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BASED ON BLOCK COPCLYMERS 5 Description FIELD OF THE | NVENTI ON The present
invention relates to pharnaceutical conpositions for the controlled re-

| ease of acWOWOLMHIHGunds. The conpositions are in the fBEWNBLOFHI0YGEr i C
mcroparti- 10 lles, in-situ gels, or solid inplants. They are based on

bi odegr adabl e pol yners and are particularly useful for the controlled
delivery of therapeutic proteins or peptides. Mre- over, the invention
relates to polynmeric mcroparticles conprised in the conpositions and to
met hods of mgiUKg such CONTROTLED RESLEASE COMPOSITIORSIPASED©N nvent i on
relates to pharmaceutical kits which conprise the conpositions, and to the
uses of such kits. 15 HBISPCRCCABOLYMHERS| NVENTI ON Parent eral dosage forns
with slow drug rel ease properties have been devel oped to answer the need
for inproving the therapeutic use of drug substances which should not be
adm ni stered orally due to their physicochem cal properties, and which have
a rela- tsively short half |ife because of which they have to be injected
frequently. Frequent in 20 jections are unconfortable to patients, and if
the injections have to be given by pgy cians or nurses, they are also
rat her costly. The experience of dis SﬁFHFl“and pain may result inpatient

i nconpl i ance and j eopardi se the success of the therapy. The nunber of drug
substances whi ch cannot be adnmmESD ©FETHEYNYVERTIONVeEni ent oral route is
presently increasing, prinmarily as a consequence of the recent advances of

25 bi ot echnol ogi research in the pharnmaceutical grea, i ch h s lead to
an increased nuhg‘épreé?ntﬁ‘?‘@ml?ﬂ tsbeside p P%C%lﬁamap%’il@}srfo\u%ggnﬁ dFips with
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| arge antd hyaiesojphsitui gplggr solickiuilants. fThey arsdrsedatn bigdesatibletmobmyrs timbare

i ntestinal nmucos antia tent t hese - s WO
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frequency and thus redu ati ent di sconfort, and achieve a higher |evel of
conpl i ance @§ gl microparticles. In further aspects, the invention relates

to pharmaceutlcal kits which comprise the compositions, and to the uses of such kits.

15 BACKGROUND OF THE INVENTION

Parenteral dosage forms with slow drug release properties have been developed to
answer the need for improving the therapeutic use of drug substances which should not
be administered orally due to their physicochemical properties, and which have a rela-
tively short half life because of which they have to be injected frequently. Frequent in-

20 jections are uncomfortable to patients, and if the injections have to be given by physi-
cians or nurses, they are also rather costly. The experience of discomfort and pain may

result in patient incompliance and jeopardise the success of the therapy.

The number of drug substances which cannot be administered by the convenient

oral route is presently increasing, primarily as a consequence of the recent advances of

25 biotechnological research in the pharmaceutical area, which has lead to an increased
number of highly potent peptide and protein drugs. Perhaps with the exception of some
smaller peptides, however, these compounds are relatively unstable in gastrointestinal

fluids and, more importantly, too large and hydrophilic as molecules to become ab-

sorbed through the intestinal mucosa to a substantial extent. For some of these drug sub-



Parenteral controlled rel ease dosage forns are usually in the form of
macroscopic, 5 solid single- or nultiple-unit inplants (such as polyneric
rods and wafers), mcroparti- cle suspensions, and nore recently al so gels,
including ipn-situ formng gels. Drug- | oaded solid inplants are avail abl e as
non- degr adaﬁ’loezoﬁ%q8§%ri c, ceramic or netal de- vices whi ch/NsP2s/408%08e
surgically renoved after the designated period of drug action, or as

bi odegradabl e pol yneric forns which require no renoval. An exanple for a non
10 degradabl uh&83] f¥ctabf JBaGlan@bi¥lcaitiilel teleadd fhrthul-8bRARE Beih ﬁe@ﬁﬁkﬂﬂ? drug,
| euprolide, over & period of one year. An exanple for a biodegradable

i mpl ant is AordeaZelvaten'the d@igafiesuendy, andithustreducepagentdissomdort, add eelgers @ of

rel easi ng the. i de.drug. goserelin, . gver periods of one and three

nont hs, respgucgt%lgl\?fee}’%o%% 'thl’sgke%?({tgl?ra{’wgcﬁ%cr K8t introduction of the first

bi odegradabl e ingl ants, cons. 15.trolled fel ease m.croparticles becane

avai Fabl e such DEeRsRbedrtoled BT d9soes e 5 Sat it R o e R PR e ase

| euprol i dg owvekd siggleostsmakipRAit infplaes (s@dhchs fpolmeiRTbdiSandr WABSE mitlopatiy . | N
order to inject such mcroparticles, they have to be suspended in an aqueous
carrier. For c& sypensiopsy antb B10se roremilsy also sglspacluding BpuRy famig gelhndligusual |y

be stored as i ﬁl]gn_ ;Irrﬂ:ri e . pLuted from
a dry povvder.oglgd%g?t}egﬁpgaﬁg?g%?l%arug-#e%%glgg:él& ropg’rﬁr%ﬁlg;b?tgrll dﬂrrogt hods
for their prepasathichrhavetebassgicallyaemovedafteMie lesgnatal mriodlof drug action, or

M croencapsul ati. o i,n:. Encycl.opedia of. Con. trolled Drug Deljvery (ed. E.
VBt i ow 1) . Sudtotepradthle Rt o wfich i, necrriiovyls AgGARIA B B 1on

i ncor por afped degf@ible RplARfiEBENE'S Vialiar® Rakheelehds thRipeptideditu® liedrdificdfld ver y
systens through particularly fine needles 25 to provide increased patient

confort, drug gefiady of yonscyeant Ast exahplee farna rieedegradglda rispbang s AstaZerege's op

injectable g bch .are capabl e. of .form ng. subcut aneous. .or, i ntramyscul ar
depots. 1 orfesFreanigh it E ABOBEEIIof STt GIute SRR ign piEuse S o

hi ghl'y shear ovetperiodsef @echnl Mirs@mbRRs, GespBYiveRP! Yi ng shear force prior to
adm nistration, the viscosity of these gels is substantially reduced,

al lowi ng for injeabkigaiidrtthe Sndritd ahtedtRbiiorS FRAHe HRE bfdegth@abldiRpIGRS, e gel
strength is recovered slowy after adm nistration. Accordi ng to an- ot her
concept, 15 quraled oetpass nticropaticlesbdcameravaileld, snh ah]aksfla'eLuprami Repat ferniven,

formgels in response to changes,of their, enviropnnment ch a H
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solvent are injected. Upon adm njstration, the saol vent uses away from
t he i nj ect i onearrier. For stability reasons, however, depot microparticles cannot usually be stored as

an aqueous suspension, but they have to be reconstituted from a dry powder.

20 Various designs of drug-loaded microparticles and methods for their preparation
are described in E. Mathiowitz et al., Microencapsulation, in: Encyclopedia of Con-
trolled Drug Delivery (ed. E. Mathiowitz), Vol. 2, p. 493-546, John Wiley & Sons

(1999), which is incorporated herein by reference.

To enable the injection of drug delivery systems through particularly fine needles

25  to provide increased patient comfort, drug delivery scientists have in recent years begun

to develop injectable gels which are capable of forming subcutaneous or intramuscular
depots. In one of the concepts, gel formulations are designed which are highly shear .

thinning and thixotropic. By applying shear force prior to administration, the viscosity

of these gels is substantially reduced, allowing for injection with a relatively small nee-

30  dle, whereas the gel strength is recovered slowly after administration. According to an-

other concept, liquid compositions are formulated which, after administration, form gels

in response to changes of their environment, such as pH, temperature, ionic strength.
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site, which |eads to the precipitation of polynmeric particles or to the
formation of a gel. Biodegradable injectable gels have been discussed in
detail by A Hatefi et al., 5 Journal of Controlled Rel ease 80 (2002),

9- 28, which is incorporated herein by reference, The therapeutic
usef ul ness 8\%@3%’{3%7 pol ymeric carriers for control | ed FEFE%EEQ6/04006
particul ar that of polynmers and copolyners of lactic acid and glycolic acid,

has been denonstrated for a few active conpounds, such as |euprolide,

?oser el ihn, hAserditg maa thivd ab@rdab]h,ﬂ_i@ﬁ&bélﬁmeﬂ%h?ﬁlaﬁdrﬁ @kdprigigta Idmsaqﬁfddg ? vfer y
arge therapeutic index, i.e. having a very lowtoxicity even at |l evels far
above the tI‘F@F‘@B’e‘Hﬁ’ ingegted, W@&Wétrmcg‘ﬁtsﬂﬁﬁﬁ isep AWe from; thg dpjectiogs g

tol erabl e acifeVghigREROMEIRe SHE&BitADNITYbRERAL batiRS 0R%hd fBALE! G gel¥hOSE
precisely controlled delivery is necessary for achieving therapeutic effects

wi thout in- tol ghgf d%lg?r?gét%lﬂgtg%ls tgﬁx%_eapaisaﬁgaeﬁséétﬁii Yy .Zf?atgfﬁé@mped as

control |l ed rel ease dosage or ITs. major difficulty 1s’t

bi odegr adablJoupmel ¢hEertlled Releases8U2902), A-28 evhidhcdocumsstf ig linsgyorated hgseinduct
are appar entg}y e(r)é gapabl e of providing zero-order or nearly zero- order
rel ease profi’l ST st ead, t hey produce highly undesirable initial burst

rel ease upon admnistration.. Furthernore,. the autocatal yti egr adati on of
ol yer s and oo ieEienlit BRktulaps ol SRR R AT eieti il AFIES Bad 1t o
dose dunpi ngpRfib@ettBatadf Joireérs 9h@@6olPherd Of dicko abR fASEycde dchie hed b&em hand,
ot her new pol ynmers which have been discussed as im proved controll ed

rel ease car r9esponstrated for arfayeagtive carapmyndn quchors leprolidey goserpbing byserejinyad cor d
of the pg] y( Ldes): I i - e LS new
pol ymor | D HeFREEC ibichte BE Yy b V25 tacpbHBep ol e P pRARE g B o
are al so caplabi tpxioity &ehtaelevelsfidgrrabblé the thempentelabip sffeative ceha@hirating. In26n-t oxi
t her apeuti c conpound an the previously used, carrjers.. |t |s therefore an
b et of ¢ hErSEDIEGHNS Bt RGP Hoh i FOP OO FRRC S IR Shteons
conpri si ng OpRciSdly BBMtRIRE AR Gs AédekdaBy for RoMbASy BetReh@NbftPERARALADI | 11y
and a relatively toxic therapeutic conpound which should not be given via
the oral routoterablesigpefiactsy hyeqrad spccesstnllyhsemdgvelpppdas capfrolledre]ag #8n is to
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administration. Furthermore, the autocatalytic degradation of polymers and copolymers

of lactic acid and glycolic acid may also lead to dose dumping effects at later stages of
20  drug release. On the other hand, other new polymers which have been discussed as im-
proved controlled release carriers for therapeutic compounds do not have the safety re-

cord of the poly(lactides) and poly(glycolides).

Thus, there is a need for new polymeric delivery systems which have proven bio-
compatibility, but which are also capably of better confrolling the release of relatively '

25  toxic therapeutic compounds than the previously used carriers.

It is therefore an object of the invention to provide new controlled release compo-
sitions comprising one or more polymeric carriers having excellent biocompatibility and
a relatively toxic therapeutic compound which should not be given via the oral route,

such as a protein.

30 Another object of the invention is to provide microparticles, implants, and gel
compositions comprising an active compound which is released at a controlled rate.

Furthermore, it is an object of the invention to provide kits which contain such composi-

3



sis of the follow ng description and patent clainms. SUMVARY OF THE | NVENTI ON
The i nvention provides a pharnaceutical conposition for the controlled
rel ease of 5 interferon. More specifically, the conposition provided by the

i nvention cogghhRgsid biodegradable polyner and an acti nd sel ect ed
fromthe group of ibnt erferon. The bi odegradabl e pol yner ﬁgﬁ%@@ﬁ@g@o?

copol yner constructed from pol y(ethylene gly- col)-terephthal ate (PEGT) and
pol y(butyl ene terephthalate) (PBT). A preferred active conpound is an
interferon saioaehedphdmatdubical fudss thareo Fadter objatte iwfil bedbine abparent an fiwy Bdrer

enbodi nment, the co sition of the [nventjon is designed to conprise
m croparticl egés‘?/ﬁ{-b‘gﬁ’?]&&(ﬁ% SHCripHan g Ba&e‘ﬁﬁtﬁﬁpimer and at |east some of the
interferon conprised in the conposition. Such conposition is particularly

useful as a parenteral controlled release formulation which can be injected
i ntramuscul arly or subcut aneoﬂfVM@ﬁoﬁﬁ@%%ﬁ@%nt, t he i nvention
provi des a pharmaceutical kit conprising a 15 first and a second seal ed

conpartment, wherTakindeiod ploSides & PRAMaERAEl CORMPOIiSASToB tehtontrolled release of
m croparticl e-based conmposition in substantially dry form and wherein the

second conpanterisrons e spseifically, theueompesitioy prayidedryi be iaveAtion 6QARMSEE 8t | ng
the conpositi "gpgjgh i 0] P td Lon. d: t her
enbodi nment , tlﬁgdé orrpolse :iapll)’g%k %ﬁa ?’Eé&}v?\?g%? {}% %egcgﬂﬁégg&g?r@sooqll gﬁ”?lfr?}%éo

pl ant. Furt he€ftheebibdepradablespolymdriisie thetkhwdslyfner cotstugted famapalyethyient ipty-

conposition an th r tical s, t hereof.. . BRI CRI T%@NCFTHE
SRAN NGS. P o 0P BB R ot ot B Bien P SEDAY A e

m croparticl esongduld is addntefferonBeledtél RomBletathily of glfd-Ritezferdial esent s t he

rel ease of interferon from copolymer mcroparticles in vi- tro and in

monkeys. {p WO 2008/ %8ri< émBbditddhe HRAADBAES ofad MvelridnE 62 tEBbrifrisEHE

| NVENTION I n the discovery process |eading to the present invention, it has
been found t haicropsgiigfesoihich sopainythe plockisppdymern andna deast seyare of B igterferon

control | ed relgasn Ay Mesco@o%i§§ﬁ.i Siich cS&@gg{lrgﬁ%poa?ﬁ@ﬂtxﬁZusgfeﬁ:l )é?%%:eﬁerélami c

and/or glycolicacrd or, ar very su ivery
rel ativel y tosdntroHed teleascionpaaticiswhidk bardlse injetted irgraomsculdrly granbdutankausly. t he

In another embodiment, the invention provides a pharmaceutical kit comprising a

16  first and a second sealed compartment, wherein the first compartment comprises such
microparticle-based composition in substantially dry form, and wherein the second
compartment comprises an aqueous liquid carrier for reconstituting the composition into

an injectable microparticle suspension.

