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A DELI VERY SYSTEM FI ELD OF THE | NVENTI ON The present
invention relates to a delivery systemconprising a

core and nmem brane consi st essentially of an el astoner
conposition and said core conprises at |east one
therapeutically active agent. The present in vention
also relates to a nethod for controlling the rel ease

fFﬁﬂé rapeutically active agent froma
3@ | pgﬁgtéfgﬁitﬁﬁprising a core and a nenbrane
encasing said core, wherein said core and nenbrane

consi st essentially of an elastomer conposition and
said core conprises said at |east one therapeutically
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a?? flly metabolised or cleared fromthe patient’s
body,” t hus necessitating frequent adm nistration of

eelgSR O P Ve VEREBREN: rari on. A probi em

often faced in controlling the rel ease of the
t’ll’r% aneblicatiehky aadt itve meteialoysedi hereinstovlluaiirats ribe

c%er@@@'ﬁfgﬁse'ﬂ&hhﬂhpb%# nbafionlale e TR Ride ag-
atitonalr detailsatespecting the pareaticen avesingesporated by refer-

istered or inserted to the patient. If such an
initiral burst occurs, the concentratl on of the

tThheer 328“otf'd°rﬁb' gelﬂ/(fetrlyvs(ils s for ﬂ‘ne ggll\%r%/ogf g‘%r\;esa{(pceeuqt%ally
active agent, which systems provide for steady release of a thera-
peutically active agent to a patient’s body at a controlled rate over a
prolonged period of time in order to achieve a desired physiological
or pharmacological effect, have proved beneficial in many therapeu-
tic areas. A principal advantage of employing sustained-release
compositions is that many therapeutically active agents would oth-
erwise be rapidly metabolised or cleared from the patient's body,
thus necessitating frequent administration of the therapeutically ac-
tive agent to maintain a therapeutically effective concentration.

A problem often faced in controlling the release of the therapeuti-
cally active agent by using a slow releasing preparation is initial
burst, i.e. the release of a relatively large amount of the therapeuti-
cally active agent right after the preparation has been administered
or inserted to the patient. If such an initial burst occurs, the concen-
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the perm ssible upper Iimt, which may be dangerous to
the patient. Initial burst can be prevented to a

W@ ertbaiTeext ent by selecting the formof the PCT/FI2005/000314

therapeutically active agent and the rel easing
material, but a basic solution for preventing initial
burst has been the subject2of extensive studies. On
the other hand, the concentration of a therapeutically
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Bl Mith BRSEHEr mdlecglecond node is governed by the
rate of Di odegradat| on and/ or bi oerosion of the

'F[H?’ tﬁe Ilquut:l ec[ehvery compositions, which typically include a biode-
gradable and/or bioerodable polymer or copolymer dissolved in a
non-toxic organic solvent, the additional time required to release the
therapeutically active agent from the controlled release component
will enable the formulation to solidify into a solid implant without the
initial loss of a substantial amount of the therapeutically active
agent. Once formed into a solid matrix, the permeation of the thera-
peutically active agent is based on the rates the therapeutically ac-
tive agent is released from the controlled release component and
from the implant matrix. The second mode is governed by the rate
of biodegradation and/or bioerosion of the implant material.

On the other hand, in making the polymer microspheres the con-
trolled release components, such as cyclodextrin, also serve as a
buffer and reduce denaturing of a sensitive therapeutically active
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On the other hand, in making the polynmer m crospheres
the controlled rel ease conponents, such as

denaturing of a sensitive therapeutically activeagent,
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pell ets. The buffers usual By di ssolve nore quickly
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Ao tieh i aticRiaeR e, oSl agy o AT The

rbalfﬁsmsmaib/odasowe: morehguickbr than dbe| pelymes and hereby

JELAL B ReAssLST0 g RSPk A reding
funRglsain oihe dnlqr%%@@&. Ogius) Aol s \Ibea@@mr@ ﬁgveelease

%?ﬁ 6ﬁéﬁf§ baﬁl iheréfegel alser Riadr o S5 GhitiaP bawsls oharag re-

Ealn é@ een focu ed in injection delivery systerns,
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OREPRPRUPNEal 1y ac tive agent dissol ved in a
wat er - sol ubl e sol vent cones into contact with an
dqternationatPatenisApplication Wo0y95/27481 Aleisselatedtto liquid
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st LT BinG S BiddegsPeabls PaRFNEE 3DELA tesTaRpulicany sc-
awtgglélhbmlsgtcililﬁe@ in @@Va’t@ﬁﬁdhljjh?l&t solkvenTloones rato cgntéct

en et s b ;\Yﬁ@(yﬂiey yitepisg-
nsmtesd)rocﬂlffsueesnato theuaguebusi mgdiums Asnithe polypeer paecipi-
ttQt'@esr EHre cgfagﬁlétégﬁtd)%% tah%oﬂﬁt ‘rﬂ&tr&geﬂe HRYivRe p’léﬁ\?‘ is

se tha occurs
tmmﬁq@aﬁawwﬁtﬁmr%hw ntﬁner pR! ymﬁeclmatw he re-

hessé of e b.a%tﬁécdgﬁrﬁﬁtﬁeh»folI@W@fth@fg?énérﬁil tiesdet the disso-
nt into._.a cont ol Led rel one

ﬁﬁ%rp aln &p ifysionQ ,ao|th%r@peu%caﬁy active agenaf ﬁl'om within a
polymeric matrix. The formation of the solid matrix from the liquid
delivery system is, however, not instantaneous but typically occurs
over a period of several hours. During this initial period, the rate of
diffusion of the active agent may be much more rapid than the rate
of release that occurs from the subsequently formed solid matrix.
The initial burst can be decreased by incorporating the active agent
into a controlled release component and combining the controlled
release component with the liquid polymer systems described for
example in U.S. Patent Nos. 4,938,763, 5,278,201 and 5,278,202.

