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administration, there is no need to apply a gestagen or a COC for inhibition of the pituitary-
ovarlan-axis which enables dose reduction of the gestagen to the dose necessary to achieve
contraceptive efficacy by local mechanisms. In this manner estrogen deficiency symptoms
10 will be avoided and no exogeneous estrogen administration will be necessary. Furthermore, as
endometriosis is an estrogen dependent disease the absence of administration of exogenous
estrogens does not impair the therapeutic efficacy of the Al Since gestagens also have an

inhibitory effect on aromatase expression, the gestagen in this invention could add to the

effect of the AL

15 To avoid counterregulatory effects of the pituitary-ovarian-axis with the highest
possible dose of Al on the one hand and to achieve best contraceptive efficacy of the
gestagen-only based contraception with the highest possible dose of gestagen below the
ovulation inhibition dose on the other, it is necessary to apply the active ingredients in a
formulation with controlled release avoiding high fluctuations of serum levels which could

20  trigger counterregulation by the pituitary-ovarian-axis. This will be achieved by a parenteral

dosage form, preferably an IVR or IUD.

In this manner the invention described in this application combines an effective
treatment of endometriosis with a reliable contraceptive method in an application mode
supporting high compliance by a parenteral dosage form (no Al intake without contraceptive

25  protection, therefore no unwanted exposure of an embryo to an Al). In contrast to the methods
described in the state of the art the combination in this invention will reduce the drug
exposure of both, the Al and the gestagen to the amount necessary for efficacy which will also
minimize the risk for unfavorable side-effects associated with diminished estrogen levels like

e.g. hot flushes, bone loss etc.

30 In order to minimise the risk of estrogen deficiency-related side effects, the gestagen
exposure sought in this invention will be below the exposure achieved by administration of a
given gestagen in ovulation inhibition dose (irrespective of route of administration), but high

enough to provide contraceptive efficacy by local effects as measured e.g. by the Insler score
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(Insler V et al, Int ] Gynecol Obstet 1972, 10: 223-228). The oral ovulation inhibition dose of
various gestagens - which, after oral administration, lead to particular gestagen-specific
plasma or serum concentrations - are described in the literature as e.g. in Neumann F et al,
Reproduktionsmedizin 1998, 14: 257-264 or Taubert H D, Kuhl, H, Kontrazeption mit
Hormonen, 2. Aufl. 1995. More specifically: The Al dose in the combination will not
substantially stimulate ovarian activity beyond the typical gestagen-only effect as expected for
this invention in the dose of gestagen to be administered. The experimental setup to determine

the dose of the gestagen and Al is described in the experimental part.

The dosage form according to the invention comprising a combination of an Al and a
gestagen is especially suitable for the treatment of endometriosis providing efficacy against
symptoms related to endometriosis minimising the risk of side-effects related to estrogen-
deficiency (e.g. bone loss, hot flushes). At the same time the invention will provide a
physically not separable daily exposure to a gestagen to ensure a reliable contraceptive
efficacy and thus avoid any risk of pregnancy with subsequently the unwanted exposure of an
embryo to an Al This is a major aspect of the invention as it improves the safety of the
desired product meaningfully (see by way of contrast WO 03/15872 and WO 03/17973).
Furthermore, in contrast to oral application, the parenteral/local application in a dosage form
with a controlled release rate as e.g. realised with the preferred solution (IVR/IUD}) allows for
dosing appropriate to achieve the desired medical outcome with best possible reduction of
major side effects related to fluctuating exposure of the active ingredients (amplitude between
maximum serum levels after e.g. intake of oral formulations and trough serum levels before
next intake). Additionally, the local application may be especially advantageous for treatment
of endometriotic lesions in the vicinity of the parenteral dosage form (e.g. in the case of
vaginal endometriosis, deep infiltrating endometriosis, adenomyosis or endometriosis of the

cul-de-sac).