In a further embodiment, the composition of the invention is shaped as a solid im-

20  plant.

Further embodiments include methods for the preparation of the composition and

the pharmaceutical uses thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents the release of interferon from copolymer microparticles in vi-

25  tro and in hamsters.

Figure 2 represents the release of interferon from copolymer microparticles in vi-

tro and in monkeys.



rel ease behavi our appeared to be poorly controll able, especially when the
polynmers are fornmed as mcroparticles or gels. For exanple, it seens
difficult to avoid the so-called burst release, i.e. arapid release of a
si gni fi cant WQ #86/08a70f the incorporated active com pouRATADL6/6d0bET

adm ni stration, when using the conventional polyneric carriers. De 10
pendi ng on the therapeutic index of the respective active conpound, such
burst release can prodypeAtathRSCRIPTICN DECLIE NOVRRIIGRt S. I n contrast, it
was surprisingly found that block copolynmers of PEGI and PBT are capabl e of
incorporating and rel easing the interferons (above nentioned conpounds) in
a nuch better clonhe discavery Psenemleadipg ko theprgsantonveniiens i hes heanyfound gt bur st
el oot oS b or i dhRdit WhEh il FR SEthelill bOLSARSE AL At eI ET e, 1 he
i nvention provides Rar raceut | cal  composition for controlied re- 1ease
conpri si ng sompaudsrsadabd polpmessflactin dndior glgtdlicecidorpaamdt sery editable for om t he
group of _interferons, rein the biodegradabl al r is_a hlock copolymner
Qo Pt ot L ST roRRYY Felib gy SOmRo s b Rariereonhan Pt €6

pol y(but yl epgedse beRRidu-appdirddaoa: poBiBI tontiollablaSespécillydRiash the Polghmieys drbe
inventors that the bl ock polyners described above_ _can forma surprisingly
sui t abl e nafrmedfas miciopartislss oF gels Foscsample.oh seemsditficnlt to pyaid) thesso-qaligd e
application : |.C i : AQrR af
interfer ons%vu\fS% ﬂ:}e‘%%%%.'e] %éag{do?eiélﬁo%% %‘lﬁf?{?ﬂ{ %‘%ﬁ?{ hgrngcf(\)easog(liIEi ‘Qgt“ﬁrél

speci fi ed coppwidysrensafer edpanistiation,avien usingt the lcenvestionahpolyheyic camersalblee t o
control the rel.ease of.incorporated. . nterferons. over a w de,range.of release
brof | esanPEiitags 1B BRERBad ol aeiehtes T CRR el in B Eafe

t her apeut i ¢ capprofhdeGathefxicldfRciodd ydtiefitsC carrier nmay be devel oped into

vari ous dosage form designs, such as mcroparticles, filns, gels, and solid
inplants, and Chicdnf¥! ¥ ¥ad shPAsRlDfoura tBR bl ebdlymers SR PEGINAJPer #6S of
hydrophilicity which can - together with the geonetry of 5 WO 2006/ 085747
PCT/ NL2006/ Gappbiyerf in¢raperetingyend isleasieg the infaiferopnh@bevst mentipapd eqrepopads)duys
durations ofy hdEr Ofhifolef 3Gion Rt LU G UBAHRAT oBlenf FhEATRAPLOW S, A
phar maceuti cal conposition Is defined as a conposition ich1s’typically
used fofs t hefageutiscussed ol thgrestiptorpur poses, or for well ness and di sease
prevention. Wile 5 many pharmaceutical conpositions are designed and
fornmul ated for Therefomeehd Mivention previds agphatmaeutial adrepositivhl feecamisfledireds,

there are also co itiqns, whic 0Ssess con-
lease com r?ssmg aobr}odegradalgle %o ymer and an active compound selected from the

group of interferons, wherein the biodegradable polymer is a block copolymer con-
structed from poly(ethylene glycol)-terephthalate (PEGT) and poly(butylene terephtha-
20 late) (PBT).

It has also been found by the inventors that the block polymers described above
can form a surprisingly suitable matrix for incorporating interferons for controlled re-
lease applications. In particular, they can incorporate large amounts of interferons with-

out loss of bioactivity.

25 Another reason why the specified copolymers are particularly suitable is that they
are able to control the release of incorporated interferons over a wide range of release
profiles which may be considered desirable, depending on the specific therapeutic ap-
plication. The polymeric carrier may be developed into various dosage form designs,
such as microparticles, films, gels, and solid implants, and can involve a range of mo-

30  lecular weights and degrees of hydrophilicity which can - together with the geometry of



trolled rel ease characteristics in order to provide an extended duration of
ef fectiveness. Several terns have been used to describe various types of
controlled rel ease characteris- tics. As used herein, controlled rel ease
refers to anyolpsiokigd active conpound rel ease 10 such a %%H | ease,
prol onged rel ease, constant or zero-order release, extenZPe rﬁwﬁgé@%,
sustai ned rel ease, slow rel ease, biphasic release etc. The conposition
conprises a bi odegradabl e pol ynmer. According to the IUPAC term nology, a
pol ymer is ddlid dnsagedform oz abmitathereoCoapizye dargdus ductionpbdLintdrfeson defeaseipm] a
macr onol ecul ¢ _|. q [E?l f <high relative nol ecular mass, the structure
of which 15 Slsalls@lr?t a ngez%ﬁ%ﬁﬁoggess'the multiple repetition of a nunber of
constitutional uRits. In .comon | angqu , however, .the distinction between
= pol yner and ¢ i AR AL traR s R A Ed B ey Ristiersviigh el Yee.
This is al sofer merapanictd}aiiggrﬁgwpmgsﬁg,rdrpfof QRllnes¥ah€ Miseme mbtdntibut Whil€at ur es
to the polynmer which should - strictly speaking - be attrib- uted to

macr onol eéul &&ay Rhamiasentiseherippasitions Feeydepigneeandniormulgted fer thsiimmegiatsreg
substance t 0 108e 6H1GHrb& ated act AR RAnR! tHRfRRE AP HritsitoRD WnfchYdSsesd ddn-
physi ol ogi cal e%vﬁﬁorfﬁreﬁts,acor toﬁlg%ug(ﬁ’enzy- mt?dgﬁ@dg%ﬁgﬂwh]i n%ttaﬁsgscoﬁlt ext of
t he i nvent i onrolled rdlease clefranteristics madrderie pividter extealded dyratign ofeffectiveness.

degradable in. a si gl ogical enyironnent .- such as in.physiological.fluids
ot body. & emsraiFEis a8 bER w8 BB o of Rl R HleeSe i riva
substanti al drgras Wed taiein RoMeslled Telohsk héforstth any aiodERd aktiVOttnspoudad yedeasveeks,
nont hs, or years. The de%r ada- tion y include various chem cal gechani SNB
i ncl udi ng'%hy dret fdelavse rasasaaRTPionsedstcase Renstaphpigre-ardsy relrasefriandeditdi ngs,
bi odegr adabi ljb4¥ dQfifedR¥icaSE3bw Rithsd p?hgq&gﬁgge_aé@c_ abl e pol ymer nust degrade
into the respective nmononeric units. It is sufficient that the degradation
process |leads to 0 i i ;ﬁ%p 4 m e m an
30 organi sm by p?gglgg&gggslﬁcﬁ&géﬁ%egﬁa &do dé‘%%ﬁ’ |Bl ex'c‘?gqto?%hg't(lpﬂ{et ﬂjeﬁ%(?esent
i nvention, tHemipdogyepotyysr iaddfined ey ambstacecamposed of oractomlerotes.vn toogpound
and as rel ease contrlol l,in agen%.vﬁg{peé‘qowo STAT PCT/tNLéQJO&/ 00@0&6
Furt her nor e, atlﬁgcr%rin&?‘é%}?éd%mo ecBeI feeNLBoLs p}agsmk}ehs 5 6"(1% © 1CIBI ock
co pol ymerss casmtislyc teaepfised the ahulfislé yetiien of vcinber efephtthatichiab uti-lId) and
pol y(butyl ene terephthalate) (PBT)..A copolyner is defined as a pol yner
derived from CoRpReR langage rﬁ‘éwﬂif‘éc'ihégl%\‘c“ﬁﬁﬁé n aPﬁlyﬁlebP-%'!be%’ﬁ leg or
bl ock pol ymerJy;qj Fleco , 's?s &L AdtURAys TRETO TRIsGE YlsE Sl adhReaM ueRlipGds t hat
are constitutionally difrerent, 1I.%e. :

which may attribute features to the polymer which should - strictly speaking - be attrib-

uted to macromolecules.

20 Biodegradability may be defined as the ability of a substance to be chemically
degraded at physiological conditions, in physiological environments, or through enzy-
matic action. In the context of the invention, it is preferred that the biodegradable poly-
mer is degradable in a physiological environment - such as in physiological fluids at
body temperature - even in the absence of enzymes in the sense that substantial degra-

25  dation occurs within the course of hours, days, weeks, months, or years. The degrada-
tion may include various chemical mechanisms including hydrolysis or oxidation. For
the avoidance of misunderstandings, biodegradability does not mean that the biodegrad-
able polymer must degrade into the respective monomeric units. It is sufficient that the
degradation process leads to soluble molecular species which can be eliminated from an

30 organism by processes such as renal or hepatic excretion. In the present invention, the
polymer typically serves as carrier for the active compound and as release controlling

agent.



adj acent bl ocks conprise constitutional units derived fromdifferent species
of nmono- ner or fromthe sane species of nononer but with a different
conposition or sequence di stribution of constitutional units. A block may

be defined n of a macro- nol ecul e which conpri | ti
nunber of c?ﬁs It {I 07(r)1al units that have at |east 10 oné’%&mwn@m{?ﬂﬁpch i's
not present in the adjacent portions. A nunber of bl ock copol yners

conprising PEGT and PBT have been described in prior art, for exanple by J.
M Bezener et aFurtl@moxsnthedtiodRgradalsle ppba®er i sel¢csyd, fr@QShﬂGBmp of bigikosred.

Mat er. Res. 5 7- 320;
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1527-1536; Rhfdem nﬁ%moi’e@@lés héve ﬁéheenﬂ%cﬁg that lapd coantltdﬁBﬁélg) di%fé%t i.248
(1-2), 229-237; Eur. J. Pharm Biopharm 2002, 54 (1 3), and J. Sohi er
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el evated tenperatures or’ in appropriate sol- vents. Accordi to
i nvention, tias 3042, ¥& (QohPliulid6; Eharel. Eee.cD0f2Ing3), Wé4g1:9éub1tol'r ham. t2@92,er ons.

I nterferons 4gpnesento 2t Al 1Y pRlm BiHha, %oBE !¢, .93 SRINSoHE kygd Trom
(J. Control Release 2003, 87 (1-3), 57-68; Eur. J. Pharm. Biopharm. 2003, 55 (2), 221-
20  228), and in WO 93/21858, EP 0 830 859 A2, and EP 1 090 928 Al, all of which

documents are incorporated herein in their entirety.

These copolymers can be understood as being composed of repeating blocks of
hydrophilic poly(ethylene glycol) (PEG) and hydrophobic poly(butylene terephthalate)
(PBT). These poly(ether ester)s are typically prepared by polycondensation of PEG,

25  butanediol and dimethyl terephthalate. Alternatively, they can be understood as being
composed of repeating blocks of poly(ethylene glycol) terephthalate (PEGT) and PBT.
These copolymers usually have the properties of thermoplastic elastomers. In an aque-
ous environment, they form hydrogels or hydrogel-like polymeric networks, in which
the polymer chains are not chemically but physically crosslinked. It is believed that the

30  crosslinking is effected by the association of "hard" PBT segments into crystalline do-
mains, whereas amorphous regions comprising "soft" PEG segments and some PBT are

responsible for the swelling behaviour in water. In contrast to chemical crosslinks,



5 human cells and involved in various functionalities of the i mune system
such as in fighting viral infections. Several interferons have been

devel oped into pharmaceutical products and are today avail able as products
of genetic i | for use in the treat- nent of |eu ' hepatitis,
mul tiple scﬁ8§3§§§?bgﬁd ot her severe diseases. In contraé?ﬁﬂgigg@gﬁg ot her
active peptides and proteins which have been success- 10 fully devel oped
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(chronic) hepa roni c patrtis eukaemrg,
(chronic) nyelksganibrschiatikpthetapeutimeffedtpivehont altolemblefsidel éffeadsar | ynphoma,
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sel ected fromthe group o fa- interferons. The native nenbers of the
al f a- i nt er f er oals Bivdechnoto g diddraoodrdesdamnip dtuplishers1 6998, 219-222). Leukocytes are

one of the major origins of these proteins in humans. At least 23 different native sub-
types and several modified versions of IFN-alfa are known, some of which are available

20 in pharmaceutical products. For example, a mixture of several native [FN-alfa subtypes
derives from pooled infected human leukocytes has been commercially developed. The
presently most important members of the [FN-alfa group are the recombinant variants
of IFN-alfa-2a and IFN-alfa-2b. Another recombinant IFN-alfa used in therapy is IFN-
alfacon-1.

25 The basic function of these interferons is the upregulation of the immune system,
such as the stimulation of immunological cells capable of recognising and directly or
indirectly destroying cancer cells or viruses. Among the therapeutic indications for alfa-
interferons are (chronic) hepatitis B, (chronic) hepatitis C, hairy cell leukaemia,
(chronic) myelogenous leukaemia, multiple myeloma, follicular lymphoma, carcinoid

30  tumour, malignant melanoma, genital warts, bladder carcinoma, cervical carcinoma,
renal cell carcinoma, laryngeal papillomatosis, mycosis fungeoides, condyloma acumi-

nata, SARS, and (AIDS-related) Kaposi's sarcoma. In fact, it is presently most preferred



kDa and consist of proteins with | engths of 156-166 and 172 am no acids. All
| FN- al pha 5 subtypes possess a comon conserved sequence regi on between
am no acid positions 115-151 while the am no-term nal ends are vari abl e.
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posi tions. turally occurring variants also include proterns truncated by
10 am no acids at the carboxy-term nal end. Another major class of
interferons is that of beta-interferons (IFN-beta), the pres- 10 ently nost

i nport ant r&sedingfodhe invention thptcthe pstivie epmgoUENS [seleeted fomnilie Eravpiedtaliad b.

These interferpn are used e.g. in the management of certain forms of
multiple sclerosis, in particular relapsing forns of nultiple sclerosis, to
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More recent Severa rtronal classes érons were di scovered and
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represent a_mixt.ure of vagd ous. alfa-interferan vacriants. 30 such as.a

Rt ure of - sapPye 15 feny BRECAOSHE 1 PoRheple dnyiRie Bt i RSB (o
sepa- rase angtdpfirsticlinicihépidodt end ieive MRibfathes exrsistett adkhfnitiple ssledogis.or gani sns
or isolated cells 9 WD 2006/ 085747 PCT/ NL2006/ 000006 or cell cultures. The

celI's and/ or or gastheehefdpemtioatly Gled bRsY bf @ftérferoms isSthabbhighBthaliBiérfeldfs
nodi fi ed, such as by infection, in order to produce the desired interferon.

