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WD 2004/ 103336 PCT/ EP2004/ 050850 Drug delivery system
FIELD OF THE | NVENTION 5 The present invention

wo edoaties3¢ o the field of femal e contracepti on BETEP2004/050850

hor none repl acenment therapy. The present invention
relates to a drug delivery system (device) for the
si mul taneous rel ease 10 of two or nore active
substances and nore particularly to a ring shaped
vagi nal drug delivery systen1 whi ch systemrel eases
the active substances i@ }?ﬂk&ﬁ{|y const ant
ratio over a prol onged e |od of ‘tine. Since the
i nvention pertalns to a drug delivery article for
s use is focussed on typically
i u grcat i ons, such as contraception and
hornone replacenent The article according to the
invention is 15 particularly in the formof a ring,
ahlee piesent insension s¢lates toithe fieldof fendale eoniraceptiom gidhhormone geplacement
gkgixlﬂwD OF THE | NVENTI ON Vagi nal rings are known.
Background art in this respect includes the follow ng
patent 20 docunents. U.S. Patents Nos. 3,995,633 and

995, 634, describe separate, preferably sggeriqal or
cl?‘rq RiERePciAYentipR skaterd asirem daliypay; sygferi(devesel for thesimylganeous release

S I | .

S8 gl 848330 GRS ARURG) o et vl a

ddedigery Ispstena, whitlesysterncrolehses themﬁwmbstancamhm subktantiallg bonstant ratio
s d nt ytiops by neans o [ ur

G5t Brdonegs poreel e « Mot fhscb R erfB i adiaug egvery aicle fo

tiiRa-Saa Als6, 1thRSe ROTEduSIRE drS t}fﬂxdall? Crethll n%lédleem flﬁﬁea%hs such as

active substance in a silicong fluld and ends
ofonirpaeptiorh candr borseingeeplasement. C'Bl‘m@mctﬂj aceprding tan diheh énvention is

(I%réc?iﬂgl?élﬁ;hg ?(? a%f%é’sv nénd%%}l:ﬂa r om o H?S tg t%% 44 Fgma(l 6mg

the other takes place through the wall of the tube,

Cl-al s torage, so that the pre-set
?%@ G (i ?ISQJJ n the active substances in
guestion will change over a period of tinmne.

Vaginal rings are known. Background art in this respect includes the following patent

documents.

U.S. Patents Nos. 3,995,633 and 3,995,634, describe separate, preferably spherical or
cylindrical, reservoirs containing different active substances which are assembled in specially

constructed holders.

U.S. Patent No. 4,237,885 describes a tube or coil of polymeric material which is divided
into portions by means of a plurality of “spacers” provided in the tube, after which each of
the separate tube portions is filled with a different active substance in a silicone fluid and the
two ends of the tube are subsequently connected to one another. In this release system,
however, transport (diffusion) of active material from one reservoir to the other takes place
through the wall of the tube, especially upon prolonged storage, so that the pre-set fixed

release ratio between the active substances in question will change over a period of time.
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WD 2004/ 103336 PCT/ EP2004/ 050850 2 European patent
publication 0,050,867 discloses a two-1ayered vagi nal

WO eovg/10d38€h conpri ses a pharnacol ogi cal | y acceqt/apioed/050850

supporting ring covered by two |ayers preferably of
silicone elastoners whereby the inner |layer is a
silicone elastonmer | oaded with an active substance. 5
US Patent No. 4,292, 965 descriges a ring shaped

vagi nal delivery systemof thrée | ayers nade of

Skl . Rat.ent 4, , i_bes .a .
¢ oA afh A REER 0 030 967 Wyt e VEERE PE S compries
co phamacolagiclly beveptable 3G portiigSitgSdodéte®by o R Prferably of silicone
suyitable ring with a constant rel ease ratio, 10

belesiraars whereRthe Bier layariis asilicone elastormer logded with @n active substance.
portions of the conpartnents are joined by glass

st oppers. Patent Publication WO 97/02015 descri bes a

t UB -Ratemp ANd. #292,96% descrbes @rihg skiped vaginal tdelivdry system of three layers
co%ikgtjnglg%ma core, a nedicated mddle layer and a

ng SHEOReSPSOMESY | ayer, and a second 15

conmpartnent consisting of a medicated core and a non

medi cated outer layer. EP 876 815 discloses a vagina
rUB Fatentd:, 496, 51( desyribeh iagotcompansingm ovdgifiad ringweherein each compartment

syl tan s .. rel ease of rogest 0 ic steroid .
B AcilAne e e P To ahUeVE A bl o ith A cansang tjease ratio
Peyséenl tBY varius hetiveGubstatices) tY eHAGRRMS RE HeQsdnipartineA¥E are joined by
The drug delivery system conpri ses one 20 conpart nent
cHMSSI0BPEE; a t her nopl astic pol ymer core containing the

m xture of the progestogenic and estrogeni c conpounds

and a thernopl astic polynmer skin, the progestogenic

C BatpntRublidation FVO 97/0261 5 desaibes o twe dorhparinfeatsdeligerar firft@ompartment

material .in a relativel | ow degree of .
<SR 2 PR medkated e By 368 nep Berlisated eer layerjagd a second
cdotiidhrtinBitcofsiding bb £ mdBicftbd &dre atd EndrBNEliGitdi thtdr ﬁam. o

conpartnments are all aspects of a ring device
play a role in the designs that have been devel oped.

A ST BB L R R L e s

WeRikselofla paogestdLéhi@stéroitecompothdaam air6zonit\s@rdi8omphidhd in a fixed
latter is of particular_ inportance in the field of

diwieiplegicpliratimover 3 pralonsed periqd af Sisse Thy drug delivepntyisienx qomprises one
cgorrﬁafﬁ‘?exﬁo&%&@ﬁgsg tﬁé;goﬁoagtﬂ:oéél%gﬁ %gre containing the mixture of the

progestogenic and estrogenic compounds and a thermoplastic polymer skin, the

progestogenic compound being initially dissolved in the polymer core material in a relatiizely

low degree of supersaturation.

From the above disclosures, it is clear that e.g. the material, the layers and the compartments

are all aspects of a ring device which play a role in the designs that have been developed.

All choices are usually made with a view to obtain a constant release pattern, which is
complicated when two or more active substances are involved. The latter is of particular

importance in the field of contraception, as for this purpose often a combination of a
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3 progestagen and an estrogen is used. Al so in hornone
repl acenent, however, it is desired to have rings

wowkioghoxded | ver conbi nati ons of drugs. Anong t hECEBP2084/050850

di scl osures, EP 876 815 clearly sets a standard; it

i nvol ves a one- 5 conpartnent design, it obviates the
need for silastic polyner by using EVA conbinations,
and it releases two or nore ackive substances in a
substantially constant ratio t0 one another over a

P j instidm. . t I .
CpERRAEE ARt Bfoldh € LB ARY ERBRE LRy 1EFEDE, RPlaesired 0
i lqve eiigsiwhipgodeliverlddmbhaticiswd delgh.i very devi ce di scl osed

in EP 876815 is physically stable only when stored

bel ow roomtenperature. It requires storage and

t 0, t a ' I,S Is

ANTRE IS ABR2URARA,! EPPEOALY Bl S e saRBRECF iives 2 one
stompadmiost design,oip wbviatopthe akeed for silastie polythee b msing [AVA combinations,

crystallizes out onta the skin. of the device which ma

i s T Bt ot Sl SBnGnsP e PSR OB 4 b another
Se\Rk 8 ploldnEed PR iflfime, del ivery system solves this
problemsince it is physically stable wunder room

tenperature conditions and thus does not need speci al

ARSI APRBRCH A R AR AR Bt son

PTisesdriig @eliveryaddvids Hist10s2d e ER 836815 lioptysiolly Sdble driawhé Wored below
pharmaceutical ly active conmpound i ndependently from

oRemaieBPRIBRUre. [k Tqquires: Siatage 3pd drapsperipbslaw capmstemperpiurs, which is
OJXBE&%eSéﬁﬁtr@ ire§yWXtt tio;l;."ﬁo 5, i n@'sto%ﬁ be%v room temperature,
supj ect esi gn

I nvention provides a three’layer
veiggoidakveniually @istallizeal dut aitabthe skin rofothe devineewhichr may lead to

fromwhi ch at,|east two pharmaceutically active
c'ﬂ\‘\rﬁ?ﬂv@ﬁ@e@%"wmsggﬁ”éﬁrﬁlﬁ%s&d i ndependent|y from one
anot her. The ring conprises at | east one conpart nment

conprising (i) a medicated thernoplastic poly- 30 ner
cBreesubjert impsovied drugedeliviery systenp golsiest this psehtlgmnsince it is physically stable

| Hasf W&aﬁe‘a?nﬂe%% ENitfohnd ' dna® MR BRI 5R1 84 special storage and

transportation conditions.

Moreoever, in the subject improved drug delivery system, it is possible to adjust the release
rate of more than one pharmaceutically active compound independently from one another,

while maintaining the physical stability of the system.

SUMMARY OF THE INVENTION

The subject invention provides a three-layer design vaginal ring, physically stable at room
temperature, from which at least two pharmaceutically active compounds can be released
independently from one another.

The ring comprises at least one compartment comprising (i) a medicated thermoplastic poly-
mer core, (ii) a medicated thermoplastic polymer intermediate layer and (iii) 2 non-medicated
thermoplastic polymer skin covering the intermediate layer. The intermediate layer is

medicated (loaded) with (a) crystals of a first active substance and with (b) a second active



t hernopl asti c pol ymer skin covering the internediate
| ayer. The internediate layer is nedicated (| oaded)

wowdoh/1¢8p6 crystal s of a first active substancePEIEP2AN/650850
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(b) a second active WO 2004/ 103336 PCT/ EP2004/ 050850

4 substance in dissolved form The core is |oaded with
the second active substance as well, optionally in
the sane concentration as in tQp i nternedi ate | ayer.
FIGURES 5 Figure 1: In vitro rel ease rates of

et r al | t

I ﬁﬁl\% ?%}nr(g%sgé’s%@r ates oroe tlS %ﬁs@e@gg gcrongl ce as well,
baptdraly in thOsdmeioheenGatidnns W the intérftle@id® dayent €S of
ethinyl estradiol (EE) for all 4.0 mm batches. Figure
4: 15 In vitro release rates of ethinyl estradiol for
alfigBrps™ batches. Figure 5: Schenatic description

of a vaginal ring of the subject invention. 20 Figure
6 Figure I2i t ro-rel ease rates of etonogestrel and et hi ny

estradiql from rin re 7:

vt Y s S o etwoustre EG) dr il dieibes. ny)
estradiol fromone A2 ring. 25 Figure 8. In
vitro-rel ease rates of etonogestrel and ethinyl

ediguse:ol from one A3 ring. Fi gure 9: 30 In

\ég‘ﬁ}’% il_eql easg% R% %géafg??&%na elllnd et hi nyl
Figure 3:

In vitro release rates of ethinyl estradiol (EE) for all 4.0 mm batches.

Figure 4:
In vitro release rates of ethinyl estradiol for all 3.5 mm batches.

Figure 5:

Schematic description of a vaginal ring of the subject invention.

Figure 6:
In vitro-release rates of etonogestrel and ethinyl estradiol from one Al ring,

Figure 7:
In vitro-release rates of etonogestrel and ethinyl estradiol from one A2 ring,

Figure 8:
In vitro-release rates of etonogestrel and ethinyl estradiol from one A3 ring.

Figure 9:
In vitro-release rates of etonogestrel and ethiny! estradiol from one A4 ring.

