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often faced in controlling the release of the
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tdikonmledetailsc aespecting Ve qyacticei ge uroosporated by refer-
rati on has been adm nistered or inserted to the

patient. If such an initial burst occurs t he concen

2006/ Q05794 PCT/ F12005/ 0Q03
e use of drug dellg\:/-trery sys?e (%or ilhe delivery of a therapeutically

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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tration of the therapeutically active agent in the
bl ood nay exceed the perm ssible upper limt, which

wogosles7danger ous to the patient. Initial buretT/ERMN0SWE0314

prevented to a certain extent by selecting the form
of the therapeutically active agent and the rel easing
material, 5 but a basic soRution for preventing
initial burst has been the subject of extensive
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therapeutlcally 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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buf fer and reduce denaturing of a sensitive
t herapeutically active WO 2006/ 005794

are conpressed into pellets. The buffers usually

di ssol ve nore quickly than the pol ynmer and hereby
facilitate the rel ease of Bhe therapeutically active
agent by creating tunnels in the m crospheres.
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ent di.ssolved in a water-sol ubl’e sol vent comes into

Be$MORSt h an aqueous nedium such as a body fl uid,
the solvent dissi- pates or diffuses into the aqueous
natérnational PatenioAyplicatioretVQi 952 74&1ed 1ds retaigd tat liguid

go(b tﬂl(rc:e'g‘cgb g{)’s@mﬁ%tﬁw'a’f aré{l‘f?ﬁﬁf 'fc‘/letl?é?%%hvﬁﬁl of rtﬁ@rf%ﬁ:%utl-
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hdpBerie3mairik7 T heoforaratich 27 &ha0golid 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 fo 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

e.g. when the m crOFPRers@®0314
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International Patent Application WO 01/08717 Al is
related to im plantabl e devices, where the
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a controlled rel ease agent, such as polynmer mcro-
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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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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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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

age of t heP@DFI2065/000314
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and said core conprises at |east one therapeutically
active agent. The nenbrane conprises at |east one

WO e@udload’dhg agent. A typical method accordi ng pOT/Fi2€05/000314

present invention is a nethod for controlling the
rel ease rate of at |east one therapeutically active
30 agent froma delivery system conprising a core and
a menbrane encasing said core, wherein said core and
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iFiguss dallestrates thesrdsustsaf exeanplee! 3.  DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention
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dependent clains_ illustrate sone enbodi nents of the
irigerg Bdiustraiepdheaie ﬁi‘;}&)@ar@l?'?tim according to the
present invention com prises a core and a nenbrane
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consi st essentially of an el astoner conposition 15 and
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t c i I

1% P Srffifedsehblecst oRBEGUINT, Sgeht 2

invention js thus hased t&e fact that initjal burst
okhe HepHIRing aoeat s carakle igiarming chemicalcBands) Fem-

lexesliortorjupateddst bihdiig 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 controlled 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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| east one regul ati ng agent selected fromcertain types
of com pounds in the nenbrane of a delivery system
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or conjugates, in which the 30 therapeutically active
agent is operatively associated with a regulat- ing
agent, imuobilizing or bin8ing with the
therapeutically active WO 2006/ 005794
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Is therefore related to dellvery
applications for controlling the release rate of a
tTes presdritdavéntionis trerefora related to delivéryraepligationsdor
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ornu I on materlas

shyst at @A a.m Yanplicatian h@r E@J@aﬁ?c@l £,OVR! Avirolgged
ltipgd cin bBeadjusterITb Jﬁ@n ngstheefdratilativhanatdries, physi-
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md@mrel@@seh@amp&t apithe dime o magmgath%@rﬁae@t irmen ion,
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conpr t he therapeutl Cally active agent. The | ow

initial bur a formatian f che ] cal
381" preit dpuSnfiSH et niBvaBlG e dhusing AL s

ﬂ@malnbanbthermlemtuismeeemeamngrtaerwld at cogtaigencomptising

gﬂg tﬁBkaj&églth%u g%% L\)(ge a{gBﬁL&ﬂ%‘Hb\%Htié r‘rsi’?s %gﬁﬂéved by
8 frimafiar efahenoiceh domsish cameplexgst ﬁgﬁquaiﬁsmrt wiegk in-

%8 g@gaﬁééﬁ&é bemeeﬁrtﬁé% ul }EE ent enﬂrm@wwe@ms
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e
hesting bucst phemamenn andacouiyngeghegative dursheffect at its
Rk2fF ARdghiied Bliist ROt PaIELEE" Atk %f 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-