International Patent Application WO 01/08717 A1 is related to im-
plantable devices, where the therapeutically active agent is incorpo-
rated into a controlled release agent, such as polymer micro-
spheres, which steadily or intermittently release the therapeutically

al so serve as a buffer and r eduP€T/FI2005/000314
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rel ease conponent with the |iquid polyner systens
described for exanple in U S. Patent Nos. 4,938, 763,

WG20680204 and 5, 278, 202. Internati onal Pat entPCT/FI2005/000314

Application WD 01/08717 A1 is related to implantable
devi ces, where the therapeutically active agent is

i ncorporated into a controMl ed rel ease agent, such as
pol ymer micro spheres, which steadily or
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give a priming dose of the therapeutically active agent. The loading
of the reservoir wall can cause an initial burst. The magnitude of the
burst or delay in the release of the therapeutically active agent can
be modified by varying the amount of the therapeutically active
agent that is loaded.

A publication of J Biomater Sci Polym Ed. 1994;5(4).:339-51 de-
scribes controlled release systems prepared from biodegradable
microparticles of poly(lactic acid-co-glycolic acid) containing beta-
estradiol in the presence or absence of silicone. The release behav-
iour of beta-estradiol from free microparticles as well as from mi-
croparticles embedded within a silicone matrix is compared with the
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burst or delay in the release of the therapeutically
active agent can be nodified by varying the anmount of

wo b@ebigpapeuti cal |y active agent that is | oadedI/FR005/000314

publication of J Biomater Sci Polym Ed. 1994;
5(4):339-51 de scribes controlled rel ease systens
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damage to the adjacent tissues. In any of the above cases, these ef-
fects may prohibit the use of that certain formulation, if the burst ef-
fect cannot be minimized.

The development of delivery systems with reduced or eliminated ini-
tial burst effect would represent a significant advancement. The effi-
ciency of such systems would be improved, since a greater percent-
age of the active agent would remain in the device for sustained re-
lease and not be lost during the initial burst. The possibility of side
effects would be reduced. There is, therefore, a continuing need for
controlled release systems that will facilitate the sustained release
of a therapeutically active agent in a patient's body without creating
an initial burst of therapeutically active agent.
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cannot be mnim zed. The devel opnent of delivery
systens with reduced or elimnated ini tial burst

wetdoeoosul d represent a significant advanceneOl/FLR200500314

effi ciency of such systens would be inproved, since a
greater percent age of the active agent would remain
in the device for sustaine@ rel ease and not be | ost
durlng the initial burst. The possibility of side
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dWearaperiieallytaadiveragenit i nventi on concerns a delivery
system and a nethod as descri bed below in the
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Il'lag a small cross section and which is easy to insert and

convenlent to wear.

Thus, the present invention concerns a delivery system and a
method as described below in the independent claims.

A typical delivery system according to the present invention com-
prises a core and a membrane encasing said core, wherein said
core and membrane consist essentially of an elastomer composition
and said core comprises at least one therapeutically active agent.
The membrane comprises at least one regulating agent.

A typical method according to the present invention is a method for
controlling the release rate of at least one therapeutically active
agent from a delivery system comprising a core and a membrane
encasing said core, wherein said core and membrane consist es-
sentially of an elastomer composition and said core comprises at
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prises a core and a nmenbrane encasing said core,
wherein said core and nenbrane consist essentially of

w@prooeloassponer conposition and said core conpriBEEFRD05/000314

| east one therapeutically active agent. The nenbrane
conprises at | east one regulating agent. A typical

nmet hod according to the pré&sent invention is a nethod
for controlling the release rate of at |east one
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iFiguss M dllestrates thesrdsuttsaf exeanplee1l. Figure 2
illTustrates the results of exanple 2. Figure 3
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plexes or conjugates or binding with the therapeutically active agent
molecules and immobilizing or binding them into the membrane. All
of these ways of association are intended to be temporary, thus in-
hibiting or lowering the release at the beginning.

In this description, the term “therapeutically active agent” is often
used in singular. It is to be understood that the same given details
apply when several therapeutically active agents are used.

The invention is thus based on the fact that initial burst of therapeu-
tically active agent(s) can be controlied and adjusted by adding at
least one regulating agent selected from certain types of com-
pounds in the membrane of a delivery system that is capable of
forming chemical bonds, complexes or conjugates, in which the
therapeutically active agent is operatively associated with a regulat-
ing agent, immobilizing or binding with the therapeutically active
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The invention is thus based on the fact that initial
burst of therapeu tically active agent(s) can be
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regul ati ng agent selected fromcertain types of com
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iam%aféc gé% rfi?%tsf%f'b%t Fé’le?/ﬁé{ihﬁnhﬁ@éigﬁbg't bﬁﬁ@ﬂb them
amq theamembrianecand ébw prehibitingthe bué%tﬁaﬁect The regulat-

érit%tsréqf €4n e Boladt e rhekbrahe rﬁg@ﬁanshwdauy or

t q gp biting the burst effect. The regulat 1ng
%‘@ﬁ'ﬂ'cﬁ ¥elf can be bound i nto nmenbrane materi al

physically or chemcally. The present invention is
ey pfegentrirVeniich i thiseforer relafgd tacdelivery dpplications for
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or no n such a lfcatio
@l dnosite ApRicalings. an rleoas; e Vel Schilgnasd
i'h?efdéfrﬁbéaéd Qﬁté@byrd:l?éﬁgmgw fomiuldtmﬁrmacmalsn hysi-

b@?ﬁ%‘ﬁ%@%&' LY ARl fEl, 4070k Bhebhiofd e ifem.
e bpesit effedt, wheret thes iritiahteleasebaf #hey thedapeutisally ac-

W.k/%f%gewél? ;?% éﬁ@i;%ﬁ@ﬁ%bﬂ eggrﬁttéfggﬁ%%d zero-

@édemrel@aée} geneet gt m@ﬁ@nagafdnaiﬂrtgnm Fregeat inention,
Gste'd L}f’ Bﬁaﬁ@ ﬂh‘éel'btrhﬁﬂaﬁéw o‘P*ﬂﬁé*dewce

preve greg atlng is located in th
F&Féﬁ&rﬁaﬁ%&ﬁﬁ_{ﬁ&@%ﬁ&e%zé@r@? rpr%ﬁé%f‘b&er%auﬁé@wg tma&ne{fgs
dotateddd the mehtbrams encasinghthiei cade boodatainempbexEising
%@gj BRI BEIEA BT Y00 PRIt 18 SRR by
rapadian eéldheraical \b@wlgoemonﬂpllexssr copigaipeRewesk in-
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(Ghiser ThorBpRuHicabE & tyenag Rk TR ieiDPLERIFASEHL L the core
phateeizt nandsindingy thieérmdinto kg ahemﬂorbnesan@fthastpr@hnbntlﬁg
163 ! b P! el i BEfGh inhBBub 8L Rt U ofac
justirige barstrphémamener and rasaptiiiing a negative burst effect at its
best. In a negative burst effect, the release rate of the therapeuti-
cally active agent is steadily accelerating from zero, reaching
smoothly the normal release rate instead of being much higher at
the very beginning of the release and then decreasing from there to
the normal therapeutic window.