A conposi t i SHNagERPak ddetcointerterons\haye peivitghemgprolifarativerand, imspwtomogulg-
reconbi nant o1 activities. One member of the gamma-interferons, IFN-gamma-1b, is currently

marketed for the management of serious infections associated with chronic granuloma-

20 tous disease.

More recently, several additional classes of interferons were discovered and de-
scribed, including IFN-epsilon, IFN-kappa and IFN-lambda (see P. Kontsek et al., Acta
Virol. 2003;47(4):201-15).

In particular, a composition according to the invention wherein the interferon is

25 selected from the group of alfa-interferons, and preferably from the group consisting of
IFN-alfa, IFN-alfa-2a, IFN-alfa-2b, IFN-alfacon-1, pegylated IFN-alfa-2a, pegylated
IFN-alfa-2b, truncated IFN-alfa-2a, truncated IFN-alfa-2b, fusion proteins of IFN-alpha

and albumin, and a functional derivative thereof gives very good properties. In this con-

text, an alfa-interferon may also represent a mixture of various alfa-interferon variants,

30 such as a mixture of native alfa-interferons which are difficult or unnecessary to sepa-

rate and purify. The interferon may be extracted from living organisms or isolated cells



i nterferon produced fromgenetically engineered cells or organi sns, wherein
the cells or 5 organisns are preferably selected from mamral i an, insect,
bacteria, yeasts, fungi and higher plant cells or organisns, gives
especial |y g¥%83%5(08Pdtti es. One of the particularly suit ROTENL2PR6PE8F ons f or
carrying out the invention is a trun- cated version of IFNalfa-2b or,
optionally, a m xture of nore than one truncated ver- sions of |FNalfa-2b.
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further em bodinent, variants of IFNalfa-2b which are truncated by 7 or 8

N-term nal ani no A cérapositinneacpomdingrto dlek inventios whersiretheduaterferan is feccombmanti t i on

of the inventj xhi bits rel ease,of the ti,ve. 15 .compqund gver..a period
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nmont hs, respeglgﬁ?ripiaé\‘ﬁ‘?ei{sl@rr@%ﬁ%sw’ ﬁﬁisr?sli?ﬁ"@xlglgf’%‘ﬁpq"Qefge%el ease over a period
of about 10 days to 1 ponth. \Which grade ofstﬁgol ymer shoul d be sel ected and
whi ch further spdens9fdhe paticylady syiteblgdrterferons fior eaFying ptdhe inyertionns dtiuag i on
of rel ease depgiflsergbn LEAI-aPELLIR! 406 - Yol fodgsi gn
and i s described ierf f%rt@aggtzgioﬁ’ %ﬁllogév%/l.yt’ ?E’é&%\éjgﬂ??{)nﬁg?gggre éaaﬁeg]s to a
phar maceut i cabiogoafpFd-alfonb.f o exemplepnbleduleet@apising thepFNsdl fag2baamino acid

or oup_of 1Rt oPFEFEA T WA st (RS bt SRR o By St bR louna.
based 25 on t bepiepirad byvehedhirreafly bitilable imefdds 0Npened engifedridigEmSelirthér em-
nmononeri c, non-aggregated form In accordance with this enbodi mrent of the
i nvention, th8HMgHearatsnfdF NealfarZbrwhiel aip fryncagrdibynpor § Nrtewpnglsmino aidse

copol ymer as ql%yr&gﬁedjerei n, constructed from poly(ethylene glycol)
terephthal ate (PELT) and pol y(butyl enes terephtahlate) (PBT). It has been

found by the i ”Vel@gsﬂ{réfehgé‘ihai Px%rc%%n%éiti&%ﬁiﬁﬁxfgenﬂ%%%% aqgl?%ér@ of 3 abdfem @ 30

surprisingly suitabl’e matrix cor pora I nterferons controlled
rel ease appl i campdundrger 4 perpal off at Udaatr gbotit® daysaMore prefeyabipt the rsereomisvent s of

interferons wit hout | gss of Loactivity, and they a ar, to preserve the
nonomeri c, noﬁqaﬁeglgorvgbétﬁgﬁgglfoé‘? l(?g"fyst ‘I’featt ?gﬁ§t a %“t\kg %ﬁ%ggg‘gg‘?ﬁ?ngo iments, the
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are known to be sensitive to various polymers and process conditjions, and
particul arly [tively) Rresestly gyich paefersed inairelpase gver a period of about 10 days to 1 month.

Which grade of polymer should be selected and which further specific features are use-

20 ful for achieving such duration of release depends at least partially on the selected dos-
age form design and is described in further detail below.

The invention also relates to a pharmaceutical composition for controlled release
comprising a biodegradable polymer and one or more active compounds selected from
the group of interferons, wherein at least about 80 wt.% of the active compound, based

25  on the total weight of the active compound, is released in monomeric, non-aggregated
form. In accordance with this embodiment of the invention, the biodegradable is pref-
erably, but no limited to, a block copolymer as defined herein, constructed from
poly(ethylene glycol) terephthalate (PEGT) and poly(butylenes terephtahlate) (PBT). It
has been found by the inventors that the block polymers described above can form a

30  surprisingly suitable matrix for incorporating interferons for controlled release applica-
tions. In particular, they can incorporate large amounts of interferons without loss of

bioactivity, and they appear to preserve the monomeric, non-aggregated state of the in-

10



often associated with deactivation. In contrast, using the bl ock polyners
specified herein as carriers for interferons, it is possible to achieve
that nost of the incorporated 5 interferon is released in nononeric form
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en 0 m
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admi ni st rat ,Pihe idtBrfétn ielR8led ST RRALARAL or ddeoARIERD fSERer gmBpditmeRls, #AN0ME 10 to
about 150 MU, which dose is released over a period of about 10 days to
about | 19ronebput Ph a7 Yoo enda?8 by eespectivelyi Ghiesofpercanfagas ate byl axeight,Alasesl rr ef er r ed
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tinme, a doskeheot&g%%%&g&fgg%gggg%%eafgtbvel\ﬂl%gagztbh conpositions are par 25
ticularly preferred if th ctivedngredient is an alfa-interferon,, such as
| FN-alfa:2b or BUrCEPISTse, Qo af di Somapeiions peserding 1o, e, ppisiol B89%0 t ni n

t he period edrivedbelofver on rel ease after admini- stration, the conposition is
preferably adapted to rel ease an amount of about 0.5 to 20 MU of the
respective intepfigitQidse 6f tht cOpARVH whichQs dat Ahéint PERRNGHPSsiAHn WARhSHape 30
of the release profile, it is possi bl'e that the anmpunt of "actiyve_ingredient
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desi gned, f amouhtavkich #ridcopparated depbndy) of course, on the release profile of the composi-

tion and on the daily or weekly dose which a particular patient should receive.

In one of the embodiments, the composition is adapted to release at least about 5

20  MIU of interferon over 14 days, i.e. over the first 14 days after administration. In an-
other embodiment, it comprises a dose of about 10 to about 150 MIU, which dose is
released over a period of about 10 days to about 1 month, in particular over a period of
about 14 days. Also preferred is a composition which comprises and releases, over the

same period of time, a dose of about 20 to about 100 MIU. Such compositions are par-

25 ticularly preferred if the active ingredient is an alfa-interferon, such as IFN-alfa-2b or a

derivative thereof.

Calculated for an average day within the period of interferon release after admini-

stration, the composition is preferably adapted to release an amount of about 0.5 to 20

MIU of the respective interferon, or from about 1 to 10 MIU. Depending on the shape

30  of the release profile, it is possible that the amount of active ingredient released within
the first day after administration is higher than 10 or 20 MIU, but the average daily re-

lease may still be in the preferred ranges.

11



as to be suitable for a variety of therapeutic uses and nodes of
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m Moreover, igddd @ aRf€ Paih QHa %caﬁlhﬁleraﬁé hf)@rpinﬁ‘ecﬁéﬁ e88feraBlyO RRPH 65thdtsmbest
achi eved for interferons that are incor orate into mcropartlcl es based on

PEGT/ PBT bl oclpositipeisyindhesregion @ hationt/4 tas. y.aind more prefepgdly gothe oepiomat about 5.0
PCT/ NL2006/ 009096

20 The composition of the invention may be designed and formulated so as to com-
prise microparticles which in turn comprise the biodegradable block copolymer and the
active compound, or at least a substantial fraction of the active compound present in the
composition. In this case, the dosage form of the composition which is administered is
typically an injectable suspension comprising the microparticles and a liquid coherent

25  carrier,

In the context of the invention, microparticles should be understood as solid or
semisolid particles having a diameter in the region of about 0.1 to about 500 pm, re-
gardless of their shape or internal structure. For example, microparticles would also
encompass microspheres and microcapsules. In a more preferred embodiment, the mi-

30  croparticles have a diameter from about 1 to about 300 pm. Moreover, it has been found
that desirable release properties are best achieved for interferons that are incorporated

into microparticles based on PEGT/PBT block copolymers which have a volume-
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average di anmeter of about 25 to about 200 gm as neasured by photon

correl ation spec- troscopy. Selecting such particle size wll also ensure
that a suspension of these m- croparticles is well-syringeable and can be
easily and WOROMABEHWIIy adninistered via intranuscul ar BET/SLAGM0ENWE0US
injection. 5 Wthin this size range, the dianmeter may be further optim sed
for specific product applications or to accomobdate specific interferons.
For exanpl e avériigd di@meds el ddbut 20(0-abbut @08l at midaR@ddasy phoitdit @ifeRition spict a- 2a
and interferon- alfg%Zb it is presently nost pre- ferred to sel ect

vol ume- aver G8oRY cPIpdiegi uFle Peatigicetizer Wik plapreaterithabe suepeapionef these it 1 n
further pretrpteees 10 QG Rhgeablc shd2Ma i08sH) B! b dahfinibeasif r om
about 50 to_%i)o abeout q‘%'érog%gméeagr ef e?%gt%,g tS jé m ccr%fé‘[,)ég?qﬁ ?:I es shouFew%ave a
rel ativel y linwmyeewararpubdutangeustinjectionr, it was found that desired rel ease
profiles for controlled rel ease applications of alfa- interferons can be

best accénpl i sh&ﬁﬁnim&lfrs titerapge; slendiemetér hay befurther eptin'ﬁsed for gpdcific modictied. | n

t hi s cont ext .ger pores e defld ned as havi n dla ter of 15
about 5 gm aPPIBRER ol SSfBant€ steSiounrEal Xk Sartiiie: feie SERE 87 or 1y
of the m - cioRfBN triidaRd Alnerferhibilantd ald tdrfeesh-alfa-phiteR ﬂ"téééhﬂfbg ndstlpet er  of
about 5 gmor nore. In _another enbodinent, the majority of the

ni croparti c|f%r§edép éelgﬁwgiwmragy rgiprepartiele dimeters fami qbgutaﬁodpah@{téﬁ ¥Mm. about 2
gm or nore. t I free
| ayer of poI yner gpﬁllft&gﬁgceﬁﬁ’ gon?%]&pa{e a\z&%%é%%‘ﬁ gtgg to%%%%%ﬁtag%ﬁ S:dg?tl al
bur st reloeaskbowfl50per.i ncorporated active corrpound or even achieve a
pre-determned lag-tinme until release begins, if so desired. The

m croparticl es Breferbidgettie crricxtobm1blles)diouIﬂdmby1rrehatmdly Ri pomsity. PBpartiediach i s
used as carr, nd .control | d rel eas ent een .found, ver,
that not al it 56 1 BR firel Grlmeartin Hempup le Bt SRR ofoike
m croparti cligerférohs che beosst atdotPplisIRieRE® He PredentdoeNar@e0Poref s ymr e,
the intended release tinme or duration of effect is inportant for the

sel ecti on ofaveided-gnddis eonfsshylaiger poms ey beadedingd as pores| Faxingrht diemétenns, it

A e e i S S T S Lt

I n anot her eanm;ﬁﬁldhcschrermﬁstanuﬁq fre;qoccﬂppmsmamng]ardmmterfofcabouttﬁonm ofndre lmabout 95
wt. -% PEGT. cord a yet .further preferred e e copol yner
cont ai ns fr S AFLEH Qﬁo‘éﬁ“onﬁ@f\ﬁp “@‘(E)?’Ef’éfdeﬁﬁre su ally Yree of pores

having a dlameter of about 2 yum or more.

Optionally, the microparticles may be coated with a drug-free layer of polymer.
20  Such embodiment may be useful to prevent an initial burst release of the incorporated
active compound, or even achieve a pre-determined lag-time until release begins, if so

desired.