Figure 10:



Fi gure 10: WD 2004/ 103336 PCT/ EP2004/050850 5 In
vitro-rel ease rates of etonogestrel and et hinyl
we@sdonacizad fromone Bl ring. Figure 11: In  PCT/EP2004/050850

vitro-rel ease rates of etonogestrel and et hinyl

estradiol fromone B2 ring. 5 Figure 12: In

vitro-rel ease rates of etonogestrel and et hinyl

estradiol fromone B3 ring. Fkgure 13: 10 In

vitro-rel ease rates of etonogesStrel and et hinyl

eatf.adi N Fiqur e.. 4. bt I

B EEk st B SP OnGitat B o) (it o e b o -

G Hand I. 15 Figure 15: In vitro rel ease rates of

%g,onog?strel for fibre variants J, K, L, Wand X
gue

16: In vitro rel ease rates of etonogestrel for

f inifBo Yea ARG i 7 dn
vtlntq{] 1?)0 }leg‘fag‘?\%g& ‘ g/%tggbgg%eé%moge tF g@?c@@?‘&% 1’\}nzalér i ants

5 R S T, Uand V. Figure 18: 25 In vitro rel ease
L?t es 1?]‘ ethinyl estradiol for fibre variants E, F, G
B8 'r° Figure 19: In vitro release rates of ethinyl

emivitdsliedasé fles bf RiRoYARirEIANE Sthihyl Ktradibl froth BREBX ring 30
Figure 20: In vitro rel ease ratyes of ethinyl estradiol

for fibre variants M N, 0, P and Q WO 2004/103336

P%%:OOM 050850

10 In vitro-release rates of etonogestrel and ethinyl estradiol from one B4 ring.

Figure 14:
In vitro release rates of etonogestrel for fibre variants E, F, G, H and L.

15  Figure 15:
In vitro release rates of etonogestrel for fibre variants J, K, L, W and X.

Figure 16:

In vitro release rates of etonogestrel for fibre variants M, N, O, P and Q.
20

Figure 17:

In vitro release rates of etonogestrel for fibre variants R, S, T, U and V.

Figure 18:
25 In vitro release rates of ethinyl estradiol for fibre variants E, F, G, H and I.

Figure 19: -
In vitro release rates of ethinyl estradiol for fibre variants J, K, L, W and X.

30 Figure 20:
In vitro release rates of ethinyl estradiol for fibre variants M, N, O, P and Q.
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6 Figure 21: In vitro release rates of ethinyl
estradiol for fibre variants R S, T, U and V.

WORDAIMEE DESCRI PTI ON OF THE | NVENTI ON 5 Fi ck' BCT/BERR2004/050850

di ffusi on governs the rel ease of compounds, such as
contraceptive steroids froma ring. According to this
| aw, the anpbunt of mass transferred over the boundary
is an inverse function of the_.di stance across the
boundary. In a two-1ayer desigﬁ, the steroid nearest
tﬁF&pilputer | ayer (the skin) will diffuse first and
thi°sresults in depletion of the outer 10 core and
hBNdgo tlsdliatel oS ethinydsEhdiolfer fbrk harnGRE 35 €, URRE V.

depl etion of the outer core layer and the resulting

i ncrease of the diffusion distance will result in a
IpETRRED PESCIPTRINAFHIEIAENYREG Speaking about the
ret , the probl em of

depl etion and increase of the diffusion distance can

be. overcone, hy.concentrati ng the drug substance in an .
i ﬁlﬁgﬁﬁ%‘ﬁﬂg‘a&’é&é‘%""ﬁ@@ wlegseppgempugiﬁ, ueihgs gpntraceptive steroids
P8RS heC %&ord'ﬁignat%%ilts W&y, %%Jﬂnﬁﬁp of A& SranSfertet 6\&3? the boundary is an

concentrated in relatively thin layer, |engthening
ofnverse fiictidruof the dstanceraceossithei bapndarg! dase tweslayemdesigh, the steroid

et odth b do i ife SORF VI tE Ao aa4 0 okt dbpidi of the outer
deyé Sridl Hefice thél Wiffusidd distabe WilliAdreatl. The ddpletiof of the outkr bore layer and
the length of the cylinder Dp = the diffusion

ctheaegultiog dngrease of the &iffusinn distance vaill gpyult ip @l dertepserqy, the zelease rate.
g%yé %éegﬁgg %‘E‘%L‘ﬁé %getaﬁ%tat:et hoenggﬁgg élﬂ)stgj%e\’\ﬁlg rbr(tﬂhgn %¥ Ideletion and

erence’ |
cintressetof étei dbffusiont disienve chrebeovetcofmerbyl cohehtr@titigahedrug substance in an

l ayer) and the sink ro = is the overall radius, i.e. )

tw{mﬁ%&tﬁ YER DotREenY Pinerle ki ARIFFEDQ fAeres Ringe the drug sbstance is

[ h€n CattemPatdd il B Gelaffely iﬂi‘x?\}\ﬁGH elEﬂgQ{énﬁxgo&ﬁthE stdn! @istance during
en the te

order release is obtai'ned m on the right
hegledsegs nhenimal, resulting in a more constant release rate over time.

The release rate of a cylindrical reservoir/membrane design is:
dM .. 2L D, KnAC
dt Ln(ro/1)

L = the length of the cylinder

D, = the diffusion co-efficient of the compound in a skin polymer

Kos = partition coefficient of the steroid between the skin and core polymer

AC = the difference in concentration between the core (or intermediate
layer) and the sink

To = is the overall radius, i.e. the radius of the cylinder including the skin

I = is the radius of the core

The equation shows that zero order release is obtained when the term on the right hand side
of the equation is constant, i.e. not a function of time. Lengthening of the diffusion distance
due to depletion of the core is insignificant in a three-layer design containing one drug
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time. Lengthening of the diffusion distance due to

waolephabizen of the core is insignificant in a PCI/EP2004/050850

t hree-l ayer design containing one drug WO 2004/ 103336
PCT/ EP2004/ 050850 7 substance and hence the term (ro
/ r,) may be considered al nbst constant. In case the
steroid in the internediate |ayer is present in the
di ssol ved state, the concentration gradient (AC) wll

shftRgthdeand ﬁeﬁclelﬁetem(rs ! 115 nfa) Be CORRRAASRhISY cdrdfint, g?%a%%e steroid

rate dM dt w decrease” (deviate from zero ord
r &l thainterinediate lays) is pesdiftan the ldjseulved stare thici concepiratiandradient (AC) will

S BB B TP Bl P SRS ABLES i o
drdtg ofiiR} tek@sdkigdtei)em typically a substantially

ri ng-shaped 10 formintended for vagi nal
adm ni stration, which conprises at |east one

ORS00 b B S0

asubstandes.) a thernopl astic pol ymer skin covering the

internmedi ate |ayer, wherein said internediate |ayer
conprises (a) crystals of a first pharnmaceutically

ahd Yf; PRk ) bfi@labdally ring-

ATk WBIEORROIRA pitic: B GFET W BHORBRAG & WiRlahdaly sing:shapod
clorm infendehor yagina aadinisisitatiod, ehighovoroprises \aelléast one compartment

optiopally.in the same concentratign as.in the . .
Rl 70 2 penpip BsbeipobBRE Entecl s Hemcpiasi ppbymer intermediae layer
t iMde Giii) aY WeRHoplashe Ryrhdesigy of&ing héeMdrRBdith SRydrN wherein said
the provision of the possibility to adjust the

r Wiezrmediate Jayerscogiprisgsr(e) aryvals ofeefishpharmeceutidaliy hdtive gempaund and (b)

c d..in n tl.y fromeach other while . .

- A el EERRT Bt CURBRRT, SRl i g ayrereip e core
2€bnipeizgesaid sécond Thpound a3 GealyPblicHattyl il Yhe( dane concentration as in the
i ncorpgrating crystalline reservoirs of the (first)

citeesedrie layet he " internedi ate |ayer of the ring, (2)

| oadi ng both the internediate |ayer and the core of

TR &sbdide oMbidndvBPthRRBAXRELIGHERFUR subfecfind&ftto &s {08 provision of
t hereby enl arging the conpound reservoir, and (3)

dée podsbifity keadjust hiemelease odftest dfanasi than ofie phagmadeutigally active compound

independently from each other while maintaining the physical stability of the ring at room

temperature.

This is accomplished by (1) incorporating crystalline reservoirs of the (first) compound in the
intermediate layer of the ring, (2) loading both the intermediate layer and the core of the ring
with the second compound in dissolved form, thereby enlarging the compound reservoir, and
(3) defining the thickness of the skin of the ring.

In a specific embodiment of the subject invention, the compounds are steroids. For the sake
of ease, we hereinafier refer to steroids, although also non-steroidal compounds are

contemplated by the subject invention as well.

The steroid molecules incorporated in the crystalline lattice are in dynamic equilibrium with
the steroid dissolved in the polymer of the intermediate layer. When no diffusion occurs, the
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25 In a specific enbodi ment of the subject invention,
t he conpounds are steroids. For the sake of ease, we

wheneiesasd er refer to steroids, although al so PCT/EP2004/050850

non- st eroi dal conpounds are contenpl ated by the

subj ect invention as well. The steroid nol ecul es
incorporated in the crystalline lattice are in dynamc
equilibriumwith the steroid ﬁi ssolved in the pol yner

of the internediate [ayer. Wen no diffusion occurs,

t 4 336 PCT/ EP2004/, 050850 8 st er,0i d —_
c%%glxeéﬁtcﬁ%g?%%%ﬁmt rt1hee €8E§}f?§rw“fleﬂ“ q?falco%l? %lgsﬁe“?:ltg% eequlhbnum

t eoncéirragion)i AIfBY ihe FingHaH GedHt it i 8Rinktéreid Willsstdrt fdOdifFa® out of the
been put in a sink, steroid will start to diffuse out

ofing #fid the icareentration 1k theosteraisk digsolved inthetnelymerie rinfernediate layer will

o ey ro oo : o
cr35 Shatfly, a3 of Rt Rl e, o SRl il kg W dissolve. Thus, the
C:clqcﬁﬁﬁsd of vwhé Icoﬁtm;rhtictno gﬂidikﬂd Dldue.toTﬂiﬂﬁfji_v?c ?ﬁnﬁaoﬂeomeas ghe ring is
(0] t oncentrati on gr aai ent jue to Il usi ve . .

t?ogﬁ@%a ced iy Be stereid i the erys Freeveln| diguees bond Rdllustrate this

b aredd | Cal b Voir. Ei
ARG boc BF SHU B b IR By, 4 1 b I, fope of the
i releasenquiveaisevetyaflady ie. limdicabes thasghe néleage ist dhmost| zepeomdfr yeo day 10.

EhGERer ) b Y S e OB PG s 1 B reease e
apdcomeriM¥reltiine 8pendet QEE QeloWrdER). %%%Mwmbﬁﬁ&ﬁaﬁ cBid6iBles with the

steeper, i.e. the release rate 10 becones nore tine

dapree dhat the szesandamount efcqrystalnjnte ealympr matrix hes deereased beyond a
COj i i t . +Sd s . ; .
OB ORR A il 15, ol SR e S bS5 AASBRRHHe Ble ring can
csy langer poigdequatty tommrbdlared biynérysiils tdoingl s diskolution. When the
sterqQi d due [§o di,ffovi on outside the, ring can

| BRGRY A eyaisdtratisnoled finroasentmtion arion sdio lenger gtglgjkiﬁ«igmd hence
| PEtCepdt 829k W keRR- THGAbiliZAfon BRHHR' dohYenBhtidn' é‘rﬁ&@ﬁtsb mechanism

di ssol ved the concentration gradient 1s no |onge
sfundtions when thedlisselving df3hestetoekgrystals proceeds fast eempardh o the loss of

stabhi,ljzati of the concentration .gradient.by this .

i 3% offinBe, S090< RRSTREOHAER ISPy penfed 1 4 oortain extont
Sdnd kY bt 636 will e REPHEGEAS tha &hystaR ARSS1CS relaBivdl fast BHEe Plymer.
steroid due to diffusion. So, the concentration drop

is counter balanced to a certain extent, and the net
f i ' . ' .