Aromatase inhibitors are compounds that inhibit the action of the enzyme aromatase,
which converts androgens into estrogens by a process called aromatization. By their action Al
reduce or block the synthesis of estrogens. Selective Al are e.g. anastrozole (Arimidex®),
exemestane (Aromasin®), fadrozole (Afema®), formestane (Lentaron®), letrozole (Femara®),
pentrozole, vorozole (Rivizor®) or the Al BGS649 from Novartis which, to date, can be found
in clinical development (clinicaltrials.gov—Identifier: NCT01116440; NCT01190475) and

pharmaceutical acceptable salts thereof.
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20  normally induced by immediate release formulations (e.g. tablets, injections, etc.).

A gestagen is a synthetic progestogen that has progestogenic effects similar to
progesterone. Gestagens other than progesterone are e.g. allylestrenol, chlormadinone acetate,
cyproterone acetate, desogestrel, dienogest, drospirenone, dydrogesterone, etonogestrel,
ethynodiol, gestodene, levonorgestrel, lynestrenol, medrogestone, medroxyprogesterone,

25  megestrol acetate, nomegestrol, norethindrone, norethisterone, norethynodrel, norgestimate,
norgestrel, quingestrone or trimegestone and other approved or commercially available
gestagens, and pharmaceutical acceptable salts thereof. These gestagens can also be provided

as esters or any other suitable chemical modifications.

A gestagen in a daily release rate below the ovulation inhibition dose but high

30 enough to provide reliable contraceptive protection means that known effects as e.g.

reduction and thickening of the cervical mucus impairing sperm ascension, effects on the

endometrium and on tubal motility impairing implantation and egg transport prevent
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based implants. IVR, IUD and polymer based implants showing such a burst effect shortly
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outcome with reduction of major side effects related to systemic exposure of the active
ingredients. To a person skilled in the art, it is known that application of an IVR (or
30 alternative depot formulations, more particularly in the case of polymer-based dosage forms
as well) can lead to a change (decrease) in the daily release rate over the period of

administration. Dosage forms which exhibit such a change are considered to be claimed.
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possi bl e separation nenbrane or the rAért placebo conpaffnent, can be
the sanme or different and nay stand for one single polyner or a

m xture of polyners. or may_ be de u f polypers that are bl ended
with _eg’e?felaﬁci?épsagmfﬁnm e GRS ¥$ﬂrféf;c1pr&c@ﬁ@}, PG RAGFarab! B igy and
non- bi qgegr AHFYREs P%@ulgﬁyg%&ﬁ_ long as it is bioconpatible.

ol ymeri

Exanpl es of comonly use c materials include, but are not
limted to, polysiloxanes, polyurethanes, thernoplastic

pol yur et hane th /viny] acetate copolyners (EVA), an X
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- 15 - positioned over the body. Alternatively, the core can first be
applied onto the body and in the nextlétep be encased by a nmenbrane.

| npl ants have usually a rod-shaped form The ends of the conpartnents
or the conbi nation of conpaiments can be joined by using a coupling
means whi ch can be any nethod, nechanism device or material known in
5 the grtpd %ef@ﬂg@'eaﬂma{mélﬁé %é‘h@ioﬁ@& et lAks, BF a%& Uk ki goegl%&%{mm
The coupling®can for exanple include so vent bo e

j oi ni n@artivedar predéragge heagiveronidi rhlg: tpragsentr ef a‘midntetrmsiﬂ lpeith Taadultarcous

conmpaanents can gl so ned b |ng a ug or stq made of
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substantially ring-shaped dosage forhs can al so be manufactured by 1

pl aci ngrefer gofomnsor a conbi nation of conpartnents in a nould at
an el evated tenperature and injecting nolten high density

pol yet hyl ene in between the ends, whereafter the prepared ring is
cool ed, or by joining the ends together by welding. - 16 - Exanple
1. Determ nation of the inventive CGestagen Dose by neans of an

Ovul ation I nhibition Study In an ovul ation inhibition study the
envi saged gestagen will be tested in various dosages to determ ne the
gestagen effect on ovarian follicle maturation and ovul ation with
means of 5 transvagi nal ultrasound investigations and neasurenents
of bl ood hornone | evels (estradiol, progesterone). Furthernore, the

cervical nucus will be investigated according to the Insler score
with regard to intended changes of nucus characteristics typical for
gestagen-only contraceptive nethods (Insler Vet al, Int J Gynecol

