HYDROGEL | NTERFERON FORMULATIONS Field of the Invention 5 The present
invention relates to pharnmaceutical hydrogel formulations containing an
interferon. In particular, the invention relates to sustained rel ease
hydrogel fornulations of interferon beta, method of preparation and use

t hereof . Background of the Invention 10 Reconbi nant protein pharmaceutics
have al ready provided uni que therapies for several previously untreated

di seases and numnerous new protein drugs are bei ng devel oped. Proteins are
usual |y adm ni stered parenterally, which can lead to a rapid elimnation of
the protein fromthe circulation. In order to maintain therapeutically
effective blood levels, it is 15 often necessary to adm nister |arge or
frequent doses. The inconveni ence and potential adverse side effects of
this approach night be HYDROGERINTERFERQN BEORMUEAII@NS t hat provi de
sustained or controlled delivery of the protein. Sustained delivery systens
can achieve nore constant blood | evels of protein therapeutics 20 than

t hose obt ai Eiel efitheInxeation doses, |eading to inproved drug efficacy and
fewer advergg, piis@f iRfdnBGt Selatdd 9 PhitiiBeutiblll MRFIEeS YiaMBiotsn cdntfiEng Rhect abl e
oi |l s, enuIS|on§, suspensions, |1 posones, mcroparticul ates (m crocapsul es

or i cr osphétayon. Inpsrtipylas tey inyention yelatesrtn sustaippdrrelegse hydrpeel dormulaiens dfn dr ug
delivery, pohQKARBIcuIRbHodbEprtElioh Md dsbflefeofini que 25 property as ther noset
gel -form ng naterlarg In situ. Pol oxancrs are bl ock copol yners of

pol y(et hyl ene oxi de) and pol y(propyl ene oxide), well-known as non-ionic
surfact ant ngg%ou,jdqﬁm@ﬂggmﬁ gel s which undergo transitions froma lowto
a high visc as consequence of an increase in tenperature,

cal | ed "1 heRpepmbifaniprotein pharmacgidist hage already revidedsurigiesiherspigo & spiecrali ng,
anti - f oam ngr.afadsiy Aukbicl bkiddh JAl RRREDISRwWARGtein APuR bR beRBBTIopediSed for

phar maceuti cal and nedi cal purposes as drug delivery vehicles 2 (Guzman et
al ., 1992, International Journal of Pharmaceutics, 80, 119-127; Gander et

al ., 1986, piidih 48 Ysua N shinlifisteRl parBhtefallR Gvhichlcan (ehd td 3 YapiPdiRnindiidR bf the

protein from the circulation. In order to maintain therapcutically effcctive blood levels, it is

15  often necessary to administer large or frequent doses. The inconvenience and potential
adverse side effects of this approach might be circumvented by employing systems that
providc sustained or controlled delivery of the protein.

Sustained dclivery systems can achicve more constant blood levels of protein therapeutics
20  than those obtained with bolus doses,Alcading to improved drug efficacy and fewer adverse
side effects. Those drug delivery systems include injectable oils, emulsions, suspensions,

liposomes, microparticulates (microcapsules or microspheres), implants or gel systems.

Among gel systems used in drug delivery, poloxamer gels are used for their unique
25  property as thermoset gel-forming materials in situ. Poloxamers are block copolymers of

poly(ethylene oxide) and poly(propylene oxide), well-known as non-ionic surfactants that

form aqueous gels which undergo transitions from a low to a high viscous statc as a

consequence of an increase in temperature, called “thermal gelation”.

In addition, Poloxamers possess good wetting, anti-foaming and solubilizing properties and

30 are commonly used for pharmaceutical and medical purposes as drug delivery vehicles



Pol oxanmers, referred by the trade name Pluronics(r) are tri-block

copol yners having the 5 followng Formula (1): HOGCOIl | CGHCOCGCCCOH
H2 H2 a H2 CHb H2 H2 ¢ 3 (1) wherein (a) and (c) are statistically equal,
(b) is equal or higher than 15 and (a+c) form20 to 90 % of the mass of

t he nol ecul e. 10 The two pol yet hyl ene oxi de chains (PEO) are hydrophilic
whi | e the pol ypropyl ene chain (PPO is hydrophobic, giving to the

PEO PPO PEO bl ock copol yners anphi philic properties that can be nodul at ed
by varying the nunbers of units (a) and (b). Due to their anphiphilic

nat ure, PEO PPO PEO bl ock copolynmers are able to self- aggregate to forma
variety of associated structures such a8 mcelles and liquid crystalline
15 phases, as well as nicroemul sions. Ampong Pl uroni CSSQOZ Pol oxamer 407

(Lutrol (r) (Chamdget qby (9%8nIneqrpgtionalfpyrnaboffhatmasnswicsoto 2 0ander ¢t gher ei n
(a)=(c) =99 29¥% DRITD. BadnkiRl. PrAIREY, 33@1_1(-)39}169.'?—(18)31.':108 or Pluronic(r)

F108), a pol oxaner of Formula (1) wherein {(a)=(c)=16 and (b)=46 are known
20 for their thermal gelation properties of their aqueous solutions in the

20- 35% conCPpibk kD RefertddUB A alle 3ime PRISHcs®2R0 \EblocPRb}dIFird hiving the22- 25%

(ww) Poloxaner 407 polymer solution is liquid at relatively | ow

t enper at fir efollowing Formuly(®): but rapidly forms a highly viscous, firm gel
upon warm ng above a characteristic transition tenperature, i.e. 18-20C.
These gel s have been used for exanple for liquid hydrogel fornulations for

subcut aneous 25 inje éi ns, 1 oRiga pHi cat hons rgsoj s, .that forma gel
as it warns to body ﬁ r?%egatﬁrrg%%ﬁa —g} gg‘l , ﬁl_§7?)_g.]5ve) . 3 Pol oxaner
407 gel s have been found td énhance tReCHjability?of? proteins |oaded into
the gel matrix (Stratton et al., 1997, Journal of Pharmaceutical sciences,
86, 9, 1006-1010) and )

wherein (a) and (c¢) are statistically equal, (b) is equal or higher than 15 and (a+c) form 20

to 90 % of the mass of the molecule.

10 The two polyethylene oxide chains (PEO) are hydrophilic while the polypropylene chain

(PPO) is hydrophobic, giving to thc PEO-PPO-PEO block copolymers amphiphilic

properties that can be modulated by varying the numbers of units (a) and (b).

Due to their amphiphilic nature, PEO-PPO-PEO block copolymers are able to self-

aggregate to form a variety of associated structures such as micelles and liquid crystalline

15  phascs, as well as microcmulsions.

Among Pluronics®, Poloxamer 407 (Lutrol® F127 or Pluronic® F127), a poloxamer of
Formula (I) wherein (a)~(c)=99 and (b)=65 and Poloxamer 338 (Lutrol® F108 or
Pluronic® F108), a poloxamer of Formula (I) wherein (a)=(c)=16 and (b)=46 are known
20  for their thermal gelation properties of their aqueous solutions in the 20-35% concentration
(Guzman et al, 1992, above). Particularly, a 22-25% (w/w) Poloxamer 407 polymer
solution is liquid at relatively low temperatures, i.e. 4-10°C, but rapidly forms a highly
viscous, firm gel upon warming above a characteristic transition temperature, i.c. 18-20°C.
These gels have been used for example for liquid hydrogel formulations for sub-cutancous
25  injections, topical applications, aerosols that form a gel as it warms to body temperature

(Guzman et al., 1992, above).



have been used for various formulations including Lidocaine (Chen-Chow et
al., 1981, International Journal of Pharnmaceutics, 8, 89-99), I|ndonethacin
(Myazaki et al., 1986, 5 Chem Pharm BulL34(4), 1801-1808) and IL-2
(Johnston et al., 1992, Pharmaceutical Research, 9(3), 425-434).
Interferon are cytokines, i.e. soluble proteins that transmt nessages
between cells and play an essential role in the i mune system by hel pi ng
to destroy mcroorganisns that 10 cause infection and repairing any
resulting damage. Interferon are naturally secreted by infected cells and
were first identified in 1957. Their nage is derived fromthe fact that
they "interfere" with viral replicationh and production. Interferons
exhibit both antiviral and anti-proliferative activity. On the basis of

bi ochemi cal Polgxamer AdRgrb ksgye been fornd i@ pihapsg the ﬁ@‘ﬂ&t"ﬁ?@?@'&? lesdedinto theyed uman

i nterferons,gek ©HEMRH dl.NISY7, Jourhd)of PhiFMabbutichideRises, 4d)91d08LI0N6)HnANA
(l eukocyte), interferon-beta (fibroblast) and interferon %gygﬁd(égaane).
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countries f@fiehonkl KRR OF PRArmMABbIYs, B28Y-90 L MRHethaciy YNBLEM NI, 11986,
Kaposi's Sarcoma (a cancer commonly afflicting patients suffering from

Acqui r eds| nfere ThermcBehdd(4). I50icf Edk aphllp3) (ohnsiay et rE-ofi% Rbamaceufiesi- B
hepatitis. ;}Qseg;.&y,’td"(g,ugj_m?;rferons (I FNs) are gl ycoproteins produced by the
body in response to'a viral infection. They inhibit the nmultiplication of
viruses in protected cells. Consisting of a |ower nolecular weight
protein, | Figerfkéhs a8 B thiaRsYi.8QBBRGTHERS tHal trhil@hil mBsshged betweet cellshMd

i nduced by one virus is effective against a broad range of other vjruses.
They are hoRiBy@p cssepiiadirels i theciopmync system byphelping i desio {pigerssanisas; that v | |
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rel ated species. IFNs were_the first group of cytokincs to b expl oi ted
for their pitfestadicsils andwers firstgdensified ’&ﬂgﬂ/i'r?'% napg is\?F‘?Yeé'sﬁpmfh%ng*’ééheﬁaj or

| FNs ar e refigfcHed" ivith d%al képNeation afidproductibsl | FN-y. Such main ki nds of |FNs
were initially classified according to their cells of origin (leukocyte,

fi brobl ast ?ngr r}eé(ﬁag lel %?1f léalotp |Hog? t\é\/er\élee{n’d ahttl-pt% fdative %(lztgn 5 (Srp 31% basie o b;iablchélﬁlieaﬁs m ght

be produced

and immunological properties, the naturally occurring human interferons are grouped into

15 three major classes: interferon-alpha (leukocyte), interferon-beta (fibroblast) and interferon-
gamma (immune). Alpha-interferon is currently approved in the United States and other
countries for the treatment of hairy cell leukemia, venereal warts, Kaposi's Sarcoma (a
cancer commonly afflicting patients suffering from Acquired Immune Deficiency
Syndrome (AIDS)), and chronic non-A, non-B hepatitis.

20  Further, interferons (IFNs) are glycoproteins produced by the body in response to a viral
infection. They inhibit the multiplication of viruses in protected cells. Consisting of a lower
molecular weight protein, IFNs are remarkably non-specific in their action, i.e. IFN
induced by one virus is effective against a broad range of other viruses. They are however
species-specific, i.e. IFN produced by one species will only stimulate antiviral activity in

25 cells of the same or a closely related species. IFNs were the first group of cytokines to be

exploited for their potential anti-tumor and antiviral activities.

The three major IFNs are referred to as IFN-¢, IFN-B and IFN-y. Such main kinds of IFNs
were initially classified according to their cells of origin (leukocyte, fibroblast or T cell).



| eukocyte IFNis now called IFN-a, fibroblast IFNis IFNNO and T cell IFN
is WFN-y. There 1is also a fourth type of IFN, |ynphoblastoid |IFN, produced
in the "Namalwa" cell line (derived fromBurkitt's |ynphona), which seens
to produce a mxture of both | eukocyte 5 and fibroblast IFN. The
interferon unit or international unit for interferon (Uor 11U for
international unit) has been reported as a neasure of IFN activity defined
as the anobunt necessary to protect 50% of the cells against viral danage.
The assay that may be used to neasure bioactivity is the 10 cytopathic
effect inhibition assay as described (Rubinstein, et al. 1981, J. Virol.,
37, 755- 758; Fanilletti et al, 1981, Mthods in Enzynol ogy, 78, Pestka
Ed., Acadenmic press, New York, 387-394). In this antiviral assay for
i nterferon Hewever| it heramariclegrr thah sesicrabiynes  Bighthbe perduerd by "ﬁéc,cég-sé@y’et 0
produce a c =G 5 Q% } I INgs i espect
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cont ai ns severa Istinct t 3 and | y are each the product of
a si ngl esgenml fibrbldaspHdt.ei ns cl assified as | FNs-a are the nost diverse
group, containing about 15 types. 20 There is a cluster of IFN-a genes on
chromosonme 9, containing at |east 23 nenmbers, of which 15 are active and
t ranscri bed Thé/nterferon| mNr antemaionaltunigl forioteyleren gl or TEBNfor intemationsNnitBhasr e al |
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be sonetinesaggﬁ ed bl o 0gi C ré%ﬁ%nse modi fiers ’?Bﬁwt)f because’ they have
an effect ods&Hemillyperael B, Makodindinpmelagy 4 Besthanlet. Acadénie prash lew
recogni tion ;zgas&ﬂw.qﬁqﬁﬁ'aa&mm assdy fotiHRerbh Bb&R 1asiurh NG EhlcAERR if IeN- (3)
has antiviral activity and can also stinulate natural

quantity necessary to produce a cytopathic effect of 50%. The units are determined with

respect to the international reference standard for Hu-IFN-beta provided by the National

15 Institutes of Health (Pestka, 1986, Methods in Enzymology, 78, Pestka Ed., Academic

press, New York 119, 14-23).

Every class of IFN contains several distinct types. IFN-B and IFN-y arc cach the product of

a single géne. .

The proteins classificd as [FNs-a are the most diverse group, containing about 15 types.

20  There is a cluster of IFN-a genes on chromosomc 9, containing at Icast 23 mcembers, of

which 15 are active and transcribed. Mature [FNs-a are not glycosylated.

IFNs-o, and IFN- arc all the same length (165 or 166 amino acids) with similar biological
activitics. IFNs-y are 146 amino acids in length, and resemble the o and P classes less
25 closely. Only IFNs-y can activate macrophages or induce the maturation of killer T cells.
These new types of therapeutic agents can be sometimes called biologic response modifiers
(BRMs), because they have an effect on the response of the organism to the tumor,

affecting recognition via immunomodulation.



killer cells against neoplastic cells. It is a polypeptide of about 20, 000
Da i nduced by viruses and doubl e-stranded RNAs. From the nucl eoti de
sequence of the gene for fibroblast interferon, cloned by reconbi nant DNA
technol ogy, (Derynk et alL, 1980, Nature, 285, 5 542-547) deduced the

conpl ete am no acid sequence of the protein. It is 166 amno acid | ong.
Shepard et al., 1981, Nature, 294, 563-565 described a nutation at base 842
(Cys -+ Tyr at position 141) that abolished its anti-viral activity, and a
variant clone with a deletion of nucleotides 1119-1121. io Mark et aL,
1984, Proc. Natl., Acad. Sci. U S. A, 81(18), 5662-5666 inserted an
artificial nutation by replacing base 269 (T) with (A causing an am no
acid switch fromCys -, Ser at position 17. The resulting |IFN-(3 was
reported toHbman&brgblastinterferon KEN-fhas \aptivirtgetivity pgd can alse stimyatemgturabng- t er m
storage (-7 i | I i | at est
devel opmentfgilg%r f‘#? & egrt(?%oél%g% ggl% F to{seacﬁrﬂ%c?g%ogc oglﬁ gg’lbgd] I\/%gldl}cygy
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past decade§42-547) dednoerdythe isempleteRRing phidisdangnise oof the mreseimultds 1 @namine acidi ni ng
pol yoxyet hy]gpe pol yoxypropyl ene glycol (JP 2003 342193), cycl aradine-IFN
al pha conbi ned fornul ations (EP 0177153), kits for interferon al pha

r oom t enper Shepard dPal, dR8hdNagure @94 563165 dgscilzdd a rautationiat basa B4 Ey§ USTyr at

4, 469, 228) Sy A3 I € hinilel r:*t‘é'afxa&.!v%sacﬁ%rtﬁ', 'fn’)'ﬁ ﬁ NA o %?t!ng %&4%deletion of
conposi ti onSconprising glycoproteins chem’call'y coupled w't

pol yoxyet hyhedmtidds 1ptA-yt2ypr opyl ene copol yner (EP 0098110) and | FNG3
fornul at | ong, fOr I, . eshgCi - a alk . ,del) (

2004/ 003804 11rE Ay 198E Broc N 'ééwBXC'AsU%fvﬁf"t 3179, 5633%?%““%%& ficial
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t he potenti ghblagsdgilaigaemsislegaffecy.s.

15 Rebif® (Serono - recombinant interferon-p), the latest development in interferon therapy for
multiple sclerosis (MS) is interferon (IFN)-beta-1a produced from mammalian cell lines. Its
rccommended International Non-proprictary Name (INN) is “Interferon beta-1a”.

Various formulations of IFNs with copolymers have been developed in the past decades.

20 Among them, IFN alpha injection formulations containing polyoxyethylene
polyoxypropylene glycol (JP 2003 342193), cyclaradine-IFN alpha combined formulations
(EP 0177153), kits for interferon alpha room-temperature Poloxamers gels for topical
administration (US 4,469,228), microparticle formulations of IFNf (WO 01/58474),
compositions comprising glycoprotcins chemically coupled with polyoxycthylene-

25 polyoxyprc;pylene copolymer (EP 0098110) and IFNP formulations for mucosal, especially
intra-nasal, delivery (WO 2004/002404) have been described.



Consequently, there is a need for |IFN pharnmaceutical conpositions that
sustain IFN plasma 5 levels for a longer period of tine than |liquid
formul ati ons and/or that provide a higher plasnma exposure of IFN, thereby
mai ntai ning or inproving |IFN biological activity. Summary of the Invention
The present invention is directed to Pol oxaner hydrogel or in-vivo formng
Pol oxaner gel o0 pharmaceutical conpositions that conprise an interferon
(IPFN), in particular reconbinant h-IFN(ila, and nethods for their
preparation. These pharmaceutical conpositions are hydrogels prepared with
Pol oxaners, especially Pol oxamer 407. Sych pharmaceutical conpositions are
referred to herein as | FN "hydrogel s" and they conprise an interferon

(IFN) or an isoform mnutein, fused protein, functional derivatjve, active
fraction t has adh allprotpia-baserd pharmescurical opmaior hallghae in dici usp ¢f @ infepferon

i nvention havemthgeude gt 396 nlaphidifa iHeraptiliiéRly GleblivediotSh thdWdodadvel Racasi |y
handl ed and that exhibit sustained rel ease profile_and/or higher

bi oavai | abi Fertaip tiemysithautinersasing the injeried 4oshand the patentiab pssociated ddafflests an

enbodi ment  ehndliRenidy, ARENs ainBMEBE IFNphatrikReli6a BEBbStidnd iab flstamOFRIpldMat
| east one stabilizing agent According to another enbodi nent of the

i nventi of, tenels fgrae logeersperigd of dpedhanpliquid formulatienst and(or ghag grayidegnbigher ge|
tenper at ur epfEaNSIbiP o TPR thérely Asin@nilgRir Sffrodng IFN Bolopiclac@dipect . the
i nvention provides a pharnmaceut’ical conposition conprising an” interferon
(IFN) or an isoform nutein, fused protein, functional derivative or active
fracti on thgiaafary ¥WRE Bivandéd d fornmulation is a Pol oxamer hydrogel. In a
second aspeETT‘Tﬁ%‘TﬁﬂﬁﬁT?ﬁTprovides a nethod for pre a[inﬁﬂan | FN

.

hydrogel — 3®h¢ present myvensian acdineigd igPalexameehydicasher igryivo e@msT Bt hod
conpri sgg aglirtcedtiaf bepAitvas that RHIPHES arPintdPRIAXBNE) in! fhrtfeuldd kdcBmBRlaiol ution

at a tenperature wherein a honbgeneous polyner solution is fornmed and then

addi ng the hitNplaeah mathodn fpx gichsy prepasation; Hhese Rhaemacpitiselesmpositiarst 6nal
derivative, hﬁfroéé‘fst br\éﬁar&{ it 9(5'10)Eam:'ei:s,eggpecially Poloxamer 407. Such pharmaceutical

compositions are referred to herein as IFN "hydrogels" and they comprise an interferon
(IFN) or an isoform, mutein, fused protein, functional derivative, active fraction thereof.

15
The poloxamer hydrogel IFN formulations of the invention have the advantage to be in-
vivo forming gel that can be easily handled and that exhibit sustained release profile and/or

higher bioavailability compared to bulk IFN formulations.

20  According to an embodiment of the present invention, the hydrogels further comprise at
least one stabilizing agent.
According to another embodiment of the invention, the hydrogels further comprise at least

one solution-to-gel temperature transition modifier as excipient.

25 In a first aspect, the invention provides a pharmaccutical composition comprising an
interferon (IFN) or an isoform, mutein, fused protein, functional derivative or active

fraction thereof, wherein said formulation is a Poloxamer hydrogel.

