CRYSTALLI NE FORMS OF A PYRI DI NYL- SULFONAM DE AND THEI R USE AS ENDOTHELI N
RECEPTO R ANTAGONI STS Field of the Invention: The present invention rel ates
t o st abl ewonysabdésne forns of 5-nethyl -pyridi ne-2-sul f poirgpasis@s2219

[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2- pyri di n-4-yl -pyrimdin-4-yl]-am de. This
invention also relates to processes for preparing the stable crystalline
forms of 5-nethyl-pyridine-2-sulfonic acid

[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2- pyri di n-4-yl -pyrimdin-4-yl]-am de. This
invention also relates to conpositions conprising

5-net hyl - pyri di ne-2-sul fonic acid [ 6-nmethoxy-5-(2-

met hoxy- phenoxy) - 2-pyridin-4-yl -pyrimdin-4-yl]-amde and a
pharmaceutically acceptable carrier, and to nethods of using

5- et hyl - pyri di ne- 2- suIH@ﬁﬂ@DGELdNFERﬁEPKH&yﬂﬁmﬁﬂLﬁ@?ﬂﬂﬁyphenoxy)
2-pyridin-4-yl-pyrimdin-4-yl]-am de and conpositions thereof for the

treat nent or_ProphyIaxis of disorders which are associated with abnor mal
vascul ar to hel i al dysfunction. Background to the Invention:
5- et hyl 5 pyfqjd ?%en@ iAvEntioN irQaBs 't&i harmaceut:cal hydrogel formulahons containing an

[ 6- met hoxy-5-( 2- met hoxy- Egenoxy f pyridin-4-yl -pyrimdin- 4-yl]-am de

cor r espondi m¢erieront epartipuler|the inyergian rolesgp septaigsd 1 thiidriogd} foraglagonsrof.

WC00/ 52007 gdeserinlies Fn@ﬁo&’BF‘ﬂ? o Snse §REAf compound which is crystallized
fromMe2Cl 2. Omn |nvest|gat|o ave shown that there exist two distinct
crystalline fornms, hereinafter referred to as formA and formB, as well as
a nunber of ng%ﬂﬁd(ﬁ%yﬂl &stion! N Particul ar the nethanol, ethanol,

i sopr opanol ne, acetone, nethyl ethyl ketone and

t et r ahydP of Beeombingnt, protein pharaesuticsr have elready prpddedgunjqucoberapien & seypeal

t her mody nanpealohity Siiied distaéslaali hi&ohHoW protkRldiigBare beB dBRIdpE@Par ed under
controlled conditions and that said f ornlé)can be prepared with a reliable
met hod in an industrial scale, which is easy to handle and to process in

the Manuf achp@nsaRudEmP ﬁﬁrﬁﬁ&@&d?ﬁreﬁt@&ﬁ}"vﬁh&%}ﬁ a5 R Qfmibdin bPent i on:

This invention provides two crystalline forms A and B of
5- et hyl - pypqom@mgﬂg:lﬂup@ﬁtpqgl gycqrgcr maintain therapeutically cffective blood levels, it is

net hoxy-5- (8&&%&&9@%9@%@&%&@ rdrctwauéhx mbse@ynmbﬂw&ewe]anarpo@ﬁuand
processes for the pr arati on ther eof his invention further (0]
pseudopol ynatvsres S(dmﬁg%t@ ek fhigppsesch neém&@mumm% byeempleEes Fsﬁfemﬁrfh%f t he

i nvention; BronEﬁsm%H%Péon%II&rtﬁllbé[?ySfﬁléPl‘%ldlﬁ a crystalline form of

5- et hyl - pyrldlne sul fonic acid

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 arc 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 weltting, anti-foaming and solubilizing properties and

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



met hoxy- 5- ( 2- met hoxy- phenoxy) - 2- pyri di n-4-yl -pyri m di n-4-yl ] -am de which
exhibits a characteristic X-ray powder diffraction pattern (as shown in
Fi gure l)wowoésmicdsar acteri stic peaks expressed in d-val pes/Ep2)os/082200 (VvS),
7.8 (m, 6.2 (s), 5.48 (m, 5.30 (mM, 5.07 (M, 4.67 (s), 4.52 (m, 4.23
(m, 414 (M 3.79 (M, 3.57 (s), 3.42 (m, 3.23(mM and 3.02(m;
herei nafter designated as formA. Polynorph formA is a solid powder with a
particle size in the range from1 to 500 mm prefe rably 5 to 300 nm and
nore preferably 5 to 200 mm The pol ynorph A is hygroscopic and adsorbs
water to a content of about 5 percent bg wei ght (when stored under humd
conditions), which is continuously rel eased between 50 0OC and 200 C, when
heated at a rate of 10 C/mnute. The polynmorph A is especially suitable as
an i nt er med{G@eBdngdls { 82 Ingmatignerfoumat Pﬂﬁ“m@’@t%ﬂg'&ﬂ;?ﬁﬁ‘?gﬁﬁt ¢orns. In
a further ep@dbAR ev. dhdndisE PRI nabNYSPLILON HISWEINES a crystalline form of
id

5- met hyl pyridi ne- 2-sul fonic aci
[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2- pyri di n-4-yl -pyrimdin-4-yl]- am de,

whi ch exhi bpdgxaneed) 2iaieddey ki adenimy PROVEAD &t fifibrick icogblRads Biving @ Shown
in Figure 2) with characteristic peaks expressed in d-values (A): 10.7 (m,

9.4 (m, 58. BloywmgFognda(lyy 7.6 (n), 6.7 (n), 6.4 (n), 6.0 (M, 5.69 (N,
5.30 (m), 5.17 (n), 4.95 (vs), 4.76 (m, 4.56 (m), 4.43 (s), 4.13 (vs),
3.80 (s), 3.45 (s), 3.41 (s), 3.37 (s) and 3.03 (m hereinafter designated

as form B. Pol ynorph irs.a stablyerc und wit h_a suitapl e norphol ogy,

whi ch can be easily 'ﬂso eﬁ_%_dgaéal ﬁ%%— tﬁ‘iﬁ?os%ﬁl ity,
possibility for preparatioh By targetédHpnditions, 3ts suitable morphol ogy
and particle size. These outstanding properties render polynmorph formB
especially suitable for pharmaceuti cal &‘zppl ication. Yet a further advantage
of formBis that it may easily be proddced essentially free of any

resi dual sohlHesin{a)snd ) akestayistivalle eqube (W fiydqgug] ot hipertthanis. antigre) fond 20N t he
f ol | ow ng, t‘({@"?bP evi at if ns Lisegi for the peak intensities of the

di ffracti on'9at 8t M %(e\/fgﬁe"‘l“’\‘/ery very strong intensity; (vs) = very
strong iint emBd twb pdlfcthylens tokida @haifd ED)taye hydidphilicnwidieuhe poty@opiléng, chiin) =
weak i ntensi and (v = ver ak i ' I till  another ferred
erbodi ment - (0B wlatoRhofic Eivinen disBEPIRO- b0, Dot eopodies, Apabhfic

5- et hyl - py ptogerties tRatsan beanodulaai by varying the numbers of units (a) and (b).

[ 6- met hoxy- 5- ( 2- npt.hoxy: phenoxy) - 2- LAIJ4-yl - pyrimdi n- 4-yl]-anjde,
whi ch exhi bﬁf‘é %8 ﬁ%@f’%@ggﬁf &a@%é@ﬁ%—%&ﬁg&% ib¥(}°1‘ aééf’?léf??eﬁa‘lrf ealbﬁes loageq}_

exhi bi t ed i agdrégguerte fdrm d variety dflassotiatetl etruquired exch asdmérbascinddiqhid chizallpicesent
i nventiaqn colg%ri ses A crify{st al.l.ine formB of 5-nethyl-pyridine-2-sulfonic

aci d [ 6-fret RERS: &Y SRR Bhoxy) - 2- pyri di n- 4-yl - pyri mi di n-

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).



4-yl]-am de, which exhibits characteristic X-ray powder diffraction
patterns as exhibited in Figure 2. During the investigation, it was

sur pri si ngbyodsounget hat sol vates can al so be produced wptch/preéosash9

et hanol , isopropanol, dichloronethane, acetone, nethyl ethyl ketone, and
tetrahydrofuran. These sol vates can be used to produce the solvent free
formse A and B of 5- nethyl-pyridine-2-sulfonic acid

[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2- pyridi n-4-yl -pyrimdin-4- yl]-am de. For
exanpl e, desol vation of the methanol and dichl oronet hane sol vates may be
used to obtain formA, and formA may bg transfornmed into formB. The novel
sol vates formfurther objects of the invention. Accordingly, a further

object of the invention is a crystalline pseudo-pol ynorph of .
5- net hyl pyr Pelpxamer 40%gqals haxe beeg fpypd to enhance the stability of proteins loaded into the gel

[ 6- met hoXy - Braki%-(BBLA aPNEIVOXYourral BY Phébmidedmivhi-seihts) 86, 9; foowlibioyedaade,

whi ch exhibits a characteristic X-ray powder diffraction pattern &gg shown
in Figure 3havgibepn usedr 9F veriqus fprnulptionss ingluding dddesaing (ghepChovser 9y 1fdhsur ed
wWith a convendhanmhl RRWEof Bhdhatbibitd, 3CBADBY. ShdoHinagin @UsA-dkadi a1t 11086, 9. 0
(vs), 8.1 (2?, 6. 4 (s%, 5.46 ga?, 5.29 S;%, 4.77 (), 4.55 in), 4.38 (s),
4.26 (m) s AChem. (RhprmaBuig34(#) 1501-6308) apd lz2dfohmsipn et al)1999s Pharmagenticals)
3.28 (M, 3RrdBakm)9mnsbs3454¢ (M (according to Table 3) in the formof the
et hanol solvate, which is hereinafter designated as formD. The content of
et hanol may be fromO0.7 to 1.2 nol,- A - referred to

S- met hyl - py tidRéis 4reS EYtbIGRdsCi.@GbRible proteins that transmit messages between cells and

[ 6- met hoxy- 5- ( 2- met hoxXy- phenoxy) - 2- pyri din-4- yl-pyrimdin-4-yl]-am de.
Anot her obj B8y aBfessepial irﬂ19éﬁtﬂi“om@caﬁyﬁfyQyé!qlﬂ%topé“éﬁ%%?‘yﬁ%‘fsﬁﬁ thyt

S- met hylp Py kdudé Bfechion aald FephikiRg 88y fbsulting damage. Interferons are naturally secreted by

[ 6- met hoxy- 5- (2- met hoxy- phenaoxy).-2-pyridin-4-yl-pyrimdin-4-yl]-am de,

whi ch exhi binfected celis-angd vees frgtderitified igy) 956 Their ngme s deriyed diymhs é&tr tthe¥ shown
in Figure 4ynittdi" GRevRarelicsionan dsctiexpr essed in d-values (A) neasured
wi th a conventional powder X-ray diffractoneter using CuKa radiation: 13.0

, 9.1 7.9 ..0. 2 ; .61 5.51.( .06. 4. 75 ,
557 (. asifong exbnnels iyt epd proibiase iy i3/ 0n ey ioshenigy 1)
e B e Ot b,
(om0 351 o eyt clasfes i F1pRE acuiofine, insofSrofititta Wbrablas e iMBTer Y
[ 6- mﬁt hox%_- parfiida Eﬂdﬁmny-ﬁpﬂmﬁpuey&rpﬁmmﬂylaﬁrwedpy rthenUdlitad- Slates/ drjd- @thdrde.
Another 0b) col ol Ll AXENL O Ls ATkl oS SRHI R RN Gl

[ 6- met hoXy - banlcér- eminonly- pfilkningy patiatey suftring 4frgth - Ayquined dInmadney Deficioncye whi ch
XN DTS 2 SHALASE GbR) i BRUSRbn 1Ll 0N pattern (as shown in
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-spccific in their action, ic. 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-o, IFN-B and IFN-y. Such main kinds of IFNs
were initially classified according to their cells of origin (leukocyte, fibroblast or T cell).



characteristic peaks expressed in d-values (A) neasured with a conventi onal

powder X-ray diffractoneter using CuKo radiation: 9.2 (vs), 8.3 (m, 7.8

(M, 6.4 WoRooBLidisem, 5.75 (M, 5.27 (m), 4.89 (M), 4. 6RTEPRe0sAsHI (M),

4.39 (m, 4.22 (mM, 4.06 (M, 3.99 (M, 3.83 (M, 3.71 (s), 3.52 (s) and

3.23 (m (according to Table 5) in the formof the tetrahydrofuran sol vate,

which is hereinafter designated as formF. The content of tetrahydrofurane

may be fromO0.7 to 1.2 nol, referred to 5-nethyl-pyridine-2-sulfonic acid

[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2- pyridin-4-yl-pyrimdin-4-yl]~am de.

Anot her object of the invention is a crystalllne pseudo- pol ynor ph of

5-net hyl - pyri di ne-2- sulfonic acid

[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2-pyri di n-4-yl -pyrim di n-4-yl ] -am de,

whi ch exhi bHewewer.cithegama cleat thet xever) teacaighibe ioradseedohy pae tenHenes shown

in Figure 6), sured
giarfﬂ %{egiugray gﬁ@ 2 HN RIFRGP 4rd FafBENGSTHNG). THER

wth a conventl ract ometer 'using CuKa radiation: 9.1

(vs), 7.9 (is)also6a ﬁ)ue'@)typdSoMENG AymphebBGoid N, Brodéced rip thed Negmalg)”, celf, 1516 (n) :
4.38 mb ;15" ] 3.46
(m aﬁlg)S Zgé%né)d?[accor t%ﬁ]”f’g I“((a se?’ﬁgtﬁ) rﬁ%ugfgh&%u&%éébr?eﬂf ano

sol vat e, swhamhfibirgbléseH®N.naf t er desi gnated as form G The content of nethanol
may be from.0.7 to 1.2 nol, referred to 5-nethyl-pyridine-2-sulfonic acid

[ 6- met hoxy- 5- ( 2- net hoxy- phenoxy) - 2- pyri di n- 4-

yl - pyrimdi ﬂ‘helhsdrlercmmnd@rmgntt@nalomitdelt intgfferon Ui anenfor imernationalanitkhasl | i ne

pseudo- pol y i i o

[ 6- met hoxy- E&E‘Q %%%x{/%%%}eﬂﬁggy g(!pﬂadﬁ%&ag &P a%fl)giﬁrrr'lg Ph rywﬁn}teCt 50/

whi ch exhi bpf te gelistrgring tvirel darmiage. The agsaqomd@ayéﬂ fised acmpﬁmﬂmap@\m ig !ils shown
Fi 7 I d

in Figurg V)é,ﬁ%%a‘ﬂﬁc Fﬂ&E&gﬁ ra§ ag‘ﬁgéféﬁb&f‘ Giases, & dr 9%53‘ JG8rok A7, FRASUr €

with a con ona ract meter usi ng radiation: 9.1

(s), 8.2 (ny3s& 6“‘14"1(9@7 et &, BI8I1( Mythods ig Enpymjologa, 787 Pestha Edj,, Wwﬁprw dew(s)
4.27 (m, n?r()c, gﬁ-%%? r#l]ﬂé%?ltl\ﬂél ggéan% If@ ’mérlggn Qﬁam 1%2%,1( §ﬁ inteHerbA 14 Mé) 3.50

(s), 3.43 ( accord In the form of
t he |sopropamllymmtOqumﬂMMGﬁ esT@rHilEté@I tqrgingd MithThe

cont ent of g&[ 9)01%@ F\??ti/qnglerci' :;»%H% %m? fo]' Ha-R-betd ?rfoelrd&? R Natxonal

S-met hyl - pyri onic ac hoxy- phenoxy

pyri di n-14- y Inspiptes raf dilaalth (Pespkaa APEe MM He Ey"@b’jlq(é@’ 88 Pﬁé‘aﬂfd/eﬁ@ é'h'cl s a

crystal li ne pseudn-yoAl ¥9ps L% 0f 5-nmethyl -pyridine-2- sulfonic acid
[ 6- met hoxy- gne?2 met hoxy- phenoxy) 2-pyridin-4- ylmd?/“mdln 4-yl]-am de,

whi ch exhi bEvery glastefTEN centhins scccrxld«%wlc elF N} aridr THNt S mcqshtthmﬂue'aﬁ shown
in Figure 8) %E% rﬁ;ehar acteristic peaks expressed in d-val ues" (A neasured
with a conven powder X-ray diffractoneter using CuKa radiation: 9.1
(vs), 7.9 (e pﬁ@w@f)ssiﬁﬁd SSIIFNM a1§ . dg2mpst)divedse igdoupnpontaini6g abey 15 4yres () ,

g (%g ( rr) 4'1'11icrc (1sn2 clustcr g’f ]ﬁ‘{gd gcerics on(c%)omosomc 9(co§1kainmg at21cx£s§ %3 mcm%crs, S’f) and

which 15 are active and transcribed. Mature IFNs-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 a and B 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.



(m (according to Table 8) in the formof the dichloronethane sol vate,
which is hereinafter designated as form|l. The content of dichloronethane
may be frwen200s2110460.6 nol, referred to 5-nethyl -pyridi perdpaasiosnie acid
[ 6- met hoxy- 5- ( 2- net hoxy- phenoxy) - 2- pyri di n-4-yl -pyrimdin- 4-yl]-am de.
Anot her object of the invention is a crystalline pseudo-pol ynorph of

5-net hyl - pyri di ne-2- sulfonic acid

[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2- pyri di n-4-yl - pyri m di n-4-yl]-am de,

whi ch exhibits a characteristic X-ray powder diffraction pattern (as shown
in Figure 9) with characteristic peaks expressed in d-values (A) neasured
with a conventional powder X-ray diffrattoneter using CuKa radiation: 9.4
(vs), 7.8 (m, 6.3 (s), 5.13 (m, 5.00 (s), 4.82 (m, 4.69 (m, 4.49 (m,
4.45 (), 4Hpsay §hroblastiigterfespn (BN Hagjantigradgctiwity jand Zam glsg gidnulatg ngturgl ) |
3.16 (M, 3.} , . rdi 10447 ' f the
2- but anone é%‘l édg%lag%gs é%ﬁ?sg?cflgéﬁggea?hgggégdcdgﬁk@#ﬁ?g’g&a?@ gél%&gn.b?The
content of Pirysetanddneblersiyanded RINAsnFoons thegude@idgs¢quenasfod theggdne for fibroblast

5- met hyl - pyg.i di. ne- I ' | &k > - X h -

pyri di n-4- ynkeg%&ﬁmglgﬁ%%p%fm?rﬁn%?@ nce ‘?%’é?ﬁ%’%}r ?Iglbr?gl%ﬁ‘g%l)%%%jlzc acid
[ 6- met hoxy - 842 M7irdedvosd, the lsempixigjantinggaid skquente wf therpreteidi s 1664mingatide i s
sensitive t light, it is preferred that solutions and suspensions are
protected fromlight, in particular when processes are carried out above
anbi ent t enPepatder al., 198, Nahee, 296 943-465 descrifedtamautatiopst bast B4d(Gye r-niEyr ather e
may be !Jsedp&sﬁt}s%.tﬁhi lhf%?‘%ﬂoﬂ&eﬁ St *%Hh.‘%i%ﬁsac%b!, a8 Wikl RS wifla d‘iﬁé{%ﬁ oS
suspensi on,Tprecipitation, re-crystallisati’on, evaporatlion, water vapor
sor pti on ormsddotidest] 1¥HpiAl. sorpti on net hods or de-sol vati on of sol vates.

D | uted, saturate er asat t . for. ...
crystal "’ sa |a6kﬁ%t a\?\'/l ?%842?9% Fﬁ%m#g@éggd??fﬁﬁﬂésWab % nuc eagltaiﬂrl%cmégents.
Tenper at ur eswtagor oy teplecibgbdse A6P (@0 iwith (A) caubieg swhmmn fcif switeshefidm Gyxtu8ee) and

preferably room.te at ur e, 0OC to 30 may..be applied, or

sol utions. BJEFIPRY ﬁ)‘gﬁﬁeﬁf éﬁ'ﬁy%ﬁsémqngg%c% asa%ﬂvep?sggé)&af“éet :ll%ﬁ'%aag to
-50 C and psgledaiig)ongQiatin éteragclC7080.t 0 10 0C may be applied. Meta-stable
crystalline forms can be used to prepare solutions or suspensions for the
preparation of nore stable fornms and to achi eve hi gher concentrations in
t he sol ysi oRsbi*QEyBhéll rebeMibiRanSnGRcRS-BY) BE lattsodevélEFmnd il itefTerog the@pyTod, as
wel | as solvates, for exanple forns to J, may be used to p&%)lauce crystal

D
form B. Fur mEipleselerosis QS5 irperfrron (FMRetas g Rraduced Fremm mapmpadanycellgipety Is r appy ed

by stirringridomsin Hitehatdhal NoaQropHctiry Narde (INN) f0Intét@od ®did1iang sol vent to
obtain a solvent free formA or B. A further object of the inventionis a

process for the preparation of crystalline formA of 5-
met hyl - pyr i Yafiésdosilidtiond 6f B8l Gvith copolymers have been developed in the past decades.

