84:0ibeiBh 8B PReAINA 5,951,974,
hi sti di ne residue. The PE& nol ecul es in the conjugates

may haveGhdst srefhbd pLYyRddlimerfieh B ise in ieatbanalions of e
PEG nol ecul es have an average nol ecul ar wei ght rangi ng

beigrIdn I B, A telferdd@®p. | N @ particul arly preferred

enbodi ment, the conjugates are prepared using

PEG 20083Hdifon tlo"ﬂ'"ﬂegﬁatg@ it fet RS B R AmTRS s b9 ﬂr@seﬁh}ﬁvention

conjugates w Il have an average nol ecul ar weight o

abgythorike a €88prottBant, Rhith Eoﬁfté&lfb ntﬁfffi]ég&ﬁ{éd Hterkdién R&H MhRARY

i nterferon conjugafes used € present invention

ma i | abufih GHliZdd 8 1y8PhiliSE8APTH 2 1
[ n%{despﬁ)g%gﬁndgg%\:ﬁh@% 0 tuhose 1slﬁli I I}gg lihﬁd(ﬁtghe art .OPI{clgfclja}nélz‘ %

angr & ¢OENi A he ?e‘gkrﬁ}e@ GRERROS durh thed TRk Soces ahll lﬁa the

fornul at i ons of the | nvention i nclude intérferon a-n
( €reultingHyBpHiRse@Pbtvller, ald s b ®Ring agent to form an easily reconstitutible cake.

The amount of cryoprotectant used is typically based on the total weight of the
formulation. In one embodiment, the cryoprotectant is present in an amount of 0.05% to
90% of the total weight. In preferred embodiments, the formulation comprises an amount
of cryoprotectant that is between 0.05% and 50%, and more preferably between 0.15%
and 10%, of the total weight of the formulation.

Trehalose comprises at least 60% of the total weight of the cryoprotectant in the
formulation. The cryoprotectant may comprise trehalose in any percentage between 60%
and 100% by weight, e.g., 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100%. Preferably,
trehalose comprises at least 75% of the total weight of cryoprotectant. More preferably, at
least 80% of the cryoprotectant, by weight, is trehalose and most preferably, trehalose

constitutes 100% of the cryoprotectant.
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interferon a-n3, interferon a-2a (Roferon(r) A
Hof f rnann- LaRoche, Inc.) interferon a-2b (I NTRON(r) A,

wedvenearge Pl ough Corp.), interferon a-2c (Ber oPOT/(83005/028441

Boehri nger Ingelheim Inc.), Qjﬁd consensus interferon
(Infergen(r), InterMune, Inc.)". b-interferons and
g-interferons that are suitable for practicing the
invention include interferon b-la (AVONEX(r), Biogen

| dee) , Trehialesé Braciisatehhiide(dBetamdgrton @hicpseBaslemies bound in an a,0-1,1
Laboratories, Richnond, CA) and interferon g-Ib

( AlokbgdeMAN (foym of trehelodd in eyitable dor)use Frpéparing theifortradationosfshe
are interferon a-2a and interferon a-2b. Mst
preeésenitaieption. NA erefared oran Alirehdos¢setlelatvsg dépydrae. t he

active ingredient of the formulations of the present

I nvent iCaker Ggentsudiattrhayrbe abed wieh tR@losenitl thedrgopratecant are

nol ecul es may be perfornmed by any conjugation reaction

K rartfohydrated sk asthe bdcelthrides, sureosarsugar @lcghals wh demanriitol durface
in US. Patent Nos. 5,612,460, 5,71 1,944 and

5, Rhbile £xéhts siyhek @iedlblegns, bhiwel Pis(@lyoeiod end dimethysaitadidentA preferred
attached to the interferon nolecule with a urethane

b aggbprdvedtant jy facbohfidryte. Alpeefaregiycatboryiirataiserdisatcharids A preferred
generated by reacting interferon with

medifuohapiat is(sedrbgel ene gl ycol ) - succi ni mi dyl carbonate
(SC-PEG at pH 6.5, as described in U S. Patent No.

5, 951, 9 éne proferBdemhbddimém thefdrpaigydns bthrépatedrbly dyophilizing a
use in the fornulations of the invention is

PRI cbithiding €0 ox}y/at Zdhalobddinglidité a0l g/m] pegysk as te
interferon, the formul ations of the present invention

C OdFpéirStectint C iy OR6RipeTerddtembobintzht, fe@blRbbiscdntitises 80 mg/ml
pegyl ated interferon from danmage, adsorption and | oss

f I @¢RabBE€ diMarhke iahd Z®Agint] shoroyehab the ZRlopfectahh€n a yet more preferred
cryoprotectant al so serves to stabilize the pegyl ated

| ngebdaanan, thélysigotedtant Coreatseofdeldlong dpliydes Svhighds prasenhid the

solution at 90 mg/ml trehalose.

The formulations of the invention also contain a buffer for maintaining the pH of
the formulation in a range of 4.5 to 7.1. Preferably, the buffer maintains the pH between
6.5 and 7.1 and most preferably maintains the pH at 6.8. A preferred buffer comprises
equal mass amounts of sodium phosphate dibasic anhydrous and sodium phosphate
monobasic monohydrate, with the total concentration of these compounds in the
formulation being between 0.005 and 0.1 molar. Other suitable buffer systems to
maintain the desired pH range include sodium citrate/citric acid and sodium acetate/acetic
acid.