In a second aspect, the invention provides a method for preparing an IFN hydrogel

30  formulation according to the invention, wherein said method comprises adding a calculated



51n athird aspect, the invention provides a use of an |IFN beta hydrogel
formulation according to the invention for the preparation of a
pharmaceutical preparation for the treatnment of nultiple sclerosis. In a
fourth aspect, the invention provides nethod for treating nmultiple
sclerosis conprising 10 the adm nistration of a sustained release | FN-beta
formul ati on according to the invention to a patient in need thereof.
Det ai |l ed Description of the invention The foll owi ng paragraphs provide
definitions of the various chem cal noieties that make 1s up the conpounds
according to the invention and are integded to apply uniformy through- out
the specification and cl ains unl ess an thermﬁse expressly set out
definition provides a broader definition. An "interferon" or "WN', as

used her ei nampuntiofmeleeramer: § 4 Reflarerb solponng % lmPeraies Wheritaa homeseneas j n t he

literature, ;GIORBY schitidd if RrmBe GAEP Hen ABYing meiateﬂ&oh%mmpmm Mudeje above
section Bac ground of the Invention' particular, IFNNa, |IFN(3 and

|FN-y are | BW%@H‘CP‘PWE%vata‘tﬁ’o‘?fé‘”d@fﬁ'ﬁ‘ﬁ‘?qtéﬁwﬁ FN-(3 is the preferred | FN
according to the present invention. IFNG suitable in accordance with the
present invention is conmercially available e.g. as Rebil (r) I(ﬁSer ono),

Avonex(ry (B 8gdixg %?“Béb%ﬁ‘é’ic@rf’(ﬂr?m(’@%ér‘lsﬁgb" anyB'Nrpta thydreselj EBH3UOnoN- bet a
(I FN-bet a ofedofdihgl #) the @&ena&re%rhﬁé Stdparalién bfh PRASHCERichNGEpRRionf bbbl ast

interferon in particular of human origin, as obtained by isolation from
bi ol ogi cal UFaEFRST BRltiple sglsfosisned by DNA reconbi nant techni ques from
prokaryotic or eukaryotic host «cells, as well as its salts, functional
derivatives, variants, analogs and active fragnents. = 30 Pr ef er ab Y,

| FN-bet a i s ™ hfosph gspostothwyentongunyidos methof ferdrcp@nenultiple sclerosiy corpprising . ( 3

sui t abl i N gRGAMIHIRMAGE ¥ al dsthiR€l BIeBRTPN-beid eI H0n bécofdMEB ik iavdndorAtsai | abl e
e.g. as Rebil(r). (Scrono), Avonex(r) (Biogen) or Betaferon(r) (Schering).

The use of PRrENE B Bereofh man or i ginis also preferred in accordance with
the present invention. The terminterferon,

Detailed Description of the invention

The following paragraphs provide definitions of the various chemical moieties that make
15 up the compounds according to the invention and are intended to apply uniformly through-

out the specification and claims unless an otherwise expressly set out definition provides a

broader definition.

An “interferon” or “IFN”, as used herein, is intended to include any molecule defined as such
20 in the literature, comprising for example any types of IFNs mentioned in the above section
“Background of the Invention”. In particular, IFN-a, IFN-§ and IFN-y are included in the
above definition. IFN-f is the preferred IFN according to the present invention. IFN-J suitable
in accordance with the present invention is commercially available e.g. as Rebif® (Serono),
Avonex® (Biogen) or Betaferon® (Schering).
25
The term “interferon-beta (TFN-beta or ITFN-B)”, as used herein, is intended to include
fibroblast interferon in particular of human origin, as obtained by isolation from biological
fluids or as obtained by DNA recombinant techniques from prokaryotic or eukaryotic host
cells, as well as its salts, functional derivatives, variants, analogs and active fragments.

30  Preferably, IFN-beta is intended to mean recombinant Interferon beta-1a.



5 as used herein, is intended to enconpass salts, functional derivatives,
variants, analogs and active fragnents thereof. Rebif(r) (reconbi nant
interferon-n) is the |atest developnent in interferon therapy for nmultiple
sclerosis (M5) and represents a significant advance in treatnment. Rebif(r)
is 10 interferon (IFN)-beta |la, produced frommanmalian cell lines. It was
established that interferon beta-1 a given subcutaneously three tinmes per
week is efficacious in the treatment of Relapsing-Remitting Miultiple
Sclerosis (RAMS). Interferon beta-la can have a positive effect on the

| ong-term course of M5 by reduci ng nunber and severity of rel apses and
reduci ng the burden of the di sease and 8i sease activity as neasured by MR
15 The dosing of IFN-G3 in the treatnment of relapsing-remtting M5
according to the invention depends on the type of IFN-(3 used. In

accor dance il e SREManbd YRR HOFrosehBLGb N Lo @aRbLARMG LENS(310

produced in , comerclally avallable under th ademar k
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to 33 .tgor 6 MUto 6.6 MU per person. In accordance wi th the present

ovary coli s oD EeppBpbr SRCRLORRL iy WL Itk anRLBRHACH ittt ARG, FRC™" <

Rebi 1D, it meitipbr edlegvpad I(MSbemadcprcspms er sgmﬁudmt cadeemmstcytntchtr d@bﬂ‘@mss a

\l,.l\ggl(; gglrg\?nﬂ{l%enfn ﬁﬁﬁgﬁeé)el né’pa&#gllpg] O ana :)Jééslpg%gs M\Ivléasog{}\% ﬁ%aét or

more of t he int&feam bet- hggivenselyutioesisly three tirmes penivedkFeHicacious i t!nwdaumynt

esi dugs. ar 8 BAaREREATLE RSB, US| Bioragfn G081 La €0 BIRAR 2€1C

effect on the long-term course of MS by reducing number and severity of relapses and

reducing the burden of the diseasc and disease activity as measured by MRI.
15 The dosing of IFN-B in the treatment of relapsing-remitting MS according to the invention
depends on the type of IFN-f used.

In accordance with the present invention, where IFN is recombinant IFN-B1b produced in
E. Coli, commercially available under the trademark Betaseron®, it may preferably be

20 administered sub-cutaneously every second day at a dosage of about of 250 to 300 ug or 8
MIU to 9.6 MIU per person.

In accordance with the present invention, where IFN is recombinant IFN-B1a, produced in
Chinese Hamster Ovary cells (CHO cells), commercially available under the trademark
25  Avonex®, it may preferably be administered intra-muscularly once a week at a dosage of

about of 30pg to 33 g or 6 MIU to 6.6 MIU per person.

In accordance with the present invention, when IFN is recombinant IFN-B1a, produced in

Chinese Hamster Ovary cells (CHO cells), commercially available under the trademark



wi t hout changi ng considerably the activity of the resulting products as
conpared to the wld type IFN. These nutcins are prepared by known
synthesis and/or by site-directed nutagcnesis techniques, or any other
known techni que suitable therefore. Preferred nuteins i o include e.g. the
ones descri bed by Shepard et al., 1981, above or Market al., 1984, above.
Any such nmutein preferably has a sequence of am no acids sufficiently
duplicative of that of IFN, such as to have substantially simlar or even
better activity to an IFN. The biological function of interferon is well
known to the person skilled in the art, and is biological standards are
establi shed and available e.g. fromt he’National Institute for Biol ogi cal
St andards and Control (http://inmmnol ogy.org/links/ N BSC). Bioassays for

t he det er i Rehif@rit why p@ﬁ!‘&i’btb%dmymﬁawé siretangeusty thresdimean W (H¥9@)anay f or
exanpl e be tein et al., 1981, above.

Thus, it caﬁ&gééﬁ?{%?(gjhn?%orm ‘%ﬁgv@ﬁ mut ein has substantially a
S|mlar or even a better, act|V|ty 20 than I FN by nmeans of routine

experi ment atj on I\/Ute ns of M C a ccordance wi.th the
present i nvERtTEH remh’ EIn(',l‘.uteﬁal.%l %“htal Bo%ﬁwdrieiﬁolpewr}"ﬁ'nc‘}e odmoc%c %A{I’lillte set
of subst ant aminb;aoﬂcremﬁspoﬁdnﬂgalsmmm c@iacedsby &nﬂtb&ﬁhi droind acid pesplusl esaror

pol ynucl eot i.des, whi ch can be rout i neI obt ai f i skill
in the art, qtf”?’ior onﬁr?crit?leome%mglrolarcrén'iea B ase 'tlaf%lér% eegc%c%gfs@nd

gui dance 25/1tbdilﬁ$haltgmg dws:éerably Rreedcavitye of tillaaceay&mgfpwdumstmcnmpamd &cther dance
with the prese i i re what are cons

subst | ut | onaa tasnSE Ve e 46 treBiett B B, BapeS IRy By plSiressd o
protei ns of nmtagcncm exhnigues,mmyny othdrtkdewrsgcdunmwunwaﬁmefochdﬁm tnhiems a
group, i ch v m | h e o] t 25, t hat
substi tm]l on' BI%%\% lﬁyonengées(rggéeg yt%heé’affggt "Poﬁ‘%’ v‘\ﬁ%ﬂl1 %rﬂg%}é?% ?ﬁ%gb (Togl cal
function of the nolecule. It is clear that insertions and 10 del etions of

ltoring tABY P ARGy bl P OO UFitEl DAL IRAUEN B Ot 1
i nvol ve a f efvIIA¥i suwoh asitdshave sulgtantiallydgmilathpr eyen batdr petiviitgrtalznylFadide t en,
and do not B%Mc%l %.[nc&lcgns 8% %ﬁ&fe‘%ﬂ ﬁow@l?ikqgwn to the person skilled in the art, and
15 biological standards are established and available e.g. from the National Institute for
Biological Standards and Control (http://immunology.org/links/NIBSC).
Bioassays for the determination of IFN activity have been described. An IFN assay may for

=,

example be carried out as described by Rubinstein et al., 1981, above. Thus, it can be
determined whether any given mutein has substantially a similar, or even a better, activity
20  than IFN by means of routine experimentation.
Muteins of IFN, which can be used in accordance with the present invention, or nucleic
acid coding thercfore, include a finite set of substantially corresponding sequences as
substitution peptides or polynucleotides which can be routinely obtained by one of ordinary
skill in the ‘art, without undue experimentation, based on the teachings and guidance
25 presented herein.
Preferred changes for muteins in accordance with the present invention are what are known
as "conservative" substitutions. Conservative amino acid substitutions of polypeptides or
proteins of the invention may include synonymous amino acids within a group, which have
sufficiently similar physicochemical propertics that substitution between members of the

30  group will preserve the biological function of the molecule. It is clear that insertions and



which are critical to a functional conformation, e.g., cysteine residues.
Proteins and nmuteins 5 produced by such del eti ons and/or insertions cone
wi thin the purview of the present invention. Preferably, the synonynous
am no acid groups are those defined in Table |I. Mre preferably, the
synonynous am no acid groups are those defined in Table 11; and nost 10
preferably the synonynous am no acid groups are those defined in Table M
TABLE | Preferred Goups of Synonynous Ami no Acids Am no Acid Synonynous
Goup 1s Ser Ser, Thr, @y, Asn Arg Arg, Gn, Lys, Qu, Hs Lou lie, Phe,
Tyr, Met, Val, Leu Pro dy, Ala, Thr, Pro Thr Pro, Scr, Ala, Ay, Hs,
Gn, Thr 20 Ala dy, Thr, Pro, Ala VaI OMet Tyr, Phe, He, Leu, Val dy
Ala, Thr, Pro, Scr, Gy He Met, Tyr, Phe, Val, Lou, Ile Phe Trp, Met, Tyr,
He, Val, Logeletingof mEndgeidsynay alsorbe magp in theghoverdefined sequerps wittmyus alsging” Thr |
Cys H's @ uthcirﬁﬁncu%amtmaﬂ{/pf e uﬁbﬁéo@ o @léﬁoné-&ﬁy nﬁ%ﬂae d'lfe'%w axﬂl'ﬂf) aci¥, 9 Gn

Asn G n, Asp, Scr , Hs, Arg, Lys 11 Asp Qu, Asn, Asp
e.g., under thirty, and preferably under ten, and do not remove or displacc amino acids

which are critical to a functional conformation, e.g., cysteine residues. Proteins and mutcins
5 produced by such deletions and/or insertions come within the purview of the present

invention.

Preferably, the synonymous amino acid groups are those defined in Table I. More
preferably, thc synonymous amino acid groups arc those defined in Table II; and most
10  preferably the synonymous amino acid groups are those defined in Table II1.

TABLE 1
Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
15 Ser Ser, Thr, Gly, Asn
Arg Arg, Gln, Lys, Glu, His
Leu Ile, Phe, Tyr, Met, Val, Leu
Pro Gly, Ala, Thr, Pro
Thr Pro, Ser, Ala, Gly, His, Gln, Thr
20 Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, Ile, Leu, Val
Gly Ala, Thr, Pro, Scr, Gly
Ile Met, Tyr, Phe, Val, Leu, Ile
Phe Tp, Met, Tyr, Ile, Val, Leu, Phe
25 Tyr Tmp, Met, Phe, Ile, Val, Leu, Tyr
Cys Ser, Thr, Cys
His Glu, Lys, Gln, Thr, Arg, His
Gln Glu, Lys, Asn, His, Thr, Arg, Gln
Asn Gln, Asp, Ser, Asn

30 Lys Glu, Gln, His, Arg, Lys



G u Asp, Lys, Asn, dn, Hs, Arg, Gu Mt Phe, Ile, Val, Leu, Mt Trp Tip.
5 TABLE 11 More Preferred G oups of Synonynous Am no Acids Am no Acid
Synonymous Group Ser Ser io Arg Hi's, Lys, Arg Leu Leu, Ile, Phe, Met Pro
Ala, Pro Thr Thr Ala Pro, Ala 15 Val Val, Met, Ile dy Ay He Ille, Met,
Phc, Val, Lcu Phe Met, Tyr, Ile, Lcu, Phe Tyr Phe, Tyr 20 Cys Cys, Ser
Hs Hs, Adn, A°Ag Gn GQu, An, Hs Asn Asp, Asn Lys Lys, Arg 25 Asp
Asp, Asn du Gu, Adn Met Met, Phe, He, Val, Leu Trp Tip.
11
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, Gln, His, Arg, Glu
Met Phe, Ile, Val, Leu, Met
Trp Trp.
5
TABLE 11
More Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Scr Ser
10 Arg His, Lys, Arg
Leu Leu, Ile, Phe, Met
Pro Ala, Pro
Thr Thr
Ala Pro, Ala
15 Val Val, Met, Ile
Gly Gly
Ile Ile, Met, Phe, Val, Leu
Phe Met, Tyr, Ile, Leu, Phe
’fyr Phe, Tyr
20 Cys Cys, Ser
His His, Gln, Arg
Gln Glu, GIn, His
Asn Asp, Asn
Lys Lys, Arg
25 Asp Asp, Asn
Glu Gly, Gln
Met Met, Phe, Ile, Val, Leu

30

Trp.



30 12 TABLE IIl Mst Preferred G oups of Synonynous Am no Acids Am no
Acid Synonynous G oup 5 Ser Ser Arg Arg Leu Leu, He, Met Pro Pro Thr
Thr 10 Ala Ala Val Val Gy Gy He He, Met, Lou Phe Phe 15 Tyr Tyr Cys
Cys, Ser Hs Hs Gn dn Asn Asn 20 Lys Lys Asp Asp Gu Gu Mt Met,
Ile, Lou Trp Met. 25 Exanples of production of amno acid substitutions in
proteins which can be used for

12

TABLE I11
Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
5 Ser Ser
Arg Arg
Leu Leu, Ile, Met
Pro Pro
Thr Thr
10 Ala Ala
Val Val
Gly Gly
Ile Ilc, Met, Leu
Phe Phe
15 Tyr Tyr
Cys Cys, Ser
His His
Gln Gln
Asn Asn
20 Lys Lys
Asp Asp
Glu Glu
Met Met, Ile, Leu
Trp Met.

25
Examples of production of amino acid substitutions in proteins which can be used for
obtaining muteins of IFN, for use in the present invention include any known method steps,
such as presented in US patents 4,959,314, 4,588,585 and 4,737,46 to Mark et al;
5,116,943 to Koths et al.; 4,965,195 to Namen et al; 4,879,111 to Chong et al; and
30 5,017,691 to Lee et al; and lysine substituted proteins presented in US patent No. 4,904,584



obtaining nmuteins of IFN, for use in the present invention include any
known nethod steps, such as presented in US patents 4,959, 314, 4,588, 585
and 4,737,46 to Mark et al.; 5,116,943 to Koths ct al.; 4,965,195 to Nanen
et al; 4,879,111 to Chong et al; and 30 5,017,691 to Lee et al; and |lysine
substituted proteins presented in US patent No. 4,904,584 13 to Shaw et at
Specific muteins of | FN-beta have been described, for exanple by Mark et
al., 1984, above. The term "fused protein" refers to a pol ypeptide
conprising an IFN, or a nutein thereof; 5 fused to another protein, which
e.g., has an extended residence tine in _body fluids. An IFN may thus be
fused to another protein, polypeptide of the like, e.g., an i munogl obulin
or a fragment thereof. "Functional derivatives" as used herein cover
deri vat i vestoofhapmral Sperifihapieinggf BiNteets have been deseriedplopexample bxMpdhelmay be
prepared from ohe palacti onal groups which occur as side chains on the
residues or the N or C-term nal groups, by neans known in the art, and arc
included in the invention as |ong as they renmai n pharnaceutically
accept abl e, The &rm "B HOtcin" éferd @6 b PO pEPide QSﬁ)bﬂsjirfj@/axD]fFN@ bea piuddiettRreol)i ch i's
substantially simlar to the activity IEN, and do not, confEt t oxi c
properti&s BHCLGABRIATTPFAIFIS. Whiffh a#-nftaign pxtende sesidengetimein podxsfiyidsy AnflgN 15
exanpl e, i nghytfas BORK&t ©BYh6mMa fHbtia dpolcpictd He ke, I AlimFMogIBGHindR ki geni C
sites and extend the_residence of IFN I1n body fluids. Qher derivatives
i ncl ude aligﬁ%P?%ﬂ@§P%rs of the carboxyl groups, anides of the carboxyl
groups by reaction with ammonia or with primary or secondary am nes,
N-acyl deriyatives of free am no groups of fhe am aci d residues forned
with aryl noiveetquel desivgives| gsauf o5 ‘g’é(Frb%%‘l“ieﬁ °55'P§§f| angr BAIp 8yt Bacy!|
deri vat iwyesfugbd plotdilse¥hith Gy x0e prepaedsorfte figxashal grobpaivhich od&r ok side
t hreonyl residues) forned with acyl noieties.. As "active f actiqps" of
| FN, or nut Eans onithe sepidusy op s (S termigal ranpg ‘T“F‘?\‘}%}Cﬁ‘ﬂvﬁh’“é "¢ Yy
fragment or indfu@edlinghe mvedtioh ae 1daglay pRPirértsn phaimbccficalliacRpable) ie. My deul e
Zl' gne ngarzgglt,dce)gﬁtghé]bqe rﬁpwéittyhO‘ ! eslg%tle%tv?hqmn}s)lsslg:sutaJngésﬂyosEmlrla?StA gllél %;:Stivlitly rfll‘sﬁ,danhher eto,
do not confer toxic propertics on compositions containing it. These derivatives may, for

15 example, include polyethylene glycol side-chains, which may mask antigenic sites and
extend the residence of TFN in body fluids. Other derivatives include aliphatic esters of the
carboxyl groups, amides of the carboxyl groups by reaction with ammonia or with primary
or secondary amines, N-acyl derivatives of free amino groups of the amino acid residues
formcd with acyl moictics (e.g. alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives
20  of free hydroxyl groups (for example that of seryl or threonyl residues) formed with acyl

moieties.

As "active fractions" of IFN, or muteins and fused proteins, the present invention covers

any fragment or precursors of the polypeptide chain of the protein molecule alone or
25  together with associated molecules or residucs linked thercto, e.g., sugar or phosphate

residues, or aggregates of the protein molecule or the sugar residues by themselves,

provided said fraction has no significantly reduced activity as compared to the

corresponding IFN.

