METHOD FOR DELI VERI NG | NTERFERON- B CROSS REFERENCE TO RELATED APPLI CATI ONS
[001] This application clains priority to United States Serial No.

60/ 643,273 filed January 12, 2005. The entire contents of the

af orenenti oned application are incorporated herein. TECHN CAL FIELD OF THE
| NVENTI ON [ 002] Thi s iMEdHOBTFORIDE BINGINMITRFEBONBor i ng and
delivering Interferon-P. BACKGROUND OF THE | NVENTION [003] Interferons are
singl e chain polypeptides secreted by nost animal cells in response to a

variety of inducers, GROS$SHEFBRENCEES, RELAPED IPRAIGATIONSUC! eot i des.
Interferons participate 1n regulation of cell function, and have antiviral,
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produced primarily by diploid fibrobl ast ceIIs and in | esser amounts by
| ynphobl astoi d cells. [004 Interferon- 3 is a glycoprotein. Its genetic
nuclelc aci d and ani no ad ECHM THB M ENEHONY ned. (Houghton et.

A bl Interf
Bedced DU FifvEbERA R b %P@anﬁfpanggp detsrgaRe o over o
Transcri pt ase," Nucl eic Acids Research 8, pp. 2885-94 (1980); T. Tani guchi

et al. "The Nucl eoti de Sequence of Hurran Fi br obl ast DNA, " Gene, 10, pp.
11-15 (1980)) Reconbi narBAS ; : elNTH
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of multiple sclerosis ‘under the trade nane o Avonex(r). SUMVAR

| NVENTI Ok fegulgtion of esélrfunetion, anbhavestivirabrantiprodifesstiveoand irsrumeEnodBlatiag or i ng
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sol ut i on(lefeerRYdhieARroEs fﬂb?o‘tblﬁﬁ) AttEInter Rfon-£ GRRRIne). NEHkeR) Intemafdﬁbﬁienum and

tungsten. Devices useful for storing Interferon-u include, but are not
limted pendusstprivgadly by diploid fibroblast cells and in lesser amounts by lymphoblast01d cells.

[004] Interferon-P is a glycoprotein. Its genetic nucleic acid and amino acid sequences have
been determined. (Houghton et. al., "The Complete Amino Acid Sequence of Human
Fibroblast Interferon as Deduced Using Synthetic Oligodeoxyribonucleotide Primers of
Reverse Transcriptase," Nucleic Acids Research, 8, pp. 2885-94 (1980); T. Taniguchi et al.,
"The Nucleotide Sequence of Human Fibroblast DNA," Gene, 10, pp. 11-15 (1980)).
Recombinant Interferon-8 has been produced and characterized.

[005] Interferon-B exhibits various biological and immunological activities, such as anti-
viral, anti-tumor and anti-cancer. Interferon-8-1a is approved for sale in the United States for

the treatment of multiple sclerosis under the trade name of Avonex®.

SUMMARY OF THE INVENTION

[006] In general, the invention relates to a method for storing and delivering solutions of

Interferon-p such that the concentration of an aggregating metal is less than 500 parts per
billion in the stored solution. Aggregating metals include iron, copper, nickel, molybdenum
and tungsten. Devices useful for storing Interferon- include, but are not limited to, syringes,
vials, bottles, bags and the like.

[007] In one aspect, the invention provides a method for storing and delivering solutions of

Interferon-p including providing a device having a housing for retaining the solution and
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vials, bottles, bags and the like. [007] In one aspect, the invention
provides a nethod for storing and delivering solutions of Interferon-j3

i ncludi ng providing a device having a housing for retaining the solution and
1 filling the solution of Interferon-p into the housing. After filling the
sol ut i on,1liHEtHE QUBBE of INdrRRGES io @W@hg@t&f@?ﬁﬂin[gaﬁe SAGHGY M gt al 1 nto
the solution of |ess than 500 parts per Dbillion. [[0081 In another daspect,

t he housirplgasedp eoraestratiannfisn agersedting metrlbintosthe sojytionyaf lessfhae§Q0 parispen  t he
sol ution %hohess than 500 parts per billion, |ess than 250 parts per
biIIion,q ess than about 100 parts per billion, |less than about 75 parts

per billi[oo8] IlgasothéraRpehakié hoidinpareleasep@liothl doncétratioR bf hESEgAAR MO0 t han
25 parts per billion. 1009! Instill another aspect, the invention features a
B gr bil

met hod f dhe salwiany less dhae iohulessathan 350 partsaef billion, {Bs fhavlabolitng

Phe.sol utBRay b SBL IR el Aehl Wi veb BLRnp it Rop Ry e SBrEishut | on,

aggr egat igtese thah abeutitemO2s PhrsPesbidllidy aggregating netals in the solution is
| ess than 15% after storage, |less than 10% after storage, |ess than 5%
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an enbodisteade. of this aspect, aggregation of Interferon-[3 caused by

aggregati Eﬂ} tals in the s&leut ion of Interferon-13 contajned in the
housi ng i[810]ed yetpnatheraspset, the myenfign Eaturpsadeviqedir stonpgraddelyedpgige, | ess

th 504 | - 0, t . i f
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solution of Interferon-f wherein the housing releases a total concentration of aggregating

metals into the solution of less than 500 parts per billion, less than 250 parts per billion, less
than about 100 parts per billion, less than about 75 parts per billion, less than about 50 parts
per billion, or less than about than 25 parts per billion.