ShIAR A RS R Uy G g S g on
saoljpartinefititoesisting We (i) demtepmediste faybloaded withawe Gtekdidsg one (steroid A)
conpri sing.at, | east_one conpartnment consisting of (i
é??%n?’_@? iR eV SiRe Pioariand gl daeived & g %@ﬁeand) the other
(@leRAPBY ehlirely dissolved in the polymer, (ii) a core loaded with steroid B (entirely
dissolved and optionally in the same concentration as in the intermediate layer) and (iii) a
placebo skin.

In the subject three-layered ring, steroid B is not only accommodated in the intermediate
layer, but also in the core. In one embodiment of the subject invention, the concentration of

steroid B is the same in the core and in the intermediate layer.

By loading both core and intermediate layer with steroid B, the reservoir for steroid B is

largely increased, allowing a fairly constant release rate of this steroid over a prolonged



partly present in the crystalline phase and partly
di ssolved in the polyner and the other (steroid B)

we@edounedsge di ssol ved in the polyner, (ii) a coreCT/Bpmed050850
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with steroid B (entirely dissolved and optionally in
the same concentration as in the internediate |ayer)
and (iii) a 25 placebo skin. In the subject
three-layered ring, steroid B %ﬁ not only accommodat ed
in the |nterned|ate Iayer but also in the core. In

one.e rrent of , t\he su entiqn, .
o BEnETBPEBRER 3 fha A B SR ir hif 6 relioAE e 0f pgroid A and the
angledsd ratla eofi Jidr6idNB Had the AdfOsRId masi)eﬁd/enhya&m @adMObihelC M&reover, by
and internmediate layer with steroid B, the reservoir

f deadigdhopare Bnﬁh§ter¢ldng alsg bagkcdiflusieniof sirpidVi figmahg imtenngdiate layer

i e 5 SR Seh R Dyl ) BBl gl REgla Padih 8 SRR teoresing

f icontestsation dn thedinterAediste I‘l@&ﬂ laid €us tahdesredsing leasd bfbﬁle upon storage
release rate of steroid A and the release rate of

s eyenpdistiibution of ftereiddy) in sere 7ed d@tﬁmegmrer lgwsr adtiso steroid A may
gltb%gcr %g{g%rlgt?;fﬁs Ir@y’l'hl% R waerd Qﬁ c?ﬁ{:a@ s hle%ﬁéeﬁh%xoﬁ of steroid A

on o ster0| romthe I nter
| anythe inttrarcﬂiateda)tehis stabilized becpuse\of its ptésen&ni«:mﬁ@ﬁnﬁfmm In a special

C BRI /Y PP AIY (B o PIVER o Jowerer also be

d RsalePmio He EGtk.CTHIS whill RliLde oHORMMnAE)IRREEG] difiidd dffeBiéen
distribution of steroid Bin core’ and interned ate

layer). Al so steroid A may back-diffuse into the

38, Pt oEPUSHBF AP R A B i g gt i

i mtm&aiellgﬁdwh&eﬁqﬁﬂ tifreolf txgll B¢ PreURcid thé}foerho$ tibthls @®persed in the
form In a speci al enbodi nent of the subject

i mtsrgediate faypto; thedesired relpase mte eictargi d) is OBWingg s adsting the skin
alﬂﬁ&m&% T‘]a&el‘o?@g%gﬁld glt ? %Jﬁ&?oﬁférdﬁ? %chﬁm%d&n dnfl Qiéﬁﬁd BSh dissolved

el 1 mnate) Intér sion e
c dbrmeqhereby miaking itt fossible ta ydjnst thgéonaéntration of s:temml B to the already pre-

te steroid in.are vely. thin int di at e .

SR, Siree e pded St ntubye e ik Bp R g mall this

oa pritbach indlydeddi 16 RGEIRAGEY Sndl\@ntehhadd i) BdcbRE idafied Peya%ely fast. A
The desired rel ease rate of steroid i s obtained

aBpssle tag fashdeplation of hetthree layersd ringriseprevanted bydeading tble gore with the

FbAPBEB QB oyt aL L e formand sterold 8 I

the concentration of steroid B to the al ready pre-
In a different embodiment of the subject invention, the drug delivery system is a three-
layered vaginal ring comprising at least one compartment consisting of (i) an intermediate
layer loaded with steroid A partly present in the crystalline phase and partly dissolved in the
polymer and (ii) a core loaded with steroid B which is entirely dissolved in the polymer and
(iii) a placebo skin.  This ring design, although containing only one steroid in the
intermediate layer (as opposed to two steroids in the ring design described above), will, after
some time, turn into the same design as the ring described above wherein there are two
steroids in the intermediate layer. This is because over a period of time, steroid B will
diffuse into the intermediate layer and at a particular point in time will contain (i) an
intermediate layer medicated with two steroids, one (steroid A) partly present in the

crystalline phase and partly dissolved in the polymer and the other (steroid B) entirely
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may becone depleted relatively fast. A possible too
fast depletion of the three-layered ring is prevented
by | oading the core with the 20 second steroid (B) as
well. In a different enbodi nenf,of the subject

i nvention, the drug deI ivery s%%tem is a three-

3‘#5 Pt A7 Byl 1§ R oRd S eBRT b @ifely dissglypd) and Gi) o

PRMeyd skint h st er oi d A partly present in the
crystalllne phase and partly dissolved in the 25
polymer and (ii) a core loaded with steroid B which is
e . d| 515 t. P I! '| il) lLaceba
SEithh Vgélﬁzl ﬁigﬁlgéglslbjgﬂ: 19\? npﬁ é&ﬁ L mndf: ala‘hg ISSWQ process of
Stethiion, isicht d5eco-exthusionrethid ok &)lénawitru:{lﬁﬁ mpdlﬁg—dbaﬁéd bm the drug-

steroids in the ring design described above)
afiqaded mgqs!ﬁﬁdletpiaér %q%rthe PoR-medipaied auier laws lfa@ W@ded The fibres

r r )
| A oHARER ol et B MG U il s L pichd aleftbled 1o ring
pehadped depicet i mraay smtablecmmn& wWlhd rif} ark then packied fax dthple in a suitable
i nt rmSIat a a particular point in tine

witdq H?l 3/&3?{; q‘f’H q?ﬁs‘ﬁ? Off%t ‘rayer nmedi cated with

t wo ster0| ds, one (steroid A) partly present in the

cr stalline phase and partly dissolved in the polyner
e theamenlastie pplymer hiaticap)bealsed ingprgetiging A0ipveandig® 3eay in principle be

o SRR AR Bl i sl o PRt Rgpice i, fch as tow
(idénisjty apolpithyledep elyléne- ﬁﬁ;eaceaw Fb%bol;dn@@ @hd t figreficibitditne-styrene

i nvention_can be manufactured by the known process of
5 ceRolmess- Im a spesfie eabodisocay, ﬁhyéqnewm%fﬁ copolymer (poly-EVA) is used
bh&é‘% X GHckifnP e hEHﬁ h

| oaded 1| ntcer nmedi %t e ye?’ gﬁ%‘ij?ﬁ)@gﬁgﬁ@rﬁag?&g? fotlhﬁ gtfmlds in the
I am,mnalz),r'ﬁleaioly-EﬁAenatenw may b&"lusedffobﬂle sorej thel mterhnbdlatn dayer as well as

are ut |nto eces of .t £ ired | ength and
18 Koo Bt bbb s Bl ipleme bbb golymer, such as the

Sbfdda&é BvaATBBHI6 Rinder The uﬁﬂeﬂ%ne’%f Elvak eBvaeae KEghol&d Movaial ©ltrathene,
in a suitable sachet, optionall y af ter being
sfégvaiand Westynar.di si nf ect ed. 10 The t her nopl asti c
pol ymer that can be used in practising the invention,
may in principle be

In one embodiment both core and intermediate layer are made out of the same polymer

grade. In another embodiment, the core and the intermediate layer are not made out of the
same polymer grade in order to allow for further flexibility of the ring. By electing different
polymer grades for the core and the intermediate layer, fine-tuning of the flexibility of the
ring is possible.

The vaginal ring according to the invention can be manufactured in any size as required. In
one embodiment, the ring has an outer diameter (outer circumference) of between 50 and 60
mm and in another embodiment between 52 and 56 mm; the cross sectional diameter is
between about 2.5 and 5 mm, in a specific embodiment between about 3.0 and 4.5 mm, and
in another embodiment between about 3.5 and 4.0 mm and in yet another embodiment is 4.0

mm.
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styrene-but adi ene-styrene copolyners. In a specific
enbodi nent, ethyl ene-vinyl acetate copol ymer (poly-EVA)
is used 15 due to its excellent nechani cal and
physi cal properties (e.g. solubility of the steroids
inthe material). The poly-EVA material may be used
for the core, the internediate |layer as well as the
skin and can be any commercially avail abl e
etlhislalsoen \objeyl efaké QibjectDPEItivRd provide lAn ddpilo&l vagin@lkitp!is which the
avallable der the trade nanes: Elvax, Eyvatane,
the (OB msﬁédmowce%mmdfor/@@vwmonzv hormone
I t
m? BRErEil 'W%pafﬁ% GG LR B PRtoR Gy YEk Bltr provent
e rsbmzillymmtsmmddeh&easee (SUIDF s} sueh asHEV, ienpes ichlaingytiarand pénorrhoea.
not made out of the sane polyner grade in order to
allow for further flexibility of the ring. By electing
dith kiRY @Bject Mn)i&? thIGRAABS of AE cbid %H}Q [sEm@@ Ghdn'¥D0 mm’, and in another
i nternedi ate | ayer, f|ne tuning of the flexibility’ of
t reenbOQ@eni mgrei @mpdgw mne anuhelllvlargmlbzl be imtheawdarafi 1760-2200 mm’,

i. NV can nanufactu in y
+ byl MBI NafeBT R e kbR miidd it 3ff; Bosien ohysica
didafissidhs)(oF ietraginhl SapHreveaRGRdonMénidies Yo ahe Sbjedf) Bt B4 sometimes be
mm and i n anot her enbodi nrent between 52 and % t he

c respired & pddop second serppastment Wh@h b@@\né@ﬁbcamar@est @frftc@npartment
iy
st 5 O ABD o S5 ! D sy o

4 eRample dm prattisingchormondl hqsla@m‘emdhmpy, wiRredth® ratibetWian progestogen
2003/ 103336. PCT/ EP2004/ 050850 11 |t atJ s al so an object

and £Stroges; isc AIferRRE 9y nhe Jafie sYitehle JAr jcapirasgpipn. “Such an extra
V%@inﬁﬁmén't B%h Alfb Wé"hé‘c@ss‘é}}eto adhRdae i SaRiond¥ e 41O anti-microbial

the tore, in addition to steroids for contraception or
h@lrugs ftreat end/erquensnt STRs sechos iIPS s@danayia, haipes sl gaherrhoea.
e.g. to concomtantly treat and/or prevent 5

sexual ly-transmtted di seases (STD s) such as HV,
henpeat-nidbbialdiidcantd iEORRHIGINRD. dag'lnhnﬁlg%f%@sﬁbject invention (in

i nvention, the surface of the core is nore than
sths Wnedmlayqq apd/et wdhe core and/or in an adetlonal compartment). The anti-

microbial drug can be any anti-bacterial drug such as any antibiotic, any anti-viral agent, any
anti-fungal agent or any anti-protozoal agent. An example of an anti-microbial drug
contemplated to be incorporated into the vaginal ring of the subject invention is mandelic
acid condensation polymer (Zanefeld et al. (2002), Fertility and Sterility 78(5): 1107-11135).
Another example is dapivirine (4-[[4-[2,4,6-trimethylphenyl)amino-2-
pyrimidinylJamino]benzonitrile).