In accordance with the present invention, the use of recombinant IFN-beta 1a and the

30  compounds of the invention is further particularly preferred.



resi dues, or aggregates of the protein nolecule or the sugar residues by

t hensel ves, provided said fraction has no significantly reduced activity
as conpared to the corresponding IFN. In accordance with the present

i nvention, the use of reconbinant rFN-beta | a and the 30 compounds of the
invention is further particularly preferred. 14 A special kind of
interferon variant has been described recently. The so-called "consensus

i nterfemms” am non-naturally occurring variants of IFN (US 6,013, 253).
According to a preferred enbodi nrent of the invention, the conpounds of the
invention are used in 5 conbination with a consensus interferon. As used
herein, human interferon consensus (IFhW%on) shall nean a
non-natural | y-occurring polypeptide, which predom nantly includes those
am no acid residues that are cormmon to a subset of |IFNal pha's

represent at iy oGk 1IGREoMBlcAEroh Yaridht hiiheBR i Yotk Fiinb RGcAliddBEbnsdnSilsk OCY t €

interferon subtype sequences and which jncludes, at” one or nore of those 10

posi ti ons wisrEonpepe fog-nagrallyioserring veriegmneb IEN JUS) $.03238) fcsordigy ki no

aci d whi ch REede Enbeaie: wﬁv&hoﬁ,hmte RADbldde oA inlenBin G¥EReal AC! UdeS
any am no aC|d resi due mhlc is not 'existent in that position in at |east

one nat ufal kgmbjaation pith g cengensygjalerfiarN. con  enconpasses but is not limited to

the am no a NGBS Npra fal ¥ -Dbcaihg Whi ch
are dlsclosgﬁqﬁﬁ%agﬁf nqaﬁggg@&%gggg -c%%é ﬁﬁh&ﬂ&?mn?ﬁ%g&flS sequences

encodi ng | Fnommfayvh!fé ‘PEedgEnineaty ’&ﬁlué@%QSP B’@leaﬁldtfPﬁéd“ﬁb@@teﬂfWWG
patents, or ke O AN-IpRIAIRDRsERRINEO S thd tha ]i’gr;l}u ot WS nRLRIROESHing Rk TeNt

the fused protein congrlses an I g fusion. fusion nay be direct, or via
a short | i nikukogytgintay fQN/h*F“@FYPeéﬁCI%ECO&saﬂéh‘W?h wlt@%oﬂ@n&rﬁrn@m&c@f&hmes| dues

in lengtf Ogoénﬁdhg%heré @ereC¥ 33Pdnfino hdid aBhPBna6 4l 8 @R andind &3@WhichSai d
i nker be a tripeptide of the sequence E-F- ( & u- Phe- Met), for

exanpl e, or predaryinantlynercuisi 4y that ipasiden andyieRr eveab iAshudes any amino acid residue
G u- Phe- G y whidh-ihii de@in/Rl thi§esiGby ifdedledsd Sheha occhrthg bygRATFReineen the

sequence of | FN and the inmunogl obulin sequence. The resulting
cncompasscs but is not limited to the amino acid sequences designated IFN-con1, IFN-con2

and IFN-con3 which are disclosed in U.S. 4,695,623, 4,897,471 and 5,541,293. DNA
15 sequences encoding IFN-con may be produced as described in the above-mentioned
patents, or by other standard methods.
In a further preferred embodiment, the fused protein comprises an Ig fusion. The fusion
may be dircct, or via a short linker peptide which can be as short as 1 to 3 amino acid
residues in length or longer, for example, 13 amino acid residues in length. Said linker may
20 be a tripeptide of the sequence E-F-M (Glu-Phe-Met), for example, or a 13-amino acid
linker sequence comprising Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-Gln-Phe-Met
introduced between the scquence of IFN and the immunoglobulin sequence. The resulting
fusion protein may have improved properties, such as an extended residence time in body
fluids (half-life), increased specific activity, increased expression level, or the purification
25  of the fusion protein is facilitated.
In a further preferred embodiment, IFN is fused to the constant region of an Ig molecule.
Preferably, it is fused to heavy chain regions, like the CH; and CH; domains of human
IgGi, for example. Other isoforms of Ig molecules are also suitable for the generation of

fusion proteins according to the present invention, such as isoforms IgGs, IgGs or IgGa, or



fusion protein may have inproved properties, such as an extended residence
time in body fluids (half-life), increased specific activity, increased
expression level, or the purification 25 of the fusion protein is
facilitated. In a further preferred enbodinment, IFNis fused to the
constant region of an Ig nolecule. Preferably, it is fused to heavy chain
regions, like the CH2 and CH3 domains of human 1gG, for exanple. O her

i soforms of I g nolecules are also suitable for the generation of fusion
proteins according to the present invention, such as isofornms 1g&, 1gG3 or
lg&4, or 15 other Ig classes, like 1gMor 1gA, for exanple. Fusion
proteins may be nononeric or nul timeri'dé, hetero- or honpnultineric. In a
further preferred enbodiment, the functional derivative conprises at |east
one noi ety otBerglgtdaspasd like Ighh @r dgAnfor exdrople t Fusien| prejeiotpray behipenomssie & as one
or nore sidg ¢halng . an Q- aCi d residues. Preferably, the noiety is
a poIyethyIgﬁgﬂ%BEGfQﬁ%Fg§§?%@E%§ ation may be carried out by known

met hods, such as the ones described in WO 99/55377, for exanple. 10 The
dosage adm B $Heh&PréBradembedinkng @R fuMéilohal \defivatide BeRsHsBOatUsBNor Wty et y of
factors, including pharmacokinetic properties, the route of

adni ni st f at #tghedda Opeer mers Hnctiprah groypy whigh-Aee 3 PG o mare sidg chaingyen thg o gy

wei ght, healhino 36d rSidiR). PrérstaBR! h@fmSENYRS £ PBlyeth ABUPEE) tmoidty. SEHGYRNOS ,
frequency of treatment and the effect desired. 1s Standard dosages _of human
| FN-bet a | alMP¥RE &arfiphaytdy knonm msthads.augh sptie goes despribgd g VO 83{95&7, Brm u
(mllion inggepetional units) and 12 MU per person per day or 22 to 44 ¢
(m crogran) per person. In accordance with the present invention, |IFN beta
la may preferably be admi nistered at a dosage of about 1 to 500 g, nore
preferahby ohe aesd adhfinibred 398n GndiWidudb Gl va9 defendBB ol @IvaRGy 0 Macto)Ce a

week or less. 20 The administration of active i1.ngredients |nwﬁccord nce

with the prBSkAns phamreokipeticpiopsaies.dhie route of adminiratipn. fatient sopfitesdus rout e.
The pref er r githrdcRibiRs Ylexaady, Body waight Redl@rant Fside), extent of symptoms, concurrent

treatments, frequency of treatment and the effect desired.

|y
=

15  Standard dosages of human IFN-beta 1a range from 80 000 IU/kg and 200 000 IU/kg per
day or 6 MIU (million international units) and 12 MIU per person per day or 22 to 44 pg
(microgram) per person. In accordance with the present invention, IFN-beta 1a may
preferably be administered at a dosage of about 1 to 500 ug, more preferably of about 10 to
308 pug or about 10 to 260 pg per person, once a week or less.

20
The administration of active ingredients in accordance with the present invention may be
by intra-muscular or subcutancous route. The preferred route of administration for IFN is

the subcutaneous route.

25 IFN may also be administered every two days, or less frequently. Preferably, IFN is
administered once, twice or three times per week
The preferred route of administration is subcutancous administration, administered c.g.

once a week or less.



t he subcutaneous route. 25 IFN may al so be adm ni stered every two days, or
| ess frequently. Preferably, IFNis admnistered once, twice or three
times per week The preferred route of adm nistration is subcutaneous

adm ni stration, adm nistered e.g. once a week or less. 16 Preferably the
concentration of IFN-beta | a in the fornmulation is at or about 10 g/m to
at or about 800 g/m, nore preferably at or about 20 pg/m to at or about
500 gg/ M, nore particularly preferably at or about 30 to at or about 300,
nost preferably at or about 44, 88 or 264 g/m. 5 The term "hydrogel"
refers to a cross-1linked network of hydrophilic polymers that possess the
ability to organize itself in a three di%rensi onal structure cont ai ni ng

| arge anounts of water. Pol oxaners are polémers.that have t he
parti cul ar i Prefarably the spnrcntgdtion of IFN-beta ki dhe opnylationis atayr abpuyh@ pg/ml to at

concentrati i , r

gel ati on PusyorSulesSl, SRt Bk BRRoPLbE o0 KRRTASHEIOISB Ak o
form a | i qupatticdariysprefctabiyat piabeat 30ge la) orchibeutt300, most pfirably atror eboub?t4; 88| ar

i nteractions.,Then, . at still higher tenperatures the gel nelts again
(Bronberg eP' &' MB1B9s, Advanced Drug Delivery Reviews 31, 197-221). t5 The
phase transition tenperatures depend on the Pol oxanmer concentration in

water. Typically.,splutjop-to-gel transitiaon occurs.at te tures fromb5
Lo 30C and gBf torh hiBvest | Bfrs P anteee Fokrade vl sBARpRIR 2ob GRS POy mer
concentrat i eie dbilityno?frghrize3itsclftiva thréd éhechsioel striveurt esmainiRg lagaamountsyalr ogel "
according to %hq,&nvention neferi%aq?a Eplgﬁgnfn éo,utionlfhat has t he
property t o “&%hi i PR QPP EHOTE S JPY D R FETHS AP, B8 "B *a ™ & Kunan 20
body t enper adluticd. Atdtiglex abideatrationd axdioreclcvaydr @optatual Polozamery amtérge acont ai n
20 to 30 wt ., al 0 to 25 w The

% Pol gx r, typical.l :@ efore, the term
“nyar ogat™ et SR kelsio, &7 shumpol by iy RIS & fom' JGaldd
crystalline phase (gel) due to increasing inter-micellar interactions. Then, at still higher
temperatures the gel melts again (Bromberg et al., 1998, Advanced Drug Delivery Reviews

31, 197-221).

15 The phase transition temperaturcs depend on the Poloxamer concentration in water.
Typically, solution—to-gelv transition occurs at temperatures from 5 to 30°C and gel-to-
solution transition at 35-50°C over a range of polymer concentration from 20 to 30 wt%.
Therefore, the term “Poloxamer hydrogel” according to the invention refers to a Poloxamer
solution that has the property to exhibit a gelation (solution-to-gel transition) at the human

20  body temperature. For example, Poloxamer hydrogels of the invention contain 20 to 30 wt
% Poloxamer, typically 20 to 25 wt %. Thercfore, the term “hydrogel” is also referred to an

in-vivo forming gel.

The term “solution-to-gel (or “sol-gel”) tempcrature transition modifier” refers to an
25  excipient that is able to displace, preferably increase the solution-to-gel temperature
transition of the IFN beta containing hydrogel. Examples of such modificrs arc sugars such
as Trehalose, polyethylene glycol, Glycerin such as Glycerol 30° and Cyclodextrins,
preferably hydroxypropyl-B-cyclodextrin. A sol-gel temperature transition modifier can be
used for example for increasing the temperature transition of the hydrogel around room

30  temperature for increasing seringeability and/or storage temperature. Hydrogel according to



The term "solution-to-gel (or "sol-gel") tenperature transition nodifier”
refers to an 25 excipient that is able to displace, preferably increase
the solution-to-gel tenperature transition of the |IFN beta containing
hydrogel . Exanpl es of such nodifiers are sugars such as Trehal ose,

pol yet hyl ene glycol, dycerin such as dycerol 30 and Cycl odextri ns,
preferably hydroxypropyl-J3-cyclodextrin. A sol-gel tenperature transition
nodi fier can be wused for exanple for increasing the tenperature transition
of the hydrogel around room 30 tenperature for increasing seringeability
and/ or storage tenperature. Hydrogel acgording to 17 the invention may
contain for exanple about | to 3 % w w Jf sol -gel tenperature transition

nodi fier, preferably about 2.6 % ww The tgrn1"surfactant" refers to a
sol ubl e conPifyentigipaycenwinder expmple gbeuld do 2 Enyivel set-gel tempegpgreiansiiion educes

interfaci al mogifiel prardRhy\ai 24, Jadui ds or a liquid and a solid, the
surface tension being tthe force acting on the surface of a liquid, tending

to mnimze the area of the surface. Surfactants have soneti mes been used

i n phar maceyfd eah QMR LRRSK a sMIddbhsbutle|hal @Edac&f thk QUAXB|1&RishaT MasSS
drugs and pol ypeptides, in order to nodify the _absorEtLon of the drug or
its deli¢erliquids, oh&eduggsgiaterfagialsigesion hesyeeniimonlinuidsy eraz digwid aind gesolidethet o

pol ysor bat eg, (B0l QXY 6Lty 1He 6rcé 8&tink Bl HE SurfalVBEN )iqid, (4dig RSmBInMEOMECS -
According to one enbodi nent of the invention, Pluronics are surfactants

that are pr@Feptibe surfage. Sudpgtantshaye somatimes beepaiged ipnphamaaseyficeldemplationsn used

for the pr eﬁ@ruafn'gqemfry By 6088k sul? fmds§ Brugd HRPidef\Cia Vrdtr Wmb@inpiet her
enbodi ment, of the invention, Pluronics sSelecte rom Pluronic(r) F77 15

( Pol oxaner gbspiptiorpfjthe drug(qr jits dglivepyPg tscarast tissacs) Wepkgpwh sefactanis giglude

( Pol oxangr E@?Qorl?a_ﬂg éPdﬂ'dak Ry 1A deriffi o 28RE1 45 hronR@r ticul arly
preferably Plurgnic(r) F68 (Pluronic(r) F68,  BASF) arc present in the
stabilized Preerdingipape epedimgtiofthe inveptigngPlurogics arespriaciantsthat gre preferabligel s of
the inventi gRsen?fd did AKRIcE IFN(iGui FRfnBlaBH Vsl F? U Yrepautibh 6f BldAdaels oZ @@ | FN

liquid formulation at a concentration that is sufficient to maintain
interferon ¥W&HWIoRi ty over the desired storage period (for

According to another embodiment, of the invention, Pluronics sclected from Pluronic® F77
15 (Poloxamer 217), Pluronic® F87 (Poloxamer 237), Pluronic® F88 (Poloxamer 238) and
Pluronic® F68 (Poloxamer 188), particularly preferably Pluronic® F68 (Pluronic® F68,
BASF) are present in the stabilized IFN liquid formulation used for the preparation of
hydrogels of the invention. i

20  Pluronics are preferably present in the stabilized IFN liquid formulation at a concentration
that is sufficient to maintain interferon stability over the desired storage period (for
cxample 12 to 24 months) and also at a concentration that is sufficient to prcvent protein
losses due to adsorption on surfaces, such as the vial, ampoule or cartridge or the syringe.
Typically, Lutrol F68: between 25 and 200 fold molar excess (respect to IFN), preferably

25 50 molar fold excess (about 3 mg/mL if the IFN loading is about 150 pug/mlL)

Prefcrably, the concentration of Pluronics, particularly Pluronic® F68, in IFN liquid
stabilized formulations is at or about 0.01 mg/ml to at or about 10 mg/ml, more preferably
at or about 0.05 mg/ml to at or about 5 mg/ml, more particularly preferably at or about 0.1

30 mg/ml to at or about 2 mg/ml, most preferably at or about 1 mg/ml.



exanple 12 to 24 nonths) and also at a concentration that is sufficient to
prevent protein |osses due to adsorption on surfaces, such as the vial,
anpoul e or cartridge or the syringe. Typically, Lutrol F68: between 25 and
200 fold nolar excess (respect to IFN), preferably 25 50 nolar fold excess
(about 3 ng/mL if the IFN | oading is about 150 g/ nlL) Preferably, the
concentration of Pluronics, particularly Pluronic(r) F68, in IFN liquid
stabilized fornulations is at or about 0.01 ng/m to at or about 10 ng/m,
nore preferably at or about 0.05 ng/m to at or about 5 ng/m, nore
particularly preferably at or about 0.1 _ 30 mg/m to at or about 2 ng/n,
nost preferably at or about | ng/nm. 18'® The term "antioxidant" refers to a
conpound that prevents oxygen or oxygen- derived free radicals from
interacting with other substances. Antioxidants are anmong a nunber of

exci pi ents GROTERA YRS terd RAL EBRGRUA ﬁgtlp@éﬁtg%gygehgr sRhRARriRAyRecal and

chemcal 5 stability. Antioxidants are added to mnimze or retard
oxi dat i ve prasicalssem riptgractingc with \gither subsiangesd Argexidantse ¢1€j 3negt & nEpbeT Axposure

to oxygen OkxdiferdtdSonth&itf BedRd % phdrBEcchadhi Sitetns & RERMce ?Ky@fé_@lsa?ﬁ%h&ﬁi@al()f ten
be catal yzed b{ l'i ght, tenperature, hydrogen on concentration, presence of

trace metal stab itypégé%i@e§.ar®mdﬁ¢ togminirize QF fefagd oxidative prosessespat P e, sal ts
of cthyl en%@@uﬁf%r%&&ﬁ@&?ﬁﬁ&legﬁés%ﬁ%?%n oiH el pRdsesbe Y HEOrXiL AL ugBe ( BHT),

and butylated to roxy ani so I are frequently used as antioxidants
in dings. SocestsERTallgnbe catplyed bydishtl lampertiig hydrogameongenqepirgtipngpresence

anti oxi dant g by, heleald N9 pEbAhés CobifRs bRk Wibhret BRMMnER, Calidl Mze the
oxi dation reaction. Most preferred antioxidant is nmethionine. Preferably,

ant i oxi dant sthylsacdiaspacictemasafic feid HEDT AN cbusiylaicd hydsorytoleang (BHAY: agd buiylatedent i n
the 15 spabinldrggfadifold {Elmaw He ToqUBHIP LA UsRAkidaRs it DR SRBEAEINNA Rs

hydrogel s of "the invention. Typically, Methionjne can be used between 100
and 800 f ol deaplogrd Oxambanse theoagiaity of gitioxidnyls by cheletingppgfallipirns dhay weskdar
excess (aboytheRyide daByZ thefoxidhGon! rEibh adtb Al Grefistred RMibxidhAOs m@thiBaineMet hi oni ne

can be present either inits free base formor inits salt form Any
stcreoisoner 20 (i.e., L, D, or DL isoner) of nethionine naybe used in the

present met bagdely.f MMiGkiliakd & especially methionine are stabilizers that are present in the
15  stabilized IFN liquid formulation used for the preparation of hydrogels of the invention.

Typically, Methionine can be used between 100 and 800 fold molar excess (respect to
IFN), preferably 400 fold molar excess (about 0.4 mg/mL if the IFN loading is about 150
pg/mL). '
Methionine can be present either in its free base form or in its salt form. Any stereoisomer
20 (i.e, L, D, or DL isomer) of methionine may be used in the present method or formulation
of the invention so long as methionine is present in its free base form or its salt form.
Preferably, the L-stereoisomer is used. Analogues of methionine may also be used in the
present formulation of the invention. The term “methionine analogue” refers to a derivative
of the naturally occurring methionine. The methionine analogues can also be used in the
25  present formulation in cither their frec basc form or their salt form.
Increased and/or maintained stability with addition of antioxidants (e.g. methionine) occurs
in a concentration dependent manner. That is, increasing concentrations of antioxidants
lead to increased and/or maintained stability of the formulation containing interferon-beta
of the present invention when that formulation containing interferon-beta normally exhibits

30  oxidation or aggregate/oligomer formation in the absence of the antioxidant. Determination



of the invention so long as nmethionine is present in its free base formor
its salt form Preferably, the L-stereoi soner is used. Anal ogues of
met hi oni ne nay al so be used in the present forrulation of the invention.
The term "net hi oni ne anal ogue” refers to a derivative of the naturally
occurring nethionine. The nethi oni ne anal ogues can al so be used in the 25
present fornmulation in either their free base formor their salt form

I ncreased and/or naintained stability with addition of antioxidants (e.g.
met hi oni ne) occurs in a concentration dependent manner. That is,

i ncreasing concentrations of antioxidants |ead to increased and/or

mai ntai ned stability of the fornulatioﬂgcontaining interferon-beta of the
present invention when that fornulation containing interferon-beta normally
exhi bi ts 300fghe aaewsaf an oxidant (g msthiening) febe nsd r\lmgn'e@rpsm fprmulagipa efibe of the
ant i oxi dant i DR il diitk 't Beciedse Hiddidf of BRgtMer/RberfhtcObhildidh, daf réadily be

met hi onine) to be used in the present fornulation of the 1nvention, in
order to deéetesmined svithautundye expersnqngusing metheds eguardlyrigpyate one of eldl in®&di | y be
det erm ned 4t hout undue experinent using nethods generally known to one of
skill inthe art. 5 The term"bacteriostatic" refers to a conpound or
conpositfons added to a fornulation to act as an anti-bacteria] agent.

Exanpl es of R Fh ARt iBlthd rds k'8 CorRSRAR br cdifosRiBhs added fof £RRMulatimGh €SOl
chl orocresol, benzyl alcohol, al kyl paraben (nmethyl, ethyl, propyl, butyl
and the |i#eb)as ageimsitiarienal agrnih Exmnles, ofbkasscaiosiasios dnsledel hcnele m-cresal win

dehydr oacct &E&l,%@ﬁ%ﬂ@hl&%%%l,%%ﬁ%ﬂ a1€6tﬁ>ﬁ,%n@mabébw§neh@%&5’i, Bfdpdt bypmgnt i s

benzyl al cohol . Hydrogcl ‘fornul ations according to the invention may be
nmono- dose othenlilcd,i b niupy ehloride,j bagrethgninne ohloride, fodium (dghydenssciaie anfe

i nventiqp t igtheradaf PHKEBIY B bhQErioMalié hgcHOS BerlfralcaRbiel €r abl y conprise a
bacteriostatic, such as phenol, mcresol, p-cresol, ocresol, 15

chl orocresol, benzyl al cohol, alkyl paraben (nmethyl, ethyl, propyl, butyl

and the |i KfydropdS8HERIGBAY d483rei ) & thel frveRfonZhdy Rt dobd S thélf-dosed Hthasd)
dehydroacetate and thinerosal. “Particul arl referred are phenol, bcnzyl

al cohol andligxid égl@{f(,:rowp@n%qt@p% of dhe jinvepiign, that arc intended for multi-dose usc
preferably comprise a bacteriostatic, such as phenol, m-cresol, p-cresol, o-cresol,
15 chlorocresol, benzyl alcohol, alkylparaben (methyl, ethyl, propyl, butyl and the like),
benzalkonium chloride, benzethonium chloride, sodium dehydroacetatc and thimerosal.
Particularly preferred are phenol, benzyl alcohol and m-cresol, more preferred is benzyl
alcohol. The bacteriostatic agent is used in an amount that will yicld a concentration that is
effective to maintain the formulation essentially bacteria free (suitable for injection) over
20  the multi-dose injection period, which may be at or about 12 or 24 hours to at or about 12
days, preferably at or about 6 to at or about 12 days. The bacteriostatic is preferably
present in a concentration of at or about 0.1% (mass bactcriostatic/mass of solvent) to at or
about 2.0%, more preferably at or about 0.2% to at or about 1.0%. In the case of benzyl
alcohol, particularly preferred are concentrations of 0.2 or 0.3%).
25  However, the use of a preservative, c¢.g. benzyl alcohol, is not limited to multi-dose
formulations, but may also be added in mono-dose formulations. One embodiment of the

present invention consists in single dose formulations containing benzyl alcohol.