The formulations of the present invention also contain a stabilizer for preventing

adsorption of the pegylated-interferon to the stainless steel and glass surfaces of the
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resulting |yophilized powder, and as a bul ki ng agent

to forman easily reconstitutible cake. The anount of
waeeyepeaeect ant used is typically based on thePCDUS2005/028441

wei ght of the fornulation. In one enbodi nent, the

cryoprotectant is present inj@n amount of 0.05%to 90%

of the total weight. In preferred enbodinents, the

formul ati on conprises an anount of cryoprotectant that

is between 0.05% and 50% and nore preferably between
eqOiphfedt ambicobOfgersfisadite lyaphilizewsil giore Bre formaulptaonsy IaaddHon,

Trehal ose conprises at | east 60% of the total weight
stabfilideRecaarsydpizRtRe pegylatédintdrierérobymilirtizing itd keposure to air-water

cryoprotectggt may conprise trehal ose in any

& HeAHRerPREVES M OVpIANEIHAAKA BloraiRl Pitone@x@mpl sorbates

n‘%‘g/ec % 80% 85%&8 % 95% or 100% gfiferagﬂ?e%%y
ar%{,lse E‘f agﬁ Aﬁ%ﬁé e}Js&%ﬁ e S@g‘hg{}eég@(} $tQ8iRkin g@#&m When

era east 809

P : hsgf@%%?o ‘? gﬁl%grg%gmﬁgﬁmemrg@ormm tg g’}ﬁjl "BABtr suitable
stabilszags &ééﬁ%&%&c&{g?&%’%&ggs Sﬁ%ﬁ?ﬁa ool ﬂ?\/{ig%ﬁgﬁb}?@ which-

formof trehalose is suitable for use in prepari t he
mépbenudedtat 2% affth¢ haupe of dretsolutioantsedfor te IS’PE]?IBZ‘P rmulation.
formof trehalose is trehal ose, dihydrate. O her

agent's pichate theaforbelatisadofht prasetlinvensien, the pegylated interferon,
cryoprotectant are carbohydrates such as the

@ﬁs}?{%@{ahﬂ SR fferSiHalLbflized Hdaiss8lvea P MWeaterloNInjéctioh i bl ainount
ace active agents such as the Tweens, as well as

se cyeg @\?pcoql'cgﬁ;at@%l@ B'{)tfhﬁ Xb68in é&d@éﬂ% @t £ suitable for

ant I's a carbohydrate€. A preferred

lyaslgg grl é.lSF grﬁ%l, ggectgltx]ﬁa r‘wgi?erfAr e% lgﬁ’rr%gans sterile, purlﬁed

water that meets regulatory standards for particulates, dxssolved solids, organics,
inorganics, microbial and endotoxin contaminants.
Once all the formulation 1ngred1ents are in solution, the solutlon is aliquoted into

glass containers suitable for use in a lyophilizer and for storage of the resulting

- lyophilized powder. Preferred containers are vials and cartridges. As used herein, the

term “vial” refers to a small glass container with a flat or slightly concaved bottom, short
neék and flat flange designed for stoppering. Vials are usually placed directly on the
lyophilizer chamber trays or shelves for direct heat transfer. As used herein, the terms
“cartridge” and “dual chamber cartridge” are used interchangeably to refer to a tube-like
glass container having two chambers that are separated by a middle stopper. One

chamber (Active Chamber) has a narrow neck and is closed by a snap-on closure. The

other chamber (Diluent Chamber) is wider and closed by an end stopper. Cartridges are

| magazines, which hold the cartridges upright, and then the magazines
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In one preferred enbodi nent, the fornul ations are
prepared by |yophilizing a solution containing 60

waorgdoni2a7eehal ose di hydrate and 40 ng/ m  sucr oSBCEES100&028441

cryoprotectant. In a nore preferred enbodi nent, the
sol ution conprises 80 ng/m tk¥khal ose di hydrate and 20
nmg/ M sucrose as the cryoprotectant. In a yet nore
preferred enbodi nent, the cryoprotectant consists of

t%&!}ﬁd 08 8ir A ¥ HRUFophIRECHhyl/ShePle® SERY cattidded tra§ OF biby A be i
at Ocng/ﬁ1 ?rehal%gg. Theyfofnjlatiaﬁs 0 tﬁz y o

i bihet s ' il sk ng the pH
LAY Sob i miniasein 1

Pref er ghlsy con'izi?&rpé{fnta]?t{iné@. M Bl $ntérRGoPdrR@bNGRIT t’s iRvention are

and 7.1 and nost preferably maintains the pH at 6.8. A

prsgﬁjgdl:té ; cl))g%hﬁi%tio QRBEr SRBLHGH UBproptStoPRAWBE $1y8hhilized powder

SO ate di basi ¢ anhydrous and sodi um

P WIQ%HE 2R RD 08 RsH: 6f RRNRRYHL 2P Rferathyl h‘netlit?hﬁﬁé@ﬂmwder has a

concentration of these conpounds in the fornulation

D5} 816, RELNERD ¢ Ber0h #54 afa 2 STRLAY morPpAératy birabie1% and 25

systens to maintain t desired pH range

i ncl ud g‘}\g @gkﬂlﬁg}agﬂg% g@ﬁd??(gl's %ureiafso fibstn Udhi AdcdEPtable levels of cake

acet at ornul ati ons of the present

i [eYe . i .- DL .
agié?e% while %%1&@8 E%bdéfx?ed%\@ BloishASEorkedk. RE @éég RbrefdJthe phrase

orption o ated-interferon to th

St‘%%k%' a%i?e%t”sr&%%'ao tﬁ‘gﬂﬁe%&ﬁéﬁ AWof ABRPSical BEBEY ISR oM.,

contai ners use yophil1ze and store the

T Of AL | l%éddne%gg?xzrﬁgi&btaklg r%c;}ﬁ‘gns%h Ichile S¥cHCAOusth AP lel t8 8xcessive

t he pegyl ate eron nimzing its exposure to

?;%%r\é\m%%eng Mﬁﬁ%&%ﬁﬁgé@&@f RGE SredilobiB@d with loss of product

I I on and storage. one exanpl e,

PSRl BoorgPuls okaR; BhR RSy AORENRien: fcgpe doine
cycle, may be a sign of partial or micro collapse and may result in poor stability of the
pegylated interferon upon storage. Liddedness is a physical defect in which the top of the
cake forms a thin film or crust, separate from the bulk of the cake. Meltback refers to a
common form of cake collapse that is primarily due to incomplete sublimation (change
from solid to vapor state) of the formulation. Meltback is associated with a change in the
physical form of the pegylated interferon or moisture pocket(s), which may result in
instability and depegylation of the pegylated interferon. Preferably, the percentage of
these type of cake defects in the lyophilized powder is less than 50%, more preferably less
than 10%, still more preferably less than 2%, and most preferably less than 1%.