Figure 5 shows a schematic description of the vaginal ring of the subject invention. R, is the
diameter of the three-layered fibre. R, is the radius of the core together with the
intermediate layer and R; is the radius of the core. The ratios of R;/R; and R»/R; described
in that figure are defined as follows:

Ranges Ri/R; Ry/R;
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enbodi nent nore than 1000 mm2 and will typically be in
the order of 1700-2200 mm2, though significantly

wo 200ga0333@r f aces are possi bl e, provided that tPer/gERRDgO50850

(physi cal 10 dinmensions) of the vaginal ring prevents
i nconveni ence for the subject. It may sonetines be
required to add a second conpartnent which is a

pl acebo conpartnent or a conpa %nent | oaded with one
or nore other drugs. Such an extra conpartnent may be

:%bzg@'gﬁ)’éﬁ t her ag‘w %dqbe tﬂ@a‘éi’; ‘é@obet ﬁgﬁl

PERRENREEN andl eRioL RSO i [S1.08dotEseOt Tromthe ratio
suitable for caoantraception | Such an extra 15

c&mbadmnmfrﬁ can bO%-b@QQecels@%ﬂOyl SQQOadrr nister, in
adl -Of th oS € taH drugs to
t [g’f’dlﬁ}%‘i‘gr e()z‘%‘m"'fs@"s {]W alsT)SRp chl anydi a,
h bR ginRACS gonorr.m.szy any10001.69000! a drug can be

ilncorporated into a vaginall ring of the isubject
invention (in the internediate |ayer and/or in the

sl erh TPt S e AR R b [ G fibad doc.

any antibiotic, any antl -viral agent, any anti-fungal
ent or any antl r ot ozoal agent An exanpl e of an
juspd Aereini apPhywicaly stabler dmm dglivery systeme (ring) d pysare gvhich can be

t 0

mn%ﬁmb&%’é‘??%%ﬁ Bt AWSuBol B8 pfTEBH AP oy stroid crystal
(ﬁﬁﬁﬁt)loncﬁﬁhésdrfabg/ofahdsl&ihefuhéwﬁgmarﬁﬁg) 1107-1115).
Anot her exarrpl e is dapivirine
(4-[[4-[2,4,6-trimethyl phenyl)anino-2 25
PYIteVaGinM ket d2@h B 88 &he IiehtideCib prinfatif eSigReSRP ¥htBceptive use, but
schemati ¢ descriptiron of the vaginal 'ring of the
s tAsj saigh aboveramayi alsn bRusedsunderccertdinapopditonsoin HRE (hormonal replacement
E{ee Jeayered fibre. R2 is the radius of the core

r wth the internediate layer and R3 is the
radl us of the core. The ratios of RL/R2 and R2/R3
described 30 in that figure are defined as foll ows:

RARY¥aginal rinpofithe subjeapinyertion 1apy 336 sqidaborps glse be 9erddo concomitantly

eRiSTe echfEeBhip o SO s Bshd T g ipfeston tope treted

1 afii3@Opréven@dCcath . ke 243y Bactei@l) viral, fungal or protozoal infection. Specifically,
sexually transmitted diseases such as HIV, chlamydia, gonorrhoea, or herpes may be treated

by incorporation of an anti-microbial agent into the ring of the subject invention.

It is a further object of the invention to provide a method of contraception which comprises
the steps of positioning a drug delivery system of the subject invention within the female
vaginal tract and retaining the system within the vaginal tract for at least approximately 21
days.

It is another object of the subject invention to provide a method of concomitantly providing
contraception and treating or preventing a sexually transmitted disease which comprises the
steps of positioning a drug delivery system of the subject invention within the female vaginal
tract and retaining the system within the vaginal tract for at least approximately 21 days.
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30C. As used herein, a physically stable drug delivery
system (ring) is a systemwhich can be 5 stored at

about 18C-30C for at |east about one and a half (1.5)

year w thout steroid crystal E rmati on on the surface

of the skin of the vaginal ring. The vagi nal ring

according to the invention is primarily designed for
contraceptive use, but -as said above- nay al so be

ude congnetaiodiraent,athe drog dielivedy Systém HRrebesdefe! about 21 days for an
repl acenent 10 thera ¥). The vaginal ring of the

s (FBPrOEtmAte, OB, Megh Pﬁ%‘gfp CaBOTEH| gpe tion. In gthepempedigents, the drug

c f&%ﬁ 7 a

m'qca:r oﬁ tg | }séergisate). & (r&n&gzyri gg’?@?%’ﬁ@ét% oﬁgﬁg‘%ﬁem’ 210, 231, 252,
t 12831 25d, 3 15n 33 6oor 357 edays fordn approkimaterone ineek periodl to perntitrhenstruation.
fupgal ,or pratozoal .infection. Specifically, 15

o811 15 pRaRLRfe vesk 0o B emENAiee, fipe ot SElya ystem of the
IQBEd NRRAtiols HSErRASin{EPhe FemAlE QALRA! to PYovidiCQnRAeBtidPth the next
of an anti-m crobial agent into the ring of the

sdepale cydluswepydlusses. 1t is a further object of the

invention to provide a nmethod of contraception which
conprises the steps of positioning a drug delivery

SYiht esibjeét inkéntidnl udkdr dniéRAs laOtseVoft Hidfug BEliveB B)s®m 8P the subject
vagi nal tract and retaining the systemwthin the

v djentign fo Hemapyfactyte qf a contragppiveXitmat el y 21  days. |t

i s anot her object of the subject invention to provide

a nmethod of concomitantly providing contraception and

t fTbatsibject dnvepti@y Emthemepcampassesad bge off @drigi deliegly diys@A I the subject

whi ch.co i ses the 5 steps of positioning a drug
dé‘?‘*.e%ﬂf?’@lgff@ﬂvfta?ﬂrtew 2 e cament R hORPONS TeRlp4emeRt thefapy.
femal e vaginal tract and retaining the systemwthin

the vaginal tract for at |east approximately 21 days.
WBhe guhi¢ct meB®nRESD/ ECAdG 4/ B8 ©F B Arugid:livery spstem of the subject invention

eghogli t e dru i.very systemis renoved after
e Ty et oo hriigE plerREb o il RRp b and to ea
pafidibt prains & éxakily Ganshiitted! dishscesiaR ds 162 Rk&mplé bﬂnsl{1 ktSpes, chlamydia

delivery systemis renoved after about 42, 63, 84,
168d gomegrhode7 - 186, 189, 210, 231, 252,

The progestogenic steroidal compound of the subject invention can be any suitable
progestogen, such as desogestrel, etonogestrel, levonorgestrel, norgestimate, gestodene or
any other steroidal compound with progestogenic activity. The estrogenic steroidal
compound can be any suitable estrogen, such as estradiol, estriol, mestranol and ethinyl-
estradiol. In a specific embodiment of the subject invention, the progestogen is etonogestrel.
In a specific embodiment of the subject invention the estrogen for contraceptive use is

ethinylestradiol. In another embodiment, estradiol is the estrogen used for HRT.

In one embodiment of the subject invention, ethinyl estradiol is present in the intermediate
layer and in the core at about 0.05-1.5% by weight. In other embodiments, ethinyl estradiol
is present in the intermediate layer and in the core at about 0.08-0.5% by weight, at about

0.09-0.20% by weight, at about 0.09-0.18% by weight or at about 0.09-0.15% by weight.
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delivery systemof the subject invention is inserted

into the femal e vagina to provide contraception in the

next female cyclus or cyclusses. 10 The subj ect

i nvention further envisions a yse of a drug delivery
system of the subject invention for the manufacture

of a contraceptive kit. The subject invention further
enconpasses a use of a drug delivery system of the

S Ulhj o6 embbdivemitafalie subject ifieentibn haopestrel i9 bresentirtlithe antBftediate layer
for hornone replacenent therapy. 15 The subject . ]

i nAf e8Pyt SnBlap By, WeieBY  In ethep erbedipenty, cipnpgpstielis prepspt in the intermediate
Sy, [ IRV Ne20 i :
o108 Bt B90%.9 5k, B s s TRLETSOR by weie.
anabotol 01 Baby waiglif, or atabemtcli®t 1286 beweighl y transmi tt ed

di sease such as for exanple AIDS, herpes, chlanydia

and gonorrhoea. 20 The progestogeni c steroidal

COTROMMECP finvehifonS B Prdvides V£ Mkl &faﬁaﬁlﬁ’a&%g]sﬂiet @Rk Sayered drug
p;;%estogen, such as desogestrel, etonogestrel,
I very gesteny ef| the subjeglasventien by: gest odene or any ot her

2L 10, oA GRS g o e

est I oge(imedicdRl) inoghous Bogner Mfdmnbdite 1 ¢, and
ethinyl 25 estradiol. In a specific enbodi nent of the

sulPect Cosviaplingsthe corp granplslyeand depcinterrgediate lnygogranudate with a polymer
| e g ! . AN
ot 1 oge EfuEERORHTHN St thafea Y Bbery BNER | C1 | "€

I n anot her enbodi nent, estradiol is the estrogen used

f HRT, I.n o odi mept of .t he subject invention,

o FerRypduston gfithg onded SP%Q‘\?FR“S BOMmOREOP RALYTHETROs: granuljge and. loaded
| q%RAicABY HothoktHous HolPméin@RNHiatO1a{e -lanal: kght. In

o?ﬁgr enbodoi r?%ntg,%f‘ﬁi nu)lll estar ad?eglg;an?sékg(arbe e?ﬁa in

t he i nt@ mewuadieg thapelyngnd in the core at about

0. 08-0. 5% wei ght .. at about . 09-0. 20% i ght
ot abou® 0 oPeHEE P BF ndst R et fappounds to be
by wei ght. WO 20Q4td BIRSktdneddiftPRGed/ 050850 14

(c) dry powder mixing the grounded polymer with the active compound to be

loaded in the core;

(d) blend extruding the resulting powder mixtures of steps (b) and (c);

(e) cutting the resulting loaded polymer strands into granules, thereby obtaining a
core granulate and an intermediate layer granulate;

(f) lubricating both core granulate and intermediate granulate with a lubricant;

wherein steps (b) and (c) are interexchangeable.

The present invention is further described in the following examples which are not in any

way intended to limit the scope of the invention as claimed.