A typical method according to the present invention is a method for
controlling the release rate of at least one therapeutically active
agent from a delivery system comprising a core and a membrane
encasing said core, wherein said core and membrane consist es-
sentially of an elastomer composition and said core comprises said
at least one therapeutically active agent. The regulation is per-
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snmoothly the normal rel ease rate instead of being nuch
hi gher at the very beginning of the rel ease and then

wi ndow. A typical nmethod according to the present
invention is a method for controlling the release rate
of at |east one therapeuti®ally active agent froma
delivery system conprising a core and a menbrane

ERESA Y 3Pebnl BB R aBBHF SRR LR B Rerane

shisdiddebverygystams sai d at | east one therapeutically
active agent. The regulation is perforned by at | east
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physicall, Aepsnaing endlis Gis JGETER FoTRRSSAR HIF Bpem-

btanéei éléstbméﬁfm%rkompadilﬁ@mtcalltyh ihtoetiy anembiraneostars-
etvvor or chemcally into the nenbrane el as toner

YRehE! a'ﬂ% term"regul ating agent" is used here to
nmean the burstcontrol ling agent, which conmes into
dtvet dermwi”regulating ebgent’ngst ieed petei tonl Mpeaacitheeburst-

m%ﬁﬂ‘oﬂlny@géﬁg %ﬁl'bpr’tgbrﬁ%%rlhtd:ﬁanfé%t Jh M véRASHhg thera-

peutieally ag&v@sagﬁnth h%e% @B@E mﬁ@%ﬁé}% Gia%gﬁbe stance,
wmbqu g a@gogif ;r{iﬂﬂﬁ@' @hg@%&lghg%ﬂ@s ooanmlem% :or conju-
| S V |
Ges M IS reRestd. fsrabeliraly 2RBNBRddg, of akiiie of
fermivigabrefor nere hyst-ggest assmhzlagonﬁl\palrmrd)qnﬂlag inter-
SBDS a” e HicreBRiBRRLD o 98 adidle e LU Yahidh Wiks
.fcmo@St qumoggzneboramgnsdlpﬂta:dmlaglntera@ﬁoaﬁb@u .l%marmg,
%1 Eéﬁ tbdd?\ MHtbRe ERIstorn@dHetivark hEsEal (Yr ®r chemi-

ecte oup consi sting of carbohydrates,

V(S’d@&tb’llﬂg &}%p&{yﬂ‘ K €RRIRSc| odextrins. According to
anot her enbodi nent of the present invention, said
regdrdingnto ageanboslirment of débefp mmehlhmmmitm csaigl regubat-

e S, & SRR :“»EQE oy 535Ny T caifates,
nycmdsmtandwmaﬂuﬁgm extnnSUAfC@btdlplg tox aeatwder@-
DEiPeat 0 tHe ¥ efBinvention, said regulating agent is selected
from the group consisting of alpha cyclodextrins, beta cyclodextrins,
gamma cyclodextrins, hydroxypropyl cyclodextrins, maltosyl -
cyclodextrin, B-cyclodextrin sulfobutyl ether and a cyclodextrin poly-
mer.

Other applicable regulating agents include plant extrudates such as
gum arabic, seaweed extracts such as agar, guar gum, starches,
fermentation gums such as dextran, animal products such as gela-
tin, cellulose derivatives such as hydroxyalkyl celluloses, carboxy-
methylcelluloses, carboxylic derivatives of cellulose, glycerol esters,
mono- or polyglycerides, pectins, carrageenan, polyethylene glycol,
liposomes, alginates, albumin and sorbitan fatty acid esters and
crown ethers.

For pharmaceutical uses, the regulating agent should have a low
toxicity profile and should preferably not be toxic. Particularly useful

t her apeut PCT/FI2005/000314
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drophobi ¢ cavity of the nol ecul e, which binds
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bgeachimechin aevesakways. Jatalr dhevapdar gon nt pheeacting
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respec anmount o cul,e
abimolecaen of atbesagent reIRase i DUt SRGPYY.
‘tlﬁ@ ﬁwlélleciélﬁescbfzmeofegdlgtmg @geﬁtllg dhageembrarichelastomer
ane.e oner
5B pe GGl ARTrel e be RARE e 8 Intieher s 3ng Ystribu-
tiess(mqralordessredpuali «hs}rlhuﬂlcm)eofr thpiragulaginggagent in the
t -
oA Hnaflid oty ol ol O b o
ttweeapf@@t iegulating agend lca@ycafélvw%@t gan
t| 3 %' 6%@@%@%{9 Bf bbﬁiromﬁbem%e'm ¥ Q;i’cfagbrrbsédtebﬁﬂ@therapeu-
Hap v Ve, Aqaind g Nitial DLES 597 becPaigeed By Ghangjng the
lﬂég nmtuh\gdagémpr@gylbwuéin hRydseipropydt modified toyatbdexirin
g&?ﬁ d trlglcyclo extrins, a powder form
%gﬁ FMr ssol ved into ethanol to mx it
hom)geneousl y into the nmenbrane polyner. |In that case
Vithreyclodextring, eepowder aimrarsubstange agn becdisapbied into
%ngﬂo"ﬁﬂgit%rﬂﬂ bh% |ﬁ't6ﬂ'férh§leﬁ%tr5ﬁé I}ﬂ‘h‘é@ In that

ﬁﬁé@eaﬂr%earnw(mgétgae rpmp or ng mlxmg eby vacuam of eat Ye-

pending on the crosslinking method of the elastomer material.

According to an embodiment of the present invention, the mem-
brane comprises one regulating agent. According to another em-
bodiment, the membrane comprises two regulating agents. The
membrane may also comprise any other number of regulating
agents, such as three, four, five, six, seven, eight or more different
regulating agents. The amount of different regulating agents can be
the same or different.