Qobstet 1972, 10(6): 223-228). The dose which inhibits ovul ati on bel ow
95% and preferably in a range of approx. 40 - 80 % and yields 10 an
Insl er score of the cervical nmucus of < 9 will be chosen as gestagen
dose in this invention. This dose will be specific for every
gestagen. It is known to an expert in the field and therefore

expected that sone follicular gromh will occur with this
contraceptive nethod (e.g. occurrence of persistent ovarian follicles
is a known effect of the gestagen pill Mcrolut(r); see

Fachi nformation Mcrolut dated July 2007, page 2 [4.4.2 Wamhi nwei se;
persi sti erende 15Pharmacoki neti ¢ accunul ati on phenonena shoul d be

consi dered when identifying the dose. - 17 - Exanple 2: Effects of
an aromatase inhibitor on pituitary-ovarian-axis and follicul ar
devel opnent In a further phannacodynam c study the effect of
the AT applied via a parenteral dosage form preferably an IVR on
the pituitary-ovarian-axis and follicular devel opment will be 5

i nvestigated by determ nation of blood hornone levels (follicle
stinmulating hornmone = FSH, |uteinizing hornmone = LH, estradiol,
progesterone) and transvagi nal ultrasound neasurenents al one and/ or
in conbination with a gestagen. The | owest exposure to Al and
gestagen whi ch induces additional follicular gromh as conpared to
the untreated or gestagen-treated cycle may serve as threshold for
dosing of the AT in conbination with gestagen. This dose wll be 10
specific for every Al. In the literature it is described that ovarian
stinmulation by an AT can occur at dosages of e.g. 2.5 ng Letrozole or
1 ng Anastrozole applied orally (Mtwally MF & Casper RF, Fertil
Steril. 2001, 75(2):305-9, Fisher SA et al, Fertil Steril 2002 Aug;
78(2): 280-5, Badawy A et al, Feral Steril 2008, 89(5): 1209-1212, W
HH et al, Gynecol Endocrinol 2007, 23(2): 76-81). The targeted nean
daily exposure, e.g. for Anastrozole 15 delivered via the preferred
parenteral dosage formwhich as said is an IVR or an IUD for this
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20 which does not lead to additional stimnulation of follicular growh
conmpared to the gestagen al one as defilAded above. The gestagen effect
on cervical nucus has to be maintained in the conbination with Als.
The experinental setup is valid for any parenteral application. For

an | VR the abD¥TAEED DESCREPEIONOR A FARENTERANIOSAGHPORNS and
for the conbination would be perfornmed 25 with IVRs. Exanple 3:

Production @hrdnh@all 88<agy T2 inélhds fBPrexﬁrH?lei Roplat®, Bitcect¥rine K@Vic&Nand
in vivo study with cynonol gus nonkeys, anastrozole-releasing
i nt r avagfravagingl piggs,30apadbetoé dprovidinige centradledf rel¢nge cyfnastbiegingrevientiey over

were manufactured. The rin had,.ap _outer dianeter.qf 14 nmmand a .

cr oss. SRR bfots of gk 4 DB ARaRH Moot bBRPRPRIT: £BaRE G4 clitain o
anastr dzgd er Qli‘ﬁl%s_ei'ea%m&, diffakioh BeuehVWas &dnfAi@ A number of different
rel ease-controlling nmenbrane. The intende rug dosages were achieved

by apprepitivstienssef et dasagsoformsearedneyn dram fthe lifdsetureo Semendpsagee forms may

menbr agg‘{f@ﬂge ? éc_)@%le? ﬁ{aitr?)gbﬁﬂ% ﬂéﬂgraﬁgﬁg%ﬁ AL ﬁﬁ% st%!yjlinh%?( rfe B];Jgﬁqgc &)(tsage

t he an 020 ntalni’hg core’in conbinatio

t hi cknédsign), JbiidagRb@eseh@aldsoge ffrmt ROSPripa b PRIRESMARIKES doke, BAGSED IS a
to control the rel ease of anastrozol e over periods_of nore than 30
days. THigRrang Exignstvediss hanbeqn made pithe sirpultansousadipigistratien Py A more