The use of trehalose in the formulations of the present invention permit aggressive

lyophilization conditions to achieve lyophilized powders having the desired low moisture

content and minimal cake defects. Loading the glass containers into the lyophilizer may
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pol ysorbate 80 is utilized, the preferred
concentration is 0.01 to 1 ng/m. OQther suitable

wGe@bioki7zer s are surface active agents such asPCT/US2005/028441

pol yvi nyl al cohol (PVA) and PEG 300, which may be used
at <2% of the volume of the sdRution used for the

| yophilized formulation. To prepare the fornul ations
of the present invention, the pegylated interferon,

CT3eQRIBInRA R Rthbieh prdstilre ﬁé}@eecnt 3bid dmsrecange Qh@eﬁ%'o?ﬁ%ﬁteﬂs hay be

Water for Injection in an amunt selected to achieve
COGRALS &) ﬂr&%g &f anhtiéht R5dutk foP' ¥ E&@'hx@ Bt asteﬁ]B@rtatuFU l?etween -55°C

swtablefor | yophilization. As used herein, term

%ﬁeﬁwbofbllb&k@&t Arﬂgallngg%bléﬁt ‘ﬁféséu?e foP 4 'Ed § h&ﬁis ‘W%tt@rﬁperature
that neefs regulatory standards for particul ates,

di lﬁeﬁ%e\{eﬂ?@%ﬁ USeC 0@ RbAA sol'u{‘é]{ antLH th‘st%szOlQid@x' va€iifin at a

en dot oxi n contam nants. Once al the formulation

I
| ﬂgés%&’l‘e SFbetwadrs 4dd 196 nHiiToR (Vlgbl?) ?)fb'féﬁﬂlyoﬁ‘etwbvéenq 5186 G orr.

'ass contal ners suitab use I n a

@%:M 'z eéryﬁlg\%gé g{ay%E E%Meﬂort@?o ) Rhperatyre bethen -

erred containers are vials an

C (b Iy ﬁ&i eﬁ%"c '%ﬁulé‘ %@e&ﬁﬁ%ﬁm&g@%}ptﬁ‘a{y@e Ip¥1‘§riln§ﬁt ﬁ/setb S0hR. ata

a smal ass contal ner lat’ o | _
CBRRYER 1 LR Sty SR 0 i
SO S R 2 e

anshui i Bhes SROUTRSE LR bl @eiosed | nt et changeab y

torerer to a tu SS cont ai ner haV|ng t wo

chanbe rﬁ]fiﬁét%?lt\lfg{ %Héﬁlg ?ttﬁaq vilati@nd Uil g/ﬁtﬂﬂﬂ?}n cSiftions will

chanber as a narrow n

((:lds)r?%ekf% 112%%93&&39&91 g[h% ‘des ;gléﬂ cﬂgrgzgg ?/&2 'ﬁ@ Elglled artisan can

uent r and cl ose n

st x%gtﬂﬁzrdemg{flﬁc{ tlesq Aftsinitt ﬁ/ophlhzatlon processes based on considerations known

in the art. See, e.g., Tang and Pikal, Pharmaceutical Research, 21(2):191-200 (2004)). A

preferred lyophilization cycle for preparing a lyophilized pegylated interferon formulation

of the present invention is summarized in Table 1 below.
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i magazi nes, which hold the cartridges upright, and
then the magazi nesare placed directly on the
wo ymplzd7eeer trays/ shel ves. The cartridges mayPOI/USHYS/028441
not be in direct contact with the |yophilizer
tray/shel f surfaces for heat dBansfer. d ass
containers containing a pegylated interferon
formul ati on of the invention are subjected to

| YRIDN 1.1 ERKdrP&d IyOsIRLizat8R ¢y &1b RF Sy pRRIAY ddGnRFfRFYIC e
a tbi/rﬁ@ﬁhbﬁs&ﬁdhpz;%on havi %g a rr%@?t ure l%:eg%ltgtent ‘S? p(glgs
than 3% Preferably, the Iyophilized powler has a

noi stufe content grEpet ween 0. 5% angdOoNDEPRIONANUERE
pref erpbly bet weepapifand 2% The TyophiTization
condi t| ons ar gemb&amuedOSEN tO achleve accept abl e

| evel s| of cakeprghgi8ehohi | € mai nt ai ni ngakpgndesi red

| ow noj STUT € COTR@gREmNGAS USed nherein, the phrase cake
defect refergelBednpd€) t hat has one or ngge physica

def ect B, such;q&m&@b5@9§p shrinkage, |iddggagess, or
mel t bagk. Col | apggd es, V\,hl chh are usual by due to

excess ~PAL rion during
freezerdryi ngreq gaﬁﬁgp@jated with | oss of ,product

el egance and pRAL,S(ARLY) LY. Shninkage, Whintdat i s
causedj by an |nef1{n|ﬂh§)nt freezewdryi ng cyclge, may be &

sign of parti PRiM RYIﬁIg}’HQGCOITap‘e and - may Tesutt—mn
poor stabilitﬁfgle&$ﬁ%da ylatedglnterferonzypon

storage. Lidd W g)phyS|CtI defect ipswhich the

top of | the cake i% S)a thin fillm or crustZSSeparate

fromt he—but §E mf& ? IIV:‘I ;); Iour,rnglelyel bg‘rgod TOMoN
4

form of cake
i nconpl ete su%?g 0% Ehange firom solid {9 vapor
state)|of the f I o Nbltback IS ass%plated W th
a chant i ?R}SI‘N&' formofr—t llfpcgyl ated-

|s

interferon or cket (s)|, which may. result in
:2?2?? I|ty aqﬁ uﬁiﬂx' ngn“of t he pegyA%m%nt
I CI CTaury, U1 —FICI bCIIL agc Ul

This preferred lyophilization cycle requires less than 48 hours to complete, including the
time required to change the temperature of the chamber between steps as applicable.

