WD 2004/ 103336 PCT/ EP2004/ 050850 Drug delivery system
FIELD OF THE | NVENTION 5 The present invention
relates to the field of fenmal e contracepti on and

pl acenent therapy. The present in
9&{%@2@&%5 a drug delivery system (device) f%&”?ﬁ%“mam“

simul taneous rel ease 10 of two or nore active
substances and nore particularly to a ring shaped
vagi nal drug delivery system which systemrel eases
the active substances in a substantially const ant
ratio over a prol onged a%%f . Since the

i nvention pertains to a]%géd sx”;ery article for
intra-vagi nal use, its use is focussed on typically

f eFphe) BRY Fadicati ons, such as contraception and
hornone-Tepl acenent. The article according to the

5invention is 15 particularly in the formof a ring,
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wi || herei.naf redto as a vagjnal ring.
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Badiegppund art in this respect |ncludes the foll ow ng
patent 20 docunments. U.S. Patents Nos. 3,995,633 and
3,995,634, describe separate, preferably spherical or
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the ot her takes pl ace t hrough the wall of the tube,

eSPACKEROYNIROPTRE INOBSEMet Or age, so that the pre-set
fixed rtelease ratio between the active substances in

question will change over a period of tine.
Vaginal rings are known. Background art in this respect includes the following patent

docurments.

U.S. Patents Nos. 3,995,633 and 3,995,634, describe separate, preferably spherical or
cylindricgl, 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 en_ds 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.



WO 2004/ 103336 PCT/ EP2004/ 050850 2 European patent
publication 0,050,867 discloses a two-|ayered vagi na
ring which conprises a pharnacol ogically acceptabl e

' ring covered by two | ayers preferably of
g#ﬁ@@%ﬁgggelastoners wher eby the inner Iayequxéﬁﬁm“m5M5°
silicone el astoner | oaded with an active substance. 5
US Patent No. 4,292,965 describes a ring shaped
vagi nal delivery systemof three |ayers mnade of
silicone el astomers. US Patent2 4,596,576 describes a

twq; conpart nent.. vagi nal ring wherein each conpart nent
corPARPHE et puplisi 0050467 dselomss fecayeroagieshyios which comprise
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between the variqus active substances,

po Fi(gft%‘ﬁegs whergbpr dheawion layr i silivong dlasjoririeafied yrith g aviee substance.
st oppers. Patent Publication WO 97/02015 descri bes a
two-conmpartnments device, a first conpartnent

5 col'Si Batanh Yoo$, 29,968 rdescribes rreigcebiaped vagiokd |delivesy systemnad three layers

NomafEstmal e dadith&y |ayer, and a second 15

conpartment consisting of a nedicated core and a non
nmedi cated outer |ayer. EP 876 815 discl oses a vagi na

ri VAL L)).which is designed for the .
[ 08 Pl 40639 Lkt  gyo-Sompariet Vagna) os tihgeig; cgeh compartment
cotmingd diffesbnbisrtiestubsgeai To ashievead silitb RpUNAth 4 dbndart ref@sk ratio

1q PhyS] ical ratio over a,prolonged period of tinme. .
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cogimss stoppeey. @ t her nopl asti ¢ pol yner core containing the

m xture of the progestogenic and estrogeni c conpounds

and a thernoplastic polymer skin, the progestogenic

c ormant rabliogtiod VO 97026 S ld¥scAbed 3 M Y-6paRmbhle dVRk Y Bkt oRpStment

mat er.i al ﬁn arelatively |ow degree of
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~conpartments are all aspects of a ring device which

play a role in the designs that have been devel oped.
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constant release pattern, whic Ps 3% Cg$%pﬁ§é@ggmﬁmmmmm
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0 fCOEPAFMENt0 oIPHSDg 36 tRER/EERD P4y 60856 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 relati{rely
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



3 progestagen and an estrogen is used Al so in hornone

repl acenent, however, it is desired to have rings

whi ch deliver conbinations of drugs. Anong the above
dVONME0338s, EP 876 815 clearly sets a standace/epdod/o50850

i nvol ves a one- conpartnent design, it obviates the

need for silastic polyner by using EVA conbinations,

and it releases two or nore active substances in a
substantially constant ratio t@ one another over a

prol onged period in tinme. As any product of technol ogy
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The very device di scl osed in
@gg%%ﬁ@"ﬂﬁ‘ﬁ“"gt?% ‘?Fg Sonly when stored bel ow
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Subgveed proloRfc@y@fd M tile, del i very system solves this
problemsince it is physically stable wunder room’
tenperature conditions and thus does not need speci aI
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Iemmdhblpwwmﬂmutteméely active conpounds can be
rel eased i ndependently fromone another. The ring can

conprise at | east one conpartnent conprising (i) a

me@hecsibject inpRveainfh@adlivery sp@iny S8Mes 82 Sroblérh ishnedit is physically stable

medi cat ed thernopl astic_polyner internediate |a
(i TRIFT JoofR niemperatine; é%Pdlt{oﬁ%r%thﬂ%ﬂOes (rot yaved S@R@ﬂ Storage and

C Otvpongtidat@ndifidg) Medi ate | ayer. The internedi ate
| ayer can be nedicated (loaded) with (a) crystals of

a first active substance and with (b) a second active
Moreoever, in the subject improved drug delivery system, it is possible to adjust the release

rate of more than one pharmacentically active compound independently from one another,
while maintaining the physical stability of the system.

SUMMARY OF THE INVENTION

Disc .
1sclosed herein is 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 i .

€ Iing can comprise at least one compartment comprising (i) a medicated thermoplastic
- . polymer core, (ii) a medicated. thermoplastic polymer intermediate layer and (iii) a non-medicated
thermoplastic polymer skin covering the intermediate layer. The intermediate layer can be

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



WO 2004/ 103336 PCT/ EP2004/ 050850 4 substance in

di ssol ved form The core can be |oaded wth the second
active substance as well, optionally in the sane
cHICEWIME on as in the intermediate |ayer. |pedudhbdipbosso
aspect, there is provided a drug delivery system
conprising at |east one conpartnent consisting of (i)

a drug | oaded thernopl astic polyner core, (ii) a drub .

| oaded thernoplastic polynmer ipternmediate |ayer and
(ii1) a non-nedicated thernopl astic pol yner skin
covering . the internediate |ayer, wherein said
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dptiomlly inDhea B 6L duGRn! X 1ARL lnteEn&RRQUNd and with (b) a
second pharmaceutically active conmpound in dissolved
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ndak t | east abgut s and (iii) renmoved for
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for

vidhll Pc b 1ElUGoiile] ke y System as defi ned above
the manufacture o preparation for contraception
and treating or preventing a sexually transmtted
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ALTtdepiabaut Al dayspnd §idid semoyed foorn appnixiraare pre vdek paithd to permit
meh§t®ationng or preventing a sexually transmtted disease
wherein said preparation is to be Qpositioned within

the femal e
In a fourth aspect, there is provided use of the drug delivery system as defined above for the

mgnufacture ofa preparation for contraception and treating or preventing a sexually
transmitted disease wherein said preparation is to be (i} positioned within the female

vaginal tract and (ii) retained within the vaginal tract for at least about 21 days.

In a fifth aspect, there is provided use of the drug delivery system as defined above for the
manufa-lcture of a preparation for contraception and treating or preventing a sexually
trarihsttted disease wherein said ' preparation is to be (i) positioned within the female
vaginal tract (ii) retained within the vaginal tract for at least about 21 days and (1ii) removed for

. anapproximate one week period to permit menstruation.

In a sixth aspect, there is provided a use of the drug delivery system as defined above for the

manufacture of a contraceptive kit.




vaginal tract (ii) retained within the vaginal tract
for at | east about 21 days and (i.ii) renoved for an

approxi nate one week period #0 pernmt nenstruation.

a sixth aspect, there is provided a use of the drug

delivery system as defined above for the manufacture

(I)f a contraceptive kit. 4a in a seventh aspect, there
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FIGURES
Figure 1:
In vitro release rates of etonogestrel (ENG) for all 4.0 mm batches.

Figure 2;
In vitro release rates of ctonogestrel for all 3.5 mm batches.

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.