10

15

20

25

30

the normal therapeutic window. 30 A typical nethod
according to the present invention is a nethod for

wa@eobnaed7bi Nng the rel ease rate of at | east one PCT/FI12005/000314

therapeutically active agent froma delivery system
conprising a core and a nenbrane encasing said core,
wherein said core and menbpane consist es- sentially
of an el astoner conposition and said core conprises

Faited iht B8] b 1B BiTE 8U568 Sk R KEHBEE bt

b(ﬁlsambldbyveny sysdem.one regul ati ng agent conprised in
the nenbrane of said delivery system The regulating
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bhaRe t Blast®ibr er@ﬁort@h@hn@@i o fFiee nh@mibrane elas-
"regul :ﬁtl.n agent" is used here to nean the burst-

& '?% agent, which conmes into contact with the
rel easing thera- peutically active agent. The

el terinn gregydating aagbatany vsedt hete, toLonganc ihes burst-

%Bpﬂ*e;'uﬁuq)%géﬁf 'wm%h%t?rﬂb% ﬁjea%cm tr%?éle%nrfg)mera-

| easing t eut acC e
@@éwpa"yactwa;ﬁaﬂr& Jhe regulatind agen canbe a{'a\éﬁuea@é\ce

@ﬂﬁ@ﬁl iat A5 lél &f rm'ﬂﬂngdcngmumlebon@st tonplaxéd drheonju-

QVe“h%‘a a8 g Peiang g BeB. PL oalhbté or

tﬁmrmmy paei curgmdré lost-gaesthas saciationstwa trenberding nigter-

%&El%%@ﬂiﬁ%%@?gﬂhgﬁng 'thtlvéaAde%gQ é?ét\)lé( VPﬂt(ﬁElI\IN%IaIS

peressnthydrogani bendieg, dipelfsdincle|interaghiansi er dn-pariey,
arne{fbgﬁeo@%ﬂﬁ\ocgﬂé'tg ' é&s@ém@?rﬂ&ﬁwﬂké}irﬁ@cally or chemi-

extrin |f| cl odextrins.” According to
eiirectly, in @I%Pﬁ'é’ﬂﬂero - present invention, said
regul ating agent is select ed fromthe group

Furordingnts ah ednboalimgat @fﬂdherpmenbmwemim oshidt neigudat-
0 y 9 X

1o dhgt ﬂssg tod JrortY e SYBUE IngiG { hebcrafes.

eyblndextiing mathfiediayd qxtnner Acgsrdingdo another em-
iRt thagwegéhw\?aﬁmrﬁ éd?&'ragalaql hg8it i9'daletted

su ra aweed exfr

ém:m Q@,groypaq;@pség ing o alpha cyc odaextrlns beta cyg\ggektnns

gamma cyclodextrins, hydroxypropyl cyclodextrins, maltosyl f-

cyclodextrin, B-cyclodextrin sulfobutyl ether and a cyclodextrin poly-

mer,

Other applicable regulating agents include plant extrudates such as
gum arabic, seaweed exftracts 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
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fermentation guns such as dextran, animal products
such as gela- tin, cellulose derivatives such as

woyaeonyrad kyl cel | ul oses, carboxy- nethyl cel | UPOEBRP05/000314

carboxylic derivatives of cellulose, glycerol esters,
30 nono- or polyglycerides, pectins, carrageenan,

pol yet hyl ene glycol, |ipddones, alginates, albumn
and sorbitan fatty acid esters and crown ethers. For

BOSERRES0 SRl H5E Tnofeibid S9LkEdmE IRnD B i By

dexirin dedvatives.arly useful WO 2006/ 005794
PCT/ F12005/ 000314 10 regul ating agents are therefore
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pelugietlly actibe dydritsds hydr ophobi c thera- 5 peutl cal ly
active agents. The control of the initial release of a
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ehD bediureRhab Bl 44t perfgiiizfiihaontss e diriou-
sivab(rhote ovfleskeequalptiskitutiangnpiuthe cepelatingeagenhén the
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polymer. In that case ethanol nust
be renoved after m xing, by vacuum or heat de- pendjn

SNithreydedexirinskiangowdeh darmrsubsianrasabe digsahes into
%ﬁgﬁgf e |t%rﬁ§g@ﬁb6ﬁ§;g ifito the nﬁéﬁfb‘?éhe'ﬁb{%@r O that

e nmem rane conpri ses ul atin

a
A286r N0l gnusiobademaye gitgp i, bY NECHuL PR At de-
GRinGg @h thadcrosgihRingn@etigsd bs the etastomer 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
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menbrane nmay al so conprise any ot her nunber of
regul ating agents, such as three, four, five, six,

anmount of different regul ating agents can be the sane

or different. 30 The fornulation of the present

invention is intended to nekn the physical structure,
si ze, dinensions and shape of the core and
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rauterlne 4 PCT/ F12005/ 0003
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Syt i ol sRSI A me st ERa dnablify bolb: gpy
mmnate pae efte systehe to iplpaove thaistrength dfetheestradture
ttB ) tHqu? BP 'akl’ﬂa%h@rﬁ%@he‘;‘éy%@m lrftaearfy point of

erape I'Ca | Ve age em can
doeli. st of a phar maceuti cally inactive body or any
separate part of the systemto inprove the strength of