The microparticles are based on the block copolymer of PEGT and PBT, which is
used as carrier and controlled release agent. It has been found, however, that not all co-
25 polymers of PEGT and PBT are equally useful to make microparticles for the controlled
release of all interferons. Furthermore, the intended release time or duration of effect is
important for the selection of the block copolymer. In the case of the alfa-interferons, it
has been found that the copolymer should preferably comprise from about 50 to about
95 wt.-% PEGT, and consequently from about 5 to about 50 wt.-% PBT. In another em-
30  bodiment, the copolymer comprises from about 70 to about 95 wt.-% PEGT. According
to a yet further preferred embodiment, the copolymer contains from about 70 to about
85 wt.-% PEGT.
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WO 2006/ 085747 PCT/ NL2006/ 000006 To further specify the chem cal
conposition of the copolyner, the nol ecul ar weight of the PEG segnents of

t he PEGT conponent is an inportant paraneter. It has been found that

al fa-interfeVO3oQB¥4Yery readily incorporated i nto copolROTENL20G600@PET -
ticles whose rel ease profile can be adjusted within useful ranges when the
average no 5 lecular weight of the PEGis fromabout 600 to about 3, 000.
Even nore preferahl m).e AT f i about
L 000 o about -2 00 neresl 3¢ HieriE G RGlE o the Sopdiibel e ol 710
PEG may al so weigle dfitiee PRG segmages pfthe PEGT ®impenenitivarc omsortdar parameter. [tfhasf or

exanple, a relati.vel ! rticle size js. selected, e. for processin
Coacons. sucreR e Yuat Ao EBRRE 5P S ot ko Septhgnmipropge > "
preferred to tsdsaffose rddds6 brafid YaiEde afjustedawitieh asdfiviahiges WHet §H RRragh nity dr o-

philicity, i.e. having a relatively |ow average nol ecul ar wei ght of the PEG
such as ~ dhouecularsprighs of thesREG dy fre gheut 506 do abaut PLHOQ, Evenraere prefgrably, the

duration of r 1l ei l; L i lnhgr nati vely, or
addi ti onal | y,ﬁgﬁﬁgg\;ﬁ\}%@‘dr eeeﬁﬁ?m?g% ilflﬂ(%lﬁta?&ﬁrlrg@éeﬁ g%”“ﬁg’og@hi eved by

sel ecting a rel aty n ot nore

t han about 75 wt %@&&dﬁ%&rfglg éﬁ%ﬁﬁ%&ﬁ%@%ﬂ?@fkgﬁgﬁ%gls%%ag«?éﬂlraér[e{;?i vel y
| ar ge aver ageagegsaktiold sige #it@ @onsidasationalf, &rcxempleputreldfiklynsmell @artiokssizt BN

processi ng consi derations or to achieve a  desired vi vo behaviour. In
this case, it @8R PPCEHHIIELTaSERS, f‘t?h%f"get" Ut HiBeOr fiyen devishutue ght

of the PEg of 7sppuit i@-p@ﬁ&r&i(}o abestta lﬁoéé%&lyrﬁér With &trelh@\i%ﬂ 1% 8ébreelofA@ro- 20

and/ or a relatively high content of P such as at |east about 75 wt: %
Furt her mor e, Philigityy i.pehaying @ lrelptdveln My Becregqomelecwlar weight pé thenPEGESYTh RBT

bl ock copoly f K i ! I . Vi . OPtd 1 r.el ease
Denan our " VR 190 oPISBAS ) OO0, SO A LB b

t hei r rel ati veedREGT longertie desired oAltérhativelynyr aiditioaally, n loWeegree phlyeirophileity| ar

wei ght of the PE r the i f.fer in. 25 both para s. For ex | e,
Useful pol yremeB lsnTs e BeddR: spotten I SRAPYI ORBE CLPRGT Sretstnoui By on as
active agest Snéfayore HIRGbSE 76WR.- 0! yners both having a PEGI content of about
80 wt.% but with average PEG nol ecul ar wei ghts of about 1,000 and about

2,000, respecti veéahveﬁag,tdﬂare et asBheRdelC AT ROy 1abBe ARIMEDhESICREVZET a
PEGT content of about 80 w.-%and an average PEG nbl ecul ar wei ght of "about

1,000 30 and susbuas abowBo@hout d8p eot ievte bysed Pheproagesing considsrations er tnachisye prrer s
can be bl ended.da ;Vald B4t 1 is S44E N RSreutly ptferrbd to sebrt albvefapem®®: 14

lecular weight of the PEG of about 1,000 to about 3,000, or of at least about 1,500,
20  and/or a relatively high content of PEGT, such as at least about 75 wt.-%.

Furthermore, it may be useful to combine two or more different PEGT/PBT block
copolymers for preparing microparticles having an optimised release behaviour. The
two or more block copolymers may differ, for example, in their relative PEGT content,
or they may differ in the average molecular weight of the PEG, or they may differ in

25  both parameters. For example, useful polymer blends for making the microparticles
with alfa-interferon as active agents may comprise two polymers both having a PEGT
content of about 80 wt.%, but with average PEG molecular weights of about 1,000 and
about 2,000, respectively. Another useful blend comprises two polymers having a
PEGT content of about 80 wt.-% and an average PEG molecular weight of about 1,000

30 and about 1,500, respectively. The two or more different polymers can be blended in
various ratios, such as 50 : 50, 75 : 35, or 75 : 25.
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WD 2006/ 085747 PCT/ NL2006/ 000006 It has been found that the conpositions of
the invention are suitable for incorpo rating alfa-interferons and achi evi ng
rel ease ti of about 1 to about 8 weeks. For ex- anple, by choosing
appropri at%@gﬂosﬂ)‘ﬂol ymers, the release profile may bePalNLEWEEP00660

provi de drug effects over periods fromabout 10 days or 2 weeks to about 4
weeks, 5 which is the presently nost preferred release tine. The rel ease
time, or duratilohasobeendourldehatahe sdmpdsiticne ofl tideingdntion asssuithlsle tfomacorpowhi ch at

| east about_80 .z % .and re .pref- erahly at |east 90 or 95 -% of the
i ncor por at eﬁ?‘ﬁ%\é\ff%'é“t%%mtﬁ%g agl?l WP%Feégaggg;ryesrﬂtabqugﬁ é%\gléo“gtgo‘ﬁef(&oﬂtg"?not show
any pronoungfiple by Sﬁooﬁiﬁlg%ﬁ%mopﬁat@ bldcR@opdliyink| theqblR@Rrofite indybe 4djtxad s) 1S
not nore than about 10 % of the incorporated dose, and nore preferably not

10 nore t hal® EB¥de drgstietsiayer periods ornehoyt 40 days st weeksHe abowkwesksol ymer s
as descrg be Lol ' ' |z Gl ' r ating

t her apeu% i cgl gqﬁglgfﬂﬁsea%ﬁlﬁ?ﬁ r%&%%&%ﬁ?ﬁéﬁ%&ﬁ%ﬁ?&% @:delria&ﬁa@ngeen
found t hat lehse, polujdier sndemtond ae thedimmminditich stdedshabopt 87 wt.r%andmwe prafnt s can

in- corporate alfa-i rferon gt content of about 0.1 to about wt . %
o1 at tve t o 4ot Dt 85 A offtnd oRbLy G i crmeoind e TR ey he
interferon gdaakepiofitds dohfdt BAdW BBAprohouncb®Burstetfdc Meathe Ghitit). rélehse @kt 10
w.% or fromO.5 to about 5 vvt.‘% respectively. _Wthin these ranges, the

interferon f&oBshisaior Boee fpn shouh 0 Korkthe incaenordtsd dagp.rand mare peetesably pat
t endencyyt o : I t he concentration of the active
Yol nﬁ)gﬁt:'hglﬁ%cﬁt 7R, ot iR 11?%3%%&:@3@%.

substance is enough to a or a convenient adm nistration of a
relatively smaly;. f 1.GL ! I ' P :be

o oct ed. " Typt carif téHod popdhplsi AR ibu® RGUSLAR ARB A GobRiEE | |

t he range f clesniadoopdrating therapeufiodllymiefil camountseo i atterfenals. Hor txangpié, Uy has

dependi ng on fagto sych as the state of., the patient, the, type and

Sever ty of DeHeOHRG Bl the hohanarm seiched tagping Wab TR R THEARSER 1 r om ¢ he
m croparti Ce@poratd alfdifiteffefonQid @ chhtehtest Bb@ (IESd SpRE20 HtrelRane tb iR tbfat er f eron
25 within about 2 or 4 weeks, respectively, the dose will normally bhe in the

L . : y, U
range fAdm vaghitef thy misroppdigles. Morenareferably, thecinterferpnaeatent of the migrep@tir ed
enbodi nent s RRE 0 2t {00 o} ' j 0 :
i nterferon- 516% gggg I nt 'tep eirooéril)-o g{ } g?‘gbé’nagsﬁ%rh%%gﬁeg%dt %teﬁteé &oT ¥ e%tlltvelé/'
strengt h fr dWitleib thetse ges) thelintetferbb@s ddnhpatible widh themotymen enatuing, exithelittle Ac -

cording to a further preferengc the co sition has strength in the range
from about  BYGTSENJo ZBEGEAS Gt TR/t ey (B eqrsriraHgR of 18 atyeEsuBsanteet oy
confort, theidghngabh @) alNeW foea sdtRehignt WimikiSrMRNYoftd fHativelyCdmallagoli@e BPr € t han

about 3 nL in view of the preferred route of adm nistration, which is
20  microparticle suspension which is to be injected.

Typically, the dose of alfa-interferon per injection will be in the range from about

3 to 2,400 million international units (MIU), depending on factors such as the state of

the patient, the type and severity of the disease, and in particular the duration of release

from the microparticles. If the microparticles are designed to release the interferon

25  within about 2 or 4 weeks, respectively, the dose will normally be in the range from
about 10 to about 150 MIU. In fact, in one of the preferred embodiments, the composi-

tion of the invention comprises interferon-alfa-2a, interferon-alfa-2b, or a fragment
thereof, at a strength from about 10 to about 150 MIU per volume to be injected. Ac-
cording to a further preference, the composition has a strength in the range from about

30 20 to about 100 MIU per injection.

For the sake of patient comfort, the injection volume should not be very high, such

as no more than about 3 mL in view of the preferred route of administration, which is
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15 WO 2006/ 085747 PCT/ NL2006/ 000006 i ntranuscul ar or subcut aneous

I njection. In the case of subcutaneous adm nistration, it 1is nore preferred
that the injection volume is not nore than about 2 nL. On the other hand,

hi ghly conc ?PﬁP%ﬁ%ﬁ”? njections in very small vol unes ar eP@i/FEI00A00006 0 dose
pre- cisely, for which reason it is preferred that the volunme per injection
Is at least about 0.1 5 nL, and nore preferably at |east about 0.3 nL. The
presently Mogdandiishiar BIEQJbEEYQ&%ué fhiectib®ThaROtse 3¢ ?uﬁgutaﬁlgoﬁba(aﬁﬁnigtreﬂi}on, feven

t hough i ntramuscul ar or subcutanedus 1 njection of the mcroparticle conpo-
sitions are is morgpusfesred dbiatrtheiingsstion velume s sotrmenedhgn dboun@ynle fOrcthe rother be

possi bl e and _usef.ul, in the case of certain ti,;ents or.di seases tQ

D nister (REEuRs sortEef Angathe i S Tl RS oF BRI R e wore
typi cal |y paislyt eoravhiclordass, it Blurefomed thhtSthe beluinegepijettion Dadt Yeastwbsad 0.1
oronucosal - such as sublingual or buccal -, or other routes. Anong the

usef ul par erfilerand mepgiRIefershly; aideast shout Adgely The pigeently mRast ar TAgCdEt i on

are in partifdm abdt 015t & W5 Bk, | Ntral esional , | ocoregional, arterial,
interstitial, and intraperitoneal in- jections. 15 The microparticles and

their suspensio W ﬁﬁ%ahﬂl . h i ation,
whi ch neans t ha!tE Vélﬂ{ehfh%e or %uu?%? é%ﬁ%ﬁ%ﬁ%ﬁ%?@g@%ﬁ?&ﬁ%&:{ot ef@le{‘%o_?ﬁﬁoa
qui renment s ofitiqua arerthe prefercedsaues dfadmenisttion, it may pf envesstbe passible hud useRinpl e,

outlined in. the major pharnmacopoeias. |n one. aspect, the coppositi.on, or
"ts. prom xodndpe G of perbitt pIRRRIAR Aishiien I nBRG iR RRGomao RO TRRRD o 1g
adm ni st tat irottes.Mifkke Bt £6 inloge typivaBy §hitpieral Qowe) dat may Ao decthPpaitics nMust

be selected to be safe and tol erable for parenteral admnistra- tion. In a
further aspety, N2l elomYGRTal r S %?r%l_bh%'-\‘?{iphb‘é‘iﬂ’a]t v BOheE raHtPs yonesBeoni
(or i S00SNDigef) parSEril Ashtdsibelill i RBuISf ardRblutdRBud Bjee@h O PIA&. and
preferably in the region of about 250 to 400 nOCsnol/kg. Furthernore, the pH
shoul d be aplpr owiateastly intialesiohd, [pkgrsgionadganterial rintetptitipln and ddrapergoreabind pai n
and | ocal in%&{o%rsance upon injection. 25 Preferably, the pH of the
conposi tion FEM the regi on of about 4 to 8.5, and nore pref- erably in the
region of_about 5.0 to 7.5,  Th l.croparticles .are usuall ndere
| ni ot abl% by s TSARTaRG Bles AR i, “ARHssncoF TubiiondR Bnipled RRGR{Hleral
accept abl e | ddmih@treteon; ivlichvileal’ that heehey fobhvlalbdsed 0ceseddeto, medt\té ré-hough
ot her bi oconpati bl e sol vents such _as ethanol, glycerol, propylene g]ycol, 30
pol yet hyl enedyrepnests, of paregteral dosnge Sorms. Sushveqnitemepts age foyrcxample, oythned iy o
preferred eny, &r"?ds}ma ihd, @ bfle GRS teUtHpoSition, ¥t its! SHentkes BF EHeSéits! S
aqueous and saglg?an ial?yolag?lee of PR, Hipoitioh, 8t it frtinfie eHE

from which the composition is made prior to administration, must be sterile. In another

20  aspect, the excipients must be selected to be safe and tolerable for parenteral administra-
tion. In a further aspect, the compositions are formulated to be relatively isotonic (or
isoosmotic), such as in the region of about 150 to 500 mOsmol/kg, and preferably in the
region of about 250 to 400 mOsmol/kg. Furthermore, the pH should be approximately
in the physiological range in order to avoid pain and local intolerance upon injection.

25  Preferably, the pH of the composition is in the region of about 4 to 8.5, and more pref-
erably in the region of about 5.0 to 7.5.

The microparticles are usually rendered injectable by suspending them in an ap-
propriate, physiologically acceptable liquid carrier which is preferably based on water,
even though other biocompatible solvents such as ethanol, glycerol, propylene glycol,

30 polyethylene glycol, or other organic solvents may be present. In a more preferred em-
bodiment, the liquid constituent of the liquid carrier is aqueous and substantially free of

organic solvents. On the other hand, the incorporation of other pharmaceutical excipi-
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organi ¢ solvents. On the other hand, the incorporation of other

phar maceuti cal excipi- 16 W 2006/ 085747 PCT/ NL2006/ 000006 ents may be
useful or needed to optim se the properties of the forrulation, such as the
t ol erabi | it YWORHEOBERT or mance in terms of drug rel ease, @ad/NIlzeos®b@bs | ity.
This may be true for both the mcroparticles thenselves and the |iquid
carrier. Either phase nay contain one or nore additives which are

physi ol ogi cadntsymiyobetsthliOr needtdb fithie theRopériéOdrant kihRhtion sutleasddrended
inthe liquid carrier to forma sus- genm on with a solid %l?i;tl cl e content

of approx. |tolegbiity,the performancep temp pedrg selpgses andithe spility. Bhis snaybewruers The

particle si : 'Fﬁﬁ:ﬁ)'t LUt d - Le . - y

sel ect ed toztgf owﬂhr}gm:{b ] ec‘?%sotﬁe@mgﬁlﬁeggné gfbgh%\llde/?{/}h? ]% %étﬁ%rg)et@%g{ng% g(():rﬁggs W th
a 20 to 22 daBenensieadditivesmhidhare physiotogicatly tolérablenent, the particle size and
the viscosity of the 10 liquid vehicle are adapted to enabl e subcutaneous or
i ntranusaul ar i fjypicliygrheisiergpatides art oesBSpeideendihe 1liqGdt ¢anhealtd Wornt h@us-

m croparticles are.designed for reconstitution usipg sterile isotopic

Sodi um chl orAEOR BT BHE PEHICRAPEBTI GO APITPE. Ty OE-o ant MorepTeteiY RLB ¢ he
interferon Wbt RtoSteRt. 4. The ParB¥leisie @R tHRIvisoSB} the liguitlivemicRiarépefepi-ent s,
such as one or nore salts, sugars, sugar alcohols, amno acids, pep- tides,
proteins, pdilyseeaed oplloactha imisctionrwitys wlativelyrfing, neadlantuce angithi0 th3Rf er
salts, ac- |g%ecfll MAFGHer ?P%éaf erhBbARert ik aﬁf&ﬁési?ﬁxnf'trﬁovi %si]z&.ﬁgf Hle for

ot her pharmaceutical rea- sons, such as to Irmprove e tolerabrlfity of the
m cr opar 10 cllkpidvehidie asusippted it@ endblecsubaftaneodoommttartnadcelat hgegtivo peing @8 of t he
pol ymeric cat(rgrie% or.inprove its stability, it nmay be 20 useful to further

i ncor porate e Gpe e plasticisers, pore form ng agents, release-

nodi fyi ng agents, or antioxjdants, To avoid fhe aggloneration of the,
microparti ol es wWdAnafls feaicrpaR T ealﬁnedaéﬁé%f@ stiyion g S9e isgiaBisus
carrier my @iagh SOGI® ANRHAS O inf¥kd. Physi ol ogi cal |y ac- ceptable
surfactants. In fact, depending on the actual presentation of the dosage
form a 25 needqgyex i Ridlto $tBilise the dnSHEbRGHAY stiBNsifE el it BPEGHsHa-©1 t her
into the aqueous car- rier or Iinto a dry conmposition conprising the

m cr opar 1% cl den ofSxcipienits; guenasasras prare salts, sugafsasugan alcnlgls,smino edy pew ensur e

that the mcpropartjcles are quickly and easi recons stifut ch as in
o tror ot naniSBoRpleEtsh Prdirees Hetaclohi? BB Rclats] RSl ehdscb Bl s B ™ ang
mor e pr ef er agk yoribased 0S sH¢ 6f thBexaipits nid) Aackngeful Bxaitidrphadfacaniceines-al |y 30

useful surfactants include po ox?nens, polysprbate?, phosphol i pi ds, ?nd
vitam n E- sons, such as to improve the tolerability of the' microparticles or the suspension thereot.