Pegylated interferon formulations, which are prepared according to the preceding
description, are very stable during storage at room temperature and above. In one
embodiment, the amount of unpegylated interferon in the lyophilized powder, after
storage at 40°C for 30 days, is less than 10%, preferably less than 7.5%, and most
preferably less than 5%.

Preferred formulations of the invention are lyophilized in a cartridge and consist
essentially of PEG 000-interferon alpha-2b in an amount of 67.5 pg, 108 pg, 162 ug or
202.5 pg,, 80 mg trehalose dihydrate, 1.013 mg dibasic sodium phosphate anhydrous,

1.013 mg monobasic sodium phosphate dehydrate, and 0.0675 mg polysorbate 80. As
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t hese type of cake defects in the Iyophilized powder
is less than 50% nore preferably |less than 10% stil

waorooe/opr7ed er ably | ess than 2% and nost pref eredi/ysioeses441

than 1% The use of trehal ose in the fornul ati ons of
the present invention pernit afgressive |yophilization
conditions to achieve |yophilized powders having the
desired | ow noi sture content and m ni mal cake defects.

Laged Regeih/vhe @ha Sconsisfiigdssuntisilyl oTt Medri@hdt yHeYiphil&ed powder
maybe perfornmed at anbi ent pressure between -550C and

S Qdontai3@nlyaRsigdcitedingle I8 Snd'Gllyer RftetidR|tIRE HE HotlrPaterially affect the
freezing at anbient pressure for 1 to 4 hrs at a

t esTpIegiodl WEdyilyr ¥@Bility cTHe ffthlatibdOdnd WiKh QWREmAM rially affect any
anneal i ng at anbi ent pressure for 4 to 8 hours at a

t egpp@fiedlly cRihet ies 29 fhe Foehutatid® GuchlA3&ndist@& Bntent or amount of
solution is dried in two steps under vacuum at a

Pr Q&S Bctd f PaRRure Preferd dorkiifatidhd dondigiof tHeMH@Edidnts listed in this
preferably between 15 and 30 mforr. The prinmary drying

St RPaghdpy. be perforned for 15 to 35 hrs. at a

tenperature between - 300C and -15C while the

secondahy peg4tétDintetefdn TEhubGioREs iR MPhtibPhre Bsdf@ if Beating
hrs. at a tenperature starting as lowas 0 to 5C and

I 24Raftd obl BorldRioAD Gt diohd GavbiaBlyds Wkdd@rddShdrH: sublhsQARkeR Snd
the glass containers containing the |yophilized powder

MBythr@elP BrolifirdRE didbrddRPiNiraPinRE G TS Q&inﬁisterr‘a%ﬁnulauon of the
tenperature or bel ow The invention contenpl ates t hat

Vagrbadhi RRhtioh, thd§SEhilite POk ddr et AStitaRASH 4 48NS diMent, preferably
produce |yophilized powders having the desired

ChofaRe R ﬁx‘a@&ﬁoﬁ Sand TG asdfériﬂeﬁﬁ’caﬂ% br&ale Sradunt SEEL Fekonstituted
design and test alternate |yophilization processes

baﬁﬁﬁul@ﬁbrﬁ@ﬂﬁéc@e@ﬁ%'t}g}%tlmw t&aghe art. See, e.g.,
Tang and Pi kal, Pharmaceutical Research, 21(2):191-200

(2004)). A preferred | yophi lization cycle for

preparing a |yophilized pegxhaj@deg nterferon
formul ation

Pegylated interferon solutions containing varying amounts of trehalose and
sucrose as a cryoprotectant were prepared and lyophilized in glass cartridges under
varying conditions and the resulting lyophilized powders were tested for cake defects,
moisture content and stability of the pegylated interferon. Table 2 below describes the
composition of four of these solutions, which were lyophilized using the lyophilization

conditions set forth in Table 1 above.
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15

of the present invention is sunmarized in Table
lbel ow. Table 1. Preferred |yophilization cycle for

wo yoph2d72ei ng pegyl ated interferon fornmul ati onscDUS1002028441

invention. This preferred Iyophilization cycle

requires | ess than 48 hours téSconplete, including the
time required to change the tenperature of the chanber

bet ween steps as applicable. Pegylated interferon
forgpi ati ons, which are prepared according to the
precedi ng description, are very stable during storage

at [foom tenperarure and above. TN ongRigp@di ment, the |
anbrddiengPETYT at ed 1 O TgT UNer TYORii Tzt
powder, t tes a
tharPEﬁh%o-ipteefP@ﬂafb?W lg?rﬁg t hap, 3§A; an J&jﬁgp 10(/) 3100
pr 'S%'dfﬁ‘:ﬂ%ds thanm 5% Preferred formutatt uuaﬁjffﬂ%‘ﬂe—j
i NVefids iRl dR yophi Il-ielfg/niﬂn al. @mgfmli dA.EI émt/mlons' 5§ mg/ml