6- met hoxy- 5- ( 2- net hoxy-phenoxy) - 2-pyri di n-4-yl -pyrin di n-4-
[ 20y Am(ong them, yIFRI alphzy ) injec an C1'{)rmulati)c/)ns p)c/;orlltanlluglg polyoxyethylene

polyoxypropylene glycol (JP 2003 342193), cyclaradine-IFN alpha combined formulations

(EP 0177153), kits for interferon alpha room-tempcrature Poloxamers gels for topical
administration (US 4,469,228), microparticle formulations of IFNB (WO 01/58474),
compositions comprising glycoproteins chemically coupled with polyoxycthylene-

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



yl]-am de, conprising dissolving a salt of 5-nethyl-pyridine-2-sulfonic
aci d [ 6-net hoxy-5-(2- nethoxy-phenoxy)-2-pyridin-4-yl-pyrimdin-4-yl]-am de
i n wat er Wwo 20@Bb4660Nt @i Ni Nng a cosol vent, precipitatingpchapbéspshase by
adding an acid, isolating and drying the solid residue. The salt of

5-net hyl - pyri di ne-2-sul fonic acid

[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2-pyridin-4- yl-pyrimdin-4-yl]-amde is
preferably an al kaline or alkaline earth salt, for exanple the sodiumsalt.
The process is carried out in a tenperature range from 10 0C to 60 OC

| sol ati on of the solid may be done by decantation or filtration. Drying is
preferably carried out at about roon1teﬁperature or at a tenperature up to
80 0C. A further object of the invention is a process for the preparation
of crystal | Areith@lprgeiptbased pharmagquticals; jope majop challpagsin ¢hegise gf an interferon

[ 6- met hoxy- s { BedBdullo %yen RED Be¥nkaid a BéFapElitidatfy otfecthde!do8d ikt Yloodbel Ri¥adeE,
conpri sing suspending or_ dissolving a_solid formother than form B of

5- met hyl pyr fataHdime \g%;qubﬁpr@as&ﬂg the injected dosc and the potential associated side effects.

[ 6- met hoxy- Bokség %ﬁ%@ﬁﬁ%@@%)ﬁ&%ﬁ&b&ﬁcﬂf&l@@éﬂﬁd@ﬂ% fsthinFN-plafade at a
tenperature from20 Cto .100 OCin a solvent, optiaonally COQ|IH% t he

sol uti onst olexele &gt loager mETipg R yimeghan biguit formylatipnsrang/os ¢hag provide a higher

[ 6- met hoxy- Bra&ids éﬁsmmgﬂaéWmﬁn@wﬂF% Rngrovids MV EibIsE@ARedvity! | - ami de,
stirring the suspension for a tinme sufficient to conplete forfmation of
crystal formB, renoving the solvent and drying the solid residue. A solid
form ot her shamatPofhBLRRAAGPasses crystal form B, which is contam nated
with another_torm jor exanple formA or Dto J. The process may be carried
out with or The preesut inkensign igdireqted to Roleremet hiydsogehprja-vip fprming Poloxamer gel
suspensig négﬂrﬂﬁdeﬁﬁbaﬂ%ﬂﬁitiﬁﬁspﬂﬁht%n@%é &h hEPRRE (BN, R RHRuAPkdtombRAL20 0C
to 70 OC. oling may be carried out continuously or stepw se and cooling
rates may bbB-TENRtas gnd avetizads Hor Higir praRargtiop e These cphprmacpidicalapnyepopitigns ere1 ¢/ h
to 5 Ch anﬁyasg%iseg@garxd (@A ordnfetd cEﬁécﬁll?@oﬂy_xarQ&oh@ﬁ%u@ﬁ%h%aﬁ&ﬁ%ed at a
certain lower tenperature |level and kept at this tenperature unti

crystal | i sacemppsitiong grepplerredito lgmin @y NN Hhydsegelsn apd they comprise an interferon

5- et hyl - pyprﬂb &e;n%séf?w Bfdies ,%b«gpr[)_@in, Bgpasr Rt AvaBIch X ¥acRBemereys - 2-
pyridin-4-yl-pyrimdin-4-ylJ-amde in the suspension nmay be from 60 to 600
ng/ M and preferably from80 to 450 ng/ M sol vent, dependi ng on

tenper at ur eTphSysibAe? h§@bYG TR fulRiBhy SNhs iVRhGIA RAVE tRSRCHR !t Ye fi-ee of
wat er and which do not forma sol vated formof high stability, for exanple
met hyl tert vivpfrpingeehibpt can be pasile handledepd thet pxhibitshsiainedagicase arfilend/ar es
thereof . PrgfgtivffviibbiiB) dbtipated td bullP N forRiIMIns Whi ch is essentially free of
wat er. Essentially free of water neans in the context of the invention that
the sol vent contains not nore than 2 and preferably not nore than 0.5
percent By Wet@ihe & aVBhBédimbf (o iHcSfledeRt SR HERYdrogald fubth&Lobipfi®e 4By be

from1l hour to 5 days. Isolation of the solid may be done by decantation or
filtration. leastone 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



Drying is preferably carried out at about roomtenperature or at a
tenperature up to 60 OC. Still a further object of the inventionis a
process fwo oésr1omeuf act ure of 5-net hyl - pyridi ne-2- sul pomiEp2608i082219

[ 6- met hoxy- 5- ( 2- net hoxy- phenoxy) - 2- pyri di n-4-yl -pyrim di n-4-yl]-am de of
crystal form B, conprising heating formA or a mxture of forns A and B of
5-net hyl - pyri di ne- 2-sulfonic acid

[ 6- met hoxy- 5- ( 2- met hoxy- phenoxy) - 2- pyri di n-4-yl - pyri m di n-4-yl]-am de,
preferably under a protective atnosphere, to a tenperature of 800C to
1600C, preferably 100 OC to 160 OClwi th_optional m xing for a tine
sufficient to formcrystal formB. The Fenperature for the process is nost
preferred between 100 0OC and 120 C. In_order to ensure better heat exchange
it is prefepPegtiof peloxameroigra bplerpd splution 4 & KPEREES Whetsin A demesdedlti ng 10
cm nost prebiemabiotuidatis frme® dhd ther abdthg kiR B Etkdoh QP an TBYféHn, nfuddin, Stisap! e
alum num inserts may be used to better distrjibute the heat within the
powder . The @voyedn. finctignahderixatiegorctive fipcHeptheeofysed i n phar maceut i cal
conpositions and nore preferably as internediates and starting materials to
produce the particularly preferred form B, which can be easily processed
and handpedItgethird aspest, dheyfnpventian prewides Bjyse tof %Fﬂ\b?%é‘b’ﬁ@g@n%wﬂ%%“get ed
condi tions, aldortinplic B! ifveRBED RS/ @gér@mtimer b G Rical wRHtst adi ng
properties renders polynDrPh formB especially feasible Tor pharnmaceuti cal
appl i cat i on¥catmertef pulplosclerasiss i nvention is also directed to a

phar maceuti cal conposition conprising the crystal forns A) B and Dto J of
5-met hyl - pyridi ne-2-sul fonic acid [6-nethoxy-5-(2-nmethoxyphenoxy) -

2- pyri di n- 4153 foygth psacef; the nvgntjongmvades method fsHEARECBYIIPIE 4F1PTPSin cRIBRSISHB| o
carrier @r eHelad@fistratiéh & d¥uQhiBEd BRaR PN BeATEmuldiBh Scdofti b it IntehtiéH SO
directed to a pharmaceutical conposition conprising the crystal form B of
5- met hyl - py PafieReinzeed thegefi ¢ aci d [ 6- net hoxy- 5- ( 2- net hoxyphenoxy) -
2-pyridin-4-yl-pyrimdin-4-yl]-am de and a pharmaceutically acceptable
carrier or diluent. The anmpunt of crystal forns of

5- et hyl - py Detalag Doscripfion of Qe inveptions_ npt hoxy- 5- ( 2- met hoxyphenoxy) -

2- pyridi n- 4%t teMeWindE shirdpraphy plovidBidehiGeHs i e Varibhe/ cHIBRAN Hh%ic8fs thiiBalef
formul ati on and desired dosages during administratjon tine periods. The
amount i aMP GleAPmpeHds pecOTdgE By ipNenfiorARdgrorinieg a0 AgPLY WMY&&%% om 0.5
to 30 ng, age HO§RciBERToRRADENinfshaBsslant @hckRisdBxprédsB sef Gut AbirddidnGSvidey be
solid formul ati ons_such as capsul es, tablets, pills and troches, or liquid
f or mul at i on$reefgrdefidtions yeous suspensions, elixirs and syrups. Solid and
liquid formu | ati ons enconpass al so incorporation of the crystal forns of
5-met hyl - pyri dine-2-sul foni c aci . .

[ 6- et hoxy- ¥ ?“?F@F‘f‘ib)?ff—”ﬁﬁ‘e’r?é%%ﬁ‘?!e&y i Tefpred L ipclydpanymgleprladefingd assidie

accor di ng t e thBditerature, comprising for cxample any types of IFNs mentioned in the above section
“Background of the Invention”. In particular, [FN-o, IFN-B and IFN-y are included in the
above definition. IFN-J 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 (IFN-beta or IFN-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.



invention into liquid or solid food. Liquids also enconpass sol utions of
formA of 5-nethyl pyridine- 2-sulfonic acid

[ 6- met hoxye2oé¢s2riomt hoxy- phenoxy) - 2- pyri di n-4-yl - pyri m dipordeprybososamd de for
parenteral applications such as infusion or injection. The crystal forns
according to the invention nmay be directly used as powders (m cronized
particles), granules, suspensions or solutions, or they may be conbi ned
together with other pharmaceutically acceptable ingredients in adm xing the
conponents and optionally finely divide them and then filling capsules,
conposed for exanple fromhard or soft gelatine,conpressing tablets, pills
or troches, or suspend or dissolve thenm'in carriers for suspensions,
elixirs and syrups. Coatings may be applied after conpression to form
pills. Pharmaceutically acceptable ingredients are well known for the

vari ous typaey-fs, ki ! &bdiled 0sh B pBnd MaflR BPLEnhOUR Maitfc gSgsnat ur al

or synthetic polynmers, excipients, lubricants, surfactant's, sweetening and
fl avouri ng Bgeif® {SerenohtAvegex@(Birgen) or Bpiatema@®/@cherior), Thease of ihfctkenscofs

adj uvant s, im I 9601 & i Qbnt §RE %ﬁr'-QQH{B Ation
types. Exarrpﬁ%s ,f%r 18?%%8@5 are %ﬁ?nd“?‘?%‘ggdé‘?g‘%t"ﬁg éyggllma, ' 1s'f?'.ar ch, geldtine,
and bi ol 6gi esnsed bereindia lirtendgrbioyeneompassisalts, dnctienabderiyptives, yaoihgts snalpgs anid

di car boxyli ¢ .aci e glycols, polyal kyl ene glycols and/or aliphatic
hydr oxyl ca%%%gygégag%ﬁgsaphonn- or co-pol yam des of dicarboxylic acids,

al kyl ene di am nes, and/or aliphatic am no carboxylic acids; correspondi ng

I t b de- - DO . ' | ) t
Dol yphosphassat® {RsoRBnbR HERkGy o ® YT bilRRonBR HORIBRRR, By for. o oy
be Iinear, bwkipkhedcrosis (M8} shd mépecsentSpe siphificane advaplee n drcetmpol. RehifPesl i ¢
act 0. P9y Lk Ao 1d ABhuke dorl BEELARAOLUPShiAS W8 BlhiSHATRLES for
pol ymers are wat er = sof ubl e ynmers such as pofyoxaarkyrenes
( pol yoxaet hydterfeson hett \agieprsolpplaacrasly titeqtimesdepwegkie plicadias dothe treatment

ly- | ang | i Ly - I id
D01 201 L a0 Rap ik LA KKL LS BNAKR AT 521, BTl
t her eof , pokffeckionythalongiian cwnte @f MS by aeducing membert 4ndr sswdrity of relapses and

pol y-vinylip \/d |+ mers |ike
chi t osan. E%?g%ﬁggng@8%¥%%%¥%n(%&gggg% gggﬂggggggﬁghbgghgicalcium
phosphatie. FhadpsirgsofON-Plin e teatmiest efirelapangremitting MSyaccording o e inyentioat s,

waxes, or fatty. acid salts.l.ike g nesium stearate. Surfactants nay be
ani oni c, an??ﬁ?ﬁ%s,onéﬂ%%‘f%ﬁr%'%‘fsoﬁgutral. Exanpl es for surfactants are le
cithin, phospholipids, octyl sulfate, decyl sulfate, dodecyl sulfate,
tetradecyl sul fate, hexadecyl sulfate and adecyl . sul Na, ol eate or
Na. Gapr at e, TSCERP iR HOIR BTG e BE reaibifatgFR-A1b procuded ' ©
1- oct anoy! apl Q8! Efferdially Wahilhe Gndfithe tridRela BONMASHE) GE hidg HRefdraBiybeoni ¢

aci d, 1-dodecanoyl am noethane-2-sul fonic acid,
1- t et r ad@candynieraloubrutareopsly everpifcendday @t a dosage of about of 250 to 300 g or 8

MIU to 9.6 MIU per person.

In accordance with the present invention, where IFN is recombinant IFN-f1a, 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 pg 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



1- hexadecanoyl am noet hane- 2-sul foni c acid, and

1- oct adecanoyl am noet hane- 2-sul fonic acid, and taurocholic acid and

t aur odeoxyohodsmomei d, bile acids and their salts, suchpas/Epbasios22aci d,
deoxychol i ¢ acid and sodi um gl ycochol at es, sodi um caprate or sodi um

| aurate, sodium ol eate, sodiumlauryl sul phate, sodium cetyl sul phate,

sul fated castor oil and sodi undi octyl sul fosucci nate, cocam dopropyl bet ai ne
and | auryl betai,ne, fatty al cohols, cholesterols, glycerol nono- or

-di stearate, glycerol nono- or -dioleate and gl ycerol nobno- or

-di pal mtate, and pol yoxyethyl ene stearate. Exanples for sweetening agents
are sucrose, fructose, |actose or aspartam Exanples for flavouring agents

are peppermnt, oil of wintergreen or fruit flavours |ike cherry or orange
fl avour. ExBetif@st may prefarblynbe adminiptergil sulyeutancoysly, thyggtimes gayaels ETTWawyar or

bi ol ogi cal g&géea&%l“?“ﬂg@/rWP 1@@%&@%&{ preservatives are nethyl or

pr opyl par abensy” sorbi c orobutan phenol and thi nerosal. Exanpl es
for adjuvants are fragrances. Exanples for thickeners are synthetic

pol ynmers, fatt cids.,and fatty acid salts an ers.and fat ghol s.
Exanpl es fo?‘s I“ge we&m%éhre;}lerg} sm‘gglgsv%mrt? aﬁ%%ﬁw%l Igﬁtslﬁc %‘songt%é}rl%‘f s*g'f:ycer ol ,
propyl ene ghmimolacidlresdiiesl opohatetahiFiNeare raplagedbys differentaeino acid maébidoed, or alexanpl es
for solid canriers are talc, clay,, m.Grocr LlLine cellulose L hea,

i U e andCURRE e Bt spfigibie SHOLR My ¢ % Rl AR 1% <o
cont ai n i sowithow chamgigsconsidaribly shesasgeinys of tha frésattimg qrrodiodi asroompéred ktadthe The
crystal form,accordi to the. invention al so he formul ate

ef f ervescent” 1? 315%&“3?“‘85&%%#’ S A %rﬁpa(ﬁ?d sg)ﬁ eogvynafyélgfeﬂlsgﬁwéﬁﬁ‘égﬁ%&geﬁt\ﬁlr onment
to provi de euthgenekis mghriglestar amy other &powptechmigicisitablerthgrefornPmicrred meteps| ymor ph
of the inventjiqn, SUCIO . i S S,;S t | r vative
i ke met]ﬁyl lpngirugf)%‘ﬁ', ‘H§°“§§§esgﬁ%°d§9ﬁ’ %\%‘{ffﬂiaﬁ’g}@geanf’ .w c%%‘vgvg?ﬁ"ég%gg’ (?%r%rml ations
may al so be prepared fromthe crystal formaccording to the in vention in

order to achiey tr e . ' ol with
thebody | uPdg it TpiEH phdinl it SRRReP by kit 2603 AMAED cpfhab0URL T 1
const ant andf &N,earch\ee tbchawt safstantidlyasimilereoa gemt battar a¢tivithltoom BNaske. The
crystal for > -t hi Se, 1 0 | . trj f a

b1 o1 ogi cal - TEERY, BficSADBE SEsd o BUF 18UPR5Ind Belul Sl I WG el

bot h, and opiolagival btgndardst @b | estallishéda enda available e didiom ghe Natiorsh dnsiiwte Firs

Cont ol 1 ed Pl BB Bhufh B4 G RAELMEYER IBATBSEL, O Bpsulat 1 on of
di sper sed nBiagsapsiot the detsrngnationof BN activitnhiaye beatirdogriribeds AniTEN 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



known di spersion or enul sion coating technol ogies. The crystal forns of the
invention are also useful for adm nistering a conbination of thera peutic
ef fecti vewegesnoiseé a mammal, such as a human. Such a ceghiprasdses2iher apy
can be carried out in using at |east one further therapeutic agent which
can be additionally dispersed or dissolved in a fornulation. The crystal
forms of this invention and its fornul ati ons respectively can be al so

adm nistered in conbination with other therapeutic agents that are
effective to treat a given condition to provide a conbi nation therapy. The
crystal fornms and the pharmaceutical conposition according to the invention
are highly suitable for effective treatffent in the field of heart failure
(acute and chronic), system c and pul nonary hypertension, acute ischaemc
coronary sy¢fetioneol amine sridsyeayabojbs made ithe ghavp-defined sequercea pitheus plissing) |

di abetic neply QRRLBY,  paflcRAY Gr the HERbANSr deferiBns Lm%;%ome@rew arkin@AEMJ,

cycl osporine nephrotoxicity, vasospastic di sease (subarachnoi d haenprrhage
but al so haegwmupdegitertyrmdpspienably Hderagn cand idogies renmeyy s isplags @miipeacids
peripheral grigh¥% AGGhH td Mﬁctﬁhﬁ%@%m%ﬁ,ve%ltc&g&né);esiaﬁt%t BARSs Snd@fnufins St €Nt

or bal |l oon angiopl asty, septic shock or multiple organ failure as that
occurring i prodered rhyi speh dgleionsgandiprdnseriong spme apthin thet pursicy 0nbp Prefelti sease,
gastric andhgﬁﬂgﬁnal ul cus, liver cirrhosis, pancreatitis (acute and
chronic), inflammatory bowel disease, fibrosis, atheriosclerosis, obesity,
gl aucoma, prostatic adenoma, mgraine, erectile dysfunction, adjunct to
cancer ther apyerady Wak | syfchyRlolhe lamitos 8l Shrsup@ SO GhARL ik fikdd fh anasiethalibe
activities. An object of fhe invention1s also a therapeutic nmethod for
produci ng apreémbl Hed syapnyamaua gantos edid geupeate these dcfipgdnim TabimBr and mgst

admi ni stigr i Wf&&ls@m@?,%ﬁ;ma@_aﬂl%%ﬁfgr ¢ Bre tRE &ddhed AMTalefiACt | ve anount of a
crystal formof 5-nethyl™-pyridine-2-sulfonic acid [6-

met hoxy- 5- ( 2- net hoxy- phenoxy) - 2- pyri di n-4-yl -pyrimdi n-4-yl]-am de
according to thepAgigenti on. Anot her object of the invention is a nmethod of
delivering a crystal tormof 5-nethyl-pyridine-2- sulfonic acid

[ 6- met hoxy- 5- ( 2-Rreferted\Groupsefi8ynomymans Amino Acids_ pyr i ni di n- 4-yl ] - ani de
according to the i nveRingAcd @ host, sEfyiPmbad Qfoupdn nistering to a host an
effective anmount of a crystal formaccording to the invention. A further

obj ect df the inventiS6h is the use of S& FiyQSlafsk orm according to the

i nvention for the nagg%acture of a medig@nlys Gy in the treatment in
the field of heart failure (acute and_chronic), system c and pul nonary
hypertensi on, acute iL$Bhaeni ¢ cor onar JeSrdybidet ¥Hgis¥a pectoris, rena
failure (acute and clgnic), diabeticcoRenls epabhky, organic transplant (e.g.
liver,

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



heart, kidney), cyclosporine nephrotoxicity, vasospastic di sease
(subarachnoi d haenorrhage but al so haenorragi c and non-haenorragi ¢ stroke,
Raynaud swodoesmapsceperi pheral artery occl usive di sease, ppraresisiosn1of
restenosis after stent or balloon angi opl asty, septic shock or nmultiple
organ failure as that occurring in intensive care, asthma, chronic
obstructive pul nonary di sease, gastric and duodenal ul cus, liver cirrhosis,
pancreatitis (acute and chronic), inflamatory bowel disease, fibrosis,

at heriosclerosis, obesity, glaucoma, prostatic adenoma, mgraine, erectile
dysfunction, adjunct to cancer therapy as well|l as other disorders
associated with endothelin activities il a manmmal, such as a hunman; and a
crystal formaccording to the invention for use in nedical therapy. The
fol | owi ng exanpl es i MsBstrate the i nvéhs AhASThe conpound

5-net hyl -pyridine-2-gghfonic acid [6-Fg p9XWsr-dI4; 1RE AYgXuPhenoxy) - 2-
pyridin-4-yl-pyrimdin-4-yl]-am de is hereinafter designated as SPP301 .
Experimental : Powder M@tray Diffracti ofhe BxRfa)..Lem@des i s perforned on a
Philips 1710 powder X ay diffractonepgr using CuKa radiation. D-spacings
are calculated fromthe 2Qusing the wave | ength of the Cukai radiation of
1.54060 A. The X-ray tube was operated at a Voltage of 45kV, and a current
of 45 mA. A steprgggeipf 0.02, and a counting tine of 2.4 s per step is
applied. GeneralTy, ZQvalues are within an error of 0.1-0.2. The

experi ment al er Meredireferred fareppsof Synenymons Amyne Agidsf or e dependent on the
peak |ocation. TG FTlI RpyihhRi{#09r avi et ri csyiBavHbREiup are carried out with
a Netzsch Therno-M crobal ance TG 209 coupl ed to a Bruker FTIR Spectroneter
Vector 22 (sanple pa®§'with a pinhole, N®Tatnosphere, heating rate 10
K/mn). ;Raman spectroggopy: FT-Ranan spegildsakg recorded on a Bruker RFS
100 FT-Ranan systemwi th a near infrared Nd; YAG | aser operating at 1064 nm
and a liquid nitrogeh®Bool ed ger mani um detuede: ke M&r each sanpie, 64 scans
with a resolution of pg,cm 1 are accunul akgderoGeneral Iy, 200 mW | aser power
is used. Exanple 1: 840 g of SPP301 in formof a mxture of forns A and B
are placed in a 4 | i {T8F gl ass reactor. I'Mrorder to ensure a good heat
transport, the reactqy,is equi pped wth ghugianum sheet netal inserts which
reduce the lengths of the powder beds to about 5 cm The reactor is placed
in an ovén. The voi d %l ume of the gl assV#eMet B¢ is five times purged with
pure nitrogen by subggguent evacuation agg purging cycles. At the end of

the cycles the reactor is filled with dry nitrogen to a pressure of 900
nbar. Then the oven t¥nperature is sl ow I%P@Fé’é& ¥a Levooc
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

Trp Trp.