To modulate the properties of the polymeric carrier or improve its stability, it may be
20 useful to further incorporate one or more plasticisers, pore forming agents, release-

modifying agents, or antioxidants.

To avoid the agglomeration of the microparticles when suspending them in an
aqueous carrier, the aqueous carrier may also contain one or more physiologically ac-
ceptable surfactants. In fact, depending on the actual presentation of the dosage form, a

25 needed excipient such as a surfactant may be incorporated either into the aqueous car-
rier or into a dry composition comprising the microparticles. Selecting an appropriate
surfactant may also help to ensure that the microparticles are quickly and easily recon-
stituted, such as in no more than about 3 minutes, or preferably within about 60 sec-
onds, and more preferably in no more than about 30 seconds. Examples of potentially

30 useful surfactants include poloxamers, polysorbates, phospholipids, and vitamin E-
TPGS.
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TPGS. 17 WD 2006/ 085747 PCT/ NL2006/ 000006 In a further enbodi nent, the

I nvention provides a pharmaceutical kit conprising the mcroparticles
descri bed above. In this context, a pharnmaceutical kit may be defined as a
set of at | S¥8R0GMABST¢bnpositions which are to be conbi nedcamnlusabobor a
specific therapeutic, preventive, or diagnostic purpose. In the present
case, the kit conprises a 5 first and a second seal ed conpartnent which may

be menbers of the s f tvvo dlfferent f ackages,. The f.i.rst
conpar t nent corrpfl sglg&teﬁ%m dimsat e iRveHion pLg Vﬁéesfﬁfﬁgg a?lHt§PW%?%/ form
wher eas t he skemivtopatithardestided aboe! Insthis caiteglal plﬁmmacéuluqam«iit &y be dufinédr
reconstituting this dry conposition into an i ectabl em crocpgétlcl e

suspensi on. 2 S6hf] 4t yeast o eqmepasions v ht%to GRopoinedeand used fox @spefifig he
first and theherdRufi€ ROnGRIRA iR phygdsE ahthe p Ireglﬁlt %h%sﬁﬁrl&ﬂ Sohpfis ¥
conposi tion conprised in t hé flrst conpartnent rese 'e§ one single dose to
be inject &d, fusichndsuserond senled cpmeaagmcnmmhl@bmwbtemmbm pf thersatng or I9€ two| urre
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secondar y'0packeqnd compatineny. sui t abl e for accommpdating 20 the set or sets of
first and second conpartnments. The first and the second conpartnents nay
represent differ dupicdhartieesubstahtiallysdny- cogipeSId@v p@mpmedanshm@tsé cpmpargment

package. For Hwo Gha

syringe. The rg vant Saoaeetsogypre%{ Fe&“e&hegi H%rlg'al%%/ PR eggtésm{)%g 'ﬁ?ﬁéﬂ
prepar ati on aivdd g@nioliraé bahqmﬂ dasneiafeedeﬁﬁd recvnvtitiicehé castentt oftthe first@bmr equi r e
t he handl i ng 25 of ever cont ai ners under aseptic, conditi e of the
dr awbacks of WW“%;’F?SFI‘& e?sspre?ﬁﬁ"&g B eRPRRFECRI§ SOPRiniRg E’PEFV&’E%OH%\ ¥Ry not

al ways engpl ebeCfPﬁH%{eﬁta%’ oﬁ@‘i'm{eeﬁi &0ihes bfé@éi‘féd R4t the'cb:@Bnt JY inRERANI Mahy firdhe two
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seal ed bottle
0.3 mL to about 3 mL, in particular from about 0.5 mL to about 2 mL.

The kit further provides a secondary package which is suitable for accommodating

20 theset or sets of first and second compartments.

The first and the second compartments may represent different chambers of a sin-

gle device or a single primary package. For example, they may be the two chambers of

a dual chamber syringe. The advantage of prefilled dual chamber syringes is that the
preparation and administration is safe and convenient as it does not require the handling

25  of several containers under aseptic conditions. One of the drawbacks of such syringes is
that they are costly to provide, and may not always enable complete and reliable recon-

stitution.

Alternatively, the two compartments of a set may be members of two different
primary containers or packages. For example, the first compartment comprising the sub-
30 stantially dry microparticle composition may be provided in the form of a sealed bottle

or vial from suitable glass or plastic, and the aqueous liquid carrier may be provided in a
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or vial fromsuitable glass or plastic, and the aqueous liquid carrier may
be provided in a 18 WD 2006/ 085747 PCT/ NL2006/ 000006 bottle, vial, or
anpoule. In further enbodinment, the first conpartnent is the chanber of a
syringe and YhEYEEHd conpartment is provided as a bot t PET/NE2GF/000006
anpoule. Optionally, one of the containers is designed as a cartridge for an
auto-injecting device. Upon conbining the dry conposition and the aqueous
liquid carrigile, vidleor'a@ddilte. b 4 BrhsCethbsilitheht S ma%&RMe&qpmei dRatb&
cartridge and can be | oaded jnto the auto-injector. Again, it should be
enphasi sed ¥fatyriege #dithe speond gosmparment is prayided @p abekle: Yiaknor gmpaye. fi r st
conpartment or the aqueous liquid carrier, or both, nay conprise one or nore
fur- ther exci (Prsienally, suef the donfainersis degigredhes agutidge fouad awtpdpieding
preservati ves: ..aglk I . ; i 1Ci ds,
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. edl e of 20 gauge or higher, or even
wi th a needsaksofuga, sugagalcolnds, amido laeidsi shabilisees, éatpa‘nf?amss polyfners bifiers,
adm ni stere I r adl J: | low the injection with
t he sp]ie(gif "elg&%’gé%‘{é‘gts%ga%&%‘gu m‘?é@"&?‘rﬁ"n"?&%“ﬁ%&%i on force of nore than
about 25 N. e preferably, the rheplogical. propeaeriies are.adapted, and a
needl e size scl\a/lbfé}?t é'ﬁ,%o?lg&% ecr?g@némlgﬁﬁeec |rg€rj1}’rt\}\(ﬁ Shd%g t#‘%?%uéa’o sfehcﬁlé‘?g%Fgfthan
about 20 N, aendamydio yigld @ rguoaitituted syspendidrnwhioh isyuitalile 6ot ihjestivg, D. winchnor e
than about 15 N, to allow the adm ni str_atign al sqQ [)10 be_ perfornmed hy
physi ci ans, Sritfrdedelaiyelyisetopiciand igngsmptic gad sybstaptially fieq 9f iagmdigpts Which cour se,

anot her pregRqukis when hehinkiGBa Pgr%gh%u?ﬁ BRSvi c%ﬁiWﬁ{outm Qkﬁéhl%hgﬁ toPfnowhe

ib
m croparti- cles is sufficient , and the mcroparticles do not
aggr egatle ajnjestion adtresndedigtaf di.gange grshighent dndrmeere pirfemablyt wigh emeesie ofdler age

di aneter of the grity of m.croparil houl t _be hi i h about
200 m and RO %&@ﬁ’a Fye‘bg ltiﬁna ]F%gfer(gln%segagge'a%%gﬁeﬁq@beq?’otn%g%glpﬂ%gpm The
mc (r]I oparti Cbeiﬁg(aﬁmirfiﬂerh?vﬁ‘&tsitomlrl]dm%gifw pmpejla&s @ﬂlidhyalwh thm"hjgodommmgé 0
produce mcroparticles from anphiphilic polypers, such as r ryi ng,
coacerva- 36PEIRSH, neses R Bt %ﬁ?@qlﬂ%mwﬁwnf%rqemomtha%-ag&t%t Ntion,
spray freezg g pkdtetail Cthe rheological properties are adapted, and a needle size selected, to

20  enable injection with a force of no more than about 20 N, and even more preferably

with an injection force of no more than about 15 N, to allow the administration also to
be performed by physicians, nurses, or patients who are not particularly sinewy. Of
course, another prerequisite for such needle sizes is that the diameter of the microparti-
cles is sufficiently small, and the microparticles do not aggregate after reconstitution.

25 As mentioned above, the weight average diameter of the majority of microparticles
should not be higher than about 200 pum, and more preferably be in the range of about
30 to about 175 um. '

The microparticles of the invention may be prepared by any method known to

produce microparticles from amphiphilic polymers, such as by spray drying, coacerva-

30 tion, acoustic droplet formation followed by de-solvatation, spray freeze drying etc.
More preferably, however, the microparticles are produced by an emulsion-based

method which includes the steps of (a) preparing an emulsion comprising an aqueous
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More preferably, however, the mcroparticles are produced by an

emul si on-based nethod which includes the steps of (a) preparing an emnul sion
conpri sing an aqueous 19 WO 2006/ 085747 PCT/ NL2006/ 000006 i nner phase
conpri si ng tWE 280(08%7d7 i ngr edi ent, and an organi c outer phaSENC0MUIGENG t he
bi odegr adabl e pol yner and at |east one organic solvent; (b) solidifying the
bi odegrad- able polynmer into mcroparticles by renoving at |east a fraction

of the organi.c sol vent fr.om,the.enul sion prepared.in st a), and (c)

ol | ect i ng. it PSR GO RESRF tedpo PRt SR Subtaied ftoaste) o
process desi @ibdegradssi€ pblgadr Bndat 1836t M o%ﬁ.ﬂi@ Blvedt (19! solidifyidg the@®oddgeid-

Rel ease 2000, 67 (2-3), 233-248 and 249-260, and J. Control Rel ease 2000, 66

(2-3), 307- 32ble nohaney|iste| Wistapartistes Ryiremoyiag phleast forastian of theqrgamis solemér ence.

Generally sp I R, ) ' f f ' mer
solu- tion whic {hlgserﬁ |1s%ﬁ’%gﬁgggéé&o@?’e@g??)n&g%&aégu? ogr %3@?‘3’% igﬂle%:{
phase. | n5or demeaddnswbi(l): Thdbastoprocesodgsipntis déseshedtdye by INh Bicgersalev elnin Joust be

at least partially_reno fro ' s hase. .This.can b

acconpl i shed déﬂ?trgyE‘Flgﬁseéﬁgg’oqr7\fg]‘r§b’r@?ﬂr@ﬁﬁﬁﬁs%ﬁ{?’sﬁeﬁf’rl&mj\’%FE??F%??O&,66 or a
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phase. For exanple, if the or 15 ganic solvent has sone noderate water
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ffect j-al | i - Lvel y,
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used as such #assls\yhRdeSs moAifiednd s@hdXRNBIHaON is Sdpablodf isVing dP extradafS aNOL
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S
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vacuum and 25aqueouseuibse minealorady effect sahv sulistantiyl datractionpd tiat @danit)pbaser #lachi ng

a certain polynmer. con: centration.in the,organic phase,, the,pol ymer
colidifies anfmiusgar Fempastiondp tegpimaphaserney G PABEFd by AOGIRE PRR @ BHE: any
sol vent evapogrghi®BolOéntd WhicH lafP@IsGIBIE WilleSateidut whichadah Yct ds R640IvkRtS 3 &lis-
presence of the nechani sm of solvent extraction as well. In order to

i ncor por at e hipdveopl p¥teachéhe organio plyarael therdispersed phaseopar example, ethanol,

20 methanol, acetone, isopropyl alcohol may be used as such cosolvents.

Solvent evaporation, on the other hand, does not require the addition of any com-
ponents to directly influence the composition and properties of the organic phase, but
makes use of the typically much higher vapour pressure of the organic solvent of the
dispersed phase in comparison to that of the aqueous phase: by applying a vacuum and

25  or heat, the organic solvent may be evaporated. Upon reaching a certain polymer con-
centration in the organic phase, the polymer solidifies and microparticles are formed. It
is important to note that any solvent evaporation of the dispersed phase will usually

include the presence of the mechanism of solvent extraction as well.