'LU 1 —all

eSStg&ﬁu B |~|:u oo ntetferon—arpt

amg $noﬂi %jl&i? 1085 mg/ml1621. frpgbml 20D!. Smggnl, 801.ﬁrgmg/ml
o @pyggﬁaaeis_ f,”r[,i‘ﬁ:’ 1 ;*m AR T o*ifn'"“ 5P Fing/m
erNEIREana o GorR B, (LILREFL G 50 e/
herle T”rﬁhaﬁsﬁgj;y Qrals v o ol g/l L8O mg/ml " (9 nmg/’mlgn ) mgfml

t he Eaﬁnpdsludmrz\eﬁ Hoepatkdiin wu&rmrﬂﬁjeaiarhy the specifi ed
materials and other materials that do not materially
af f ect Rollewhigdydplilieationaading/thé Yyopliligitiah cydld 3¢t fokthtilEable 1), the
formul ati on, and which do not materially affect any
S petnbet 68dakss thatatonkihophslpeictréjecedduettd) olfapsedithiads) Idded cakes,
such as noisture content or ampunt of cake defects.
Paget érely Ishfubhienthaedsand a@lthkdwisaictepiithed aitsths mofsfurd &umtent was
ingredients listed in this paragraph. The pegyl at ed
I Nfedstied OMhd REuNslagd shows ir0Tabld®e 1 nvention are useful in
treating
Table 3.
Comparison of % cake rejects for formulations prepared from solutions O, A, B,
and C

Formulation T(l;;z;)l;e (Sl;gnols; % Cake Rejects | % Moisture
0) 0 80 100 nd
A 50 50 100 nd
B 80 20 44 ~3
C 920 0 10 ~2

Note: *“nd” means not determined
As evidenced by the data in Table 3, use of trehalose as a cryoprotectant, alone or in
combination with sucrose, led to a lower rate of cake rejects due to decreased cake defects
(e.g., collapse, shrinkage, liddedness, and meltback).
In addition, the affect of various concentrations of trehalose on the stability of

pegylated interferon was assessed by measuring the % of free interferon, which
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di seases or conditions that respond favorably to
interferon therapy such as cancer and ot her cel

w@eakiotee@t i on di sorders, and viral infecti onspCTs2005/028441

adm nister a fornul ation of the present invention, the

| yophi | i zed powder is reconstd®uted in a sterile

di luent, preferably Water for Injection, and then a
therapeutically effective anmobunt of the reconstituted
f Qorfbdpahdsad theSeveNbdeb&S141i8h 0 f, AGdrBRLis ) tat %45 2&ent when the
treatég. EXAMPLES Pegéﬁétedgintg?fgraﬁ solu#?ons

C Qfbphiled FowWdb Wal StorRB Bt Thisty Qhystal £1°8] AHE rAME: 2¢HoNHEn Adble 4.
a cryoprotectant were prepared and |yophilized in

ol'pdbie gartri dges under varying conditions and the

I Sothparian/of 9P ek int&derBR IR bININELE IvRIREE5keh Hed §RIAE solutions O
defpacts, noisture content and stability of the

egvlated interferon.. Table 2 helow describes the
go%¢)gﬁ@FG??YQ} four of these Mr&elmﬁégr '

| yophi | i zed us| ng t hedOmgphilirebalaseon congli t Tsehalosefree
forth in Tabl e 1 _ahove ToptiomC 5 Fach _spl ut iSehitignO
prep re(LiQDJM er ﬂ’fﬁ'n;isﬁﬂ ect | mo-%}aﬁm ng 0.7 ml fill

| yophiliz8tion| (usind-9he |yaphil lPdtionfcycle Bdt
forth in Yable|1)., tR&nunber| of 8aRkes that woulkd
normal |y Be rejected2d@3e to dol | aps®d cakes, |i dded
cakes, seMerely shrudiedn cakegs and.Tel t backs wasad
detefm nexd and|the nwil8t ure cont edtd3was preasur edd The
resullts a0e shown in nkabl e 3.| Tablkd93. Conpari sws of
Ycake mNajt€Co.S ndl Gl ok 017l fl defefiSto fHepRUACHfliesdluBioh UiophiliZed
O, A, Bn a glass cartridge; “nd”” means not determined

As evidenced by the data in Table 4, use of trehalose as the cryoprotectant led to
decreased depegylation (hydrolysis) of pegylated interferon a-2b in the lyophilized
powder.

Various publications are cited herein, the disclosures of which are incorporated by

reference in their entireties.
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and C Note: "nd" neans not determ ned As evi denced by
the data in Table 3, use of trehalose as a

wa@eoepeaoeect ant, al one or in conbinati on W th BODUSHEs5/028441

led to a lower rate of cake rejects due to decreased
cake defects (e.g., collapse, I¢hrinkage, |iddedness,
and neltback). In addition, the affect of various
concentrations of trehal ose on the stability of

pegyhtdt geintedt er f eron was assessed by neasuring the %
of free interferon, whichcorresponds to the |evel of
depegyl ation (i.e., hydrolysis), that was present when
the |yQp&ithticheer B a WRphifbARWdEormllatidny thd dyidti
400C. The resul tf%egsm in l5‘I€?abl e 4. Ta(l)tg%/e g‘ﬁ #
Cosdaipis®p R pofyldd BRriefth el HfSRtedtht| MURRE, hishBHizOWISN Ster for
prepared fromsolutions Oand C. Note: 0.5 m fill or

0. thjebtior], WhbrefnafcBhSse @niphiSesAMTRAR BO%I byl W&t Odthd Qfoprotectant, and
| yophilized in a glass cartridge; "nd" nmeans no

defhe bifr SithidSin Sk SENT I Bivnulidien 8ahRed 25 1aPT € 4, use of
trehal ose as the cryoprotectant |ed to decreased
depegyl ation (hydrolysis) of pegylated interferon a-2b

i m t he Tr¥Qphtibd #QghiRQ W BErein ViV d ok RirE QRfHriddsQucrose.
cited herein, the disclosures of which are

i ncorporated by reference in their entireties. Wat is

cl fi Medine LoluforP O diimANwh&tbinRi-RRGE BRpAses ¥OBLL 0% 8 weight, of
powder formulation, the solution

the cryoprotectant.