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 nun batches. Figure
5: Schematic description of a4taginal ring of the
subject invention. 4b Figure 6: In vitro-rel ease
rates of etonogestrel and ethinyl estradiol from one
Al ring. Figure 7: In vitro-release rates of

et onogestrel and ethinyl estradiol fromone A2 ring.
Fi Opi6ed: | N vitro-release rates of etonogestrel and
ethinyl estradiol fromone A3 ring. Figure 9: In

vi t npdtreeiclsass eatesaf etonaptstrel and ehingt eseddiod fromehlA Dithg,
estradiol fromone A4 ring. Figure 10: WO 2004/ 103336
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Figure 9:
In vitro-release rates of etonogestrel and ethinyl estradiol from one Ad ring,

Figure 10:
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for fibre variants J, K, L, Wand X. Figure 16: In
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Pand Q 20 Figure 17: In vitro rel e
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and V. Figure 18: 25 In vitro rel ease rates of
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Figure 19: In vitro release rates of ethinyl estradiol

for flbre variants J, Weand X. 30 Figure 20: In
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PCT/EP2004/050850 6 Figure 21: In vitro release
raﬁes EL ethinyl estradiol for fibre variants It, S,
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conmpounds, such as contraceptive steroids froma
S ring. According to this law, the amount of mass
“trgpgé e.red over the boundary is an inverse function
of the distance across the boundary. In a two-I|ayer
del8 ivigie; release rajs of glonogesteshandsthinybesthdioldinneone Biyring. (t he
skin) will diffuse first and this results in depletion
of the outer 10 core and hence the diffusion distance
\Mﬂmmﬂﬁkrease The depletion of the outer core |ayer
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speaki ng about t he release rate of one drug substance,
tﬁf bl em of depletion and increase of the
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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, Hand L.

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.



internedi ate | ayer between a placebo skin and a
pl acebo core. Since the drug substance is 15 then
concentrated in a relatively thin layer, | engt heni ng

g&uﬁpf ffu5|on di stance during release is X %ﬁm&;
resu ®in a nore constant release rate od%?“?‘ﬂ%{

The rel ease rate of a cylindrical reservoirfinenbrane

design is: dM17rL D2 | ,,AC 20 dt Ln(ro/r,) L = the
| ength of the cylinder Dp = the diffusi on co-efficient
of the conpound in a skin pol yfrer K., partition

flghent of the steroid between the skln and core
rxﬂ%ﬁﬂﬁ 25 AC = the difference in concentration
betmeRo rdldass 1aRE 6f iyl bathM6ITRHLA Rriad P S, ¥, @agh Yhe sink
ro=1is the overall radius, i.e. the radius of the
cylinder including the skln ri =is the radius of the

COrsETRIERS BESERBTIOR VBN vIRgReNCr der rel ease is
obtained when the tefnion the rig hand side 30 of

5the equation is constant, i.e. not a function of tine.
f
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u el.i gs tem pi call asubstantlally
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15 admem lcodcbritaie® Nn avxlalaﬁm;ﬂ:mmaray&eﬁnﬁenkn@a&tth@ Qfffusion distance during

conpar t.ment
release is minimal, resulting in a more constant release rate over time.

The release rate of a cylindrical reservoir/membrane design is:
dM .. 20, D, KpAC
20 dt Ln (ro Ir 1 )

L = the length of the cylinder
D, = the diffusion co-efficient of the compound in a skin po]ymer
Ko = partition coefficient of the steroid between the skin and core polymer
25 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
30  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



consisting of (i) a thernoplastic polyner core, (ii) a

t hernopl astic polyner internediate layer and (iii) a

t her nopl astic polymer skin covering the internedi ate
r,.wWherein said internediate |ayer conprises (a

M?‘%’I“gﬁgf a first pharmaceutical ly active BoHPE0ts0sse
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r eServoly- Figures 1 and 2 illustrate this

This is accomplished by (1) incorporating crystalline reservoirs of the (first) compound in the
ntermediate Iayer 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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anphriyhpresent in the crystalline phase and partly dissolved in the polymer and the other
(steroid B) entirely 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 (i) a

25  placebo skin..
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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



rel ease rate of steroid B can be adj usted

i ndependently from each other. Mreover, by | oading

the core with-steroid B, al so back-diffusion of

g;oezrogiﬂ% fromthe internediate layer back tq the -
or @M BB event ed Back-diffusion of steroid B EHY050850
lead to a steadily decreasing 5 concentration in the
internedi ate | ayer and thus a decreasing rel ease
profile upon storage (until even distribution of
steroid B in core and internedi®ate |ayer). Al so

sterojd A gay back-di ffuse into the core. This is _
hovﬁ?@&_ (PRI 4o &Y A TReil of s desigpdin elgaseate of steroid A and the
St CloRbed réte dffictdif B BB Rk CnddfibutlySircih 2Bl 48 Morcover, by

because of its presence in crystalline form
speleading thepase Wi idd¥, adﬂqéva@h%ffw of pigreisk B Gom thet inemicdiate layer

A, el B BSQIE Prel Qi B{cgra@gﬁgg g?;(%rah vl 1«%133 b 8RR decreasing

into the core. Thlsvm relrmna
3i nteeneeairatign fiff theinfermeflibiedaysr atkhthes a denzeasiog cdqase mbfile pen storage

"1 @i P Fioti B BF bldOn o obr? 2RPREERERAL By, Ao il A ruay

a relative Internedra
t hehadodiffidelihto be cpree Jbistis hawevdrdesé artivnlaince thessbmestration of steroid A

o8 Hedpllng B oS Pl B i 5 e iy oo

s kiembadimenti of kieeabjectTiresnabm sRroid AE D HigsoNved Form, can however also be

200 DGR A S B S B G

the concentration of steroid B to the already pre- set

ski.n thickness. Since the volunme of the internediate .
x aﬁ;‘}’s’ Hﬁw_&@l’% (A2 Ewﬂve&mnﬁ{ ring|i$ to congepfFateoid-ina selatively thin
t 0 iferfribliath iay@lwhefeliFalt IRARBE R bePRedlBYihd R WPc kN Bipefled in the
relatively Tast A possible too fast depletion of the ]
t hitR Inespediate ayer. Ehe desitor axjeap Rtg ofgrempidaftiis abtamprkbycadivgting the skin
15 Wi tilickeBS, TRDerSHCRMId Al inebPlorkE in%PysWRink fo&n&n@ster?iﬁ B in dissolved

di fferent enbod’i_rrent of the subject 1nvention,
dr dRymfberehydpaking it pessible 4o adjush the oncentpation of steroid dhto the altgady pre-
COGRIekif Gk, | RS the Vot IR 1 R by iyelty i
an internediate |ayer |oaded ]{IJVI t Eﬁg&%%&%ﬂ%{:%ﬁe@ Qmau, this
pr 8awpsch may fepd o rplativelyl smedl cpbters endimely Przomé geplitedadhnmely fast. A
| Npb81:3% B9 lauAE bk 1o fer il o 625 W Wi Bl Bl
B alni cﬁ I's enti réjlnsﬁglgssollae ?{r?gtli po%ﬂ%?ﬁg\]ﬁ%&%gmmme
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25 S5y ok PSS B Mg e polymer n
(ii}) a placebo skin.  This ring design, although containing only one steroid in the
intermediate Iayer (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
30  diffuse into the infermediate layer and at a particular point in time will contain (i) an
intermediate layer medicated with two steroids, ome (steroid A) partly present in the
crystalline phase and partly dissolved in the polymer and the other (steroid B) entirely
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internmedi ate | ayer nedicated with two steroids, one
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and partly dissolved in the polynmer and the other
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made out of the sane %ra e. |I'n anot
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t he

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

25  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

30 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

mimn.
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sectional diameter is 30 between about 2.5 and 5 mm

in a specific enbodi nent between about 3.0 and 4.5 nm

and in another enbodi ment between about 3.5 and 4.0

mm and in yet another embodinmebt is 4.0 nm WO

2004/ 103336 PCT/ EP2004/ 050850 11 It is also an object
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anti-bacterial drug such as any antibiotic,” any

ant¥rehial drug sadierany aptighagtenial drug sighias anyantbiefic, nyynti-viral agent, any

gphiéﬁ-ﬁﬁ@l B8 aRPERro BRI AIPAR eRknpR br & bis Mcfb2Rl-&
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): 1107-1115).
Another example is dapivirine (4-[[4-[2,4,6-trimethylphenyl)amino-2-

pyrimidinyljaminoJbenzonitrile),

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 Jayer and R; is the radius of the core. The ratios of R,/R, and Ru/R; described
in that figure are defined as follows:

Ranges Ri/R, Ra/R3 J




contenpl ated to be incorporated into the vaginal ring
of the subject invention is mandelic acid
condensati on pol yner (Zanefeld et al. (2002),
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treate and/ or prevented can be any bacterial, viral,
fungal or protozoal infection. Specifically, 15

ot QE % chl dla _
E'gfﬁ%e aﬁn@ tg%g ﬂ\ﬁ%@&iﬁ%{ S %)ove é\l{so B usad concomitantly
prowde contraception and combat microbial dlsease. The microbial infection to be treated
and/or prevented can be any bacterial, viral, fungal or protozoal infection. Specifically,
sexually transmitted diseases such as HIV, chlamydia, gonorrhoea, or hetpes 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.