[011] In an embodiment of this aspect, aggregation of Interferon-p caused by aggregating
metals in the solution of Interferon-f} contained in the housing is less than 15% after storage,
less than 10% after storage, less than 5% after storage, less than 2% after storage.

[012] Embodiments of these aspects include one or more of the following. The housing
releases a concentration of an aggregating metal or total concentration of aggregating metals
of less than 500 parts per billion after the solution is retained in the housing for greater than
about 10 minutes, greater than about 120 minutes, greater than about 360 minutes, greater
than about 480 minutes. The housing releases a concentration of an aggregating metal or
total concentration of aggregating metals of less than about 500 parts per billion after the
solution is retained in the housing between about 120 minutes to about 480 minutes or
between about 300 minutes to about 420 minutes. The housing releases a concentration of an
aggregating metal or total concentration of aggregating metals of less than about 250 parts
per billion, less than about 100 parts per billion, less than about 75 parts per billion, less than
about 50 parts per billion, less than about than 25 parts per billion. The aggregating metal is
iron, copper, nickel, molybdenum or tungsten. The device is a syringe, bottle, vial or a bag.
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rel eases a concentration of an aggregating netal or total concentration of
aggregating netals of |less than 500 parts per billion after the solution is
retained in the housing for greater than about 10 m nutes, greater than
about 120 minutes, greater than about 360 minutes, greater than about 480
m nut es. Tikdithgids OhdicdeVise Bediisiitercefplasatmetnl afplasticaghe Egeatféron-priet al  or
total co %f%%é-?g of aggregating netals of |ess than about 500 parts per
billion after X ‘'solution is retained in the housing between about 120

m nutes to about 480 m nutes or between about 300 minutes to about 420

m nutes. The housing rel eases _a concentration of an aggregating netal or
total concentration of aBRdakii RN ¢ R BiSabout 250 parts per

billion, S d: parts, per hj.lli ess,than about 75.parts per
billion, [ngs fi‘%g"ﬁ 1"’%&5%@{ 3@81653 Tt %&Fegﬁil?rf ol "tleé%’s'ﬁ‘ﬁﬁéﬁag'ﬂﬁﬁf’n Pgﬁﬁe%
parts perandithd donBentrbkion a0 daltiflg iRt tuhgster], RAE foRPORBES of BlofdeRlin a

mol ybdenum or tungsten. The device is a syringe, bottle, vial or a bag. 2
The housiSeyuetcialipavptlablesyringeepntniniog agerogatige aeastals A2 AC abF0Pirektive The
Interfer q{i'ﬁrgdiitf Interferon-B-1 a. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 013]
Figure 1 1s aplot of the percent aggregation of Interferon-B-la as a

functi on [014]t iFigure arillustrates a@RORD forastdriiy IaferRbna®Ir egat i ng netal , tungsten,
after four weeks of storg(ége in a _ comercially avail abl e syringe containing

aggr egat i [A§SIndtigurs 34 apend-en visoefites daviceshown in Hig: 3 takieo Rlngrtheysagment A.
i I lustrat i ing. | - 015 Fi 3] d-
i ew of 501G HEE Sl e b ARGl BRI B s BB ug B0 ' D031 R gure

4 illustrates alternative devices useful for storing Interferon-B. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON_ _Definition 017] As used herein, the term
"Interferon-B" refers BEIAILEDDESCRIPTIONOFITHRIMVENIAONS | nterferon-B-1a.
[018] As used herein, the term"aggregation" refers to increased interaction
bet ween

12478 Y] -91

Definitions

[017] As used herein, the term “Interferon-B” refers to all forms of interferon-B such as
interferon-B-1a.

[018] Asused herein, the term "aggregation" refers to increased interaction between
Interferon molecules to cause increased opalescence, particulate formation or precipitation of
the Interferon-B from solution.

[019] As used herein, the term “aggregating metals in an amount less than a certain number
of parts per billion” refers to the amount of aggregating metals which are carried from the
housing of a device into a wash solution of Avonex® liquid formulation, in which the wash
solution is placed in contact with the device housing for about 240 minutes to about 480
minutes, for about 300 minutes to about 420 minutes, or from about 345 minutes to about 375
minutes.

[020] As used herein, the term “less than a certain number of parts per billion of tungsten”
refers to the amount of aggregating metals which are carried from the housing of a device
into a wash solution of Avonex® liquid formulation, in which the wash solution is applied to
the device housing for about 240 minutes to about 480 minutes, for about 300 minutes to
about 420 minutes, or from about 345 minutes to about 375 minutes.

[021] As used herein, the term “device” refers to any means for storing or delivering

Interferon-f.



Interferon nol ecul es to cause increased opal escence, particulate formation
or precipitation of the Interferon-B fromsolution. [014] As used herein,
the term "aggregating nmetals in an anmobunt |ess than a certain nunber of
parts per billion" refers to the anpbunt of aggregating nmetals which are
carri ed 022 ANsdiscthigaréifingne Gt ibaving ereifers o a sleabntadladeiion thaf isAv direst( r)

l'iquid farmul at. LN i.ch the wash olution is placed in contact with
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m nut es. ] As used herein, the term"less than a cértaln
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are carri.etd frointhe housi ng of a device into a wash solution of Avonex(r)
liquid fSPRIPMIN | n which the wash solution is applied to the device
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used her epmponents aferdmg devpesition withow thealragly nmeans for storing or delivering
I nterferqp;B. 022]-As used .herein, the fermhaousing refers to _an el enent
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sol ution, such as a Ie_lcebo formul ati1 on, use eterm ne the anount of an
aggr egat ibalgngetAll publicstiensy pitentirapplicativas; ipatentsj aidoothérareferdnoes mentidno@ Areihs used