EIPﬁ% Egrgggwt@f the MerhBréied rerfdagmg]w{% b@fE:aL gb_?ﬁiétaéﬁmmagy
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e Semey o MenohCe AYaRR thaRiosifiie) o Loseont Lol Iy

of a same or different elastoner conposition. The
el fasetaﬁomemrmmposrbnnuumid im théenemiivaneds isuahutiat it al-

Q@& fh% at %ﬁnﬁq‘é%l FHcﬁws‘i&{waérb%Q re&ees&fa %rtﬁérr@%

tive agen h

rC@é‘w a@m\@ agyéﬁ(q)s) fsmd@aulatlngn@g@emswm dn’ the mem-
Qiraﬁé%étdméﬁhh@ﬂer@il lzmovi e adijusthnaitt oPthd Nsitiahrdleake

ease se rate
Bl 1 St Bl SR LB K e
iThee maianobject Imisthebirwenh ¢idnbig thus obtained dfy théehoice of
I a, The core consists essentially of
éﬁgi*eggta @&g@g@g% tion, that is, 20 the core is an
el astonmer matrix, wherein the therapeut| cally active
é@mp@r@r@rmlstpeewtlameafeﬂar@lasmﬁr.qomﬁ@sw@nbrtaatels

Qﬂéac%rﬁgls éH%I‘é@f@m&?%QtrB@ wiReRHE dhet ﬂ‘férapeutlcally active

35418 3 Do A EraT oy S, LT EncSsing
Qhé&mre wouldhise pizimaged, filectheirapeotieally astivs idgemts efould
tnr}ﬁ 58 rrSléaSSetdqﬁmsa 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.

regul ati ng ageei/B12006080314
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25 chosen so that the nmenbrane primarily regul ates the
rel ease of the therapeutically active agent. The

WO 0068594 at es i n general can be controlled bRCt/RR005/000314

menbrane al one or by the nenbrane together wth the
core. It is also possible that the release rate is
mainly con- trolled by thelXore. 30 The core may
consi st of one part conprising a therapeutically
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Madteunwrmprares ridy eonsist wf vinerott imere dayerspsucheas one, two
i td ap.e 10 Ji | :
SN TRE TV ol oF SETER BBl A orRic 16 Bitiodiivient of
shadnveptian s thauraembianengensists ohatteast iwe layers, each
18y Raying esritin THERnosy. The thiekleas oF e ssr s may be
e SR ardifforant 2R thavelRsier EhETRRSIPER MisedhEl Sreh
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tni . r .
S BP0 T Trafidied KT RE Be Kofe BV e %%% RRpiicaf o diF
iferandcin eithgethesglastemenecampostion or thef skiestire ohdhe
C'Fﬁ&f‘ﬂb?ﬁﬁé (ﬁﬁ%@@*eggvd%%?%yﬁa&gﬁg%aﬂ%oﬁ%ﬁ diferthelay-

re may al so ] ica - ferent in either
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dlfferlgnt Ia%';\t ers of nenbrane either in thickness or

I aciveAdepts

iR both gives a further possibility for
controlling the rel ease rates of the therapeuti- cally,
ddeperdiageon ¢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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Dependi ng on the application used for the delivery of
a therapeuti- 25 cally active agent and the nunber of

agents can be used, as discussed above. The

regul ati ng agents can be in the sanme nenbrane but they
can also be placed into siéparate parts of the
menbrane and/ or in sepa- rate |layers of the nenbrane.
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use £3asacarr|e[ s long as It 1s [Welefo) a?lble
tenes dhe threapeutically activa agensmyst Hgﬁaﬁfgﬂ?m&&h {heyde-

fidd ¥BdyURNFeddP s Aurkicts bAtEthieccigtdcteristicy of emy matrix
depe he no | ecul ar weight, solubility,

nd,on t
QF MAERIBSRRG- and charge of the therapeutically active
agent as well as the characteristics of the el astoner,
thamples of rmomymonty tised patiimeriofmaterialadnghsiea,i byt aye
[ ; : bS5 n a Wor-l
el YMGEETD: pdfsfibincs” EeRENIRIFERRE cobglymers