The formulation of the present invention is intended to mean the
physical structure, i.e. size, dimensions and shape of the core and
membrane parts of the system as well as the therapeutically active
agent, which is loaded in the core part. The system can be an im-
plant, an intravaginal ring, an intracervical device, an intrauterine

ferment ati on gunBCHERDOSA®0314
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ot her nunber of regulating agents, such as three,
four, five, six, seven, eight or nore different

regul ati ng agents. The anmoliht of different regul ating
agents can be the sane or different. The formul ation
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apeutl cally active agent. The system can al so
conS| st of a pharmaceutically inactive body or any

SEHR 8k apl thé)hérhbréryéte@matsmg BRIP¢erd kensistesgidntiedly
t e structurﬁq {) i nse t| on or attachment
3 pRIMG/Q: differap e@ﬁoﬁ@fﬁpn&? $H3Y: The core and the

nenbrane encasi ng said core consist essentially of a

s'l"aheaelastdme‘rercnfnpositm osed i ting osembsane Thesudhatitasrial-
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I ows,oii1 e'?gfrn%ot 2"33 r{gigﬁf ?é] I%ta 58 llséfége&qua K tﬁe@dp%uetl

tQﬁPélVa@‘étLMS a@@ntgs)a&he/éegg@imes)agen @@Q@qtmn@e mem-

Qﬁﬁﬁé(élésﬁﬂﬁéﬂ materie dll%'\)\bﬂ?é‘% ﬁﬁﬁéﬁf%f e aditial release
allow th élustrrent Oft{qqh Ie se rate,

i a
TR rlf-e gesepkais e Gng?'?ﬁit? 1% schieved.
atie evaid. objeet ofi theoimvesntioof ist theisi obtmnedrby $he hokwice of

' J ice of the regulating agent(s). The
gﬁé%@ﬁ@ﬁ%éaégtggﬁtl ally of an el astomer conposition,
that is, the core is an elastoner matri x, wherein the
{Hhe speaitdonsists essentiallygehes ale@t@ngpmaosﬁlon that is,

Tﬁé{(gfr@r B daﬁVéﬁgtémeﬁ?nﬁﬁﬂp NGREretn Ctﬁé' Herbpe Bufieay active
%r@s a?re lspersed ere Jr%p%lgénc e ?r(l:érln rang encasmg
the core would be damaged, the therapeutically active agents would
not be released in a completely uncontrolled manner causing side
effects to the patient. The elastomer composition of the core is thus
chosen so that the membrane primarily regulates the release of the
therapeutically active agent. The release rates in general can be
controlled by the membrane alone or by the membrane together
with the core. It is also possible that the release rate is mainly con-

trolled by the core.

The core may consist of one part comprising a therapeutically active
agent as such, e.g. in liquid or crystallized form or optionally in com-
bination with other therapeutically active agents. Alternatively, the
core can consist of the therapeutically active agent or agents in a
mixture with pharmaceutically acceptable excipients.

The menbrane nmay al so conpPCEHEL2005000314
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A heembearte nfayt bensist ef oaeyorcmase tayérsy soichsas ooeytwo
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one or. severgl layers). The combination of different

ey adlivera rane either in thickness or in material
or both gives a
Depending on the application used for the delivery of a therapeuti-

cally active agent and the number of therapeutically active agents,
one or more regulating agents can be used, as discussed above.
The regulating agents can be in the same membrane but they can
also be placed into separate parts of the membrane and/or in sepa-
rate layers of the membrane.

Elastomer compositions mentioned above, namely the elastomer
compositions of the core, the membrane and the possible separa-
tion membrane, can be the same or different and may stand for one
single elastomer, or the elastomer composition may be made up of
elastomers that are interlaced, one inside the other. The term "elas-
tomer" is intended to mean at least partly amorphous polymer or a
mixture of polymers, the deformation of which caused by the strain
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therapeutically active agent and the nunber of
therapeutically active agents, one or nore regulating
agents can be used, as dislBussed above. The regul ating
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solubility, diffusivity and charge of the
hanaplest of admymanty wseagpotyrasrioenaterialshiaclude, but are
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GEYA)arand tqwodwaeeaa@itdlmhhy sal@xao@sag@ﬂtm%ﬂ@ylvmylsﬂox-
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imtouaccount that they ngedftothe hmcmﬁpatlbteagnd darnieas da the
?ql addltlon of a particulate material such as
I ca or d| at omaceous earth. The el astoners can al so

be m th other additives t ust. e

émg Q agprefoais (RIB edkm%ag tﬁfﬂeépfmﬁ @%df%gﬁa silox-
ane based elastomer composition comprising at least one elastomer
and possibly a non-crosslinked polymer.

The elastomer composition may also be selected from the group

consisting of

- an elastomer composition comprising poly(dimethylsiloxane)
(PDMS),

- an elastomer composition comprising a siloxane-based elas-
tomer comprising 3,3,3-trifluoropropyl groups attached to the
Si-atoms of the siloxane unifs,

- an elastomer composition comprising poly(alkylene pxide)
groups, said poly(alkylene oxide) groups being present as
alkoxy-terminated grafts or blocks linked to the polysiloxane
units by silicon-carbon bonds or as a mixture of these forms,
and

PCT/F12005/000314
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BYPFt uents that are 3,3,3-trifluoropropyl groups can
be for exanple 5-40 % 10- 35 % 1-29 %or 15-49.5 %

Wh%tﬁ@dtsofdinmé epatztidnmehthese tdiesiomery aco givére in

e AoRlIRInER o8t ﬁéierﬁé%@dsaé%%@%ﬁﬂsﬂﬁﬁ¥ﬁoﬁéefor the

p[eparat|on of these el astonmers are given in the
Aiflerenbtypestofssysiamat s and patent applications.
Different types of systens The system can be any

Sty § teph ah 5e fa?f téﬁﬁéuute%letf@e délf%ﬁ%ﬁ tfid @ﬁéﬂa)peu-
act , %g,ent at  a QT]% | ed r%t e over agﬁ 333 £
lpAGive pgent fla Cafllepstam QUFl fak GRupdgseriod o
\tmﬁe eThusf thﬁlspgt%naménf takesa Wide adiriety festiapged drd forms
8re b eles'tgﬁlkb %hectwe\‘gp&?t%gllyaéct?\%]ta'[q%'nlt 1 dftfSiled rates
to different areas of the body. The invention can be applied to any
type of formulation as long as they consist of a membrane control-
ling the release of a therapeutically active agent and a core contain-
ing the therapeutically active agent. The invention includes external
and internal drug delivery systems, such as transdermal patches,
implants for releasing a therapeutically active agent in the body tis-
sues, intravaginal rings, intracervical and intrauterine devices.