30



and kept at this tenperature for 6 hours, before the oven is turned off and
the tenperature is reduced to roomtenperature within about 4 hours.

Char act erwaabespnowb the crystalline material by powder Xcrapaelisforacti on
shows that SPP301 pure formB is obtained, i.e. a powder X-ray diffraction
pattern as shown in Table 2 and in Figure 2 is found. Exanple 2: 165 ng of
a 1:1 mxture of SPP301 forns A and B are suspended in 2.0 m acetone
(Fluka no. 0570, analytical grade, essentially free of water) ina 4.0 n
anber glass vial. The obtained suspension is stirred at roomtenperature
for about 60 hours, then the solid is separated by filtration, and dried at
400C under reduced pressure for 2 hour s'? Characterizati on of the
crystalline material by powder X-ray diffraction shows that SPP301 pure
formB is obtained, i.e. a powder X-ray diffraction pattern as shown in
Figure 2 is founghpfapl € 3: 200 ng of SPP301 form A which is previously
dried, are suspended tn 2.0 mM nethyl tert. butyl ether (analytical grade,
essential | y fredVpst Prgfeened Grpups of Synopymeyp Aming Aejds i al . To t he obt ai ned
suspension 5 ng of formMBazRed crystals gRnpHeRdGrapd the suspension is
stirred at 400C for about 20 hours, then the solid isS separated by

filtrati én, and drie®t 40C under reduc®d pressure for 2 hours.
Characterization of tfye crystalline mat eAI'LgaI by powder X-raydiffraction
shows that SPP301 pure formB is obtained, i.e. a powder X-ray diffraction
pattern as shown in Eedure 2 is found. PA%HeMdnal ysis by GC head space
shows that the obtaimpgg crystalline fornpgs essentially free of residual
solvent. Exanple 4. 479.5 ng (1 mmol) of SPP301 formB are dissolved in 10
nm of aqueous 0.1 M RAOH sol ution and 9 H of water in a 40.0 m anber

gl ass vigl. The obtaiggd solution is filjggred through a 0.22 mmfiltration
unit and then neutralized with 1.0 mM of_ 1M hydrochloric acid, which is

sl ow y added under st@ring at roomtenpg?lature. After stirring the

obt ai ned suspension gjjyroom tenperature §gr about 2 hours, the obtained
precipitate is separated by filtration, and the solid crystalline materi al
is dried under reducd® pressure at 600C HoMetdSUt 4 hours. Characterization
of the crystalline nmphgrial by powder X-pgy diffraction shows that SPP301
formA is obtained, i.e. a powder X-ray diffraction pattern as shown in
Table 1'and in FigurdYl is found. Exanpl B5: 200 ngy of SPP301 form G

(et hanol sol vate) agygbtained in Exanpleydsare dried under nitrogen at
roomtenperature for hours and then under reduced pressured in an oven at

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



600C for about 16 hours. Characterization of the new crystalline materi al
by powder X-ray diffraction shows that SPP301 pure formA is obtained, i.e.
a powder weonrays/dofebr acti on pattern as shown in Figure 1pcs/Hroaa@ds22ixanpl e
6: 65 ng of SPP301 formB are suspended in a mxture of 500 m et hanol
(Fluka no. 02860) and 500 m acetone (Fluka no. 0570) in 4.0 m anber gl ass
vial. The resulting suspension is stirred at roomtenperature for about 16
hours before the solid material is separated by filtration. The filtered
solid is washed with 1.0 ml of ethanol, and then dried in air for about 2
hours. Characterization of the crystalljne material by powder X-ray
diffraction shows that SPP301 formD (e?hanol solvate) is obtained, i.e. a
powder X-ray diffraction pattern as shown in Table 3 and in Figure 3is

f ound. Anal {psYhewtey at Rpeciiymutgingef FN-basy Bavebeont descrihedy i exampledlst Medkctpy
shows that forgpb,gaptai ns about 8.7% of ethanol. Exanple 7: 126 ng of
SPP301 form A aré suspended in 2.0 ml of acetone (Fluka no. 0570) in a 4.0
m anber glass vial. The resulting suspension is stirred at room

t enper at ur eTh®term DRidéd Frélea rsfers 361d polyPeptiat bmpiekirOdn N, or 6 uldn thdredf,r at
room ten‘g)er‘ature for about one hour. Characterjzation of éﬁ?‘ﬁgrégt al line
mat er i al > by Tusetigepother,prgiein; whichye-g.; bas aa gjgrdeg fesidergepipesin gy 5 28df¥ne heni
sol vate) i smapitak BEthsed toQnotBerRMBIA] polypepiidetr itfe18¢] é £ NarPigint@bgloRSinPa@wn i n
Table 4 and_in Figure_4 is found. Analysis by thernogravinetry coupled with
infrared spEedPEEEEI9F shows that form E contains about 5% of acet one.
Exanple 8: 52 ng of SPP301 formB are suspended in 1.0 m tetrahydrofuran
(THF, Fluka,no. 87368) in a 4.0 m anmber gl ass vi nd the resulting
suspensi on |1amekqnal degivaives'sgs ysgd hﬁ‘lﬁW"E‘Og‘?’l’dﬁ?@s l?g:ng‘?’ea“fi CIE Giufeepsi aélg

separ at a6l byuséd piotedls] @hich e w¥prapararifrereé RlnciidiRl BRLSY Which ioBoud rak &fllei N ai r
at roomtenmperature faor abo%rlgne(gour.. Characteri zation of the c ertal l'i ne
material byBdRPathedesdyes o Y iColRIAYSEOUPRYY TRgeBs ROWN,in the-ark §ol vat e)
i s obtai nedinciudéd inahdBktion Xs oy aéliHel; refidih PharPadcugdally asceptablefi.d. theyabl € 5

and in Figure 5 is found. Analysis hy thernogravinetr oupled w th

i nfrared spg‘(‘,‘tdreﬁg’é’dwcgﬁ’%@n "néf’tefnovf’ lF’SéB‘?’Ff"’gP?ﬂg' séfB%iﬁ%" %f %’%#ﬂf#.‘l
Exanpl e 9: §8Qot@nfit t&XRPpdperliey ¢ EbnipositibhsSpntathaxg it.MTHksS défvatives figdyh &30l
(Fluka, anal ytical. grade) in. a Zﬁﬁgi . er glass flask. The resulting
Suspension: PETENS ipaedey e st sfHEnp RS ST BAS L S5 BT he
solid is sepatmitRerebierice bf RN inadyaflaids Otk defivd€ivesihdhidegiphaaic e5tod BT 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 residucs
formced with acyl moictics (e.g. alkanoyl or carbocyclic aroy] 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 residues 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.



tenperature for about one hour. Characterization of the crystalline

mat eri al by powder X-ray diffraction shows that SPP301 form G (net hanol

sol vat e) we 20&aodeed, i.e. a powder X-ray diffraction patrarroEss2iown in
Table 6 and in Figure 6 is found. Analysis by thernogravinetry coupled with
infrared spectroscopy shows that form G contains about 4.9% of nethanol.
Exanpl e 10: 29 ng of SPP301 form B and 26 ng of SPP301 form A are suspended
in a mxture of 500 nl acetone and 500 ml i sopropanol (Fluka no. 59300) in
a 4.0 mM anber glass vial and the resulting suspension is stirred at 23C
for about 70 hours. Then suspension is filtered and the obtained solid
dried in air at 23C for about one hour.Characterization of the crystalline
mat eri al by powder X-ray diffraction shows that SPP301 form H (i sopropanol
solvate) is obtained, i.e. a powder X-ray diffraction pattern as shown in

Tabl e 7 and zl GGG Eol inicorbR Yhay ARANKS S ctd HARHIND 412 b Blod Yochipised Wi t h

infrared spectroscopy shows that formH contai ns about 10. 4% of

i sopr opanol esthmpeare monmayrally peeriie waiang oSN (VSt 0013233k fircgdingdo 3pP301
formA i s SysReRgeshbolimbnOQof theOiiioh! @E UTRDARSE dMnd fv@abh ATaek @l ass

vial. The resulting suspension is stirred at 23Cfor about 70 hours before
the solid i somkipaionwihapgnsensuiplgtiereth, and t he obtained crystalline material

is dried inagiLeq@breifantddinB Q] c&%s&m{@?m%&ﬁmﬁ.h%g%omnfg
crystalline material by powder X-.raly diffraction shows that P301 form |
(di chl or ome PHPRtide; e\m% psesiorpananyy ingludgsithgsp aginojacid residugsthateare semmgn to a

di ffracti ongpalt & IFNaSipRINOWBreshtali R0 f Be AGbrity oFitﬂyﬁﬁuéll--éccilgﬂl%dhunﬁﬁal ysis
by thernogravimetry coupled with infrared spectroscopy shows that form
cont ai ns abdukogytepuesioran; sublYPe GAIICALES cand Exkifly inclugps, atomc Ry BereIPHBOSE form A

are suspgndggkifidhs wHerd BERYE ot dhiho k&l LRl k@ HBtypd38R)andifd Aoidt whidkl anber
glass vial. The resulting suspension is stirred,at 00C for about 88 hours
before the Sedp@inaalyseaouss At dbpt positien andain g cverh inchigesapyedmiae peid Apiduse

mat erial i s wiidhGe nbtexBient Bl thitQRbE HPRNSUSR HaRiralRREGrifg SubdPel IFN-con
Characterization of the crl\z(‘ital i ne materjal by powder X-ray diffraction
shows that SmPIWassediubisnot bmiedta hemainpearid segicpegs dysipnated i dcoply IF-cen2 5

powder X-r ayndlinfitadt Whidh RS UREIBseASn ST 6b 56Xl 7A780dd iS)5arhasIreNg i s
found. Analysis by ther nDH:_rbgw metry shows that formJ contains about 6.7%
of residdal SeFRFehencdinghltiNscort may et Rdycsd st deyeribed 1y | th ebeysanentiprrdr e 1:

Powder X-r ayahib, fof B bth&itanairli @lethodd. Form A
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 sequence 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 CH3 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



Figure 2: Powder X-ray Diffraction Pattern of Form B Figure 3: Powder X-ray
Diffraction Pattern of FormD Figure 4. Powder X-ray Diffraction Pattern of
Form E Fiworeosaioddewder X-ray Diffraction Pattern of FoporThkPRNGWER1S:
Powder X-ray Diffraction Pattern of Form G Figure 7: Powder X-ray
Diffraction Pattern of FormH Figure 8 Powder X-ray Diffraction Pattern of
Form 1l Figure 9: Powder X-ray Diffraction Pattern of FormJ Tabl es of X-ray
diffraction patterns: HY/DROGEL | NTERFERON FORMULATI ONS Fi el d of the
I nvention The present invention relates to pharnmaceutical hydrogel
formul ations containing an interferon. In particular, the invention relates
to sustained rel ease hydrogel formul ati'dns of interferon-beta, method of
preparation and use thereof. Background of the Invention Reconbi nant
prot ei n phaethercleutassss, hise M lor dadly fop csample dFusion quieteinh atay gicemgorfosieris df er al
previ ously : diofdi m? ad. punmer ous new protein drugs are being
devel oped. %%ﬁ?%glgtgﬁegusua lyﬁ/&gﬁ%‘?ni stered parenterally, which can | ead
to arapid elimnation of the protein fromthe circulation. In order to
mai nt ai n t hpy ARAW préiblad @htoaitdnY hdhR@dndl éBVative bémpricditligit HRGRGERY O
adm nister large or frequent doses. The inconveni ence and potential adverse
si de ef f &ct &taghed;ipjorc grypprsdinetinnal gToupe Wi QGHHF @8 PRYOPOTE e SHP O et ens
that provi dgmiabstidirbedhe? 'PréRAb Ol 8Rbislelid ¥ PblyelRfledd PER) Moiéth - PEBSRh ned
delivery systens can achi eve nore constant blood | evels of protein
t her apeut i c22Y R farpehed bypmerAdertads.sush pde gaesedescribed in W g?ﬁ?"ﬂﬂr ®ed drug
ef ficacy angkabper adverse side effects. Those drug delivery systens
i nclude injectable oils, emulsions, suspensions, |iposones,
m croparticul ates (mcrocapsul es or mcrospheres), inplants or gel systens.
Among gab SYRd 86¥Bgd RBfinibiBred t! dn GEIVIHAL Will Py WépeRBIng IPbS a Vafety D€ actord, t heir
uni que property as thernpset gel-formng ngfterl,a,l s in situ. Sliésl,oxa rs are
bl ock copol {fHias phargyrekinetic Ipé‘fi’émﬁ%i‘g‘é)““&en WY ERIGH AEFR caRyihns an
wel | - known afardd@fstice ik, atd, badyt dBight, hbah n@'sihc GHRAUST Falptonicadtutrader go
transitions froma_lowto a high viscoys state as a consequence of an
i ncrease i nUEAYREILS Seqneacy offrep “"%“Hétfeﬁgf?’“(jl@? #i on". In addition, Pol oxamers
possess good wetting, anti-foam ng and sol ubilizing properties and are
comonl y used for  phar eutical. and nedi cal r S a livery
vehi cl ed? oS gss e.sg%ﬁé@?} ﬁ%ﬁ?"é"r W%&?@&ﬁ%ﬂ@ﬁ%ﬁ a@%&%@e‘ﬂ?‘f&%ﬁr 80,
119-127; Gaggiesr M@ million international units) and 12 MIU per person per day or 22 to 44 g
(microgram) per person. In accordance with the present invention, IFN-beta la may
preferably be administered at a dosage of about 1 to 500 pg, 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 e.g.

once a week or less.



1986, DrugDev. andl ndust. Pharmacy, 12 (11-13), 1613-1623). Pol oxaners,
referred by the trade nane Pluronics(r) are tri-block copolyners having the
fol | owi ngwbavesaiaus6T): (1) wherein (a) and (c) are statiperirPaddsys2qual , (b)
is equal or higher than 15 and (a+c) form20 to 90 % of the nass of the

nol ecul e. The two pol yet hyl ene oxi de chains (PEO are hydrophilic while the
pol ypropyl ene chain (PPO is hydrophobic, giving to the PEO PPO PEO bl ock
copol ymers anphiphilic properties that can be nodul ated by varying the
nunbers of units (a) and (b). Due to their anphiphilic nature, PEO PPO PEO
bl ock copolyners are able to selfaggregate to forma variety of associ ated
structures such as mcelles and liquid Esrystal | i ne phases, as well as

m crocmnul si ons. Anong Pl uronics(r Pol oxamer 407 (Lutrol (r) Fl 27 or

Pl ur oni c( r) Preferably the sonsententianef IFdkberotavinithe roulglinarisator aboyt 49 sg/olime (b) =65
d Pol : i . _ f
For mul a_( 1) CySaEsdohiti piord rkloni8fy £lor Bbott 98Bl o hrdfiboy 30D b IC R ©

gel ati on pr ppectlartyspreferablyat or Aquisiius asal abbut@308, moest preéerdly 89vabond488r at i on
(Guzman et aI%M#Jg?ng]Z, above). Particularly, a 22-25% (w w) Pol oxamer 407
4 .

pol ymer sol {t liquid at relatively low tenperatures, i.e. 4-100C, but
rapidly sorns a highly viscous, firmgel upon warm ng above a

characteristjc trapsjtign tenperature, .i.e. 18:200C, .. .These have been
ood Tor ex ThEiebn s Bidoget el ) Gt hed istiont PURGPBIC STtk Ll eBRes

i nj ections, thcapilitpto apmlizcCitscifama thrae dinsatisnd kmictird cont#inige largsambéunwasfiis t 0
body tenperat ur CGuznman et .al )2, ahove).. Pol.oxaner 407 .gels have been
Found. o enREKEPITEREE dat poTes el rave e FatsRel @bt REEER B,
(Stratton ebolation, AkIgher Tondentdtiond amiian claatudt iehptrame, Pobasmer8aind&go a
1006-1010) and hay en used for. various formulations.including,lidocainc
[ Chen- citbw ofpR” TelFonudiBd ranslianiohy Feeadin st Hen BRIUECR Heb"? gabdo 5o
| ndonet haci ory§tMliiaphise (gdl) die to ih&8GingGnermideliar interddtidns. THén} Jat stiiBBiEhdr808)
and IL-2 (Johnston et al..,1992 har naceyt i Resear ch 3) . p425- 434) .
et fer ons CtEreRfesihe Bl giond Serfs RORPRE, 1 60 BEREH e Uit R

bet ween cel Bg 1@Ad2p). ay an essential role in the i nmune system by helping to
destroy m croorgani sns that cause infection and repairing any resulting

damage. Interferons are naturally secreted byiinfecte %H“‘? and re first
Cdenti fi'8d fhe P, ulion i SEpend & el po °ﬁ§’9‘?’e€°%“8‘% 2% %‘e? ater
"i nt erf er e" Typitdllyy isolationrtesgel gatsition eowts pt competatwes. from 5 to 30°C and gel-to-

solution transition at 35-50°C over a range of polymer concentration from 20 to 30 wi%.

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



Interferons exhibit both antiviral and anti-proliferative activity. On the
basi s of biochem cal and i mrunol ogi cal properties, the naturally occurring
human i ntwofe6sone46ar € grouped into three maj or cl asses: pcmEprdognsnial pha
(1 eukocyte), interferon-beta (fibroblast) and interferongamma (i nmune).

Al pha-interferon is currently approved in the United States and ot her
countries for the treatnent of hairy cell |eukem a, venereal warts,
Kaposi's Sarcoma (a cancer comonly afflicting patients suffering from
Acqui red I mmune Deficiency Syndronme (AIDS)), and chronic non-A, non-B
hepatitis. Further, interferons (IFNs) are gl ycoprot ei ns produced by the
body in response to a viral infection. They inhibit the multiplication of
viruses in protected cells. Consisting of a | ower nolecular weight protein,
| FNs are r eWginvaHiop mayrroalaiicdpr gxamplg apeutil to 3¢ wnof sol-gel tqnmeratyse| ifeisioBy one

virus is ef&%&iﬁibﬁ’ﬁre%lﬁﬁou@z@‘/% range of other viruses. They are however
speci es-specific, 1. N produced by one species wll only stinulate

antiviral actrvrty |n ceIIs of the same or a closely related species. |FNs

were the fifrd iohOYRaRlanPYkRK BES s&@or@eo @ithee Feduls b QinTack WrBidhi G
anti-tunor and antiviral activities. The three major |FNs are referred to

as | FN-as | Favids, ghdedureg @wrfemlﬁemnan&wﬂsrsw@f liquidgsorye fliguid rind jagsalig, th

classified aﬁﬁeéeihrrgn bng treuameeéd ?oqué)gdrab@oﬂﬁem%ceng a‘olrﬁmmh@% or T
cell).However, 1t becane clear several types m ght be produced by one

cel | . Hencearapihesurfacs. ﬁmfa%aqtﬁmveaﬂmeeawr ognaisedkin phapnageyticplHrmulatiopsy b and
T cell I'FN in@luhfnbl‘dghve}_}hgf ﬁ,wl ﬁm@é@@ naasi @Hipd bnd y&ﬁ)eetfxdels Fi.orde¥ RPRR&IRARLOI d

| FN, produced in'th line (derived fromBurkitt's 1ynphona),
whi ch seerrsalzserpﬁ%erﬁ@e dalgrﬁfx‘ﬁ Gralevcer toihg taracetiteucsy Well dnawn pwfastgniadicideN. The

i nterfergn piidortates l(mﬁrx ahyremien%&s froker) B8 REI &/ Miohies.or U, for

i nternational unrtg peen re orted as a neasure of IFN activity defined
f gy

as the anpufiecordie ?ﬂ"ﬁF‘Ht" e inyguags Plupppics areisurfagipais iyt s preffabimage.

The assay t pafeniMihdKabiRRH 110 1i§BATHElalbPRed rafluseyp B8 o BsldrIRek lor teef f ect
i nhi bition assay as descri bed (Rubinstein, et al 1981, J. Virol, 37, 755-

758; Fami || BWEQtoBt 3| | 1981, Methods in Enzym)l ogy, 78, Pestka Ed.

Academ c pr ﬁ%&)rd:ﬁ%i@! aX6ths enﬁf%&rm%gé))l' mé fhvbdtion, MiMohit §Mc1ATRAYPILRAiIc®TE! T er on
about 1 unit/m interferon is guant i tryP necessary to produce a

cyt opat Hi ¢ Eofexamern? 1 7g,08)rome® FRj @’g °é?‘r%er St b PiHremie® Ji88 HPoledmer 239 pndh e

i nternati ongjurdn@ise K69 fdblskamBr 8 ﬁaﬁﬁcuﬁﬂﬁ'ﬁ@k&ﬁ&@hﬂbﬁw®%€ (PYardot® Weg,i onal
Institutes of Health Pest ka, 1986, Met.hads in Enzyno] ogy, 78, Pestka Ed.

