WD 2006/ 020720 PcTns20051 028441 STABLE PEGYLATED | NTERFERON FORMULATI ON
RELATED APPLI CATI ONS This application clains the benefit of U S. provisional
application serial nunber 60/600,846 filed August 12, 2004. FIELD OF THE

| NVENTI ON 5 The present invention relates to stable formnul ations of

pegyl at ed- i M@tdaizomo conj ugates, which are useful for i:@g@@jgmﬁwarl ety of
conditions for which interferon therapy is beneficial. In particular,
formul ati ons are provided that include the active pharnmaceuti cal |ngred|ent
pegyl ated interferon and trehal ose, mhlch are stable at room tenperature
when | yophilized. 10 BNSHERABE IS ENTGRENON MPULAAEQAY are a fanmily of
hi ghly honol ogous proteins that inhibit viral replication, inhibit cellular
proliferation and nodul ate i mune response. Human interferon are grouped
into three classes based on their cellular or|o|n and antigenicity: 15
a-interferon (leukocytes), (3-i REEAEDAPRIACATIONGSts) and y-interferon (B
cells). Reconbinant formnms of each group have been developed and are
comercial ly aval I B @pplicgign cleimsihrdicretiy off .8 peoviiogplagplicaonseisl p¥picks, the use
of interferons t er. of conditions has been proposed
including vira qw %éﬁ?%ﬁ %ﬁ?lous cancers. However, as with other
proteins, use of interferon as pharnmaceutical agents has generally 20 been

limted by several shortcom ngsFI%[%ﬁ“ilgEQiN%ﬁgﬁﬁﬂ' city, which leads to
formation of neutralizing anti | i ni cal response, and a
short halgd-life, g cdBANS ntidnNkted th SHER e L& to maintain
therapeutlcally ef Ive coﬂ%entrgtgons o%mﬂﬁﬁ §%§’§e%%Q%ﬁ%§§606/020720
PCT/ US2005 1028&4}%@&%, which are useful for treating a variety of conditions for which interferon

o

L therapy is beneficial. In particular, formulations are provided that include the active
pharmaceutical ingredient pegylated interferon and trehalose, which are stable at room
temperature when lyophilized.

10 :
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:

15 a-interferon (leukocytes), B-interferon (fibroblasts) and y-interferon (B cells).
Recombinant forms of each group have been developed and are commercially available.
e> Due to their various biological activities, the use of interferons for treating a
number of conditions has been proposed', including viral infections and various cancers,
However, as with other proteins, use of interferons 'as‘pharmaceutical agents has generally
20 been limited by several shorfcomings, 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.



These probl ens can be overcone by conjugating interferon to polyners, such
as polyethylene glycol. However, while interferon-polyner conjugates are
clinically beneficial, the w despread use of such conjugates in clinical
practice requh Rk nul ations that can be stored for aoyexioended: period of
time during manufacture and 5 distribution to health care providers. Sone

i nterferon-pol ymer conjugates, however, 2apidly deteriorate, even in frozen
sol utions. Lyophilization (also known as freeze- drying) is a process that
can render an interferon-polymer conjugate in a formthat can overcone this
deficiency. Lyophil iTB&t p@bleiScad bP bREDBMS bWRuiihg Wakr¥onitS p&ita:d, BRM af r om a
conposition after it 10 is frozen. In this process, pharnaceuticals and

bi ol ogi cal s t hajoly@thglefiediabl, iRweved aiila b@fetol-pomen@tiagiis akalinitdlgn over a
period of time can be placed into dosage containers in an easily processed
liquid state, dcheiahtichaddsprediaseiaiBudicotiagibgindinkdatacardegiresr ed in a dried
state for extended periods. A fornul ation designed for Lyophilization often
cont ai ns  bul ki fognulnignettidtent te stokdtforian extedlsdpdriaé otivputtingphammbiciuck amét eri al , as
well as cryoprotectants, 15 |yoprotectants and other stabilizers to protect
t he acti veé i ngrdsiienipn forhesithdarpgeidear Soxgp intarfdompdhpner kynjyghtcs, heetveon. U. S.

Pat ent 6, 180, 096 di scl oses that |yophilization of pegyl ated-interferon al pha
conj ugat es nay wgdlyldeteiioate vamge Sojen sdldtonn divophélizane: (elegimewn of fresomnj ugat i on of
PEGto interferon a. Such changes include degradation of the conjugate into
free PEG and 20drving)at § eipesas that caubuletpnanierfesant ermjugdte inqpcfoy et EG ont o
anot her pegylated-interferon nolecule, or intranolecular shifts of PEG _
nmol ecul es f r om GEoBE ths dsficienshj ugation to another within the same nol ecul e.
Thi's patent discloses that the stability of pegylated- interferon al pha

corij ugat es duri ng aM"P&fhtzéti‘mE%Pdﬁ?ﬁe‘l‘si“ﬂ‘é‘ie%b\‘iat?fés lmedfen p5pmPgsEMm APt ng  such
conjugates.in a huffer, a stabig%éer,_ cnyo roéfctant nd a solyvent. Wile
the ~096 W 2008/6%07 Sohperrres 8ou5martrsal And bilon st airasitivEK snlablrdP al

cryoprotectants could be used, including djsaccharides, sucrose is
yop ‘ an aqueous solution over a period op t{megcan Le I?Iaced mto fgasage containers i an

easily processed liquid state, dried without the use of damaging heat and stored in a dried
state for extended periods. A formulation designed for Iyophilization often contains
bulking ingredients that increase the amount of solid material, as well as cryoprotectants,
15 lyoprotectants and other stabilizers to protect the active ingredient from damage duﬁng
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

20 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 conjugaies during and afier lyophilization is achieved by lyophilizing

such conjugates in a buffer, a stabilizer, a cryoprotectant and a solvent. While the ‘096



the only cryoprotectant used in the only forrmulation that is specifically
exenplified in this patent. Lyophilized fornulations contai ning

Pegi nterferon al pha-2b, dibasic sodiumb5 phosphate anhydrous, nonobasic
sodi um phospRkad aegidoydr at e, sucrose and pol ysorbate 80 peEguiRidRiad by
Schering Corporation, Kenilwrth, NJ as PEGIntron(r) vials and PEG
Intron(r) Redipen (See PEG Intron(r) Produgt Information, Rev. 2/05.). The
Redi pen(r) is a dual-chanber glass cartridge containing |yophilized

PEG Intron in one chanber and sterile water for injection in the other
chanmber. The manj4feaGhdifi®s sé\@LOFRAAS12hO Q5a1dE: dselPeldihgl fithcSHafiadRcbRris

PEG Intron vials (i.e., 25 O, and refrigerated storage for PEG Intron
Redi pen cartri dgesonly cr@protedtahtthsdl ifthe oflp @rAulaSonahgd {s@pificaliegenfliticd adrls t | onal
formul ations that not  only protect pegylated interferon conjugates from
damage during angdtafter |yophilization, but that also allow long-term
storage at roomtenperature when |yophilized in glass cartridges. ldeally,
such 15 formul at i onsLgipbilitad foeubienabilignihgPaginteforh alphas2h, dijagirodiess that i s
nore cost-effective than the process used for sucrose-based formnul ations.
SUWARY COF STHE |itodghift ©Nydrees, porebssin sodimu phdsplote ditydismdrosamnt helywdrigilsi ng
di scovery that the use of 20 trehal ose, as the sole cryoprotectant or in
conbi nati on wi t Feromnirkgteddiy\Sokarios Eotperation, Kehilviortly NJ oy Bihintion@ vialsandPE@egy| at ed
interferon al pha 2b all ows use of si(gni ficantly shorter |yophilization
cycles whilo prdeueiiisdweh (op RFG-inead o infomaton Bey S06). Tin Regpetiic e
content and thus nore stable at_ roomtenperature than when sucrose is used
as the sole crydprdueler gass cantidgr eqippingiophiredRiCenEin ont chamberB¥en found to
si{Qfﬁjfi cantly increase it \WD 2006/ 020720 PCT/ US200%/ 028441 4 the nom

t erper at ure st abitgrile WRIGfor dBsctian 17 hreaier cvwber; ARPITEREHIET RCAMPSPEHIPI zed