herein, the term!pl.acebo formyl ati on" refers to, the solutiqgn _inc]uding the
conponent® 18?“8“&?@5’%8%&‘&? Hn%‘ﬁlr P tIntaﬁé‘%E]P’JB‘? “{"%?Z@-ls’ @ﬁﬁ’@% her vm'g se

defined, eghrhple@aBnllsRbtind\6his ah@hbt ihiehdddab ™R linakAs. herei n have the same
meani ng as conmonly understood by one of ordinary skill in the art to which

t hi s i nvd®R6] oMthdydeaturgs andiadvaptapes afdhe immentiopavitlrite appaentcfaorn dresfollpwinent s, and
ot her refderaﬁncg%% rretntioncﬁg herein. are incorporated by reference in their
enti r et y SCRACLIRFHPURT 2hEomANGPlANS  het hods and

Description of the Invention

[027] In general, the invention provides a method for storing and delivering solutions of
interferon-B3 such that the concentration of aggregating metal (each metal individually or total
of all aggregating metals) is less than 500 parts per billion in the solution after storage, e.g.,
after storage greater than 10 minutes, 120 minutes, 360 minutes, or 480 minutes. Certain
metals cause aggregation of Interferon-B. For example, as shown in Figure 1, an increasing
concentration of the aggregating metal, such as tungsten, increases the degree of aggregation
of interferon-f3-1a.

[028] Ag;gregation is undesirable because it causes opalescence, particulate formation and
precipitation of the drug. Further, aggregation can lead to a lower bioavailability of the drug
and difficulty in delivering the Interferon-. The method described herein reduces the
amount of aggregating metals released into a stored solution of Interferon-8 to provide less
than about 15%, 10%, 5%, or 2% aggregation as measured by size exclusion
chromatography.

[029] The invention also provides a device for retaining a solution of Interferon-p so that the
concentration of aggregating metals (each metal individually or the total of all aggregating
metals) is less than 500 parts per billion in the solution after the solution is retained in the
device for greater than 10 minutes, 120 minutes, 360 minutes, or 480 minutes. In addition,

the device described herein, reduces the amount of aggregating metals released into an
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exanples are illustrative only and not intended to be limting. [026] O her
features and advantages of the invention will be apparent fromthe foll ow ng
detail ed description, and fromthe clainms. Description of the Invention
[027] In general, the invention provides a nethod for storing and delivering
sol uti onsIntéﬁéfanPﬂ sifl ibaTics Cafiestwitiih it houkiag coproeit Nk item Hbutis c1994,i504 oret al
(each net q I ndi VJ dually or total of all aggregating netals) is I'ess t han
500 part <2/p@BSEEAMONoN in the sol ution after storage, e.g., after storage

greater t e I NUL es rtain
netal s ca [ub%e] ;Igegfé%lg {t(l?grﬁ i%% ﬂd %l fag%%gﬂlggyr?%erxd;e% rgng gefg“’]ﬁ%ﬁ chllnucgeaur e 1,
an incr edmusugg 26 dmrdmﬂximg[ntemﬁeroﬁ-ﬁt-]hmﬂggfee@atm 1@ di¥genbing Snteiferdf-- LGhen,

[ ncreasestPO § ee of gregat i on interferon-B-1 a. [028] tl_gﬂregat i on
i s undesifP4pPe )i t EBB%%%% @P@é@%@émdﬂa&ltwaém?adeeﬁmmmm basad

bl oaval | 2o (FIRee 3 Chcidthe dMHEd ihine a8 AL R B0 M ER i Bt BHEE B on- 5.
The net hdnbusiag wdeiwesia bhmgerrBZ eRluopes 32 edispsedintcefirald@es 2ORY dngggeret al s

rel eased nto st or ol %I on of Interferon-B to provide Iess t han about
15% 10% y 02%&5@ gli 2-oRugsg delaeny, @bmsyr kY lﬁéleﬁrﬁéﬂedé‘@ gispense

chr omat ogy, . 03k e I 8yl e ning a
sol uti ongl %ﬁéﬁrﬁ)tn edr fer orn %@r g@ﬁ} 1{11 g? Illél aﬁggtﬁnggl\réb |h§h° 0 d&g%g‘;egga ?ntrtllgi net al s

(each mettaire 240f hiusiingl20\and s infphytioilabntabt with theggd @@pkinper 320et al s) is |ess
t han 500 g{ts per gIHIOI’l in the solution after the solution is retained in
the devilléllf obrigee iy srconsirictedorplsnedpriorto gseiofamere onpduss the pmeuntof 480

T Y A

aggregati S rel ease ut 1 on ret ained within
t he housdn‘gﬂbmn}sﬁi OGerdaeall}F;Sﬁmg&dIO isbastrudtbdor dl@@%ed@%)r tmruse 29 reagye @f adduon.

[ 0301 Referrin ures nd 3, a glass syri e?' or delivering

| nt er f er gAC &P I0 B%%r %atlnﬁé?ﬁaﬁgw%a-‘f 500, GRS Eckehmag V CHHORL TURESIeRd o
needl e 3Qefeed HorPBRSliftRes F Mel 5Fifl5k Bad wdulfl bR contact with the Interferon-B

solution during storage, e.g., greater than about 10, 120, 360, or 480 minutes, about 100, 200,

400, 700 or 1000 hours, between about 120 minutes to about 480 minutes, or between about
300 minutes to about 420 minutes of storage at temperatures between 2°C and 30°C.