Acadeni ¢ pr BASF) ags\pregspicinithe stabilizessIFN Eiguid Joraulation ysed; for| Beoprepargiion iy er al |
di stinct typafegelstH imdidd-\N-g are each the product of a single gene.

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 ug/mL)

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



The proteins classified as |FNs-a are the nost diverse group, containing
about 15 types. There is a cluster of |IFN-a genes on chronosone 9,

cont ai ni ngoavedass 23 nenbers, of which 15 are active aod/Ere@assnived.
Mature | FNs-a are not glycosylated. IFNs-a and IFN-b arc all the sane

| ength (165 or 166 am no acids) with simlar biological activities. |IFNs-g
are 146 amno acids in length, and resenble the a and b cl asses | ess
closely. Only IFNs-g can activate nacrophages or induce the nmaturation of
killer T cells. These new types of therapeutic agents can be sonetines
cal l ed biologic response nodifiers (Bqﬁ?, because they have an effect on
the response of the organismto the tuntr, affecting recognition via

i mrunonodul ati on. Human fi broblast interferon (I1FN-b) has antiviral activity
and can also stimulate natural killer cells against neoplastic cells. It is
a pol ypept i 4fe Rfm ahidkidzily REGs Qﬁaé&%&e&m%rweﬁt@%ﬁf%c%d okl Rrivddr ded
RNAs. From the nucl eoti de_sequence of the gene for Tibroblast interferon,

cl oned by r &dinslsi ﬂr@mmwntgewnhcﬂthﬁwubse@eﬁmﬂwevdw areommeng Ny igpker ofgs
542-547) dediggicht BsnhOHIP LR (S PhiRadtlich SRUMRNG Snitncd PIysRECIAI Remikhl 1S 166
am no acid Ion Shepard et al, 1981, Nature, 294, 563-565 described a

nut at i onSat S‘Bbng’ 9420’@@;15 are 3ddw fo mainimise Pr fotsd Qxidative pRCCssIhat R Withs
anti-viral [ I des
TR @N%?i mg%svor eeagneﬂs Mﬁnregggsu&l\léfpfygﬁfé gm @1§g>?(%s§ﬁd-e(3?ﬁ@éraaﬁuﬁé Q;BEdc

5662- 5666 i quswaaﬁﬁealrhemwgﬂ byright tqumsragiye, hugoees; %g’%‘&§@”@89’rfsﬂ}°°w th

(A) causingoaneRE1 BaAC A 5&%&9& f §QMeCY Bishfitks, Sﬁ{loﬁ@a PRR{hidne3, Ishits Tére
resulting | FN-b was reported be as active as the "native' |1FN-b and

stabl e duri ﬁ@ylcmdgememwc@mg@ EDT8dutylated hydronytqlasae 4RHT), apd bgyistadant
interfcrgn-p amx,l BfsdlAiEpd J&&H@Fﬂged'aﬂ ahtitxf1ah8 i® Brufz1© 563 EDTAMASt i pl €

scl erosis ( i's |nterferon (I FN) -beta-]a produced from nmammal i an cel

lines. Its bedolenhwemhance dharaptivity, af anionidapts By ichalating megtpflic faniat would

“Interferon oth%;vasd Gtalyzd BleloRidtidnQbdA b 1NMEN PreflrrcE TR Mahls SRMMNHZEr S have
been devel oped in the past decades. Anong them | FN al pha injection

formul ati ons contai ni ng pol yoxyet hyl ene pol yoxypropyl ene gl ycol (JP 2003
342193), cyelaéasly,nanibkibhnd BAces wmbrkﬁammh@u}eamwmrs( &R Q&Bmxn tei ts for

interferon al pha roon}tengerature Pol oxamers gels for toglca

admi ni st¥at iS@hilipadd T wed Sopmylation psed far the ereparmdemed droshls biha mrgtiomo

01/58474), q%m@l Méaﬁsmﬁ@eaarbesma bW RN 0P aRd 860 €)@ Fhda! éxyesgguaieeaww th

polyoxyethylcncpo YOXYPr ene copol yner (EP 00981 10) and |
f or nul at i ondFY)epPrefiretbs 400 fo Pé’s‘ﬁ%’é’f gcpsp (Rhout ch‘ i @8!“?12' Laging \rsoepbl0002404)

have been d i)bed. As with all protein-based pharnaceutlcals one nmaj or

chal l enge in the use of an interferon
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



as a therapeutic agent, is to maintain a therapeutically effective dose in
the blood level for a certain tine without increasing the injected dose and
t he pot envpabosaaewei at ed side effects. Consequently, thece/mEr0doseed for

| FN pharmaceuti cal conpositions that sustain FFN plasma | evels for a |onger
period of linme than Iiquid fornul ati ons and/ or that provide a higher plasm
exposure of |IFN, thereby maintaining or inproving |IFN biological activity.
Summary of the Invention The present invention is directed to Pol oxaner
hydrogel or in-vivo form ng Pol oxamer gel pharnmaceutical conpositions that
conprise an interferon (IFN), in particular reconbinant h-1FNbla, and

net hods for their preparation. These phﬁrnaceutical conpositions are
hydrogel s prepared wi th Pol oxaners, especially Pol oxamer 407, Such

phar maceut i efthe amey of en exidang fee. methioning) tq be wed dn the peesentprmylatipn geths  and
they conpri 5eidn, ilddck & R rdabd Mideftion JF onme%gchgM Hhhatioh U dedAIP eI N,
functional derivative, active fraction thereof The pol oxamer hydrogel |FN

f or nul at i ondetesmined avithautamdyesxperineat using methedstegepsallydmpen tqeneed skillindbag gel
that can beggasily handled and that exhibit sustained release profile
and/ or hi gher bioavailability conpared to bulk I'FN fornul ati ons. According
to an enbodi nent of the present invention, the hydrogels further conprise
at | east ongySfaRibdcfkiBHatid$iErs ' CRREHURE of SorRAiBRY adRBPRA FRMIa®f bhe
invention, the hydrogels further conprise at |east one sol ution-to-gel

t enper at ur et ra8 g ftnpgwctﬁ@di agpntr Exanplsscofpbasteriostaticy inglyder pheaele grcresoh -

I nventi on pgev 98sesd], BRIBRPRESE WehHRhicHOTRAS pata8th G ,'eﬁiézﬂ Brop§1, by embier on
(IPFN) or an isoform nmutein, fuséd protein, functional derivative or active

fracti on t heeldic), Yeneslominng chiprier bagrethoninm jchlogidposodivanelehydpescdigjel and| n g

second §§peimerbAE PHRIEHI HRBadleréiali® sy et iFBEDRPhIdBE]. Pr eparing an | FN
hydr ogel fornul ati on according to the invention, wherein said nethod

conpri ses addi ng a cal cul at edanount of pol oxaner to a buffered solution at

a t enper at UGG TsHnIRioRCRBGERE B/ the RV TR M BethdrdiokSor MiIAREse THost hen
adding the interferon or an isoform nutein, fused protein, functional

deri vati ve, lighid duterferan rlompulations 1of dhe dgvention that g dntepdsd dor Mulfsdess\ skt | on
provi des a pRferddly aBmpfidt RebadhbHatd eluch OhsMphaiol, 0 h-@66R ! HichSol! W-4rbR),

i nvention for theﬁgreparatlon arnaceutical preparation for the

f h
treat mert ofhlprgeresab| kenay| dleahel, Sa.lkY?mgae# ety s drorynutylngadntbe dikehr ovi des

nmet hod for p&@Akédien BldHdE)! BenSGhRIRS cBloA8RbAISNNEehl MBacd@B MdSthiraérban of a
sust ai ned rel ease I FN-beta formul ati gn_according tg the invention tqQ a
patient in Rautieplarlycpreforred are phenol, benzyl alcohol and m-Cresol, more preferred is benzyl

alcohol. The bacteriostatic agent is uscd 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 bacteriostatic/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, ¢.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



Det ai | ed Description of the invention The foll ow ng paragraphs provide
definitions of the various chem cal noieties that make up the conpounds
accor di ngwbaotshaoiseventi on and are intended to apply uniptemreystobreagh out
the specification and clains unless an otherw se expressly set out
definition provides a broader definition. An "interferon"” or "IFN', as used
herein, is intended to include any nol ecul e defined as such in the
literature, conprising for exanple any types of IFNs nentioned in the above
section 'Hackground of the Invention”. In particular, EFN-a, IFN-b and

| FN-g are included in the above definition. IFN-b is the preferred IFN
according to the present inventioa | FN-¥ suitable in accordance with the
present invention is comercially available e.g. as Rebil(rz (Scrono),
Avonex(r) (Brgeiops beingaqdisne popatasyiupdense Acpighe salneduffers gre welt moparip fiepet a

(1 FN-beta Oﬁn.lﬂ:dﬁ'cpééhcerﬁt%tiblfﬁ“%tdﬁﬁrs@lhﬁbn daf vhr) bEREELalloR abdiie 5 Wik, 9.5 Bivphbast

interferon 1n particular o uman ori as obt ai ned b%ﬁlso1at|on from
chraferpblysthe puffsr

bi ol ogi cal PIMs My 100 mdht 150 feM 3P BN 250 EBALIA 200 M

prokar yot i Cc&HceftlioH ¥ Qt biCabB@SIonMe! Patic@tly Wtibrr@Sis h barf&omM inf deBGleiigHal
derivatives, variants, analogs and activé fragnents. Preferably, |FN beta
i s intendedvithapHpd38econbi nant Interferon beta- la.lFN-b suitable in
accordance with the present invention is conmercially available e.g. as
Rebi f(r) (Serono), Avonex(r) (Biogen) or Betaferon(r) (Schering). The use
of interferdhs ‘6yclodeneins’o rOPQfPfﬁPIP@g afos isprhered rasgy hydroxgeropa iy &rowyethybt he

present i nVeRtss9n mal &?1 hefRd SRR RFiORtiveR Of BBLE cIRQERHN and e boHr3péiRAhgt O
enconpass salts, funcfional deriVvatives, variants, analogs and active
fragnents tHefvebyes oRewnmp-cyclgdesinrbiohdroxydiod RfeupHigs Blay icentpin @n¢ gr were

d I t hiddodvit he | tigpl I's 4
evel opngnt pydiodyl! ?%fo%ﬁé?” telper aﬁydrsﬁ?m%'l '@ t@dl%?giﬁ?%?,' S {-MatoxgBRpyl),

represents a significant advance in treatnent. ) is interferon

(1 FN) - bet a Alhydramprband thenliven e giuspsyb angltopyl and maliotyosy] desivaiiies SH¥d t hat

interferon P&lsn ohé of MbRNsupHOFLHAREOEShicds r&’?di%lhéﬂ%ﬂ, Bfaltodye 8K dinfaltosyl.
efficacious in the treatment of Rclapsing-Remitfing Miltiple Sclerosis
(RRVB) . | nt ¥arieysoRixiessef| the exgledexttia dgniyaydes makbepscdas Wil e @ iRyt r m

course of MaR¥syl GHY GiBtd3YITBG vadtd. SFETD Eyeiddbxitif| APSARAMEr LeAUGEAI t he
burden of the_ disease and dj sease acL|V|t§ as nmeasured by MRI. The dosing

of | FN- BSi ninclude t hadrorampybbets-gyclqsiextyy- Pt i95g B o hydreryethyl-betes
i nvention d if N(HIEWC dedxvhio R Gyclbiex@it aees, Wb 1-pr esent
i nvention, ¥ ereﬁtlngN i s, rlg)églre}ybi ng,ir)lt Mﬂ%ﬁl— bl gdpr(;(ducggdi % wyCoI f}teh@

commer ci al | gaBRErYdesicsrin (HECGNe dihydersmmpy]-psit-excladgrpn (2HEBCD) glusesst-er abl y
be adm ni st gigdysisiRx@iHt (GNBOUIILY o£GHBOD) ARARYsyllBMa Y cledclOMmoQE Gfbsibopt oOf
250 to 300 roT;g 20 I’Gll§CD), 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



MRJ to 9.6 MU per person. In accordance with the present invention, where
| FN i s reconbi nant | FN-bla, produced in Chinese Hanster Ovary cells (CHO
cel I s), owomessiiddeéby avail abl e under the trademark AvonexEreEpo0siosirmy
preferably be adm nistered intra-nuscularly once a week at a dosage of
about of 30ng to 33 ng or 6 MR7 to 6.6 MU per person. In accordance with
the present invention, when IFN is reconbinant | FN-bla, produced in Chinese
Hanster Ovary cells (CHO cells), conmercially avail abl e under the

trademar kRebif(r), it may preferably be adm nistered sub-cutaneously three
times a week (TIW at a dosage of 22 to 44 ng or 6 MU to 12 MU per

person. As used herein the term"mutei A" refers to anal ogs of IFN in which
one or nore of the am no acid residues of a natural |IFN are replaced by

di fferent afarmelatigss gvil differ fes traggrmygogal gels de-8dIFMNogel sampeyitions fer g-l‘r"P‘Hd’raci d
residues ar g, addag). e iniereRnldeh@hraRAYERERrably it GPabot 5.0 QimIGH 8N B8ut

considerably the activity of the resulting products as conpared to the wld
type | FN. Thawémlynowipieferably aporabeitdf meimltoahgs akophl mesnlsmasigreierally at or

site-directgguﬁyhﬁggﬁ%§l&1$g&h@bPg@QJ or any other known technique suitable
therefore. Preferred nuteins include e.g. the ones described by Shepard et

ah, 19815 aBts{eesbly thfarrulationsief thedmuentiqygiain at Jeast aserahotP morsrseferpbly| v has
a sequence ffi AR Rl 6% Hobd prireiably Y (b ai GAbbYUB0A ofltltBhteRiroh BNiviguch as
to have substantially simlar or even better activity to an IFN. Thé

bi ol ogi cal #uhkcimeef neckagingeveramsriod of 2damenthénown to the person skilled in
the art, and biol ogical standards are established and available e.g. from
the National Institute for Biological Standards and Contr ol

(http://i mibosusgiped rgease Heapkgiasof thepreeatinyentipp can breprgeared by ARfACe of | FN
acti vi t yjo haygich e6ip:iies sddifdafe calldidanfsna@dbr IR VnthiRiro£30ARdh € 1h pbRkirh&d out

as described by Rubinstein et ah, 1981, above. Thus, it can be deferm ned
whet her anyhejpegspeoys tsglugom aShes imerfosen jsalutign & grefgrably anointegforon stabiliteder
activity thgghdohNeRY aERReRh Jofiibh NAn@WRYY LA bR asVith@ilintgs Gke TEN,
whi ch can be used in accordance with the present invention, or nucleic acid
codi ng t her Mciiqnine, gefagipts such g5 palogameryfsugh, g Palorangr) 18854 expbiAYIMg
sequences agegypPstituti on peptides or polynucl eoti des which can be

routi nely obtained by one of ordinary skill in the art, w thout undue
experi méht ati on, based on the teachings and gui dance presented herein.

Preferred cRane@ag tin BMb&IiMSnt iof RCHPEHBA B Wrinllatib} dITES Bldbent HivemiidnON are
what are known as_"conservative" _substitutions. Conservative am no.acid

subst i t uti Ry & 8PS supertaddo & filFpirnesirr upder tstElls FRASHIONS -8ty SriE 8 de
Synonynmous  §ifafiéh aGhgds0.9b L MedbrafhOdhPricd bk 66 RBAYErature 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 temperature of poloxamer hydrogel arc polycthylene 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 hydroge] formulation has a viscosity at

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



sufficiently simlar physicochem cal properties that substitution between
menbers of the group will preserve the biological function of the nolecul e.
It is cl esp20ésatiodepserti ons anddel eti ons of am no aci ds poayradcsos2ee made in
t he above-defined sequences without altering their function, particularly
if the insertions or deletions only involve a few am no acids, e.g., under
thirty, and preferably under ten, and do not renbve or displace am no acids
which are critical to a functional conformation, e.g., cysteine residues.
Proteins and nutcins produced by such del etions and/or insertions cone

wi thin the purview of the present inven%zi on. Preferably, the synonynous
amno acid groups are those defined in Table |I. Mre preferably, the
synonynous amino acid groups are those defined in Table Il; and npst

preferably #mPondnyrenld barngheied dn gpagiab dewicasruch pp swodeaterear Pre-fllgdi e 111

TABLE |  Prefgiefhn@coul orfian Smﬂyé@uﬁer"éﬁﬁcﬂ&néﬁk%?ecﬁﬂﬁ no Acid Synonynous
G oup Ser Ser, Thr € Asn H s Leu He, Phe, Tyr,

Yy
Met, Val, Ld&be pselting golutigngs ﬂ’FHrP?aCF‘? & vinls, qmmulesaarm%ea or greyfilledjsyringeg.n Thr

Ala Gy, Th 'Vanﬁfoﬁs of\tids YRkes¥RiouldT¥d recbitfaed!tyConeldFibrdiV: sﬁl]ym%@-mﬂﬂér’ Pro,
Ser, Gy e Met, Tyr, Phe, Val, Leu, lie Phe Tip, Mt, De, Val, Leu,

Phe Tyr  ¥r pexamenle, Upherderiia, whigl the camponpyls agyaddsrwhother addijanal-pdditiye arel ys,

Gn, Thr b & lﬁbhd gt }ﬁ&{"th I rFhulafibe 3 pé\%gr Grbaf B0 that oSP,  SeT
Asn Lys Gluﬁ% HIS ISL“ v ﬁ, ASI’? S tj’d’Aspf1 Lyg A?str?%'Gln

H's, Arg, aomlsqﬂrf@r th? ?@cerv&twn @éanewf a‘impsusmabon used.

The preserved formulations may be provided to patients as clear solutions as storage is
preferably carried out under the sol-gel transition temperaturc of the hydrogel.

10
The interferon in hydrogel formulations described herein, may be administered to a patient
in accordance with the present invention via a variety of declivery 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



TABLE ||

More Preferred G oups of Synonynous Amino Acids Am no Acid

Synonynmous G oup Ser Ser Arg Hi's, Lys, Arg Leu Leu, He, Phe, Met Pro Al a,
Pro Thr ™o 20sa16%66, Al a Val Val, Met, lie Ay Ay De RecthMpbooskbhei9 Val,

Leu Phe Met, Tyr, He, Leu, Phe Tyr Phe, Tyr Cys Cys, Ser His H's, Gn,

Gn GQGu,
Met, Phe,

He, Val,

Am no Acids Am no Acid Synonynmous Group Ser Ser Arg Arg Leu Leu, lie,
Pro Pro Thr Thr Ala Ala Val Val

10

15

20

25

30

23

needle and minimum external diameter of a 21 gauge needle) or 21/26 (internal diameter

equivalent to a 21 gauge needle and minimum external diameter of a 26 gauge needle).

Preferably, the formulations of the invention can be administered using recognized devices
for hydrogels. For Example, Depot One Needle injection technology (Imprint

Pharmaceuticals) can be used for injecting hydrogels of the invention.

The term “treatment” within the context of this invention refers to any beneficial effect on
progression of discase, including attenuation, reduction, decrease or diminishing of the

pathological development after the onset of the disease.

Pharmaceutical compositions of the invention comprising IFN or an isoform, mutein, fused
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
polypeptide. Such clinical indications include, for cxample, 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 disecase; and

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

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 herein, including all data, tables, figurcs 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.

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

Arg

G@n, H's Asn Asp, Asn Lys Lys, Arg Asp Asp, Asn Gu Qu, Gn Mt
Leu Trp Trp. TABLE m Most Preferred G oups of Synonynous

Met



Gy Ay c lie, Met, Leu Phc Phe Tyr Tyr Cys Cys, Ser Hs Hs Gn An Asn
Asn Lys Lys Asp Asp Gu GQu Ml Met, De, Leu Tip Met. Exanpl es of

product i omoehosanv4se aci d substitutions in proteins whiclpcearisosned for
obtaining nmuteins of IFN, for use in the present invention include any
known met hod steps, such as presented in US patents 4,959, 314, 4,588, 585
and 4,737,46 to Mark el al.; 5,116,943 to Koths et al.; 4,965,195 to Nanen
et al; 4,879,1 11 to Chong et al; and 5,01 7,69 1 to Lee et al; and |ysine
substituted proteins presented in US patent No. 4,904,584to0 Shaw et al.
Specific nutcins of |FN-bcta have been described, for exanple by Mark et
al, 1984, above. The term "fused proteinn” refers to a pol ypeptide

conprising an IFN, or a mutein thereof, fused to another protein, which
e.g., has atheesnienigeftherefsrenren eited hergin), readihomodify and/geadaptyon varpusapplictiss be

fused to a”%ﬂfs?e&?ﬁ@%ﬁb&him&@, YR@BLY Gu® rex%é?ﬁaehﬂaﬁ&w, thGut dPRrihMROAP@e0bUl i N

or a fragnment ereof . "Functional derivatives" as used herein cover
deri vat i ves goferal rycens of therpsesent fgpeations Thgreforey sl adapptiensrpgd mgdifications grepe

prepared fr g bl udnNGlbiPRe mediift Ba WRES B QEfkn@Sr Hb Mol dibo@hei e
residues or the N- or G-term nal groups, by nmeans known in the art, and are
i ncl udedsi nbaskd onniherieaching #sd | ayidanogspresselpd rhereint it iy hacwdarsiend ihpt the
accept abl e, tm,%mog,f]@rmdmg& heleRGd Y thb Psﬁa&m&%@a atd Yot B 1R4iGkioh, Wtheh i s
subst anti al Py simlar to the activity I'FN, and _do not confer toxic
properties 8nt terigwinolass s phrateelapn Phiye present ispesificalioniiy i be/ wiemreigd by e
exanpl e, | nghilde e WHoRYdrecadhidgsdhd BhillficS frédcitd hitkh G cofbindiBR Witk el geni €
sites and extend the residence of IFENin body fluids. Qther derivatives

i ncl ude al i srranlpdec eBensoforgmanysldlledipBiseitl gr oups, ami des of the carboxyl
groups by reaction with ammonia or with primary

According to one embodiment, the invention provides a pharmaceutical composition,

wherein said formulation is a Poloxamer hydrogel comprising an interferon-beta.