4, The solution of claim 1, wherein trehalose comprises at least 80%, by weight of
the cryoprotectant.

5. The solution of claim 1, wherein the cryoprotectant consists of trehalose.

6. The solution of claim 5, which comprises 90 mg/ml trehalose.

7. The solution of claim 1, wherein the buffer maintains the pH of the solution

between 6.5 and 7.1.

8. The solution of claim 7, wherein the buffer consists of sodium phosphate dibasic

anhydrous and sodium phosphate monobasic monohydrate.

9. The solution of claim 1, wherein the stabilizer is a polysorbate.

10.  The solution of claim 9, wherein the polysorbate is polysorbate 80.
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conprising a pegylated interferon, a cryoprotectant, a
buffer, a stabilizer, and Water for Injection, wherein

wo eebabose conprises at | east 60% by wei ght, pET/UB®05/028441

cryoprotectant, and the buffer maintains the pH of the
fornul ati on between 4.5 and 718 . 2. The solution of

claim1l, wherein the cryoprotectant further conprises
sucrose. 3. The solution of claiml1, wherein trehal ose

COMPr i 988 sethitidrestelaind @%vhd¥in VR B latePintelrf2Rn consists of covalent
cryoprotectant. 4. The solution of claim1, wherein

t r ShAbASLHBRERIPEERRoIRuIdsAAS IntdR¥%n dMhaWiii&RfesOf the
cryoprotectant. 5. The solution of claim1, wherein

the cryoprotectant consists of trehal ose. 6. The

sohut i qhe QluldrPdfBam 10\ ki BRIPECSESeRiksBY dHached to the
trehal ose. 7. The solution of claim1l, wherein the

bubfetroR®oMcaied %ith Aardtdn®borddhe sol ution between 6.5
and 7.1. 8. The solution of claim?7, wherein the

buf fer consists of sodi um phosphat e di basi ¢ anhydrous

angd_ s octd RRAGSHAIR 1TDMRRGES hiQedIPTHN ¥ Fhe hixchélt PEG Riolecules are

solution of claim1, wherein the stabilizer is a

PO SHRE BhiStdin resid e 0B ik 'iﬂtér@e‘ﬂorpzrlplﬁl Ré18ufks. Wherein the
pol ysorbate i1s polysorbate 80.11. The sol ution of

claim1l, wherein the pegylated interferon consists of

copal erfpe GO SHIGH BIm 181 Wiedin R’é@‘egﬁ’it&ﬁﬂ{eﬁémﬂ Rfbha is PEG12000-
interferon al pha nolecules. 12" The solution of claim

1Jinteyyg1%5gir§ma_t2{;.e PEG nol ecul es are attached to the
interferon nolecules with a urethane bond.

15.  The solution of claim 14, which consists of between 100 and 300 pg/ml of
PEG00¢-interferon alpha-2b, 90 mg/ml trehalose dehydrate, 1.5 mg/ml sodium phosphate
dibasic anhydrous; 1.5 mg/ml sodium phosphate monobasic monohydrate, 0.1 mg/ml

polysorbate 80 and Water for Injection.

16. A lyophilized powder, produced by lyophilization of a solution comprising

pegylated interferon, a cryoprotectant, a buffer, a stabilizer, and Water for Injection,
wherein trehalose comprises at least 60%, by weight, of the cryoprotectant, the

buffer maintains the pH of the solution between 4.5 and 7.1 and the lyophilized powder

has a moisture content of less than 3%.
17.  The powder of claim 16, which has a moisture content of less than 2%.

18.  The powder of claim 17, which has less than 10% unpegylated interferon after

storage at 40°C for 30 days.
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13. The solution of claim 12, wherein at

| east 15% of

the attached PEG nol ecul es are attached to histidine

wo e@oadEso of the interferon al pha nol ecul es.

18CT/TRm05/028441

solution of claim 13, wherein the pegylated interferon
al pha i s PEGL2000- interferonl8l pha-2b. 15. The
solution of claim 14, which consists of between 100
and 300 nmg/ M of PEG 2000-interferon al pha-2b, 90

nofo  tThe Rawaef ciaity o7, aihech idlydpHiBZedlin § Oiriage phosphat e

di basi ¢ anhydr ous,
nonobasi ¢ nonohydr at e,

1.5 nmg/ M sodi um phosphat e
0.1 ng/ M pol ysorbate 80 and

Vageer  fIme pbWilGGF tiaitn 19, &vherdid 116 RtitlonZBhkifOE&Hially of between 100
produced by |yophilization of a solution conpri'sing

pegui3ab ag/nii Bt PEG
stabilizer,

and

Bh
Water for

oihterferdit AP, SEIngMI treRalbieldeRydrat@ 1.5 mg/ml
I njection, wherein trehal ose

C Od¥RfubSdspHatel dShSic affdroudy1. S\BlgBiltsodiBi phB$hate monobasic

cryopr ot ect ant,

the buffer maintains the pH of

t he

S Ohéidh9dtaR . Ve mFpobysaibete 60 AndWitel R Hj¥@RA! | | zed

has a noi sture content of
powder of claim 16, which has a noi sture content of

| esis t R pdWeier b8 claibh 80, RAMKET theTyofhiRtatbr s pe¥Bintdd RS a

| ess than 10% unpegyl ated interferon after storage at

powder

4 @bptitpatioPcyd RYcSmpRsing 148 famog.gg' st%

| yophilizedin a cartridge.