EXAMPLES

EXAMPLE 1 — Preparation of the three-lavered ring
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etonogestrel is present in the internediate |ayer at

about 6-70% by wei ght, at about 10-53% by wei ght, at

about 10-30% by wei ght, at 5 about 10-15% by wei ght,

or at about 10-12% by wei ght. Tgle subj ect invention

al so provides a nethod of manu%acturi ng the

three-layered drug delivery systemof the subject

invention by: (i) Producing a | oaded (nedi cated)

h @iy €8)ahise et/ fities WEE Prephdd A RIAS 2nl B13B4)0 Jue dibrel Gvere stretched to
(medi cat ed) honogenous pol yner internediate | ayer

gPeriomBg) andi4.0 mmd Ax) frem @ single sapillewyr (@ | gialul at e and

the internediate | ayer granulate with a polyner skin
granulate to formthe three-layered drug delivery

S ¥is brier tolthix the activetingrediadts étbrogdesteall €deroiden)) andtettdpy] estradiol (steroid

h enous | ymer core granul ate and | oaded 15

( %Sglgwasgﬁyfﬁbﬁwgha’e&p‘ammo SPRSEUFBLARE figRFeyere performed. In
dry po%@? m X r‘11 S‘Et he ggr %egfggg%&oﬁ}ﬁ neh% Iffiiiae}to}hﬂ}tg‘% g“élgzc?l\t}go unds and
c pokymen gewdes. Fhese| winthmired reotripeundst werapuiixed avithapadymer( pgwder in a

O isBRASEh Ak g B RSl 1B%% SRS il g Sotklch speed of
Zﬁ%}frﬂﬂiﬂﬁﬁl(yt Feerphefor 6D infifuted IHRY firfd powdeEmidly SéRas péformed to mix

(c); (e). cutting the resulting |oaded polyner )
Pelymgs andhachive campuads for hethethy cotst @plymeg pewdes @pd micronized ethinyl

s

I t ' ' - (f . .
OSRAM xALs Bt b S BAR1 el BBRPRAIN i fiphd cviny e
gamh wlia@beized ttonagebtrddy. iSubseiqnently Shevihemegenized gowdéhmbaie was blend
(c% re i.nterexchangeahl e., The present invention is
§ GHFHE UHBE 825 B CPHOBHRS SRNbICREN,; DIERA FHET (HAERrtEAE2s) and the

ety Y Gt B G o  ricr,
PAsgardiag ito thip process a batehecdre geanaliter andgp bl Bt diae Igyer granulate
P%%e%)azn%%é&édg %%gr granulation these batches were lubricated with magnesium stearate
in order to facilitate the next processing step (co-extrusion). The composition of the
granulate batches that was used to manufacture the tri-layer fibre, using a co-extrusion

process, are described in Table 1 below.

Table 1:
. Composition
Material Core granulate | Intermediate layer granulate
Etonogestrel - 10.3%
Ethiny] estradiol 0.095% 0.092%
Evatane 28-25 99.8% 89.5%
Magnesium Stearate | 0.1% 0.1%
Total 100.0% 100.0%

Tri-layer co-extrusion

A Plastic Machinenbau co-extruder (15/18 mm) in combination with an EX10, Fourné (10
mm) extruder was used for trico-extrusion. The 18 mm and the 15 mm Plastic Machinenbau
extruders processed the core and the intermediate layer respectively and the 10 mm Fourné

extruder was used to process the skin (outer layer). The three extruders were connected with
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order to m x the active ingredients etonogestre
(steroid A) and ethinyl estradiol (steroid B)
honogeneousl y through the polyner, two subsequent

m Xi ng steps were perforned. l;'l6 the first step, dry
powder m xi ng was perfornmed with the mcronized active
compounds..and .. ..o r [. ~Ahese.mi.croni z ..
PSR oL IR RAMR, PSRRITAB 9o siming purs o
stantrblabs valime flowtrata (el Agw)oflRacane). (Bathiréd mBIOABws were combined
principle) with a fixed rotation speed of 10
apBroRInpeeLIesultng inatitre with G layess: o gapilipry of 4.1 ey waswerdy All fibres
m . ' opol ynmer and active
co‘%rr%ggﬁg;s&?gr %é?Eg‘?‘ﬁ{Sﬂ}?g?é&%%?oFbongf powder and

m croni zed ethinyl estradiol) as well as for the

i di I |y wil ' i zed et hi nyl
O RInE ol Bt OWA R RSEL b, Gamalery St & il or 4.0 mm,
t NRd RRIRGIEdA 1224 tHIOMER or Bk éﬁaq?tmcmeelagelr vk bbidhedn adjustment of

using a 25 nm co-rotating double screw bl end extrude
( Bbe spipning MERB) Eagl afhibe 1t5-layes ufitire repriamgsli wast pdduced by using the

pal r. .str.ands re cut.into granul es using an Scheer

CrnP S AN el A i biseie S 8l 3k Pt JEfA4 and Bi-
0 rB4) UA AéreapBrdflintutddR DO hinutdsafiB@t 8d-exth@ionrof SachVakiadtethe tri-layer fibre
were manufactured. After granul ation these batches

weras collestedeen @ gtaiplest steelgad P13 miniesaThe opigr diameter pHthe fibre was

f gLk : r ' - [
AL 0 R RSP ALERUTF! Re s v
usad of thesesdOuhimates) rtite ditwaettr of-theafflere, thickniess ofthe Adddie layer, thickness of
CQ: extrusi on %&)ﬂ?&{oce sd are described in Table 1

btk wagspeasyr TBPFITE8C- Conposi tion Core granul ate
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Fibre dimensions

The fibre dimensions (outer diameter, intermediate layer thickness and skin thickness) were
determined directly after processing and on 10 assembled rings. The outer diameter was
determined by means of laser thickness gauge (Mitutoyo). The intermediate layer and skin
thickness were determined using a microscope (Jena). The results for the loaded batches are

shown in Tables 2a and 2b.

Table 2a: Fibre dimensions of 4.0 mm loaded fibres processed at an extrusion speed of 3
m/min (except variant A3, which was processed at 1 m/min)

Variant | Fibre diameter | Intermediate layer | Skin Skin polymer R1/R2 R2/R3
[mm] [um] [um]

Al 4.00 67 66 Evatane 1020 VN3 1.0341 1.0359
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In-vitro release rates

Results for in-vitro release are shown in Table 3, Figures 1 to 4 and Figures 6 to 13.
Figures 1 and 2 show the release rate of etonogestrel from one sample of each kind of ring
tested. Figures 3 and 4 show the release rate of ethinyl estradiol from one sample of each
kind of ring tested. Figures 6 to 13 also show release rates of etonogestrel and ethinyl
estradiol from one sample of each kind of ring tested (A1-A4 and B1-B4). In Table 3, the

release rates are calculated from six (6) samples of each kind of ring tested.

Table 3: In vitro release rates for all produced batches at t=0.

Batch In-vitro release rate of etonogestrel In-vitro release rate of EE
(ng/day/ring) (ng/day/ring)

(2-21) [ (%) (2-21) | (%)

Day 1 Averageday |Rsd| Day 21 Day 1 | Average day| Rsd | Day 21

Al 258-264 194 1 177-180 | 22-22 14 1 11-12
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Assembly

The 4 mm batches (Ax) were cut to pieces of 157 mm and welded with a welding
temperature of 130°C and a welding time of 15 second, on the TWI mono welding unit.

The 3.5 mm fibres were cut into pieces of 157 mm and the ends were glued together
(Loctite, type 406 and 770; cat nr. 40621 and 77012).

Thus, a novel three layered ring design, with layers varying from 50 to 300 um, was
processed with limited variations in skin thickness and intermediate layer thickness.
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analyses are described in Tables 4, 5 and 6. It is apparent that the burst release of all three

NuvaRing® batches increases upon storage already after 12 months at 30°C. With exception
of variant A3, all seven batches of a ring of the subject invention show a constant or a lower
burst release after storage at 30°C. Visual examination of rings from batch A3, revealed that
the increase of the burst release is not due to the formation of steroid crystals on the surface
of the ring. The fact that the increase of the burst release of batch A3 is not due to crystal
formation on the ring surface is also shown by the small differences observed between
individual test result as indicated by the low RSD (relative standard deviation) value.
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i nproved three-layered ring versus ring described in

WQB)04/1882¢ 965 This exanple illustrates the benedT/EB2004/050850
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the subject inproved three-layered ring relative to
the 5 three-layered ring described in US 4,292, 965.
In US 4,292,965 two steroids are acconmodated in the
internedi ate | ayer; no steroid,i,s present in the
core. 10 The essence of the inproved three-layer ring
Is that the release rate of two or nore steroids can
be adj usted i ndependently from one another and that

t FEXAMPLEI3s iproeed thres UsletddFingeus figd &acribed & €S #002,865
nore prol onged period of tinme while maintaining
physical stability at room tenperature conditions.

| e AR P B oo P R 88 Mol B g peative ot

c cthee-dayered aing idesgribleksin 418 42920965. non- nedi cat ed core as

15 described in US 4,292,965. It is not possible to

| oad nore than one steroid in the internedi ate | ayer

| Nntie 4005 968 Ilb ReeroiflO A RBSMsYRed H)d@l@%‘lgﬁﬁgdla"tﬁia?éis %o steroid is
In order to adjust the release rate of two (or nofej

stpegsentds thercore. one conpartnment, only one ster0| d can be
present in the crystalline phase and 20 the other(s)

has to be present in the dissolved phase. In case

StRHe@ssdndd ¢fIhP MigrbyedihsSdyer fify fskat I éRehsdtl thiedE Wb dSRore steroids
the steroid in the crystalline lattice will be in

AR P adigted | indspendenty fiem epesanethee @nd that dhejringsiisnahde fongustain this

i
34 ol ) 1 A Ay g o
t Hemperafine cokditionsh ITdnisntJpleCﬁmmnsltcatesn’@e takleadtagetoftthlahnproved three-

t klnthlcn Iread used a ns to _

Hﬁ‘ E‘é% a3 Joadgh cogg fyes R, " depign it aremsdicated core as
rqe@nggd;nr@sasggpg@- conponent, steroid B can only be

tuned by ch003|ng the appropriate concentration.

Since steroid Bis onIy present in the dissolved form

T TR —

oA aiitElla\bymdﬂféth Irél&s& hﬂ dtﬂérutﬁ‘ﬁadﬁﬁst tHeerele@SeeratObf two (or more)
(the core). Thus, the volume of the reservoir

d teEidn Tiers ops eorapASERANt, Only NG StsTajé gansheprasent B thoerystalline phase and
behd cﬁﬁé}'@? has"o bb ﬁre(sén@ ¢h thd Qissolved phase. In case steroid A is partly present in the

crystalline phase, the steroid in the crystalline lattice will be in dynamic equilibrium with

dissolved steroid. Since the concentration of steroid A is pre-determined, the release rate of
steroid A can be adjusted by choosing the right skin thickness. Considering the fact that the
skin thickness is already used as a means to adjust the release rate of steroid A, the release
rate of the second component, steroid B can only be tuned by choosing the appropriate
concentration. Since steroid B is only present in the dissolved form, more steroid can be
incorporated into the ring (while maintaining the same concentration gradient over the
membrane) by increasing the volume of the reservoir (the core). Thus, the volume of the

reservoir determines the amount of dissolved steroid B that can be loaded in the ring.

For ring A2 of the subject invention (see example 1) the volume of the intermediate layer and

core reservoir can be calculated as follows. The fibre dimensions of ring A2 are



For ring A2 of the subject invention (see exanple 1)
the volune of the internediate |ayer and core

WO e®enyiddé can be cal cul ated as foll ows. The fPOI/EP2004/050850
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di mensi ons of ring A2 are WD 2004/ 103336

PCT/ EP2004/ 050850 27 approxi mately; length 15.7 cm
dianeter 4.0 mm thickness internediate | ayer about
60m and skin about 80m and th yol umre of the
internedi ate | ayer and the core of approximately Vi,t

= . n = 1,. T it]es. th.core
ancpribifeeliatts 5.7 b qhere 06 R IBCGF pGomBEhl R foout um
anandskirsabguiedOuiny aridithe Woleae of tht iiterfedigtedsydr hiif e 68 lofhproximately
| ayer ﬁreSaproximately 1.71 g .and 0.11 g . )

r e¥pec N enlandr¥er Sohdbmtly Zhe densities phbethecoreopnd infeamediate layer are

i Ntk [ ' ' 9 . .

o foRVEY lofsE 1 P ERAL drid SRR Rt b U STl infiftediate layer are
t happrowimatelydi.dt eg land dx11c gnespectiveyp (Fhexcomaénttationl B irDthe core and
EE. . Thu in this partic case (A2 re than . .