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 la.

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.



or secondary am nes, N-acyl derivatives of free am no groups of the am no
acid residues forned with acyl noieties (e.g. al kanoyl or carbocyclic aroyl
groups) owoQuammb4cderi vatives of free hydroxyl groups (Pon/rprésps214 hat of
seryl or threonyl residues) formed with acyl noieties. As "active
fractions" of IFN, or nuteins and fused proteins, the present invention
covers any fragnent or precursors of the polypeptide chain of the protein
nol ecul e al one or together with associ ated nol ecul es or residues |inked
thereto, e.g., sugar or phosphate residues, or aggregates of the protein
nol ecul e or the sugar residues by thensel ves, provided said fraction has no
significantly reduced activity as conpé?ed to the corresponding IFN. In
accordance with the present invention, the use of reconbinant IFN-bcta la
and the conmpounds of the invention is further particularly preferred. A
speci al ki ndoQfdihd (& oh& eRBoditheh @ Me BRENRASHHBSCE iPh&khat&i8A1t dotnpositish,
so-cal l ed "consensus i nterferons” are non-naturall'y occurring variants of

| FN (US 6, OwBeroigsgid fosmalgtien is g Pelexames 487 Bydregel.enbodi ment of the invention,

t he conpounds of the invention are used in conbination with a consensus
interferon. As used herein, human interferon consensus (IFN-con) shall nean
a non- nat ur bl # Jurther embadimensothy prvsaticaeprovif¢sch Pharmakstiioeh sempositiee) WHERNt hose
am no aci d LesidhesibRad 2 PofxaRETRN @&o@ensméﬁeoasﬁs%%&k B® 95 % wiw
representative of the mpgjority of thé naturally-occurring human | eukocyte
i nterferon Belpxamee4@kquences and whi ch includes, at one or nore of those
posi tions WAELR4ihd16b CorleS phferfil! Bibcdith&ht,C HETRY eh®n bloviidd ta/ BRSrmaddhigdll NO
aci d which predoninantly occurs at that position and in no event includes
any ami no aedneposiign.gwkerginseid fosmylgsionesqraprise rocembinant ipeHerPR-beta, frchtas| east
one nat yg al fo¥sRGikath ididdrohUidta/RCan dcbbtebRiTerAa LRARSRRe Mintilokidadt |imted to
the am no acid sequences designated | FN-con 1, IFN-con2 and | FN-con3 whi ch
are disclosed in U S. 4,695,623, 4,897,471 and 5, 541, 293. DNA sequences
encodi ng | FNE&?Jln%W aRGh&’ RRAES eABodlRRM! itRE thvbiioh o RAQY £ piRfatQBEeH
patents, or by other standard nethods. In a further preferred enbodi nent,
the fused pPUERISIHORQMhETCHE Saidn fargulatian o @ TRRIofasT AP7kydrpes! deqmesingor vi a
a short |i nkgmiRh iflG rapbli-6dta, S8k RGembRARY ftchrod-be@ 13, AAdeRieuindr, 1esi dues
in length or |onger, for exanple, 13 amino acid residues in |length. Said
|i nker rfy Bethipninejapaptpridangandoloxamer I8 @esurtlepanyy (@ u- Phe- Met), for
exanple, or a 13-amno acid |inker sequence conprising

G u-Phe-d y-Ala-d y-Leu-Val -Leu-d y-Ad y-d n- Phe- Met i ntroduced between the
sequence of APrfing do @petherpralcaed SBGPdipcate dife HventioppRroyides, (phagraceutical

composition, whercin said formulation is a Poloxamer 407 hydrogel comprising
recombinant interferon-beta, such as recombinant interferon-beta 1a, an acetate bufTer, L-
20 methionine as anti-oxidant, Poloxamer 188 as surfactant and Trchalose 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.
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fusion protein may have inproved properties, such as an extended residence
time in body fluids (half-life), increased specific activity, increased
expr essi onol2edselip466r the purification of the fusion proteirkre@siosrid it at ed.
In a further preferred enbodinment, IFNis fused to the constant region of
an g nolecule. Preferably, it is fused to heavy chain regions, |ike the CH
and CH3 donmai ns of human 1gG, for exanple. OQther isoforns of |g nol ecul es
are also suitable for the generation of fusion proteins according to the
present invention, such as isofornms Ig&, 1g& or 1g4, orother 1g classes,
like IgMor I1gA for exanple. Fusion proteins nmay be nononeric or
multimeric, hetero- or honmonultincric. th a further preferred enbodi nent,

t he Junctional derivative conprises at |east one noiety attached to one or
nore Junct i évweqrdige dopaothgh preferigd cuppbodisnegt dhe invgpfien Briovides patbagnasenticlle ani no
aci d resi dugsmpdzlifeh Sfiediddront B STRWaIerbsp: @ POl yethyl ene (PEG noiety.
PEGyl ation may be carried out by known nethods, such as the ones descri bed
in WD 99/55377, for exanple. The dosage admi nistered to an individual wll

vary dependi ng p@gtanter¥dibsiNy/@f factors, including pharmacokinetic
properties, the route of adnm nistration, patient conditions and

char act efi st i csAgeiasg buferS0 m¥HPH AS-Thit% Wikal t h and si ze), extent of

synpt ons, concufjqpinicagalomBbdSyw requency of treatnment and the effect
desired. Standard dosages of human | FN-beta la range from 80 000 TU kg and

200 000 | U kg pbMethipnime-0P3f WY nillion international units) and 12 MU per

person per day pglodendrasdf 2d%, M, Crogram per person. |n accordance with
the present invention, IFN-beta 'a may preferably be adm nistered at a

dosage of about 1 to 500 ny, nore preferably of about 10 to 308 ng or about
10 to 26Q NU pPepoibRinn?R07-95%8 /& Wweek or |ess. The adm nistration of active
ingredients in accordance with the present invention may be by

i ntra-muscul ar Afetatg buffer-3mNPH Jf 2040w/ Yr ef erred route of adninistration
for IFN is the ayhenbaraewo1p9W/&- | FN may al so be adm nistered every two
days, or less frequently. Preferably, IFN is adm nistered once, tw ce or
three tinmes perLMethionirg-0dBas WY ed route of administration is subcutaneous
adm ni strati on, pagfinkiraBgnedyens: once a week or less.Preferably the
concentration of IFN-beta | a in the fornulation is at or about 10 ng/m to
at or abdut 800TFRpAlese-2AH™EWpreferably at or about 20 ng/nl to at or about
500 ng/ M, nore particularly preferably at or about 30 to at or about 300,

nost preferably_at or about 44, 88 or 264 ny/m.
Poloxamer 407-20% w/w

Acetate buffer S0 mM/pH 3.8-77.34% w/w
r-h-IFNbeta 1a-0.015% w/w

20 L-Methionine-0.04% w/w
Hydroxypropyl-p-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;
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The term "hydrogel " refers to a cross-|linked network of hydrophilic

pol ynmers that possess the ability to organize itself in a three dinensional
st ruct ur ewoQudsaiinde8g | ar ge amounts of wat er. Pol oxamner s parappasyseis t hat
have the particularity to formmcelles in aqueous solution. At higher
concentrations and/or el evated tenperature, Poloxaners undergo a "gel ation"
(solution-to-gel transition) by association of the mcelles to forma
liquid crystalline phase (gel) due to increasing inter-mcellar
interactions. Then, at still higher tenperatures the gel nelts again
(Bronberg et al., 1998, Advanced Drug D2e7Iivery Revi ews 31, 197-221). The
phase transition tenperatures depend on”'t he Pol oxanmer concentration in
water. Typically, solution-to-gel transition occurs at tenperatures fromb5
to 300C and gel -tosolution transition at 35-500C over a range of polyner
concentration fpéRaafiri@7-38,W-y Therefore, the term "Pol oxaner hydrogel"
according to the invention refers to a Pol oxanmer solution that has the
property to exhi¢state puffenSQmM/pH 38-1%404nwWf¥- gel transition) at the human
body tenper at ur ehiENYetaL240P28, whP! oxamer hydrogel s of the invention contain
20 to 30 wt 9% Pol oxamer, typically 20 to 25 wt % Therefore, the term
"hydr ogeP" is aﬁlwth'eF’@F'P@é/*’t‘ﬁ(Wan in-vivo formng gel. The term

"sol ution-t o- gepelésAimer 188-098), wwt €nMperature transition nodifier" refers to
an excipient that is able to displace, preferably increase the

sol uti on-1 o- gc| PECHwrol®EAW)265 Wi i on of the | FN beta containi ng hydrogel .
Exanpl es of such nodifiers arc sugars such as Trehal ose, pol yethyl ene
glycol, dycerin such as dycerol 30 and Cycl odextrins, preferably

hydr oxypr op¥t another ywberimanty the invantien prgeidest & method tforr rrepariag gn (FN hydseeslf i er
can be ygedphha AP Lomblioh MELSTL U iy BRI Sail HAR ! oBibrihs ¢ e

hydrogel around room tenperature f I ncreasi ng seringeability and/or

storage t enpiding apatoulatadcimeged of Relonaraerig 2 buffered solitiontat ofempasrtueoREFiA af or
exanpl e aboH%mJ%eL&)ug poyWletVsifitionOl 1SHaled LR AddmE thd fHiFickdnO8t AFOEbThinG -
preferably about 2.6°%ww. The term"surfactant™ refers to a soluble
conpound t hawteis fisedprroteine fuggtinakderivaliys; a5 getpre frapipmtheseofor reduces
intcrfacial tension between two liquids or a liquid and a solid, the
surface tension being the force acting on the surface of a |liquid, tending
to m ni b zeln néurherembodimany thejinvention peyides etragined fnprepasingen iRl dvdeed used
i n phar maceyidrmaleufiQl PenBosittS acchiiilgUt M ARIAVR Yvidfeid QMY BREGCHI@onMBSS
drugs and pol ypeptides, in order to nodify the absorption of the drug or

its deliver gortiaingdel-gel teyeneratyre transition yadjfick sriestediopt Brehalese and gyeloderdrin,
pol ysor bat egre(vcgg,ll)yﬁ gﬁ,ﬁg&ﬁpg_@gg&e&m_ves; Tween) as well as Pluronics.
enbodi

According to one of “the 1 nvention, Pluronics are surfactants
that are preferably

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 thercof .

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.



present in the stabilized IFN liquid formulation used for the preparation

of hydrogels of the invention. According to another enbodi nent, of the

i nvent i onwoBbhewanices sel ected from Pluronic(r) F77 (Pol exameroodbhs)io

Pl uronic(r) F87 (Pol oxanmer 237), Pluronic(r) F88 (Pol oxamer 238) and

Pluronic(r) F68 (Pol oxanmer 188), particularly preferably Pluronic(r) F68

(Pluronic(r) F68, BASF) are present in the stabilized IFNliquid

formul ati on used for the preparation of hydrogels of the invention.

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 exanpl e?®12 to 24 nont hs) and al so at a

concentration that is sufficient to prevent protein | osses due to .

adsor pti on &haduiles cmbodimget, thg nyeption, provides; aymsihod fay thefroptnicgyel Bpltiplee

syringe. Typiigsdid dompriding Whe fdBfnistREbNEEH BR-GinydREel 2L ke Exefivh

(respect to IFN), preferably 50 nolar fold excess (about mg/mL if the I FN

| oadi ng is &bvRaticntsmnepd thergolpr ef erably, the concentration of Pl uronics,

parti cul ar | YpPideRtnGhilDnoWoR d@ké}ibb&:% ety &t e BMolvirgeitkafplegUliatt Sdtd s at
ng

or about 0.01 ng/m to at or about /'m, nore preferably at or about
0.05 ny/ /Al et bercopstragh gt in Ay gy Himitipgthe PEraent iivvgntign The Exganiosnyill refer 9r  about
0.1 my/m t geAlipid sRBBEA hete PSWI . DSt preferably at or about 1 ng/nl.The
term"antioxidant” refers to a conpound that prevents oxygen or oxygen-
derived free radicals frominteracting with other substances. Antioxidants

are anong apgMHeFB&Eripfiorfofth®aAWingscommonl y added to pharmaceutical systens
to enhance %Elysi cal and chem cal stability. Antioxidants are added to

mi ni mi ze or Figareddshows dba perecntage E SIIENR havrelerse diompthey-1IBIVE Lo Flpsamer
exci pi enf,s gga&gaxm%rﬁsé Qt BIYEE he H7°C [)}néalgniﬁ‘rcﬂb%@é‘-ﬁ@wfﬂu%ﬁén{ adbaa! s-

These processes can'often be catalyzed by light; tenperature, hydrogen on
concent r at i @azengese fad ddispfassay (Bl savargh)s vessus fapg piterekydrapg] frjectien ihiPHYf | t es,
t hi our ea, hine, salts of cthylcncdiam nctctraacctic acid (EDTA),

butyl at cd hydroxytol uene (BHT), and butyl atcd hydroxy anisolc (BHA) are
frequently used as antioxidants in drugs. Sodi um EDTA has been found to
enhance t he gaplh Wi fo)reQdn <AL AR LS iYor SEFRE 1§ JellRb@hhérC2 WS doffpt- woul d
ot herw se cat %/ze&%{ﬁe g)?t:'ﬂ%iat?%n retaé i on. I\/bgt p?é%erredr ant&iﬂgxi dant is
met hi oni ie. hENfF erRdloxpmen by drogélddh (epem detergeplecinaiated toattAFSp il s bulkir(epen

stabilizers that, ar t in.the stabilized |EN |iquid,.fqr ion used
for the preﬁ%ﬂaé‘fs?o ﬁogﬁmﬁ(?g%m( §TEHE ™ e%f)lloé“{l.’erT Bi Qipp 1  Bni ne

can be used pPieébes el 1dhgREIABGral adtihitiGd axXpreX&ESS thelREpRE e d0cellWISH

preferably 400 fold nolar_excess (about 0.4 n"%r if the IFN loading is
about 150 nﬁp]]ﬂ)_iu_rwval afier VSV infection as a function of -h 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-hIFNP 1a Poloxamer Hydrogel (1) (full squares), a single injection of 3.6 ng/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 ng/kg each (Control 3: open lozenges)

25 (Example 3).

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

naive cynomolgus monkeys after a single subcutaneous of 3.6 ng/kg of r-hIFNf 1a GMS



Met hi oni ne can be present either in its free base formor inits salt form
Any stereoisoner (i.e., L, D, or DL isoner) of nethionine may be used in

t he presewd ®yhogsor fornul ation of the invention so | eag/Eesoss@si2ioni ne is
present inits free base formor its salt form Preferably, the

L-stercoi sonmer is used. Anal ogues of nethionine may al so be used in the
present formul ation of the invention. The term "nethi oni ne anal ogue" refers
to a derivative of the naturally occurring nethionine. The nethionine

anal ogues can al so be used in the present fornulation in cither their free
base formor their salt form Increased_and/or maintained stability with
addition of antioxidants (e.qg. nethioniﬁb) occurs in a concentration

dependent manner. That is, increasing concentrations of antioxidants |ead
t o i ncr easeliregstiControled: dots) erethires inigrtions yitljp atvrsk separptaddiyi 4Srhoutrintervalsng

| nt erf er on- e AgRlnd S BY 2R SAUANCORRL MG IORheck AETLAL bPD CONL A1 11 g

interferon-beta nornmalfy e s oxi dation or aggdregate/oli'gonmer formation
in the absence of the antioxidant. Determ nationof the anpbunt of an oxi dant

(e.g. nmethi %p@k r Qesprﬁs gl§(9)gl . B'rohﬁg Ppiﬁ?‘(ﬁ 'ﬁ}'d.ljogél Ma'n?g Igﬂfa—dktlg-ecdn@)\éf%ﬂt i on,

in order to crease oxi dation or ol gonerfaggregate tron, can readily
be det er s nedLwtial hydrogel Homralasiop sontaising 2.6% rfwnadt Treldosg el sqpaksroand t o one

of SKit ! N8 13ibec Kl BbMbonRAGHLS bASH A HFbeinlB SRl Bar@iccomPoUNd OF

conpositions a 0 atron"to act as an anti-bactCerial agent.
Exanpl es of bacteriostatics include phenol, mcresol, p - cresol, o-cresol,

chl orocreso , | ) fﬁ@e] ) but yl
and the i k%}gﬂpggﬁ%’gﬁs%)—f@gﬁ%fgﬁ%&? }%gﬁ b nzr;'lc'}gl o%?%hﬂmc #@ﬁgﬁa?gﬁ(%&
dchydr oacct #Hiydrogeld3) (Hotxamerad07-20¢/e ivew aBbtatatt befféyai mM/pid 3R-T6344G eiv, 1-S
benzyl al co Hydr | _for t.l ons ordin the inyention / be
mono- dos® opﬁ‘lr]ﬁ.lq ke 'faé)ggtg’. wzf'ﬁ o@ﬁﬁilﬁnd?cdo'?%f erte e‘r”ginhogrp ’r‘?{ﬂr%ﬁy?/ g'rngg' c@? © %

i nvention t B#Y% W) in PBSaGEN7 4 ar3 7A@ hiehsutbdby SESHPIC/Bhacabhtydelectopr i se a
bacteriostatic, such as phenol, mcresol, /7-cresol, o-cresol,

chl orocresol, benzyl al cohol, alkyl paraben (nmethyl, ethyl, propyl, butyl
and t he | i kEXAMRUESal koni um chl ori de, benzet honi um chl ori de, sodi um

dehydr oacet -t hi . , i e phenol, benzyl
al cohol and%‘ﬁgg’?g‘glgk ?t"%‘{‘ée&g‘% reefég?érséécf%i%sl%&e%%g{iﬁ%ﬁ)@éﬁ'gf@ The bacteriostatic
agent i sisusen (centimetcginopsitertipoiseshild (Dalteh)dg dgrem) g r{tnicaogram), ntim (mingte),

For i nj ect i 1% Callgfio, bl on ) B iRRRD, il ChufiRCLEL ieai Gybaty' O ©
about 12 or s&dndshups (rotatiéon per minotq_), b2 (amymetep)y €HEY é(EihigesatHaplsteal@uaﬂy),G to at
concent r at | S gRet) PELREMSIF il B Pl FeRBY M Whnibllp Bsgred )
at or about Mxdi8% Haglee withefEarlelbl salts)y BBS affotal Bovir®h Serumi), ¥M8bGlycetyl0% | n
the cas ezoOf m%ggs%ate), 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 1a produced in
CHO cells), RIA (Radioimmuno-assay), s.c. (Subcutaneous), TIW (Three times a week),
25 Ul (International unit), VSV (Vesicular Stomatitis Virus).
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al cohol, particularly preferred are concentrations of 0.2 or 0.3%.
However, the use of a preservative, e.g. benzyl alcohol, is not limted to
mul ti - doswohossmibaki ons, but may al so be added i n nono- ¢osaErb@ssdad i ons.
One enbodi ment of the present invention consists in single dose

fornul ati ons contai ni ng benzyl al cohol. Preferably, the fornulations of the
present invention have pH between about 3.0 and at or about 5.0, nore
preferably at or about 3.874.0. A preferred buffer is acetate, with
preferredcounter-ions being sodiumor potassiumions. Acetate saline
buffers are well known in the art. Buffer concentrations in total solution
can vary between at or about 5 nmM 9.5 3r?l\/l 10mM 50 MM 100 nM 150 nmM
200 MM 250 mM and 500 mM Preferably the buffer concentration is _at or
about 10mv Spuhasiscef] Balexamersdis glescaified i Schapplirae } 9 Olgurnal of dbiq AmericagnQilyi th a
pH of 3.8. Ehémis@ySdoRAE 1101516 208 BlcRPRhRERMy bo4ilabRe herein arc

hydr oxypropyl, hydroxyethyl, glucosyl, nmaltosyl and maltotriosyl
derivatives of beta-cyclodextrin and the correspondi ng derivatives of
gama- cycl ommﬁkﬂmﬁbﬁdwdowmm;ﬂ1amﬂmagagg may contain one or nore
hydroxyl groups, e.g. hydroxypropyl (2-hydroxypropyl, 3-hydroxypropyl),

di hydr oxypr dp\frensral preparatiopprocefdarey| ycosyl . mal tosyl and mal totri osyl

deri vat i ves gclaseRykm besker Uaw pratel adspipion) laedip an icg bah, ajyeighsd pmowpt

di gl ucosyl, of Bht@W129%s SbWB! 4da&d/ to- couB(2-89¢9 aBuib BLAS (3D niNIEpIE W] Qelgest i N
derivatives may be used as well a mxture of maltosyl and di naltosyl