[032] Syringe 10 is constructed or cleaned such that less than 500, 250, 100, 75, 50 or 25
parts per billion of aggregating metals (individually or in total) are released from the syringe
into a solution of Interferon-B after storage. The construction or cleaning of the syringe also
provides less than 15%, 10%, 5% or 2% aggregation in an Interferon-f8 solution after storage
of the solution in the syringe. The amount of aggregating metal released into a solution of
Interferon—f3 or placebo formulation may be measured by performing Inductively Coupled
Plasma Mass Spectrometry or Atomic Absorption Spectroscopy on Interferon-8 solutions or
placebo formulations.

[033] Suitable syringe storage devices capable of providing storage conditions which reduce
the percent aggregation and amount of aggregating metal to levels described above are
available from Becton Dickinson and Bunder Glas GmbH. Other syringe storage devices are
known in the art. For example, see U.S. Patent Nos. 6,352,522; 6,263,641; 4,895,716 and
4,266,557. These devices may be washed with concentrated sulfuric acid, e.g., 98%, to
remove aggregating metals followed by one or more basic washes to neutralize any residual
sulfuric acid before filling the device with Interferon-B. After washing the device with the

acid and basic solutions, the amount of aggregating metal remaining in the syringe may be
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housi ng 20 (Figure 2). The housing 20 includes a cylindrical wall 22
defining a central bore 24 (Figure 3). One end 26 of the housing connects
to needle 30 and the other end 28 of the housing receives a plunger 32.
Plunger 32 is disposed in central bore 24 to engage frictionally cylindrical
wal | 22. dexseriimgd O kinviag the Prinpyaid eforminteRiessel CapkaPagssMadt er f eron- B.
During storage in syringe 10, an Interferon-B solution is disposed in

central JPEFEOMATYS AOWEG ABSEPLiGmYPEcEoscAPY Y & plaskba fomnalationithah wes storedd of
pl unger qgthegfgéﬁéeﬁ?(ﬁ{o?gﬁaﬁgbéﬁ 16%3&&&’“ ed or cleaned prior to use to
reducé”t'he anount o ag

renove or gregating netals on the surfaces of the

syringe bs4jh Aithohigh therstoasde devivelisiidsoribedlabobdhed §R1n@e; dher@RARESTOr ¥iority! | Nge
10 is constructed_or cleaned prior to use to renove or reduce the anmbunt of

aggr egat i geliering dutederon-ieage within the spaerof thei igkestion providadethahthoelemanigof en,
it ort or SASRIGHR e BRI IR A R¥nciHiad Bl 10580 et 0 "

Interferon solution du g
360, or 4&$ tiunrf00earts peibillioh 00 aggtOfhting Hikdals #RO 1HRIsoRIBR of BiH&FeroR B! WaEMoRbOUL
120 m nutes to .about 480 minutes, or between about 300 m nutes to about 420

m nut es &8ss dpyisgsecan be manptachirer ogedise theamauat afepesenating owls byt naye 10 i s

t : t 0 5 100 5. 50 25
carts porapesinG ARGEd Salod S\ hd 884 R Be sROnectuth octd Bnd hRic Rt o
r el eased Hunoples b8 othyr itoage dévites incladd athpalesqhio, Mg enf @aR 345; Ta§ f)pindHags age.

The construction or cleaning of the syringe also provides |less than 15%
10% 5% 50’@8-4@gregation in an Interferon-B solution after storage of the

sol uti on gjde;t ' P B e ' tal released jatg a
ol ut1 on L5P1" (e BebBaRonT BERHTRY Qe Mo SR ALHIR, GRlrBles R 3 g} ol
per f or mi nige dcopeiof thy elvenisiddsedbedRhaltddlaiess Spectrometry or Atonic
Absor pti on Spectroscopy on Interferon-B solutions or placebo fornulations.
[ 033] Suitable syringe storage devices capabl e of providing storage
condi ti ons which reduce the percen tion and anount of aggregating
metal to | evels described above areEX9QQﬁ 5 | e from Becton Di ckinson and
Bunder d as GmH O her syringe storage devices are known in the art. For
exanpl e, . . 6,352,522; 6,263,641; 4,895,716 and

4, 266, 55FXAPRE ar L8

Pstermmatipn of AsgregatingMetal Releasgr i ¢ aci d.

€9, 989[/93(;] O The following procedure can be used to determine the amount of aggregating metals

released into a solution after storage.

[037] A random selection of containers in which Interferon-8 is to be stored is selected from
a manufacturing lot. Each container in the random selection is filled with a placebo
formulation including all of the components of the formulation except Interferon-8. The
filled containers are stored at ambient temperature for a period of about greater than 360
minutes. The placebo formulations are analyzed by any suitable means to determine the
concentration of aggregating metals. Suitable analytical methods include, but are not limited

to, Inductively Coupled Mass Spectrometry and Atomic Absorption Spectroscopy.