Preferably, the formulations of the present invention have pH between about 3.0 and at or

30  about 5.0, more preferably at or about 3.8-4.0. A preferred buffer is acetate, with preferred



al cohol . The bacteriostatic agent is used in an amount that will yield a
concentration that is effective to maintain the formulation essentially
bacteria free (suitable for injection) over 20 the nulti-dose injection
period, which may be at or about 12 or 24 hours to at or about 12 days,
preferably at or about 6 to at or about 12 days. The bacteriostatic is
preferably present in a concentration of at or about 0.1% (nass
bactcriostatic/mass of solvent) to at or about 2.0% nore preferably at or
about 0.2%to at or about 1.0% In the case of benzyl alcohol,
particularly preferred are concentrations of 0.2 or 0.3%. 25 However, the
use of a preservative, e.g. benzyl achWoI is not limted to nmulti-dose
formul ati ons, but may al so be added i n nono-dose fornulations. One

embodi ment  egunierrions hing sadium AVRARSFER ietsn Acelete splincdiufigis arapd ko st | ons
contai ni ng L Fifer Alnc@ftQlionskh ﬁ)ftzﬁrsamldﬁ cas By bevwa atdr abGut 9fmm hes pivgagnt

i nventi on have pH between about 3.0 and at or 30 about nor e

preferably #M.010 BMe Q0 mM3A150 mM, 20mM, 260 mbfyrand 509 @MC%‘F@F’@]Y the bpifer

preferred 20, 6RMAbES al SMboReloRB.S PR R preQt @SS b B S0MM AcRE@ESoal | ne
buffers are well known in the art. Buffér concentrations in total solution

can varySbemitbepHaf38 about 5 M 9.5 M 10 mM 50 mM 100 mM 150 M
200 MM 250 nM and 500 mM Preferably the buffer concentration is at or
about 10mM Particularly preferred is a buffer 50nMin acetate ions. 5 with

a pHof 3. 8. The “crsledewsiait cpnfemplaistt Brpisathegrin gire (hydrorgprapyl, dydroxyethyl,
hydr oxypr 0pyjucos Vﬁ{aﬁaswwxbanou%smamvemsmmaMJ @E CorRSYdnding

derivatives of getac Cl odextrin and the corresponding derivatives of
gamma- cycl odervatiyas of mmﬁyml@@ytamkw hyidepalind STORRINLE BYFY £PTHAIB QBC BF MPRSr e 10

hydr oxyl;,9r giRexyl ©- groups/dr @gyPr ﬁp&bxyﬁ%ppnydr@w&rowbpyﬁ By deosy oy, )
di hydroxypropyl "and ‘the i ke. The gl ucosyl, and naltotrlosyl

derivatives d#ﬁ%"mhm @h?ehlf?r %@@cgﬂbép W@él"d‘éé@a]w@(ﬁyl eAriyethey mayy

di gl ucosyl, comhih @aY or Qforéiwgﬁl ;e@iaués e. gvélﬁédaylsor%élhé&ﬂs nfiftody8r Qisdegext rin
derivatives nay be used as _a mxture of ~naltosyl and dimaltosyl

deri vat i ves Yagpuscpixfugesgfth ‘E)&Y-P%%‘#ci‘?i‘“d’é‘fw%‘é{?ﬁ s be BF"dLPéé”ﬂ]eF& A MigtueR] | de
hydr oxypr opyatb§t ané ¥ehReRMt 8érVaGidEChpQinicHRRIddbxtrih YabHX RS My uhehdein

15 include hydroxypropyl-betacyclodextrin (HPCD or HPBCD), hydroxyethyl-beta-
cyclodextrin (HEBCD), hydroxypropyl-gamma-cyclodextrin (HPGCD), hydroxyethyl-
gamma-cyclodextrin (HEGCD), dihydroxypropyl-beta-cyclodextrin (2HPBCD), glucosyl-
beta-cyclodextrin (Gi-beta-CD or GiBCD), diglucosyl-beta-cyclodextrin (2G Gi-beta-CD
or 2 G;BCD), maltosyl-betacyclodextrin (Gz-beta-CD or G;BCD), maltosyl-gamma-

20  cyclodextrin (G;-gamma-CD or G»GCD), maltotriosyl-beta-cyclodextrin (Gs-beta-CD or
G3;BCD), maltotriosyl-gamma-cyclodextrin (Gs-gamma-CD or G3GCD) and dimaltosyl-
beta-cyclodextrin (2 Gx-beta-CD or 2 G,BCD), and mixtures thercof such as maltosyl-beta-
cyclodextrin/dimaltosyl-beta-cyclodextrin.

25  Hydroxypropyl-beta-cyclodextrin for use in the compositions of the present invention is

commercially available and is a preferred cyclodextrin according to the invention.

The range of interferon in the formulations of the invention includes concentrations from
about 1.0 pg/ml to about 50 mg/ml, although lower and higher concentrations are operable

30  and are dependent on the intended delivery vehicle or route of administration, e.g. solution



cycl odextrin (1{EBCD), hydroxypropyl-gamra-cycl odextrin (HPGCD),

hydr oxyet hyl - gamma-cycl odextrin (HEGCD), di hydroxypropyl -beta-cycl odextrin
(211 PBCD), gl ucosyl - betacycl odextrin (G -beta-CD or G1BCD),

di gl ucosyl - bet a-cycl odextrin (2G Grbeta-CD or 2 G BCD),

mal t osyl - bet acycl odextrin (&-beta-CD or &BCD), maltosyl-gamma 20
cyclodextrin (@&-ganrna-CD or QGCD), naltotriosyl-beta-cycl odextrin
(G3-beta-CD or G3BCD), mamltotriosyl-gama-cycl odextrin (G3-ganma-CD or
&GCD) and di mal tosyl - betacycl odextrin (2 Gbeta-CD or 2 &BCD), and

m xtures thereof such as maltosyl-beta-

cycl odextrin/di mal t osyl - bet a- cycl odexl| ri'n. 25

Hydr oxypr opyl - bet a-cycl odextrin for use in the_conpositions of the present
i nventi on i Bprmelaiens i)l differ fax, gansapicesal gglsi (8- 2altpY a9l cpmpesitiaps Terdluees!i
accor di ng t gdhiNGutk) Y& intePfiron WfcchMiba i?f)refeﬂfb@gt %{ QJj?_)u% 50 }l%ﬁnlfl@ Bm%la%lhggs of

the invention includes concentrations from abou .0g to about

ng/ M, al t hdagfml mempreferablyageraboytd A el i e opaoul } mebplemagpeclerady aht ar e

dependent opndufif) L HnPRAESE MEhti 166 Lymiehi cl e or route of adm nistration, e.g.
I ill ditfer for trans-nucosal gels (e.g. IFN gel

solution 21 fornulations w ) s ]
conposi t p onBrefesgbliie gmulgtionsef th|inveplignaplaingh teast gt erabeut 6% BTSN PAR Y ON | S

preferably Qttlgéa;at%ms&u%%, glogﬂpr%«feﬁaﬁ%?rrﬁa@gpwabo& 809/ dTlthe iHEH@roH%&f\gtgabl y at

or about 10 jig/m to at or abou , host preferably at or out 30

g/m to at #rthatimeel padagpgoner a pripd f2dmagths. t he formul ations of the
invention retain at |east at or about 60% nore preferably at |east at or

about 70 % nost preferably at |east at or about 80% of the interferon
activity afthq sustamedeclepse Hamplationspl dheepresgnhiwyentign 6an buyprgpasedhy a prpscss

sustaingg r %ﬁﬁ%&%&@%&@@@@a&ﬁﬂ%&h@%@% htEYaoT ioﬂlﬂioﬁ%@th@?oﬂkﬁﬂ&r ed by
a process to which conprises adding the cal cul ated amounts of the

i nterferon Boneacnenys tsglutipe Hha dterfRsen splytien dn Srslreably (ant intsrleropngiabilized,  er on

sol ution i ssdiiRhelegPlaf Ridribidh ofiRioR toftamilg bxc@iflentsS Shdit 40 Babifizdls 1iRE L-
interferon solution containing excipients such_as stabilizers |jke L-
Met hi oni ne, Msthiquino syrfastaatscyycty @s polopgmstbrsych ag) PRloxamenol8§yefnt: Fompation o
conbi nat i ongeter eof

15
According to an embodiment of the invention, the formulations of the present invention
may be further subjected to a filtration step under sterile conditions e.g. a sterilizing
filtration using a 0.22 pm membrane carried out at a temperaturc wherein the viscosity of
the poloxamer hydrogel is kept low, for example at 4°C.

20
In order to improve seringeability of the formulations of the present invention at room
temperature, excipients that modify the solution-to-gel transition temperature of poloxamer
hydrogel can be added, preferably to the buffer solution before the formation of the liquid
hydrogel solution, i.e. before .the addition of poloxamer. Examples of excipients that

25 modify the sol-gel transition temperaturc of poloxamer hydrogel arc polycthylenc glycol,
Glycerin such as Glycerol 30°, sugars such as Trehalose and Cyclodextrins, such as

hydroxypropyl-B-cyclodextrin.

According to one embodiment of the invention, the hydrogel formulation has a viscosity at

30  4°C between the viscosity of water and 200 mPas range, preferably in a range between 100-



15 According to an enbodi nent of the invention, the fornulations of the
present invention nmay be further subjected to a filtration step under
sterile conditions e.g. a sterilizing filtration using a 0.22 pm nmenbrane
carried out at a tenperature wherein the viscosity of the pol oxaner
hydrogel is kept low, for exanple at 4C. 20 In order to inprove
seringeability of the formulations of the present invention at room
tenperature, excipients that nodify the solution-to-gel transition
tenperature of pol oxaner hydrogel can be added, preferably to the buffer
solution before the formation of the liguid hydrogel solution, i.e. before
the addition of pol oxanmer. Exanpl es of cipients that 25 nodify the

so]-gel transition tenmperature of pol oxanmer hydrogcl are polyethyl ene
glycol, d yemPas gk rowd beyigduded|in special dgvipes syehBs auto-frieqters O Breafiipd

C¥C|0deXtr'Qﬁnl&%&ho&ﬁdﬁﬂ%@&@&%ﬂﬁﬂﬂahm&%&%ﬁhﬂ&ﬁ%i<kBm1ACCOVd'n9 to one
enbodi nent of the i nvention, the hidroge f or mul aglon has a_ viscosity at

30 4C bet wedhe fesulting %@&qntlyt@p i WRAlS: TRyUlemLaTtridges OF Psridlicd sHpNgpsi n a
range bet wegiridfdds 37 tméégc&ﬁ’%uweé r&&Ostifdsy dRdrufi@ta us( RIGHPRCGh@art dBY C€S

such as auto-injectors or pre-filled sSyringes and co forman "in situ”
gel aftes s@mwspiadkeoerden injvwieh ba compenep sy 1ddag whether péditiong] adddtiyeprigced in

vial s, a”DOULe%.bmc G Pefah O 8% I%H at¥higet !hlz |f<ﬁﬂxuﬁi€6ﬂ ﬁ%‘eiaared,vﬁé bR fae@RSthfmdyhi S
process woul d be recogni zed by one of ord |nary ski'll 1n the art. For 5

exanpl e, thke emu)@ﬁednfﬁr%mﬁert%owwﬁaﬁm §d@mémamed -whet her addi ti onal
addi tives ange paelved REMAISHGNS rn@éytﬁeepraﬂdedo{d ﬁ’attlerYt@'a:PBlcﬁrh&)hfti%ﬁm fblagdisi S

prepared, are all factors that fray = be optim sed he concentration and
means of adBfoftraly earfiestoulyrdgr the pel- %M@?@élmwnmeqam@t@edwér%ﬁly be provided to
patientsj,as clear solutions as storage is preferably carried out under the
sol -gcl transition tenperature of the hydrog 10 The interferon in

hydr ogel f ol hiimigriemagn dedregs! fRrauladonsi describad hasein.maH by adminiglered &9 passRy ent

in accordance with the present invention via a variety of dclivery methods including
subcutaneous injection, transmucosal, implant, or other means appreciated by the skilled
artisan, as well-known in the art.

1s  The term "vial" refers broadly to a reservoir suitable for retaining sustained release
interferon formulation of the invention in solid or liquid form in a contained sterilc state.
Examples of a vial as used herein include ampoules, cartridges, blister packages, or other
such reservoir suitable for delivery of the interferon to the patient via syringe or trans-
mucosal spray.

20

The formulations according to the invention can also be marketed as pre-filled syringes.

The formulations of the invention can be administered using recognized injection devices.
Examples comprising these single vial systems include auto-injector or pen-injector devices

25 for delivery of a solution such as Rebiject®.

Needles for injection devices are selected to match with the thickness of the hydrogel of the
invention. For example, the hydrogel of the invention can be injected with injection devices

having different needle gauges such as 18/23 (internal diameter equivalent to a 18 gauge



in accordance with the present invention via a variety of delivery nethods
i ncl udi ng subcutaneous injection, transnucosal, inplant, or other neans
appreciated by the skilled artisan, as well-known in the art. 15 The term
"vial" refers broadly to a reservoir suitable for retaining sustained
release interferon fornulation of the invention in solid or liquid formin
a contained sterile state. Exanples of a vial as used herein include
anpoul es, cartridges, blister packages, or other such reservoir suitable
for delivery of the interferon to the patient via syringe or trans- nucosal
spray. 20 The formul ati ons according to_the invention can al so be narketed
as pre-filled syringes. The fornul ati on® of the invention can be

adm ni st ered usingﬁmecognlzed i nj ection devices. npl es conprising these

singl e vi al negyllstasgrminimum eitereal dipmetr of 83 g@\agep@ﬁdlph?re?clt’?ér(na@ml@&ncwz5 f or
delivery of ¢Q;3Rhtihla0n V%Qeaﬁeﬁﬁ%mﬁm&emﬂaﬁmeﬁéofﬁs gn%&%meﬁ devi ces

are selected to match the thickness of the hydrogel the " invention.
For exanple, the hydngel of the invention can be injected with injection

devi ces  hapjaganil ftﬁe%ﬁxﬂhatﬁﬁ?@l*tﬁc GRLERA o Edaddiinidlled Bsifiy REEEnRH deligget er
equi valent to a 18 needl e and m ni num ext er na dlaneter of a 21

gauge neéd| & Bydr szag'erl fixemplel  BengkeOse Neqsdln vipjeetion ttechpology dmgréntneed| e

and m ni MuMpghGLnadasltaBelueEd Bf mﬁct%@ l‘%ﬁ\lb@gls Bﬁﬁgingéntlonpr eferably, the
formul ati ons of the i1nvention can ni stered using recogni zed devi ces

5 for hydrogels. For Exanple, Depot Cne Needl e injection technol ogy
(Inprint  Phgy {Eﬁﬁeﬁ'éahﬁ&ﬁ Sv)v:tﬁiﬂ'&e%nééﬁte& thi® inveitoR GRG0 BYIbRAERYiA effctbhe

invention. The term"treatnent” within the context of this invention refers
to any benePiogicasioneef disqase Anclyling, picayation, udiogedesreasq predigiisiinget ®auat i on,

reductiqp, gRrAIGASE dQklopinBhtRREthOEhsefofiitaiisehd. Pat hol ogi cal devel opnent
after the onset of the disease. Pharmaceutical conpositions of the

invention conprising IFN or an isoform nutein, fused protein, functional
derivative, pRinhieBtidal hpoSiio of 3R thveédkidn e&ﬂfrminglmw bhgh HHBER Afitdin, fused

prevention, protein, functional derivative, active fraction or salt arc uscful in the diagnosis, prcvention,
and treatment (local or systemic) of clinical indications responsive to therapy with this

15 polypeptide. Such clinical indications include, for example, disorders or diseases of the

central nervous system (CNS), brain, and/or spinal cord, including multiple sclerosis;

autoimmune diseases, including rheumatoid arthritis, psoriasis, Crohn's discase; and

cancers, including breast, prostate, bladder, kidney and colon cancers.

20  All references cited herein, including journal articles or abstracts, published or unpublished
U.S. or foreign patent application, issued U.S. or foreign patents or any other references,
arc cntirely incorporated by reference hercin, including all data, tables, figures and text
presented in the cited references. Additionally, the entire contents of the references cited
within the references cited herein are also entirely incorporated by reference.

25
Reference to known method steps, conventional methods steps, known methods or
conventional methods is not any way an admission that any aspect, description or embodiment
of the present invention is disclosed, taught or suggested in the relevant art.

The foregoing description of the specific embodiments will so fully reveal the general nature

30  of the invention that othcrs can, by applying knowledge within the skill of the art (including



and treatnment (local or systemc) of clinical indications responsive to
therapy with this 15 pol ypeptide. Such clinical indications include, for
exanpl e, disorders or diseases of the central nervous system (CNS), brain,
and/or spinal cord, including nultiple sclerosis; autoinmune di seases,
including rheumatoid arthritis, psoriasis, Crohn's disease; and cancers,

i ncl udi ng breast, prostate, bladder, kidney and col on cancers. 20 Al
references cited herein, including journal articles or abstracts, published
or unpublished U S. or foreign patent application, issued U S. or foreign
patents or any other references, are entirely incorporated by reference
herein, including all data, tables, fidﬁres and text presented in the
cited references. Additionally, the entire contents of the references cited
within the thefcertenieeftheapiewacep gited herein), scadilsmodiftand/er adaptiferyariens aprligatiop
reference. gpnROEGHEBMBodiferts) %oﬁ%mg RbERRNEE) WRRbhOBBhiE HoR TreSt €PS,

known nethods or conventional methods is not any way an adm $sion that any
aspect, desé&srep pansens of geiarserdmmentions Thegedors, sl adapiagigns angd srpdifications ateosed,

taught or Smaéés%cln--ﬂﬁerr&m ?Gfa@aﬁeoﬁ_ VEIOKE BRI Ui B SRTdrbbiiRRn@f t he
specific enbodi ments w y reveal e general nature 30 of 't he

i nventi oA t hesed (S’Elhlélﬁs}e?@hlng ab‘}' %Hﬂp‘lloyl prescrigd dieeing dt ¥ toh b undesstagd; that g ¢ he
art (includipgs m;émqéfo; m@p&sss%ro?a&%tﬁbmohsnﬁm%m GRAdi 1y

nodi fy and/gr ada g¥ for various application such specific enbodinents,

wi t hout unddhat p@wwm@r phmscolpy bt PRSEH sPacHigationgaria breintegpted BY theoncept
of the preseggfied MY iRt of HASEBHiREAnd BHiGihcAPRRNRE hQBiH, iR BsmbRAich WaRtHeons are
intended to be within the neani ng of a range of equival ents of the

di scl osed elrydpdeentenc obordinaylibled infeateachi ng and gui dance present ed
herein. Lt is to be understood that the phraseology or term nology herein
is for the purpose of description and not of |imtation, such that the

t er mi nol ogy ASPOTRIRE 48 P RJRPodIment dhe, inventinn BIGNIARS A RbeTRAceytical; gonpposition,

i nter pret ed ya¥reinGid fSrduldiBAl is@Holox@fer H}dfdggl%n@ﬁsﬁé‘ﬁl heaedhbeg. and gui dance
presented herein, in conbination with'the know edge of one of ordinary

skilled in the art. 10
In a further embodiment, the invention provides a pharmaceutical composition, wherein

15 said composition is a Poloxamer hydrogel comprising recombinant interferon-beta such as

rccombinant interferon-beta 1a.

In another cmbodiment, the invention provides a pharmaccutical composition according to
the invention, wherein said composition further comprises a buffer and an anti-oxidant.

20
In another embodiment, the invention provides a pharmaceutical composition according to

the invention, whercin said composition further compriscs a buffer and a surfactant.

According to another embodiment, the invention provides a pharmaceutical composition
25 according to the invention, wherein said composition further comprises a sol-gel

temperature transition modifier.

According to a further embodiment, the invention provides a pharmaceutical composition
according to the invention, wherein said composition further comprises a sol-gel

30  temperature transition modifier selected from Trehalose and a Cyclodextrin.



Accordi ng to one enbodi nent, the invention provides a pharnaceuti cal
conposition, wherein said fornulation is a Pol oxaner hydrogel conprising
an interferon-beta. In a further enbodi nent, the invention provides a
pharmaceutical conposition, wherein 15 said conposition is a Pol oxaner
hydr ogel conprising reconbinant interferon-beta such as reconbi nant
interferon-beta it In another enbodi nent, the invention provides a
pharmaceutical conposition according to the invention, wherein said
conposition further conprises a buffer and an anti-oxidant. 20 In anot her
enbodi nent, the invention provides a pharmaceutical conposition according
to the invention, wherein said conposi?ion further conprises a buffer and
a surfactant. According to another enbodi nent, the invention provides a
pharmaceutical conposition 25 according to the invention, wherein said
conposi ti onatldilielo GRERAbSEeR, HR indeition! GORELAE PhErmlabaiedt doiposiBl, T i er -
According to a further enbodinent, the invention provides a pharnmaceutica
conposi t i onwhereins#id fasgulagon isa Ppleyamperi4@hhydipgel.ei n sai d conposition further
conprises a sot-gel 30 tenperature transition nodifier selected from
Trehal ose and a Cyclodextrin. 25 According to one enbodinent, the

i nventi of phoyifitther embniment,ctbe inventioncRrayidesi & plasmaceptical spmposition, Wheid| at i on
i s a Pol oxa cc%%]osf?ixg 08 Pbloxandrod HydfopDEwhiEBRHbSRN hbout D6 1d BY 9NKIPN

provi des a pharmaceutical conposition, wherein said conpositionis a

Pol oxamer 4Bdqloxamer 8@/l whi ch conprises about 20 to 25 % w w Pol oxamer 407.
Accor di ng t .opgnP 6T 61 R eaRROHhERRhent! e VRt BRVRIOVd PRSmAceutical
phar maceutical conposition, wherein said fornulation conprises reconbinant
i nterferon prempositigycwheren say forpdatisinnempriser Ecoebig jaiceeron-feta.qfich @8t at e
buf fer gpd lectRbidid HiddferchSoetlal artitbe@Bhfferng QLHLRBNhO 2t RRIanDT ef erred
enbodi nent, the invention provides a pharnmaceutical conposition, wherein
said formulation is a Pol oxamer 407 hydrogcl conpri sing

According to another preferred embodiment, the invention provides a pharmaccutical

composition, whercin said formulation is a Poloxamer 407 hydrogel comprising
recombinant interferon-beta, such as recombinant interferon-beta 1a, an acetate buffer, L-

15  methionine as anti-oxidant and Poloxamer 188 as surfactant.