Formul ati Oﬂ)' temperature storage for PEG-Intron vials (i.e., 25° C), and refrigerated storage for PEG-

Intron Redipen cartridges (i.e., 2° to 8° C).
| There is a present need for addifional formulations that not only protect pegylated
interferon cqnjugates from damage during and after lyophilizati;)n, but that also allow
long-term storage at room temperature when lyophilized in glass cariridges. Ideally, such
15 formulations should be amenable to a manufactﬁring process that is more cost-effective

than the process used for sucrose-based formulations,

SUMMARY OF THE INVENTION

The present invention is baséd on the surprising discovery that the use of
20 trehalose, as the sole cryoprotectant or in combination with other cryoprotectants, during
Iyophilization of pegylated interferon alpha 2b allows use of significantly shorter
lyophilizatioﬁ 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



These beneficial effects of trehal ose were unexpected because the coll apse
tenperature (Tc) and glass transition tenperature (Tg') of a frozen

pegyl ated interferon 5 solution with trehal ose as the only cryoprotectant
(-29. 5C angyg Rddmhrespectively) are not nmuch hi gher thagy/gddgnshesssnd Tg'  of
t he sane sol ution when sucrose is used instead of trehalose as the only
cryoprotectant (32.7C and -32C, respectidely). In theory, the prinmary
drying step in lyophilizing a pegylated interferon fornulation should be
performed well below the Tc and Tg'; otherwi se the cake may col | apse due to
war m ng of 10 tiehGonpte@@ittire siabititof taMingagibaedtiateeank & 4 1gophiatdai n hi gher

noi sture content, which can lead to reduced stability of the pegyl ated
interferon. THumulatifte skilled artisan seeking to reduce the noisture
content of sucrose-based pegylated interferon fornulations in glass
cartridges woul d nOiiestmusficinbetferis of tetlalusiveg wexpsoiaibectiecthasiiapse t h a hi gher Tc
or Tg' than that of sucrose. However, as described in nore detail bel ow,

t he invent or s theraihme (I5) ad glossitensitginyentiesbre @ e'bof atftoatn geprdatersigtedéron r ehal ose as
a cryoprotectant allows the primary drying step to be perfornmed at

t enper at r es kplgheywithihalesh es e ordndyopepiectibt t296°¢ prsiz@1TC, pepiectivielyhare whi | e
achieving a Lyophilized product that has both | ow noisture content and

m ni mal cake defmichdigharipg thetTsand Bg' githetame seution whprsucosein tsed inseaiglr i se a
pegyl ated interferon as the 20 active pharmaceutical_ ingredient and

trehal ose as arckyigsepyiBe by dyprotrizat (3gr/upatPohsrewectivelih i Hvenitthon nay
contain one or nore other agents.that performa cry%grot ectant function,

provi ded that PRFERARGEStcR dhiyeRmdRg gpegyiaid intgiso RAUREPHROA8? al | such

£

‘agent s -that ar resent. The_pr ce of trehal ose during |yophiljzation of
oyl ot et | nt SPRPER Ay TEHABap Y ise e ERE T BRI EEN S Bnd 1 o

al | ow use of rel ative short 2006/ 020720 ,PCTf .US2005/ 025441

| yophi | i1§ati oghec%‘;%‘ﬁ%t’ ‘(’@?tbr."?ycé'?e VAR R PO ercl"&?}gu‘%?m’f g ci‘r?ﬁ“ ‘?%dr nul ati on
containing suycras A.he.sol e .cryopr.ot ant roduce,a [yophilized
powder of | owléigﬁe?(fclg%at&rlrlﬁt?' ‘s)gtﬁer 124 lg%%inge%ﬁf?mgmuf’égﬁ Sk@egc?%rg%gﬁ?eg’in %/%e%’:? h m ni nmal

rejects due t Qheczﬂt%ﬁur(e\ %Jtéﬁp&%ucr&@-ﬁ)yslgg S&Qﬁé& interferon formulations in glass

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

15 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

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

dual chamber glass cartridges has been found to allow use of a relative short



| i ddedness or neltback. 5 In one enbodi ment, the present invention provides
a solution for preparing a |yophilized powder fornulation. The solution
conprises a pegylated interferon, a cryoprotectant, a buffer, a stabilizer,
and Sterile Water for Injection, wherein trehal ose conprises at |east 60%
by weight, oWotéeomrryoprotectant. Another specific enbodchastooehzsifhe
invention is a |lyophilized powder conprisikng 10 a pegylated interferon, a
cryoprotectant, a buffer, and a stabilizer, wherein trehal ose conprises at

| east 60% by weight, of the cryoprotectant and the |yophilized powder has a
noi sture content |ess than 3% Yet another enbodiment of the invention is a
pegyl at ed- i nt er Pepheiration fyclp ki e ©02ys VeRIsCH dawipy thesae forpplation cpd#RiBg ner , whi ch
conprises a |yophilized powder conprising a, 15 pegylated interferon, a
cryopr ot ect ant , SUTBYAsR solegRYPRegpnilp progie 1XHHI@P@E ﬁg‘f‘%éhfg% He BoPrses at

| east 60% by weight, of fhe cryoprotectant and, the powder has a noisture
content |ess t h%‘ﬁ‘%]%%“dﬁw &W@Pé?ﬁé"d“ BVEB; TR due I‘."e‘?agﬁ %@?Sﬁﬁﬁ?%‘eﬁ%‘?s’ is a
cartridge having first a %ﬁgecond.chanbers, wherein the first chanber
contains the |y %ﬁ@ﬁﬁ?@&“ﬁ er and the second chamber contains Sterile

Water for Lnjection, which is used faor .reconstituti . 20 1 wder into a
sol ution f%r i nj ect i%ﬁt}eelnhogalﬁfﬂttlﬁ%?{ew %%Ve%t%egspéoﬁf&é% ansr\g’glrﬁl ?%ﬁpltés%@gaes nmet hods

for preparing. | Xaahil gt RAGHLAhhd ALALI GLAR. SLOMhAL DBraSHCh ot hods

conpri se |yophi e interfreron’in resence o

cryoprotectant, g, QUEHEE ., vaest ejbngre%'lgo%%% VoS b lﬁjeéﬁg%,‘%{}ﬁ}ieﬂ{ trenhiBdeCt 1 ON,

wher ei-n trehal ose ‘conpri'ses at |east’ y wei ght’, e cryoprotectant.