,_ €. 0. t ]
deri vat i vesmagistie prring [y 890:3A0xpm] vt gomplete diseadutiog of he @oly@¥ei n i ncl ude
hydr oxypr opy a Rffeame ¥6&Q0£%hE1 BunblAPePadiat BRE?) containing stabilizing agents (eg.
hydr oxyet hyl - bet acycl odextrin ( HEBCD%, hydr oxypr opyl - gamma- cyc% odextrin
( HPGCD) , 10 hy §riEal®ek driethienjng).oig @dded; 19”4 epegmypted -IFN-beta bulk solution (2
di hydr oxypr gigyhr )0 hig forhalaRd ®uirér i add@aTRROEE poliide R Cleducirp)hd & fol N
(G -beta-CD or G BCD), di.glucosyl-bct a-cyclpo extrin (2G G -bheta-CD or 2
G BCD), mal 9940 wan s0 syripizghe F‘I"’?Pa(”@al- Histsaolcipe growin é’@)ﬁ)f‘“al formulation is
mal t osyl - ganECHG FRUPKSpyiche {yddp@atrseED or G2GCD) ,
mal totri osyl - bet a-cycl odextrin, (G3-beta-CD qr G3BCD),
mal t ot ri osyTh¢aHTERHs byllosriytion; i ap asstalebrifer sgtption. qenesnpipted famd) I8 m&el pet a-
cyf: |t odciq% L i tEb i&glﬁaé bﬁ%ﬁ:a—@/ﬂcglﬁg &n@it Eg@@a,l n (?ﬂdrim\lmgg;ﬁfzq Rel MW calsTh50u
mal t osyl - bct acycl odextrin i ma] tosy] - beta-cycl odextrin.
Hydr oxypr opPe= %}Oawa)cpa%&m%L%rwl&%" haiges E‘Eﬂi?ﬁﬁ‘i oY | YREM FEGCHELGr esent
invention i &cﬁﬁmwsia@hﬁ%@saﬁ/i &ithéhofief) ab 8esritided Bxdnisle CyShasext rin
according to the invention. The range of interferon in the fornulations of
the invention includes concentrations fromabout 1.0 ng/m to about 50
nmg/ M, al t hgugnriFsuwwita and hi gher concentrations are operable and are
dependent on the intended delivery vehicle or route of adm njstration, e.g.
sol ut i orfP or REPIEP ity ORfY medpk reas sed apd artabilized salutiqe o6 rhlNsbets dR) was|

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

3. Excipients:

3.1.  Lutrol F127® (Poloxamer, Pluronic, Synperonic)
Lutrol F127 (polyoxyethylen-polyoxypropylene-polyoxyethylen tri-block copolymer)

25

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-



nasal route). The interferon concentration is preferably at or about 5.0
nmg/mM to at or about 2 ng/m, nore preferably at or about 10 ng/m to at or
about 1 ngonrhes/moss preferably at or about 30 ng/m to atTEP2@BE08121400
ng/mM. Preferably the forrmulations 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 at the tinme of packagi ng
over a period of 24 nonths. The sustained rel ease formul ati ons of the
present invention can be prepared by a process which conprises adding the
cal cul ated anounts of the interferon 503! ution to the pol oxanmer honbgeneous
solution. The interferon solution is préferabl y an interferon stabilized
solution, e.g. an interferon solution containing excipients such as

st abi | i zer sparenéegsal medigingsplicgrsed dyy thea UK o FrropeatcPhagmaceppcin 4nkr 7 7:sHeh 245

Pol oxanmer 188194 24920Q0k1 nati on thereof According to an enbodi nent of the
invention, the fornul ations of the present invention may_be further

subj ect ed t b Rlumopic®ElR27.ghe peresntagn gbpolyaysthylenec@rdphibinds 2%, (a golgxamar| j zj ng
filtration ysidduid () whéel ) REPEARM BRIJged out at a tenperature wherein
the viscosity of thée pol oxanmer hydrogel is kept low, for exanple at 4C. Tn
order to®inprove seringeability of the fornul ations of the present

i nventi on afypicsdpropenipedfPuoac®EH2T pledinted belvat nodi fy the sol ution-to-gcl
transi ti on AeerpgrMolacudarWeighol 60 ®mohydr ogel can be added, preferably to
the buffer ehutoiingi‘]“b fore the formation of the |iquid hydrogel solution,
i.e. before %0t Ton of pol oxanmer. Exanpl es of excipients that nodify
t he sol - gel Physiwaldidin@ 20°€npelidat ur e of pol oxanmer hydrogel arc pol yet hyl ene
glycol, dygerir : cerol 30, sugars such as Trehal ose and

Cycl odexPri ésfos&ﬁsgg?%v)?r‘%&ypr opy!l - b-cycl odextrin. According to one
enbodi ment Bfrfachensiov @25°C0,1% dvac.hdlddymgeémf or mul ati on has a viscosity at 4C

bet ween t heyvi s jJ f 2 a nge, preferably in a range
bet ween 100%@6%%%&%&%@'%%@%%%53??15 speci al devices such as
aut o-i nj ect Boan I_ﬂeigm_r(aeésiMiﬂespD.w;éqngms@WCcmhdl_ forman "in situ" gel after
subcut aneou&lo‘uﬁk%ﬁ%ih%@ueoﬂ"s%qutﬁﬁ,ull% &Jﬁg.:.%%bmd on is then placed in vials,

ges or pre-ti y g

anpoul es, cartr 'ed " syringes. Variations of this process
woul d besr etibBrthydeephidy-lipephilo balarcd) inavater std5PC: 18423t he art. For exanple, the

order in mk&ﬂbﬂi&%%&@@(}ﬁg 531@'%9 added, whet her additional additives are

used, the tenperature a which the fornulation is prepared, are all
factors that may be optim sed for the concentration and nmeans of
adni ni strat i of-4us efilaciphdcqsicedsids Sgwar or mul at i ons may be provided to patients

as clear solutions as storage is
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 polyoxycthylene (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:




preferably carried out under the sol-gel transition tenperature of the
hydrogcl . The interferon in hydrogcl formul ati ons descri bed herein, may be
adm ni st ewecodspisuepat i ent in accordance with the presenecrmeessiosniyi a a
variety of delivery methods including subcutaneous injection, transnucosal,
i npl ant, or other neans appreciated by the skilled artisan, as well-known
inthe art. 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 tmterferon to the patient via
syringe or trans nucosal spray. The fornul ati ons according to the invention
can al so beW&@Me@c‘ﬁg‘ﬁ?léhtf{‘Wpéd syringes. The formul ations of the
invention caplRuAshiiss¢ered using recogni zed injection devices. Exanples
conprising these single vial systens include auto-injector or pen-injector
devi ces for PHwilEIp @R0L:8ddidyt i on such as Rcbiject(r). Needles for
i nj ection deydc6&s (BfoBkMd)eps: G000 lﬁiq&;as &@sm,ﬁahmésfa%&b!aﬁ&mmam%]be hydr ogcl
of the invention. For exanple, the hydrogel of the invention can be
i nj ect ed5wi Shrfacajicagion.cbmesisy @S Gavi ng different needl e gauges such as
18/ 23 (internal gigrehersenui valent to a 18 gaugeneedl e and m ni num
external dianeter of a 2 1 gauge needle) or 21/26 (internal dianeter
equi val ent to a @0Yrfangiedldeedl e and mi ni mum external di aneter of a 26
gauge needl e). Pyjgdi8s el s3lehe fornul ations of the invention can be
admi ni stered using recogni zed devices for hydrogcls. For Exanple, Depot One
Need! e i nj e&tteréagi @maﬂlﬁ/c@l@rﬁ?ﬁ‘tsm? maceuti cal s) can be used for
injecting hydroggehs c@hctegi nvention. The term"treatnment” within the
context of this invention refers to any beneficial effect on progression of
di sease, i ncl udi %8%CeeniZd on, reduction, decrease or dininishing of the
pat hol ogi cal devghppeend.: &g er the onset of the disease. Pharnaceuti cal
conposi tiong of the invention conprising IFN or an isoform nutein, fused
protein, fulEveHWEHingeIcondeLy& active fraction or salt are useful in the
di agnosi s, prevenyy@onc.arded r eat nent (local or systemc) of clinical
i ndi cations responsive to_therapy with this polypeptide. Such clinical
i ndi cati'®ns i ncl Q4% Congi>a%inpl e, di sorders or di seases of the central
nervous systedm fel) . brain, and/or spinal cord, including multiple
scl erosis; autoimune di seases, including rheumatoid arthritis, psoriasis,
Crohn' s di sease; ReyiMilegklep-umi@e? (63 hg breast, prostate, bladder, kidney
and col on cancer gessMilesEfs @A 36°C: 4@d herein, including journal articles
or abstracts, published or unpublished

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-beta solution stability.
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U S. or foreign patent application, issued U S. or foreign patents or any
other references, arc entirely incorporated by reference herein, including
al | dat a,wbabdmo4eti gures and text presented in the citedrrrbasosnes.
Additionally, the entire contents of the references cited within the
references cited herein are also entirely incorporated by reference.

Ref erence to known net hod steps, conventional nethods steps, known nethods
or conventional nethods is not any way an adm ssion that any aspect,
description or enbodi nent ofthe present invention is disclosed, taught or
suggested in the relevant art. The fore%orng description ofthe specific
enbodi ments will so fully reveal the gefieral nature of the invention that
ot hers can, appl yi ng knowl edge within the skill of the art (includingthe
contents of 4 ﬁﬂ'drr@e (aeemepositioned herein), readily nodify and/or adapt for
vari ous appl '%ﬁﬂd f TN hgmyé 1
experrnenta?r g&Ql oﬁ?n§@%§¥¥#%gﬁ$?ghtthg&ggﬁéégﬁﬁg%%ceptq%ﬁﬁﬁ%z"bresent

i nvention. mnexemgue such adaptations and nodifications are intended to be
within the f a range of equivajgyles t he di scl osed enbodi nent s,
based on thgﬁtagi@ﬁrjzg and gui dance pr esiei'n}(tpea ﬁ;er ein. It is to be under stood
t hat the5phAa§et9Ib@§fyl‘ EﬂmMr/nHﬁeﬂ]ogy her®&h %®/Wor the purpose of
descri pti on,. i B&h limtation, suchgpfad, $Re term nology or phraseol ogy
of the present specr |cat|on is to be |nterpreted by the skilled artisan in
| i ght of théJKQQNHHWQs and gui dance pre&8ht’eav/Werein, in conbination with

t he knomﬁedﬂgﬂg{ g of ordinary skilleg,jn, the art. According to one
enbodi nment e |nvent|on provi des a pharnaceutrcal conposition, wherein
said formulation is a Pol oxamer hydrogel conprising an interferon-beta. In

a furthep eFRORdyf ¢ @ %Ekembﬂ?x‘féiﬂﬁéd%c&ﬁiﬂg 'tdjtﬁé géhe&ﬁ‘gr(‘) oBBfRM It BhantpRPRS! L1 ON,

wherein said conposition is a Pol oxamer npri si ng reconbi nant

i nterferon- MQ‘ahOS%Nga@‘WQ@rﬁméﬁ]!m@lmnéﬂf% r-HaN et d a were usefbt her

enbodi nent, the invention provides a pharnmaceutical conposition according
to the invention, wherein said conposition further conprises a buffer and

an anti - oxi gami, an-cli%'?xﬂ&Ji%ﬁa:%&@Hﬁic@Em the invention provides a
phar maceyti cal conposrtron according to the invention, wherein said

conposition fupﬁgg conprises a buffer and a surfactant According to

anot her enbegylj, mebxscésnf sd1&‘i¥§®&b BEFRMBY { A FrabteRAALIPHE Wy dr S arfddBREsHobHI ON
according to"the invention, wherein said conposition furt er conprlses a

sol -gel t enperigbly wicetabilei prrigpelnAaviscosiar Lusailah setptiors! yiseerpatetevasampddi ment |
the inventi giaiRing\l dest réadMpASrEEE:HY | lﬁatpamm%rstd)o,n 5@cgqrarcqlomqy&r d B

invention, wherein said conmposition further conprises sol - gel gferature
transitin weeprepeed ard inirpdused intera PolyReopylsee Hiaki kapteye%w&t’li . A&c¥di ng to

one enbodi Mgfling hGiskdF M. PhOYehSER AsBB VHRES WirlgE BLtwE RIS 401 2l

(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 releasc 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.



wherein said fornmulation is a Pol oxanmer 407 hydrogel. In a further

enbodi nent, the invention provides a pharnmaceutical conposition, wherein
sai d conpweizhesdnodics a Pol oxanmer 407 hydrogel which conprcsaP@bosi2120 to 25
% w w Pol oxaner 407. According to one preferred enbodi nent, the invention
provi des a pharmaceutical conposition, wherein said fornulation conprises
reconbi nant intcrfcron-beta, such as reconbinant interferon-beta la, an
acetate buffer and L-nethionine as anti-oxidant. According to another
preferred enbodi nent, the invention provides a pharnaceutical conposition
wherein said fornmulation is a Pol oxanmer_407 hydrogel conprising reconbi nant
interferon-beta, such as reconbinant int%erferon-beta la, an acetate buffer,
Lnet hi oni ne_as anti-oxi dant and Pol oxanmer 188 as surfactant. According to
anot her pr effbe pagunt b HN-beta detetnd in fhganpedivmm was snrersed 25 HRereontage of fttal|

conposi tion Pro%?ﬁfe@a&d?ﬁél&s@ ok 3biaiABd With ﬁwﬁ@l} REHIBY indiddie Qﬁﬂ)ﬁ%ellelease

conprising feconbi nant i nterferon-beta, such as reconbinant "i nterferon-beta
la, an acet aeterpyithedast pregt thiagsrfohevaddy relawepdiua selease mats (Fieggnre!)- 188 as
surfactant and Trehal ose as sol-gel tenperature transition nodifier.

According t k _IEAe s t, the invention provides a
phar rracegti ?gﬁg‘gﬁ)ﬂgo"sc%ﬁ%%&%erel nmsdg?g formul ation is a Pol oxaner 407

hydr ogel corfpits wern gerfamedis aptimiseithpexfractiop mefhed af IFNhata ingorparatedristaitiat
i nterf er on- Re&ge dideysiells, 3 lohGs it fifugrecoldt i Oni nc as anti-oxi dant and a
r-gel’ te

Cycl odextrin” as” sol'-ge nperature transition nodifier, preferably
hydr oxypr opyin eieacsionproresiyescvasiset unae Slgwadased oagoratrsiorgapis selvens suixmisodi ment ,

the inventi epnpdseybPiesen@ididpeceut i cal conposition sel ected fromthe
foll owi ng group: Pol oxamer 407-25% w w Acetate buffer 50 nmM pH 3.8-74. 7%

w w r - h-10FNbet a * aS00 02 2fhydrege] fonpulafion (1 eere digspdsod/inn] - Pallolaeiencingg- 0. 24%

w'w; Pol oxaner 407&&&%\’(}\%& %mtsgﬁigataﬂfoiffnirﬁ&s@/ﬁl%oﬁic%h&%t QQSM MeC
r-h-1FNbeta | a-0.012% w w L- Met hi oni ne-0. 03% w w Pol oxanmer 188-0.24% w w

¢ 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:
* HPLC column TSK G2000 SWx. cod. 08540 (7.8 mm ID x 30 cm, 5 p)
¢ injection volume 100 pL
20 ® column tempceraturc room temperaturc
e sample temperature 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 ¢ runtime 27 min
® cquilibration time 3 min

¢ fluorescence detector wavelengths: excitation 280nm, emission 348nm.
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Tr ehal ose-2. 6%V w;, Pol oxamer 407-20% w w Acetate buffer 50 mM pH 3.8-77.34%
w w r-h-1FNbeta | a-0.015% w w L- Met hi oni ne-0. 04% w w Hydr oxypr opyl -

b- Cycl odexbresdoksw w, Pol oxamer 407 -25% w w Acet at e Ipgfifeppods@sh pH
3.8-72.04% wW w r-hl FNbeta la-0 .01 2%V w L- Met hi oni ne-0. 03% w w Pol oxamer
188-0. 24% w/ w d ycerol 30Be-2. 6%V w, AndPol oxamer 407-25% w w Acet ate
buffer 50 mM pH 3.8-72.04% wW w r-hl FNbeta | a-0. 012% w w L- Met hi oni ne-0. 03%
w w Pol oxamer 188-0.24% w w PEGF Lutrol (r)E400)-2. 6%V w. | n anot her

enbodi nent, the invention provides a nmethod for preparing an | FN hydrogel
pharmaceutical conposition according to. the invention, wherein said nmethod
conpri ses adding a cal cul ated anount of~Pol oxaner to a buffered sol ution at
a tenperature wherein a homogeneous polyner solution is formed and then
addi ng the ERtSfe®tt on or an isoibrm nutein, fused protein, functional

derivative, AREIa¢A Eﬂ{xﬁuxfora&ﬁ} t’fH?ayt 13§09 Lised!if oﬁ‘ielf Wa%&@sr th€ G&Q%&Hﬁ@ﬁ of IFkE

I nvention pI’OVI des a neth preparing an N hydr ogel pharmnaceuti cal

conposi t i onbeetdsaerdhy FY Wﬁ@g?lrﬂf)e ﬂﬁs&ﬁﬁay\%‘@P& WGPH%S%P%WICQG’P%CIW

contains a 3Qasddedn HhETBSFA! HicFopiaid tohibd qnmmawcfoharmﬁ%@%m%mﬁhal ose
and cycl odextrin, preferably Hydroxypropyl %cl odextrin. In another

farther &mbeaymedinkedipanoplanal aribedy srcsific derg- etA dscrdderdt togheyellsiand then | FN

hydr ogel phﬁﬁﬁ@&i@%& Qﬁh 19@5@%&&@&1@%%9&“%} PhiFRShel Y&t Rbou@yei N the
interferon is added froma solution containing stabilizers, preferably

sel ected frwmebiliged ARy dolomings MastHRdemavsany HePoand-BIIYATFIRC FRRFBOT . | n
:Cfc g; Ej .hﬁg fgmﬂmmlumm@addw%é QBN ebRE devRlopSH frdpofibn!th MeR@iodndbfdr 0gel
r-hIFN-beta 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 rclease 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 pL of colour devcloper 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.



the invention for the preparation of a pharnmaceutical conposition for the
treatnment of nmultiple sclerosis.In a further enbodi nent, the invention
provi des woreédmoscbor the treatnment of nultiple sclerosipeTaEpPogsiosizng t he
adm ni stration of an I FN-bcta hydrogel according to the invention to a
patient in need thereof. The invention will now be described by neans of
the foll owi ng Exanpl es, which should not be construed as in any way
limting | he present invention. The Exanples will refer to the Figure
specified here below. Brief description of the drawings: Figure 1 shows the
percentage of r-hlFN b la rel ease fromthe r-hl FN b 1 a Pol oxaner Hydrogel
(1) in PBS at pH 7.4 at 37C neasured by ®SE- HPLC/ f | uor escent det ect or

(l ozenges) and Elisa assay (full squares) versus tinme after hydrogel
i nj ection i Exspple2ERioaptivity)of Pplogamer 407 rlfFiisketa ta Hydrogeh(A)/i ral activity of

r-hTFNo 1 a kgl ?@ﬁgi@alaat:ttlﬁ{y o%h?ﬁ#e? f\lf’ lisqaaaamﬂﬂr&gh ficRRb AR RN ddeR! (1)

(open Iozen npar ed (open squares) and r-hTFNb | a
bul k co-mi x @a%ﬂﬁba@élwoggldﬂ)m\ﬁmn @mﬂw theyantivizelapiévity opgaryed
triangles). yARbLiERIbe@CtiVvity is expressed by the percentage of cell (WSH
cells) survival after VSV infection as a function of r-hIFN b la

concent r at i ¥nsi¢ubraigeratitio Vi (\§ilea Sirpeihaiecpesrs @ disrasarhaheandmaoutieinp| ood

concentrati g ablids 1 Eﬁhfsgﬁd biBuscl ot it B G BRLBSwsonkeys af ter
subcut aneouso?shﬁegcﬁoﬁ%g%e‘?sf er a s%n 'éscl nlectl 8nw(}fB 6 rrgS/ kg of r-hTFNb

| a Pol oxanm®he pjtivirakpassay(usyd istbased ondheFdheta alds@eﬁgmablrlm e‘é\tlttwi cytorgthis ny/ kg
r-hlFN b | &3k ctil ﬁ%ﬁﬁm&)wﬁl% ﬁ@%tm FLdcfiPgetsohi n a
week separ at e%llj% ﬁég%ﬂour S cl%n% rvalls 0c 48‘ﬁ 5 96 § X? 1c223e #ﬁ/ kg each
(Control 3: ub{ymli) bbaz@@g@ﬂ)rm(@namﬂhle p@wouﬁlwg'ulcé“dlhrsg@ldﬂ@mns(l fibedilption)at i on
of the bloodc n tlon MF% nave. | gus
nonkeys R t er gﬂgllebnﬁﬂ IZY 01 S %eégﬁrs %Pt%]a I%?ekgn%%b h{:gﬁ vgc\(e[ mg%qf)pogel
(Control 2: fao1gs)2 bourt lat e@d m@d%l G605 bafotdihe aaldmelofs&ﬂpya]t/\mlbdf Nysndﬂarhour S
intervals ( A8 of .1.223 r n zenges)
(Exanpre. 3 Sty dri (Vg absemeion s insde SHpARonainPge’ Do FPs: ORI o5l
f or mul at i on welly reccl@ddSmedidiplaniceshdtnd virus mbcnlsipd mbigehs dontrolliiab mns tb(‘mi‘zeﬂl n| ng
2.6% w w of hal os.e -full,. squares- ut ) tion
cont ai ni ng y-gé/e WW’P‘P%’%‘%&%J?% 9‘?‘?.“1"*? ‘PF‘f IT ‘ gé%réﬁ% E)?J;O?Jﬂ‘[%s t he
per cent age 6% CORlanhll therd ataihed evthed 5B4 MTT heluﬁemlfd?l\lb hbars.PalL mheamzr ofgddr ogel
(3) (PoI oxaner .407-20% cef at uf f H 3.8-77 rhl FN b
a0 0180 APHEFER BRI AT 25 ditbied SRR Tote e v S e

of 200 uL/wel]_ of ethanol 96%. The plates were read at 595 nm in the spectrophotometer

plate-reader. Results were expressed as the percentage of cytopathic effect inhibition vs

control cells.