7 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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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-

25  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
30 layer and in the core at about 0.05-1.5% by weight. In other embodiments, ¢thinyl 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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(d) blend extruding the resulting powder mixtures of steps (b) and (c);
(¢) cutting the resulting loaded polymer strands into granules, thereby obtaining a
core granulate and an intermediate layer granuiate;
(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-layered ring
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facilitate the next processing step (co-extrusion). The composition of the
granulate batches that was vsed 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 - . 1.3%
Ethiny] estradiol 0.095% 0.052%
| Evatane 28-25 99.8% 89.5%
Magnesium Stearate | 0.1% 0.1%
Total 100.0% 100.0%

Tri-layer co-extrusion

A Plastic Machinenban 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 Foumé
extruder was used to process the skin (outer layer). The three extruders were connected with
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' The loaded fibres were processed at an extrusion speed of 3 m/min for variants A and 3.9

m/min for variants B. Except variant 3 which was processed at 1.0 m/min for the fibre A3
and 1.3 m/min for the fibre B3.

20  Fibre Hﬁnensions
The fibre dimensions (outer diameter, intermediate layer thickness and skin thickness) were
determined directly after processing and on 10 assembled rmgs 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
25  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 RI1/R2 R2/R3

[} [nm] [pm]
Al 4.00 67 66 = | Evatane 1020 VN3 | 1.0341 1.0359




and the desired | ayer thickness for skin and
internmedi ate | ayer was obtai ned by adjustnent of the
spi nni ng punps. Each of the tri-layer fibre variants

ed by using the appropriate spinnj [
gﬁg{@%ﬁﬁﬁgng punp settings (totally 2 x 4 va*é%ﬁﬁéﬁﬁ%ﬂ&m
-A4 and Bl 10 B4). After approximtely 20 m nutes
tri-layer co-extrusion of each variant, the to -I|ayer

fibre was collected on a stainless steel reel for 30

m nutes. The outer di aneter of31he fibre was neasured
on-iHRe—epptnuousiy—tsi-Rg—a1-aser—m-cronpter.and

r egorded t the st art and xtgitheh“?ﬂe o%?prhes‘?d‘%go 10328
m riUBes, | e di andfer of t he294 br EyatabeiORME s s| LIF72& he| 1.0410
m ddlse Thy@r, tNI{GINESS Of BdTe Sl AndVosn VBaSOEY ant o7;
r ecot-ded-—1ib—Fhe—tocaded—ftibres-were-processedlat an
extrusion speed of 3 mMmn for variants A and 3.9

M ntTabler2byEibre dindefsidhs oEX 6 @ lovded ifiB@S proceydell 66 hn\dSusion speed of 3.9

proc sse at 1.0 n for the fibre and 1.3
tﬁ@%ﬁ%ﬁé“ﬁwsﬁ?@ cﬁ'F(@H‘Ql ons The fibre

tn/
di rren3| ons (out er diameter, int errredl ate |ayer
th| %&{éﬁb?bﬁlaﬁmaﬁl Ifnéﬂil &atlér S5 e u ter-m-he
di tectly éfter proées%l ngdycgns on %ﬂ §mernbl edhkrll ngs. R2R3
The¢ out ¢ anmet el s det e ned by neans df |aser
t hi @knes§4gauge 4t ut oyo) . | he mermmme la@yar  anp3si
skirgy thHizGkmess wey e detern d g5cane
(J na) 'I:é(lfg_r_eculf% for thell oade %aﬁ&tc es ar;}%S 1.0319
sholth i 13780l es 28° and 2b. [ | Btenetig ¥4 i Ha78] onlsl.oH3
of | 4 0 m¥se oaded |#3% bres procmsse:lB\aﬁneaMOMrLsumn 1.0294
speedof —3—mmir {except—vartant—A3,—whi-ch—was
processed at I mhni n) Vari ant Fl bre di aneter
i nt medl kin

~ ‘y‘Sﬁ“‘% @éwtvmﬁite por as enal fo

1 o:aasngvm mmmmm BEThih M&ﬂd«:@ﬁ?&ﬁﬁh 0.095 %\EE4n 88Pc)Sthe

By HEER6T R 2 D33H4 for o permedine Tyt an cor resectvly, was

10

15

considered (practically) identical.

In—vitro release rates

Resulis 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.

Baich In-vitro release rate of etonogestrel In-vitro release rate of EE
(ng/day/ring) (ng/day/ring)
Day 1 Average day |Rsd| Day 21 Day 1 | Average day| Rsd | Day 21
(2-21) (%) (2-21) | (%)
Al 258-264 194 1 [ 177-180 | 22.22 14 1 | 11-12




A4 4.00 51 80 Evatane 1020 VN3 1.0417 1.0273 Table
2b: Fibre dinensions of 3.5 nm | oaded fibres processed
at an extrusion speed of 3.9 mmn (except variant
ggme)iog was processed at 1.3 mimn) vari antCFl br e 1030850
Pntermediate | ayer Skin Skin pol yrre}r) W]W@
R2/123 1ml IPM [Pm R 3.49 54 58 Evatane 1020 VN3
1.0344 1.0331 B2 3.51 52 73 Evatane 1020 VN3 1.0434
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134 3.50 48 70 Evat ane 1020 VN381.0417 1.0294 5 The

Hhe—active—constituent-s-i-n_core and

congefifatron
i nt br fakli At &1 %%?el wad®% denlt ilchi 1900152 L 1p-20; ngs 1210. B4 | 10-10

E WP92% T gan [ 1 N g[gTEAT[A(E| T ABER4 38535095 Y4 EE [Ty 3.9
corp)._The cancentration aof 01092 and{0.099%for th

{§»)

i nt pr rdi at élx-Bjer andtcorg ﬂe:p@@tli&?e v9-20qs 12 1 [ 10-10
congidereg (practica-ty)y—Tdenttcat—01tHA=—viit+ro
relpase rates Resblts for ijn-vitro rel pase dre shown

in TalBle 3, 283-23ar es 118% 4 [and] Hsguees| 6920 [13. 13 2 | 10-11

Fi-g H-es and-2—showthe-rdlease rate--bf gldnogestre

fro ;B%e Lalfr@7of eak® ki rdlgfwlﬁpﬁai 48484, Filjuref 1 | 510
3_atdm showestive [elepge T e OT1ipliMa NyhsogT T adhg! 1| 88

fro sanple of each kiind of ring feste Figure
6 tlo P4 al 2516w r el Hdse raels 1618t ohage®t|rel 1and | 2 | 99
et himyr—I5 estradrot—fromone—sanmpteof—eact—k+nd—of
ring tested (Ai-A4 and 131-134). In Table 3, the

rel day l andday i eclensd retglisprescntéd asthesrange 06ihe inelividualaesolts of 6 rings

10

15

eacgm-gi:p' ale| I . Jable 3: In vitro rel ease
rates ftor ag{” pr%ﬂ&%@%ﬁggﬁlﬁes at tom Batch In-vitro
r eI Cheayemgd day 3§21 e&lmp:s!ens Ithelamerageireloase edto@sethé adye? Wito and
£er.q) 1 Average day Rsd
m&%&%‘q"@g‘%\?‘g?"?&‘g‘%&i@ HE Y Dg‘{“ WESo1) (0 (2-21)
(% Al 258-264 194 177-180 22 22 14 1 11-12
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.