According to another preferred embodiment, the invention provides a pharmaceutical
composition, whercin said formulation is a Poloxamer 407 hydrogel comprising
recombinant interferon-beta, such as recombinant inierferon-beta 1a, an acetate buffer, L-
20 methionine as anti-oxidant, Poloxamer 188 as surfactant and Trehalose as sol-gel

temperature transition modifier.

According to another preferred embodiment, the invention provides a pharmaceutical
composition, wherein said formulation is a Poloxamer 407 hydrogel comprising
25  recombinant interferon-beta, such as recombinant interferon-beta 1a, an acetate buffer, L-
methionine as anti-oxidant and a Cyclodextrin as sol-gel temperature transition modifier,

preferably hydroxypropyl beta Cyclodextrin.

30



reconbi nant interferon-beta, such as reconbinant interferon-beta 1 a, an
acetate buffer, L- 15 nmethionine as anti-oxi dant and Pol oxaner 188 as
surfactant. According to another preferred enbodi nent, the invention

provi des a pharmaceutical conposition, wherein said fornulation is a

Pol oxamer 407 hydrogel conprising reconbinant interferon-beta, such as
reconbi nant interferon-beta |la, an acetate buffer, L 20 nethioni ne as
anti - oxi dant, Pol oxamer 188 as surfactant and Trehal ose as sol - gel
tenperature transition nodifier. According to another preferred enbodi nent,
the invention provides a pharmaceutical . conposition, wherein said

formul ation is a Pol oxaner 407 hydrogelzconprising 25 reconbi nant
interferon-beta, such as reconmbinant interferon-beta |a, an acetate buffer,
L net hi oni néceerdiagtip -apetheraprefoaned ambogimentdhe ifventien providgep Rhampispulicelr e

transi tion ppghdsiden selediddatdh MR lMIoMNY S¥yPr opyl beta Cyclodextrin. 30 26
According to another preferred enbodinent, the invention provides a

pharmaceutical conposition selected fromthe follow ng group: Pol oxaner
407-25% W w 5 ApgbdinserQef by, w@ M pll 3.8-74. 7% wWw r-h-1FNoeta [ a-0.012%
w w L-Met hi oni ne-0. 03% w w Pol oxanmer 188-0.24% w w, 10 Pol oxamer 407-25%
w w Acet &t e buf Aegtatshuffey YmBU/BH3B-TBHOWW r-h-1 FNbeta | a-0. 012%W w

L- Met hi oni ne- 0. D% s 12loi X8 /wl88- 0. 24% W w 15 Trehal ose-2. 6%/ w,

L-Methionine-0.03% w/w
Poloxamer 188-0.24% w/w;

10 Poloxamer 407-25% w/w
Acetate buffer 50 mM/pH 3.8-72.04% w/w
r-h-IFNbeta 1a-0.012% w/w
L-Methionine-0.03% w/w
Poloxamer 188-0.24% w/w

15 Trehalose-2.6%w/w;

Poloxamer 407-20% w/w
Acetate buffer 50 mM/pH 3.8-77.34% w/w
r-h-IFNbeta 1a-0.015% w/w

20 L-Methionine-0.04% w/w
Hydroxypropyl-3-Cyclodextrin-2.6%w/w;

Poloxamer 407 -25% w/w

Acetate buffer 50 mM/pH 3.8-72.04% w/w
25 r-hIFNbeta 1a-0.012% w/w

L-Methionine-0.03% w/w

Poloxamer 188-0.24% w/w

Glycerol 30°Bé-2.6%w/w;

30 And



Pol oxamer 407-20% w w Acetate buffer 50 nMpH 3.8-77.34% w w r-h-1FNbeta

| a- 0. 015% w w 20 L- Met hi oni ne-0. 04% w w

Hydr oxypr opyl - R- Cycl odextrin-2. 6% w, Pol oxarmer 407 -25% w w Acet ate
buffer 50 MM pH 3.8 -72.04% ww 25 r-hl FNbeta | a-0.012% w w

1. - Met hi oni ne-0. 03% w w Pol oxamer 188-0.24% w w d ycerol 30Be-2.6%Vvw, 30
And 27 Pol oxaner 407-25% w w Acetate buffer 50 nM pH 3. 8-72. 04% w w

r-hl FNbeta | a-0.012% w w 5 L- Met hi oni ne-0.03% w w Pol oxamer 188-0.24% w w
PEG Lutrol (r)E400)-2. 6%V w. I n another enbodi ment, the invention provides a
met hod for preparing an |IFN bydrogel ZCOT phar maceutical conposition
according to the invention, wherein said nethod conprises adding a

cal cul at ed anount of Pol oxaner to a buffered solution at a tenperature
wherein a honogeneous polynmer solution is forned and then adding the
interferon or apobsafePudt-259ulei N, fused protein, functional derivative, or
active fraction thereof. 15 In a further enbodlnent the i nvention provides

a method for pragsse hufferSOmaX/aH 380814% Wiar maceut i cal conposi ti on

accordi ng to thehipNRR 1ag129heRei N the buffer solution contains a sot-gel
t enper at ure transition nodifier selected from Trehal ose and cycl odextrin,
L-Methionine-0.03% w/w
Poloxamer 188-0.24% w/w

PEG(Lutrol®E400)-2.6%w/w.

In another embodiment, the invention provides a method for preparing an IFN hydrogel
10 pharmaceutical composition according to the invention, wherein said method comprises
adding a calculated amount of Poloxamer to a buffered solution at a tempcrature wherein a
homogeneous polymer solution is formed and then adding the interferon or an isoform,

mutein, fused protein, functional derivative, or active fraction thereof.

15 In a further embodiment, the invention provides a method for preparing an IFN hydrogel
pharmaceutical composition according to the invention, wherein the buffer solution
contains a sol-gel temperature transition modifier selected from Trehalose and cyclodextrin,

preferably Hydroxypropyl-B-Cyclodextrin.

20 In another further embodiment, the invention provides a method for preparing an IFN
hydrogel pharmaceutical composition according to the invention, wherein the interferon is
added from a solution containing stabilizers, preferably selected from L-Methionine and

Poloxamer 188 and a combination thereof .

25 In a further embodiment, the invention provides a use of an IFN-beta hydrogel according to
the invention for the preparation of a pharmaceutical composition for the treatment of

multiple sclerosis.



preferably Hydroxypropyl-R-Cyclodextrin. 20 In another further enbodi nent,
the invention provides a nethod for preparing an WFN hydr ogel
pharmaceutical conposition according to the invention, wherein the
interferon is added froma solution containing stabilizers, preferably

sel ected from L- Met hi onine and Pol oxaner 188 and a conbi nation thereof. 25
in a further enbodinent, the invention provides a use of an | FN-beta
hydrogcl according to the invention for the preparation of a
pharmaceutical conposition for the treatnent of nultiple sclerosis. 28 1In
a further enbodi ment, the invention proyjdes a nethod for the treatnent of
multiple sclerosis conprising the adm ffistration of an | FN-beta hydr ogel
according to the invention to a patient_in need thereof. The invention
will now belwaduthep smbedimaniais inyentigroproyiden dimethotdanficdecatmgnt ehmulipls) d 5
not be constgieds é’cﬁnl__drﬁingrt‘% AEnibtaBbh b'h TFRCoRS IRRARTEE] 4B BAL kPihe inkBRidsxanpl es
wll refer to the Figure specified here below.™ Brief description of the
drawi ngs: FitQapasicnt g peoddheredd percentage of r-hIFNP | a rel ease fromthe
r-hl FNJ3 | a 1RekR¥ATRwill How beled@fbled by ek 618 &flofig Extinples 3nificH@RaNr €d by
SE- HPLC/ f | uor eseent detector (lozenges) and Elisa assay (full_squares)

ver sus t iSme nafhecsonsigngd gy any pyaydimitpg the prsent igventign The Exanmles yill refer to
represents erant ipskifidd h@cbdiwkty of r-hIFNP I's rel eased after 2 hours from
r- 15 hl FNG3 | a- Pol'oxanmer Hydrogel (1) (open |ozenges) conpared to r-hlFNP
| a bul k (open squares) and r-hl FNG31la bul k co-m xed wi th Pol oxamer gel

w thout r - higrllf ddseripfidrPgtahROdrawings! triangles). Antiviral activity is
expressed by the percentage of cell téPV‘l%SH cells) survival after VSV

i nfection adigure dnghows rihepercentagmiof rdFNR he selease tiioan the exIRNP da Pploxamerri gur e
3 represgnt §phRe.Vah iR PEY a0but 118 £190€ FORGEM bf k- AP MubreldehNEetbdorV €7 SUS
time, in narve cynonol gus nkeys after subcutaneous injection of either a
si ngl e i nj edlorwge fand Fiisa assay (full squares) versus time after hydrogel injection in PBS

(Examplel).

Figure 2 represents the antiviral activity of r-hIFNP la released afier 2 hours from r-
15 hIFNP 1a-Poloxamer Hydrogel (1) (open lozenges) compared to r-hIFNf 1a bulk (open
squares) and r-hIFNP la bulk co-mixed with Poloxamer gel without r-hIFN la
Placebo) (full triangles). Antiviral activity is expressed by the percentage of cell (WISH
cells) survival after VSV infection as a function of -hIFN 1a concentration (Example 2).

20  Figure 3 represents the variation of the blood concentration in r-hIFNP 1a versus time, in
naive cynomolgus monkeys after subcutaneous injection of either a single injection of 3.6
ng/kg of r-hIFNB 1a Poloxamer Hydrogel (1) (full squares), a single injection of 3.6 pug/kg
r-hIFNP 1a bulk (Control 1: open triangle) or three injections within a week separated by
48 hours intervals (t=0, 48h and 96h) of 1.223 ug/kg each (Control 3: open lozenges)

25 (Example 3).

Figure 4 represents the variation of the blood concentration in r-hIFNP 1a versus time in

naive cynomolgus monkeys after a single subcutaneous of 3.6 pug/kg of r-hIFNP 1a GMS



gg/ kg of r-hlFNP | a Pol oxanmer Hydrogel (1) (full squares), a single
injection of 3.6 g/kg r-hlFND |la bulk (Control 1: open triangle) or three
injections within a week separated by 48 hours intervals (t=0, 48h and
96h) of 1.223 g/ kg each (Control 3: open |ozenges) 25 (Exanple 3). Figure
4 represents the variation of the blood concentration in r-hlFNP 1 a versus
time in naive cynonol gus nonkeys after a single subcutaneous of 3.6 tg/kg
of r-hIFNP la GVB 29 lipogel (Control 2: dots) or three injections within
a week separated by 48 hours intervals (t-0, 48h and 96h) of 1.223 pg/kg
each (Control 3: open |ozenges) (Exanple 3). Figure 5 represents viscosity
profiles of Lutrol hydrogel fornul ation29( 1) -dots- conpared 5 to Lutrol
hydrogel fornul ation containing 2.6% w w of Trehal ose (2) -full squares-

and Lutr ol lipgagh GipatroliZs dats) er thesa injentions Withig aovesksenarstadiny48dom s intpovaly) |
triangles. RLAUK t t 5[ I df
I ang E‘%g’l*ég F@d d6h 5@1??39 &%@ﬁc%ﬁ&& 3a&%n@$zeﬁgfg) 7(_5%%1{%5]13 . rel eased from

the r-hl FNO oxamner ( Poi oxancr w'w, Acetate
buffer 50 MM pH 3.8-77.34%wWw, r- to hIFNP la -0.015% w w,

L- Met hi oni n 0 [ = -' 2.46% wn PBS
at pH 7.4 ol g%f%g{g g\%%ﬁ%g'g?%@@ fErel P?{%%Elggég%tlétﬁieﬁjt%’é{?81? ._d%gl\}/yprﬁé%?h The

f ol | owi ng abbbetwl diyilogel femfudation sopeining\24% w/w afiirelhddse @)t fidhsquaret-ond 15 em
(centineter WelolP iiee 4. k3l , i icrogram), mn
(it o) beSppd ReliGf Sl § B el b PRl dheldl Tl par e
(mllinolar), nPas (mlliPascal seconds), rpm(rotation per mnute), rum
(nanonet er) | aANEL.er , ' > : :
(I'nternati orll"iaﬁg;gﬂst%g%s{;h?‘?&lsWﬁmgﬁﬁgﬁﬁj&sl)a,&%?ﬁﬁgﬁ%%ﬂ élglgrhljltolxa " Medi um
Eagl e wi t h Badiogtly3k élolaxpmer-BE-30Fe wal; Boatate bulBar IW0nipM/GH/B.8-T. 340 W, 20
nonost ear at T - hydr t.hyl pi parazi ne- N - 2- et han fonic.acid),
VS (mul t1|°pl ghgt\:{:ge'rot()ds}lﬁ %") YWF#@P%C%"IQ%?& ‘?Z’g‘gv hflr)d!\ll{?ségx Y(Pﬁ‘%a’gg'#e‘(t" @Heg&??—elr eZ:I
Sal i ne), PE3.6% weh)yePBSatpH T.0mS8)7°C Ricasupd by SEIIBIL@AagrescBitideteétpol yvi nyl i dene
fluoride), r-1FN beta (reconbinant interferon beta), r-hIFND In

(recombinant interferon beta |la produced in
EXAMPLES

The following abbreviations refer respectively to the definitions below:

15 cm (centimeter), cps (centipoises), Da (Dalton), g (gram), pg (microgram), min (minute),
mg (milligram), mL (milliliter), mm (millimeter), mM (millimolar), mPas (milliPascal
seconds), rpm (rotation per minutc), nm (nanometer), CHO (Chinese Hamster Ovary),
IFN (interferon), IU (International Units), i.v. (intra-venous), EMEM (Minimum Essential
Medium Eagle with Earle’s salts), FBS (Fetal Bovine Serum), GMS (Glyceryl

20  monostearate), MTT (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), MS (multiple
sclerosis)), MW (molecular weight), PBS (Phosphatc Buffered Saline), PES
(polyethersulfone), PP (polypropylene), PVDF (polyvinylidene fluoride), r-IFN beta
(recombinant interferon beta), r-hIFNP 1a (recombinant interferon beta la produced in
CHO cells), RIA (Radioimmuno-assay), s.c. (Subcutaneous), TIW (Three times a week),

25 Ul (International unit), VSV (Vesicular Stomatitis Virus).

30



CHO cel l s), RI A (Radi oi mmuno-assay), s.c. (Subcutaneous), TIW(Three tines
a week), 25 U (International unit), VSV (Vesicular Stomatitis Virus). 30
30 Synthesis of Poloxaners is described in Schnol ka 1977, Journal of the
Anerican Ol Chemst's Society 54, 110-116 and arc commercial ly avail abl e.
Exanpl e 1: Pol oxamer 407-r-hlFN-P |l a Hydrogel (1) 5 1. Ceneral preparation
procedure: In a polypropyl ene becker (low protein adsorption) placed in an
ice bath, a weighed amount of Lutrol (r) F127 is slowy added to cold
(2-8C) acetate buffer [50 mM pH 3.8] under nmagnetic stirring [at 500-800
rpnl until conplete dissolution of thezﬁolyner. In a different vessel, a
smal | anmobunt of acetate buffer, containi’ng stabilizing agents (eg. 10
Lutrol (r) F68 and L-Methionine), is added to a concentrated r-1FN beta bul k
sol uti on (2Syntgsisigf Potowamensgip idgscaibed iny Setiealks $97H¢ deugnal iaf dhe Banepieany Qi

sol ution, redugiOsdcltey st i 10-118%nd fre 3R yaPiliable0 M Ni M ze the mechani cal
stress of the protein.” The final fornmulation is filled into Polypropyl ene

syringes at 2-8C. The r-1FN-beta bulk solution, is an acetate buffer

sol uti on, Cgﬂﬁﬁ?ﬁflapﬁdleﬁ&m@_rﬁﬁ_ﬁ]ww{m dﬂ’mg 2 mg/mL by ultra-filtering
centrifugation (Sartorius VivaSpin 20 n{ cut off 5000 Da, 2500 rpn).

Concent r &t ed- (SeAngral preparasionipsocgdykey s anal ysed by current SECG-HPLC net hod
for assay aHte palynrenylonsdeskerfintopratein adsorption) plagrddn pphicehathy weighed apaypnyyy, 2.
r- hl FN- bet a2, (80 f187 Bbikwiy- 34&1 f0doTd- (208T) Us&sle B0Ferq 56 1Al piif 388 uBi@drut i On

of r-hWN-beta ]a was prepared according to the general procedure under |
above by addRgiHA sfam&laeéwgﬁqmmbwtﬂ ermpletg Hispqlytion of the pglymegyt r o) (1)
F68/ L- Met hi @Dk QfTercht vE$Q] PEBMN Srount ?f declate biMidrOtondmd EdbiliRRY SRR,
Pl uroni c, %nper oni c) o . .
10 utrol® F68 and L-Methionine), is added to a concentrated r-IFN-beta bulk solution (2
mg/mL). This formulated buffer is added into the polymer solution, reducing the stirring to
100-200 rpm, to minimize the mechanical stress of the protein. The final formulation is
filled into Polypropylene syringes at 2-8°C.
The r-IFN-beta bulk solution, is an acetate buffer solution, concentrated from 0.348 mg/mL
15 to 2 mg/mL by ultra-filtering centrifugation (Sartorius VivaSpin 20 mL, MW cut off 5000
Da, 2500 rpm). Concentrated bulk solution is always analysed by current SEC-HPLC

method for assay and purity (% of monomer) as described in Example 1 §5 below.

2, r-hIFN-beta
20  Rebif® bulk 0.348 mg/mL was used and a stabilized solution of r-hIFN-beta la was

prepared according to the general procedure under §1 above by addition of a combination
of stabilizers, e.g. Lutrol® F68/L-Methionine.

3. Excipients:
25

3.1.  Lutrol F127® (Poloxamer, Pluronic, Synperonic)
Lutrol F127 (polyoxyethylen-polyoxypropylenc-polyoxyethylen tri-block copolymer)
BASF is a Block Copolymer of poly-cthylene-oxide and poly-propylene-oxide. Included in
the FDA inactive Ingredients Guide (i.v. injections, inhalations, ophthalmic preparations,

30  oral powdecr, solutions, suspensions and syrup, also topical preparations). Included in non-



Lutrol F127 (pol yoxyet hyl en- pol yoxypr opyl ene- pol yoxyet hyl en tri-Dbl ock
copolyner) BASF is a Bl ock Copol ynmer of poly-ethyl ene-oxide and

pol y- propyl ene-oxi de. Included in the FDA inactive Ingredients Guide (i.v.
i njections, inhalations, ophthal mc preparations, 30 oral powder,

sol utions, suspensions and syrup, also topical preparations). Included in
non 31 parenteral nedicines licensed in the UK European Pharnmacopoei a 4,
p. 1777; USP 24 NF 19 p 2492-2493. In Pluronic(r) F127, the percentage of
pol yoxyet hyl ene (hydrophilic) is 73% (a poloxaner of Fornmula (1) wherein
(a) =(c)=67 and (b)= 98)., 5 Typical prﬁperties of Pl uroni c(r)F127 are

| isted bel ow. Average Mol ecul ar Wi ght” 12600 g/ nmol Melt. point: 56C
Physical Form @20C ; solid 10 Viscosity @77C. 3100 _cps Surface tension @
25C 0.1 % cpafenteralmedigingsslicensed fin seeWK\\Eriopeag Kagnacapesia 4.0p-11797:c89% 24 @ 25C;

> 360s Foafrie) ovpd4B9ss Mles, 0.1% aqueous @50C: 40 mm Coud point in
aqueous solution, 1%cone.: >100 C is HLB (hydrophile-lipophile balance) in
wat er at 250 Plumnis® F123, the)pereaniage Af pplyayetiylonschydropjulic)ds 3% dp geloxamescet i ¢

Aci d Si gma gfropmala (i WhbRIn((h)=(EE87 kfdQbpxgwyer, Pluronic, Synperonie) Lutrol
F68 (pol yoxyet hyl ene- pol yoXyproopyl ene” bl ock copol yner), BASF is a Bl ock
Copol ynmef of pol y-et hyl ene-oxi de and pol y- propyl ene-oxi de. Included in the
FDA i nact i v&pidahpropehiendfPlipunid® FIP7 are listed 8elowons, i nhal ati ons, ophthal mc
pr epar at i onayeragesMolpaulat &Y eightSI260A g/oros, suspensi ons and syrup, al so topica

preparati onﬁelt I;()riln(“&l 5Lg;jgd i n non- parenter al
Physical Form @ 20°C : solid
10  Viscosity @ 77°C: 3100 cps
Surface tension @ 25°C 0.1% conc.: 41 dynes/cm
Draves Wetting (3gm hook, 0.1% conc. @ 25°C: > 360s

Foam Height (Ross Miles, 0.1%, aqueous @ 50°C: 40 mm

Cloud point in aqueous solution, 1% conc.: >100 °C
15 HLB (hydrophile-lipophile balance) in water at 25°C: 18-23
Solubility in water @ 25°C: >10%.