The WO 200610202&&£g@4Qﬁ@@g,/b?%%éﬂéoftﬁequﬂm&{ahgati on is perfornmed under

condi tions that proéuce a noisture content |less than 3% DETAILED

DESCRI PTI ON OF THE | AERTIEN G Sentid@inRhiQ? 8B bnve e M 4 103 nB @MioHaS: B Ring
| yophi | i zed fornul ati ons of pegyl at ed

10 a pegylated interferon, a cryoprotectant, a buffer, and a stabilizer, wherein trehalose

comprises at least 60%, by weight, of the cryoprotectant and the lyophilized powder has a
moisture content less than 3%.
Yet another embodiment of the invention is a pegylated-interferon drug product,
which comprises a glass container, which comprises a lyophilized powder comprising a
15 pegylated interferon, a cryoprotectant, a buffer, and a stabilizer, wherein trehalose
compﬁses 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 reconsﬁtﬁting
20 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

Injectién, wherein trehalose comprises at least 60%, by weight, of the cryoprotectant. The



interferons that are stable during long-termstorage at roomtenperature, as
wel|l as processes for preparing these fornulations. This section presents a
detail ed description of these fornmulations, their preparation and their

appl i cati ons.ywdhiogo@escription is by way of I'' 1) sever gby/@xR6:84Y
i.llustrations, in increasing detail and specificity, of the various 10
enbodi nents of this invention. These exanfl es are non-limting, and rel ated
variants that will be apparent to one of skill in the art are intended to
be enconpassed by the appended clains. So.that the invention nay be note
readily under st opghiligs8bh ﬁklafar@ma&%n@nﬂs th@tGr&bd o thSisth@ CoRenfle® tiReCi fical ly
defined in this section. | other technical and scientific 15 terns used
herei n have t he sggani ng conmonly understood by one of ordinary skill in the
art to which this invention belongs. As used herein the term "pegyl ated

cinterferon” neans coval ent conjugates of one or nore polyethyl ene glycol

. (PEGQ nol ecul es and one OrDEMAR EDDHESCRIPTIONOFEHE BSVENPIGN er red conj ugat es
+ for use in the formulations of the invention have one to four PEG 20

- ol ecul es per i nt er f Ereqresem invention progides nowd Bopitikdfeé fadahiytions hipegdngdigat es are
- between a single PEG nolecule and a single interferon nolecule. The

~ pegyl at ed i nt er figerfmonathet are gahby dusieg ngteny bterageos idomoeraperitgonewelbes a m xt ure
- of conjugate positional isoners, e.g., the PEG nolecules are covalently
~attached to dif foegeessts fontirsperingdhede fooniledives 1bis stdtien prestntsiadetailed disgtiptivhef on

. mol ecul es. For exanple, U S. Patent 5,951,974 describes the preparation of
25 nixtures of PES jormuations, heir arepiretion evr thejeareliqstierist Thin dé¢scripsionrisbs wanofnhi ch
. sone of the WO 2006/ 020720 PCT/ US2005/028441 7 isoners are conjugates

" befween PEG and saverdl gtepglopydilysgations & igfreasie detait ad peactisityref e varieus ot her

" isorers in the mxture are,cpnjugates bet ween PEG and an _interferon |ysine

residue afd st iemPodmpts ofitdyipusnd

Ty PR SRPIR PBEIopEmEe Fud S att e ani no

~terminus of the _ interferon nolecule. Preferably, the pegylated. interferon
ghocie priogataesd fy

. positional isoners

|
conponent of t hé3 SR 2RPFFRHE oge Beure of

the g AR ISHB ip

i hi ch at | east 15% and
appended claims,

So that the invention may be more readily understood, certain technical and
-scientific terms are specifically defined in this section. All other technical and scientific
15 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 (FEG) molecules and one or more interferon molecules.
Preferred conjugates for use in the formulations of the invention have one to four PEG
20 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 ora mixture of conjugate positional isomers, ¢.g., the
PEG molecules are covalently attached to different amino acid residues oﬁ the individual
interferqn molecules. For example, U.S. Patent 5,951,974 describes the preparation of

25 mixtures of PEG-interferon alpha conjugate positional isomers in which some of the



nore preferably at | east 30% of the conjugates in the m xture are between a
single PEG nolecule and a single interferon nolecule at a histidine
resi due. The PEG nol ecules in the conjugates may have different nol ecul ar

angi ng bet VERRUEPOES 10 and 18,000 In & parti cul ar Ly prLrary gl O

enbodi nent, the conjugates are prepared uysing PEG 2090, i.e., which neans
the PEG nol ecul es in the conjugates will have an average nol ecul ar wei ght
of about 12,000. The interferon portion of the pegyl ated interferon

conj ugat es use n 0 e currlng or
r econmbi nant m?sé) rgradarfoﬁﬁ%esg?weeflﬁg qgﬂlétf[?%lr%sﬁm ?%18&%?“"%% Y*al and
ANt A RO SR oot Byt Py LOMIHERE 05 Qb N

i nvention |nclu en eéron a-n

terf it I
|t ert eron & i NSRE Rl G SRRV LB bl SRR ERRPRS, | 1C.)
(Berofor(r), B%&férd?ﬂ%lecuiengﬁl‘e%i(yf% }Jéé?lat)ed ok CORRASH 8¢ NG NCTT IS

(I'nfergen(r), InterMine, Inc Interferons and 20 y-interferons that are

sui tabl e §or praghifkdEn E&ﬂpﬂsé‘é‘é%&thﬁ%fb&ﬁ!oﬂﬁ%oin&% &Y WRHOR 1eRst h 66, da@VONEX(T)
Bi ogen Idec), interferon (3-ib (Betaseron(r), Berlex Laboratories,

Ri chmond, CA) %me;srs&ﬁm&@n@sat 209, bt the \ehjuDANERE }mxtﬁrgﬁt‘é”bwgﬁbasln%k PEG Pref erred

|nterferons are interferon a-2a and interferon a-2b. Mst preferably,

i nterferon a-2oisule dsPrhitel iREERS BolkIR 8£ hikidheirR@oedi ent of the

formul ati ons of the present invention. W 2006/ 020720 PCT/ US20051028441 8
Conj ugati on of the BE@E@MEoltcleemitty dhjuEads ety hes dfRknhrolpRlt atigisl by any

conj ugation reaction known to those skilled in the art, e.g., as descri bed

i h=U. S. Pat ent Prefiashly, Bie@EDS, BnleShavd dn Hédgeandlecn]aDbdigi fehginPbeatfemdldoy, t he PEG
nol ecul e is covalently attached to the interferon nolecule with a urethane
bond. "Mor@ pr efied 5000, Itdyertoeeny mtferkdsmbndimedtghomnjugatgeregraaed ubiyg r eact i ng
interferon with nethoxypol y(ethyl ene glycol)- succinimdyl carbonate

(SC-PEG at pHPEGmmo.as., dbisk medne the PRGUhBculPain éhetcomngates wibliy@Mvjaverage

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
15 skilled in the art. Natural and recombinant a-interferons that may be used in the
formulations of the invention include interferon o-nl (e.g., Sumiferon®, Sumitomo),
interferon a-n3, interferon ¢-2a (Roferon® A, Hoffmann-LaRoche, Inc.) interferon a-2b
i (INTRON® A, Schering-Plough Corp.), interferon a-2c (Berofor®, Boehringer
Ingelheim, Inc.), and consensus interferon (Infergen®, InterMune, Inc.). B-interférons and
20 v-interferons that are suitable for practicing the invention include interferon B-1a
(AVONEX@, Biogen Idec), interferon B-1b (Betaseron®, Berlex Laboratories,
Richmond, CA) and interferon y-1b (ACTIMMUNE®, IntertMune, Inc.). Preferred
interferons are interferon a-2a and interferon 70.-2b. Most preferably, interferon a-2b is

used to prepare the active ingredient of the formulations of the present invention.