Example 2 — Determination of Aggregating Metal Release from Avonex®:

[038] Avonex® liquid formulation contains Interferon-8-1a, sodium acetate trihydrate,
glacial acetic acid, arginine hydrochloride and polysorbate-20 in Water For Injection (WFI).
Specifically, each 0.5 mL (30 mcg dose) of Avonex® in a prefilled glass syringe contains 30
mcg of Interferon-p-1a, 0.79 mg sodium acetate trihydrate, 0.25 mg glacial acetic acid, 15.8
mg arginine hydrochloride and 0.025 mg polysorbate-20 in WFI at a pH of approximately
4.8. The placebo formulation is prepared by combining each of the components of the
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remove aggregating netals followed by one or nore basic washes to neutralize
any residual sulfuric acid before filling the device with Interferon-B.
After washing the device with the acid and basic solutions, the anmount of
aggregating netal remaining in the syringe may be 5 determined by rinsing
the syri ngenaee feemitsion bl adUatainys-(0 UBk26b18 SEBBnMBESns oPRELERRES 1y or
Atom c Absorption Spectroscopy on a pllacebo formul ation that was stored in

t he syri rigeddsoribadrndntemationdd ubh g 9812806017 thAIenhm;@htemse)fsnlml‘eage

d d ther. d f t

Gol i veri My TRTRPE B B B, %?wn?%a BB TS T 860 P bF ovi ded ¢ hat
the el emﬁémf&ftum%qsﬂs gﬁ&éte&totaarua&rtﬁe hxﬁo&tﬁ%&‘ﬂ%%reﬁdtﬁl@ théi8ls kélbRed gRroN-B for

nore t han about m nutes release |ess than O parts per billion of
aggr egat i s’mgedrs:tlatlicmsa mhe syringes ateufilledrwitif the ntaeqslfc:eﬁounulatloﬁamdwstoxfed forreeprziodevi ces

b t d t tals that
ol cace T beRterE 360 i SR SIES: Salond bk schioREE Eobontd hBURE BN nerd and
basi ¢ wasB@geratufeX %Bé:ﬁﬁle%ffﬂiktﬂl%ew ff&fnmoq@yaxfagszea BG THdR S QoupRd Mdds Fi 0.
4), vials (45, Fig 4) and bags (50, Fig. 4). [035] "The invention will be

further dipeciromeiy fo etdmmedhemwg@ﬂggrpgﬁmgm{mleh do not limt the scope
of the invention described in the clains. EXAMPLES Exanple 1 - General
Procedure for Determ nation of Aggregating Metal Rel ease: [036] The

foll ow ng procedure can be used t goudereiyodigedde anount of aggregating
metals released into a solution after storage. [037] A random sel ection of
cont ai ner[§39]n Itisitc he undesstbed that Bhilcsthe@nmtigm g@Sehten desssibed ineepnfungtion with

facturi J Each t al th 0 | I,ed th
Bl acebo.  bAHEStdesFTeILa o L preBing AereP BT S RieC o ST IRt on
except | nig# HRY RBpdof i Bvedtidd, Mudlﬂ&lﬁéﬁﬂéﬁrb?tﬁéﬁbogé of 8@ a@?erﬂl@@bl‘aﬁﬁs Other
tenperature for a period of about greater than m nu The pl acebo

f or mul at i asnects pdvaniagey ardimbdifigatjonsiare withia theseepe pbthg delbawing elaime
concentration of aggregating netals. Suitable analytical methods include,
but are not limted




to, Inductively Coupled Mass Spectronetry and Atom c Absorption
Spectroscopy. Exanple 2 - Determ nation of Aggregating Metal Release from
Avonex(r): [038] Avonex(r) liquid fornmulation contains Interferon-B-1a,

sodi um acetate trihydrate, glacial acetic acid, arginine hydrochloride and
pol ysorb t29clamedssier For Injection (Wl ). Specifically, each 0.5 nL (30
ncg dose) of Avonex(r) in a prefilled glass syringe contains 30 ntg of
Interferon-{3-1a, 0.79 ng sodium acetate trihydrate, 0.25 ng glacial acetic
acid, 15.18 D .-20 in W at
a pH of alppr g%fl ﬁﬂgtgdéﬁi}r%?ojﬁ%%g%hﬁdn gglgnﬂ %Sg(ﬁtuqﬁ%ﬁg%ﬁl ?’éé{%?ﬁﬁﬁ‘é ‘ed by conbi ni ng
each of the pmvpbneatsviod inchiding atwmsing fbmtmﬂmg a evlutiomofSIntdrferon-p;

| nt erferon-B, Les of f ati | nt erferaon are described in
| nt er nat i onafh}ﬂgﬁﬁxﬁgﬁ 1%"&5“‘@!9@% g’@%"?‘ﬂ%g S¥hereia, E?ﬁ%lﬁmgsth@ﬁo lgiereh ar e

i ncor por at ed r rd sas 60,
froma manuf g%q{'suorq?ﬂgpélge'gsg% gl’:(grg{égt(rﬁﬁ(?g O?gﬂ ggé;ié%%@gg?ﬁgel la%rfr)odl}%tgcﬁ 0 OHZ%%%egau ng
met al s rel eathad S0fperts perdrildidnsol uti ons. The syringes are filled with the

pl acebo formul ati on and stored for a period of between 360 to 480 m nut es,
optionally wth sonication for about 5 m nutes at room tenperature.

sanple ofy th I Ss
Spoct romei ry o e | SRl U IR ECeonys LORREE &fﬂé‘ﬂegﬁﬂa
Enbodi ments 8991 less then 560 p&rta;nmiérlhbmaﬁﬂartt]mﬁoluﬁum ie rdthieed imMbahowsingfes been
described in co %1'}38 Ibé} t he detail ed description thereof, the

f or egoi ng deg’E?Felb Rop ]1 H’édtowlustrate and not limt the scope of
the invention, which is defined by the scope of the appended clains. O her

aspects, advant ages and nodifications are within the scope of the follow ng
clai ns. B.WAZhe nstholdaif ideim 2, whereim thegtousidg feleases mcmrmgnmttbndﬁlan\aggneg@ng

ousi ng. T or . FieEAoh i 2a5 dof BB st e B et o ot G g, o

I nterferon- Rf@rrgléhtérhgdlmt D mhedsei n, after filling the solution,

=~

4. The method of Claim 2, wherein the housing releases a concentration of an aggregating
metal of less than about 500 parts per billion after the solution is retained in the housing

for greater than about 360 minutes.