According to a preferred embodiment, the device is an implant for
subcutaneous use, an infravaginal ring or an intrauterine system
(IUS). According to the most preferred embodiments, the device is
an implant for subcutaneous use or an intrauterine system.

The manufacturing of such systems is discussed below, even
though it is well known in the art. The shape and size of the system
may also be freely chosen by the person skilled in the art. |t is also
evident that the systems according to the invention may be applied
to humans as well as to animals. When the delivery system is for
example an intrauterine system, it may further comprise a body
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(ks aPRRAEBE 4G Efatiuallyofcfe B pPotadtated i the
Telivboy systsmhuares sadepeidingr os, the. particidar dharapeuticadly

. e i T i .
Hetie, dgent, 1RE0EHeA Iplastiitc BrREEAnd e (Rhe oY hich
dbaj systenvis wxpecie’ tprp@vide thenardy apiaa eavayelc of \ﬂEe-
TR MR ek snceitipes tncsoIel o i
dPhtlarAdsada fois difresl P arB licl sreapetyererin N fiifigal
?jppdnelirpitearmpthet 'tanatl{/ryt aﬁth@pegleipally garct'{\moagec.adi._inoorpo-
VA 8. 261E5, AR BMEE I BRERaoon e, BBl e
dherapeuticallyhactiveragent aid the expesied deleasefipeet Adper-
bR 2fe, Bathy 20l gherpindanorgpotht of e
ttberwta'ty@iye%ctf\@ 288Nt é}e&sﬂec? forr epe sRegific, Apglication of
ttherdeliveryeystarhi cal

Preferably, the amount of therapeutically active agent in the core
varies between almost zero to 70 wt-%, when it is mixed into the
elastomer, the preferred amount being between 20 - 60 wt-%. Other
possible ranges of the amount of the therapeutically active agent
are 0,5 - 70 wt-%, 5 - 65 wt-%, 10 - 50 wt-%, 25 - 70 wt-%, 50 - 60
wt-% and 40 - 50 wt-%. The core can also consist of pure therapeu-
tically active agent, which however is not recommended due to a
risk of system breakage.

Manufacture of implants

The implants according to this invention can be manufactured in ac-
cordance with standard techniques. The therapeutically active agent
is mixed with the core matrix elastomer, such as polydimethylsilox-

ling the rel easeCDF12005/000314
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upper limt on the anount of therapeutically active
agent incorpo rated in the device. The lower limt

waleenason the activity of the therapeuti cal | pPCHERDOSN00314

agent and the expected release tinme. A person skilled
in the art is readily able to determ ne the anount of
the therapeutically activeléagent needed for each
speci fic application of the delivery system

S 0, e B ARG bt omgst
asaiefined aboveeprocasseachto headesived sham bvem@w@a, cast-
m“&trﬁ@ bRY o?eétﬁ%?rh;%ﬂopﬁ@ Whethodd. MHie ﬁﬁéﬁitﬁbﬁe layer
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b 7ﬂ1é/h!hé¥vlc?lostreﬁ£hl t%\mmgﬂn a@urﬁbl% sdlvemosecbaas
S consi s 0 ur e [a a
CHEDRBRe, SR santBhaARE &L Fiire 0t SERR  or dip-
pirm.dRefarenkade made b doe patents WEH3, 862$25‘1’LeUSr@J8&4t,4s80
%ﬁﬁ"u@ 29570 1%@ %\ﬁ a&geya%g SRS r{Fﬁ ffdr r%‘ﬁa‘rﬁh of

ordance’ gues.
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| ast oner, c defin d abov
b7ibing: dbs Befive.ngEsdiesh Teaseatyr Y ihguicr dpenibyane.
Sticghusiio rodrispfdreexample pioiletedrby farntsthe ned neithoainany

ARG 4EGFliEn® AN, Ptnie Suiifj= Qi BRI il hHia o

activetagend. stmth@nwaysmsa@c@aealiega@fethejue@dﬁ@f the im-
[ iQRRss % m xture of solvents, or dip ping.
et erence 1S de to the patents US 3, 832, 252, US

854, 480 and US 4, 957, eci al | ui tahl e
TairRcaong) TBcpad e mesficaind Priaised 1 itatetos and
ifteademidat f‘sy@émﬁ répre®édd ond hapiphp:atlent ofliasc imptsmtaand

Ba b A SE RO h i B S ERBIGERES oy "an out er

nmenbrane. Each such rod is, for exanple, followed by
&ntrahuéerlneoanduntratcew;caiaystems]gredu ent. The forned
string is cut at the rods that contain no active

AGRMntr UtefiRE Sy4tm Géh BRESIle S88IdNSy 8 WeIRkABAR Rich-
no‘fogy iagrtefclarsabrfe S intrauterine system (IUS) or intracervical sys-
tem in common use is a T-shaped body made of plastic material
such as polyethylene. The body consists of an elongate member
(stem) having at one end a transverse member comprising two
wings. The elongate member and the transverse member form a
substantially T-shaped piece when the device is positioned in the
uterus. The device has an attached thread long enough to protrude
out of the cervical canal when the device is in position in the uterus.
In medicated intrauterine systems the therapeutically active agent
intended to be released is in a core or a reservoir adjusted-around
the body. The core or reservoir preferably consists of the elastomer
matrix with the therapeutically active agent dispersed therein. The

matrix is encased in a membrane that is made of an elastomer.