The nost preferred pegylated interferon for use in the fornulations of the
i nvention is PEGL2000-interferon a-2b. In addition to a pegyl ated
interferon, the forrulations of the present invention 10 conprise a
cryopr ot ect afto 208d26M0 protect s the pegyl ated interferon gdom6RARAE,
adsorption and |l oss fromvacuumutilized in Iyophilization. The
cryoprotectant also serves to stabilize tthe pegylated interferon during the
freeze-drying process and in the resulting |yophilized powder, and as a
bul ki ng agent to forman easily reconstitutible cake. The anmount of
cryoprotectant used CcnjghitinG@ine PEQASEEI TR MBleduls dlay ¥EPSRImAlbykRAE 15
formul ation. In one en’é)odl ment, the cryoprotectant 1s present in an anount
of 0.05%to 90%;@iﬁgahchﬁeetcabﬂknom kOthibse sHiltedf BE et leQd sEMRQBETRNL. S, Pafeite
formul ati on conpri ses an anount of cryoprotectant that is between 0.05% and
50% and nore pmet.ecEbige, bat WBERnDS, 16 %74 aPeferhOB) thoPEG meletuld @kovakhfiht of the
formul ation. Trehal ose conprises at |east 60%of the total weight of the
cryoprotectant iattachdigo tha Gntérferan thaidcule with  hethenetopd. dtee pafirabiyathe pegyhteld s e
trehal ose in any percentage between 60% and 100% by wei ght, e.g.,
65% 70% 75% 80%iB8&%BD08ga&atcdby i mﬁrfabmwalbhlythoxybwlg(hfaﬂmmdbrpr| ses at
| east 75% of the total weight of cryoprotectant. More preferably, at |east
80% of the cryopnsheciidetrborale (PH at pHS. 5 ssadesribaslan il Parery Nopy,&¥1&74bl vy,
trehal ose constitutes 100% of the cryoprotectant. WD 2006/ 020720
PCT/ US2005/ 028441 9Thmqqtanr9fs@edm§gséat@ma&%fmlé@mc,tbmﬁoamwmgs affs gl ucose
nol ecul es bound in an ;a.-1% Ilnkage Any formof trehalose is suitable for
use in prepari ngm’teﬁ@ﬂﬁ%‘?ﬁﬁno@tm%ﬁﬁoﬂﬁ‘ % he present i nvention. A preferred
tm of trehal ose is trehal ose, dihydrate. O her agents that nay be used
trehal ose in th82g¢adp 6?%’@5%“‘%@@“@%@%‘%&9&%&@?‘?% H‘“’E‘é“’? he
sacchari de sucrose, sugar al cohol s suc urface active
agents sucﬁ as (CAREPHRGASREprotgatanf,yhich protests 551" %‘i‘rﬂ’fe r?ﬁa ?WFW? oxi de. A

preferred CTYORLOLEetant 15,3 SALAGLa! L8 TS, LB e 1 ©

serves to stabilize the pegylated interferon during the freeze-drying process and in the

resulting lyophilized powder, and as a bulking agent to form an easily reconstitutible cake.
The amount of cryoprotectant used is typically based on the total weight of the
15 faﬁnulation. 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 betweeﬁ 0.05% and 50%, and more preferably between 0.15%
Ty and 10%, of the total weight of the formulation,
Trehalose comprises at least 60%. of the total weight of the cryoprotectant in the
20 formulation. The c1ydprotectant_ 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.



di saccharide is sucrose. In one preferred enbodi nent, the fornulations are
prepared by Iyophilizing a 10 solution containing 60 ng/m trehal ose

di hydrate and 40 ng/m sucrose as the cryoprotectant. In a nore preferred
enbodi ment, the solution conprises 80 ng/m trehal ose di hydrate and 20
ng/ m sucr o3e0 awshtwocr yoprotectant. In a yet nore prefecreshoonbad nent,
the cryoprotectant consists of trehal ose dehydrate, which is present in the
solution at 90 ng/ M trehal ose. 15 The formul ati ons of the invention al so
contain a buffer for maintaining the pH of the fornmulation in a range of
4,5to 7.1. Preferably, the buffer maintains the pH between 6.5 and 7.1 and
most preferably maiHe qf\%'stﬂlﬁ‘éa‘-‘ﬁhﬂfdﬁ°®W®1ﬂgmv9§@¢€é?mel§0%fbbwicmﬂées equal
mass anounts of sodi um phosphate di basic anhydrous and sodi um phosphat e
nonobasi ¢ nonotiHe ét%n}’faﬂﬁp trchdose dt sitable doraenip pepiting tsffompdasianscodBounds i n
the 20 fornul ati on being between 0.005 and 0.1 nolar. O her suitable buffer
systems to naiPFCEHT H“’?’Wé“ b grefesd prp P%@Oﬁi"hﬂf&bﬂ@es@@ﬁm‘ﬁ citrate/citric acid
and sodi um acet at e/‘S'I?‘etl C thI d. The formul ations of the present invention

al so contain a stab Frz’é?“t%‘ 3 Ty B UsRE Wiy éla%edﬁ‘@?i"@ﬂpfﬁ?“%”ﬁém
pegyl at ed—i nt erf%ggggréto t talgxlae S steel %Ogeass surfaces of the WO

2006/ 020730 PCF# 7 s Bashe s S YRS SR ﬁﬁ%ﬁhﬁéﬁéﬂﬁfebﬂﬂ %

| yophi | d st f t | n. addj t

S obi 11 7o tho. RSP duﬁhﬁ?@vwggahoﬁs o s o) %a‘aint%hvi&% o %rsﬁr wat er
d i ce-wat t t |

et R SO S e Sl

preferred stabijg ?5%3:95 When 5 pol ysorbate 80 is utilized, the
prejferred concen 6N 15°0,01 to 1 mg/m . Qther suitable stabilizers are
su

ace active agenmn%ﬂ,&gfmmwan# BhARIR) ol PV R P00, v o

may be used at <2% of t uti1on ophi li zed

formul at isgn. ?zaﬁ&mmnﬁlgeo Ingfnn%@aﬁds@mﬁyd% dnB 80 RIBAGRkos BVEOL 1 ON, the
pegyl ated interferon

cryoprotectant. In a more preferred embodiment, the solution comprises 80 mg/ml

trehalose dihydrate and 20 mg/ml sucrose as the cryoprotectant. In a yet more preferred
embeodiment, the cryoprotectant consists of trehalose dehydrate, which is present in the
solution at 90 mg/ml trehalose.

15 The formulations of the invention also contain a buffer for maintaining the pH of
the formulation in a range 0f 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 cvom"prises

equal mass amounts of sodium phosphate dibasic anhydrous and sodium phosphate

- monobasic monohydrate, with the total concentration of these compoundsrin the
20 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



cryoprotectant, buffer and stabilizer -are-di-ssolved-in-Mater for Injection
in an anount 10 selected to achieve concentrations of the solid ingredients
that are suitable for |yophilization. As used herein, the term"Water for

| njection" neans sterile, purified water that neets regul atory standards
for partlculaﬂﬁwmmﬂwﬁﬁolved solids, organics, 'norgan'QQHpﬁb&E@B%ﬂl and
endot oxi n cont am nants. Once all the formul ation ingredients ar

solution, the solution is aliquoted intgn 15 glass containers suitable for
use in a lyophilizer and for storage of ghe resulting . | yophilized powder.
Preferred containers are vials and cartridges. As used herein, the .term
"vial" refers to a small glass container with a flat or sllghtly concaved
bott om shor equipmessk asdagniaingts us¢ i droptidist gnedore dre fomopasions.nky. additiab,s ar e
usually placed directly on the |yophilizer chanber trays or shelves for

di rect heat ¢tztdifern sibilinstd phgiladdintethen by mmn26ng toexdposidgeaimwmger dual
chanber cartridge" are used interchangeably to refer to a tube-like glass

cont ai ner haardrige-viter @lvalbe dariidigbphaliRtiseaaaired. By cde Bk AGi€ pslyeppats. One
chanmber (Active Chanber) has a narrow neck and 1s closed by a snap-on

cl osure. Theare Qidhgifas SHRITBRE agels| PERLorERABOA)prbSrro EiliAR s c?@hto segkpby an end
g

stopper. Cartridges are i nmgazi nes, which hold the cartridges upright, and

then tige MagAAQR N0 @9@%@%@&&9&8@ LdeaRQRADZI A ko 1 Hlp/RN eO@tlextaﬁggolgi rectly

on the | yophilizer trays/shelves. The cartridges may or may no eln

direct cont a&&bxl‘(!e?s*‘ar% Hﬁ“faké’&%%lt yI a‘% eag%/oﬁnﬁtﬁ alGotb @mﬂw?ﬁ&%b &ﬁﬁgsf er.