WD 2004/ 103336 PCT/ EP2004/ 050850 18 A2 216-225 162 1
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declZas sl 24 months was determined by analyzing 6 rings per batch. The results of these
analyses are described in Tables 4, 5 and 6. It is apparent that the burst release of all three

15 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

20  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.



physi cal

stability. The burst

of 8 batches of a ring of the
tested at tine zero and after

y

b3had

am na

P

3@ 30C/ 75% R. H.
sachet (WD 99/30976) .

in a

10 representative NuvaRi ng(r)

at tine zero and after
at 30C 75% RH.
sachet .

af (PR 4{ By

The rel ease

12, 18
in said cl osed

2 r|n

AP

rel ease (day 1 rel ease)

subj ect

i nventi on was

12, 18 and 24 nonths

cl osed alunln%qhd%é

The bur st

0}{1/05?850

rel'ease”o

bat ches was al so tested
and 24 nonths storage

aImnnumfoH
rate at t4%re zero was deterni ned

#i %ﬁéﬂ%@r 3291@?

e rel ea

fiueeesy

| am nat e

rate

308

anal yzing 6 rings per batch. The results of these

an
apparent that

af

al

sh

S

t eVuviRing®n

les 4 5 and

6. 1t is

C/75%R.H.

descri-bed-in-Tab
t he bur st

hs_at 30C Wth

exception

rel ease @FSereleaser e 15

NUvaRi ng(r) batches increases upon storage al ready
f varjant. A3,

orage_at_ 3(

seven baf
\IOW a const &

Indéddugliresilts | ng o

i%% or alower b
)C. Vi sual exam n

f the
urst |rel easd
ation of rin

» REDIgYo g tindividuahicsudts

t-aletrS(j;nﬂls

gs from batc

RSD
(%)

Al

I §

Sl
tl

P N1r eveal ed

ir f ace

of 1
e burst re
hyr "t

not due to

l8ed, 193.B,d 8661853

1S B
685 184.4,138.8/1902

rina cnrf o

se of 18he by
f steroid cn
t that the |

is not due

l.so—shd

1230.6,19l 8ase

12342880

t191 s,rZﬂSBaI

wn \/ t.he

83
h

[¢)

2

f
S
re
ds
ke

I dlffer(
psult as in
bvi ation) v
bl e 4: day

AT A

iR ity

1 gett, @985 20%5.0200.3)

=4

10|nd|\
D (rel at

tmee
w RS
336

t tipe zero

1881211908
h1y£4 SoeBdar

3CT/EP20§4/050850 2

K3 2008r 1

4.9
d

o

2

m
N

TORBNS Stofa

hvaRi ng(r)

bsul ts RSD
B6. 6, 185.5
R7 8 187.6

;@486 15#J5J 49W 193.8

ndi vi d resul t

1983, 1971% l%hlﬁg 4
1978 732@415’ 26165913

178.°6, 1

m_
s RS
{9N
0, 8
89.6

a(orérﬁ
186.

3 1899
184. 4,

95%1,

di vi

276. 3,9!35,2,

58%%%??’190.

36.6

2

el

7Ring of the5. 9
OQifet 4 9

invention

NQ 197.4, 199. 0,

199.7, 198.3, 205.

199
1,

3, 198.
00.5, 1

2, 1.0 188.

94. 4, 195. 4,

5

Al

263.7, 261.7, 265.5,258.4

260.7, 264.9, 263.7, 2603,
263.6, 261.6, 265.2, 264.7,

0.9

210.2, 207.1,
220.7,217.2;
209.3,209.2

25

215.8, 223.6, 218.0, 221.2

219.5, 221.6, 219.5, 219.2,
2194, 225.0, 222.5,221.7,

1.1

184.2, 181.1,
176.9, 175.9,
177.3,177.0

1.6

181.2, 182.1, 180.7,193.6

181.0, 180.8, 180.0, 182.2,
179.3, 180.7, 180.5, 181.5,

0.6

198.7, 194.0,
197.7, 202.5,
199.0, 199.5

1.4

Ad

217.9,213.4,216.3,216.9,
215.1, 219.2, 220.1, 220.6,
221.1, 218.0, 2179, 219.2,

11

169.1,171.1,
176.6, 176.6,
175.0, 169.3

2.0




200. 4, 200.1, 200.3, 198.3 215.3, 200.1 N3 194. 6,
197.5, 197.0, 193.8 2.4 255.1, 325.3, 36.6 198.3,
- 197.5, 198.3, 199A, 276.3, 215,0 198.7, 204.5, 211.6,

9,22
%,

9,

2.5 Ring of the subject S
263.7, 260.3, 0.9 210.2, 207.71,

i nve

ncl;i n Al
1&!&%004/050850

263.6, 261.6, 265.2, 264.7, 220.7, 217.2, 263.7,
261.7, 265.5, 258.4 209.3, 209.2 A2 219.5, 221.6,
219.5, 219.2, 1.1 184.2,181.1, 1.6 219.4, 225.0,
222.5, 221.7, 176.9, 179.9, 218'8, 223.6, 218.0, 221.2
17¢=3—37760-A3-18+ 01808 1800182 2 0 6 108.7
1048 1.4 17@% UGBS 0308 1gh25 1p 18I0 1B 5 | 09
18[1.2, 182.1, |28, 729.419%.6 2388, 0, [199.5 Al 1813,
21B. 4, 216. 3, 2%6'9 1.1 169.1, 171.1, 2.0 215.1,
21b. 2, 2201, 462319783%3,2366 6 221, 1, PYB.IRI7907. 9.
21087, 1750, | A%, Fo4B01948 4413336 T/ EPP '41‘"?5%0
21| B1 222.9, p30.0,” 225.5’ 237.8, [1.2 181 gﬁ' 1? 4, 08
0.0 230.5, 2pH0A,1952919%1.9,19%8,8 180. 8, 1BI51®, 1%, 4,
2311.9, 232.3, . 7804y 14490 B2 194.8 4.5,
194. 3. .197.4 %qg%j??gié%“g 0.18 190. 935]4%9%.%27:'
194BY, 192.8,| 8, V1.315X.317U41. 5,{ 01D2. 6, | 1@, P77.8, 12
194.0, 154. 1.1 33. fr.0, 1715, 1715, 176.6, 183.2,
169.7, 169.7, 167.5, 167.9 179.1, 178.9
B4 188.2,189.9, 195.8, 185.9, 23 155.1, 150.6, 1.6
189.9, 181.7, 1943, 192.2, 148.8, 150.4,
191.5, 182.5, 189.7, 193.6 151.6, 148.3




B3 171.3, 1 11.3, 170.1, 171.4, 0.9 179.0, 177.8, 1.2
168.8, 172.0, 171.5, 171.5, 176.6,183.2, 169.7, 169.7,
167.5, 167.9 179.1, 178.9 B4 188.2, 189.9, 195.8,

155.1, 150.6, 1.6 189.9, 181.7, 194.3
i‘ggl_ﬂg‘fﬂﬂiﬁg 8, 150.4, 191.5, 182.5, 189.7, 1P HERPA(4/0g0850
148. 3 WD 2004/ 103336 PCTI EP2004/ 050850 22 Tabl e 5:
day 1 release rate at time zero and after 18 nonths
storage at 30C/ 75%R H. On-Set rel ease NuvaRi ng(r)
| ndi vi dual resul ts RSD (% | ndi%vi dual resul ts RSD t =0

th 9 186.4, 193.2, 186, 6, 185.
18§'8 able S‘o'?le f‘%e atfigme zero andpafier; 18 manthsstoragg-at @"C@é%ﬁ

252.6, 189.6, 184.4, 188.3, 190.2 234.0, 186.4 N2

197-4.—-199. 0 1990 Q1 198.2 1.0 210.8..183. 0, 13.7
199.7, 198.3) 205.1, 200.5, 261.@p-Sc¢tgdease 200. 4,
200. 1, 200.3,) 198.3 241.8, 249.4 N3 194.6, 197.5,
197 . Nuvalig@® 8 [2. 4 479.6, 560.2, 8.6 198.3, 197.5,
198.3, 199. 4, hsihddual resyBB. 0, 198. 7] RIDA%D,| Ilivicua] re@ild . BRSD
268: 4711 Z‘ZZ: g 6297?f 2258.63,%8]. 5 205, EVGEE LS:Q@"“EA‘I“‘E )
2616, 261. 6, 1965.193.2,2666,185301. 9] 1.207. 5,/ 188.6, 237.0, 185
189.9, 188.5, 187.8, 187.6, 301.8, 252.6,
189.6, 184.4, 188.3, 190.2 234.0,186.4
N2 197.4, 199.0, 199.3, 198.2, 1.0 210.8, 183.0, 13.7
199.7, 198.3, 205.1, 200.5, 261.6,202.1,
200.4, 200.1,200.3, 198.3 241.8,249.4
N3 194.6, 197.5, 197.0, 193.8 2.4 479.6, 560.2, 8.6
198.3, 197.5, 198.3, 199.4, 510.2, 483.0,
198.7, 204.5, 211.6, 201.8 579.4,471.9
I Ring of the
subject
invention
Al 260.7, 264.9, 263.7, 2603, 0.9 205.5, 209.1, 2.2
263.6, 261.6, 265.2, 264.7, 201.9, 207.5,
263.7, 261.7, 265.5, 258.4 199.0, 198.3
A2 219.5,221.6, 219.5,219.2, 1.1 172.5, 174.0, 1.7
219.4, 225.0, 222.5, 221.7, 174.0, 180.5,
215.8, 223.6,218.0, 221.2 171.0,174.5
A3 181.0, 180.8, 180.0, 182.2, 0.6 194.0, 203 .4, 2.5
179.3, 180.7, 180.5, 181.5, 197.9,201.5,
181.2, 182.1, 180.7, 193.6 190.2, 197.9
Ad 217.9, 213.4, 2163, 216.9, 1.1 166.9, 163.2, 19
215.1,219.2, 220.1, 220.6, 165.7, 168.1,
221.1, 218.0, 217.9, 219.2, 159.4, 166.4




263.7, 261.7, 265.5, 258.4 199.0, 198.3 A2 219.5,
221.6, 219.5 219.2 1.1 172.5, 174.0, 1.7 2109.4,
225.0, 222.5, 221.7. 174.0, 180.5, 215.8,

3.6 218.0,221.2 177.0, 174.5 A3 181.0, 180. 8
ﬁ%ﬁ@gV£6$% 194. 0,
181.5. 197.9, 201.