3.2,  Glacial Acetic Acid, Sigma

20 3.3.  Lutrol® F68 (Poloxamer, Pluronic, Synperonic)
Lutrol F68 (polyoxyethylene-polyoxypropylene block copolymer), BASF is a Block
Copolymer of poly-ethylene-oxide and poly-propylenc-oxide. Included in the FDA inactive
Ingredients Guide (i.v. injections, inhalations, ophthalmic preparations, oral powder,
solutions, suspensions and syrup, also topical preparations). Included in non-parenteral

25 medicines licensed in the UK. European Pharmacopoeia 4, p 1777; USP 24 NF19 p 2492-
2493.
In Pluronic® F68, the percentage of polyoxyecthylene (hydrophilic) is 80%, and the
molecular weight of the polyoxypropylene (hydrophobic) is approximately 1,967 Da (a
poloxamer of Formula (I) wherein (a) =(c)=79 and (b)=28).

30

Typical properties of Pluronic F68 are listed below:




25 medicines licensed in the UK European Pharnmacopoeia 4, p 1777; USP 24
NFJ9 p 2492- 2493. In Pluronic(r) F68, the percentage of pol yoxycthyl ene
(hydrophilic) is 80% and the nolecular weight of the pol yoxypropyl ene
(hydrophobic) is approximately 1,967 Da (a pol oxanmer of Fornula (1)
wherein (a) =(c)=79 and (b)=28). 30 Tvpical properties of Pluronic F68 are
|isted bel ow. 32 Average Ml ecul ar Wi ght: 8400; Melt/pour point: 52C ;
Physi cal Form @20C. solid; Viscosity (Brookfield) cps: 1000 [liquids at
25C, pastes at 60C and solids at 77C]; 5 Surface tension, dynes/em @ 25C;
0.1 % Cone.: 50.3 0.01%Cone.: 51.2 0,001% Cone.: 53.6 Interfaci al

tensi on, dynes/cm @25C vs Nujol; 10 0’21 9% Conc.: 19.8 0.01% Conc.: 24.0
0.01% Conc.: 26.0 Draves Wetting, Seconds 25C 1.0% Conc.: > 360 15 0.1%
Cone.: > 36&vermgpMpicpilyVeigys#0M | es, 0.1% mm @50C. 35 Ross Mles, 0.1
% M @ 26CpefihoulpordBee ; 0- 1% mm @400 m /min:> 600

Physical Form @ 20°C: solid;
Viscosity (Brookfield) cps: 1000 [liquids at 25°C, pastes at 60°C and solids at 77°C];
5  Surface tension, dynes/cm @ 25°C;
0.1% Conc.: 503
0.01% Conc.: 51.2
0.001% Conc.: 53.6
Intcrfacial tension, dynes/cm @ 25°C vs Nujol;
10 0.1% Conc.: 19.8
0.01% Conc.: 24.0
0.01% Conc.: 26.0
Draves Wetting, Scconds 25°C
1.0% Conc.: > 360
15 0.1% Conc.: > 360
Foam Height
Ross Miles, 0.1%, mm @ 50°C: 35
Ross Miles, 0.1%, mm @ 26°C: 40
Dynamic, 0.1%, mm @ 400 ml/min: > 600
20  Cloud point in aqueous solution, °)c
1% Conc.: >100
10% Conc.: >100
HLB (hydrophile-lipophile balance): 29.

25 3.4. L-Methionine, Sigma
L-Methionine (L-Met) is included in the formulation at a level of 0.03% to limit oxidation

and therefore IFN-bcta solution stability.
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20 d oud point in aqueous solution, C 1% Conc.: >100 10% Cone.: >100 HLB
(hydrophil e-1ipophile balance): 29. 25 3.4. LMethionine, Signa
L-Methionine (L-Met) is included in the formulation at a | evel of 0.03%to
limt oxidation and therefore IFN-beta solution stability. 30 33 4.
Hydrogel (1) conposition A hydrogel (1) containing 120 g/m of r-hlFN beta
| a was prepared having the follow ng conposition: Lutrol (r) F127 25A %W w
5 Acetate buffer [50 nM/pH 3.8] 74.7 %bwWw r-hlFN beta 1 a 0.012 %ww
L-Methionine 0.03 %ww Lutrol(r) F-68 0.24 %w w 10 The hydngel (1) was
manuf actured according to the general procedure fromExanple 1, 1 and
wherein 25g of Lutrol (r) F127 solution ahd 3 nmg ofr-hl FN-beta | a were used.
5. Physico-chem cal characteristics 15 -[viscosity Dynam c viscosity
studi es wer & gBidregehd)cempasitignact eri ze such the hydrogel and to support a
sui tabl e inj bl ¢ l, i ' g;gacﬁ' :

Vi sconet er J\ﬁ‘/aq‘ghﬁ’gg]cf ,”%S%Eﬁégf%gu%ﬁd?ﬁrrzgﬁ?g%é%r?gaygt?b%?%%%si tyé 1Taﬂéuvrrliggs
(centi poi ses9mpoAUS® g batch of hydrogel (1) 20 was prepared and introduced
into a pol ypl vial, kept in ice B, =5 2 C during the

Vi scosity aggf}%éigmme reported vi scos?'f'é/ /vghes range between 100-140

nmPas 5  Acetate buffer [S0 mM /pH 3.8] 74.7 % wi/w
r-hIFN beta 1a 0.012 % wiw
L-Methionine 0.03 % w/w
Lutrol® F-68 0.24 % wiw

10 The hydrogel (1) was manufactured according to the general procedure from Example 1, §1
and whercin 25g of Lutrol® F127 solution and 3 mg of r-hIFN-bcta 1a were uscd.

5. Physico-chemical characteristics
15
-Viscosity
Dynamic viscosity studies were performed to characterize such the hydrogel and to support

a suitable injectability protocol; A viscoStar L Fungilab rotational viscometer was used,
obtaining a direct reading of viscosity in mPas (centipoises). A 50 g batch of hydrogel (1)

20 was prepared and introduced into a polypropylene vial, kept in ice bath (T = 5 + 2 °C)
during the viscosity analysis. The reported viscosity values range between 100-140 mPas
(spindle n® 2, spindle rate of 100 rpm and 3 minutes equilibrating time).

~Protein release
25  To simulate physiological subcutaneous conditions, IFN-beta release from hydrogel (1) was

investigated in PBS. Drug release test were performed using 1g of formulation (1)

(dispensed using pre-filled syringes) into 4 mL of PBS pH 7.4 at 37 + 2°C (shaker bath

speed=100 rpm). Samples collected at: 5, 15, 30 minutes, 1 and 2 hours.

Each sample was analyzed by SE-HPLC with fluorescent detector (Trp fluorescence) and
30 confirmed by ELISA method (Toray Kit). These methods are detailed below.



(spindle n 2, spindle rate of 100 rpmand 3 mnutes equilibrating tinme).
-Protein release 25 To simnmul ate physiol ogi cal subcutaneous conditions,

| FN-beta rel ease from hydrogel (1) was investigated in PBS. Drug rel ease
test were performed using I g of forrmulation (1) (dispensed using
pre-filled syringes) into 4 nL of PBS pH 7.4 at 37 2C (shaker bath

speed=] 00 rpm. Sanples collected at: 5, 15, 30 mnutes, | and 2 hours.
Each sanpl e was anal yzed by SE-HPLC with fluorescent detector (Trp
fluorescence) and 30 confirned by ELI SA nethod (Toray Kit). These nethods
are detailed below 34 The anmpbunt of |FN-beta detected in the medi um was
expressed as a percentage of total pro?%in rel eased. Rel ease profiles
obtained with the two nmethods indicate a_ biphasic release pattern, with a
fast onset phasgaoynsof Gidkdetsyeigciod Hnte ragdign wap expressedatsea pREFAze of yotals
Extraction BrALLAN:GARcasEpidRkC oBARLY G ine 176 bV RaLAL b BILARK: (RaQPLi MM se
the extraction nethod of IFN-beta incorporated into the _hygrogels syst ens,
and to neas DTy MY arfest enset shasepllewadiby@siosver prug edlense wlodigusel) up as

foll ows, based on a water/organic solvent mxture conposed by water and
acetone: ;10 g pO0: WY Q5alds S PSR HAIE MRkt N (1) were dissolved in 1.0 ni of
acetone in a centfifuge tube and soni'cated for 2 mnutes in ultrasonic
bath at | esJesthuere performedipaptimisg shepatragtion gethed of IN-beta inporpgratodingiie  he
sanpl e obta%ggggmggﬂagggﬁaaggggnégn@yagpgg at 10.000 rpm at +4QC) t he

| iquid phase”wasS col | ected and anal ysed 15 After the extraction procedure,
sanpl es wer Angxuiojigepropsdugsewgs|seijup agfallews hasaqdon|agaiengraapis selaent yuxteigndi t i ons:
HPLC col um J 36 E@0PacctBhlihettd: 08540 (7.8 mm ID x 30 cm 5 ) i njection

vol une 100 gL
10 * 500 mg of hydrogel formulation (1) were dissolved in 1.0 mL of acctonc in a

centrifuge tube and sonicated for 2 minutes in ultrasonic bath at less than 10°C
¢ water was added up to 3 mL as final volume
e the sample obtained was centrifuged (5 minutes at 10.000 rpm, at +4°C)
¢ the liquid phase was collected and analysed
15
After the extraction procedure, samples were analysed by SE-HPLC with the following
operative conditions:
e HPLC column TSK G2000 SWyx cod. 08540 (7.8 mm ID x 30 ¢cm, 5 p)
¢ injection volume 100 pL
20 s column tempcraturc room temperaturc
e sample temperaturc room temperature
¢ flow rate: 0.5 mL/min. (isocratic)
¢ mobile phase 70 % v/v purified water (MILLIQ-Millipore)-30 % v/v
acetonitrile-0,2 % v/v TFA
25 ¢ run time 27 min
® cquilibration time 3 min

¢ fluorescence detector wavelengths: excitation 280nm, emission 348nm.
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20 colum tenperature roomtenperature sanple tenperature room

t enperat ure flowrate: 0.5 m./mn. (isocratic) nobile phase 70 %v/v
purified water (MLLIQ MIIlipore)-30 %v/v acetonitrile-0,2 %v/v TFA 25
run time 27 min equilibration time 3 mn fluorescence detector

wavel engt hs: excitation 280nm em ssion 348nm 30 35 ELISA test: An ELISA
| mmunoassay (Toray kit) was used in order to assess the concentration of

| FN- beta rel eased by I FN hydrogel (1). This assay enpl oys the one-step
sandwi ch method and is based on the 96-well mcroplates coated with

pol ycl onal antibody to r-hlFN-beta. An 5 enzyne-linked nonocl onal anti body
specific for r-hIFN—beta is added to the welis and then standards and
sanpl es are etted into the wells; any r-hWN-beta present is bound by
innnbilizedE 4 t68tly. Fol | owi ng a wash to remove any unbound

ant i body- engy ¥g 1$ £ §8Moassa P (Fo4SHif) HaS uscd! ik Bi'd@f‘to' a'§se§’sdtﬂ€ ordcbntiali6n ¥EIFNs and
col or develops in proportion to the anount of r-hlFN-beta bound in the

initial stepeta rﬁlﬁ@s@&deNd@d@seMMeH%vsmésaxP@pb@ﬁ*hawawtﬁ@sqnﬁwhﬁ%%pd@m to the

color is nmegyst&ton’fAe %mynﬂea}ma@eﬂsrcfo%&r%ﬂm% TorhINGhibSuyt @3&-Hredbb@t awi th the
difference that the sanple inCubation is e overnight at +4'C. The

ant i bodys coenzsaedinkadapanaelenalgatibpey regifigifer- Mﬁ‘drbtta@r adﬂ%m theywells|apd thsp and
dried on i §,@.RRRRE sandpl&are %eﬁéd’\ﬂté tHaf wdllR€ aNEHITR-YeBPrel Bl 1s%h@‘39y wer e

added to the mcnplate " previously filled wth 100 L of sanple com ng from

drug rel easinaghilized apihody. fFPBWmawaéig‘eFer{lw agy ugtjoprd ntihodenBEnGreAg b ence
(bul'k) concg E\Ibrs@&té QHTutib‘rlrxé/ £1d6@ro?ROWLI 4l olod B&relopd mHRHoRIdR tY@R asRURdd and
shacked thorou l e |ncubat|ngih or 120 m nutes at room
r-h -bcta bound in the initial step. The color development is stopped and the intensity of
10 the color is measured.
The assay was performed according to the leaflet with the difference that the sample

incubation is made overnight at +4°C.

The antibody-coated microplate was washed with 400 pL of washing solution and dried on

15  a paper. Then, 50 uL/well of the enzyme-labelled antibody were added to the microplate
previously filled with 100 pL of sample coming from drug release experiments from
hydrogel (1) or with r-hIFN-beta reference (bulk) concentration-curve (0-200 IU/mL). The
microplate ;vvas covered and shacked thoroughly while incubating for 120 minuées at room
temperature. At the end of the incubation, samples were removed, the microplate was

20 washcd 3 times and dricd on a paper. 100 puL of colour developer solution was added into
each well; after 30 min incubation, 100 pL of stopper reaction were added and the
absorbance was read at double wavelengths of 450 nm and 650 nm (Figure 1).

-Preliminary stability
25 IFN hydrogel (1) stability was monitored at t= 0, 24 h, 1 week, 1 and 2 months at 4°C. The
analysis performed were: drug loading by visual inspection and viscosity (spindle n°2, 100
rpm, T =6 + 2°C).
The hydrogel (1) formulation was stable over at least 2 months.



tenperature. At the end of the incubation, sanples were renoved, the
m cropl ate was 20 washed 3 tinmes and dried on a paper. 100 pL of col our

devel oper solution was added into each well; after 30 min incubation, 100
pL of stopper reaction were added and the absorbance was read at doubl e
wavel engt hs of 450 nmand 650 nm (Figure 1). -Prelimnary stability 25 IFN

hydrogel (1) stability was nonitored at t= 0, 24 It, 1 week, 1 and 2 nonths
at 4C. The analysis perfornmed were: drug | oading by visual inspection and
viscosity (spindle n2, 100 rpm T =6 2C). The hydrogel (1) formnulation
was stable over at least 2 nonths. 36 Exarrpl e 2: Bioactivity of Pol oxaner
407-r-hl FN-beta |I's Hydrogel (1) The bi ot® ogi cal activity of hydrogcl (1) is
measured through the antiviral activity of r-hlIFN- beta 1 a rel eased from
hydrogcl ( 1Exswpla?: BioadiviyofBalozemerst0F ehldint-bess 1aHydrogehix y observed with

bul k| PN- el bifloleaiacitdidfor i B (1 isindidrbPnb B dne aivte] Mt Btrfpiyses

di sease of the hoof and 't vest ock wasS chosen for use in this
study becaubeta 4 rejeaseddronshvdragel () fosmylpticarcomparad to trpantiyireliagivigyobseseedy used
i's based on .k Retaa | nduced inhibition of viruses cytopathic effect
on lines of WSH cells, plated in EMEM contai ning 5% FBS at 4x104

cel | s/ welsl Megiculir stmgsiti Vires (VS VD52 wishy they eanesisia discassl oftthe hoof\and mouth inj | | ed

with serial ndés{d&?vqpct{o;enlf?ﬁmg%‘ﬂk's&e bbBuffoffis mnﬂ}bla%%mémgel sanpl e, or

r-hl FN-beta | a reference s were I ncubated for 18-22 hours at
37C and 5% @p anivirakassayrusediisdiesedon the IFGbaty indraged igffibityens ploviruses cypyhist i ti s

Virus (VSV) o eaaesgﬁes%@ ﬁa«anseglawa HEEMRIANE QB RhiAk 3% Vajeﬁoﬁwce@@argo cel |

wel I's receive I'um al one and no virus suspensSion whereas control virus
wel |'s recei webvellysla Qﬁmzpbmscrmmapl@tn@reviquﬁledﬂl@dl with | serial guteon; (hd Wbhdiludon)f or

further 20-2 and. 1 a n MIT
sol uti on%f of ﬁﬁﬂﬁc&ﬁ’ﬁcéa ahy&? ogtchsamé’ 19 %r? o eta {‘a reﬁ. ren@e ft; "i’ks) uéglrsnvg{t@mtgubs‘uéod
di scarded atig f8227haas as AVIS andk 5% dosmfovechebgddithe ad i ui/mil obVed@ifarl / wel |

of et hanol g)(;/ﬁauug %Es 8} S% sumg)lér%lgnepa}gpa?éd 11? %Wcorﬁax%ﬂlg 285(‘;/0e %{;g,od?of}l%f)c%ﬁt er

wells received medium alone and no virus suspension whereas control virus wells received
VSV suspension alone. Infected cells were incubated for further 20-24 hours at 37°C and

15 5% CO; and then stained with a 5% MTT solution for 2 hours. At the end of the
cxperiment, supernatants were discarded and formazan salts werce dissolved by the addition
of 200 pL/well of cthanol 96%. The plates were read at 595 nm in the spectrophotometer
plate-reader. Résults were expressed as the percentage of cytopathic effect inhibition vs
control cells.

20
The in vitro biological activity of r-hIFN-beta 1a, released from hydrogel (1) formulation
after 2 hours, was evaluated using the WISH-assay described above in two different sets of
experiment. The concentration in r-hIFN-beta la was 37.7 pg/mL. Any possible
interfercnce of the Lutrol hydrogel without r-hIFN-beta la (placcbo) used for the

25  preparation of the hydrogel was also verified by spiking the r-hIFN-beta 1a bulk in the

placebo.

The r-hIFN-beta 1a released after 2 hours from both batches showed that the bioactivity

was maintained and recovery was complete, as compared to r-hIFN-beta 1a bulk spiked in



pl ate-reader. Results were expressed as the percentage of cytopathic effect
inhibition vs control cells. 20 The in vitro biological activity of

r-hl FN-beta |l a, released fromhydrogel (1) fornulation after 2 hours, was
eval uated using the W SH assay descri bed above in two different sets of
experinment. The concentration in r-hlFN-beta |a was 37.7 g/nL. Any possible
interference of the Lutrol hydrogel w thout r-hWN-beta 1 a (placebo) used
for the 25 preparation of the hydngel was al so verified by spiking the
r-hnWFN-beta la bulk in the placebo. The r-hlIFN-beta Is rel eased after 2
hours from bot h batches showed t hat the bloact|V|ty was mai nt ai ned and
recovery was conplete, as conpared to r’hl FN-beta ia bul k spi ked in 37

pl acebo (Figure 2 Therefore, it appears that pol oxaner hydrogels are
capabl e to plagehp (Fignrel 7). Thasefong, Keapaearsthpi Rlegmenhydsesels are ganaplgrio ataiy

rel ease. EXﬁﬂ’iH'h?FﬁbetE'i‘é‘&%%QKl‘d&ﬁ%lfupBﬁQlfuglréea&f: Pol oxamer 407-r-hlFN-beta | a
Hydr ogel (1) In order to"test the sustained release characteristics of

| FN Pol oxaner hydrogel of the invention, the hydrogel pharnacokinetic

profile canEpmeﬂaafpﬂmﬂmmanetwmrmMt,{aenser DOLTHFRIA Aol DT 0c!

formul ati ons rmacokinetic profile of |FN-beta hydrogel tion (1),

was st udpedIn erderatoviest the susiainerurelsens chametRiasyiss D WIP@B)X@EH?I ydragalaplehei n each
group) and mmmwl%e&dga pmamaﬁ&lfe Bﬁtﬁlecc&r 8¢ ichBptd 3! B Pebdrdi pogel

formul ati on. Sanpl es rovid in pre-filled syringes, equipped with a
19 G needl efonnhletlcmsmdyothmelfa@%ulgwea (TabI e N bel ow) to conpare a
once-a-week s.c. injection of |IFNbeta hydrogel 15 (1) (120 .tg/mM) with a
once-a-week injection of |liquid buffered fp 8) formulation of bulk

| FN-bet a_( CBlarmagokinyticy profiley o8 dFM-bgiachydsoge! Torajuistion o). owas) eadipbtim mivgogel
(120 pg/ gt )cy[&%mg&sohmzﬁeys \Bthats sRNL! Binaldd M RaMe SrolEshd\Bhfitdd {oh@emONkeys

were admnistered 1n a three tinmes a
pharmacokinetic profile of an IFN-beta lipogel formulation.

Samples were provided in pre-filled syringes, equipped with a 19 G needle. The study was
designed (Table TV below) to compare a once-a-week s.c. injection of IFN-beta hydrogel

15 (1) (120 pg/ml) with a once-a-week injection of liquid buffered (pH 3.8) formulation of
bulk IFN-beta (Control 1) or a once-a-week s.c. injection of IFN-beta lipogel (120 pg/ml)
(Control 2).