d ass contai ners conf al ni ng er On I ONn OT T

t ubj ect | hi 1 t t
broduce a | yEBhT sEE 53%*0‘%96%3‘9’& 5‘%&“%9&”“@?@# By @5@{&9 B o a0t
Pret bly, the | hi | t t t 0.5%
s Y o I%Flléaté‘f‘ﬁg‘tfg‘ HE ef%esg?th%&%%rlgn SRR e o

conditions are also ¢ nto hi eve  a | evel s, of, cake defects
whi | e mai nt afHIHYeEHE Wﬂié’f ?”é‘cftal%gt%ﬂr%? é‘ﬁiﬂ?‘@ &3 aé‘?ﬁtf"f Injgctifndy M @Pe™M, t he
phrase "cake defect" refers tog a cake that has one or nore phy5|cal

def ect@ sucsiested sy (;ﬁgg éoncentratzons of the solid mgredients that are suitable for

lyophilization. As used herein, the term “Water for Injection” means sterile, pun'ﬁed
water that meets regulatory standards for particulates, dissotved solids, organics, . '
inorganics, microbial and endotoxin contaminants.
Once all the formulation ingredients are in solution, the soltttion is aliquoted into
15 glass containers suitable for use in a Iyophilizer and for storage of the resulting

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

%

term “vial” refers to a small glass coxttainer with a flat or slightly concaved bottom, short
nee}c and flat flange _dee_igned for stoppering. Vials are usually placed directly on the
Iyophilizer chamber trays or shelves for direct heat transfer. As used herein, the terms
20 “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. Caﬁﬁdgcs are

1 magazines, which hold the cariridges upright, and then the magazines



10 shrinkage, |iddedness, or neltback. Coll apsed cakes, which are usually
due to excessive warmng of the fornulation during freeze-drying, are
associated with [ oss of product elegance and poor stability. Shrinkage,

whi ch i s cawsedodayoahn | nefficient freeze-drying cycle, i gn of
partial or mcro collapse and may result in poor stabiﬂ%ﬁﬁ%%ﬁg@%%ﬁpegylated
i nterferon upon storage. Liddedness is alphysical defect in which the top of
the 15 cake forns a thin filmor crust, separate fromthe bul k of the cake.
Mel t back refers to a common form of cake collapse that is primarily due to

L o> Mt fTRd AR FOANIGop L ol st R @RGP hR) Dmbotllly

formul ati on. Meltback is assoCiat chang

the pegyl ated jiRbQEfRE Aftn B 1ySPiRich &/ sRREK RISty hdd¥aflleTBY Tesul t in
instability ancli depegyl at i on))g@#l theﬁgegyl ated | nt eraﬁgfcbn. Preferably, the

percentage of 20 tBRSEohMREs ntdiiiia HENAES Rtetod BEnIIMRRBE thé HELBOWEEr 1S
| ess than 50% nore preferably |ess an 10% still nore preferably |ess
than 2% and n@skcddeiyepaiabond 286 cbiidRnd fproffile HpRdede dAyRRRLQASRWES t he
formul ati ons of the present invention permt aggressive |yophilization
condi tiorss to 1@aehE £¥GishikBhkltioZ RS INAWNES Peethiaiy, iE HobBLRbi&L nis@wW Moi sture
content and m ni mal cake defects. Loading the glass containers into the
| yophi l'i zer mayoidiie 26Hao ¥2R1626h 1S3T bAdSPO0 2h DR 8 $isfordbly eeveeR (%, @rdBd. at anbi ent
pressure between -55C and 5C. The | oaded containers may be subjected to
freezing at anbi enThiy@hilizitednloonditbng Ge dlsduhssefito adhibenpepa@bldlefelbetcoween - 55C
and -40C, followed by annealing at anbient pressure for 4 to 8 hours at a
t enperature bkferehile Ahifiaming thellbdied blvandistaz esntend| Ausathetetn, deiplesei N t wo
$féps under vacuumat a 5 pressure of between 8 and 100 mlli Torr (mlorr),
preferably bet‘selen®s” st 180 cakFdiat has ofitre mprd pipsical dhfyrisngpcisssepllapsy be
performed for 15 to 35 hrs. at a tenperature between - 30C and -15C while
t he secofftary sirighepsy liddedgessraseltbpeks Collapend chkss, vhiicharer@ually due tagxcgssiveenper at ur e
'starting as lowas 0 to 5C and ranping up to 40C during the drying period.
Unl oadi ng t he Yiraming of afoamplation dydsg fisersrdngng, e asspeiped vitlrless ofpidet nay be
performed at 10 anmbi ent pressure and at roomtenperature or bel ow.

) elegance and poor stability. Shrinkage, which is caused by an inefficient freeze-drying

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
15 cake forms a thin film or crust, separate from the bulk of the cake. Meltback referstoa

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

L m—

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
20 these type of cake defects in the lyophilized powder is less th:;n 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



The invention contenplates that variations of these |yophilization
conditions will produce |yophilized powders having the desired
characteristics. The skilled artisan can readily design and test alternate
| yophi wiozadsioaev2pr ocesses based on consi derati ons kigawws2esmzsidie art. See,
e.g., Tang and Pikal, Pharmaceutical Research, 21(2):191-200 (2004)). A 15
preferred |yophilization cycle for-PBteparing a |yophilized pegyl at ed
interferon fornmulation of the present invention is summarized in Table 1
bel ow. 20 WD 2006/ 020720 PCTI US2005/ 025441 13 Table 1. Preferred

| yophi | i zBé pepfornted Gt @nbiedt prbsyiap Bithviécai-sIIC RRUYCArRMA0idBE Bt nayfber mul at i ons of

the invention. STEP CONDI TI ON VALUE LOADI NG Tenperature (C) 5 Pressure

mrorr Arbiubjetted to feRiipZt Nobidie presartfor 100 ¢ G)s at DRmpdries Setween(-5Far r) Anbi ent
Time. hrs 2 ANNEALI NG Tenperature (C) -20 Pressure (niforr) Anmbient Tine

(hrs) 6 BR-MRRYDRMINGaTediing nedmbiaat fressre £20 to Pichmata empeddiorer ) 15 Tine hrs
2 between -25°C and -15°C. The frozen solution is dried in two steps under vacuum at a
5 pressure of between 8 and 100 milliTorr (mTorr), preferably between 15 and 30 mTorr.
The primary drying step may be performed for 15 to 35 hrs. at a temperature between -
30°C and -15°C while the secondary drying step may be performed for 5 to 10 hrs. ata
temperature starting as low as 0 to 5°C and ramping up to 40°C during the drying period.
Unloading the glass containers containing the lyophilized powder may be performed at
10 ambient pressure and at room temperature or below.,

The invention contemplates that variations of these lyophilization conditions will
produce lyophilized powders having the desired characteristics. The skilled artisan can
readily design and test alternate lyophilization processes based on considerations known
in the art. See, e.g., Tang and Pikal, Pharmaceutical Research, 21(2):191-200 (2004)). A

15 preferred lyophilization cycle for preparing a lyophilized pegylated interferon formulation

of the present invention is summarized in Table 1 below.