: ] d
{6WiAdacnd copslymate: ofdimelayiaiaxapes aad melayivipystiox-
NS th@rstl’tﬁﬂ@l’(aﬂiﬂﬁteg&ﬁ?'ﬁf‘ te alatesia®iay beehhanced by
u

e A Dol AP Sl 28,5088 e Febous
(elé‘v‘ﬁ@.,Tm@lla?tPMQm’mw afscﬂbarﬁhbgdrcswnh;@hme; aﬂ:ﬂti\_/.es to ?d-
T BlaSiphar's, Ao priRe o Afpphobfe, Widhets: Wiie) téing
iliot accountdhahtkey apedderbadictampatible andisradessdo the

g)?i'élﬁ't The el astoners can al so be m xed wth other
éitiVes to ad- just elastoner's hydrophilic or

drophobj c properties il.e taki i nt.o account t hat
Rrsoriienta 8 BETeiaRe ahbpafacahdhd soaS e it a' IR
g 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 units,

- 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

one or nore reguFRdISIY314
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According to a preferable enbodi nent, the core is nade
of a silox- ane based el astoner conposition conprising

pol ynmer. The el astoner conposition may al so be
selected fromthe group 25 consisting of - an
el ast oner conposition conpr4 sing

pol y(di net hyl si | oxane) (PDI\/B) - an el ast oner

conpaQsi ti based el as- toner
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the 30 Si-atons of the siloxane units, - an el astoner

Angesding tshapepbogimenpof Jhialinyendian, di the) silayang,hased
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in the siloxane-based elastomer | to approxi mately 50
%cm‘ordm mmeothereembodtmanheﬁthe)mwermlos 1ag m.ly(@ﬂkylﬁae

o Ce)a{bgoHB’st o atidye O pBR/(BHYleRE CuRRie) S(FIED)

eof stltuentst
:QFQUBSIH fl uoropropyl groups can be for exanple 5-40
% 10-35 % 1-29 %or 15-49.5 % According to another

@H@%@Wsofortﬂfe patgtion, of litesmleldsicnyéenare @ivele)in

RGO AT SRR o s

el astoners are given in the applicant's other patents
Diffeyent typepwfi systetns. Different types of systens
The system can be any system suitable for delivery of

e SR @dn bé Gty dysteh §€ité1§lé%r%feh@eﬁy®6f tlf\?é ltlﬁ’@h’:\peu-

rat vel a roIo

¥rActiNG 2BRBt Blos RINHIRS; (Higr Oleth BoBolRRURY eriad of
aﬂlms nThtie thesysien vanoiaket & edde waaisty of sﬂrwms and forms

SRR e Dbl AG P 2 hgbly e e
ete differentsatdasy of tha ibtadyoThe inventmmecaone capplled 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 intravaginal 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. It 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

and possi bly a non- cresEFi2odsedo314
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qhbld@|\/@g¢eysternnorpo rated in the device. The | ower
limt depends on the activity of the

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-

and i PCBFRNI5/000314
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wo ooodevspai ne t he anount of the

t herapeutically active agent and the expected rel ease
time. A per 20 son skilled in the art is readily able

agent needed for each specific application of the
delivery system Preferably, the anount of
therapeutically active agelt in the core varies

bet ween al nost zero to 70 wt %, when it is mxed into
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anot her rod without any active ingredient. The formed
dntranderinecand dntracervianal aysdemsntain no active
agent In this way, no special sealing of the ends of

L&éﬂﬁéi{;’télﬂ é@r‘f‘b‘ésﬁfa)de éé&dwwwelr-kﬁgmch-
r

tﬁme}aﬁﬁ‘? prete TBeuaine SyRieD ORI oPn atacervigel sys-

itemwl &nicoamsion 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-

t her apeut i cal PET/BR005B0314
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can be manufactured by using simlar techniques.
Intrauterine and intracervical systens 20 The

WO nao6A0s7e4 | ne system can be nade accordi ng t o PCT/FI12005/000314

wel | - known tech- nology. A preferable intrauterine

system (1US) or intracervical sys- temin commobn use
is a T-shaped body made oflplastic material such as
pol yet hyl ene. The body consi sts of an el ongate nenber
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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-cyclodextrin (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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and repl aced by a fresh dissol ution nedi um at
predetermned tine intervals, and the anount of the