The reservoir adjusted around the stem of the T-shaped body can
be manufactured by using methods described above for the manu-
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Intravagi nal ring and the nedicated cores used in
intrauterine and intracervical systens represent one

wa@ppbioespd on of an inplant and can be nanuf act BCEEI2DYS/000314

using simlar techniques. Intrauterine and
intracervical systens The intrauterine systemcan be
made according to well-kndwh tech nology. A preferable
intrauterine system (1US) or intracervical sys temin

EPE o el MueliRtie e MRk CarPhild bt agBlied 'O‘Nt"
thersteny after whmh the dnabie is mncmadahyv@rr@@m.larm
%%Qbh?éﬁ‘@on‘@%s\ﬂdﬂﬂéf tHd enStriknaad ?néﬁfﬂ?éhe&ff%bhﬁéservonr

traﬂsc,v orma substantially T-shaped piece
&@m%erﬂ &68Lti oned in the uterus. The

device has an attached thread [ ong enough to protrude

Thie vertionciy furtiedr illastratedidry thee following, iron-limiting ex-
lielé' on in the uterus. In nedicated intrauterine

%ﬁ F5 t he therapeutical Iy active agent intended to

be released is in _a core or a reservoir

S RERINENGARPART body. The core or reservoir

preferably consists of the elastoner matrix with the

tripRy a@@ats'ecPétleyoﬁ%e\ftﬁea@;@@mn@bugpabﬁed $uiestahse ffbm the

t hat de of
SRl wel RGOl Vi BRdRFSY ‘ar ound the St em of

the T-shaped body can be manufactured by using nethods
déwc devibsafimplant rintrag aginaif ing uinérasfervieal it intrauterine

?&E?&rﬁz‘\/vé’@t é{tftaéﬁ@d é’%tﬁ?’l"eéé %?éelbl‘?olﬂéPllfg%rﬂEéPpOSI-

d
m@mbaradéheMd@r%wtbnme d@\ﬂ@@@‘b’é?ﬁm%@ﬂcéﬁéﬂ%lﬁﬁﬁ Rattles

rnz{ 75 _Flieoff & hsySutioRameiumhe SIaWé‘-"/thydroxypropyl

%&H%f%@n SO i e Dok el el S0t -

Tadbath! H0G epraae 37 °Chelhdelissmiution ankydiwnt was withdrawn

BBl A P A ERUIRD FRRIVECE PRgbbia ime

imterealsy eindatheo amaintaof neleeyedembateneeawaaoai@@lysed
b&td;.?? ﬂg%@hﬁéﬁi HVI\?T(E %ﬁﬁﬂéﬁj :r'I;Heeg cYREENE h ithl #i8solu-
goasmasivm aadcHia Memes t0f Gaiege {wiiheka aﬂé replace-

MREhYBf melivh-Weky defeoted opy! that smk—condl’uons were main-
tained during the test.

Example 1 Danazol in intravaginal ring

The ability to control the initial burst effect was demonstrated with
danazol, a synthetic androgen hormone (17alpha)-pregna-2,4-dien-
20-yn[2,3-d]isoxazol-17-ol, by using an intravaginal ring (IVR) appli-
cation in vitro for up to 32 days. Hydroxypropyl B-cyclodextrin
(HPBCD) was used as the regulating agent. Three different implants
with different hydroxypropyl B-cyclodexirin (HPBCD) contents in the
membrane were made and the results were compared to corre-
sponding implants without any added HPBCD. All the implants con-
sisted of a core containing the therapeutically active agent and a re-
lease rate-controlling membrane encasing the core. The core and
the membrane silicone elastomer rods were manufactured by extru-
sion and the implant compositions were made by swelling the mem-
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cycl odextrin solution. The glass bottles were shaked
i n shaking waterbath 100 rpmat 37 OC. The dissol ution

wore@eos7dvas W t hdrawn and repl aced by a fresh PCT/FI2005/000314

di ssol uti on nedium at predetermined tine intervals,
and the amount of the rel eased substance was anal ysed
by using standard HPLC netlBods. The concentration of
the dissolu tion nediumand the nonment of change

G PESkAR s BlAS TR Aot TREICUIARE 61 67 B aBou-
tieally aslivepigent was 200vt-Vm (Waighdejeaat) inithg cmg and the

gﬁblldrhieél %(ﬁ'%ﬁ W ﬁ’ukér% it tr@lélﬁstéﬁfef?%ltﬁ\/@mlxer be-
nonstrate nazo etic andr ogen

fq;en@xtéu§@ma| EL%Q% $.95 tﬁefj\//g] rings were ca 55 mm
aRdyMe? per X@thIHe Efoss .sdutiomsicag &R 10tmavatfiendhick-

. n?%§ﬁ% '%BW&RI@P{?%QYYFF? O eBpdty Hid 8 LA, the

HERBKDEI cogtenfsnof thehmembirane rwete Oubl amk%,wl #hwt-% and
? Wr%r}lesﬁéghgéwgropyl b-cycl odextrin (HPBCD)
onte

nts 1 nbrane were nmade and the results
Thectesisoare AHPWS it Jochb ebols It dlgass rate
ch@'r@'d?@at(ﬁgtﬁ (e reae) sho mSathély/axmmﬂ days showen in
ease ra ontro n rane en

o A LB RS o G
Outit fntcIuHEB OR-conitent & the ameimbnanée mathadt7 mm wall thick-
gngggame S@tg%%a@égufégra‘i&’%hbrhr%%uttﬁ%ﬁﬁ@Wt“ﬁ, HPBCD-
chetaida mecmelmbrma withaQy8ft mpaavalbthiek %%%n&h’fthe stars
BROWFHE rééhltfﬁ)rcp‘?%@%ﬂ HF*@CD ééﬁ!@rﬁﬁ?ﬁ th@fm@ﬁﬂ)mlﬁé with

d
B2 gamonall thiekaease] Bpdulltrianglesvicreagat fis gomparative

re&ﬂtmlﬂ@dm@mbme gy walf thitknesos6 Gacminorarcchthe® full

10 t n

sauaren st G TRE-Siit Ao R B 8 B i e
Weicknesg of O mn. 1. 7 wt-% and 7.7 w-%respectively.
The results are shown in Figure 1 for the daily in

Yllst %ﬁeﬁ h&h @gr% ﬂfﬂ crr &ilﬁééﬁ’orﬁ TEslts §H @@bmﬁc&‘mw-

ays S e_X-axi s
W@V%W Pfl"ﬁﬁ'épkﬁg rﬂéﬁrl&i tbl"ﬁ%t o sdpnaz Iofmﬁn 1§'|“C°ne
\Uas‘léd"lﬁ’ﬁﬁﬂzm eThe iinitiah sursndifeciefoMrid with7 aththedPBCD
moglﬁed samples shows a negative initial burst effect. According to
Figure 1, the initial burst without the modification is five to ten times
that found for modified samples and three to five times that found for
the release rate in two weeks dissolution. The results show that
without any regulating agent the magnitude of the initial burst is
several times the release rate in the stable phase and the initial
burst cannot be merely reduced by changing the formulation of the
samples.