5. The method of Claim 2, wherein the housing releases a concentration of an aggregating
metal of less than about 500 parts per billion after the solution is retained in the housing

for greater than about 480 minutes.

6. The method of Claim 2, wherein the housing releases a concentration of an aggregating
metal of less than about 500 parts per billion after the solution is retained in the housing

for about 120 minutes to about 480 minutes.

7.  The method of Claim 2, wherein the housing releases a concentration of an aggregating
metal of less than about 500 parts per billion after the solution is retained in the housing

for about 300 minutes to about 420 minutes.

8.  The method of Claim 1, wherein the housing releases a concentration of an aggregating

metal of less than about 250 parts per billion.
8



t he housing rel eases a concentration of an aggregating netal into the

solution of less than 500 parts per billion. 2. The nethod of Caim1l,
wherein the housing rel eases a concentration of an aggregating netal of
| ess than 500 parts per billion after the solution is retained in the

housing for greater than about 10 m nutes. 3. The nethod of Caim 2,

wherei n Hhe I r S atiomn of an aggregati.n nmet al of
oss than abodt nEgge sECRRRTS MgfeRNE RS Pitaits £OmERIOn of PLcegHRAIDE n ¢ he
housi ng f ormgtabatf less thivaaboub 000 pakBGefbillidies. 4. The nmethod of Caim 2,
wherein the housing rel eases a concentration of an aggregating netal of

| ess than about 500 parts per billion after the solution is retained in the
housi ng or b : ] e 5. .The thod of Claim.2
wherein the E%{J@?%g& P gpg%gglé ng%rcegnﬁ@g %ﬁ%@g Ige%eaB‘?s 5918 a@@ﬁ??ﬁ’bag%@gflg of

| ess than abmetal 6{10ssthirt sbae 75 parkd pepbilBdi.er the solution is retained in the
housing for greater than about 480 m nutes. 6. The nethod of Caim 2,
wherein the housing rel eases a concentration of an aggregating netal of

| ess thaRja e k1 f.rer ,the solution is.retained in the
housi ng @} or a%)%%‘?lgi%bﬁ%ﬂt’ (g\gl Qteg{g’ggﬁﬁs@%@le@f?ﬁﬁceoél.cenﬂau?ﬂgfﬁ%?%‘aga €Cl ai m
2, wherein tmetahous'sstgaﬁsﬂcﬁasegm@smraﬂﬁmration of an aggregating netal of

| ess than about 500 parts per billion after the solution is retained in the
housi ng for about 300 mi nutes to about 420 mi nutes. 8. The nethod of Claim

ese ¢ o abon Rop RRCHERE MRt SEREEbURL L s ARBOROEE bl Whercin

t he housi ng comhsrishesiran, coppeeticlkel, inslybdenam aagairggrRhi Ng netal of |ess than
about 100 parts per billion. 10. The nethod of Caim1, wherein the housing
rel eases a concentration of an aggregating netal of |ess than about 75

parts pen3bithd QBhod of Claim 12, wherein the aggregating metal is tungsten.

14.  The method of Claim 1, wherein the device is a syringe, bottle, vial or a bag.
15. The method of Claim 14, wherein the device is a syringe.

16. The method of Claim 1, wherein the housing of the device is constructed of glass, metal

or plastic.
17. The method of Claim 16, wherein the housing is constructed of glass.

18. A method for storing and delivering solutions of an Interferon- comprising:
providing a device including a housing for retaining a solution of Interferon-f;
filling the solution of Interferon-B into the housing, wherein, after filling the solution,
the housing releases a total concentration of aggregating metals into the solution of less

than 500 parts per billion.

19. The method of Claim 18, wherein the housing releases a total concentration of
aggregating metals of less than about 500 parts per billion after the solution is retained

in the housing for greater than about 10 minutes.



11. The method of Caim1l, wherein the housing rel eases a concentration of

an aggregating netal of |ess than about 50 parts per billion. 12. The

met hod of Claim1l, wherein the aggregating netal is selected fromthe group
conprising iron, copper, nickel, nolybdenum and tungsten. 13. The method of

d ai m 1220 .\iHBrdaheliodif Ehipira@anlidréinrtae Rousing relenags hestal dohcenkhiogefhod of O aim
1, wherein the deyvice his% &fgaqgai bottle, vial G or a bag 15. The net hod
of O ai m 14, 28RFREARRGIE RS oyt 30Pmaryger billionpgisr H@étsnbwaoms refaifieth 1,

wher ei n t he jRopshRGin %ffdxt%‘éat%ﬁﬁbﬁﬁbdéﬁ lmgﬂﬁﬁlﬁégct ed of glass, netal or

plastic. 17. The net erein the housing is constructed of
glass. 18. A nethod for storing and dellverl ng solutions of an Interferon-R

conpri si rov ice inc a housing for retaining a solution
of Int er?gr oﬂp th?‘? ngguflﬁé WRTED 1B Q}}qugﬁfzgﬁqeéaé?ial\]@npmt@tlpag fhousi ng,
wherein, aft I | r