P IR ie 1y i sberpiBiatchel b R pr s o oS approvimately
| Mpe0)e EH Mol lifeiAthtIR ér%n&mmbl%ﬂirﬁa@eéa 10600k Mhus, in this
a non-nedi cated core. 10 The release of EE fromring

A2pagticulagrease 6M2)omore then jappioisataly d8 timesf ingrer BE3caarie loaded in the
ca to LlLlustrate the advant age of .l cadin
© Aot S| fheh bl dofpfivelt 5, A" 81t £ 61 BlediB b0t

(release day 2 -21) is between 15 and 10 g/ day and

the content of the internediate |ayer alone 106g3)
wolirerefsase; of fif fromiringtAZ e nafioa of timefigpresspteddn &g\a@t and can be used

re [

o Canafia Bt bR in: AROFInER, TR Al At mse oloase
al days2 -Ziyrip betvebty 15 e |16t jgidayrmhd tthe cortém afehe hit@medine dayer alone
dr al.r ea dramatically aftef.a few days. Mreover, .

i figis) H@O“g‘%e? w%ﬁ*gﬂt toSuptpina éﬁﬁﬁnat?ffgél,e%g?t_edwer ¢ geriod longer
| nihed Bftw dhysl WHeRRsd heR 7(dags the GhitermeiakOBy Ghduid BE LitBst completely
situation is obtained and tonsequently t¥1e

c odepletedrand therreleaserate wiould ¢rop alady deadtiaticadlylafiges fewi days.

decrease, which results in a pharmaceutical product

with an unstabl e rel ease profile. However, when the

C OMercoser] dadfinl desigh subk as AL oLUS AIR)965,| iR t&intérall diffusion into the
the internmedjate |ayer the desired equilibrium ) )

si toffat? Rom-gquilippuy; sitagtionTis pbtained and enngeausntlyt e iwersgniration EE in the
dug i e [ | ffusion)

| aricgfoddl BRSPS, PRob 3Pl B piEEmaRtlce blogtl Al unstable
USektae9Rof16 Howdver wher thenqoreisdehdbd with theasadie concentration EE as in the

intermediate layer the desired equilibrium situation is obtained.

This non-steady state behaviour due to internal diffusion (also called back diffusion) is
inherent to the three-layer design according to US 4,292,965 while the improved three layer
design eliminates also these undesired effects.
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design elimnates al so these undesired effects. WO

2004/ 103336 PCT/ EP2004/ 050850 28 EXAMPLE 4 -

t hree-| ayered ri ngsBCTREIWY050850
(20) additional three-layer fibres were prepared

(E-X). The fibre variants had a dinension of 4 mm

(E-V), 3 mm(variant W and 5 mm (variant X). All

fibres were spun 5 froma sin capillary (3.6 M.
Several core and internediate granul ates (Cl1-C4 and

DﬁE%Mﬁﬁ?Egﬂ %M W&ﬁﬁlgrr@ﬂl?rr <1 r%ai. essentially
t

with the
foll owing mnor changes: 10 G anulates C4, D and D2
were mxed in.a stainless steel

( BAFFRY COh aisitinal, deslayer  fres werei g @ed) ofhe fore

&)-ofhe fibre variants had a
ap Binfehsi frn? for. ' exv{:
Corrposf??gﬁh)é%ﬂr;g éﬁé?}%t(gésn ari aaﬁ{ftsé'tﬁlgn%g?gr?(gl All fibres were spun
Et fromyal sinfilesoapill2§2B.6 nivhgnesi um Total  estradi ol

stearate O -- 0.16%99.7%0.1% 100.0% C2 -- 0.13%
99.8%0.1% 100.0% C3 -- 0.20%99.7%0.1% 100. 0% C4

0. Sevetll QorkOdRtefi? % E TR B152 {RPRER)
intermediate | ayegnr{e(g?%ﬁal%g?tgg @/ﬁaﬂ? BEtl g)r%ogest?ﬁlb Weke prepared
Et beingy pssetially g sove wsthod sis udescTibedilin Exsmpladi etith the following minor
st%%g}ge%e D1 10.5% 0. 16% 89. 2% 0. 1% 100. 0% D2 52.5%

0. 7.2%0.1% 100.0% Tri-layer co-extrusion A

FoGtan@lates 020 DE Xdnd UDE ivefe2iixé @ /inl 8 stiifllesw@feeli&aM sty 4 RBonrad (Barrel-
production of the three-layered 20 fibres. The 25 nm
exheop@encipley with a diyed speedefrappioxijrately o prisfor Gminpies.) 8

mm ext ruders

Table 7: Composition core granulates

Variant Etonogestrel | Ethinyl Ateva 2820A | Magnesium | Total
estradiol stearate

Cl -- 0.16% 99.7% 0.1% 100.0%

C2 -- 0.13% 99.8% 0.1% 100.0%

C3 -- 0.20% 99.7% 0.1% 100.0%

C4 033 % 0.16% 99.4% 0.1% 100.0%

Table 8: Composition intermediate layer granulates

Variant Etonogestrel | Ethinyl Ateva 2820A | Magnesium | Total
estradiol stearate

D1 10.5% 0.16% 89.2% 0.1% 100.0%

D2 52.5% 0.16% 47.2% 0.1% 100.0%

Tri-layer co-extrusion

A Fourné trico-extruder (25/18/18 mm) was used for the production of the three-layered
fibres. The 25 mm extruder processed the core layer, whereas the two 18 mm extruders

processed the intermediate layer and the skin (outer layer) respectively. The three extruders



processed the internmediate | ayer and the skin (outer
| ayer) respectively. The three extruders WO

wQO@4141333836 PCT/ EP2004/ 050850 29 wer e connecPEUERZNI050850
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a 3-conpartnment spinning block with 3 separate

spi nning punps (to control the volune flow rate (nelt
flow) of each layer). The three nelt flows were
conbined in a spinneret resul t2| ng in afibre with 3

| ayers. A capillary of 3.6 m was used. All fibres

i TR il o 3o bhigt Bl g IR T2 Repell iing pumos (o

f i dohgoldhavdime flow rate (Meloflow) Meacﬁl'hﬁer? ds ittireeimkid f16Ws were combined
t hi ckness for Skl n and |nter medi at e ayer vvas obt ai ned

byl &dpirgewkrsuling e tibreyyitng yersudmsapilleny of 3¢r mpmwas used. All fibres
trerb BVRIdell hPnCex¥ib e%ﬁegfﬂ geced by using the
appropriate spinning rate and spinning punp settings
(totally 20 variants E-X) After apprOX| mately 20 10

g AURECHERUCL IR L p—
r %Elréd%yéztglcmegélf&%hnqiﬁ ﬁﬁéﬁﬁé’dle@é el hs %mh&fb{: laju@tment of the

was measured on-line continuously Udsing a |aser
m spinpingtpempsa.nigach ef dhedisielay et fibrehearsnta rwas pmetiuaed b esiegthe appropriate

T W R T T C ——

t NRinGies Gi-1er corEx@THIBEOf @it vaBa® tHE & 1@&65&@%@661%& on a stainless
and X were collected for only 30 mnutes. 15 The

| Ftegbreekiop | Hminutes. The awites diameter obthe Shrerwasimsasusedenyling continuously

2. &, 1 04 er .

- g g O Gl s 8 M s 120 mines, e
di dismserools thé hfgbre, ntlmkmssiloattbe rdgdie ldyet, cdndethe thickhesd bfithe skin was
t hi ckness re . det mned chfl re vari nt 20

f PesReER P resied T eﬁ%r%(o %’Q%GYYF‘WF@ for only 50 minutes.

t riHe Qodéll 'HbPds Qbre prbb&s@i e SHriNi®l §lecd'BF2. 0@ ?ﬁ/ﬁiﬂo? ‘%Qnants E-V, at
for each fibre variant fromfibre pieces of 6 sanples

d B 39my/min dereatiant V,@nd at 1.20m/minxorvadent X.i bres . The
outer dianeter was determ ned by neans of a | aser

t hi ckness gauge (Zunbach). The internedi ate | ayer and
s Kiibretdiménsionss were determi ned using a mcroscope

(Jena). The results for the |oaded batches are shown
ﬁ[‘hymrggedgg laygp thigksiesg @nd skin thickness were determined for each fibre variant

from fibre pieces of 4 samples during the trico-extrusion . The outer diameter was
determined for each fibre variant from fibre pieces of 6 samples during processing on trico-
extruded fibres . The outer diameter was determined by means of a laser thickness gauge
(Zumbach). The intermediate layer and skin thickness were determined using a microscope

(Jena). The results for the loaded batches are shown in Tables 9a, 9b and 9c.
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WD 2004/ 103336 PCT/ EP2004/ 050850 30 Tabl e 9a:

Fi

di mensi ons of 4 nm | oaded fi bres processed at an
we@xdonaeizadr speed of 2.00 mmn Variant Fi bre PCT/EP2004/050850
Conposition Internmedi ate Conposition Sldn RI/R2 R2/ R3

Ski n
[ ]

| ayer
1070 F 4.01 C3 60 D 100 1.05
4.02 C3 63 DI 126 1.0669 1.034
53 D 94 1.0491 1.0284 Ateva 1070 |

di anmeter core | ayer

[

internediate [nm] polyner
E 4.01 d 61 D 110 1.0580 1.0333 Ateva

1.0325 Ateva 1070 G
Ateva 1070 H 4.02 C2
4.04 C2 62 D 123

br e

1.0648 1.0338 Ateva 1070 J 4.02 O 148 D 110 1.0579

1. PaiIO 9N FiBEa dikiehbiondof4 MR meaﬁb@a
Ateva 1070 L 4.03 &4 67

M4.01 d 61 DI 146 1. 0780 1. 0339 At eva 1231

1

1

12

589

N

4,03 C 60 D 133 1.0701 1.0329 Ateva 1231 0 4.01 C2

ﬂo&ésséld £ as Sxtiusidh3Peed of 2.00
8 . 0365 Ateva

63 DI 167 1.0909 1.0355 Ateva 1231 P 4 02 C3 63 D

1[3%iant DS 1] Oumitay dveerngigy | Qubsion 0 DRIRPG] R2ZR3 | Skin

1| 0871 di@B3b ookt eva 123d (mR 4. idm@ate 70 315 1. 1848 | polymer

1. 0428 @;nﬁva 1525 Si4.05 C2 o 277 1.1585 1.0411

A 4.02 C2 68 D 335 1 2000 1.04p3 Atedva

1525 (Y. 04 €3 67 D[ *298 1. 11 1. 040E A ef 525 BF | Awva 1070

404 C34®5 D| <834 1.1981 1. 040N Ateva| W825 | 507aH| 18525 | Awva1070

9o Hl D@ Qi mensions (@ S5 MMimaded T B6ES PIeserSS®Eu6 | Ateva 1070

e exh ustapspeeqd i —3-59; 9% 1.0491 | 1.0284 | Ateva 1070

I 404 7] 62 DI 123 10648 | 1.0338 | Ateva 1070
7 402 o 148 Dl 110 10579 | 1.0845 | Ateva 1070
X 4.00 Cl 28 D2 11 10588 | 10150 | Atcva 1070
L 4.03 C4 67 Bi 112 1.0589 | 1.0365 | Ateva 1070
M 401 CI 61 DI 146 10780 | 10339 | Ateva 1231
N 203 2 60 D1 133 10701 | 1.0329 | Ateva 1231
0 401 ) &3 Di 167 10909 | 10355 | Ateva 1231
P 402 C3 63 DI 132 10703 | 1.0347 | Ateva 1231
Q 402 3 60 D1 161 10871 | 1.0335 | Ateva 1231
R 404 Cl 70 DI 315 11848 | 10428 | Aweva 1525
S 4.05 &2 69 DI 277 1.1585 | 1.0411 | Ateva 1525
T 4.02 C2 68 Di 335 12000 | 1.0423 | Ateva 1525
U 4,04 C3 67 D1 208 1.1731 | 1.0405 | Ateva 1525
v 4.04 C3 65 DI 334 1.1981 | 1.0401 | Ateva 1525