The release rate of the therapeutically active agent with HPBCD
modified implants shows a slightly increasing trend for the first two
weeks until it achieves a zenith point, where the release rate is at
the maximum level. After that point the release rate of the therapeu-
tically active agent presents a normal decreasing release profile as
seen in the reference samples. For example thecurve of empty tri-
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ness. The enpty squares illustrate the results for 1.7
wt - % HPBCDcontent in the nmenbrane with 0.35 nmm wal |

WO hdoskosyss and the stars show the results for FCTFRDOSUN0314

HPBCD- content in the menbrane with 0.25 mm wal |

thi ckness. The full triangles represent the
conparative results for al®nbrane with wall thickness
of 0.3 nmand the fuII squares illustrate the

SRBEL  O.17 3k T PRI e blert Bl o,
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cat1 o
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bateséedrhkaetbe ARfErdivinen IPBQDris addddiintortheiméntorase.
without the nodification is five to ten times that

d i fi dth to f t
EXan pLe‘jho@E%tocleﬁﬂe PAPRLES Tate i tvo veeks
di ssol ution. The results show that w thout an¥
Togubsesent inyentionhwasaglio terteds Witheannimplant ardaining
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BRLRIdIne, e syherop e osese fokanst Hie e oot
el PopmbraRs ofods ol Saage cuithriehisiamand 48 gRbRht
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orRer dips i dahannant Lol ee S AR BB fetengtn
Wies d& tremt dlhensenteaitteofi theathedapeaudicatiy raatmagem irethe
§§?{% \@8%%5 o of i ??ﬁeﬁﬂirﬁn%ftﬁlaﬁqé&eww 58hhY, inner
CLTV gent présen decr easi ngore %gi d
pliamet%r 3% e . 65nMMe OUiS DigreteyaW@se 8 2P @n
r’tVG fAm S of mbh?rﬂgl@ éfast@\ﬂlnlfe'? doré? TWe;/Hzﬁm content
nt en nmenbr a are 0
&?Jhﬁ Taft GiamBRT: Gan i 7o TS (ReibEene el gnade of
|P€E@Eb-TFHDHS)(15 e-% andH%IDMSQBB)W’la%)Lve agent stays
equal in two and half week rel ease. However, according

\t;\lﬁlgq P%;B%DQ% %g@g@h i W@.ﬁ%‘hi e 0 ergféats%x Pﬁtehbﬂgfé thera-

@wn@auyieacttmﬂ a@ten‘rr(egyfd,egbawn rrve'ham@b. W§U§It§“ﬁe (days,

SPRIRL %’F‘% BN thEOShgarts Eniresth e redults for the
Fanes o dBeRs RS EoR ST hP G ISan . Enpaat diav-

ing a HPBCD-containing membrane and the triangles |IIustrate the
results for Reference 2. Reference 1 comprises a core having an
outer diameter of 2.5 mm and a length of 40 mm, and a membrane,
the thickness of which is 0.25 mm. The implant having a membrane
containing 1 wt-% HPBCD has a core with an outer diameter of 3.03
mm and a length of 44 mm, and the membrane wall of 0.25 mm.
Reference 2 comprises a core having an outer diameter of 2.8 mm,
a length of 48 mm and the membrane with a wall of 0.25 mm.

Referring to Figure 2, the release rate profiles of gestodene are
smoother than previously presented for danazol in Example 1 as the
total decrease of release was only 30 % in 14 days with both refer-
ence samples. However, the cyclodextrin modification smoothed the
release rates from the implants and the maximum decrease of re-
lease was only ca. 6 % in two weeks. In addition to that, cyclodextrin
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WQ 286400390 nm and the | ength 40 -

conposition was nmade by swelling the nenbrane in
propanol . The outer dianeter of the inplant core was

the therapeutically active agent in the core was 65
wt-% The nmenbrane thickness was 0.25 mm i nner
dianeter 2.35 - 2.65 nm @Oter dianeter was 3.0 - 3.25
mnm and | ength 10 mm | onger than the el astoner core.

%%lﬁ’g%%g%méﬁ 18f téBﬁlng@e‘gP%B%EEWéQ eof"%% ég'hg%utl-
caly wctive . agend afé%ruth%lﬂi’ﬂ%l BuEsin asﬁhﬁ tgahaledﬁcr@@a%e
@gﬁgﬁﬁ‘l%%@agé Wwhs ﬁ&ﬂrmé’gébbﬁ@tbyth@thlw V\m{lbnly 0. 5

e o o oo & VS e o oo TH o

thie Reference 1, the |osanges represent the results
for an inplant hav ing a HPBCD- contai ni ng nenbrane and

RXb I F g e Prod S ST PARS Jh iR eRE Sy dem
giJ®). 5 nm and a length of 40 mm and a menbrane, the
t hi ckness of which is 0.25 mm The inplant having a

mgw;ﬁ]ad‘diﬂ&éﬂudh %slte@te%\)vmﬁ@fm@ﬁnate“daaﬂtnwdgeam de-
fiMativembr g@[&%w | 3ﬁ'é‘%]eﬁﬂ?h%ylgq? E@@%W s@gd%xz
p@h?aﬂlm/rb@ﬂﬂ Nestraes, SHdhemisone] irRirramberiael ¢0&) system.
i@\foeﬁ?ﬁf@e%ooefp L3395 bF HPBED, cnichCin (R merprane
weo@eepamds Isymmmbrnmg amvifhy esw@hegy spparriele extaded
ARARP né gad%}énﬁé}e rod$ AystetiE RS of fiheasthe

was on S Wt er ence sanpl es.
BoRding agenéwa&ls@amanqi modi f i catl on smoot hed t he
rel ease rates fromthe inplants and the nmaxi mum

%@"@@ﬁt@mfofrtﬁéenéﬁa icaiy\active &gént |n theocovecslastomer

et e e
aadi lengigsdt.0af 2ér1 trima. iTiiet megmbrarne was 3trmntlonger than
B3¢ cRES B e iRk Bt MeifpRuiE s 023 HipSe ‘ﬁ?gj 1o s
preenRis fitee release et vaisthe: therapeutically,activgnagent (1g/d,
8168 i ReE \RBkishFRASENE AP RBorit8ining iaktbatdrite systems
s a function of time (days, shown in the x-axis) compared to a ref-
erence sample. Indeed, the squares represent the results for the
reference sample, the losanges illustrate the results for the cyclo-
dextrin modified membrane, when the amount of cyclodextrin was 1
wt-% and the triangles represent the results for the cyclodextrin
modified membrane, when the amount of cyclodextrin was 4 wt-%.