20

The in vitro biological activity of r-hIFN-beta 1a, releascd 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 (placecbo) 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-hI[FN-beta 1a bulk spiked in



2.6%ww in PBS at pH 7.4 at 37C neasured by SE-HPLC/fl uorescent detector.
EXAMPLES The fol |l ow ng abbreviations refer respectively to the definitions
bel ow. cnwoOceesiinmbser), cps (centipoises), Da (Dalton), pgr(eprasis221%
(mcrogranm), mn (mnute), ng (mlligram, nm. (mlliliter), nm
(mllinmeter), mM (mllinmolar), nPas (mlliPascal seconds), rpm(rotation
per mnute), nm (nanoneter), CHO (Chinese Hanster Ovary), IFN (interferon),
U (International Uni ts), Lv. (intra-venous), EMEM (M ni mum Essenti al

Medi um Eagle with Earle's salts), FBS (Fetal Bovine Serum), GVB (dyceryl
nonostearate), MIT (N 2-hydroxyet hyl pi Per azine-N -2-et hanesul fonic acid), M5
(multiple sclerosis), MN(nol ecul ar wei dht) PBS (Phosphate Buffered
Saline), PES ( et hersul fone), PP (pol ypropyl ene), PVDF (polyvinylidene
fluoride), plag N(éew Dr Socseibten & appeart BRF RYGEMSE hydrogels apppable o retain
(reconbi nanhmlrrhtrm%amblgﬁ, al RiRbABE BlbefletO cel 1 5), Rl A

(Radi oi mmuno-assay), s.c. (Subcutaneous),” TIW(Three tines a week), Ul
(I'nternational uni t) VSV (Vesicular Stomatitis Virus). Synthesis of

Pol oxaner s nﬁmﬂl@@ S{ PRk DI TR0 of Pdifram@ UDAZINEN-HebA) LRI EA T Exarrpl e 1:

Chem st's Socl 6 and arc commercially avail

Pol oxaref 413170f|del‘n'|0I1RF1tih¢ ausl-a}amicrgl@ase(cryragteqsuceeﬁ &N [Pojoxarmperr lmdm pkBeedur e:

In a polypr e ( t i bath, a
wei ghad A el B R P S g e

buf fer [50 fmpulpwnsaw]othmelrfomgﬁ@mc stirring [at 500-800 rpm until
conplete dissolution of the polyner. In a different vessel, a small anount

of acetate buffer, containi n? stabilizing agents (eg. O Lutr ol (r) F68 and
L- Met hi oni nBharmposkinetife arofide af JBhNdetat hygdreag! dormmigtige @), busk stdirditin gaive 2

ng/ L) . (Jhi gy B%tfg&@h%ﬂ@yfé GhalksS a8 edmhigd oh e PRbY)Bid S&hpatddOf. eeduci ng

the stirring to rr} to mnimze the mechani'cal stress of the
prot ei n. Theharmasgkingtisprefilg of FNDbets linoge] ferpulptiony| ypr opyl ene syringes at
2-8C. The r-1FN-beta bulk solution, is an acetate buffer solution,

concentrated from 0'348'd88/m_ 5to 2 nmg/nL by ultra-filtering
centri fii gabtramles Bup provided imare-Rtpd syripecshequingpy ¥ith 2dP1C swdly: B%f Sty (RS pn)

Concent r at eéestguwasagiew &lrw)ao bMBHHE a dR&- ys@& ba/ iRjUEoR Y nﬁt‘c@akﬂﬁy& t hod
for assay and %g@p)%o nononer ) as describ i'n Exa bel ow. 2.

r- hl FN- Bét a9 ( wigy# [engs- %wselwgﬁﬁ*mﬁshqysdehﬁ’&mﬂl @Hg%)bﬁorm%wns(é | ution

of r-hl FN-bgliR ihRLb¥RICHRP RS 6ih GHeb-awlek 9 clifljebdih STPRILRLa 1o erhor Rymnder 1
above by ad?(lztltrgln2 of a conbi nation
on

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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of stabilizers, e.g. Lutrol(r) F68/L-Methionine. 3. Excipients: 5 3.1.
Lutrol FI 2 7(r) (Pol oxaner, Plutonic, Synperonic) Lutrol F 127

( pol yoxyewbybhenipsbyoxypr opyl cne- pol yoxyet hyl en tri - bl oekTamppaispseny BASF
is a Block Copolymer of poly-ethyl ene-oxide and pol y-propyl ene- oxi de.
Included in the FDA inactive Ingredients Guide (i.v. injections,

i nhal ati ons, ophthal mc preparations, 0 oral powder, solutions, suspensions
and syrup, also topical preparations). Included in nonparenteral nedicines
i censed in the UK European Pharnmacopoeia 4, p. 1777, USP 24 NF19 p
2492-2493. In Pluronic(r) F127, the percentage of pol yoxyethyl ene
(hydrophilic) is 73% (a pol oxaner of Fr nul a (I') wherein (a) =(c)=67 and
(b)= 98)., Typical properties of Pluronic(r) FI 2 7 are |listed bel ow

Aver age Mol BdNibeiz lipagekyompositi@goior gonitel 2 (B1oup 3wasthe folgwinghysi cal Form @ 200C
c solid WV 5@%%5'2 . : 0 cps Su nsion @ 250C 0. 1% cone: 4 1
dynes/cm Dra csa%/‘\én%o?l}’sr?&g%é%%bk, 0. 10/22(:%%3?% 250C. > 360s Foam Hei ght
(Ross M | es(RYLO% RMSO00C. 40 nm O oud point in aqueous sol ution,
1% cone: > i)QQis&CCnmuE’) (hydrophil e-1ipophile balance) in water at 250C
18-23 Solubility n water @25C. >10% 3.2. d acial Acetic Acid, Sigma 3.3.
Lutrol (ry FBBGA®| oxamer, Pl uroni c, Synpe-eewiw Lutrol F68

(pol yoxyet hﬂ"ﬁp‘?m% \ ropyl ene bl ock copol ynmer), BASF is a Bl ock

Copol ymer of pol y-et’hyl ene-oxi de and pol y-propyl ene-oxi de. Included in the
FDA i nact i vaceticykadi ents Guide (i.v. inf83%"MWs, inhal ati ons, ophthal mic
preparation lauhi ons, s Lons and syrup, also topical
preparat i onac?tgfe?(':llﬂgge %Ih\l"][/ igr:ls-%;%arent ergﬁpmi nes licensed in the UK

Eur opean PhahiBNbpladaa 4, p 1777; USP 280N WO p 2492- 2493. In Pluronic(r)
F68, t he,peClhiginifineSight) Yoxyethyl ene ¢gyorqrbilic) is 80% and the

nmol ecul ar wei ght of the pol yoxypropyl ene (hydrophobic) is approxi mately
1,967 Da (aHydroxypropyl—B-cyclodextrin 0.03 % wiw.

(Cavasol W7HP, Wacker)

IFN solution for Control 3 (group 4) consisted in 16 ug/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




pol oxamer of Fornula (1) wherein (a) =(c)=79 and (b)=28).
of PluronicF68 are |isted bel ow. Average Mol ecul ar Wi ght:

Typi cal properties
8400; Mel t/ pour

poi nt: 5296 2p0dysical Form @ 200C. solid; Viscosity (Brookfreesas22eps: 1000
[liquids at 250C, pastes at 600C and solids at 770C]; Surface tension,
dynes/cm @ 250C; 0. 1% Cone: 50.3 0.01% Cone: 51.2 0.001% Cone: 53.6
Interfacial tension, dyncs/cm @ 250C vs Nujol; 0.1% Cone: 19.8 0.01% Cone:
24.0 0.01% Cone: 26.0 Dravcs Wetting, Seconds 250C 1.0% Cone: > 360 0.1%
Cone: > 360 Foam Height Ross Mles, 0.1% mm @500C. 35 Ross Mles, 0.1%
mm @60C. 40 Dynamic, 0.1% mm @400 m/mn: > 600 C oud point in agueous
sol ution, OC | % Cone: >100 10% Cone: > 00 HLB (hydrophil e-1i pophile
bal ance): 29. 3. L-Methionine, Sigma L-Methionine (L-Met) is included in
the formul ation gt aGrewpel pFormulxtiop Typel | Rase @eKeht | on Netes t hefr ef ore
EFN-bcta solutionstahilityid4 Hydrogel 1) _conposifion A hydriogel (1)
containing 120 nf/ i & r-h FN-BBtbetd o was pPEpSr ed| BalkisAlitPhel f ol | owi ng
conposition: Lutrlol (r) F127| 25@Pm} I 5 |acet at e buf [ Biecist ik | pH 3. 8] 74. 7
o w r-MN beta | omng W
3 IFN-beta lipogel 3.67 s.c. Glyceryl
(Control 2) monostcarate
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 5UI/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 1a release profile from the lipogel

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

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

sustained release of r-hIFN beta 1a.
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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 1.5+£0.5 1.3+05 1.8+05 14+£05
()
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Preparation of control lipogel formulation:

In a poly-propylene becker (low protein adsorption), weighed amounts of GMS and PEG
are mixed in acetate buffer [50"“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 acetate buffer [S0 mM, pH 4-5], containing

stabilizing agents and excipients (i.e. Cyclodextrin and L-Methionine), is added to a
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

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

least onec week and an improved bioavailability.



After the extraction procedure, sanples were anal ysed by SE-HPLC with the
foll ow ng operative conditions: HPLC colum TSK G2000 SW«L cod. 08540 (7.8
nm | D x 39ocms/aodp | njection volune 100 ni  col umm t erperEressN2eOM
tenperature sanple tenperature roomtenperature flowrate: 0.5 ni/mn.
(isocratic) nmobile phase 70 %v/v purified water (MLLIQ MIIlipore)-30 %
v/iv acetonitrile-0,2 %v/v TFA run tine 27 min equilibration tine 3 mn
fl uorescence detector wavel engt hs: excitation 280nm eni ssion 348nm ELI SA
test: An ELISA i munoassay (Toray kit) was used in order to assess the
concentration of |FNbeta released by I FN hydrogel (1). This assay enpl oys

t he one-step sandw ch nethod and is bas®d on the 96-wel | m cropl at es coat ed

with polyclonal antibody to r-hlFN-beta. An enzyne-|inked nonocl onal
anti body spBE&ample 41 Yerilizing filtrasion of Peloxaraer#07 5-HIKN-heta 1asHydreeelkbn st andar ds

and sanpl estgy ﬁxoﬁbﬂﬂ%é ‘?19d1b l%oiuhﬁn Wehthiding AMN-Yeta ol BEiRatd %%‘B&nlhﬁlgbound
by immobilized antib Y% | om ng a vvasﬁ to renove any unbound

ant i body- enfiljggtion A ogea(léwgpqca%r@d@&cww&ma@eéd to the wells and

col or devel 9Rg differBitROhbrhRY @mhﬁo@mymenpfﬂuan@ N PES2pHgsiRgsdlBnd)he
initial steg The col or devel opnent is Stopped and the |nFenS|ty of 'the
U]

col or i s5mefigwldd.L Gurporgdancgf 4famm membrnprdigmatet HrdduhefT 602 mum pegrysed atwi t h
the differep émﬁ&e Jvﬁ@mﬁ ﬁ{mzlls%osh@%lf'%rsbl%d i$ k%m!fw e;gew ght at +4C. The

anti body-coated m cropl ate was washed with was hi n oI utlon and

dried on a Missesity lsrrn@%ﬁureébefﬁns/% piter {itratign ineh BYgometes OESGaSEr &
added to thgy gl aRBEA(H lﬂtr Vo Wﬁ%ﬂleﬁé uaﬁﬂew,ﬁ Re 108 (vl of 2$@mbﬁdre% ng f rom

drug rel ease expérihent’'s from or wth r-hlFN-béta reference
(bul k) conc &0t mpax No pigoificans rb@lmlmarlmﬁuewrfénaﬁoepwmwrw@ger&%er ed and
shacked ;yhoroughly while incubating for 120 minutes at roomtenperature. At
the end of the incubation, sanples were renoved, the mcroplate was washed

3 times andIFd¥ megorens cantpfaaeﬂml@%kwl%ﬁomdpmé@WG&Qﬂ)s forciapdhafigis added
into each Waldyiiod swmwm;aresée% Blectdr FRSPEAT 7. 4)‘;%‘7% Ofyovier e

added and the a ance wag read at doubl e wavel engt hs™ of 0 nm and 650
nm (Fi gure P/lg of hydrogcl (1) in 4 mL of PBS). Obtained rclease profiles after filtration are very
similar to those before filtration, therefore the filtration process does not modify the IFN

15 release propertics 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.
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-Prelimnary stability IFN hydrogel (1) stability was nonitored at t 0, 24
h, 1 week, 1 and 2 nonths at 4C. The anal ysis perfornmed were: drug | oading
by vi sualwonsgeabicen and vi scosity (spindle n2, 100 r pmpcT/EP2005/0282)9 The
hydrogel (1) formul ati on was stable over at |east 2 nonths. Exanple 2:

Bi oactivity of Pol oxanmer 407-r-hlFN-beta |la Hydrogel (1) The bi ol ogi cal
activity of hydrogel (1) is neasured through the antiviral activity of
r-hlFNbcta | a released from hydrogel (1) forrnulation conpared to the
antiviral activity observed with bul k | FN-beta. Vesicular stomatitis virus
(VSV), a virus that causes a disease of the hoof and nouth in |livestock was
chosen for use in this study because of?its sensitivity to interferons. The
antiviral assay used is based on the |IFN-bcta induced inhibition of viruses
cyt opat hi ¢ ef F-Kiseosé@h |ines of WSH cells, plated i n EMEM cont ai ni ng 5% FBS
at 4x1 04 cplh#it6lsbosiy Gutlibd w%%zﬁ&mea t@&raya@!ehmrmﬁwﬁwgan&do%ﬁa&éﬂl ously
filled with Serial dilution (1:1.5 dilution) of r-hl beta hydrogel

sanpl e, or Hs HuiFNelEY aproperiiest dy SfisceStan Fyngilah| rotatioral eviscamgishiveg ¥ed 18- 22
hours at 376 aifeSPaflH Lef) 6r Lioshdh thPR @endRisal) w&!hyelfogéleeg%ar
Stomatitis Virus (VSV) suspension prepared in EMVEM containing 2. 5% FBS.
Control &el intidyced inea Polyprpryews vish ad orssosy angssures (SBEAspepskenanseo?00nl8r eas
control wvir , : b ; lePlturd! i t gj,-lt;ge re

i ncubat ed f%ﬁ)ﬁ%ﬁgﬁ%g@tﬁqﬁﬁﬁ?%? eartld Sa.é/?%%lzuhggn‘ﬁglttﬁen S%Aéliﬁrsl\é% wth a
5% MIT sol uthegiscomgteralisplar s. At the end of the experinent, supcrnatants
wer e di scarded and formazan salts were dissolved by the addition of 200
mL/wel | of ethanol 96% The plates were read at 595 nmin the

spect r ophot Bawitephow mdiffcicatriieqlogicad behayior ofdivdragrlyRbincomparison wath hadrogelt age of
cytopat hpc @iff it use MriTRiHalo8E atVB6% @AY iiPthe MG lidogel oFfiR inVendioh (H) éudth RDieal
activity of r-hlFN-beta la, released from hydro el_gl) formul atjion after 2
hours, was BWeRsEaindhc selraeh ransitiopytesppegaturs(Figuse. S) wieh dpgtoyes manwigetyingf er ent

sets of expgsidins and HARAIHRREMR addx. ON I N r-hI FN-beta la was 37.7 ng/nl. Any
possi ble interference of the Lutrol hydrogel w thout r-hlFN-bcta la

(pl acebo) used for the preparation of the hydrogel was also verified by

spi ki ng t hegkalhlely: PoibRarhé 400UriaIFR-vehe1 DIARSRA (3)The r-hI FN-bcta la rel eased
after 2 hours from both batches showed that the bioactivity was nai ntained

and recd¥er FivhxdreeshyBhveas prspareshysar degeoribed rinh Erapet b b HhidroxyRiopKiht
i npl acebo ( Fj odekirif ) CavkSAM WP EWabilerPPBGAAY IsNRledR) ¥ BIBEr dNHioR Yl ar C

capable to retain full r-hlFN-beta I'a biological activity upon drug
rel ease. 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 1o characterize

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



Exanpl e 3: Pharnmacokinetic profile of Pol oxaner 407-r-hl FN-beta | a Hydrogel
(1) In order to test the sustained rel ease characteristics of |FN Pol oxamer
hydr ogel wb 2vés1046enti on, the hydrogel pharnacoki neti cpprafréososzmo be
conpared with that of buffer fornul ati ons and other gel fornulations.

Phar macoki netic profile of |FN-beta hydrogel formulation (1), was studied

i n navc cynonol ogus nonkeys (2 nmales and 2 females in each group) and
conpared to the pharmacokinetic profile of an | FN-beta |ipogel fornmnulation.
Sanmpl es were provided in pre-filled syringes, equipped with a 19 G needl e.
The study was designed (Table IV below) to conpare a once-a-week s.c.

i njection of |IFN-beta hydrogel (D (12043rrg/n1) with a once-a-week injection
of liquid buffered (p 8) formulation of bulk IFN-beta (Control 1) or a
oncc- a- meeko@melngmpmlr ingf of FICRBEY d4n| MPRSEPntpeBes)ngherhydoed ) oras2) .

Anot her conjui8duced ﬁhﬁ)aW@P ﬁgncvmr&umstc&%ymkﬁyss (SPEA Sp ngge'féoﬁfﬁd ina
three tines a week I on i hj ect1ons separ at 48 hours
interval s: tH0 W%ﬁara%ogwbﬂe ngcubp SRRCHEIre apd eqntinyguslyj regdin e @ir egi men
for M5 thera,gy,lsg&;gg@érrd%blg . IFN solution for Control 1 (Goup 2) consisted

in an 40 nyg/ I FN solution in acetate buffer 50 mM | FN-bet a IIPO:%QI
conposi t onRﬁsa}ts @@nl@)'@ omFigmech shay adilerery éhqc%ﬂgl%bﬁnggop bedroge! (

nmonost ear at g, hods Y- 6! rj PEG400
63. 09%W W (Lutrol E100; i by F%)(Acetu Wigl) i fly Tkt i10E ga:&%@:et(sa[ 50

pi M pH 3. 8] lngregssdmm/@bputﬁllﬁfl‘\@e&3acl a 0.01 % w w L-Methionine (Sigm) 0.03 %
w w Wdroxyﬁﬁxgoéﬂlg'lp ﬁb!cshﬁ%j%f(rsél 1 GafiRiokd Winper a&@gﬁﬁ oé/g:;ﬁ isVéeh Shore! FN

solution for ntrol 3 (group con5|sted in 16 solution in

acet at e buf sigrificaafiyincriasrdrommanst tntat ofthe pskogst @lﬂmﬁs Teghelosgd3): dfespitgned to

cover 14, days, ffvep otd@htRition 3F nfa&&&ohﬁm% %loﬁxﬁéipﬁn 3(26%%3«) ubdy @RRE 5% days
after injection for Goup 2. lin
which improves significantly manufacturmg condltlons and handlmg of the matrix.

-Protein release
To simulate physiological subcutancous conditions, [FN-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-hIFNp 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-hIFNf 1a
biological activity upon drug releasc.
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was designed to allow PK profiling after the first and last r-hlFN beta |la
injection, and full profiling of neopterin. r-hlFN beta la was quantified
by an Enayoabvestiibssgunoassay, ELISA (Fujirebio), as descrchap@Bo5219
Neopterin levels were quantified by RIA assay (I CN Bi onedical). Table

I V-1FN rel ease: Results evidenced that, after a single s.c. injection,

Pol oxaner hydrogel (1) (Goup 1) release r-hlFN beta la in a controlled
pattern, sustaining plasma | evels above 5U/nm for about a week, and
possibly nore (Figure 3). Protein bioavailability is significantly higher
(Table V below) to the buffered liquid formulation (both s.c. single and
TIWinjection) and |ipogel formulation tsed as controls. The r-hIFN beta |la
rel ease for Pol oxamer hydrogel lég%v shows a real pronounced controlled
pattern conﬁamnleﬂel’@lnéamerrﬂ - ENDetm 14 Hydrged (Pr of i | e obtai ned with GVB
based |i pogehn ({r9aH (ﬁxva@?régs}em &agbri%bm@amﬁle%qd 6}1ycemﬁlk@%é lbeirfd BBy €l ease

profile fromthe |7 I's characterized by a | ower "burst”

and a | ow, P& UWQE@F @@@h@}h%h\éfeésoltheéefor@éﬁfoma%qwmhetm&xamﬁélymvpe}ge|
formul ationgysed Bs vEBRIhCIddRioh df PObxaditk h@P! € for sustai ned rel ease of
r-hlFN beta la. TableVSerum Neopterin levels increase: Pharmacodynam c (PD)
results éonfirmed the biological activity of r-hlFN beta la released from
gel s. Neopt gf tonpdifilonased with a x shift of about 24 hours for
hydrogel (1 VS. ntrol (Control 1). Repeated dosing (TIW of
r-hl FN beta | a Q@H&FTI48V\/er but ext ende@®@D¥/profile (Control 3). Lipogel
formul ation gavgc@a&gmgrmmﬁﬁ ggynam g, gfepfiye (Control 2). Preparation
of control lipogelformulation:"In a pol z E@({)pyl cnc bccker (low protein
adsorption), wer-BHRNbettunts of GvS andVPESeat'® ni xed in acetate buffer [50
MM pH 455] andp Ridiodinded i n a water bl (WR0C) for few mnutes in order
obtain a nolten and honbgeneous lipid matrix. In a different vessel, a
smal | anount of Pelexamerd8§uffer [50 mv PPA% W containing stabilizing
agents and exci giyetlofadoBee. Cycl odextri B eggglwl- Methionine), is added to a
concentrated r-hI'FN-beta la bulk solution (2 ng/nL). This fornul ated buffer
is first put in a water bath (400C) for about 1.5 mn and added into the

i pid m XtUEgamplRS: m,mg%g,m?;_,{lhm_ﬁ@,{_uﬁy&lagelw er bath for about 5-10 mn

and then cooled down to r.t. under mld agitation wthapolg& Iene rod.
15 IFN-hydrogel (5) was prepared as described i m xample 1 and PEG (Lutrol 00,

2.6% w/w was added to the buffer solution before the formation of the poloxamer hydnogel

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 poloxamcer bascd hydrogels, a

syringing test can be performed using different types of needles.