20



SECONDARY DRYI NG Tenperature (C) 5 to 40 Pressure (mforr) 15 Tinme rs 6
UNLQOADI NG Tenperature (C) 5 Pressure (mlorr) Anmbient This preferred

| yophilization cycle requires | ess than 48 hours to conpl ete,

i ncl udi ng the

5 tinme requiredot2oioob@mge the tenperature of the chanber lretvsemssisens as

appl i cabl e.

to the precedi ng description,

t enperature and above

interferon in the |yophilized powder,

Pegyl ated interferon fornul ati ons,

are very stabl
enbodi nent, th
after

In one

whi ch are prepared accordi ng
during storage at room
e anount of unpegyl at ed

storage at 40C for 30 days, is
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nonobasi ¢ sodi um phosphat e
0 2006/ 020¥20 PCT/ US2/005/ 028441
| Ly of pémbientt hat th

I yophilized powder c
materials that do not

stability of the fornu
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ont ai ns. oFRBEZINGe speci f i
mat er | Bungrageg @€t t he

| at i onPreghe (WAP®h do na
roperti edimefthshe for mul

ed materials and ot her
bi ol ogi cal-3%ctivity of

t mat er i Ambintaf f ect any
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or anount of 5 cake d
the ingredients liste
formul ations of the i

ef ect s. PANERENParly pre
d in thfePeps¥eGFhph. Th

ferred formul ati ons cpnsist of
e pegyl ated interferon

nvent i oR®esHE d®Pul i n tjreating Awmbient
Time (hrs) G
PRIMARY DRYING
Temperature (°C) 20
Pressure (mTorr) 15
Time (hrs) 25
SECONDARY DRYING
Temperature (°C) 5 10 40
Pressure (mTorr) 15
Time (hrs) 6
UNLOADING
Temperature (°C) 5
Pressure (mTorr) Ambient

Pegylated interferon formulations, whic

This preferred tyophilization cycle requires less than 48 hours to complete, including the

time required to change the temperature of the chamber between steps as applicable.

h 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

10

preferably less than 5%.

Preferred formulations of the invention

are Iyophilized in a cartridge and consist

essentially of PEG ag00-interferon alpha-2b in an amount of 67.5 pg, 108 pg, 162 pgor

202.5 pg,, 80 mg trehalose dihydrate, 1.013 rrig dibasic sodium phosphate anhydrous,

1.013 mg monobasic sodium phosphate dehydrate, and 0.0675 mg polysorbate 80. As



di seases or conditions that respond.favorably.to interferon therapy such as
cancer and other cell proliferation disorders, and viral infections. To

adm nister a fornmulation of the 10 present invention, the |yophilized powder
is reconstituted in a sterile diluent, preferably Water for Injection, and

then a thera euticallg effective amount of the reconstituted fornulation is
i nj ected i ntBOCHEHE] ent to be treated, EXAMPLES 15 PEGYHt¥d'P¥tterferon

sol uti ons containing varying amunts of tyghal ose and sucrose as a
cryoprotectant were prepared and |yophilized in glass cartridges under
varying conditions and the resulting |yophilized powders were tested for

AL e S B
[ above. 25 o SoUEFAT PR Dt Hhanateri W A PR sy U
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1o/ monobasi iy g oA a0 BB AR Agmiulfbl Kool alTe ol BB T 1%

W g10 mSlrJﬂ% o eméa%f-hfgé% /P%Qcﬁm{yrﬂrgf&emrﬁhla%s B of tn{ GRARIAR BsUFR i ate 5.0 m

paragraph.
The pegylated interferon formulations of the invention are useful in treating
diseases or conditions that respond favorably to interferon therapy such as cancer and
J other cell proliferation disorders, and viral infections. To administer a formulation of the
10 present invention, the Iyophilized powder is reconstituted in a sterile diluent, preferably
Water for Injection, and then a therapeutically effective amount of the reconstituted

formulation is injected into the patient to be treated.

EXAMPLES
15 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

20 conditions set forth in Table 1 above.

25



"Each solution was prepared in Water for
(using the lyophilization cycle set forth in Table 1),
cakes that would normally be rejected due to coll apsed cakes,

nj ection.

Fol I ow ng | yophilization

t he

nunber
| i dded

5

of
cakes,

severely shrumiemnseakes and nel t backs was determ ned andptivesos/@sddr e

content was

of % cake rejects for fornulations preparé® fromsolutions 0, A B,

Forrul ati on Trehal ose Sucrose % Cake Rejects % Moi sture
100 nd A 50 50 100 ad B 80 20 44 -3 C90 0 10 -2 Note:
determ ned As evislgeed by the data in Table 3,

measured. The results are shown in Table 3. Table 3. Conparison

10 andC

mm mn OO0 80
"nd7 neans not
use of trehal ose as a

cryoprotectant, alone or in conbination with sucrose, led to a | ower rate
of cake rejects due to decreased icake defects (Sluion® cOl [ apse, shrijnkage,
| i ddedness, and n@hgdweia) 15 In jaddigion; thegaffgct ol var] ousn
concentrations of#%reha #hao&uaﬁil t00-wb  peagbaded T higprIer on was
assessed by nmeasufiag™® & mé‘fu' lgey/mint er | gg/mn whi [gla/ad0 20060720
PCTI US2005102844 1 Sodiomghospeaponds t th pegyl ati p i, e.l,
hydrol ysi s), that| ditmsic phodent mhen'fﬂgm /gé zed?ﬁﬂﬁé@? agsgﬁgﬁed f or
thirty days at 4QGodithehospsaéts are. sho l e ari son
of % free interfemomobasicmooptyidtaicz 1d5§%/9@de Lgﬁﬁ arecA} STIP P h?fl’? 0 5 and
C. Polysorbate 80 0.1 mg/ml | 0.1 mg/ml 0.1 mg/ml 0.1 mg/ml
Sucrose 50mg/ml | 20 mg/ml 0 mg/ml 80 mg/ml |
Trehalose dehydrate 50 mg/ml | 80 mg/ml 9O mg/ml | O0mgml!

* Each solution was prepared in Watet for Injection.

Following lyophilization (using the lyophilization cycle set forth in Table 1), the

5 number of cakes that would normally be rejected due to collapsed cakes, lidded cakes,
severely shrunken cakes and meltbacks was determined and the moisture content was
measured. The results are shown in Table 3.
-Table 3.
Comparison of % cake rejects for formulations prepared from solutions O, A, B
10 and C
. Trehalose Suergse ° . o .
Formulation (mg/ml) (tag/ml) % Cake Rejects | % Moisture
0] 0 80 100 nd
A 30 50 100 nd
B 80 20 44 ~3
: C 90 0 10 . ~2
. Note: “nd” means not determined
e As evidenced by the data in Table 3, nse 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).
15 In addition, the affect of various concenirations of trehalose on the stability of

pegylated interferon was assessed by measuring the % of free interferon, which



Time (Days) % Free Interferon 90 mg/n-Trehal ose Trehal ose-free Solution C
Solution 0 0.5 m fill 0.7 nil fill 0.7 m fill 0 1.96 1.91 nd 1 2.22 2.21
nd 5 2.83 2.9 ad 14 3.53 3.7 nd 21 4.18 4.03 nd 30 nd 5.19 16.5 Note:
0.5m fill or 0.7 m fill refers to the amount of the solution |yophilized
in a glass sayfood/grp "rid" means not determ ned As evigengedoshysdihe data in
Tabl e 4, use of trehal ose as the cryoprotectant led to 10 decreased

depegyl ati on (hydrol ysis) of pegylated i Heerferon a-2b in the |yophilized
powder. Various publications are cited herein, the disclosures of which are
incorporated by reference in their entireties. 17 CLAIMS 1. A solution for
preparing a | yeghsjondsad tronweast dépasynRtioaliie Rydrdlyse), ot Whd Réent G@BPIE ST N a

pegyl ated interferon, a one or nore cryoprotectant agents, a buffer, a
stabilizer, anthopilizd powdeeived stordd felthairig 88y 6I0I0PC.| BRSesalts dredstm 80P4pledy wei ght,
of the cryoprotectant agents, and the buffer maintains the pH of the

formul ati on betaled. 4.5 and 7.1. 2. The solution of claim1, wherein one of
t he cryopr ot ecCampadgant % free isteefermndn lyophilizEd @osddraprepmred frool saluiinds O wher ei n
trehal osebis thed €0l e cryoprotectant agent. 4. The solution of claim3,

whi ch conpri ses Terithd @idys) | ©T1 VST % Free Interferon
90 mg/ml Trehalose Trehalose-free
Selution C Solution O
0.5 ml fill 0.7 mi fill 0.7 mi fill
0 1.96 1.91 nd
1 2.22 2.21 nd
5 2.83 2.9 nd
14 3.53 3.7 nd
21 4.18 4.03 nd
34 ad 5.19 16.5