| ess t han

3% 17. The

afid &nidltihh valiby. Ch 1S

e powder of claim

19, wherernm the SQEpl on CONSISUS CRogNBHITAON VALUE
bet wee(T 100 and gL e/ T of —PEG@ 2000- Tterteron
al pha- bb, 90 rqg‘.n%f}j)g@ @5 ose dehydrate, 1.5 ng/ni
sodi un phosphaérgssﬁﬁegﬁqu) anhydrqus, 1.5 iyt Sodi um
phosphateMoMobas G
Temperature (°C) -50
Pressure (mTorr) Ambient
Time (hrs) 2
ANNEALING
Temperature (°C) -20
Pressure (mTorr) Ambient
Time (hrs) 6
PRIMARY DRYING
Temperature (°C) -20
Pressure (mTorr) 15
Time (hrs) 25
SECONDARY DRYING
Temperature (°C) 5to 40
Pressure (mTorr) 15
Time (hrs) 6
UNLOADING
Temperature (°C) 5
Pressure (mTorr) Ambient.
22. A process for preparing a lyophilized pegylated interferon formulation,
comprising:

providing a solution which comprises a pegylated interferon, a cryoprotectant, a

buffer, a stabilizer, and Water for Injection, wherein trehalose comprises at least 60%, by
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15

20

nonohydrate, 0.1 ng/m pol ysorbate 80 and Water for
Injection. 2 1. The powder of claim 20, wherein the

wo yapledeeati on is performed using a | yophil i zedT/082005/028441

cycle conprising the follow ng steps and condition
val ues: 22. A process for pr egﬁri ng a lyophilized

pegyl ated interferon fornul ati on, conpri sing:

providing a solution which conprises a pegylated

l n&@l%l\g,emﬁb criopeétyit BhEGhb Bidffor ntaitmhd @€ pHRIT HeaBinlul AR between
and Water for Injection, wherein trehaFose conpri ses

atq b g@s1.1.60% bywei ght, of the cryoprotectant and the
buffer nmaintains the pH of the formulation between 4.5
and 7. hjacRlpakd itiol $nts Qltabd QftairkE; and 9l ass contai ner;

and |yophilizing the solution using a |yophilization

cycl e tfighilRimdMCRRutdn mﬁﬁgwobmﬁ&ﬁsgwth%%mesaa Iyophilized
noi sture content of less than 3% 23.” The process of

Cl QiwlerRavinphGh&SibtrelBRieht A%3s h@RsaI ner is a vial . 24.

The process of claim22, wherein the |yophilization

cycle conprises: loading the glass container into a

|'ypphi |Th%g)'foc@§s AL, WHeRISHE Bladitdn@inkSRRAGKARL Ur €

bet ween -55C and 5C; incubating the glass container at
anbi ent pressure for 1 to 4 hrs at a tenperature

beﬁdo/eenma%ﬁ%swxafrﬁ%%&gﬂ ﬁmﬁ ?y%ﬁlrﬁi%oﬁ Yt diprisl: t he

gI ass contal ner; Incubating the glass contal ner

cont ai NjPghd he gihdsLbRBinSCintdld 06hhRlze AT RMBRht RELSIYhEa tetperature
4 to 8 hours a% a tenperature between -25C and - 15C

t opeppafabsiimanegy! at ed

incubating the glass container at ambient pressure for 1 to 4 hrs at a temperature
between -55°C and -40°C to freeze the solution in the glass container;

incubating the glass container containing the frozen solution at ambient pressure
for 4 to 8 hours at a temperature between -25°C and -15°C to anneal the pegylated
interferon in the solution;

drying the frozen and annealed solution under vacuum at a pressure between 8 and
100 milliTorr (mTorr) using a primary drying step and a secondary drying step, wherein
the primary drying step is performed for 15 to 35 hrs. at a temperature between -30°C and
-15°C and the secondary drying step is performed for 5 to 10 hrs. at a temperature starting
at 0°C to 5°C and ramping up to 40°C during the secondary drying period; and

unloading the glass container from the lyophilizer at ambient pressure and a

temperature of 25°C or below.



interferon in the solution; drying the frozen and
anneal ed sol ution under vacuum at a pressure between 8
wa@paheARD201i | HTorr (mTorr) using a prinmary dryi PQI/SEBP5/028441
and a secondary drying step, wherein the primary
drying step is perforned for 23 to 35 hrs. at a
t enperature between -300C and - 15C and the secondary
drying step is perforned for 5 to 10 hrs. at a
t ergper athl hfoceds A Elaig2Atwhefdfa thglals BAEInEATR AP abhPthe
400C during the secondary dryi ng period; and unl oadi ng
t N%mil%ﬁoﬁ:%@ka;bﬂ,sﬁseé Rl &ing ytgmhh taRitichlvaR@®i ent
pressure and a tenperature of 25C or bel ow. 25. The

procesf of ctaim gggpwherei n the g goNDEION VALUES 4
cartri ggeand thgp AyRBeNt 1T zati o cycre conprises the

foll oy ng st epg30dncoRE)tion values: 26. A pegyl ated
%ﬁﬁ@%{fﬁf ) h d

interferon dr r) Whi ch gonpri ses zgpigppphi | i zed

rer, whererm the t yophi 1 zed

powder [T a O aSH{ EPRA
%gbsa\t ed intlerferon,

. b4

powder [ conpri s@g, a

cryopr pt ect antsﬁeéuéjg%i ) and ajstabiliz i?éﬂper ein

trehal pse corrpnﬁgl%(ﬁ%){}east 60% by wei gﬁ}z, of the

cryopr ptect ant,AﬁwAgNE buf-fer—rarntarns—thepHof —the
C

formul ation b nd 7.1 27. The peggyl at ed

interferon dlrelte Sl f claim26, wher % rehal ose
Uste N n‘

conpri ges at le y weight, of the

Ccryopr{ ; gegytateg—nterferon—drug

product of cl alLemW NG

§J

_ Liurd ein the cryoprot eghant
consi sts of trl%ﬁ;zgﬁ% éT )5 The Hegyl ated i ) erferon
drug product o i ﬁ't] )Etf, wher eiln t he gl asg cont ai ner
is a viek ime (hrs >

SECONDARY DRYING
Temperature (°C) 5t0 40
Pressure (mTorr) 15
Time (hrs) 6
UNLOADING
Temperature (°C) N
Pressure (mTorr) Ambient.