1.9 215.1, 219.2, 220.1, 220.6, 165.7, 168.1, 221.1,
218.0, 217.9, 219.2, 159.4, 16624 WD 2004/ 103336

0,
203.4. 2.5 179.3, 180.7, Pfs"'ém’é“"“"’s"ss"
5. 181.2. 182.1. 180.7. 193.6 190.2,
197.9 A4 217.9, 213 4, 216.3. 216.9. 1.1 166.9, 163.2,

PCF-EP2004/ 050850 ’)‘2 81 9’)’) 9 230 0 225 5 227 .8
1. 9BI71. 8, 1602229, 2300, 2385 937.8509 hi-2229. §17L846%7, 1.3
167.6, 173.7, | 236 ézg@%és@ez@ﬁZ 3 226.6 11gs 847359 4
B2/ 194.8, 194{5, 194 147. 6, 14é§17§? 3
190.9, 195.2, 1@4';@31%9223322&&6 o 146. 8, | 1D16,569.4
19985, 19242, 1% $oa 347+ —17+-3 :
17b.1, 171.4.10. gﬁf?“f 54 | 199 168 BT 3G 13
17L. 5, 171.5, | 190D, 19521 194.9,19189. 7,| 169. 7, | 11, 746.467. 9
16D.5, 177.1 B 195./8, 185.9 47.5,
146.5. 5.4 1B @gf%@lm}ﬁig‘;o 192. 2, 145’?2319:?‘&32 .3
1901B%, 182.5,| 11789, VI1.3]9R. 6 1145, 6 005 5 VO 2H) #9333 15
PQT/ EP2004/ 050 b 6. dayf 1 rel epse rate at
tijoe zero and %?QB}ﬁQ]AIﬁ;n?%s’stor age at by 77 K58 1.

169.7, 169.7, 167.5, 167.9 169.5, 177.1

B4 188.2, 189.9, 195.8, 185.9, 23 147.5, 146.5, 5.4
189.9, 181.7, 194.3,192.2, 142.4,127.3,
191.5, 182.5, 189.7, 193.6 145.6, 145.5




rel ease NuvaRi ng(r) Individual results RSD (%
results RSD t 0 t--24 nonths (%9 NI

186.6, 185.5, 1.3 199.0, 175.9, 8 2
187.8, 187.6, 219.9, 188.9, 189,

190.2 206.9, 184.8 N2 197. 4, 15‘@“51’2““4’“5"85“
199.3, 198.2, 1.0 247.0, 275.7, 19.0 199.7, 198.3,
205.1, 200.5, 297.3, 371.9, 200.4, 200.1, 200.3, 198.3
215,6, 269.0 N3 194.6, 197.5, 197.0, 193.8 2.4 271. 3,
262.2, 23.6 198.3, 197.5, 198.23, 199.4, 268.1, f24E 2,
198. 0 11.6, 201.8 436.6, 329.4 Ring of t

subj 'Ig%’{e a‘ﬁ’v]e'ﬁ Fate g timpgeroand mz@m"wez% }°C/T5%RII.
206.4, 208.6, 2.1 263.6, 261.6, 265.2, 264.7, 201.8,

On- Set
I ndi vi dual
186. 4, 193. 2,

P 3

203..Z,—263. 7, 2617, 265.5, 258 4 209 9 213.7 A2

219.5, 221.6, |219.5, 219.2, 1.1 meSarelepd2 1, 2.0

219.4,225.0,222.5, 221.7, 173.4, 179.8, 215.8, 223.6,
- 218. (Nuvadtidg® 179.8, 172.8 A3 181.0, 180.8, 180.0,

- 182.2, 0.6 197HdjvidigizesBits 1. 6 179. BRSDED) 7,Indid@uabresults | RSD
204.5 a4 217, 05915 4, 216.3, 216.b, 1.1 J70AeEs 6| O
1. $Ni215. 1, 219364, 1920).186.62130.55, 1b8B35, 1 8992.0, 175.9, 8.2

189.9, 188.5, 187.8, 187.6, 2199, 188.9,
189.6, 184.4, 188.3, 190.2 206.9, 184.8
N2 1197.4, 199.0, 199.3, 198.2, 1.0 247.0,275.7, 19.0
199.7, 198.3, 205.1, 200.5, 297.3, 371.9,
200.4, 200.1, 200.3, 198.3 215,6,269.0
N3 194.6, 197.5,197.0, 193.8 2.4 271.3, 262.2, 23.6
198.3, 197.5, 198.3, 199.4, 268.1, 247.2,
198.7, 204.5, 211.6, 201.8 436.6,3294
.| Ring of the
1 subject
invention _
Al 260.7, 264.9, 263.7, 260.3, 0.9 206.4, 208.6, 21
263.6, 261.6, 265.2, 264.7, 201.8, 203.7,
263.7, 261.7, 265.5, 258.4 209.9,213.7
A2 2195, 221.6, 219.5, 219.2, 1.1 179.1,172.1, 20
2194, 225.0,222.5, 221.7, 173.4,179.8,
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179.3, 180.7, 180.5, 181.5, 196.8, 197.8,
_ 181.2, 182.1, 180.7, 193.6 197.7,204.9
Ad 217.9,213.4, 216.3, 216.9, ‘ 1.1 170.1, 163.6, 1.6
215.1, 219.2, 220.1, 220.6, 163.5, 168.2,
221.1, 218.0, 217.9, 219.2, 164.6, 166.9
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15 described in US 4,292,965. It is not possible to
| oad nore than one steroid in the internedi ate | ayer
in the crystalline formand have independent rel ease.

B rder- to adjust the release rate of two (
g?%ﬁ%&@%”%ron1one conpartnent, only one steﬁgpﬂﬂggﬁkﬁgm

present in the crystalline phase and 20 the other(s)
has to be present in the dissolved phase. In case
steroid Ais partly present in the <crystalline phase,
the steroid in the crystalline2$attice will be in
dynamc equilibriumw th dissolved steroid. Since the
concentration of steroid Ais pre-determned, the

r el BRARPALARE iffroved iHdeQhyired rif Oeré?ﬁn'aghéé&b@& hys £39@g5 N9
the right skin thickness. nsrdering the ?act that
the skin thickness is already used as a neans to

adj it exdaBiSlelifilsRASSnd Rh&itLSr ﬂﬁetsﬁié]:%.é ?%rlﬁ?jve B}‘fee[ﬁ)le?e]ﬂ?ﬁ% fedative to the

rate of e second conponent can ‘on

X un@&eﬂve@ﬁmdﬁ@%@w;ﬂﬁiat e concentration.

Since steroid Bis only present in the dissolved form
nore steroid can be incorporated into the ring (while
nai Int G5 |4i2ﬂ@}9ﬁﬂwwmre’da:mcaemmmﬁmah ingthe diiterniediate Qayet; @ steroid is
&?ﬁncrea3|ng the volune of the reservoir
coresh the volune of the reservoir
determ nes the anount of dissolved steroid B that can

be aded the r of the bj ect
107 1 R EFSAve(of e Gyt v i e e of o of mor steoics

i ntean meddﬁitai indgtefideBmMel frof Wne ah@Bed? M@ itat R YinREs able to sustain this

calc at as foll vvs The fjbre di mensions of ri

P ST S e molened RSS o Rlscmasyaising phosical sty o room
ap [remparatit @bnditions Mishexddplé dembnsHhtdd Mk Alvaftafl HMhe improved three-
thi.ckn ss i nter iate | ayer about 60m and skin about
80T 708 B ﬁgﬂ%ﬁ logqed PRIOYFTeUREAcEEN Bk namefipod core as

15corddscabedappsadoppéel y Vint = 0.11 nl and V.,p = 1.71

m . The densities of both core and internedi ate | ayer
are relatively close to | g/m and consequently the

Mag6is Gbt $d38bI1E B Rad Bidre tﬁ&ﬁéﬂé@%&& f !hél)ﬁﬁénn@&ﬁ:/ ﬁyﬁr in the crystalline

approximately 1.71 g and 0.11 g respective
core@nindhayve idependent relgases d erdamie adjust He releisarate bﬁyvm (or more)

| S sRRR: Tohl GHe Ship M&ﬂ%ﬁé@osé@%g c%ﬁ%cﬁﬁe | n?j ‘ﬁ’e“é’?“é? phase and

cont ai ns appr oxi hat el

20 I a)ﬂ@ﬁﬂ@ﬁﬁt% tade apepand i thepdissplyedihgset by cofe sBEid Atisipartly present in the

25

30

B 5y O B o i
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 thickoess. 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



i nproved three-layered design conpared to a ring with
a non-nedi cated core. 10 The release of EE fromring
A2 as function of tinme is presented in figure 3 and

n b to illustrate the advantage of | oadi
ﬁﬁ’o%@W§§%nth EE. The seni-steady state re|ég§gmnmﬁmmmm
(release day 2 -21) is between 15 and 10 gg/day and
the content of the internediate |ayer alone (I 06Q)
woul d be insufficient to sustain a fairly constant
rel ease rate over a period |ongér 15 than a few days.