Note: 0.5 ml fill or 0.7 m} fill refers to the amount of the solution lyophilized
in a glass cartridge; “nd” means not determined

As evidenced by the data in Table 4, use of trehalose as the cryoprotectant led to
10 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.



5. The solution of claim11, wherein the buffer maintains the pH of the
solution between 6.5 and 7.1. 6. The solution of claim5, wherein the
buffer consists of sodi um phosphate di basic anhydrous and sodi um phosphat e
monobasi ¢ nmonohydrate. 7. The solution df claim1, wherein the stabilizer is
a polysorbate. 8. The solution of claim?7, wherein the polysorbate is

pol ysorbate 80. 9. The solution of claim1, wherein the pegylated interferon
consi sts of coval ent conjugates between PEG nol ecul es and interferon al pha
nol ecul es. 10. The solution of claim ein the PEG nol ecul es are
attached to the interferon nolecul es™W a urethane bond. 11. The solution
of claim 10, wherein at |east 15% of the attached PEG nol ecules are
attached to hi AbRiBE fergrbshvRg aQfopherel PoRibofRuRtioN s RIMeH es. 12. The
solution of claim1l, whereinthe pegylated interferon al pha is PEGL2000-

i nterferon alopipaisitig a pegylatdl intErferanoh oté onmorfe aryeprptediant aganisha buffigi st s of

bet ween 100 .300 g/l of . PEGL2000-interfer l.phas 2b, . m

Crehal ose i Tt e wWaier e R e BBt al Bodobe o8 eieRrAtate, 1. s

ng/ m  sodi urgrphiReRbiahieadRRORRShE bilsIahMails She pid of tHEFoFhuIRRd Y StivEat € 80 and
water. 14. A lyophilized powder, produced by Iyophilization of a solution
conpri si ng ‘bégq{f&-ﬂed interferon, a one or nore cryoprotectant agents, a
buffer, a stabilizer, and water, wherein trehal ose conprises at |east 80%
by wei ght, of the cryoprotectants . agents, the buffer maintains the pH of
the sol uti onlggﬁ\ﬁé]é‘ﬁxﬂ?’ﬁsc éll%ltl’ vhergin pig R a‘eIWﬁ?tF‘Ftﬂ%t&gﬁ'ﬁMseﬁchég- a noisture
content of less than 3% 15. The powder of claim 14, which has a noisture

content of 1 £ BAN0R3 b 1| WRBR BALIAL iEhBL Aol igem €59 than 10%

unpegyl ated I'ntérreron a ge a S.

4. The solution of claim 3, which comprises 90 mg/ml trehalose.

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

between 6.5 and 7.1.

6. The solution of claim 5, wherein the buffer consists of sodium phosphate dibasic

anhydrous and sodium phosphate monobasic monohydrate.
7. The solution of claim 1, wherein the stabilizer is a polysorbate.
8. The solution of claim 7, wherein the polysorbate is polysorbate 80.

- 9. The solution of claim 1, wherein the pegylated interferon consists of covalent

conjugates between PEG molecules and interferon alpha molecules.

10. The solution of claim 9, wherein the PEG molecules are attached to the

interferon molecules with a urethane bond.

11. The solution of claim 10, wherein at least 15% of the attached PEG molecules

are attached to histidine residues of the interferon alpha molecules.

12. The solution of claim 11, wherein the pegylated interferon alpha is PEG 2900

interferon alpha-2b.



17. The powder of claim 15, which is Iyophilized in a cartridge. 18. The
powder of claim 17, wherein the solution consists essentially of between 100
and 300 ug/m of PEGL2owinterferon al phat2b, 90 ng/m trehal ose di hydrate,
1.5 nmg/m sodi um phosphate di basic anhydrous, 1.5 ng/m sodi um phosphate
nonobasi ¢ nonohydrate, 0.1 ng/m polysorbate 80 and water. 19. The powder of
cl ai m 18, whet&iThetsobitioy @f biairh 42} which icenspets éﬁﬁaMemeOraydéOOlugﬁp]l‘dﬂ i zation

cycl e conpri sj the follo t condi tjon val 3 CONDI Tl ON
VALUE  LOADI N mé?@f%@é‘vgé%;gﬂ 73 8&%@@3?@“{%6‘#@& i‘Srwg/ i‘l‘ﬂNG
Tenperature ( ospﬁ&e diPase FHARIGENT @15 he/MTRO &R ph&mte(ﬁaﬁaba&c

Tenperature (C) Pressure (miorr)- Ambient = Tinme (hrs) 19 P IMARY

DRYI NG Terrperaﬂung/rr(lgplys@ltbateF&Owémaeer( mrorr) 15 Ti me (hrs) 25 SECONDARY
DRYI NG Tenperature (C) 5 to 40 Pressure (mflorr) 15

14. A lyophilized powder, produced by lyophilization of a solution comprising
pegylated interferon, a one or more cryoprotectant agents, a buffer, a stabilizer, and
water, wherein trehalose comprises at least 80%, by weight, of the cryoprotectants
agents, 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%.
15. The powder of claim 14, which has a moisture content of less than 2%.

16. The powder of claim 15, which has less than 10% unpegylated interferon after
storage at 40°C for 30 days.

17. The powder of claim 15, which is lyophilized in a cartridge.

18. The powder of claim 17, wherein the solution consists essentially of between 100
and 300 pg/ml of PEGizgeo-interferon alpha-2b, 90 mg/ml trehalose dihydrate, 1.5
mg/ml sodium phosphate dibasic anhydrous, 1.5 mg/ml sodium phosphate

monobasic monohydrate, 0.1 mg/ml polysorbate 80 and water.

19. The powder of claim 18, wherein the lyophilization is performed using a

lyophilization cycle comprising the following steps and condition values:

STEP CONDITION VALUE
LOADING
Temperature (°C) 5
Pressure (mTorr) Ambient
FREEZING
Temperature (°C) -50
Pressure (mTorr) Ambient
Time (hrs) 2
ANNEALING
Temperature (°C) -20
Pressure (mTorr) Ambient
Time (hrs) 6




Time (hrs) 6 UNLOADI NG Tenperature (C) 5 Pressure (nforr) Ambient.
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providing a solution which comprises a pegylated interferon, & one or more

cryoprotectants agents, a buffer, a stabilizer, and water, wherein trehalose comprises

at least 80%, by weight, of the cryoprotectant agents and the buffer maintains the pH
of the formulation between 4.5 and 7.1;

placing the solution into a glass container; and

lyophilizing the solution using a lyophilization cycle that produces a

lyophilized powder having a moisture content of less than 3%.