These results show that the hydrogel (1) has a simlar biological activity
as r-hlFN beta la control liquid fornul ations and all ows sustaining plasm
| evel s ofwo-bdsdodset a |a for at | east one week and an i rFprareehsns2219

bi oavail ability. Exanple 4: Sterilizing filtration of Pol oxamer

407-r-hl FN-beta la Hydrogel (1) The nonophasi ¢ hydrogel solution containing
| FN-beta could be treated by sterilizing filtration. |IFN hydrogel (1) was
prepared as described in Exanple 1. Two different menbranes (PVDF:

pol yvi nylidenc fluoride and PES:. pol yethersul fone) from PALL Corporation of
47 mm nmenbrane di aneter and cut off of Q.2 mmwere used at a tenperature
wherein the viscosity of the solution ie kept low, e.g. 4C. Viscosity is
measured before and after filtration in a Rheoneter (ViscoStar L_Fungil ab):
50 mL of hyHrregisnlar, the syringingitesids Basfoapsd usig ayicy|injeqtiop techrplogyecablgd Repot = 5 2
00, spindl §,0@mprfPrbmiibedieald gni ficant rheol ogi cal changes due to
filtration process were observed. |FN nononer content and rel ease kinetics
from | FN | odletediyapetigeq needlys arpbe dpllowinigd after filtration was anal ysed by
SEC HPLOIf | URPRSERAGE dRbRS ballvaRER 4 P bdefhecdiia P Bl fanlitél” 0ge
(1) in 4 nL of PBS). Obtalned rel ease proglles after filtration are very
simlar o ehadbstyeeneedle)i | tration, therefore the filtration process does
not modify bhipeldhnfaplameer fehttb 831 gzugbn&dhyﬁaggﬁmm Giametef Ol OXaner
407-r-hl FN-beta 1a Hydrogel (2) IFN-hydrogel (2) was prepared as descri bed
in Exanple of aa@gangen%ﬁdlyge (Sigma) 2.6%wWwis added to the buffer solution
before the §qinRfiiRshyRie gft}mﬁ/&%@mw wity 615 QEEbr KyAlogtl (9 or Hydn%gez}gg ggﬁ the

addi ti on of Pol oxanmer 407. droeel 2 conposition: “Pol oxamer % W w
Acet at e buf #te4°Cy@ndyiitgs|about 1§ mipuigs a4 1900 temperaMEsetre disghagecd 112 ¢ Retygtyrene

L- Met hi qpi ngiaf) TS YR8 pERI s RTR s bGBaiBd i Whdts Jif B Bk QSBquire W\i¥etmgleS COSI Ty

Dynam c viscosity studies were perforned to characterize hydrogel (2) and
to charact efics¥inges jnjectability properties. A ViscoStar L Fungilab

rotational yje BlicseR rbif mpbinpt BhdV it A dr&iel (3) Radialy g8bd WrmgRgi ty i N
mPas (Centi poi ses). The hydrogel” (2) was introduced into a polypropyl ene
vial and vi eEsterijticgrageomdempesyta.  speed range 200-300 rpm) were carried
out while varying the tenperature and conti nuously readi ng val ues on

15 Example 10: Pharmacokinetic profile of Poloxamer 407-r-hIFN-B 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



the visconeter display. Results show a different Theol ogi cal behavi or of
hydrogel (2) in conparison with hydrogel (1). The use of Trehal ose at

2. 69 w iwotoes/hygdeogel of the invention (2) results inpchapevsinsase i n the
sol-gel transition tenperature (Figure 5) which inproves manufacturing
condi tions and handling of the matrix. Exanple 6: Pol oxamer 407-r-hl FN-beta
la Hydrogel (3) | FNhydrogel (3) was prepared as described in Exanple 1 but
Hydr oxypr opyl - b- cycl odextrin (Cavasol WHP, Wacker) 2.6% ww is added to
the buffer solution under magnetic stirring (500-700 rpm before the

addi tion of Pol oxaner 407. Then, Pol oxaner 407 is added to the

Hydr oxypr opyl - b-cycl odextri n/ buf fer solftion as described in Exanple 1,

under magnetic stirring. Hydrogel (3) conposition: Pol oxanmer 407 20% w w

Acet at e buf plthe 8¢ femprylation, mye-fijled syripges showld brisiered af 4°Gamhmainiagingd pL MK oni ne
0. 04% W w CayasQlurd¥ifing idHidifeded oY iRGARdidralyIaM C Vi scosity studies vere
performed to Characterize hydrogel (3) and to characterize its
injectability properties. A ViscoStar L Fungilab rotational visconeter was

used, obt ai “ismmnlagge sk §Cha ﬁ%gf‘i:f-ﬂmflaélexs Gt ¥ ihiBetdPASNE GRLAPRRE ST the TE

hydr ogel (3 I nt roduc into a pol ypropyl ene vial and viscosity
measur es s ( Skesl, 208366 dng afigec 2OIINDO® laphydragel formulptione(3) poe-Tillgdi $ysingapsgi ng t he

t enperature . t i - Vi 1SRlaRY -
Resul 1 o i SRRl b Bl Binke) RAElhetTn el AlplST i OREP TR 1B 4HY
hydr ogel ( 3Glasnprediiled syringes atk waighgddvediere bnd dffer thetadmérgdtragjert totallaw dhe ¢xaet

t enperat ure : dr: is increased fromabout 110C to 230C

Sur pri si ngl f/%ﬁqtahgr?%w%rg%%e%g@:’gel transition tenperature of hydrogel (3)
is even nore significantly increased conpared to that of the hydrogel
cont ai ni,pg B romiabehi Seift o b @WBEoRARLEIH ShbE dliled in th

mat ri x-flgrmﬁnogaﬁgo o%%ro%ggbe?%dg/o lelﬁv@tg&%e%\@%clgi g g,r}% Wn?c irrpurIO\?es

si gni fi cant Iaplefhglowt act uri ng conditions and handling of the matrix. -Protein
rel ease To sinul ate physi ol ogi cal subcutaneous conditions, |IFN-beta rel ease

from hydrogel (3) was

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




investigated in PBS as previously described. Drug rel ease test were

performed using 1g of hydrogel

(3) (dispensed using pre-filled syringes)

into 4 mwofodBIogesl 7.4 at 37 2C (shaker bat h speed=10@crprpeosostEd €S

coll ected at:

5, 15, 30 m nutes,

1 and 2

hour s.

SE-HPLC with fluorescent detector (Trp fluorescence).
properties (I FN-beta release profile) of the cyclodcxtrin-containing

hydr ogel

tenperature transition nodifier, i

t he sol - gel

descri bed in Exanple 2,
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w w Pol oxam;ltL 018@11@ the1 0% wyilly the remaining serum.
When 1.5 mL of blood is collected, 3 scrum aliquots are prepared, 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.

Y PRI

. €.

R s §RGRRE ”

before t he

& % and

on before
addi ti on

%ﬁ%ﬁ(ét"ﬁ Apet ate

ionine 0.03%

The following pharmacokinetic parameters are obtained from the individual serum

concentrations of r-hIFNP 1a (as IU/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.



PEG Lutrol (r)E400) 2. 6%V w. Exanple 9: Syringing test In order to test the
subcut aneous injcctablity of |IFN pol oxancr based hydrogcls, a syringing
test can we p&rifideeed using different types of needl es. poTpéososdas, the
syringing test is perfornmed using a new injection technology, called Depot
One (I nprint Pharmaceuticals) Selected Depot One needles are the foll ow ng:
-18/23 (internal dianeter equivalent to a 18 gauge needl e and m ni num
external dianeter of a 2 1 gauge needle) -21/26 (internal dianeter
equivalent to a 2 1 gauge needl e and m ni num external dianeter of a 26
gauge needle). 3 nL pol ypropyl ene syringes are |oaded with 0.5 nL of
hydrogel (1) or hydrogel (3) (kept at 4C) and after about 15 m nutes at
roomtenperature arc discharged in a polystyrene vial. The "needl e

per f or mancehzi s est i rihe emisatiqnivate sersiagt, eflculdied hyothe dopeefiihe lingar regrgsswshar ge
the syringes. The SyiiRgbbdinb@y fuifth te ARl RERARAL bf e RRRMAI AL IhOTC!
(3) has very good syringing chdracteristics at roomtenperature. Exanple
10: Phar macoki neti ¢ paloes vsetime (frem Bhantediz)-407-r - hI FN-b 1a Hydrogel (3) The
phar macoki ngki ¢ char agl efhmbéidhalfirOlesAEREy A0 Zadatdl: FN\-bet a | a Hydr ogel
(3) can be assessed in mal e cynonol gus nonkeys (Captive bred Macaca
fasdcul afi s) nave to any previtlars(r2AMEN-bet a and ot her research drug
treatment. ARicTRl S: BadVrAQiEH b 0GR condenflatthl AL ik WWel BlidiALd B 1R0e
range : approximately 5 years Nunber of animals per group: 4 The

fornul ati ons arc admfeilozirgeayation: t he ani mal s that have been fasted
overnight (i.e. for about 16 houes)ab€ef Peenadm nistration. Food will be

al l owed again 4 hours after treatnment. Water will be allowed "ad |ibitunt.
r-hl FN- bl a”d¥€edel Therpeeatagerpl (AYC extygpelatad dijc.i pbipined fy| xdmpalgiianhges of

320 ng ggch with Zchg@@%@bggle%Iroe,q}%téaumm;M ng r-hEFNb | a per gram Due
to the therno-reversible natureof the (gekpforrml ation, pre-filled syringes
t

shoul d be stored at 4C and “aAUGesi Ty §6MAEEpHat ure only the tine
needed for the administration. A single dose is 44 ng of r-hEFNb |a per
ani mal is i Thiekgsfinent tdhebeSpupprhédSwith aPaRIe Giolig 2| FGRimalQsidbs nitlkeld One

r-hl FNbeta | a h%(drogel formul ati on (3}{ pre-filled syringe are .
IFNP formulation as a reference (such as Rebifl®: a solution formulation containing human

serum albumin (HSA), mannito]l 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-hIFN 1a (12

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

Analyte: Interferon Beta (r-hIFNP 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-hIFNf 1a hydrogel formulation (3) has a high bioavailablity.



adm ni stered to each nonkey (one syringe for each nonkey) in Goup 1
(animals 1 to 4). G ass pre-filled syringes are weighed before and after
t he adm nivetweiioset 0 al | ow the exact eval uation of adnipoiratressdsese.
Blood is collected froma cephalic vein into tubes, according to the schene
detailed in the table bel ow Bl ood sanples are allowed to clot for 60
m nutes at roomtenperature. The clot is spun down by centrifugation at 2
500 g (3 350 rpm at 40C for 15 m nutes. Wen 0.5 nL of blood is collected,
2 serumaliquots arc prepared, the | s*with at least 0.125 5 nL of serum
the 2nd with the remaining serum Wen 1.0 nL of blood is collected, 2
serum al i quots are prepared, the | sl wi’th at |east 0.250 nL of serum the
2nd with the remaining serum Wen 1.5 nL of blood is collected, 3 scrum
ali quots ar€lamsipared, the | aand the 2dwith at |east 0.250 nL of serum
the 3 with the remaining serumlo Serum sanples for r-hlFN-beta la anal ysis
are stored ft -B80pHimacoficddMceAPRYiRH CohpmMARPLAT inter@Ral YIFNY, dherehif @4iad at
-20 0C. The follow ng pharmacoki netic_ parameters are obtained fromthe
i ndi vi dual ser iRMPOHEQNE A Bploxaerdydrogah EN b 1a (as 1 U/NnL) vs. tine (as
hours) after each admnistration: 15 Directly by observation: Cmax: The
hi ghest concentration, value found in_serum Tnax: The tinme from
adni ni st r at #on AFONRASKINN pererdingR clpip § avhereingth iqterigon isTEN-Yelast sanpling tine
at which a quantifiable concentration is found 20 Cz: The concentration
val ue obtained at sanpling tine Tz, B}/ the WnNonlin(r) program AUCz: The
area under #he AEPURASKION AEHerding toshrips! of  wherein thegnigrerop issgeambinagt FNve T2,
cal cul ated by tdeg. | 0g-1inear trapezoidal rule (linear up to the Cmax, 25
| ogarithmc after the Cmax). Tlin: The first point considered for the
determ détion of the elimnation half-life.lz: The elimnation rate
constant, cal cul absgoditsont &eorainﬁn@ af of IR précd@ag cla@l WE&LANLE UikRrabisai ned
by fitting the natural logarithns of the term nal concentration val ues vs.
time (from Thn ®epmbmantiiN-betarde ¢ i njnation half-1ife, calculated by the
equation: 511/2 = (In 2)/ Iz AUC. The area under the serum concentration
vs. tinme curve, calcul ated by the ) ) ) ..

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

15 further comprises a buffer and an anti-oxidant.

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

further comprises a buffer and a surfactant..-

20 7. A composition according to any of the preceding claims wherein the composition

further comprises a solid-gel temperature transition modifier.

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

25 and cyclodextrin.

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

Poloxamer 407.



foll owi ng equation: AUC = AUCz + Czfkz %AUCext: The percentage of AUC
extrapol ated (i.e. obtained by extrapolation), io calculated by the

f ol | oW nowequeiiosss YAUCext = (AUC - AUCz )/ AUC . 100 Poirsressmsizient can
be perfornmed with a parallel Goup 2 of animals using a marketed | FNb
formul ation as a reference (such as RebiflB) : a solution fornul ation
cont ai ni ng human serum al bum n (HSA), mannitol and sodi um acetate as

exci pients packaged in pre-filled 15 syringes with 21G needle of 0.5 nL
injection volune at a strength of 44 ng r-hIFN b la (12 MU). In this case,
the entire content (0.5 nL) of one Rchif(r) pre-fillcd syringe is
adm ni stered to each nonkey (one syrin 2 per animal) in Goup 2 (animals 5
to 8). Analyte: Interferon Beta (r-hlFNb la): Trmax Cnax AUC ast Tl ast C ast
AUC(0- 72) | W[ 1AJcemposjtipn-acegrding 1o apy of fic|preceding cleins wherein tho camBition300 96
9. 64 53900 SD §,0 ggg2@gpgp%;@wgfﬁgogéﬁggoﬁvwb67 51.3 29.4 17 52.9 29.3 20
These results sho& that r-hl FNo Ia hydrogel formulation (3) has a high

bi oavai l ablity.C ainms: 1. A pharmaceutical conposition conprising an

interferon (] FY coMh&Rifoh il &PORRSY LhiRkkil axécfﬂﬁ&%ﬁ:ﬂﬁéaﬁmmﬁﬁmﬂ A
conposi ti on according to claimlwherei’n the interferon is |FN-bcta. 3. A

conpositfon ac dryrimgnlgmn@nareﬁ@nqmm TEN-ptedappd futherjcgmprises rﬂdﬁﬂﬁfsand L-
reconbi nant | F Bnind- A conposition according to any of the preceding
clainms wherein t e Interferon is reconbinant IFN-beta la. 5. ‘A conposition
according to any of the preceding clains wherein the conposition farther

conpr i ses ali)uf/(%msmu&lnac@&mn Q¥ IcfaRt11, GherBinCABRES: ?(Ssllt% RAE GiplisdsO any

of the preceding clains mhereln the conposition further conprises a buffer
and a surfact arffoloxamer 188 conposi ti on according to any of the preceding
claims wherein the conposition further conprises a solid-gel tenperature
transition nodifier. 8. A conposition according to any_ of the preceding

cl ai 8 wher &-n Qwemgeﬁmsqopq)rgwg to claim 12, wherein the composition further comprises

Trehalose.

14. A composition according to claim 11, wherein the composition further comprises

15 hydroxypropyl beta cyclodextrin.

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

sclected from the group:

20 Poloxamer 407-25% w/w
Acetate buffer 50 mM/pH 3.8-74.7% wi/w
r-hIFNbeta 1a-0.012% w/w
L-Methionine-0.03% w/w
Poloxamer 188-0.24% w/w;

25

30



further conprises a solid-gel tenperature transition nodifier selected from
Trehal ose and cycl odcxtrin. 9. A conposition according to any of the

pr ecedi ngwol2assmoaseer ei n t he Pol oxanmer is Pol oxamer 407 pt@/EPA00s0800si ti ON
according lo any of the preceding clains wherein the conposition conprises
20 to 25 9% w of Pol oxaner 407. 11. A conposition according to claim1,
wherein said conposition is a Pol oxaner 407 hydrogel conprising reconbi nant
| FN-beta la and further conprises a buffer and Lnethionine. 12. A
conposition according to claim1l, wherein the conposition further
conprises Pol oxanmer 188. 13. A conpositjon according to claim 12, wherein
the conposition further conprises Trehal'ose. 14. A conposition according to
claim11l, wherein the conposition further conprises hydroxypropyl beta

cycl odextrin. MloxamesAbbIS¥aWW according to any of the preceding clains

wherein the comgtgbmegsi,,ﬁﬁy s 8dfgaomytsne group: Pol oxamer 407-25% w w
Acetate buffer 50 nmM pH 7% W w r-hl FNbeta | a-0.012% w w

L- Met hi oni ne- oremmllad]%%a(WrW 188- 0. 24% w' w; Pol oxamer 407 -25% w w
Acet ate buffer HRdiNbmae-8:08%Aaw04% W w r-hl FNbeta | a-0.012% w w

L- Met hi oni ne- 0. 03% w w Pol oxanmer 188-0.24% w w d ycerol 30Be-2. 6% w,
Pol oxamef 407- Pslexgmer AB8D.24% wiwf f er 50 nM pH 3. 8-72.04% w w r - hl FNbet a

| a- 0. 01 2%V w Lc,gfggrgmpw%@mgg% w w Pol oxanmer 188-0.24% w w
PEG Lutrol (r) E40 69 w, Pol oxamer 407-25% w w

Poloxamer 407-25% w/w

Acetate buffer 50 mM/pH 3.8-72.04% w/w
10 r-hIFNbeta 12-0.012% w/w

L-Methionine-0.03% w/w

Poloxamer 188-0.24% w/w

PEG(Lutrol®E400)-2.6%w/w;

15 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

20 Trehalose-2.6%w/w;
And

Poloxamer 407-20% w/w

25 Acetate buffer 50 mM/pH 3.8-77.34% w/w
r-h-IFNbeta 1a-0.015% w/w
L-Methionine-0.04% w/w
Hydroxypropyl-3-Cyclodextrin-2.6%w/w.



Acetate buffer 50 mM pH 3.8-72.04% wW w r-h-1FNbeta | a-0.012% w w

L- Met hi oni ne- 0. 03% w w Pol oxaner 188-0.24% w w Tr ehal ose-2. 6% w; And

Pol oxamerwdQdes2Q8sce/ W Acet ate buffer 50 miM pH 3. 8- 77. 34%cwrmaoshsi2ibet a
| a- 0. 01 5% w L- Met hi oni ne-0. 04% w w Hydr oxypr opyl -

b- Cycl odextrin-2.6%Vv w. 16. A nethod for preparing an |IFN hydrogel
conposition according to clains 1 to 15, wherein said nethod conprises
addi ng a cal cul ated anount of Pol oxantr to a buffered solution at a
tenperature wherein a honogeneous polymer solution is formed and then
adding the interferon. 5 17. A nethod according to claim 16 wherein the
buffer solution contains a solution-to:ﬁel tenperature transition nodifier.
18. A nethod according to claim16 wherein the buffer solution contains a
sol ution-tol® geimethedder preparios an IR ihydregel rroapesitian aceording del cign] 1 Ehal ose

and cycl odextr ivgh %:? il H&L&H’%ﬁ%ﬁ%@é dififly BOcatduRhdtP achGudt Br FoI10MRREC 2l NE
interferon i s adde Proq1a solution containing stabilizers selected from
L- Met hi oni nc arkiffeest osebution at ggtemperatire: yitpicifae i homogenspesopolyrpe sutiogsis of an

| FN hydr ogel CQPP&%%L&@B g&ﬁﬁggéggxkg,plains 1 to 15 for the preparation of
a pharmaceutica prepara?lon or the Preatnent of multiple sclerosis. 20
5

17. A method according to claim 16 wherein the buffer solution contains a solution-to-gel

temperature transition modifier.

18. A method according to claim 16 wherein the buffer solution contains a solution-to-

10 gel temperature transition modifier selected from Trehalose and cyclodextrin.

19. A method according to claims 16 to 18 wherein the interferon is added from a
solution containing stabilizers sclected from L-Methionine and Poloxamer 188 and a
combination thereof.

15
20. Use of an IFN hydrogel composition according to claims 1 to 15 for the preparation

of a pharmaceutical preparation for the treatment of multiple sclerosis.

20