After |ess then 79_8 s the internediate | ayer would be
al mEROXBHE; ! é!ﬁq @Pé?}ﬂé%%@l%%ﬂ%@%@ aygsLabgut 60um

droﬁn@&wmdmsd B3R 1h6 dbilie & thSteAnddBY 1
r|n de3|§n such as %hat ote US 4, 292, 965 dJﬁﬂ%Tmumudy

| nt rnhal dimragd i Vom T Ai7b minEhe depsitdes Oébﬁ@momdl intprriedinte layer are
Si t Wlsvelp close Bt inf‘ﬁﬁl &H&g&ﬁﬁ?ﬁng%@ Eﬁ?‘% §/nedrmten?ﬁdnate layer ate

concentration F O I'nternedl ate

Yec prmerdnatly g g@sélqg & rrespeqtifely. n’ﬂmecﬂnmmiancpr BBuiatthe core and

Wt B i, erﬂié Spbki b4 i ximats
corghise oa%%% wrth t egggge concen ?éﬁ@cﬁﬁf%ﬁm?ﬁm”O ly
t he 1620ng EErmad itaet iptetmacliate layve coraing qnpnmmnatdly [bOGygrof BE. Thus, in this

sit ned Thi s non a st at eha .
dueyﬁ:ﬂ% I nter n@?ﬁ %m glglll gﬁprf)gpggﬁ lg 'i“ﬁﬁ ‘5’8‘5’%‘% in the
is ma:@oweqhtheaedawreudemgmeombx:@toIaamgmmeamgﬁmamddfeng to

oUS 4,292,965 while the inproved three layer design

elimnates also these undesired effects. WO
2007HeeBR8 6f BETbRRGY 450@H6h ofdiheHaAEutad 4n figure 3 and can be used

Pre i.0 addi tjonal three-|a eredrlngs Twent y
(200 i oy os oot e oo B heci-Buly athe rltase (loase
( E- dfy.2 Dhpisiiebwean \lﬂfahdillb Sighaaf ail théli Icamaﬁ 0@ &e%teﬂnéame layer alone

and 5 mm (vari ant X).
fi bﬂyé@*gié’ d&’ﬁdﬁ“ le?t 19 Fhstain p fhecangtant| relggsy rqteowr phppriod longer

15Sevigrad feG.Q:[a?s NTedr 1ok MEATR bRl HieARUdlaR! 185er Wolild @l completely
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S tively) were prepared using essentially
theCP2 ’5\‘?& m&asséaﬁ?j‘é'g'éflufgw%ﬁaﬁi y ragapicadly aftsgiatfew daye.
foll owing mnor changes: 10 G anulates C4, DI and D2
were mxed in a stainless steel drumusing a Rhiinrad

( BAYIPTEPVET bt Hng Aesign syehogs thattofi US 4392865, slve dnfintsfnal diffusion into the
AP RA) b WoA-EdubtibRlm AtudtBi Hiaifdll a3 Bdtk&Rently the concentration ER in the

intermediate layer will decrease, which results in a pharmaceutical product with an unstable
release profile. However, when the core is loaded with the same concentration EE as in the

intermediate layer the desired equilibrium situation is obtained.

This non-steady state behaviour due to intemal 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 effecis.



Tabl e 7: Conposition core granul ates Vari ant

Et onogestrel Ethinyl Ateva 28820A Magnesi um Tot al

estradi ol stearate Cl 0.16% 99.7% 0.1% 100.0% C2 --

8%)13% 99.8%0.1% 100. 0% C3 -- 0.20% 99. 7% 0. 1% 100. 0%
YIYE90. 169% 99. 4% 0. 1% 100. 0% 15 Tabl e GPCT/EP2004/050850

Conposition internedi ate | ayer granul ates Vari ant

Et onogestrel Ethinyl Ateva 2820A Magnesi um Tot al

estradi ol stearate DI 10.5%0.16% 89. 2% 0. 1% 100. 0%

D2 52.5%0.16% 47.2% 0.1% 100. ®% DI -1 ayer co-extrajon

ﬁi cq: extruder (25/18/18 ) was used for the

i Shrparaion o acqionakigrge-layereG g os. The 25 mm

extruder processed the core | ayer, whereas the two 18

m n extruders _processed the internedi ate | ayer and

t he Skl (28 edditionaly threp-layess flest weore [pyeparpéh §E-#r ke fibre variants had a
ext rdﬁﬂ&fS@D wp‘i%gﬁ)ﬁ-;s@,sﬁgﬁﬁl (?%Eﬁigx%g 9&!9 i ag&%?v#fﬁﬁ? Were spun

connected wth a 3-Conpartnent Spinning

S epdfom &singld qapillery (b3 (to control the volune flow

rate (nmelt flow) of each layer). The three nelt flows
were conmbined in a spinneret resulting in a fibre
Wi t Hhegerdl soprer and ittenraediate] gamplaeel (G1-64 rand WA sD2IgSgbctivily) were prepared

fibre t r uded an extrusiop te rature._of . i
1100, eXBdiT e’ g indlhod” Eeuhesl o Bypmpls” bty e folgwing minor
desichangesf i bre di aneter of 3, 4 or 5 nun. The desired

ay t hickne f skin and.interpedi a | ayer was
10 5 Yrarfhef CACRY b0 et B i & Sl s G bioe e i (Becrel-
t he hooy prineiple) with bfifedwsvedl afNipproxiaGiel AT ERANPS0 HBbEg t he

appropriate spinning rate and spinning punp settings
(totally 20 variants, E-X). After approximtely 20

Table 7: Composition core granulates

O

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%

15 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% 472% - 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
20  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



Yhun™y

10 mnutes tri-layer co-extrusion of -each variant, the

tri-layer fibre was collected on a stainless stee

reel for 120 minutes. The outer dianeter of the fibre

was_neasured on-1line continuously wusing a |aser
LIBHEEEF and recorded. At the start and at P¢HEPZApa{s0sse

of these 120 m nutes, the dianmeter of the fibre,

t hi ckness of the mddle layer, and the thickness of

the skin was neasured and recorded. The variants W

and X were collected for only 2@ nminutes. 15 The

| oaded fibres were_processed at_ an extrusion speed of

Py

2. 00¥ff FARPPCtedWitha P-gemeartment, spigping Bloglo with i siparale spinning pumps (to
var icaditol #é valdsle Abw ;atg(ﬁ‘lgmﬂghfflf dath IXﬁEﬂ, i thede melt gE@iwere combined
late ana sKin

di mensi ons The i nt er nedi af ayer tHickness
t hi dikhsRnergb resulingtip piibreevits 3 fayers o capillaryeof\3ef iomrwas w@@l. All fibres

fr oeld el %&m% E@?g‘“g ing the
-tricgféxtrusfgﬁ } &% out er d?%ﬁg?%r was determ ned

Jor each fibre variant fromfibre pieces of 6 sanples

duri eSS | CQ:.extrude i bres. . e
out 00 EEaE I aBffald b HiouEiy WS o fiifrcr oL 8% or 5 mm. The
t hi désired bygabigkness(f@uskina arl) intetiodiaterthyer masl obethiged By adjustindt of the
ski n..t hi cknes re.determned using a mcropscope .
( 3 RRjuig . T ping f-layel ibye o Han Rrdieod, P siig s, eppropriste
i N dphilingsratd and inniguihp setilfps\YoraRP 08 4&H38.36-X). After approximately 20
PCTI EP Ogﬁ{OSOSSO 30 Table 9a: Fihre dinmensions of 4

Y (SPEEYSIOB L 8ach yarant, e tHslRve] bre Was gllediedom a stainless
2. Ofteel Fefon1263hin@E, The dblie? dafidROstitkd fbie WikindasRs dillfe continuously
Conpgsition Skin RI/R2 R2/R3 Skin dianeter cow | ayer
[ P aser ot i fecorded, A ihe Strtapd ptdjadnd of fhossy ! 2yminutes, the
61 BdmddiOoflm TR, hidia3 Alwy ﬁ:i&e&m%erfaxfh- fd HicknbQ dPl the skin was
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Fibre dimensions