21. The process of claim 20, wherein the glass container is a vial.

22. The process of claim 20, wherein the lyophilization cycle comprises:

loading the glass container into a lyophilizer at ambient pressure and a

temperature between -55°C and 5°C;

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



20 drying period; and unloading the glass container fromthe |yophilizer at
anbi ent pressure and a tenperature of 25C or below. 23. The process of
claim 22, wherein the glass container iaa cartridge and the [|yophilization
cycle conprises the following steps and condition values: STEP CONDI Tl ON
VALUE LOADI NG Tenperature (C) 5 Pressure niforr Anbient FREEZI NG
Tenper at ur e d¢ahg pé&fod; Bndssure (nilforr) Anbi ent Time (hrs) 2 ANNEALI NG

Tenperature (C -2 e mrorr Time hrs 6 PRI MARY DRYI NG
Tenperature (C) Y2 adl,ﬂgééggﬂ %TO OEB‘IWP’S”?@"@EMB}XR‘?“ Yl NG

Terrperatureté@ergu}eoof%oclgggglgwe (mforr) 15 Tinme (hrs) 6 UNLQADI NG

23. The process of claim 22, wherein the glass confainer is a cartridge and the

lyophilization cyclé comprises the following steps and condition values:

STEP CONDITION VALUE

LOADING

Temperature (°C) 5

Pressure (mTorr) Ambient
FREEZING

Temperature (°C) -50

Pressure (mTorr) Ambient
Time (hrs) 2

ANNEALING

Temperature (°C) -20

Pressure (mTorr) Ambient
Time (brs) 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.

24, A pegylated interferon drug product, which comprises a lyophilized powder in a
glass container, wherein the lyophilized powder comprises a pegylated interferon,
one or more & cryoprotectant agents, a buffer, and a stabilizer, wherein trehalose
comprises at least 80%, by weight, of the cryoprotectant agents, and the buffer

maintains the pH of the formulation between 4.5 and 7.1.

25. The pegylated interferon drug product of claim 24, wherein trehalose is the sole

cryoprotectant agent.

26. The pegylated interferon drug product of claim 24, wherein the glass container is

a vial.



Tenperature (C) 5 Pressure (mlorr) Anbient. 24. A pegylated interferon drug
product, which conprises a |yophilized powder in a glass container, wherein
the Iyophilized powder conprises a pegylated interferon, one or nore a
cryoprotectant agents, a buffer, and a stabilizer, wherein trehal ose
conprises at |east 80% by weight, of the cryoprotectant agents, and the
buffer mintains the pH of the formulation between 4.5 and 7.1. 25. The

pegyl at ed IMTRE heydatednua fap6 P g préductd il a2, wiRsieiHe HutePadfss 4fs the sole
cryoprotectant agent. 26. The pegyl ated int erferon dr ug product of claim 24,

wher ei n t ediyephosplstie dibasie ankydreps\angd sodipm phpyphafhmonegyicanewhiydrater f er on

drug prod al m. 24 Ln the buffer consists of sodium phosphate
di basi c a%ﬁ? r%ﬁ@@%‘%}li%g?l nq%%%la'sphate nonobasi ¢ nonohydrate and the

stabilizer is a polysorbate. 28. The pegylated interferon drug product of

claim 27, 2eheperyidted RGO Bk Product HUINAALIDHRriP theddlysbRiigay ! at ed
i nterferon drug@product of claim27, wherein the pegylated interferon

consi sts gfolysothatesift. conj ugat es bet ween PEG nol ecul es and interferon al pha
nol ecul es, wherein the PEG nol ecul es are attached to the interferon al pha

nol ecul es W a uret hane _ bond. 30. The_ pe ted interferon drug product of
cl ai m 29, .?ﬁqipﬁp?s%%w%éféfer%g@aﬁ)r?%t Ofé‘ﬁQ e(‘Iﬁ’PE‘@ tsinsgyleted are attached
to NistidiiperbRnl S 8F cdifeot BEALLRLARNAATRG HRIGGH 8fd intderdfie PeOY! at ed
interferon drug product of clarm 30, ereln the glass container is a

cartri dge dbghaimglefiless whareih the Piittmoleanies ae, attadtexdo thetiherfeyompdipa zed powder
Is in the first chanmber and tgg second

molecules with a urethane bor
30. The pegylated interferon drug product of claim 29, wherein at least 15% of the
attached PEG molecules are attached to histidine residues of the interferon alpha

molecules.

31. The pegylated interferon drug product of claim 30, 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.

32. The pegylated interferon drug product of claim 31, wherein the pegylated

interferon alpha is PEG2gg0-interferon alpha-2b.

33. The pegylated interferon drug product of claim 32, wherein the lyophilized
powder consists essentially of 67.5 pug of PEG 2p-interferon alpha-2b, 60.780 mg
trehalose dihydrate, 1.013 mg dibasic sodium phosphate anhydrous, 1.013 mg
monobasic sodium phosphate monohydrate, and 0.0675 mg polysorbate 80.

34. The pegylated interferon drug product of claim 32, wherein the lyophilized
powder consists essentially of 108 ug of PEGiapge-interferon alpha-2b, 60.780 mg
trehalose dihydrate, 1.013 mg dibasic sodium phosphate anhydrous, 1.013 mg
monobasic sodium phosphate monchydrate, and 0.0675 mg polysorbate 80.

35. The pegylated interferon drug product of claim 32, wherein the lyophilized
powder consists essentially of 162 ug of PEG2ggg-interferon alpha-2b, 60.780 mg



chanber conprises water. 32. The pegylated interferon drug product of claim
31, wherein the pegylated interferon alpha is PEGL20(r)-interferon

al pha-2b. 33. The pegyl ated interferorp2drug product of claim 32, wherein the
| yophilized powder consists essentially of 67.5 g of PEGL2000-i nterferon

al pha-2b, 60.780 ng trehal ose dihydrate, 1.013 ng di basi c sodi um phosphat e
anhydr ous, tréhaltkd difydra1®Na3shg dibasic vedinhghptat: Hhnolayslriads, mand 0. 0675 ny
pol ysorbate 80. 34. The pegyl ated interferon drug product of claim 32,

wher ei n t h@onghssigispdizayphosphiie mogelsiraie.and H676 g pelyssrbato80g of

PEGL12000-i nterferon al pha-2b, 60.780 ng trehal ose dihydrate, 1.013 ny

di basi ¢ sogl phosphat nhydrous, ,1.0 nobasi ¢, sodi.um phosphat e
nDnohydratg?%gh3e€a%§$§%W§?B§QQEHFBQ¥%?éé@ﬂgg%qgﬁgmng?bgﬁghzQ%terferon drug
product of p&hdir Boddsts WREHRIY ofhe2.k MTEGE&L-in&@Ma]?]W%,WS@Sﬁ ntially of
162 g of G12000-interferon al pha-2b, 60. /80 ng 22 trehal ose dihydrate,

1. 013 ny dirthwddse déydiaien IdH3apg dibesia sodiumqbesphatedaBydagus,iohidbagi ¢ sodi um
phosphat e nonghydr at,e nd 0.0675 ol r e 80.. 36. e pegyl ated
interfer onmapﬂ?félﬁr%a]&m &Wpl&%t%{rwp%%%ﬁe%gﬁnﬁhéng ?/%IEﬁﬂr&ft‘E g@ powder
consists essentially of 202.5 g of PEGL2000-interferon al pha-2b, 60.780 ng

trehal ose di hydrate, 1.013 ng di basi ¢c sodi um phosphat e anhydrous, 1.013 ng
nonobasi ¢ sodi um phosphat e nonohydrate, and 0.0675 ng pol ysorbat e 80.