concent ratl Oaﬁg" gfghé%g%gbagsi}ffégsgr%%l guti Srgogﬁnﬁg %ﬂ%ﬁ?@%‘%ﬁ%@gﬁﬁtrﬁgn gOO
parts per b|1ln|ih@lrmusmgfofl'gleatanﬂlhmdbmit3611)&1111111‘(638, vvherel n the housing rel eases

a total concentration of aggregating netals of |ess than about 500 parts
per billion after the solution is retained in the housing for greater than

about 10y e 8P1:H8TEAAEH L1 sl ol MISLPLA LR OYP N0 Tl eases

a total concentration o aggregati ng rret Jout . 500 parts

per billion aitegatitgrmetnty QﬂlessmhansabbettmOFImds penbllliaﬁ dfietithesglution isgeréifedr t han
about 120 m.nytes m 18, wherein the housing rel eases

. The
a total Conclgﬁlgq%&qsmfgqgre%{%rﬁm%dlgqlﬁd IIRES. of | ess than about 500 parts

per billion after the solution is retained in the housing for greater than
about 360 m nutes. 22. The nethod of C aim 18, wherein the housing rel eases
a total 2®ncEmtmehodof 6faimé§gwhgainﬂthghcmh@|rslea§eslaesml ¢dmaentedtionof 500 parts
er billion after .the s is.ret

P aggregating meta?s o%ess an about 5600 parts per billion after the solution is retained

in the housing for about 120 minutes to about 480 minutes.

24. The method of Claim 18, wherein the housing releases a total concentration of
aggregating metals of less than about 500 parts per billion after the solution is retained

in the housing for about 300 minutes to about 420 minutes.

25. The method of Claim 18, wherein the housing releases a total concentration of

aggregating metals of less than about 250 parts per billion.

26. The method of Claim 18, wherein the housing releases a total concentration of

aggregating metals of less than about 100 parts per billion.

27. The method of Claim 18, wherein the housing releases a total concentration of

aggregating metals 1 of less than about 75 parts per billion.

28. The method of Claim 18, wherein the housing releases a total concentration of

aggregating metals of less than about 50 parts per billion.

29. A method for storing and delivering solutions of Interferon-p comprising:

providing a device including a housing for retaining a solution of Interferon-f;

10



in the housing for greater than about 480 m nutes. 23. The nmethod of Caim
18, wherein the housing releases a total concentration of aggregating
netals of |ess than about 500 parts per billion after the solution is
retained in the housing for about 120 m nutes to about 480 m nutes. 24. The

met hod of O &ijRskBs s iSO 84 f . . on of
aggregati ng ﬁggﬂagljtge %f I (@@%gﬁr%ggﬁ&%gg%{ﬁ%@ﬁ%ﬁwk ng&gﬁggegrﬁﬁ]né

sol ution is aggregatiou of Imenféren{frasseddyfaggregiting maAB inithewsobgionds REothtn 420
m nut es. 25. ;J}peaftrret hod of C aim 18, wherein the housing rel eases a total
concent rat i on® BPCEYGREGat i ng netal s of |ess than about 250 parts per
billion. 26. The nethod of C aim 18, wherein the housing rel eases a total
concentration of aggregating netals of |ess than about 100 parts per

bi I lion. 387. Thtmethodlod Claif 29, aiberelBaggntgation of Interfdnan+Bicagsed dlyaggegatingt ot al

concentration . regati.n tal.s. 1 of | ess than about 75 parts per
billion. 28. mﬁﬁis Wﬁ%ﬁ%@?ﬁ@é?om&o@&ehe housi ng rel eases a total
concentration of aggregating netals of |ess than about 50 parts per
billion. 29. A nmethod for storing and delivering solutions of Interferon-0
conpri si 3d: The oethdidro§ Claiohe3d, wdherencdggnegatjom ofibnterfenon-p @aused baiaggregatings ol ut i on

of Interferon-(3;. 10 filling the sglution of interferon-B into the housing,
wher ei n, aft@re{a?*lnl ?1@01\1%1§g?869138§,)’a%"d&0é%i on of Interferon-(3 caused by

aggregating netals in the solution is less than 15%after storage. 30. The
met hod of Cl aim 29, wherein aggregation of Interferon-n caused by
aggr egat i32g Thetetlwdiofl Hdim 2% wleteimaggsedation of Inmerfek 4P abtsed bytaggegating31. The

met hod of C ai m 30, wherein regatjon of Interferon-n caused by
aggr egat i ng r”r‘?gllsalln@‘??ﬁ't‘%“égq%g#lag%)?%&ré&aﬁ%an 5% after storage. 32. The
met hod of O aim 29, wherein aggregation of Interferon-(i caused by

aggregating netals in the solution is less than 2% after storage.
33. The method of any of Claims 1 to 32, wherein the Interferon-p is Interferon-B-1a.

34. A device comprising:
a housing for retaining a solution;
a solution of Interferon-p retained within the housing, wherein the housing releases a
total concentration of aggregating metals into the Interferon-f solution of less than 500
parts per billion.

35. The device of claim 34 wherein the housing releases a total concentration of

aggregating metals of less than about 250 parts per billion.

36. The device of claim 34, wherein the housing releases a total concentration of

aggregating metals of less than about 100 parts per billion.

37. The device of claim 34 wherein the housing releases a total concentration of

aggregating metals 1 of less than about 75 parts per billion.