The intermediate layer thickness and skin thickness were determined for each fibre variant

20 from fibre pieces of 4 samples during the trico-extrusion . The outer diameter was

25

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

m/min

Variunt | Fibre Composition | Intermediate | Composition | Skin RI/R2 | R2R3 | Skin
diameter | corc fayer [pm] mtermediate | [pm] polymer
[mm] layer

W 3.03 Cl 45 D1 83 LO58¢ | 1.0324 | Ateva 1070
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reI ease rates Results for in-vitro release are shown
Table 10 and Figures 14 to 21 which show rel ease
Wé’tzgg“”t??”@tonogestrel and et hinyl estradi ol WFT/E2P04/050850
fibres (EEW. In Table 10 and also in Figures 14-21,
the rel ease rates are calculated fromsix (6) sanples
of each kind of ring tested. 10 Table 10: In vitro
rel ease rates for all produced3batches at t= Batch
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Results for in-vitro release are shown in Table 10 and Figures 14 to 21 which show 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 =0
Batch In-vitro release rate of etonogestrel In-vitro release rate of EE
(ng/day/ring) (ng/day/ring)
Day 1 Average day Rsd| Day2l | Dayl |Avemgeday| Rsd | Day2l .
(2-21)  {(%) 2-21) | (%)
E 140-153 94 1 89-90 23-24 14 3 | 12-13
F 153-162 108 2 99-104 | 29-30 19 2 1 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 2123 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 } 98-101 26-28 14 l 2 | 11-12
P 182-208 138 1| 127-131 | 39-44 25 2 | 22-23
Q 170-180 112 i 103-107 | 38-40 21 2 (1919,




Batch In-vitro release rate of etonogestrel In-vitro

rel ease rate of EE (g/day/ring) (l+g/day/ring) Day I
Average day Rsd Day 21 Day | Average day Rsd Day 21
%’2_21‘21 50 (2-21) (%9 R 186-203 118 1 109-113 26-29 19
080445336 226-236 131 1 123-126 36-38 18 2 ACI/ER;004/p50850
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1 116-119 41-44 24 2 20-22 V 181-193 111 1 103-107
30-32 22 2 19-19 W120-122 96 1 83-85 21-21 13 2

11-12 X 134-144 84 3 77-84 21322 12 3 10-12 The day 1
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The day 1 and day 21 release rate is presented as the range of the individual results of 6 tings
(minimum and maximum value are given)
The average day 2-21 release represents the average release rate over the day 2 up to and

5 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
10 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 fogether using Loctite adhesive (type
406 and 770; cat nr. 40621 and 77012). |

15



| ayer and (iii) a non-nedi cated thernoplastic polyner
skin covering the internediate |ayer, wherein said
internediate layer is |oaded with (a) crystals of a
first har maceutically active conpound and with Sb) a
YOO Har maceutical |y active conpound i n REEEGPOF850
formand wherein said core is |oaded with said second
compound 10 in dissolved form 2. A drug delivery
system according to claiml which is physically stable
at about 18-30C. 3. A drug deBBvery system according
to claim1l wherein said second conpound in the core

15 is present in the same concentration as in the
intesapgtate layer. 4. A drug delivery system
according to claiml, characterised in that the
delivery systemhas a substantially ring-shaped form
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fi Irst layer | wigereid ewidi dhtérmediate Prggest t@edd wih (a) SyslilOof a first
delive Syst according to claj , Wherein said .
secon ﬁ%'gﬁ\é b BYHSP o"ofngaﬁlﬂ a“ésmﬂ? 3 gecond pfiappaceutically active
del i vesypottydin@itaded Jorfli @ whereid Isail Bard is 194A8J Ritisald WReond compound
estrog&&ﬁés %thlnyl estradiol. 30 9. A drug delivery

syste Gy to claim 6, wherein the progestogen

is etonogestrel. WD 2004/ 103336 PCT/ EP2004/ 050850 34

10._ A drug, delivery systemaccording to claima1,

wh & e ATEEHYePS SFie aPigine ol et PlEiGH able ptabowt18-30°C.
t he second active conmpound is ethinyl estradiol. 11. A

dr:}c:; del i very system according to claim1, )
chat af 9818 BTy fystemaeconting te slim  (iewsini saidisenond gompound in the core

150pt i Oﬁiie.k,emﬁlmah@sqne&asﬁmgmgméeﬂﬁ@a@%ﬁt e |ayer

conpri se ethylene-vinylacetate copolyner” as the

t her nopl asti c pol yner.
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.

20 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 dmg delivery system according to claim 5, wherein said first active steroid is a
progestogen,

25

30

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

estrogen.
8. A dmg 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.



12. A drug delivery systemaccording to claim11,
characterised in that the core and the internediate

| ayer conprise the same grade of ethyl ene-vinylacetate
cgfoléger as the 10 thernoplastic polyner. 13. A dru
WOHYE P36 yst em according to claim 11, char FEHEFRYHES08s0
in that the core and the internediate |ayer conprise

a different grade of ethyl ene-vinyl acetate copol yner

as the thernoplastic polynmer. 15 14. A drug delivery
system according to claim| ch¥ acterised in that the
core is additionally |oaded with the first conmpound. )
15. 10aAqiirpg degibrery wFignsapearding i elginilngyhergin dheafisst active compound is
wher e} ' bdoAdhcgle d el g{aﬁﬁ 20
interﬁgggg?gn*gggﬁ and i??%ﬁ? co?ﬁagghg outLO.05-1.596

by weight . 16. A drug delivery system according to

o7 BB ey S efotin B (88 © BN Wyt el B s b

Sbhy wednflonally 28sol the oreland) tabe itarpediats \Jayer womprise redliyfege-vinylacetate

10

cl ai %g%eéﬁe%e%%h%ﬁ%o stradiol is present in the

inte e laye e core at about 0.09-0.18%
by weight 18. A drug delivery system according to

cl al,m, 1.7 rein ethinyl.estradiql i.s present in_ the

e 2r e Y e ity e 11 SEraBER T L Saspd e
by weinghiedifs hfer cémptist gheCkinie \ieddy of iy RB-AH%@EHEH: REpdiyiner as the
claim16 erein ethinyl estradiol is present in the
inter%@ﬁpagﬁchygg‘and in the core at about 0.09-0.20%

by wei ght WD 2004/ 103336 PCTI EP2004/ 050850 35 20. A

dr delivery systemaccording.to claim9 wherein

et drtof i iverk 5iegn o th Rlsim 1 Srmeeoad & 1 B9 carp and the
aboutinemdikteiyerBiriiitise 2 diffbrent\pddeUst cliglehd Giflactiid(cBPBlymer as the
according to claim20 wherein etonogéstrel is present

i n t Haermpplasic pelyneit o | ayer at about 6-70% by wei ght

15 22. A drug delivery system according to claim 21

20
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wherein etonogestrel 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 claim 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 ethiny! estradiol is present in the
intermediate Jayer 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 estragdiol is present in the
intermediate layer and in the core at about 0.09-0.20% by weight.



internedi ate | ayer at about 10-53% by weight. 10 23. A
drug delivery system according to claim22 wherein
etonogestrel is present in the internediate |ayer at
§%9§@4%0-9096by wei ght 24. A drug delivery system

8P t o cl ai m 23 wherein etonogestrel FCTHFEUEHROSS0
in the 15 internediate | ayer at about 10-15% by
wei ght 25. A drug delivery systemaccording to claim
24 wherein etonogestrel is present in the
internedi ate |ayer at about 1033125/9 by wei ght 20 26.
A drug delivery systemaccording to claiml wherein
the ratio R/R2 as described in Figure 5 is between
abog. A1 Bitvary 0490m At 00 AR, | i
about_l*g%ZSjggp 000. 27}H§KB?EQ ggﬁ{ver$ﬁ§§§%§ﬁ§qm%mnnlﬂw
accor éfemgediate lbyosptabog 6viiRea tyiweighhe ratio RI/R2 as
described in 25 Figure 5 is between about
1. 0100- 1. 5000 and the ratio R2/ R3 i s between about
51. 02106- drag Beyery sygem acadrding Wedldimei0ywhepein etonegesiiol i prepent in the
to cl gj ' i0.Rl/R2 as described in
Figurgh"gpnialéat € mggﬁmgggg?ﬂ§5§§§%-l.sooo and the ratio
R2/ R3 i s between about 1.0200- 30 1.5000. CVO

2004y 10 PCT/ EP2000050850 .36 .29.. A.drug deljver .

cy st S Sy s il gl o HpeiE b b e im e

as debermdiintt lryer atfzbgun i @584 ibg whightween about

1. 0400-1. 1800 and the ratio R2/ R3 is between about

1. 0200- 1.0500. 30. A drug delivery system according

}: 0 3L Al dgng delfeery aystent BRofdiipi tﬁoc:?(i)déE? nggaegﬁ%%dg&ﬁdl isfpresent in the
igure i.s hetweepn a . 0300- 1. and the ratio

Ro/ R3TfeEmgYiat atéﬁ%ﬁ)&%‘é%w?‘% 0900. 31. A drug

delivery system according to clainms 5-30 characterised
inthat the internediate, |ayer additionally contains

an %n&d_n}ﬁ ety éystegbémdmg to claim 23 wherein etonogestrel is present in the

15 intermediate layer at about 10-15% by weight. ’

10

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

20 26. A drag 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 Ry/R; as described in
25 Figure 5 is between about 1.0100-1.5000 and the ratio Ry/R; is between about 1.0200-
1.5000.