26. A pegylated interferon drug product, which comprises a lyophilized powder in a
glass container, wherein the lyophilized powder comprises a pegylated interferon, a
cryoprotectant, a buffer, and a stabilizer, wherein trehalose comprises at least 60%, by
weight, of the cryoprotectant, and the buffer maintains the pH of the formulation between

45and 7.1.

27.  The pegylated interferon drug product of claim 26, wherein trehalose comprises at

least 80%, by weight, of the cryoprotectant.
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25

30. The pegyl ated interferon drug product of claim 27,
wherein the buffer consists of sodi um phosphate

waledaszoo2@nhydr ous and sodi um phosphat e nonobaBdTUS2005/028441

nonohydrate and the stabilizer is a polysorbate. 31.

The pegyl ated interferon drug2groduct of claim 30,
wherein the polysorbate is polysorbate 80. 32. The

pegyl ated interferon drug product of claim 30, wherein

t . pegihk ptBahtédibRiERN ARugGRETRICSS1a0h 2¢ OV the cryoprotectant
conj ugat es between PEG nol ecul es and interferon al pha
nmodoasists 8Swehafags ei N t he PEG nol ecul es are attached to
the interferon al pha nol ecules with a urethane bond.

33. The pegyl ated interferon drug product of claim 32,
whey, ei Matpegy@asd intep¥pon fdnigiRodict dehd 2PFiheidih e WIRS coblidiner is a
attached to histidine residues of the interferon al pha
nodigicul es. 34. The pegyl ated interferon drug product

of claim 33, wherein the glass container is a

cartridge having first and second chanbers, wherein

s préduehSY cldith 2, WdR &e vafrer dofists of

they | yomaiplﬁ%gﬁsh RRYERA d b, Wi
second chanber conpri ses ter for Injection.35. The

pegilvat SidspHateedibR1cQRh oL aRd QHH pﬂfé}élfalt@{hﬂﬁq%ﬂsic WoRSH HiAte and

the pegylated interferon al pha is PEG 2000-interferon

al AB3mBiAzer3ba poliiertafgy! ated interferon drug product of
claim 35, wherein the |yophilized powder consists

essentially of 67.5 ng of PEG ooo-interferon al pha-2b,
6031780 TH} pegylated interferon drug product of claim 30, wherein the polysorbate is

polysorbate 80.

32.  The pegylated interferon drug product of claim 30, wherein the pegylated
interferon consists of covalent conjugates between PEG molecules and interferon alpha
molecules, wherein the PEG molecules are attached to the interferon alpha molecules with

a urethane bond.

33.  The pegylated interferon drug product of claim 32, wherein at least 15% of the
attached PEG molecules are attached to histidine residues of the interferon alpha

molecules.

34.  The pegylated interferon drug product of claim 33, wherein the glass container is a
cartridge having first and second chambers,
wherein the lyophilized powder is in the first chamber and the second chamber

comprises Water for Injection.
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trehal ose di hydrate, 1.013 ng di basi ¢ sodi um phosphat e
anhydrous, 1.013 ng nonobasi ¢ sodi um phosphat e

waledvgadeeree, and 0. 0675 ng pol ysorbate 80. 37. HAEEUS2005/028441

pegyl ated interferon drug prog ct of claim 35, wherein
the Iyophilized powder consis essentially of 108 ng
of PEG 2o000-interferon al pha-2b, 60.780 ng trehal ose
di hydrate, 1.013 ng di basi c sodi um phosphat e
an¥by dr dilhe pedyldBinterfervodolggsoducsafadiam3phoispdiathe pegylated
dehydrate, and 0.0675 ng pol ysorbate 80. 38. The
peigierfatondlpha isstB@anintrfognpipbatdbt of cl ai m 35, wherein
the | yophilized powder consists essentially of 162 ng
of PEGnhooo-interferon al pha-2b, 60.780 ng trehal ose
di 36y dr dfhe pegdylQddBintefeshniagy rodotofichip 36 syleadie the lyophilized
anhydrous, 1.013 ng nonobasi ¢ sodi um phosphat e
depopdicatansisarssetidlll 65 6Trf) up of PEGLHhinterf8thn aftha-2bh@). 780 mg
pegyl ated interferon drug product of claim 35, wherein
t heeeHalospbih}drated . iduniedibasimsid sirsphesphatetanydrous 0F.0 BOig Monobasic
nmg of PEG 20o0o0-interferon al pha-2b, 60.780 ng
t r sldanoplesphay/dthgdrate, ahd 0087 5mgpolyssbate 8@di um phosphat e
anhydrous, 1.013 ng nonobasi ¢ sodi um phosphat e
dehydrate, and 0.0675 ng pol ysorbate 80.

37.  The pegylated interferon drug product of claim 35, wherein the lyophilized

powder consists essentially of 108 pg of PEGia0p0-interferon alpha-2b, 60.780 mg
trehalose dihydrate, 1.013 mg dibasic sodium phosphate anhydrous, 1.013 mg monobasic

sodium phosphate dehydrate, and 0.0675 mg polysorbate 80.

38.  The pegylated interferon drug product of claim 35, wherein the lyophilized
powder consists essentially of 162 pug of PEGjaggo-interferon alpha-2b, 60.780 mg
trehalose dihydrate, 1.013 mg dibasic sodium phosphate anhydrous, 1.013 mg monobasic

sodium phosphate dehydrate, and 0.0675 mg polysorbate 80.

39.  The pegylated interferon drug product of claim 35, wherein the lyophilized
powder consists essentially of 202.5 pg of PEGy2gp0-interferon alpha-2b, 60.780 mg
trehalose dihydrate, 1.013 mg dibasic sodium phosphate anhydrous, 1.013 mg monobasic

sodium phosphate dehydrate, and 0.0675 mg polysorbate 80.