In order to incorporate hydrophilic active compounds into the microparticles, it
30 may not be advisable to charge the organic phase with the active ingredient directly.
Firstly, this may lead to poor incorporation efficiency as hydrophilic compounds will

partition into the aqueous phase when the emulsion is formed. Secondly, many com-

20



30 may not be advisable to charge the organic phase with the active
ingredient directly. Firstly, this may |lead to poor incorporation

ef ficiency as hydrophilic conpounds will partition into the aqueous phase
when t he emOsy 8?'§7for nmed. Secondly, many com 20 WO 20EENERGH09006

PCT/ NL2006/ 000006 pounds of interest, especially peptides and proteins such
as the interferons which are to be incorporated according to the present

i nvention, pouady off ineFest @Bpdcidllyeeptided afi@ pioteitsuch e MHeSinRffdronBwhizh eea®
inactivated, Jt is therefore preferred,that the interferon . is incor- porated
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to dissolve .th | ock copol yﬁre and to g)rovi ge t he orﬁani c phase of the

r . .
of w emul si ofiO%r WiTL9AR IR e sAlYeD} Sirartionypr solyinbrReteHam aeP #hdespibsdrer

content of ffiRehdBRALCaRBSESHARY coriphi¥ind AOhRHRBHNIRNS endiRtlafel Gutd Hey MET
conposi tion and the organic solvent(s) which are actually used, and may
range from pYJpmericmicsopasiicies- 300 ng/ mL. More preferably, the pol ymer content
15 should be in the range from about 50 to about 250 ng/nL, or even from
about 100 to dbeeuef the@resgntiy preferted organiesdlveats ti dibdobredthe bliskeopadymsed as

solvent. Th tive,inaredient, i. the interferon,, i referably ..
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achi eve andSHFsitiGtRame C@érmoaaﬂﬁnapfi@é Qfg?mwolwlt@é ¥ishcars getelly ¥enands one or

nore salts, nBYIMR fr&HIBObuR] ¢9RRdE 308 MAPLARIFE pBdtErabIFOR PlyrhdieRBtent -
excipients may al'so be valuable for stabilising effeCts other than rel ated
t o osnoltél i shouldrvmtbe range frue abet A0 t6 abovd 266 a1e/inkt er ¢usndiom abpt i1A0 to

parti cul ar thg 344 Al 8 fec0ny GRICRENERALTL Ysditcanpapat ed  using the
n-techni que using a Sinple ag

w o/ w- doubl e enul si ueous Interferon solution
25 as i nnernost.,emul.si on ase. i ch ntai ns no,further excipients..The
interferon contghetacgf’e f%g(ﬁ ,e&e%l}gtgﬁgro ’rﬁ?éefgﬁap]ly 18%({7?956t§ﬁ)f §7n ﬁ’ﬁ??%ﬂge t he
i n- terf eroanaquebaniol@ion! wikichrischamafidd ialoalie opaticialymidneslefial Thbeqwelect ed

according to the desired mcroparticle properties. In the case of the
al fa-int gr f g}tgﬁfggn pq}pti@kwm&stafbﬂ‘ged by exgipiegts, such as by acids, bases, or%uffer

20  salts to achieve and maintain a certain pH value, or by osmotic agents such as one or
more salts, sugars, sugar alcohols, amino acids etc. Some of these excipients may also
be valuable for stabilising effects other than related to osmolality. However, it has been
found that interferon, and in particular the alfa-interferons, can be readily incorporated
using the w/o/w-double emulsion technique using a simple aqueous interferon solution

25 as innermost emulsion phase which contains no further excipients.

The interferon content of the inner aqueous phase will obviously influence the in-
terferon content of the microparticles, and may therefore be selected according to the
desired microparticle properties. In the case of the alfa-interferons, for example, the
content may range from about 1 to about 100 mg/mL, and more preferably from about

30 10 to about 50 mg/mL.

The ratio of the volume of the inner aqueous phase to that of the organic phase

will also have an impact on the content of active ingredient of the microparticles. Fur-
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content may range fromabout 1 to about 100 ng/nmL, and nore preferably from
about 30 10 to about 50 ng/mL. The ratio of the volune of the inner aqueous
phase to that of the organl c phase wll also have an inpact on the content

of active i N} HEFR7470f the microparticles. Fur- 21 WD 2B806/N03BF4M006

PCT/ NL2006/ 000006 thernore, it may influence other inportant properties of

the particles such as their po- rosity and rel ease profile. Therefore, the
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about 10, 000 %@llasahawngrﬁurfwéw Propseios Adte the Quiesragueays PRgssr sl siadfr om -
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Al ternatively, polyvinyl py done or sur- face-active polysaccharides nmay
be used. Thetagmtseat sulace-hetivet pabyrhérs.diorienample, mbassbeeprfaw theteprdyrdsyladr it s

per sed o gant ep L sy SRabele PEUHGUAN ' T bl P Sy P Mo T ey

range from 26tantixd detrihehtdl @ffeboWwh thé pyédparafion mmomrmnpmefmfaabﬁoyluétr Usefalbout
0.5 to about 5 w.-% t he case of polyvinyl %rrom ne, ?5eful
uj 19

ranges are fPB%V‘éB]c?&‘EOhP{]StIB Ya%ﬁﬁnﬁwr%em@)ﬁ’culaéwl ‘ﬁ?&‘b‘? Afabout 5

to about 135 Whout YomillieR, SRk §th'§x@é’§f BRI i Bomabset 8@@@5@6@9@%%&?&0&
exci p| ents, such as bUf feri ng ents, osnotic agent S, oOr cosol vents.

Cosol vent s smdferdziy droma abdut §5 utn?0 Yorehltepnativels, p@mnylop}méldom @ e
hydrophi 17 ci oy, 0f ;1 rj%‘c%%&ph% > 30 T'h@BBr%’R ?(Eﬁ’e sZ%iile tﬁ%o&térji hion step

of the preparation agents ¢t ed
from the groudppenfis siaité shensivdl atatire, 26 Gall a&bﬁtﬂhﬂlaﬂue ahd mbe&azewbmmeckﬁahe dikycol s,
ot her al cohol s,
persed organic phase. In the case of polyvinyl alcohols, for example, it may range from
20  about 0.1 to about 10 wt.-%, and more preferably from about 0.5 to about 5 wt.-%. In
the case of polyvinyl pyrrolidone, the useful ranges are from about 1 to about 30 wt.-%,

and more preferably from about 5 to about 25 wt.-%.

The outer aqueous phase may also contain further excipients, such as buffering

agents, osmotic agents, or cosolvents. Cosolvents such as ethanol or methanol may be

25  used to modulate the hydrophilicity of the aqueous phase and improve any solvent ex-
traction step of the preparation process. Osmotic agents may, for example, be selected

from the group of salts, sugars, sugar alcohols, oligosaccharides, glycols, other alcohols,

and amino acids. In one of the preferred embodiments, sodium chloride is used as an
osmotic agent. It should be noted that also any buffer system present in the outer phase

30  will induce some osmotic pressure.

It may be useful to adjust the osmolality of the outer phase to a value which is

equal to, or higher than, that of the innermost aqueous phase of the double emulsion. In
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and am no acids. In one of the preferred enbodi nents, sodiumchloride is
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enul si ongsi stipeedsda@bl y conducted at roomtenpera- ture, or at tenperatures
bel ow room t enperature, such as between about 0 C and about 25 C, and at
nor mal pressur e. THatemutstion of ttiecinaeiy i-dnndgion Ay ive chordd vaedsing tdnvermtfdnal ence

the resulting average diameter and distribution of the dispersed phase, and
the size 25 High<B¢o; ST0ipR’ BEAR Brhigroncs MR e @ﬁ%ﬁ%ﬁ% to
i nfluence thege, PHARYEEreddn® i RAICATRABIC! th ARG Wrcb. B ERBES bichenRiASES,

an in particulfar the nature of the organic ) )
sion in an aqueous phase comprising a surface-active compound, it may not be needed

20  to apply high shear or agitation: conventional stirring equipment may be sufficient. The
preparation of the w/o- and w/o/w emulsions is preferably conducted at room tempera-
ture, or at temperatures below room temperature, such as between about 0 °C and about
25 °C, and at normal pressure. Obviously, the emulsification method used with influ-
ence the resulting average diameter and distribution of the dispersed phase, and the size

25 and size distribution of the microparticles. Other factors to influence these parameters
are the compositions of the respective phases, an in particular the nature of the organic

solvent and the type and content of the surface-active stabiliser in the outer phase.

The solidification of the polymer dissolved in the organic phase to form micropar-
ticles may be induced by solvent evaporation as primary mechanism. This can be ac-
30  complished by increasing the temperature of the w/o/w-double emulsion under stirring,

and/or by applying a vacuum.
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solvent and the type and content of the surface-active stabiliser in the
outer phase. The solidification of the polyner dissolved in the organic
phase to formm cropar- ticles nmay be induced by sol vent evaporation as
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sol vent extraction process may not need to contain any further stabi- |iser.
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am no aci ds, liser.dPuié¢lre ¢themigand} #iinretO@meneydedsthutt the agueads eolttidewhizhris abdedi nner
and outer aque%ﬁ%‘phases tof t he doubl egfmﬂﬁ si on, _and Eho avoi d vvat?e)lr
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buffering agent. The volume of the aqueous solution which is added to the

doubl e enif si #W ¢sqotiggradiens betyyeey they innerpnd oyter agyeqas phasenek thedouble eawlr sj on
bef ore conducy HLAGEth A ; 161 iojo!l ume
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advi sabl e to twdeb added swdyudlsocontdimalcpsalveé suchoassnethanod i ethamd, ¢roa hufférthgl o-

cal inhonogenei ty within the vessel. Optionally, the tenperature may be

el evated and®™ some vacuum applied to renove sonme of the extracted organic

solvent. After t 20.addi tjon of the aqueoys s tiqn,, stirri nmay be

conti nued for jsorr]rﬁ’et‘for"}ﬁn‘? %gté? FW‘PSOSPF‘E‘OQPP&‘%‘ léﬁ‘g)clé’ﬁé?&\?dggﬁ’lséﬂ?‘gg%l?\éﬂ'i on
fromthe ¢fgagily Ahaseas Ridsk RahRBTIhELHAIsioR RARE LondubMe: GhelsbHehtodktattionat er
fromthe i nner aqueous phase of the enulsion to the outer'Phase. After the

m croparticl esterrMoaneigrabhedhe Ydhaye ifafjornabew! | tock taes dat pr the doybleemuly f u-
oo Lo L DS e PRIGELIE L B ol L
sol uti on suchcasinhombgmerhowithin ke eesseu@peidnally, riberdenspesattast may ibel Elpvaidd
remaining or ggm/gr sso(r)rlevveagﬁlfm g;r)]pqieg Itcl) re?noolvg lgcl)r%e 8? tli'rl}e extracted organic solvent. After the
20  addition of the aqueous solution, stirring may be continued for some time to allow for a
more extensive solvent extraction from the organic phase, and perhaps also to enable

the diffusion of water from the inner aqueous phase of the emulsion to the outer phase.

After the microparticles are solidified, they may be collected, such as by centrifu-

gation, filtration, or sieving. Repeated centrifugation, filtration, or sieving after resus-

25 pending the microparticles in some fresh aqueous solution such as buffer should be
conducted to remove substantially all remaining organic solvents and all soluble com-
pounds whose presence in the microparticles is not desired. Optionally, the microparti-

cles may be screened to separate a desired particle size fraction.

After washing, the microparticles may be dried for storage. A preferred drying
30 method is freeze drying. For example, the microparticles may be frozen in liquid nitro-
gen and subsequently dried under vacuum to sublime the residual water. Usually, the

drying process comprises a first drying phase which is conducted under temperatures
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to be capableep@ymeraredisseiyediongispersed & 2 ligiid earrighwhish ghquidigphysiolpgicalied by

virtue it | Qe Ll ;tﬁ%e' : eh: 1S isolid
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composition of the invention are indeed capable of forming macroscopic gels in a

physiological environment.

20 Preferably, the liquid formulation is composed and adapted to be capable of form-
ing a gel after injection. A gel may be defined by virtue of its rheological properties. As
used herein, a gel is a semisolid material which behaves like a solid upon the exertion of
low shear force, and like a viscous fluid when the shear force exceeds a threshold which
is defined as the yield point. In other words, a gel is a system with a finite, usually

25  rather small, yield stress.

Injectable gels and in-situ-forming gels as controlled release dosage forms have
been described by A. Hatefi et al., J. Control. Rel. 80 (2002), 9-28, which document is
incorporated herein by reference. There are several general approaches to the formula-
tion of an injectable gel, most of which are based on the use of gel-forming polymeric

30 carriers. For example, certain polymers may form gels which are responsive to certain
conditions of the environment, such as pH or temperature. For example, sol-gel systems

have been described which are present as sols (viscous, colloidal liquid solutions) at a
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Exanpl es uch so ts u e z al_coho enzyl benzoate

di acetin,!0 i ¢ fapable tJr\VP vicg e Bk copalaet )aegtwlaelbmaé@stcws@qr?det hy!
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propylene car I t i de,
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di nmet hyl sul f r of uran rol actam _dec | sul f,oxi de,
ol ei ¢ aci'g, Y&aﬁaew@xfé 6 e BE(2RRLo2tBY] dactals, pronylans ol (P RTS o one
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20 In one of the preferred embodiments, the non-aqueous solvent is one or more
members of the group consisting of DMSO, NMP, benzyl alcohol, tetrahydrofuran,
ethyl acetate, and benzyl benzoate.

The block copolymer content of the liquid injectable composition is typically from

about 5 wt.-% to about 60 wt.-%, primarily depending on the precise polymer or poly-

25  mers which are actually used. More preferably, the polymer content is from about 15 to
about 45 wt.-%.

Particularly suitable block copolymers for catrying out this aspect of the invention

comprise a relatively high average PEGT content, such as from about 70 to about 98

wt.-%, and more preferably from about 75 to about 95 wt.-%. Presently most preferred

30  are block copolymers having an average PEGT content from about 80 to about 90 wt.-
%.
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rel ated properties whi'ch are gehera required for parenteral products,

such as st e¢dnitéxt pf micrppasticl¢-based compsitionsdAlteraetivehe an ek adpiealoney kérgriany
formul ationgj s..sterd and. | 1. e gui re ts of parenteral dosage
Py Gl RERON o apid B PR SEER

forms as speci el as, &R as the current United
St at es Phar macopoei 8 (MSP). The. jnj.ect.abl e liquid fornu ion.c b

prepared by dis ??ﬁ?ﬁ’gtg?ﬁ lugie Qh% fgd 9“%?‘“(021)13 %i‘?gl "iﬂﬁ’“k ﬁé tﬂo"ﬁ’f’gtg%g‘gm

bi oconp#d i bp& doed teRlinjedtsd, lafid Aot/ preferddly £b@\B60 M. RMPEGER- mLUr €. The active
conpound, i.e. the interferon, may be added to this polyner solution as 25 a

dry powder, sucCheAfijedtably IRulAtRAGT REGntiod g pically ddsighed fitistafabhne t he
' nterferon Ior'S subcutaneous injection. These routes of administration necessitate certain quality-
related properties which are generally required for parenteral products, such as sterility.
Thus, it is preferred that the injectable liquid formulation is sterile and meets all re-
20 quirements of parenteral dosage forms as specified in the major pharmacopoeias, such

as the current United States Pharmacopoeia (USP).

The injectable liquid formulation can be prepared by dissolving the block copoly-
mer(s) the in the non-aqueous biocompatible solvent, optionally at an elevated tempera-
ture. The active compound, i.e. the interferon, may be added to this polymer solution as

25  a dry powder, such as a lyophilised powder, under stirring. Preferably, the interferon is
not incorporated in form of an aqueous solution in order to avoid the presence of water

in the formulation.