Another control group was used wherein the monkeys were administered in a three times a
20  week (TIW) fashion (3 s.c. injections separated by 48 hours intervals: =0, 48h and 96h),
mimicking the current Rebif® dosing regimen for MS therapy (Control 3).

IFN solution for Control 1 (Group 2) consisted in an 40 pg/mL IFN solution in acetate

buffer 50 mM.

25
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20 week (TIW fashion (3 s.c. injections separated by 48 hours intervals:
t=0, 48h and 96h), m m cking the current Rebi PS) dosing reginen for M5
therapy (Control 3). IFN solution for Control |I (Goup 2) consisted in an
40 g/mL I FN solution in acetate buffer 50 MM 25 30 38 |FN-beta |ipogel
conposition for Control 2 (Goup 3) was the followng: dycerin
nonostearate (GWS), 2237%v w (RYLOTM M0 PHARMA, Danisco Cultor) 5 PE&X400
63. 099 w (Lutrol E400, BASF) Acetic Acid 4.03% w Acetate buffer [50 mM
/pH 3.8] 9.94 %W/ w r-hlFN beta la 0.01 %%wwto L-Mthionine (Sigm) 0.03
% w w Hydroxypropyl -R-cycl odextrin 0.03 %ww. (Cavasol WHP, Wacker) |FN
solution for Control 3 (group 4) consi st®ed in 16 g/m, IFN solution in
acetate buffer 15 50 mM Bl ood sanpling included Pre-.dose, and was
desi gned t olfWbhett lipegekreppositienaior Conteod 2 (Greup 3Bwas thy loflewingy oups 1 and 3; to
cover 2 daygy Hﬁh&gﬂét@ﬁ?kﬁ&ﬁé}f G oup Zz%ﬁga}}“ ng for Goup 4 was

ow [

designed to a pr o Ing after the tfirst and last r-hlFN beta | a
i nj ection, ERYLOIYMGZOPHABMA,i ng of neopterin. r-hIFN beta | a was
gquantified B‘Anﬁ&)ﬁﬁl&% tic Imunoassay, ELISA (Fujirebio), as described
above. Neopterin [evels were quantified by RIA assay (ICN Bi onedical).

5

PEG400 63.09%w/w
(Lutrol E400, BASF)
Acetic Acid 4.03%w/w
Acetate buffer [S0 mM /pH 3.8] 9.94 Yow/w
r-hIFN beta 1a 0.01 % w/w
10  L-Methionine (Sigma) 0.03 % wiw
Hydroxypropyl-$cyclodextrin 0.03 % w/w.
(Cavasol W7THP, Wacker)

IFN solution for Control 3 (group 4) consisted in 16 pug/mL IFN solution in acetate buffer
15 50 mM.

Blood sampling included pre-dose, and was designed to cover 14 days after injection (336
h) for Groups 1 and 3; to cover 2 days after injection for Group 2. Sampling for Group 4
was designed to allow PK profiling after the first and last r-hIFN beta 1a injection, and full

20  profiling of neopterin.

r-hIFN beta la was quantified by an Enzymatic Immunoassay, ELISA (Fujirebio), as
described above. Neopterin levels were quantified by RIA assay (ICN Biomedical).

25 Table IV
Group Formulation Type | Deose (ng/Kg) Notes
1 IFN-beta hydrogel 3.67s.c. Poloxamer
n hydrogel,
injection at t=0




25 Table IV G oup Formul ati on Type Dose (l1sg/Kg) Notes 1 |IFN-beta hydrogel
3.67 s.c. Poloxanmer (1) hydrogel, injection at t=0 39 G oup Formul ation
Type Dose (g/Kg) Notes 2 IFN-beta 3.67 s.c. Bulk solution, (Control 1)
injection at t=0 3 IFN-beta |ipogel 3.67 s.c. dyceryl (Control 2)
nonostearate |ipogel at t=0 4 Bulk |IFN-beta 3x1.223 s.c. Bulk solution
(Control 3) Injections at tom 48h, 96h 3-1FN release: Results evidenced
that, after a single s.c. injection, Poloxaner hydrogel (1) (G oup 1)
release r-hlFN beta Ja in a controlled pattern, sustaining plasm |evels
above 5U/n] for s about a week, and pgssibly nore (Figure 3). Protein

bi coavailability is significantly hi gher39(TabI e V below) to the buffered
liquid fornulati (both s,c. single and TIWinjection) and lj pogel

formul ati on used |as &ompr ol Fornmptasion TyperN Dase @efkg) r el ealetes or [Pol oxaner
hydrogel (1) sho a real pronounced confrolled to pat _ ared to the
r-hIFN beta la rel ease profj| e Gbrlsthed it HOGVB bas,@b‘lkl_sf’}%%l (G oup 3)
as shown on Figurles 3 and 4| r (&R et a 1 a rel ease| Picsio & T jom t he

| i pogel (Control{-2) is characterized hyla |ower " " | ow,

prol onged steady |state ThepdFYdewlipged hpws3Ohae t he | C6HEl flor nul ati on
used as Control 2 is not suftaf@t®ebd) sustained re| dABESIEAAS _|h| FN beta |

a. lipogel at =0
4 Bulk IFN-beta 3x1.223 s.c. Bulk solution

(Control 3) Injcctions at

t=0, 48h, 96h

B-IFN release:

Results evidenced that, afier a single s.c. injection, Poloxamer hydrogel (1) (Group 1)

release r-hIFN beta 1a in a controlled pattern, sustaining plasma levels above SUI/ml for
5  about a week, and possibly more (Figure 3).

Protein bioavailability is significantly higher (Table V below) to the buffered liquid

formulation (both s.c. single and TIW injection) and lipogel formulation used as controls.

The r-hIFN beta 1a release for Poloxamer hydrogel (1) shows a real pronounced controlled
10  pattern compared to the r-hIFN beta 1a release profile obtained with GMS based lipogel

(Group 3) as shown on Figures 3 and 4. r-hIFN beta la release profile from the lipogel

(Control 2) is characterized by a lower “burst” and a low, prolonged stcady state.

These results shows that the lipogel formulation used as Control 2 is not suitable for

sustained release of r-hIFN beta 1a.

15

Table V
PK IFN-beta IFN-beta IFN-beta TFN-beta IFN-beta
parameters | Hydrogel (1) Lipogel (Control 1) | (Control 3) | (Control 3)
{Control 2) Day 1 Day 5
T max 8.0+0.0 15+05 1.3+05 1.8+0.5 14+£05
()




Is Table V PK | FN-beta | FN-beta | FN-beta | FN-beta | FN-beta paraneters
Hydrogel (1) Lipogel (Control 1) (Control 3) (Control 3) (Control 2) Day 1
Day 5 Tnax 8.00.0 1.50.5 1.30.5 1.80.5 1.40.5 (h) 40 PK IFN-beta |FN-beta
| FN-beta | FN-beta | FN-beta paraneters Hydrogel (1) Lipogel (Control 1)
(Control 3) (Control 3) (Control 2) Day 1 Day 5 OCnmax 231.3116.4 24.012.1
96.353.4 31.30.9 26.1 16.5 (NmM) T '/2 19.42.4 45.1 77.6 9.53.8 6.12.8
8.03.5 (h) Serum Neopterin |levels increase: Pharnmacodynamc (PD) results
confirmed the biological activity of r-hlFN beta |a rel eased from gels.
Neopterin levels increased wwth a t,nmx shift of about 24 hours for hydrogel
(1) 5 injection vs. control (Control 1‘)0. Repeat ed dosing (TIW ofr-hlFN
beta la gaye a lower but extended PD profile (Coptrol 3). Lipogel

fornul atioh gaki a | oWEN-hetmr fra®BNpetai[c IFPrhets | £ [Rohetao| BN-betacpar ati on

of control ||} EWA on: 3 PP X protein

adsor ption gﬂn\%em%grnse:i(?f rmt%%dsl?(f %@/&é‘gnd @I%gymgpe Kr(::xe l?ﬁ ggg";tg‘]flgwt uffer

[50 mM pH{4-5] and| mintai ned (Can@olBtler bath (podPa¥ybr {ewPayPnutes in

order obtalm eIyt PR EIUTIER uﬁ'.tffgmi'%.siigslh' BT4L09 Yl /gy |vessel ,
uffler [5 - 5]

(]
a smal|l ampunt of agetate f m\l - pH contai ning stabillizing
agents and|eX8i/plents (i.e. Cyclodextrijn and L-Methionine), is added to a
T% 19424 | 451776 | 9538 | 6.1x28 | 80%35
(h)

Serum Neopterin levels increase:

Pharmacodynamic (PD) results confirmed the biological activity of r-hIFN beta 1a released

from gels. Neopterin levels increased with a tmax shift of about 24 hours for hydrogel (1)
5  injection vs. control (Control 1). Repeated dosing (TIW) of r-hIFN bcta 1a gave a lower but

extended PD profile (Control 3). Lipogel formulation gave a lower pharmakodynamic

profile (Control 2).

Preparation of control lipogel formulation:

10 In a poly-propylene becker (low protein adsorption), weighed amounts of GMS and PEG
are mixed in acetate buffer [SOY‘mM, pH 4-5] and maintained in a water bath (40°C) for few
minutes in order obtain a molten and homogeneous lipid matrix.

In a different vessel, a small amount of acectate buffer [50 mM, pH 4-5], containing
stabilizing agents and excipients (i.e. Cyclodextrin and L-Methionine), is added to a

15 concentrated r-hIFN-beta 1a bulk solution (2 mg/mL). This formulated buffer is first put in
a water bath (40°C) for about 1.5 min and added into the lipid mixture.

The mixture is then left in the water bath for about 5-10 min and then cooled down to r.t.
under mild agitation with a polypropylene rod.
Thesc results show that the hydrogel (1) has a similar biological activity as r-hIFN bcta 1a

20  control liquid formulations and allows sustaining plasma levels of r-hIFN beta 1a for at

least one week and an improved bioavailability.



15 concentrated r-hlFN-beta | a bulk solution (2 ng/nmL). This formul ated
buffer is first put in a water bath (40C) for about 1.5 mn and added into
the lipid mxture. The m xture is then left in the water bath for about
5-10 min and then cooled down to r.t. wunder mld agitation with a

pol ypropyl ene rod. These results show that the hydrogel (1) has a simlar

bi ol ogi cal activity as r-hlFN beta la 20 control liquid formul ations and
al l ows sustaining plasma | evels of r-hlFN beta Ia for at | east one week
and an inproved bioavailability. 41 Exanple 4: Sterilizing filtration of
Pol oxamer 407-r-hlFN-beta | a Hydrogel £1) The nonophasi ¢ hydrogel sol ution
containing | FN-bcta could be treated by ster|I|Z|ng f||trat|on

| FN-hydrogel (1) was prepared as described in Exanp . Two different
menbr anes (Ewppleﬁwyvhﬁya filieation of Rejoxarner AQdrHidEN- qstﬂ %Hh@osﬂl(ﬂone) 5 from

PALL Cor por ghd %n haé}g h?ﬁb?&"@éfuﬁﬂ@ cHRTRE SFNaEh Edtlid BE freRibd @y ZtdHli-Br € used
at a tenperature wherein the viscosity of the solution is kept | ow, e.g.

AC. Vi scosi filjratien. Fhrhydrege! Géﬂ@?éfcaﬁﬁfi%fd%’ﬁbfqmtﬁ"afflplﬁﬂ in a Rheoneter

(ViscoStar kwgtmﬁérbﬁbammé%es r*(pvng fism;cﬁgﬁdené Jn)uoh&t encPPRS! YYD Vi al |
kept in ice bath (T = , spindle n2 rpm _No sighificant

Theol ogi &al frem Cm@aw gf |4i7 {11 fr1CEbrane é@@s@ Wélrcelt ob 9£9-¢ &am wers wehitprpnoner

cont ent andafeﬂlp%aﬁﬁe%h&ahk&%&sﬁg&&ys&mﬁgk&vmg ¢l 44cl), before and after
filtrati on was anal g@{ fl uorescence detector (PBS (pH 7.4),

37C, 100 rmﬁcpsgtyesrmwer@é pre@nq afiqs filtratipn gy a PeggmeteppYisgosty Lifangidadl SBr of i | es
after Tiltrall ghyaofel (Bitto a%oﬁ%p%leﬁ@vfah?@ﬁ i#PREBLE (T 4 £atconpintil@eLf or e

the filtration pfocéess ‘does the 1FN 15 ‘rel ease propertles of
t he hydr ogeﬂOO 1B5a p signiicanpaheptepicat CM@W@%WM@@M%“W%@W«

| FN- hydrgg (2) was prepared as described in Exanple 1 and Tr ehal ose

(Si gna) 6% W wis added to the buffer solution before the formation of

t he pol oxanBiN mpoeretyepntert@nd pilease loinctics frem IENflesded hyidrogel @1 bedercend paroxaner
407. filtration was analysed by SEC HPLC/fluorescence detector (PBS (pH 7.4), 37°C, 100

rpm/1g of hydrogel (1) in 4 mL of PBS). Obtained release profiles after filtration are very
similar to those before filtration, therefore the filtration process does not modify the IFN
15 releasc properties of the hydrogel.

Example 5: Poloxamer 407-r-hIFN-beta 1a Hydrogel (2)
IFN-hydrogel (2) was prepared as described in Example 1 and Trehalose (Sigma) 2.6%
w/w is added to the buffer solution before the formation of the poloxamer hydrogel

20  solution, i.e. before the addition of Poloxamer 407.

Hydrogel (2) composition:

Poloxamer 407 25% wiw
Acetate buffer 50 mM/pH 3.8 72.04% wiw
25 r-hIFNbeta 1a 0.012% w/w
L-Methionine 0.03% w/w
Poloxamer 188 0.24% wiw

Trehalose 2.6%w/w.

30



Hydro2el (2) conposition: Pol oxamer 407 25% w w Acetate buffer 50 mM pH
3.8 72.04% ww 25 r-hl FNbeta |l a 0.012% w w L- Met hi oni ne 0. 03% W w

Pol oxamer 188 0.24% w w Trehal ose 2. 6%/ w. 30 42 -Viscosity Dynamc
viscosity studies were performed to characterize hydrogel (2) and to
characterize its injectability properties. A ViscoStar L Fungilab
rotational visconeter was used, obtaining a direct reading of viscosity in
nmPas (Centi poi ses). The hydrogel (2) was 5 introduced into a pol ypropyl ene
vial and viscosity neasures (SPL4, speed range 200-300 rpn) were carried
out while varying the tenperature and cgnti nuously readi ng values on the
vi scometer display. Results show a di f f8r ent t heol ogi cal behavi or of
hydrogcl (2) in conparison with hydrogel 10 (1). The use of Trehal ose at
2.69% w i n theVisgasiibgel of the invention (2) results in the increase in

the sol - gel Dwaﬂwsb&ﬂygﬁme@mw&mﬁﬁaw}ﬁr@mmﬁm h ONES cHBRMERST Ur i ng

condi tions ahd handling of the matrix. Exa Po oxaner 407-r - hl FN- bet a
| a Hydr ogel it§ 3pjectapility \prapegtiesg ey VisspSiaad- Erl@mlab eretaagnaéie\gwmsféﬁ Waf Bsbnpl e 1

but Hydr OXYQEQHM% a(%ue&%@zhﬁﬂke}ﬁ isPos{tf-aN aslds (ObhiliboisdhiC ek )hyar e'fo Wdss added
to the buffer solution under nagnetlc stirring (SS£HG ore t he
éﬁ“ﬁ@

addi t i onsof intfluseé e a polypropplent vigoind visensity ma@yurpss( aﬂg?eZOO-
Hydr oxypr opylmyla&y %mg@zs.strm(ewn?g the YrhfferRe aRd é&ﬁﬁﬁé@@%&&mloﬁ 1,

under nagnetlc stirring
the viscometer dlsplay

Results show a different rheological behavior of hydrogel (2) in comparison with hydrogel
10 (1). The use of Trehalose at 2.6%w/w in the hydrogel of the invention (2) results in the
increase in the sol-gel transition temperature (Figure 5) which improves manufacturing

conditions and handling of the matrix.

Example 6: Poloxamer 407-r-hIFN-beta 1a Hydrogel (3)

15 IFN-hydrogel (3) was prepared as described in Example 1 but Hydroxypropyl-B-
cyclodextrin (Cavasol W7HP, Wacker) 2.6% w/w is added to the buffer solution under
magnetic stirring (500-700 rpm) before the addition of Poloxamer 407. Then, Poloxamer
407 is added to the Hydroxypropyl-B-cyclodextrin/bufler solution as described in Example
1, under magnetic stirring.

20

Hydrogel (3) composition:

Poloxamer 407 20% wiw
Acetate buffer 50 mM/pH 3.8 7734% wiw
r-hIFNbeta 1a 0.015% w/w
25 L-Methionine 0.04% wi/w
Cavasol W7THP 2.6%w/w.
-Viscosity

Dynamic viscosity studies were performed to characterize hydrogel (3) and to characterize

30 its injectability properties. A ViscoStar L Fungilab rotational viscometer was used,



Hydrogel (3) conposition: Pol oxamer 407 20% w w Acetate buffer 50 mM pH
3.8 7734% wWw r-hlFNbeta la 0.015% w w 25 L- Met hi onine 0.04% w w Cavasol
WHP 2.6%V w. -Viscosity Dynamic viscosity studies were perforned to
characterize hydrogel (3) and to characterize 30 its injectability
properties. A ViscoStar L Fungilab rotational visconeter was used, 43
obtaining a direct reading of viscosity in nPas (centipoises). The hydrogel
(3) was introduced into a pol ypropyl ene vial and viscosity neasures (SPL4,
speed range 200-300 rpn) were carried out while varying the tenperature
and continuously readi ng val ues on the43vi sconeter display. 5 Results

di spl ayed on Figure 5, show a different™rheol ogi cal behavi or of hydrogel
(3) in conparison with hydrogel (1): the sol-gel transition tenperature of
t he hydr ogePbiiging|as dirgah readinge df visenpity B nPas 1 Ceqtipoisey. The, hydrogs] r@nFY‘,’ast he
shift of solug@lced h@&@gBiy%p&l@ﬁH)ﬁﬁl%Hrv?sc&fi W&E&%?SPL@) slpb&l fange 2001306

significantly 1 ncreased conpared to that of the rogel containing
Trehal ose (M) Waie sptiedout whilgfvaryingoihe terRertse and eenbiRusly Faadingvaiuss fng

Pol oxanmer 4Q¢ J2Qnaddidlaysed (Figure 5), which inproves significantly
manuf acturing conditions and handling of the matrix. -Protein rel ease To

si mul at es phijesulls digpleysd e bigureainsbars aciffrent irbredogiqal-Rehgwtos of bydsessk (Dripm
hydrogel (3}oMRSisonlwith w&%%a q@): Gk 5d1-gEBRarRRioR "EMpeRdSHe YofdRS B drbRd és)%_ug
rel ease test were perfofned usi gg I g of hydrogel (3) (dispensed using
pre-filled Byrcpseddomabautd 12C19230¢- PBS pH 7.4 at 37 2C (shaker bath
speed=100 1 BihrisimAPihe ShiP bl AR u@fsition: tethperadfe BT BydrBsol (3) &Néver MOHT S-
Each sanpl e %gsnasg?lal yzed by SE—%PLC S\1/\/i th %ﬂ?ﬁrgrescen{“rdg;qt e(c)t or (Trp.
f | uor escencéapnificantly incrcased compared to that of the hydrogel containing Trchalose (2), in spite

10 of a lower concentration of matrix-forming Poloxamer 407 (20% w/w) used (Figure 5),

which improves significantly manufacturing conditions and handling of the matrix.

-Protein release
To simulate physiological subcutancous conditions, IFN-beta release from hydrogel (3) was

15 investigated in PBS as previously described. Drug release test were performed using 1g of
hydrogel (3) (dispensed using pre-filled syringes) into 4 mL of PBS pH 7.4 at 37 £ 2°C
(shaker bath speed=100 rpm). Samples collected at: 5, 15, 30 minutes, 1 and 2 hours.

Each sample was analyzed by SE-HPLC with fluorescent detector (Trp fluorescence).

20  The sustained release properties (IFN-beta release profile) of the cyclodextrin-containing
hydrogel (3) are comparable to those of a hydrogel without a sol-gel temperature transition
modifier, i.e. hydrogel (1), despite the shift in the sol-gel transition temperature (Figure 6).
From the antiviral assay as described in Example 2, it was observed that the r-hIFNf 1a
released after 2 hrs the cyclodextrin-containing hydrogel (3) maintained the bioactivity, and

25 recovery was complete, as compared to r-hIFNf 1a bulk spiked in placebo. Therefore, it
appears that the cyclodextrin-containing hydrogel (3) is capable to retain full r-hIFNP 1a
biological activity upon drug release.