Table 9b: Fibre dimensions of 3 mm loaded fibres processed at an extrusion speed of 3.59

m/min

Variant | Fibre Composition | Intermediate | Composition | Skin RI/R2 | R2/R3 | Skin
diameter | core layer [um) intermediate | [um) polymer
[mm] layer

w 3.03 C1 45 D1 83 1.0580 | 1.0324 | Ateva 1070




wQ pioajloizad er nedi ate [n] pol yrmer

mmn Variant Fibre Conposition Internedi ate

Conposition Skin RI/R2 R2/R3 Skin dianeter core |ayer
[mM | ayer WBCTODBPI024/050850
45 DI 83 1.0580 1.0324 Ateva 1070 10 WD 2004/ 103336

PCT/ EP2004/ 050850 31 Table 9c: Fibre di nensions of 5

mm | oaded fi bres processed at an extrusion speed of

1.28 mmn Variant Fibre Conpogition Internediate
Conposition Skin RI/R2 R2/R3 SKin dianeter core |ayer

[mM internediate [mM polymer [mm layer X 5.00 C 74

DI 138 1.0584 1.0323 Ateva 1070 5 In-vitro rel ease

r al¥lje P iibre dimegpionsofis mindogded Ehrse processedab am extrusipalspesd of 1.28
10 Figures 14 to 21 which show rel ease rates of
etonogestrel and ethinyl estradiol of all fibres

Skin
polymer

Evawiynt | Fibre Talp ICompdsiiora ] dnt@rhegiate | NCopagitine § Skinl 4- PR1/R% HER2/R3
el ease,dla,aetegso@ere cal qaglr@,;ngad fr@amdaalex | (B) sanpl es of
ach kllﬂd ring tesgted. Table 10) In vitro
el ease At es for all oroduce d“bat ches at ti0 Batlch

—_ = D =~

Ateva 1070

Vi t érmr el ¢&5e ratq ’6f etonoestrel | 18- vi { H58 d| 1928e

rate of EE (gg/day/gig) (g/day/gig) Day 1 Average
day Rsd Day 21 Day 1 Average day Rsd Day 21 (2-21) (%

15[512"}%‘2‘81%@%"]’%8 183 gg éosiggg ﬁ ig 1?; fZézlﬁ 8; 1
zgl%sgli%fﬂ}rl %15v11}§ refeal@ard $hovidl 1h 48t 36 aﬁ@ﬁlgareg {2 {01 whicKdhow release

rates of etonogestrel and ethiny] estradiol of all fibres (E-W). In Table 10 and also in Figures

14-21, the release rates are calculated from six (6) samples of each kind of ring tested.

10 Table 10: In vitro release rates for all produced batches at t=0
Batch In-vitro release rate of etonogestrel In-vitro release rate of EE
(ng/day’ring) (ug/day/ring)
Day 1 Average day |Rsd| Day21 Day 1 | Average day | Rsd | Day 21
@21)  |(%) @21) | %)
E 140-153 94 1 89-90 23-24 14 3 | 12-13
F 153-162 108 2 99-104 | 29-30 19 2 | 17-18
G 125-131 82 1 76-79 24-25 15 2 | 12-14
H 148-157 106 2 97-101 20-21 13 3 | 10-12
I 122-127 82 1 76-79 17-18 10 4 8-9
J 208-214 101 1 91-93 23-24 14 2 | 12-13
K 123-135 95 2 88-93 21-23 13 3 | 11-12
L 178-187 98 2 87-91 21-23 13 3 | 11-11
M 187-197 123 1 | 113-117 | 34-35 19 2 | 16-17
N 193-198 133 1 121-125 | 30-31 17 2 | 14-15
0 165-171 106 1 98-101 26-28 14 2 | 11-12
P 182-208 138 1 127-131 | 39-44 25 2 | 22-23
Q 170-180 112 1 | 103-107 | 38-40 21 2 | 19-19
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15

| 122-127 82 1 76-79 17-18 10 4 8-9 J 208-214 101 1
91-93 23-24 14 2 12-13 K 123-135 95 2 88-93 21-23 13
w@23A04B336 L 178-187 98 2 87-91 21-23 13 3 11- 1HCT/EP2004/050850
187-197 123 1 113-117 34-35 19 2 16-17 N 193-198 133
1 121-125 30-31 17 2 14-15 O 165-171 106 1 98-101

26-28 14 2 11-12 P 182-208 138 1 127-131 39-44 25 2
22-23 Q 170-180 112 1 103-107
2004/ 103336 PCT/ EP2004/ 050850

-40 21 2 19-19 WO
Batch In-vitro

atef LR, TUI Fease—trate of
E%?cﬁ day/ rll‘rté‘sl&k})e ég"y‘%te‘ﬁ 90 %95? ¢l ver ag:etn'aétgp rﬁgﬁf;’ rate of EE
21 Day 1 Aver age(ugyy/ Day 21 (2-21) (99 ( rfin
(07 R mp}/gm 11 1e(1”nq-ul%iég7ﬁ-7q 19 2 N5-17 q(&g/aéb )
226- 236 131Day 123 Averagpdays Rl |2 Day-215 | Pay §0l A@vage day | Rsd | Day 21
1{102-10% 27-29 15 2 218-224 1P5 1 1016-1: o
41-44 242 20-22 &%%Dl% 6"J{] 1 103-107 30-32 éﬁ& (%)
19- 1R W 1286-202 96 1183- 85 212109312 12623 2 | 15-17
134-144 84 3 77-84 21-22 121 3 10-12 Thel day 1| and day
21 re¥eage2?@&@¥ ijs pri¥ent ed lag 4PE126ingd698 [ he 18 2 | 14-15
irm—denm'l—W ' > i o T AT g e g e -
vgl ue are g_lljl ven) (The %llverag :ldclyllgi qurengge 5 2 | 1212
repragentsatqigapavier ages el epge [rai@1oyver 412¢ [day 23 Up | 2 | 20-22
t 5 includilng day 21.| The presentled vallue is the
m ¢ 18hyB Assehll y 1 | 103-107 | 30-32 22 2 | 19-19
120-122 96 1 83-85 21-21 13 2 11-12
134-144 84 3 77-84 21-22 12 3 10-12

The day 1 and day 21 release rate is presented as the range of the individual results of 6 rings

(minimum and maximum value are given)

The average day 2-21 release represents the average release rate over the day 2 up to and

including day 21. The presented value is the mean of 6 rings.

Assembly

The 4 mm fibres (E-V) were cut to pieces of 157 mm and welded with a welding

temperature of 130°C and a welding time of 17 seconds, on a CCM (Centrum voor

Constructie en Mechatronica, The Netherlands) assembly unit. Fibres W and X were

manually cut to 157 mm and the fibre ends were glued together using Loctite adhesive (type
406 and 770; cat nr. 40621 and 77012).



The 4 mmfibres (E-V) were cut to pieces of 157 nmm and
wel ded with a welding 10 tenperature of 130C and a

wowdoditogz3d i e of 17 seconds, on a CCM ( Cent r unP@DBP2004/050850
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Constructie en Mechatroni ca, The Netherl ands) assenbly
unit. Fibres Wand X were nmanually cut to 157 nmm and
the fibre ends were glued together using Loctite
adhesive (type 406 and 770; gé 40621 and 77012).
15 WD 2004/ 103336 PCT/ EP2004/ 050850 33 CLAIMS 1. A
drug delivery system conprising at |east one
conpartnent consisting of (i) a drug- 5 | oaded

t heLAD$ asti ¢ pol ymer core, (ii) a drug-Ioaded

t hernopl astic polynmer internediate layer and (iii) a
non- medi cat ed thernopl astic polymer skin covering the

| N e "%9% %&Mﬁ{eﬁ} ?9% Cré&@ﬁ ﬁig‘ag%&ts{j @&?ﬁﬂﬁﬂieﬁf EonsiBY of (i) a drug-

is |oa
phar ladei théromplagticamilymee core)(iip a daigelnatieditiehm¢iljstia psigmenititermediate

har paceut.i cally active .c nd, in_di sso| ved for . .
P e 6. Hob Ghagiicd R aNAie TP e? e eAYRHRE Mo intermediat
conpRyad wideihn sfd Smdnnedlat O\Iﬁ?lécgs Radliuvide! b)Vec'b)étals of a first

systen1accord|ng toclaim1l i's phyS|caI y stab
at aPRAIMacEBUQYY. actige camgoungd ded iwity ﬁb)sysaeeandaphmnmmcally active

d d
15 &5l Al B 6 B SN R o M g S compound

|ntehmmﬁbﬁmﬁﬁﬂmwer. 4. A drug delivery system
according to claim1, characterised in that the
delivery system has a subst antially ring-shaped form

a i 0,
d%gh \?2?%95 stem acc rd| ng tgdhﬁ{h ?é#)}%ﬂal\kﬁsgab%at'&bomw 30°C.
said first active conmpound is a steroid and said
cond, active co ound ter0| dru
dek i 5 é‘z}lg?fé(m/%{ 41@% focteimy] Hﬁg%’em\ﬁﬂ@r qpd cqmgound in the core

firsi p?éééthdi‘thé kfhO¢dhcrirafon iR BRIACHRAiatedayef- A drug
delivery systemaccording to claim5, wherein said

second active steroid is an
4. A drug delivery system according to claim 1, characterised in that the delivery system has

a substantially ring-shaped form and is intended for vaginal administration.

5. A drug delivery system according to claim 1, wherein said first active compound is a

steroid and said second active compound is a steroid.

6. A drug delivery system according to claim 5, wherein said first active steroid is a

progestogen.

7. A drug delivery system according to claim 5, wherein said second active steroid is an

estrogen.
8. A drug delivery system according to claim 7, wherein the estrogen is ethinyl estradiol.

9. A drug delivery system according to claim 6, wherein the progestogen is etonogestrel.



estrogen. 8. A drug delivery systemaccording to claim
7, wherein the estrogen is ethinyl estradiol. 30 9. A

wa@leaog/1088B8¢ very system according to claim6, WhBCEEP2IDFIES0850
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progestogen is etonogestrel. WO 2004/103336

PCT/ EP2004/ 050850 34 10. A drug delivery system
according to claiml1, wherein the first active
conmpound is etonogestrel and gge second active
conpound is ethinyl estradiol. 11. A drug delivery

Syt . ] laiml, character] ' . a .
00K UL B B 3Bt PP B Yot o 3Bl hgmpouna s
i nt edtomgeatcbaddaliesecomigrtive eongdond Brefimil Bsttadivkit at e

copol yner as the thernoplastic polymer . 12. A drug

delivery system according to claim 11, characterised

inqt . . dj R .
i S3nd Bee SpBhek Hiing o b WUl GRS e sin bu
t he optidndllye akso ptha siorec apd | terdnterniediateA layet gomiptisev ethylene-vinylacetate
system according to claim211, characterised in that

t he @89@“’5%?4’?1&13 ‘H’%’QF?@(&YIH?% | ayer conprise a

di fferent grade of ethyl ene-vinylacetate copol yner as

the thernoplastic polynmer. 15 14. A drug delivery
syt Ardreg ddrvgineystem adcaidingl toctlaima ¢, eshametdrised inithat théreore and the

core . js additionally. |paded with fh i rst .conpound

75, et el Brpriss SRS, Bgtdi of Sy hd Py FRIRE Sittymer as the
wherthéroplabtiopolyrest r adi ol is present in the 20

internedi ate layer and in the core at about 0.05-1.5%

by weight. 16. A drug delivery system according to

clai j j . radgi ol i t. it

13y YR BB s el aRERARAn g s e
by vieteghédiat® layédr7corpride a gliffbeérnit \geady of ethiylene-ginglacaiate gopobymer as the
cl aietp 16 erein ethinyl estradiol is present in the

i nt SPEFEYPEET RO -and in the core at about 0.09-0.18%

by weight. 18. A drug delivery system according to

claim17 wherein ethinyl estradiol is present in the
14, A drug delivery system according to claim 1 characterised in that the core is additionally

loaded with the first compound.