According to Figure 3, the initial burst is decreased with both cyclo-
dextrin-modified membranes. When the amount of cyclodextrin was
1 wt-%, there is still some burst effect remaining. In addition to that,
the release rate profile of the therapeutically active agent is higher
for both cyclodextrin modified samples than for the reference sam-
ple and the level of the release rate is higher, when the amount of
cyclodextrin in the membrane was 4 wt-%. However, with FAP the
profile, i.e. the shape of the curve, of the release rate after two days
is similar for the reference and modified samples.

48 mm The cPCIt/ERHo5c00314
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HPBCD nodi fication was tested with a fluori nated
anti progestin de rivative (FAP,

wa 2e064e55eet yl phenyl ) - 17- hydroxy-17-(1 , 1, 2, 2, 2PCT/FI2005/000314

pent af | uoroethyl) estra-4, 9-dien-3-one) in
intrauterine (1US) system Two sanples of 1 and 4 w-%
of HPBCD content in the néibrane were prepared by
combining with swelling separately extruded nmenbrane
g}g\'me el astoner rods over the IUS T-frame. The

Ing agent was isopropanol. The content of the
therapeutically active agent in the core el astoner was
65 W -% and the outer dianeter of the core was 2.88 -
2.92 mMmand length 2 1.0 - 2 1.1 mm The nenbrane was

3. mmy geliesryt bwtehhe:o Msiagda tdoee tamd lenassmbfandrencas-

msrrbr SO W%@,rglﬁm%‘ %ﬁg}%gggtﬁ\?ﬁ@% E;Pﬁragsglees%%ﬂtlally

lofl amelastamex) composition BAE saidt cone sgmpiisesuatieagt one
ﬁé(érla?)@t é’t!}ﬁ-:f a%'én?f f:h'a'i‘Sc{é*ﬁ’éd lﬁhﬂm fhe thembrane

erence sa I ndeed, the
§@Omr¢$$€‘r@b W&ﬂ@@lﬂ@é‘wﬁgeﬂ@)r the ref erence
sanple, the | osanges illustrate the results for the

oycl W\@(éiéh\%rv@jsftemdamr ti) claven t dlearactenized in that

SHE Fedtpingragentls & %t%ﬁgr’; i A BinkRpRaEarte-

\Wyelnatelse cgolodeixtrirs amdlmdel»fterd cyaladextirins. % Accor di ng
to Fl gure 3, the initial burst is decreased with both

3o B DR e chamaenue o
@ancbcegulamgnag@nt isrselgatad oM dhe rgapumwwm@é alpha
'i:?fb&‘)d%@f ihs ebé’[fa é%oéléﬁtfrme @@n@@ié dy@l@dexﬂfnm ¢rydrosypro-

BBy ClocRtate et el Resh e p SR R R foBl-

tyt e i s higher, vvhen t he anmobunt of cyclodextrin in the
menbrane was 4 wt-% However, with FAP the profile,

14,8 T P8R, &)sfes StictBincblo Wiy BFRESARR S:ﬁélﬁ’fs
shayastedzed Vi 1thah te imempbrane: sanpiges sPng ELEYaEng

., menbrane encas ing said core, wherein said core
menbrane consi st essentially of an el astomer

a
npaQsi ti and sai.d core c rlses at st _Qr

ger té)"g%\ﬂq ry s¥steoe aé\&é’ﬁa G hQr QEYe?% 3@3 P%‘E‘ﬁaﬂ'?’

tdteandetérized in that the membrane comprises two regulating

agents.

6. The delivery system according to claim 5, characterized in that
said regulating agents are present in separate parts of said mem-
brane.

7. The delivery system according to claim 5 or 6, characterized
in that said regulating agents are present in separate layers of said
membrane.

8. The delivery system according to any of the previous claims,
characterized in that said delivery system is selected from the
group consisting of transdermal patches, implants for releasing a
therapeutically active agent in the body tissues, intravaginal rings,
intracervical and intrauterine devices.



conprises at |east one regul ating agent. 2. The

delivery systemaccording to claim1l1, characterized in
wo b@b/osxpd regul ati ng agent is sel ected from t PET/GR00SN00314

consi sting of carbohydrates, cyclodextrins and

nodi fied cycl odextrins. 3. The delivery system

according to claim2, cha2dcterized in that said

regul ati ng agent is selected fromthe group consisting

80 o1 BRRIHE 16F EBhiblitg, 85 FeleuSo U7 fealt orABapeut
palty clotivexagemt Biam & dgiveyesystem sompising a coret@ed a

m¥Rie %a“s‘iﬁ@%%% Hdie, hadin aid heorer andorfembrane
ized in that th

clalns, charagcte e nenbrane conprises
GRBSISE Gesantiall A6 S1astomss GRTPISIPNLGEd I GBaNy-
bfises)said dtheast ahafsthéfépeutlic&aﬁ active iagetj chanacterized
mepbr.ane conpri.ses. t |

RIS RO IAmSiE i PRrRG s Ry At 1888F bile oplatfg, qoent
toatprisadin thgunembranegehsaidadelivergsystemn separ at e
parts of said nmem brane. 7. The delivery system
according to claim5 or 6, characterized in that said
regul ati ng agents are present in separate |ayers of
said nmenbrane. 8. The delivery system according to any
of the previous clains, characterized in that said
delivery systemis selected fromthe group consisting
of transdermal patches, inplants for releasing a

t herapeutically active agent in the body tissues,

i ntravagi nal rings, intracervical and intrauterine
devices. 9. A nmethod for controlling the rel ease of at

| east one therapeuti cally active agent froma
delivery system conprising a core and a nenbrane
encasing said core, wherein said core and nenbrane
consi st essentially of an el astonmer conposition and
said core comprises said at | east one therapeutically
active agent, characterized in that said regulation is
perfornmed by at |east one regul ati ng agent conpri sed
in the nenbrane of said delivery system