As a further embodiment, the invention provides the composition of claim 1 in
form of a macroscopic solid implant. An implant may be defined as a solid, substan-
30 tially dry dosage form which is different from microparticles in that an implant typically

contains a single dose of active ingredient within a single dosage unit, or within only a
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P aui d or - geretf B oGl ERR: b ™A SPF EE el M CRay B pirBfiEy
preparation abefal dribPlapesad d lasfidider,iWigcHimap dedrent tiRfmeltiseasgsongisksaans t i ons
whi ch may be treated, or whose progression may be prevented qr decel erated,

by the ddni $o8PeHtiodhepolymenSite famaemiure gructheiass nor Beverapgsptivg imnast on
admi ni Strati o Ghbifty & he indofoflidcinRiferdn PoRhEALOksehl SRSt cHACARR AV

condi tions include ute and chronic hepati- tis B, acute and chronic
hepatitis C, endiprypdetd gliyenbkead polyethglent glyeold chroni c nyel oge 25 nous

| eukaem a, nultiple nyeloma, follicular |ynphonma, carcinoid tunour,

mal i gnant Irrespective of whether the composition is provided in the form of a microparticle-

based formulation, an injectable liquid or gel, or a solid implant, the pharmaceutical use
20 is the preparation of a drug product for the management of diseases and conditions
which may be treated, or whose progression may be prevented or decelerated, by the
administration of an interferon, and most preferably by the administration of an alfa-
interferon. Examples of these diseases and conditions include acute and chronic hepati-
tis B, acute and chronic hepatitis C, hairy cell leukaemia, acute and chronic myeloge-
25 nous leukaemia, multiple myeloma, follicular lymphoma, carcinoid tumour, malignant
melanoma, condyloma acuminata, SARS, and Kaposi's sarcoma, such as AIDS-related

Kaposi's sarcoma.

The composition of the invention provides the advantage over conventional inter-

feron formulations for injection that the frequency of injection may be greatly reduced

30 by virtue of its controlled release characteristics, such as to one injection every 2 or 4
weeks instead of several injections per week. As a consequence, patient comfort and

compliance are increased, and the costs associated with frequent injections potentially
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rel ated to tthe déliseky ssadmd dfghaivemipnGedins todieielaled té eHecfac elht el aedve dom-t hr ough

di ffusi , d t th h erosj . in th f f th tl
0 st on, A el S o oS oAl i e Oy 0K S0 WS B Sponc T
amphi phi | | c_R@ck &0 fnovhl16811dofad) Oaiirabal lidh)-GasBOUTREy YagRadat I on

in- volved in the release process. In contrast to the known delivery

syst enms, 10 heUblhg erpbiphilisdilgeieeapotymerss theps is docitasatalydic diotymdr degra¢nsion arrment

whi ch is hosti ILive bio- l,cal u I nd, the
hydr ophi I i ¢ O B2 RIS pfel %0%4&934&3?96 it Oba@ﬁ%&ﬁgﬁ&\s}%@% LiC E@é‘? ?‘%m i c

m croenvi r onpapinerstioatvt prdtune es atibie mitrosntitongieAbwhichys hdstitd tosenditiveesisd ti ve

bi ol ogi cal c ounds. In particular, jt seens_ th Interferons - espe-
cially int or fogkaheomgioupfis G %‘ﬁé’ﬂfeéﬁm the Yy diopbieplogSal heplse @ﬁQ%@FSegat ed

state in thepoBhily QEANAL 2 RYBRDhIRE AYitAEEliRd¥mbitewReR RhRdHckd the Rh-0ftk staBiRg) ymer s
in the carrier systens of the invention. Especially in the case of

m cr opar t'pcl ebsuchisensitivel biplogice] eareppundsain particylat, it geprb yhat dyterf@onsoewsi ty of

the particles. f0r e hl.osk .cop S I t he
L ow bar st ef PALY ELrpRER IHAROREE 3R WARISed By PG Qparktf AU
enbodi ment s, nag@pénviratmentspravidedio the tampkiphidic bldok copolgmersdn tivd datricp aystenss

obvi ous from tlﬁe.fol l.owi ng non-limting exanples, or may be easily derived
by persons SkPPIWEMP-the field of drug delivery on the basis of this
descri ption.

Especially in the case of microparticles, it is also believed that the relatively low
20 porosity of the particles formed from the block copolymers is one of the causes of the

low burst effect observed in the compositions of the invention.

Further embodiments, applications and advantages of the invention will become
obvious from the following non-limiting examples, or may be easily derived by persons

skilled in the field of drug delivery on the basis of this description.

25 Example 1: Preparation of a w/o/w double emulsion containing interferon-alfa-2b

Non-glycosylated, recombinant interferon-alfa-2b (IFN-a-2b), a protein composed
of 165 amino acids, having a molecular weight of approx. 19,000 Da and an isoelectric
point of about 6.0, was obtained in form of an aqueous solution with a protein concen-
tration of approx. 10 mg/mL. Block copolymer of 80 wt.-% PEGT and 20 wt.-% PBT

30 with PEG segments having an average molecular weight of 1,500 was obtained from
IsoTis, Bilthoven, The Netherlands. A solution of 1 g polymer in 7 mL of dichloro-
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25 Exanple 1: Preparation of a w o/w doubl e emul si on containing
interferon-alfa-2b Non-glycosyl ated, reconbinant interferon-alfa-2b
(I FN-a-2b), .a protein conmposed of 165 ami no acids, having a nol ecul ar
wei ght of aﬁﬁ?g%ﬁmﬁﬁfboo Da and an isoelectric point of PABOUR0E00006as
obtained in formof an aqueous solution with a protein concen- tration of
gggr 0X. 10t ngri?gL_. Bl ock copol ymertof I80 Wt . _-SZEHPESBT ?Ungtﬁgz)o Wt . -fg{,PBTngr(l)fvw th
segment s AR ATbrERA RS FRbEE Y o RIS, 19hr. or 0 iRS1eBh AbRAM, T om
| soTis, Bilthoven, therla : sol uti on’ of {“ g polynmer in of
di chl or o- 29 Wi a2dgi6io ABS Fol FmPCTIMicR0E £10GIR (S follveteld donyenling irpax dypemogehisaT o
prepare a w/q[.-oerrybsh@] 1. of tl‘rbe | EN-al fa-2b solution was added to the
pol ymer sol ut' 18" un rl‘pg{’fom?q{g),{. of °8\td by ultra turrax honobgeni sa- tion
at 19, 000 rpn1fo% apg%ﬁx. 30 egfngf. Twp di fferent w,o/w -doubl e enul sions
: /-douple ere -
were prepared by "‘B8ul} be“f\kﬂo(sk)’ loule erpylSioRs, vere Drepatedo By ROUHRE HFP Y8~ above
- separat &y dniiflforsQ pidpatdd Jsai)es@me@q&tﬁ@ugeﬂ%&‘ielymtt)fsermpeﬂga?mh@&oés BBSVA
(w'v) (MNapprox. 130,000, de‘?ree of hydrol ysi s approx. %, or (b) an
aqueous sodi UERFstaiRias dotodtY w3 ( pprox| 39,008 ndegren ofghyAralysisepprqiy v)
ol vent extr gt st S et MR Hlorlde S A M) HaG LBRERIEY APVA
accordi ng to (&9moe stirnuerat 70Qrprher processed to prepare microparticles. To
each of the two doubl e enul sions, 100 nL of aqueous PBS buffer was slowy
added under continuous stirring at 700 rpm The added PBS solution led to
an expansi on Bfaniphe?: Pn¢parating of ousroprtides yfsotvient ektrattion andelvaiogation
Subsequently, stirring was continued for approx. 1 hour to extract the
maj or parf, of th i,chlioro 15 t hane .into the-outer.aque h nd to
the sl 1dl% Pcat i aRearheRpbRyTEIBRAE ok yg R fiieic 1 SE RBERRER i J0°, 1o
tsoI i di fied mlgl_remaﬁﬁdrﬁﬁﬁclwte% saelg_bf ihéwgegouﬁle (Bjmtﬁ%%ns,rm@r?hwf afueoaoPBS ded
enper at ure. super nat apt .was di scarded, .an e pelle S _resus- pende
in b esh PBS 'H{h%r ¥ flawgea@@ﬁﬂlfli‘??r&@%ﬁuagﬁtﬁnngrﬁe708rr5§e%? eé@?’ﬁg’ﬁseéﬁ Bd
three times. ekital bapandibie offiheRRRLlhdoLEPhaAAE bLHEIBABIR ehitldidMUsehsBiden®gen and
freeze dried over 20 app[%‘);s:1 f12- 24 ho]lrJTEls. The enctgpsul_atl on ?Iﬁjglﬁ{ﬂ?lgcy was
det er mi ned t ostisang wesiccomBy fior apprive Inhewroipagxirael] s maohpuhel Wi Wbl e
emul si on ose fuler S&it&2 h&in % %4 B0 i%n}&ﬁja{id§y 2 91 PEO%e 25 %
for the ot erﬁxﬁa#r(ﬁ:%{nto? e 0mte’craglpar Si%CF%S \A(/ieroe &xXant rned cbythepegfh?onn ©
m croscopy ( Sédghniamptageo Subketjwentle, freughiblified phierdparicleanderprcenteifiged anf309 i n

t he size range of about 50 to abo 120 m
grpm and at room temperature. ’!llﬁe supernatant was discarded, and the pellet was resus-

pended in fresh PBS buffer to be centrifuged again. The procedure was repeated three
times. Finally, the microparticles were frozen in liquid nitrogen and freeze dried over
20  approx. 12-24 hours. The encapsulation efficiency was determined to be about 85 % for
the microparticles from the w/o/w double emulsion whose outer phase contained 5 %
sodium chloride, and approx. 25 % for the other batch. The microparticles were exam-
ined by electron microscopy (SEM) and found to be roughly spherical and predomi-

nantly in the size range of about 50 to about 120 pm.

25 Example 3: Interferon-alfa-2b release from microparticles in vifro

For testing their release behaviour, approx. 15 mg of each batch of the microparticles
prepared according to Example 2 were weighed in 1.5 mL flasks in triplicate. To each
flask, 1 mL of PBS buffer was added. The flasks were kept in a water bath at 37 °C. At

sampling times, the microparticles were centrifuged at 1,000 rpm for 2 minutes at room
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25 Exanple 3: Interferon-alfa-2b release frommcroparticles in vitro For
testing their rel ease behaviour, approx. 15 ng of each batch of the

m croparticles prepared according to Exanple 2 were weighed in 1.5 nL
flasks in tWOREBEE47 To each flask, | nL of PBS buffer PRASIZMNGAI006The
flasks were kept in a water bath at 37 C At sanpling tines, the

m croparticles were centrifuged at 1,000 rpmfor 2 mnutes at room 30 WO

2006/ 085747 tdagerartOSahSIOOGFIB0 1l ek AlidHien €l B3 frekA @BS Bisffee THet hdr awn
and replaced by fresh PBS huffer. The amount of |FN-alfa-2b in each sanple

was det er ni AB@URS AfiFN-alfpbdn grchsampleorasdeigemined with g\ Misrabighinchogicarid |t was
found that Q@El%r@@ﬁ%?aﬁn.d early denonstrated sustained rel ease characteris-
5 tics. The batch obtarned fromthe w o/ w doubl e ermul si on whose outer phase

cbout 109 whi [e EraufUOATLRSRAIGY dhbbiAla uBhe P BE, b G oy

bat ches bel dizs&theBatchoobfaineth fiom the wéo/w doableremudsidrewhoseiotiter phasb contaifedts days,

and 75 % wi thi n,aboyt 7-8.days. After. 14 ,~1.approx. 85-90 % af the

i ncor por at e °(§8§18“\/\§é°r?%el %‘8%%‘3 an g IELBWﬁtI %?%’? OHeégﬁfPBﬁ%Ht b‘? 7y ‘@18[?1) & tion
conpri sing rsiger GeRh had b ®arst eftet pPatRut DY %4. Both batetes delédsbit 80 phaf Bbir Anter-

m croparticl e-conprising conpositjon was prepared as follows, using aseptic
condi ti ons. fRrogsentent yitkin agoyt Lt daysraad ISPyt abop Jr§ days- dfter 4\days, op PEGT
and 23 w.-% To 4 : g&?gﬂg i verage nol ecul ar wei ght of
1,500 was 18 35’?9??2%6 g’n |I§so veffaidgéééﬁﬁ%egctgseerai | e di chl oronet hane. The
organi ¢ polyner solution was conbined wwth 5.5 nL of a sterile aqueous

sol uti onoCOMBGEHIS Meflratiolo? a%bmosikict Bididising hichipaaichd ihdrsdhRana

C
nol ecul es having, 1Tn average, a length of about 158 amno acld residues, a

specific aCtJa{’eidtﬂﬁ‘NQJl }@_E)%ut 0.25 to 0.35 MU per g, and an inter- feron

concentrati mg/ mL. An ultraturrax device was used to obtain a
ho- 20 nobgenous water-in-oil emul sion. Subsequently, the emrul sion was

conbi ned under stirring.with 445 of a.sterile _aqueo sol ut.ion of.

ool yvinyl al cohdl TEFOBEHistePOmRIERE PRSI s Brep s D IS Bring dschicy vy vy
Ther eby, a woaditiofiQUbheantittibS6 @rofvinstedle thiodkaedpolymen v 717 tshe%pPEGYiany 123 al -
cohol solution formed the outer agueous phase. 25 In_ thé next

. tep,
mi croparti cl Ws e PinneiC SREMERSY dariey aByaverige manlerplar Briskiopt LsBR vt om t he
organi ¢ phasgeighdd &3 NEL1v3E BRI SBRE dRhIGomAHRINhE BFhaffc SEHMENolRibn

was combined with 5.5 mL of a sterile aqueous solution comprising a mixture of N-

terminally truncated INF-alpha-2b molecules having, in average, a length of about 158
amino acid residues, a specific activity of about 0.25 to 0.35 MIU per pg, and an inter-
feron concentration of about 10 mg/mL. An ultraturrax device was used to obtain a ho-

20 mogenous water-in-oil emulsion.

Subsequently, the emulsion was combined under stirring with 445 g of a sterile
aqueous solution of polyvinyl alcohol (4 % w/v) which also contained sodium chloride
(5 % w/v). Thereby, a w/o/w double emulsion was obtained in which the polyvinyl al-

cohol solution formed the outer aqueous phase.