15. A drug delivery system according to claimn 8 wherein ethinyl estradiol is present in the
intermediate layer and in the core at about 0.05-1.5% by weight .

16. A drug delivery system according to claim 15 wherein ethinyl estradiol is present in the
intermediate layer and in the core at about 0.08-0.5% by weight .

17. A drug delivery system according to claim 16 wherein ethinyl estradiol is present in the
intermediate layer and in the core at about 0.09-0.18% by weight.

18. A drug delivery system according to claim 17 wherein ethinyl estradiol is present in the
intermediate layer and in the core at about 0.09-0.15% by weight.

19. A drug delivery system according to claim 16 wherein ethinyl estradiol is present in the
intermediate layer and in the core at about 0.09-0.20% by weight.



internediate layer and in the core at about 0.09-0.15%
by weight. 30 19. A drug delivery system according to

wa@b@iumiBee wherei n et hi nyl estradi ol is presentPCTEPIN@4/050850
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internediate layer and in the core at about 0.09-0.20%

by wei ght. WO 2004/ 103336 PCT/ EP2004/ 050850 35 20. A

drug delivery systemaccording to claim9 wherein

et onogestrel is present in the3 i nternedi ate | ayer at

about 6-80% by weight. 5 21. A arug del i very system
according to claim20 wherein etonogestrel is present

in the internediate |ayer at about 6-70% by wei ght.

220. A drog delivdry \spstem gedrding a6 oliindi 9 gvhefeire k@hégestte]l is present in the
wher ei n etonogestrel is present in the internediate

| ay eftegmedipg layeras abaySr807ky weight. 10 23. A drug

delivery systemaccording to claim 22 wherein

etonogestrel is present in the internediate |ayer at

allduA drig delitely systang latcoPding o dining 20 evhevedn etonpsdsteeh is present in the

according.to, claim?23 ei n etonogestrel is present
in tﬁ%ﬁm%%m?H?%&%E%W5P2ﬂ§é9%wméw-about 10- 15% by

wei ght 25. A drug delivery system according to claim
24 wherein etonogestrel is present in the

| 2ZeAndrug delevenaywstenaaceonding tol Clain® ¢4 byherin grono@Birddais present in the
drug. del i very system g ding.t.g claiml1 wherein the
rati 0 RY eége%aigﬁwt@@%?ﬁﬁby‘%%}&e 5 is between about

1. 0075-2.0000 and the ratio R2/R3 is between about

1. 0075- 2.0000. 27. A drug delivery system accordi ng )
t P3efalmg SeliveRe pystemn eererding tooclrim P2 veheree stonpgrstel; ip present in the

25 Hy B i LHER 0 -0100- 1. 5000 and the

rati o&%ﬁ@e ?aée%gt V\eeﬂogg%%‘%l 00- 1.5000. 28. A

drug delivery systemaccording to claim27 wherein the

rati | R2.as described.in Figurc i s between .about .

| A8 e Qe T BCCOEln RS 25 SPGB SO 15 prosent in the
1. 020 rmediate layer at about 10-15% by weight. ’

25. A drug delivery system according to claim 24 wherein etonogestrel is present in the
intermediate layer at about 10-12% by weight.

26. A drug delivery system according to claim 1 wherein the ratio Ry/R, as described in
Figure 5 is between about 1.0075-2.0000 and the ratio R,/R; is between about 1.0075-
2.0000.

27. A drug delivery system according to claim 26 wherein the ratio R,/R; as described in
Figure 5 is between about 1.0100-1.5000 and the ratio R,/R; is between about 1.0200-
1.5000.

28. A drug delivery system according to claim 27 wherein the ratio R;)/R; as described in
Figure 5 is between about 1.0300-1.3000 and the ratio R,/R; is between about 1.0200-
1.5000.
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drug delivery system according to claim28 wherein the
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1.0400-1.1800 and the ratio R2/ R3 is between about
1. 0200- 1.0500. 5 30. A drug delivery system according
to claiml wherein the ratio RL/R2 as described in
Figure 5 is between about 1. 03(%%-1. 2000 and the ratio
R2/ R3 i s between about 1. 0100 .0900. 31. A drug

% R BT LARGR Rt Rt § Gl P il GO PR TR B8 fescrbod i

cont Bigne Ris lmnveenmbmtdkx)@b 12k300tand &i. ratho Br/Rg 1sllbétwvehrabout 1.0200-
syst i@ @:cor ding to clains 5-30 characterised in that

t he - additionally contains an anti-m crobi al

agent. 15 33. A drug delivery system according to any

one of the preceding clains characterised in that the

de3f Aedrog rdebivems systam acmpﬁng teolhbn 13wherdin dheuptid R.i/Reeasydescribed in

comp Rk tepritn et 1350 08 4 2 B e bosyeapebout 10100-

A drugogle! i very system according to clainms 31-34
wherein the anti-mcrobial agent is nandelic acid
condensati on pol ynmer. 36. A rret hod of contracepti on

S8 UELEEP ol 38Rk B0 AR g memeti

vagi ]ayéraﬂdm@ﬁallgndmﬁmsénafmhﬂicfdbfwagehe systemw thin
the vaginal tract for at |east about 21 days. 37. A
met hod of contraception which conprises the steps of

(igp. ROg} ’ 1Y el1Yims SY.3h €
1-30 Wiaitu |ﬁmtvh % Fr%[fjgug)églﬁ% : at;ﬁrﬁglgty |bi ret gllk%il n% that the  core
t he additiopallyontains ah bati-mGobiglggers! tract for at Ieast

about 21 days and (iii) renoving the systemfor an
approxi mate one week period to permt nenstruation.

33. A drug delivery system according to any one of the preceding claims characterised in that

the device contains two compartments.

34. A drug delivery system according to claim 33 wherein the second compartment contains

an anti-microbial agent.

35. A drug delivery system according to claims 31-34 wherein the anti-microbial agent is

mandelic acid condensation polymer.

36. A method of contraception which comprises the steps of (i) positioning the drug delivery
system of claims 1-30 within the female vaginal tract and (ii) retaining the system within
the vaginal tract for at least about 21 days.

37. A method of contraception which comprises the steps of (i) positioning the drug delivery
system of claims 1-30 within the female vaginal tract (ii) retaining the system within the
vaginal tract for at least about 21 days and (iii) removing the system for an approximate

one week period to permit menstruation.
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concomtantly providing contraception and treating or

w@e@vaossdlg a sexually transnmitted di sease WhPCHEP2004/050850

10

15

20

25

30

conprises the steps of (i) positioning the drug
delivery system of clainms 31-35 within the female
vaginal tract and (ii) retaining the systemw thin the
vagi nal tract for at |east about 21 days. 5 39. A

nmet hod of concomitantly providing contraception and

‘ . : . .
wrih B ofRORah il Bhdatepdch B3 Hratn Bty BSAARE a somualy
del i tmlrsyiimyla?m(ase_ vdficlttcfh@xp’iﬁes'ith? ﬁﬁpwﬂ({)imsiﬁh?rﬁg ﬂamﬂlﬁtg delivery system
vagi nal tr ij), retaining the systemw thin the .
vagi ﬂgﬂmé 33&5 \vj@%m e %@ﬁk@t‘%a%htm% and Qs)sretaweaﬂg(él? System within the
" ey na1 A F514FleaTabal 22 Qe APPT OXi Bt e one 10 week

period to permt nenstruation. 40. A use of the drug
delivery systemof clains 1-30 for the manufacture of

a.gcontraceptive kjt. 15 41. A use of the dr .

6 P Bb D o lah s sni pton Shil GRmE AF Brexensps a sexully
a meghRaiRadldischs wH dIMRisésORé RERBTH) pbifmRY the fidug Rlivery system
use of the drug delivery systemof clains 31-35 for

t he ofdiimgdi-3s avithin the feoelsi vaginabiract (9 egieining thersystemn within the vaginal

G J6 RRRE R AT B¢ 48 (il Bloy 0 40 ol Y bgropimat one
42 wwegkeperiodl fepetint @asniatiofNl DS.  44. The use of claim

42 wherein the disease is herpes. 25 45. The use of
claim42 wherein the disease is chlanydia. 46. The

N ¢ . . oA | .
330 AncbPoRp MG hiler AR, ot ARLERAE Fomrceive
del ikiery systemof claim1 conprising: (iii)

Produci ng a | oaded honbgenous pol ynmer core granul ate

and a | oaded honmobgenous pol yner internediate |ayer

graanN|@é f the drug delivery system of claims 1-30 for the manufacture of a medicament

for hormone replacement therapy.

42. A use of the drug delivery system of claims 31-35 for the manufacture of a combination
preparation to provide contraception and to treat and/or prevent a sexually transmitted
disease.

43. The use of claim 42 wherein the disease is AIDS.

44. The use of claim 42 wherein the disease is herpes.

45. The use of claim 42 wherein the disease is chlamydia.

46. The use of claim 42 wherein the disease is gonorrhoea.

47. A method of manufacturing the three-layered drug delivery system of claim 1 comprising:

(iii))  Producing a loaded homogenous polymer core granulate and a loaded homogenous

polymer intermediate layer granulate;
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the core granulate and the internedi ate | ayer

w@e@anbase with a polynmer skin granul ate to fRPCTEPINe4/050850
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three-layered drug delivery system 48. A nethod
according to claim47 wherein step (i) conprises: 5
(a) grounding the polyner; (b) dry powder m xing the
grounded polymer with the acti\é% compounds to be
| oaded in the internediate layér; (c) dry powder

m xiNng A I Wi th ] conpound.

olbL" PSTBIRE Ral Rl ol il RS Ko R Rih = potymer
resul tiskin gramsiste torforrh Wictbreoflaysteddtug(delivay dystegn.; (€)

cutting the resulting | oaded pol ynmer strands into

granul es, thereby obtaining a core granulate and an

[ j I o d i £at.i ng both

ol Rehl &eoditgio HRRTY Bhifcnileh ) Uihiniel 0, 2

| ubri cafa ; gronhdingthe pelyaes; (b) and (c) are

I nterexchangeabl e. 15 49 A dr delivery system
conpri s} Eg PWIEL mixing the, W&P#‘%e?fﬁ%ﬁn%’?ﬁ%tﬂ{%ﬁm&? cempounds to be
a drug- |oaded hhRedRnhemtdnnediftb WyBE core, (ii) a

drug- | oaded thernoplastic polynmer internediate |ayer

and (ii(c) drnpewdesdnizingetie igramdehbelymer with| theractiveké¢ompound to be
covering the i ntlegdg‘F%Ili te layer, wherein said

i nternedi ate Iay%r S e5U& with crystals of a first

phar mac@yt blead bxnidthgané tevti fhixitds YHWPRI(B) 28 (d);

core is |oaded with a second pharmaceutically active
Corr'poun@) i gutting the|rgsadfinegJeaded polymer strands into granules, thereby obtaining a

core granulate and an intermediate layer granulate;

(D lubricating both core granulate and intermediate granulate with a lubricant;
wherein steps (b) and (c) are interexchangeable.

49. A drug delivery system comprising at least one compartment consisting of (i) a drug-
loaded thermoplastic polymer core, (ii) a drug-loaded thermoplastic polymer intermediate
layer and (iii) a non-medicated thermoplastic polymer skin covering the intermediate
layer, wherein said intermediate layer is loaded with crystals of a first pharmaceutically
active compound and wherein said core is loaded with a second pharmaceutically active

compound in dissolved form.