| owe do . h _ . .
w D caribuibaly &1t oo AOBS pAPF LRGN AR AR FiRe R e HedfiiR ioms
dosagesrafncanaSomakolierameee 390 jtg/day (A), 85 p.g/day (B) or 27
Rg/day (C). Placebo rings were |ikew se produced. a) Production

of the anastycadi®: toeneashdigmentngshe biatitton] M dRhge HAMNRGIPrise ' ¥Rt Bne
prepared, with one containing anastrozole_ in a matrix nmade of

si | | coReMPREBERROMRTISHIS,AIFOHEL P2 SPTCoREMEY DY ridmembrasenwid egrRtaad amengbrane
only t %Smﬁhéihgo&%. gin?eg tQ n@irffeﬁé?l?l %dri%lggxé E%J‘n%béiﬂér?n%e?y]eat. least one &f said

anastrozole-cBntai ni ng core was y mXing (mcronize
anast r cambert@amats ichmpsisdsi @DAE akdagitiondlty atnleast wng evbmpih@ecat) adidhonayl &e the

content of the m xture was 35% by weight., The m xture was shaped in a
mol d t §%9F %ggf%% o1 thg PRG o} Eﬁ%&/ﬂ%g&% Y] GRS BECSHZRNPRAFORRP R

(it woyldnal NBekBaR;RRSSI bl e to achieve this by extrusion
t hr ough an%g?g?%g‘. %'el'he sillﬁ’(szone el astoner core was extruded to give a

oL oS 8l LRSS Gl QU G R WS
dr ug- r ebbase compbsitibh bitherveny périe mhethbranasr pf bethaed dongyriss ial therapaitically
el ast omer %?%lﬁ%dl met h)gl si | oxane) by tube extrusi Oll’:;. The wal |

t hP¥kn@SeveotubpRC AHBIOFERESSIE b PANE GOMRPEKARR S bhguitabbn Ghosen 50 fhat the

Assembhyfef of fife théBentically active agent is regulated by the core, the membrane or both.
According to the embodiment in which the dosage form comprises two or more
compartments, said compartments may be positioned next to each other, side-by-side, one on
the other or be at least partly within each other, and may further be separated from each other
25 by a separation membrane or by an inert placebo compartment. Compartments may be solid

or hollow.

The membrane, if any, may cover the whole dosage form or cover only a part of the
dosage form, whereby the degree of extension can vary depending on a number of factors, for
example such as the choice of materials and the choice of active agents. The membrane may

30 consist of more than one layer. The thickness of the membrane depends on materials and
active agents used as well as on desired release profiles, but generally the thickness is smaller

than the thickness of the core member.
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- 19 - The anastrozol e core was cut |nto three lengths: 38 mm (A), 6
nm (B) and 1.5 nm (C). The silicone elldstoner core was cut into two
| engths so that a total core length of 38 nmwas achi eved. The

nmenbrane tube was cut to.a le h of 3 d swoll,en in
oyl ohowans POl Congstighs' BEIhe (Gue i By iiars Agd: e pessible scparation
segmenty{gibrhit & thesn ab&d ERAANGL LR Se HD @arﬁéj BE dipRFen? lﬁﬁ‘(ﬁ’ﬁﬂly st Br

ring by overl apping. After evaporation of the solvent, the t

cont r aonedinglecbodymer @ssmiktuee paleers pghey e madasp IO(Bpollymemtlhetaare blsdded
Met hod H’ﬁ'&ﬁ ﬁlase of anastrozole fromthe rings was analyzed in

V|tro at' 1% aqueous sol ution of 2-HP-(3-CD

ydroxyp ta-cycl odextrin). a akl ng path (100 15
rot i ons/ nﬂiﬁﬁe I%/H(i %18 @%‘@ %t nep- @9@%@? dapfe, ich be used as
k ,
weekengg, o éghﬁlsqﬁgwn?g(aﬁg @E‘x%‘ﬁgle‘é‘%f‘ eorﬁﬂl%hlé'zl.% pﬁgﬁg & miteidlgi 11?%(16,8. bsut are