WO 006AasTAd4 subst ance was anal ysed by using st andBFI2005/000314

HPLC met hods. The concentration of the dissolu- tion
medi um and t he nonment of change (w thdrawal and
replace 20 nent) of nedi uhdwere sel ected, so that
sink-conditions were nain- tained during the test.
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tieiskhessaf®.Qmomm in Figure 1 for the dally invitro
rel ease rate 10 per core area (g / (d*mm2), shown as
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Figure 1, the |n|t|a| burst without the modification is five to ten times
that found for modified sampies 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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WO pooangi7es represent the conparative

15 show the results for 7.7 w-% HPBCD-content in the
menbrane with 0.25 mmwall thickness. The full

menbrane with wall thickness of 0.3 nmand the full
squares illustrate the conparative results for a
menbrane with wall thickri®ss of 0.9 nm 20 As seen in
Figure 1, HPBCD nodification results in a significant
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the re- | €ase rate o era |caII

o IGPIGAT ArmbIans WS At T e ABERDF R ytas TadE of
HREOVSRDRIS: 01 8livtdl) andH@DMSl@ﬁSN’[E-%Q release 5 rate
seens to be hi gher when HPBCD is added into the

d I r B
TR SR, PRI Y el oo o
wﬁl@aﬂmeactalesmmét(ug Gr sb@wnog'bryeawé MsisUs Tiiae (days,
ISFRMA in %’éﬁg aﬂﬁef’@ﬁﬁh@”&iuéfé% V@ér‘és@ﬁ@@héﬂ rbbults for the
extrusion an | ant 3 osi t %?Z)fa
FoRGE dneASARGRS FAPISSH DR resHlsS Tof by AP amtay-
Ghg th P BRI ebntdingeerdbiane & the dridngles illestake 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

resul ts POT/FR005/000314
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40 - 48 mm The content of the therapeutically active
agent in the core was 65 w-% The nenbrane thickness

wWOR®6O0Z%4 MM i nner dianeter 2.35 - 2.65 nm PUL/ER005/000314

diameter was 3.0 - 3.25 mmand 15 |l ength 10 nm | onger
than the el astoner core. The HPBCD content of the

i mpl ant nmenbrane was 4 wt 2% The nenbrane was made of
PEO b- PDMS (15 wt-% and PDVS (85 w-% . The results
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pplustrate the results for Reference 2. Reference |
conprises a core having an outer diameter of 2.5 mMm
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Y ane containing | w-% HPBCD has a core vvlth an
outer di aneter of 3.03 mmand a |length of 44 mm and
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ﬁ’déﬁ"lﬁgrﬁgéﬁf WRSISEProRang. | ease vvas only ca. 6 %in
two weeks. In addition to that, cyclodextrin WO
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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.
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and core el astoner rods over the IUS T-frame. The
swel | i ng agent was isopro@dnol. 15 The content of the
therapeutically active agent in the core el astomer
£ﬁ§¥§ES -% and the outer dianeter of the core was
2.92 mm and length 21.0 - 21.1 nm The

menbrane was 3 mm | onger than the core and the

t hi ckness of the nenbrane was 0,25 nm Figure 3
presents the rel ease rate of the therapeutically
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an el ast omer corrp05|t| on and said core conprises at

Iiash_ﬁeneqfét her t| cal | ct | \(éel aﬁinéq t@%ag’%whgr |1z§d
t &ﬁ%’f t a
rdganaaitengedgamtthaz thH]aTxdaemmmw conapdsesctwo dregulatng
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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 fissues, intravaginal rings,
intracervical and intrauterine devices.

wer e preparedr/bgoos/000314



said regulating agent is selected fromthe group

consi sting of carbo- 10 hydrates, cycl odextrins and
woaedads cycl odextrins. 3. The delivery syst ePCT/FI2005/000314

according to claim?2, characterized in that said

regul ating agent is selected fromthe group consisting

of al pha cyclodextrins, R8ta cyclodextrins, ganma

cycl odextrins, hydroxypro- pyl cyclodextrins, maltosyl
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or 6, characterized 1in that said regulating agents
are present in separate |layers of said nenbrane. 8.
The delivery system according to any of the previous
clainms, characterized in that said delivery systemis
sel ected fromthe 30 group consisting of transdernal
pat ches, inplants for releasing a therapeutically
active agent in the body tissues, intravaginal rings,
intracervical and intrauterine devices. WO 2006/ 005794
PCT/ F12005/ 000314 22 9. A nethod for controlling the
rel ease of at |east one therapeuti- cally active agent
froma delivery systemconprising a core and a

menbr ane encasing said core, wherein said core and
menbrane consist essentially of an el astoner
conposition and said core comb5 prises said at | east
one therapeutically active agent, characterized in
that said regulation is perforned by at |east one
regul ating agent conprised in the nenbrane of said
delivery system