25 In the next step, microparticles were formed and hardened by the removal of sol-
vent from the organic phase, which was accomplished by a combination of solvent ex-
traction and solvent evaporation. Some solvent extraction was conducted by the addi-
tion of sterile PBS buffer to the continuous phase of the double emulsion, and another
portion of dichloromethane was evaporated by blowing sterile nitrogen at a flow rate of

30  about 5-10 L/min over the surface of the double emulsion for about 24 hours.
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traction and sol vent evaporation. Sonme sol vent extraction was conducted by
the addi- tion of sterile PBS buffer to the continuous phase of the double
enul si on, and another portion of dichloronmethane was evaporated by bl ow ng
sterile nitr8geMo48S747 | ow rate of 30 about 5-10 L/nin REINE2HS08e06 ace of
t he doubl e enul sion for about 24 hours. 31 WO 2006/ 085747 PCT/ NL2006/ 000006
The m croparticles were collected and washed with sterile mannitol solution

(26.7 g/L) and r i i it Sol4ag4on to
adi ust "t he oomo- THATRESOp kw0 ARRLAREN Mo i B SRR BluuSR O O
adequat e cakeg/f)omduesuspendpdin anlapprohiiste saluirerof MdninjjolcbRitiof td dtfuss thepesmst on
were filled into,.steril.e glass vials and freeze ried, resulting in white
| yophi | i sat eé%]mﬂtfé a\ﬂli‘é{flglogﬁgl E’Ye %’é‘a"a}‘? i Oa?F#’Ee %F%‘ﬁg%?ai“’i%la“ag&ﬁ%i um
caps. Anal yt ilgsphilisetiér. 2dicubR\WEthe! susdenkide widrHEEd BNEEOHIR glisa FRILindOfkedzble

m croparticles was about 83 gm__and fromthe interferon content it was

concl uded 5t ha&fied.reswWiing g white Ivopihisaigst The sialsywergclosed Wath nlastin sioppers a0d o5
The residual .gj iﬂu%Q@‘s’t hane was substan 10 tially bel ow 600 ppm El ectron
m crographs of the mcroparticles revealed little poros- ity; in particular,

nost of the parti . | i S . . t 2-5
e Exanpl o 5t 1 n AR R AGor W BIEE SlarBler PR oD PlariBO
| FN- al pha- 2b wdsl abpapisr puing hrel framthe istenfgronaroptest itives sopleied e thenereagsulagy t o
exanple 4 were tested.faor their i i er.fo e in hansters,and

T eRoys. The tom e Reirg s i o st B0 Vo heltEnianl TR Rumedhars Vs Sy o
aqueous sl uttalli befowse0l pisth CEIESHK TR hs 6£{hHeUhiefopartiGled rékexEd JittleGikdsonal | y

further containing mannitol to adjust the osnolality of  the |iquid phase.
The amounts dfY; d%paBiselasgnegt jof thespardclesahad pe petss haxisg @ dametpeolBRiethan of
active ingr edggg&tz_ggglthe dose to be admnistered, to yield injection

vol unmes of 0. 1.0 nL per single administration. Each of ten hansters
recei ved a dose of 0.99 ng/kg of the active conpound adm nistered by s.c.

i nj ecti on eV%%ﬁléiﬁgﬁwmgstﬁgem%,am Bhnpritfi ABHEI BN-AGRLNP] 3. 46

ng/ kg every . ra Wer e optarl ned omtne anl at

sel ected intervals, which sanples were stored in frozen formand | ater ana-

| ysed for their i ?ﬂﬁ t | L:.-ani 0 t t he

treatment well. é\gfcg{é,fgg{f?é;%o %ﬁgecroﬁrﬁo%‘rngﬁ %E%e?ﬁlg%ﬁ%g i E?oe)gag'pgége&%re ofiles

of the actid veesednfautheir ineive mafoauirstdn hainstess arepmoskteys.ERpesoliddpophilised i n

vitro release profiles were determned . as described i ampl e 3.

conpari son of <EHRISHNEY P SHATKR 11  GriERBiESE FGHG ot Barboxymethyl
cellulose (0.1 % w/v), optionally further containing mannitol to adjust the osmolality of

the liquid phase. The amounts of aqueous solution were calculated, based on the content
of active ingredient and the dose to be administered, to yield injection volumes of 0.5 to
20 1.0 mL per single administration. Each of ten hamsters received a dose of 0.99 mg/kg of
the active compound administered by s.c. injection every 7 days, and another group of
ten hamsters received 3.46 mg/kg every 7 days. Serum samples were obtained from the
animals at selected intervals, which samples were stored in frozen form and later ana-

lysed for their interferon content. All animals appeared to tolerated the treatment well.

25 Based on the serum profiles, the in vivo release profiles of the active compound
were calculated. In a separate experiment, the in vitro release profiles were determined
as described in Example 3. A comparison of the in vivo and in vitro release profiles
showed that there was a good correlation between the respective profiles, both in shape
and in duration of release, and that the in vitro release behaviour appears to be an excel-

30  lent predictor of the in vivo performance of the compositions. There was no significant

burst effect in vivo or in vitro.
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showed that there was a good correl ati on between the respective profiles,
both in shape and in duration of release, and that the in vitro rel ease
behavi our appears to be an excel 30 lent predictor of the in vivo

per f or manceWs¥ 200¢i@85¢i3nposi ti ons. There was no si gni fi canPCT/HL2086/068¢U6ect i n
vivo or in vitro. 32 WD 2006/ 085747 PCT/ NL2006/ 000006 Figure 1 shows the
cal cul ated average in vivo rel ease profiles of the | ow dose hanster group,
the high dose gruR 1aRewh ke EASARE] bVRaddinWilé QelbRb SRR 6P Bw AREal -
ised to 100 %total release. In another series of experinments, sanples of
the sane corhg@sicr Eupyihe diglidesaigtouppand the tespentive i Histouslegsernsofite) rormald f erml e

nonkeys. Th%sé&Q??O@%f?)?aﬂé{S’asEngredi ent was 180 g per aninal, and the sane
reconstitution Tiquid was Used to disperse the conposi- tion to a vol une of

sanpl o5 wer o obf P SpHEL R S PARL b Be ShB sfmd B hr® Ao B0y
Again, the tered yubcuainesuly &f malkSandeftald heshkbs. Thk dobabfadtine inglediént avasel ease

profiles, which were 10 then conpared to . the in vitro rel ease, profiles
deterni ned f8medtenapimebipd dhe ymereronstiufinn ligudwagysed tedispsmsdhs sqmeppsi-
accor ding ! Qidafi§ a¥ERERAIES &Y 1A phifin UMD rtthe thdin iR HhS of ihRAIOLERAL I O
between the respective release profil’es was rerarkable. Bot'h in vitro and
in vivo the Qmm&@sﬁ/qre ohbtamsd edseldctedbtime limavelsiaver & perod ef bh deysngain, thet eadi | y
over a period of 14 d wi t hout. any, substantial bursf r ase. .15 Figure 2
shows the calcuf 3?%(:5“%%@0?5%“? HS% @oéé}cgrégeaéh IBrde? f%eagégnﬁ%%’ r%vg%%le‘??rieve in
vitro releastepeahpdred tondierhl visrodelease If20fiRs deferhined [f@as etheExangléscobthePuri ty
of released interfer Sanpl es of the rel eased |nterferon obtained fromin
vitro releas%nﬁngﬁﬁgt Logwosition pesarding {o theineh @igﬁm@W@JB pleznal ysed by

hi gh- perf ormance si ze-excl usjon chro- 20 mat ography to determ ne the
fraction of intéRfrembnthgiforslalign beteleemmiie reiperbisosriecPPBlemWaRaFrRITkatey, it
was found t hgdm!ifSged Raa i&v%cpihet&ﬁﬁbﬁﬁ&‘?‘%ﬁp '%erefe‘agg)?ymeff@'& chitedth® form
of dinmers or |arger aggregates, even though al pha-intertferons are known to
aggl oner at e #easlily pverfpesiod ol &4 daysy witlzout aayt substantiad biutst wwheateas apparent |y
contributed to substantial stabilisation of the interferon. 25 Exanple 7:
Prepar at ton of fHigure 2chpes thei calvulated avgrageaini virgp ¥l saskprobijecing e respredtiveniner -

I/vte r ?Q/; gg%—a Avi g?&%&s&a%ro%f]e,%o?m is% to%O%'%%‘%al‘%&@é%'J”er of 80 wt.% PEGT and 20

Example 6: Purity of released interferon

Samples of the released interferon obtained from in vitro release testing as de-

scribed in Examples 4 and 5 were analysed by high—perforrﬂance size-exclusion chro-

20 matography to determine the fraction of interferon which was release in monomeric
form. Remarkably, it was found that less than 1 % of the release active compound was

in the form of dimers or larger aggregates, even though alpha-interferons are known to
agglomerate easily. Thus, the microparticle composition has apparently contributed to

substantial stabilisation of the interferon.

25 Example 7: Preparation of film composition incorporating block copolymer and inter-

feron-beta

A quantity of 0.5 g of a block copolymer of 80 wt.-% PEGT and 20 wt.-% PBT
with PEG segments having an average molecular weight of 2,000 was weighed and dis-
solved in 3.5 mL dichloromethane. 1.94 mg of lyophilised interferon-beta were dis-
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wi th PEG segnents having an average nol ecul ar wei ght of 2,000 was wei ghed
and dis- solved in 3.5 nL dichloronethane. 1.94 ng of |yophilised
interferon-beta were dis- 33 WD 2006/ 085747 PCT/ NL2006/ 000006 persed in the
sol ution usihQ2UWH%4% at urrax. The di spersion was cast oRCENIResHOI@L es,
using an adjustable filmapplicator. After evaporation of the

di chl oronet hane, filns were obtained and stripped fromthe glass plate. The

films were drj ]HQ%HPEPP Joll ﬁmp of
about 1.77 ck%ﬁ%kingﬁlg&?rughﬁl u%llﬁgm rmset‘hg(r%IE ?fr%{csﬁlb‘gt éciétl (r)ll%% a lgﬁl% ous
acetate buff esms@nmdjmtabbl-lﬁlm Gpplicater.) Afier 8ap@ration af Shmkllcmmmﬁtmnebﬁhm After

every 24 hours at rel ease.

refreshed and the tame E{W\’B?d hPH’r%eé“? Rgaﬁ%arrﬁ?déln}il ‘fv%fﬁo Hﬁfi@%évﬁﬁ? hdr awn
buffer were lﬂ&ﬂdhdodrfoﬂ-ﬂameaﬁ&sanal ysi s, which reveal ed that about 83 % of the
i ncorporated beta-interferon was 10 reI eased i n nononeric, non-aggregated

form Thesdurati Qanglés sf4b0as E 77 eRe RERLuP Butl fidin ﬂi&ﬁleﬂ@rﬁasn@i)atb@m arl Ad¥R-
Exanpl e 8: Preparation and rel ease properties of self-gel Ilgg bl ock

copol yrmer solout pestate betferaphiting PHRNS &1 ma)- 2837, ki ershplging Setes bath. AREr @vePEGT/ PBT
bl ock copol y@rhoﬁﬂn&taﬁl@ﬁl% oﬁSth\é'twho d g e o:k@ gﬁﬁnsﬁ%nf%ﬁj ﬁleﬁaa\‘quge an
aver age nol ecular nass o were o ta| ne Form

pol ymer was damsples wert funther inicubatede Adiqubte wf yhe wahdmwnd)u.ﬁﬁadwbmnuspﬂ fadl HB- hol

foomar) o  SECOHERRS BhicBieealed aliapadess Deatul e Sorled e e Baf vmar

sol ution. 1oTh feleR8d id mohéifierid, rbhagereputed folth €Thd ddratich Sfieleagedependad @nrﬂa@dl e
and injected into PBS buffer solution 20 at 37 C. Upon injection, an

i rregul ar gelthigknssd §f the Bimssi t ated. The gel was kept at 37 C under
continuous agitation. Sanples were wthdrawn at appropriate tine intervals
and repl aced by fresh PBS buffer soI ution. The sanpl es were anal ysed for
their cont ent 3 ple; 8 N Siaratlon ang se. b 3 3 OL, 8¢ ._:-J,'-. cONetyImgl SQludinn

about 14 days,of@find iRl ﬁ?a'i?& 34 dainms 1.. A nmethod for the preparation of
m croparticl €S conprising one or nore active conpounds selected fromthe
group of interferons and one or nore biodegradable block copol yners

constructed fromipefsereiiyLennd g INFEO/HBT blosk seprlymetcconaimdmy 8- % PEGT
pol y(but y}eng,iepERRLAR Radvidd T dvera8 MRIdcalal thald 6t AbbEPE0SY were obtained in

dry form. The polymer was dissolved in a mixture of benzyl benzoate and benzyl alco-
hol (98 : 2) at a concentration of 20 wt.-%. The interferon was added in powder form at

a concentration of 4 wt.-% and thoroughly mixed with the polymer solution. The result-
ing mixture was filled into a syringe with a needle and injected into PBS buffer solution
20  at 37 °C. Upon injection, an irregular gel slowly precipitated. The gel was kept at 37 °C
under continuous agitation. Samples were withdrawn at appropriate time intervals and
replaced by fresh PBS buffer solution. The samples were analysed for their content of
IFN-alfa-2b and confirmed a release time of more than about 14 days (90 % release).
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5 (a) preparing an emul sion conprising (aa) an aqueous inner phase

conprising the one or nore active conpounds, and (ab) an organic outer
phase conprising the one or nore biodegradabl e

bl ock copol yner and at

| east

one organi c solvent; 10 (b) solidifying the one or nore biodegradabl e bl ock

copol ynmer into nicropartlcles by renoving at |least a fraction of the

organi c solvent fromthe enulsion prepared in step (a); (c) collecting and
drying the mcroparticles fornmed in step (b) wherein step (b) is carried

out by enmulsifying the enul sion prepared in step (a) in a coherent 15

aqueous phase to obtain a w o/w doubl e enul sion, wherein the coherent

aqueous phase conprises an osnotic agﬁp :
coherent aqueous phase is higher th 308t of the aqueous i nner phase.

wherein the osnolality of the

2.

The met hod of claim 1, wherein the osnotic agent ii a salt. 3. The nethod
claim2, wherein the salt is sodiumch]oride. 20 4. The nethod of claim
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I‘ on
block copo y rs €o structecl (Irom poly ethy ene g?ycol:)g terephthalate (PEGT) and

poly(butylene terephthalate) (PBT), comprising the steps of:
(a) preparing an emulsion comprising
(aa) an aqueous inner phase comprising the one or more active
compounds, and
(ab) an organic outer phase comprising the one or more biodegradable
block copolymer and at least one organic solvent;

(b) solidifying the one or more biodegradable block copolymer into
microparticles by removing at least a fraction of the organic solvent from the
emulsion prepared in step (a);

{c) collecting and drying the microparticles formed in step (b) wherein step
(b) is carried out by emulsifying the emulsion prepared in step (a) in a coherent
aqueous phase to obtain a w/o/w-double emulsion, wherein the coherent aqueous
phase comprises an osmotic agent, wherein the osmolality of the coherent aqueous

phase is higher than that of the aqueous inner phase.
The method of claim 1, wherein the osmotic agent is a salt.
The method of claim 2, wherein the salt is sodium chloride.

The method of claim 3, wherein the sodium chloride is present at a level of about 3

to about 6 wt.%.

The method of any of the preceding claims, wherein the interferon is selected from

the group of alfa-interferons.
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