28. A drug delivery system according to claim 27 wherein the ratioc Ry/R. as described in
Fipure 5 is between about 1.0300-1.3000 and the ratio Ry/R; is between about 1.0200-
30 1.5600.



32. A drug delivery . systemaccording to clains 5-30
characterised in that the core additionally contains

an i -n.crobial agent. 33. A drug delivery system
ac}:@%é"ﬂg%{) any one of the preceding clains PCI/EP2004/050850
characterised in that the device contains two

conpartnents. 34. A drug delivery system according to

cl ai m 33 wherein the second conpartnment contains an
anti-mcrobial agent. 35. A drugb delivery system

accorﬁig to EI ai ns 31-34 wherein the anti-m crobial

agent™i h‘%‘}? LY S5 fcarding Endaimi 28 rwhseding the ratio36y/R Usadescribed in
~of the Hpwgs dbetweRh Mbcty AT ' - r, the

manuf aﬁlté?g of a pr ep%?lg?‘iﬁjg]n@sg?hﬁciggfar% 3%6{’?30?1&%3’1 about 1.0200-
wher ei &89 preparation is to be (i) positioned

within the female vaginal . tract and (ii) retained

within the vaginal tract for at |east about 21 days.

37. Bl e dpliven g slosonding tosglaitmelnwhireia 1tRS fiio 8,80 af Qbscribed in

the rralng,gcﬁt ‘i:@m»‘é’éu r ' f.0 contraception
wher ei n sai d’g pr epar%?ﬁolgﬁpé'q?b&g@d(tﬁ")mﬂ‘bgf@? Brhetyeen about 1.0100-
wi t hi n10A®.femal e vaginal tract (ii).retained within

the vaginal tract for at |east about 21 days and (iii)
renoved for an approxi mate one week period to permt

menstr AainigalaliveOnRRR i8R % REH 538 Q%ﬁ%ﬂéﬁﬂéh% g}e%ﬁtennedjate

Use ofy the..drug. delivery systemof clalins 31-3

t he mlﬁﬂ%d&%ﬁ?@yﬁn@%é%m@hag@br contracepti on

and treating or preventing a sexually transmtted

di sgase wherejn said preparation is to be (i)

pos??‘i%rﬁi@’@ W(i‘tvﬁl'”nsyﬁtﬁ@ eordmg %0 2gdiime|5-30 gharacterided iin fhat the core

B
.1 et ai naditionhlty doRtaint REantaSiR5k ct for at |east about
21 days. 39. Use of the drug agéeq%i very system of clains

31-35 for the manufacture of a preparation

f orsnat j bl ng. or eventing a sexual ly .
tC e SRR PR ol b S 1 0 o Pl R g Speronsed nthat
(i) pHedevicssertaing twoicompdrmebenal e vagi nal tract (ii)

retained wwthin the vaginal tract for at |east about
21 dgés and (iii) renoved for an approxi mate one week

perftoli dug dgirery systera madorditt th Qlaim $Dwheeit 88 s8fonll G&nﬁ&&?t containg
0]

del i LY. system of clains 1-30 for the manufacture
2 ot B tThgent

35. A dmg delivery system according to claims 31-34 wherein the anti-microbial agent is
mandelic acid condensation polymer. |

36.  Useof the drug delivery system of claims 1-30 for the manufacture of a preparation for

contraception wherein said preparation is to be (i) positioned within the female vaginal

tract and (11} retained within the vaginal tract for at least about 21 days.

37. Use of the drug delivery system of claims 1-30 for the manufacture of a preparation for
contraception wherein said preparation is to be (1) positioned within the female vaginal
 tract (ii) retained within the vaginal tract for at least about 21 days and (iii) removed for

an approximate onc week period to permit menstruation.




ldt. 41. A use of the dng delivery system of clains
1-30 for the manufacture of a nmedicanent for hornone
repl acenent therapy. 42. A use of the drug delivery
SYSWEBaR aims 31-35 for the manufacture of
conbi natfug?ljﬁ preparation to provide contracept ?ST{E%WW’OS“SS“
to treat and/or prevent a sexually transmtted
di sease. 43. The use of claim 42 wherein the disease
is AIDS. 44. The use of clai mﬁ% wherei n the disease
IS herpes. 45. The use of clai 42 wherein the
di sease is chlanydia. 46. The use of claim42 wherein
t hesgdi pgagE;,d orrhoea. 47. A nethod of
manuf gé:t ur i %%%ngaf"m’esé’gﬁﬁy"é Fenstilel dethe weminsiste
of cl ai*Ffdieenidon Sidngating(or bleledih? I ng: a | oaded
homogeneus, BRI YIB! ~core gr gn uT“gltB ‘égg%é‘g@ ransitigd disease wherein said
" hompgenous - pol'yRef? Rosfiensdetithin the feenplervaginalttabadad (ii)\Wined withi
12004/ 1038882 REH BPAMY HEA8PQ,,:38 (i v) Co-extruding i
the core granulate and the internedi ate |ayer
gL;?gnulqat eé‘\;ivieth a polymer skin granulate to formthe
t ht’eeMsayethe drugrdativaae byisMar O n.48.. A net hod
accor girlg 0. glai m 47 _B{Nher eicriayr_g% g{pns% ?(}r heghpfashiEe of & preparation
(a) gr ounci! ng -t W YBRHEAr prayntine p spomitienaniintion distle wherein said
gr oundfeRRIgoh B be ) békitidAGT Rfkih VR gund? to be
| oaded, |1 &J@?foi ntéésmedi ate layer; r?%']? W PerhéBrretained within the
i xi ng a.tnhe gr ol ﬁ%j Pt &ﬂuy%ﬁamanmﬁﬁh@m@ddi fdﬁa&%ﬁﬁﬁﬂﬁ%‘e one week
t o bePeripdiegednit medshgaripgr €; 10 (d) blend extruding the — ov
resul ting powder m xtures of steps (b) and (c); (e)
cutting the resulting | oaded polynmer strands into
gf@uiduise of the R ABWeR 8k bP Saifhs 156, ranul ate and an
i nt g_&rredi at e 'Ianer gr aﬁgiogte; (lga fﬁru t FoRUHTRige pla epntraceptive
core granul ate and internedi ate granulate with a
| ubri cant;

m preparation

41. A use of the dg 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

~ Ppreparation fo provide contraception and to treat and/or prevent a sexually transmitted
disease. '

43. The use of claim 42 wherein the discase 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:
(i)  Producing a loaded homogenous polymer core granulate and a 1

. oaded homogenons
polymer intermediate layer granulate; |




wherein steps (b) and (c) are interexchangeable. 15

49.

A drug delivery systemconprising at |east one

conpartment consisting of (i) a drug- | oaded

{.hermpl astic polymer core, (ii) a drug-I|oaded
Hbe%oﬁ@%f‘%gti c polyner intermediate |ayer anBCTFR3P§H/050850
non- nedi cat ed thernopl astic pol ymer skin covering the
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ernedi ate |ayer, wherein said internediate | ayer
| oaded with crystals of a first pharmaceutically 20
i ve conpound and wherein sai*8 core is loaded with a

secgé]‘,(il p%ao[exrrggd?nugtt{]cal ly active conpound . in dissol ved

e core granulate and the intermediate layer granulate with a polymer
skin granulate to form the three-layered drug delivery system.

48. A method according to claim 47 wherein step (i) comprises:
(a) grounding the polymer;
- {b) dry powder mixing the grounded polymer with the active compounds to be

loaded in the intermediate layer;

(¢) dry powder mixing the grounded polymer with the active compound to be
loaded in the core;

(d) Dblend 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;

() Ilubricating 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. -