38. The device of claim 34, wherein the housing releases a total concentration of

aggregating metals of less than about 50 parts per billion.

11



33. The nethod of any of Clains 1 to 32, wherein the Interferon-(3 is
Interferon-(3-1 a. 34. A device conprising: a housing for retaining a
solution; a solution of Interferon-(3 retained within the housing, wherein
the housing releases a total concentration of aggregating netals into the

| nt er f er 39" (‘Bresavitkioprzah shewheitane BORingielchsesRebtabidncbRBtiodds The device
of claim34 wherein the housing releases a total concentration of

aggr egat i ng aggregpingmetalssof lessdhanaabout S09gmrts pet billjvarafier theisohutios s reireddevi ce
of claim 34,. in the haousing releases .a total concentration of
aggregating lﬁe%glﬁos S@fg Pre%rg%fgﬁ%‘%g%@ﬁ? fBButB%rts per billion. 37. The device
of claim 34 wherein the housing rel eases a total concentration of

aggregating nmetals 1 of |ess than about 75 {)arts per billion. 38. The device
of cl ai &4, Thelevice of chaém Bduiwherginthe beusing raleasss altotebenneentrationofi of

aggregating S h 0 parts..per. billion, .11.39 .The
devi ce of cl %%%éﬁngo {/nvﬁ!éa?g’eoﬁr%ésts&%nha%gg'itsn@Rﬁgfggr:laglog a?{g{ thes BB RTPfedn of
aggr egat i ng inBhehdusip fbegsatehan aba1268nRay ts per billion after the
solution is retained in the housing for greater than about 10 m nutes. 40.

The device of claim 34, wherein the housing rel eases a total concentration

of aggrggat4 t al-s;. of ,l,ess th bout 500 parts, per hillion after the

sol ut i o_nEP's ?%%R;%Sé)fc]aﬁnt?’ ﬁewﬁgagﬁﬁ%ﬁ@gpggrpgﬁegrat?tﬁ %’nﬁ AR 98 ni nut es. 41.

The device Ofggfdgatip BétalsdTeéssithan dbeulB00SIaRg peEbiBRBGTeAtHeRbRitiof YeRMeHat i On
5

of aggregating nmetals of |ess than about 500 parts per billion after the

sol ution is indeahevsing fongreater thew gbowt 36@minjttesat er t han about 360 minutes. 42,
The device of claim 34, wherein the housing rel eases a total concentration
of aggregating netals of |ess than about 500 parts per billion after the

sol ution4ls Tigd dvitedf claim BBewhardinl thghd@ingdeRades a tbaPsbnRBaLHoAB0 M nut es.
aggregating metals of less than about 500 parts per billion after the solution is retained

in the housing for greater than about 480 minutes.

43. The device of claim 34, wherein the housing releases a total concentration of
aggregating metals of less than about 500 parts per billion after the solution is retained

in the housing for about 120 minutes to about 480 minutes.
44, The device of claim 34, wherein the housing releases a total concentration of
aggregating metals of less than about 500 parts per billion after the solution is retained

in the housing for about 300 minutes to about 420 minutes.

45. The device of claim 34, wherein the aggregation of Interferon-f caused by aggregating

metals in the solution is less than 15% after storage.

46. The device of claim 34, wherein the aggregation of Interferon-p caused by aggregating

metals in the solution is less than 10% after storage.

47. The device of claim 34, wherein the aggregation of Interferon-p caused by aggregating

metals in the solution is less than 5% after storage.
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43. The device of claim 34, wherein the housing rel eases a total
concentration of aggregating netals of |ess than about 500 parts per
billion after the solution is retained in the housing for about 120 m nutes
to about 480 m nutes. 44. The device of claim 34, wherein the housing

r el eases48." t vhedevitgrotersin ] wiieroft the aggregmion o Intexferbs-pafausedlsy dghfegatadpout 500
parts per billiopn after the sol uti is retained in the housing for about
300 ni nut es Tgta Bﬁg\'tes@k‘ﬁ‘%lﬁ plhan 4% aften 10REGI ce of cl ai m 34, wherein the
aggregation of Interferon-(3 caused by aggregating netals in the solution
is less than 15% after storage. 46. The device of claim 34, wherein the

aggr egat #9n 'tiie devicerdf etaim-3@d 3whereettle Byviewig aagrhge) bottleptial o 4 bagt he sol ution
is less than 10% after storage. 47. The device of claim 34, wherein the
aggregation of Interferon-(3 caused by aggregating netals in the solution
is |less anrH : Qa0 otk I of claim 34, wherein the
aggr egat Fg'n g%/qﬁégﬁfg%]%-%B%g%%%etﬁgg?/\ll%ég\;{‘é’%g %ﬁgehg metals in the solution
is less than 2% after storage. 49. The device of claim 34, wherein the '
device is_a syringe, bottle, vial or_a bag.. . 5Q. The device of claim 34,
wher ei n Phe Hegdeviceiof clamg3d, wéer.elrstﬁ?» hmwgd%ﬁﬁh%ge ge i capsiugted ofglesemstal ne
housi ng of t@nepl Ei ce is constructed of glass, netal or plastic. 52. The
devi ce of clai‘m 34, wherein the housing is constructed of glass. 53. The
device of any of clains 34-52 wherein the Interferon-0 is Interferon-0- | a.

13
52.  The device of claim 34, wherein the housing is constructed of glass.

\

53. The device of any of claims 34-52 wherein the Interferon-f is Interferon-p-1a.
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