30



20 The sustained rel ease properties (I FN-beta rel ease profile) of the

cycl odextrin-containing hydrogcl (3) are conparable to those of a hydrogel
wi t hout a sol-gel tenperature transition nodifier, i.e. hydrogel (1),
despite the shift in the sol-gel transition tenperature (Figure 6). From
the antiviral assay as described in Exanple 2, it was observed that the
r-hIFN3 la released after 2 his the cycl odextrin-containing hydrogel (3)
mai nt ai ned the bioactivity, and 25 recovery was conplete, as conpared to
r-hlFNj 3 Ia bul k spiked in placebo. Therefore, it appears that the

cycl odextrin-containing hydrogel (3) is capable to retain full r-hIFN3 I a
bi ol ogi cal activity upon drug rel ease. % 44 Exanpl e 7: Pol oxaner
407-r-hl FN-beta | a Hydrogel %g) | FN- hydr ogel (4) was prepared as descri bed
in Exanpl e Exa!ﬂﬂle@ye'el‘mem -HIENrheta 1 Hydrogel (806 w w was added to the

buf fer sol uigheRyhe dge@m vJaE‘ﬁrcEQ‘EJ‘?stde%bQ(i mtmmsrell%a cemml Carkflirbh)i ON,

i.e. before the” addi tion of Pol oxaner . Hvdr oeel (4) corrp05|t|on

Pol oxamer 481%8b% wesaddetlerthg kuffsy ?‘fl'élon@efOFﬁ\#‘ﬁ farmatgpnf thepjaxaper hydmeenbet a

la 0.012% Wgyy,dd, Le. WebRI R U dARioH oPBIRWWr 4¢70! Oxamer 188 0.24% w w d ycerol
30B6 2.6%W w. Exanple 8: Pol oxamer 407-r-hlFN-beta | a Hydrogel (5) 15

| FN- hydr égel (5) was prepared as described in Exanple 1 and PEG
(Lutnmi(r)E4 uu pl4) o%o@@owlw was added to the buffer solution before the

formation o HOT OX ydrogel solution, i.e. before the addition of
Pol oxaner 407. PR)G’FMIW'( 5) conposi ti on25% wiw
Acetate buffer 50 mM/pH 3.8 72.04% wiw
r-hIFNbeta 1a 0.012% w/w
10 L-Methionine 0.03% wiw
Poloxamer 188 0.24% wiw
Glycerol 30°Bé 2.6%w/w.

Example 8: Poloxamer 407-r-hIFN-beta 1a Hydrogel (5)
15 IFN-hydrogel (5) was prepared as described in Example 1 and PEG (Lutrol®E400, Basf)
2.6% w/w was added to the buffer solution before the formation of the poloxamer hydrogel

solution, i.c. before the addition of Poloxamer 407.

Hydrogel (5) compeosition:

20 Poloxamer 407 25% wiw
Acetate buffer 50 mM/pH 3.8 72.04% wiw
r-hIFNbeta 1a 0.012% w/w
L-Methionine 0.03% wiw

‘Poloxamer 188 0.24% wiw

25 PEG(Lutrol®E400) 2.6%w/w.

Example 9: Syringing test

In order to test the subcutancous injectablity of IFN poloxamcr bascd hydrogels, a

syringing test can be performed using difTerent types of needles.



20 Pol oxaner 407 25% w w Acetate buffer 50 nMpH 3.8 72.04% w w

r-hl FNbeta |la 0.012% w w L-Methionine 0.03% w w Pol oxanmer 188 0.24% w w
25 PEG Lutrol (r)E400) 2.69% w. Exanple 9: Syringing test In order to test
t he subcutaneous injeetablity of |IFN pol oxaner based hydrogels, a
syringing test can be perfornmed using different types of needles. 45 1In
particular, the syringing test is perforned using a now injection

technol ogy, called Depot One (Inprint Pharnaceuticals) Sel ected Depot One
needl es are the follow ng: -18/23 (internal dianeter equivalent to a 18
gauge needl e and m ni mrum external dianmeter 5 of a 21 gauge needle) -21/26
(internal dianeter equivalent to a 21 gﬁuge needl e and m ni num ext er nal
dianeter of a 26 gauge needle). 3 nL pol ypropylene syringes are | oaded
with 0.5 nilngfartiepler, dipesiyripging gst inpasfopped using) newdiyectio techulogynepllgd Pepotabout

15 m nutes gl iRRAA(PRARBEALENS are discharged in a polystyrene 10 vial.
The "needl e performance” Is estinmated on the basis of the force required to

di scharge S¢lected Ipapatf@ae newdes a5g the foflowdng est s at room t enperature show t hat

hydrogel (3)1385invérhat dRRREr SylitdlGk Rea 18 BB bl sl nfifinfin HQQM WRERE AL Ur €.
15 Exanpl e 10: Pharmacokinetic profile of "Pol oxamer 407-r-hlFN-P | a

Hydr ogel 5 ( 39T FRtspisarepdledki neti c characteristics of Pol oxamner

407-1 - hl FN- bRisg (ihidnal ¥dhe@flquivalentidd 2P §augR HSRRSHEH nlifindiR & il IRbEHS
nonkeys (Captive bred Macaca farcicularis) naive to any previous

r - hl FN- bet ackhad6 gaugepccdledear ch drug treat nent.
3 mL polypropylene syringes are loaded with 0.5 mL of hydrogel (1) or hydrogel (3) (kept
at 4°C) and after about 15 minutcs at room temperature arc discharged in a polystyrene
10  vial. The “needle performance” is estimated on the basis of the force required to discharge
the syringes.
The syringing tests at room temperature show that hydrogel (3) has very good syringing

characteristics at room temperature.

15 Example 10: Pharmacokinetic profile of Poloxamer 407-r-hIFN- 1a Hydrogel (3)
The pharmacokinetic characteristics of Poloxamer 407-r-hIFN-beta 1a Hydrogel (3) can be
assessed in male cynomolgus monkeys (Captive bred Macaca fascicularis) naive to any

previous r-hIFN-beta and other research drug treatment.

20  Animals:
Body weig. ht range: 2-4 kg at study initiation
Age range: approximately 5 years
Number of animals per group: 4

25  The formulations are administered to the animals that have been fasted ovemight (i.c. for
about 16 hours) before administration. Food will be allowed again 4 hours after treatment.
Water will be allowed "ad libitum".
r-hIFN-B1a-hydrogel formulation (3) is prepared in pre-filled syringes of 320 mg each with
21G needle at strength of 174 pg r-hIFNP 1a per gram. Due to the thermo-reversible nature



20 Animal s: Body weight range: 2-4 kg at study initiation Age range:
approximately 5 years Nunber of animals ver grout): 4 25 The fornul ati ons
are adm nistered to the aninals that have been fasted overnight (i.e. for
about 16 hours) before administration. Food will be allowed again 4 hours
after treatnent. Water will be allowed "ad libitunf. r-hIFN-ji 1

a- hydrogel fornulation (3) is prepared in prc-filled syringes of 320 ng
each with 21G needle at strength of 174 sg r-hlIFNf Ia per gram Due to the
t henno-reversible nature 46 of the gel fornulation, pre-filled syringes
shoul d be stored at 4C and naintai ned af room tenperature only the tine
needed for the adm nistration. A singl e®dose is 44 g of r-hIFNP | a per
animal is injected in the subcutis of one of the 5 |legs. 200-250 ng of one
r-hlFNbet a Phthpgelferilation; predfifled Hinges)shpyld be slored @t 43G andymaigiaied AdRPMi st er ed
to each monieyefaRitEondy fik BafR nb&icd RAME ARHI@Mlod. N G oup 1 (animals | to 4).

A ass pre-filled syringes are wei ghed before and after the adm nistration
to allow the exact evaluation of adm nistered dose. 10 Blood is collected
froma cephal d I ;d ) I T i - t he
tabl e bol ov: S e i Ry DR AR e B ki Fon g S o

| FN bet asNelsgs- 2001258 g ¢ ore prhiiddets dlal lydtagdl foamulryjan @) Prefidedusyingia - 1) -

f( g g & P!uﬁfnqgéf‘ed(tg e% r%%rﬂge} (0$1c rg}nngé(}o{gaph ?ﬁoﬁke% 98 @?'oup L Qatfﬁnﬁls ]“% 2h X

Glass pre-filled syringes are weighed before and after the administration to allow the exact

evaluation of administered dose.

10 Blood is collected from a cephalic vein into tubés, according to the scheme detailed in the

table below:

Sampling time Blood sampling | Blood sampling Total amount of
TFN beta Neopterin analysis | blood collected
analysis

Pre-study (day -1) - X 0.5mL

Pre-dose (0 h) X X 1.5mL

30 min X - 1.0 mL

1h X - - 1.0mL

2h X - 1.0mL

4h X - 1.0mL

6h - X 0.5mL

8h X - 1.0mL

24h X X 1.5mL

32h X X 1,5mL
48h X X 1.5mL
56h X X 1.5mL
72h X X 1.5mL
9h X X 1.5mL
104 h X X 15mL




4h X - 1.0 M. 6h - X 0.5 M 8h X - 1.0 24h X X 1.5nm. 32h X X 1,5 nL
48h X X 1.5 nmL 56h X X 1.5nm. 72h X X 1.5 nL 96h X X 1.5 nL 104h X X
1.5nm. 47 Sanpling time Bl ood sanpling Blood sanpling Total anount of |FN
beta Neopterin analysis blood collected analysis 120h x X 1.5nL 168h x X
1.5m. Bl ood sanples are allowed to clot for 60 m nutes at room
tenperature. The clot is spun down by centrifugation at 2 500 g (3 350 rpm
at 4C for 15 mnutes. Wien 0.5 nL of blood is collected, 2 serumaliquots
are prepared, the 1g with at least 0.125 5 nL of serum the god with the
remai ning serum Wen 1.0 nL of bl ood kﬁ collected, 2 serumaliquots arc
prepared, the 1' with at |east 0.250 of serum the 2d with the

remai ni ng seru Wien 1.5 M of blood is collected 3 serumaliquots are

prepared, the {Sampiagtime 2wi t|Blead sampling | Blopd samling; ¢ dpighgmauakofdMri t h t he
remai ning serum 10 Serum sanpf¥&eteor r- hNEMesBiagalysiy | hlead gallegtedrle st or ed
at -80C. Seru HY®Yin anplysis are stored at -20|C. The

fol | owi ng phar pE9dki neti ¢ parlaheters are|8btai ned frofm t hbSimddi vildual serum

168 h X X 1.5mL

Blood samples are allowed to clot for 60 minutes at room temperature. The clot is spun
down by centrifugation at 2 500 g (3 350 rpm) at 4°C for 15 minutes.
‘When 0.5 mL of blood is collected, 2 serum aliquots arc prepared, the 1% with at least 0.125
5 mL of serum, the 2™ with the remaining serum.

When 1.0 mL of blood is collected, 2 serum aliquots are prepared, the 1% with at least 0.250
mL of serum, the 2™ with the remaining serum.

When 1.5 mL of blood is collected, 3 scrum aliquots are prcpared, the 1#and the 2~ with at
least 0.250 mL of serum, the 3+ with the remaining serum.

10 Serum samples for r-hIFN-beta 1a analysis are stored at —80°C.

Serum samples for Neopterin analysis are stored at —20 °C.

The following pharmacokinetic parameters are obtained from the individual serum
concentrations of r-hIFNP 1a (as [U/mL) vs. time (as hours) after cach administration:
15

Directly by observation:

Cmax: The highest concentration value found in serum
Tmax: The time from administration at which the Cmax value is found
Tz: The last sampling time at which a quantifiable concentration is found
20 Cz The concentration value obtained at sampling time Tz.
By the WinNonlin® program:
AUCz: The area under the serum concentration vs. time curve up to sampling time

Tz, calculated by the log-linear trapezoidal rule (linear up to the Cmax,
25 logarithmic after the Cmax).

Tlin: The first point considered for the determination of the elimination half-life.



concentrations of r-hIFNO la (as IUnL) vs. tinme (as hours) after each

adm nistration: 15 Directly by observation: Crax: The hi ghest concentration
value found in serum Tnax: The tinme from adm nistration at which the Cmax
value is found Tz: The last sanpling tinme at which a quantifiable
concentration is found 20 Cz: The concentration val ue obtained at sanpling
time Tz. By the WnNonlin(D program AUCz: The area under the serum
concentration vs. tine curve up to sanpling time Tz, calculated by the

| og-linear trapezoidal rule (linear up to the Cnmax, 25 logarithmc after
the Cmax). Tlin: The first point considered for the determ nation of the
elimnation half-1ife. 48 Az: The elinfhation rate constant, cal cul ated by
the slope of the linear regression curve obtained by fitting the natural

| ogari t hrs 8% t he tedhe plimingénnaataconstant galcwlated lysthg slopg ofitke lifeprgrgrgssion t o

Tz). Vi:: The el im nahi0Bpbiakd B>l htfuﬁ%m%’lktﬁi% RSBy of HEteRAMAldoRntration

tv2=(lI n2)/az AUC. The area under serum concentration vs. tine curve,
cal cul ated by the f oplnesispgmedtem Thnto TAMC = AUCz + Cz/ Xz %AUCext: The

percent age g, AUC extri,2Bhiabésh Hairafke, ADIALIBANDYqRNAE: 2P0l alion), 10
cal cul at ed by the foll owm ng equati on: ? - AUCz )/ AUC. 100

Thi s expérinent can be perforﬁﬁd=0miﬁla.paraIIeI C?oup 2 of animals using a
marketed | R for ”‘”Hh@ra}egn.mﬁér the s@rﬁx%rﬁﬁ%uﬁtﬁiﬁ% fithe RaRe! éﬁlcd’l‘atépi) PireOn

formul ati on cont ai ni ngl human serum al bum n manni t and sodi um
acetate as cxci pi ent $oljpadngauatiangy pre-fill ed

AUC=AUCz + Cz/Az
%AUCext: The percentage of AUC extrapolated (i.c. obtained by cxtrapolation),
10 calculated by the following equation:
%AUCext = (AUC - AUCz )/ AUC.. 100

This experiment can be performed with a parallel Group 2 of animals using a marketed

IFNP formulation as a reference (such as Rebif®: a solution formulation containing human

serum albumin (HSA), mannitol and sodium acetate as excipients packaged in pre-filled

15 syringes with 21G needle of 0.5 mL injection volume at a strength of 44 pg r-hIFNP 1a (12

. MIU). In this case, the cntirc content (0.5 mL) of onc Recbif® pre-filled syringe is
administercd to cach monkey (onc syringe per animal) in Group 2 (animals 5 to 8).

Analyte: Interferon Beta (r-hIFNJ 1a):
Tmax Cmax AUClast Tlast Clast AUCq.7)

] [IU/mL] [br*IU/mL] [h]  [IU/mL] [hr*TU/mL]
Mean 12 1930 54300 96 9.64 53900
SD 8.0 992 16000 16 510 15800
CV% 67 513 29.4 17 529 29.3

20
These results show that r-hIFNB 1a hydrogel formulation (3) has a high bioavailablity.



15 syringes with 21G needle of 0.5 nL injection volunme at a strength of
44.tg r-h[FNJ3 ] a (12 MJ. In this case, the entire content (0.5 nL) of
one RcbiMpre-filled syringe is admnistered to each nonkey (one syringe
per animal) in Goup 2 (animals 5 to 8). Analyte: Interferon Beta (r-h IFN
01 a): Tmax Cmax AUC ast Tlast Cast AUC(o.n) NnL r*IUn [IU L

[hr*I Wl Mean 12 1930 54300 96 9.64 53900 SD 8.0 992 16000 16 5.10 15800
CV% 67 513 29.4 17 52.9 29.3 20 These results showthat r-hIFN(3 1 a

hydr ogel f@aims:ati on (3) has a high bioavailablity. 49 Cdains: 1. A
pharmaceutical conposition conprising an interferon-beta (IFN -beta),

wherein said conposition s a Pal.oxanmer .hydrogel co i Si buffer and a
sol uti on- tlo- geld P ?‘i‘%‘éﬁ“ﬁl ﬁ?’é‘pf’?%’% COTBHS B dI"f %‘?r?eé??g{’%%?r@?%ﬁ@mgp&%e@}n A
conposi tion aceudiohhokifiof idh PBloka¥BLhRirBadl Q@m?ﬁ%ﬂi‘gl&e&ﬁfe'r%nﬁ QCRNRIoAAB el

| FN-beta. 3. A conposition according to any of the preceding clains

wher ei 8 t he i nt@npeatore trasitibd mebherzindarmethioBiiebet a | a. 4. A conposition

according to any of the preceding clains wherein the conmposition further
conprises an anti-oxidant. 15 5, A conposition according to any of the

precedi ng 2cl ai MBcHAEIsRidh dcBErdRRDRithb O Rvhetdifi HHREFNCP IS re@SmBInSH IR RN -
6. A conposition according to any of the preceding clains wherein the

conposition further conprises a solution-to-gel tenperature transition

difi | . Zi . ; i 7 T
Rocor di ng o any aPPPTiofleolifbe BRE A FXELAREHh Sy Ereifl O TRATIHA 1
10 recombinant IFN-beta 1a.

4. A composition according to any of the preceding claims wherein the composition

further comprises an anti-oxidant.

15 5. A composition according to any of the preceding claims wherein the composition

further comprises a surfactant.

6. A composition according to any of the preceding claims wherein the composition
further comprises a solution-to-gel temperature transition modifier selected from

20 Trehalose and cyclodextrin.

7 A composition according to any of the preceding claims wherein the Poloxamer is

Poloxamer 407.

25 8. A composition according to any of the preceding claims wherein the composition

comprises 20 to 25 % w/w of Poloxamer 407.

9. A composition according to claim 1, wherein said composition is a Poloxamer 407
hydrogel comprising recombinant IFN-beta 1a and further comprises a buffer and L-

30 methionine.



Pol oxancr 407. 25 8, A conposition according to any of the preceding clains
wherein the conposition conprises 20 to 25 % w w of Pol oxaner 407. 9, A
conposition according to claim 1, wherein said conposition is a Pol oxamer
1. 07 hydrogel conprising reconbinant TEN-beta | a and further conprises a
buffer and F, 30 net ionine. 50 10. A conposition according to claim9,
wherein the conposition further conpri se¥ Pol oxarner 188. It. A
pharmaceuti cal comnposition according to claim 10, wherein the
solution-to-gel tenperature transition nodifier is Trehal ose. 12, A

phar maceut i cal conposition accordi ngl fto claim9. wherein.the )

sol uti on- t1§- gelA coBRpEHAR @P@rgwgn@i ¢laigh Imaehersiethe CORPATHYY JHEhs casprises
cyclodextrin. B, 0der fggonposition according to any of the preceding
clainms wherein the conposition is selected fromthe group: P ol oxaner 407
-25% w ww, w 15 Acetate buffer 50 mWpH 3.8 -72.14% wW -vv r-hlFNreta

| a-0.012% wiw 1,-Methionipne-0.03%w w Pal oxaner. 188-0, 24% wl w cero
5051 5.1 ohlf v S EOBBAGLIEL CHBPOSHOR A A AT B Gr VBT g 58D 406
W w  r-h-1FN set@pdrautt Qddieol Modifiedit Mirdhaldig- 0. 03%w, w

12. A pharmaceutical composition according to claim 9, wherein the solution-to-gel
temperature transition modifier is hydroxypropyl beta cyclodextrin.
10
13. A composition according to any of the preceding claims wherein the composition is

selected from the group:

Poloxamer 407 -25% w/w

15 Acetate buffer 50 mM/pH 3.8-72.04% w/w
r-hIFNbeta 1a-0.012% w/w
L-Methionine-0.03% w/w
Poloxamer 188-0.24% w/w
Glycerol 30°Bé-2.6%w/w;

20
Poloxamer 407-25% w/w
Acetate buffer 50 mM/pH 3.8-72.04% w/w
r-h-IFNbeta 1a-0.012% w/w
L-Methionine-0.03% w/w

25 Poloxamer 188-0.24% w/w

Trehalose-2.6%w/w;
And

30 Poloxamer 407-20% w/w



214 Pol oxamer 188-0.24%vv/is, Trehalose- 2.6% w And 30 Pol oxaner
407-20% w w 51 Acetate buffer 50 MM pH d. 8-77.34""'!"'n ww r-h-IF Nbeta
la-O 015% wiw L-Methlonine-0.04 i, ww

Hydr oxv' propyl - 4-Cycl odextrin-2.6i, wiw 5 14. A nmethod for preparing an

| FN-beta hydrogel conposition according to clains 1 to 13, wherein said
met hod conpri ses adding a cal cul at ed anoUnt of Poloxanrer to a buffered
solution containing a solution-to-gel tenperature transition nodifier acid
a et hi oni ne Axdetate baffee S&MMAHBS-E].34% wianogeneous pol ymer sol ution is
formed and it ;hen addin interferon. 15.. A nethod according to claim
14 wherein thé'lb'ﬂl?‘@?tasl&r(g@f{%"%Wnt ains a solution-to- gel tenperature

transition nogqi M&hiosfleEEh89 /oM Trehal ose and cycl odextrin. is 16. A

met hod according to clains 14 to 15 wherein the interferon is added fora a

sol uti on cont dydrogymiophl-BiGrialesaliet@awiv.om L- Met | hi oni ne and Pol oxar ner

188 and a conbination thereof. 17. Use of an |FN beta hydrogel conposition
according to clains | to 13 for the 20 preparation of a phartnaceutical

preparation fors bighdd BRLFEBRRin® fin MAIHeR! 18 P63 t@Bbssition according to claims 1 to

13, wherein said method comprises adding a calculated amount of Poloxamer to a
buffered solution containing a solution-to-gel temperature transition modifier and a
methionine at a temperature wherein a homogeneous polymer solution is formed and

10 then adding the interferon.

15. A method according to claim 14 wherein the buffer solution contains a solution-to-

gel temperature transition modifier selected from Trehalose and cyclodextrin.

15 16. A method according to claims 14 to 15 wherein the interferon is added from a
solution containing stabilizers selected from L-Methionine and Poloxamer 188 and a

combination thereof,

17.  Use of an IFN-beta hydrogel composition according to claims 1 to 13 for the

20 preparation of a pharmaceutical preparation for the treatment of multiple sclerosis.