I nertsil m col um a [ wat er
el uent nat lmmifddovo, r palpsilofkades) pmlymethaneihdledmbplastlm[pohiamlhmgt kthflene/vinyl

t I 215 Thr '] .20,
Ttro Aeteseapsss YAl dd Srop bl BhfinRustranedi edytug lkyanes,
The 'nbchﬁeF[‘sadﬁlﬂéeﬁélWe?st efgpaSxARME| ngmd?@@amﬁalaohéleg; R aRaeWedds),

in the tes a reduction in the starting value of altogether about
3098 af peb'(gmccdwygcldSDh@Oéx(abrsoln@s},ep@a@elapmm pﬁw@aa@@-qorw@m;ae@mand a

85 jigl da nd, 27 [day 25(C), and the nean rel ease during the
30 day&™% §é%8%?é?63559‘”d’a‘§1fltg X 64 jiglday (B) and 16 jig/day (O.

The in vitrg, release rate of trozol ep| ted jn fi 1.3
Ex vivo st udy® ot ehEaly ittty of ﬂtj’s E)"gh C{ h% addition 0? a
res pecﬁahf{ﬁuﬁﬂesﬁﬁtehﬁ% sBhadiciloa d/ierfl@toﬁﬁg&}{ﬁ re‘ﬁﬂhaf‘ﬁje ﬁ(ﬂ?ﬁl}élz 86 @Jltlondcaélyalso

resi dual anastrozole content. Anastrozole content was determ ne
ext rac pomgnsmeddﬂlﬁwrgﬂ wiat¢rial fHF?xampw Itcmédsttiwdrdmhﬂxcamah);chelshoblc- pmpemes!\m
o t.he r.el ease nastrozol.e .i.n

t
by Rl BRI Frisans BRTEp e ol hatre et iR PHRerE R v
dur | NY tdk$i9s irfo Gecdule tHAk i ddaltivedme@Nto BE Bibtompatible and harmless to the patient.

The core or membrane may also comprise for example complex forming agents such as
cyclodextrin derivatives to adjust the initial burst of the substance to the accepted or desired
level. Auxiliary substances, for example such as tensides, anti-foaming agents, stabilizers,
20  solubilisers or absorption retarders, or a mixture of any two or more of such substances, can
also be added in order to impart the desired physical properties to the body of the dosage form.
Further, additives such as pigments, glossing agents, matting agents, colorants, mica or equal
can be added to the body of the dosage form or the membrane or to both in order to provide

the dosage form with a desired visual appearance.
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the ex vivo residual content, and dividing this by the nunber of days
for which the ring was in 5 use (variléd). Table 1 lists the average
(5 rings) ex vivo anastrozole content per dose and the anastrozol e

content in the conparative rings_(unused rings)_along with the

cal cul ated aver agd AMAEAKTARE GENCEABENTER AL DOSACE FoRM ¢ 1
Estimated value for the in vivo anastrozol e rel ease per day for doses
A, B and C, Thecearenieral slgsageofarmecepvdipade this nvestien san che mangfecamel in

e Y SEAIAE AR5 I 1R 080 S e

Aver agdass apybalfieel yf chibsdriey ihe ppabdatkiVied i thgart( ng) Aver ager el ease
rateperday (.tg/day) A 32.8 41.1 277 B 4.9 6.5 54 C

5 A sufficient amount of at least one therapeutically active agent can be incorporated in
the polymer composition of the core or the membrane by using different methods, said
method being dependent on the stability of the substance. For example, the substance can be
homogeneously mixed in the polymer matrix, or the polymer material and said substance can
be dissolved in a suitable solvent or a mixture of solvents (dichloromethane, tetrahydrofuran

10 etc.), removing most of the solvent under reduced pressure, letting the viscous solution to
crystallize followed by further drying and granulating the drug-polymer composition. The
therapeutically active substance can also be mixed into molten polymer, especially when
thermoplastic elastomers are used, followed by cooling the mixture. Then the drug-polymer
composition is processed to the desired shape by using known methods, for example such as

15 moulding, injection moulding, rotation/injection moulding, casting, extrusion, such as co-

extrusion, coating extrusion and/or blend-extrusion and other appropriate methods.

The material for the membrane, with or without any therapeutically active substance
can be manufactured according to methods described above. The membrane can be assembled
onto the cores, for example by moulding, spraying or dipping, or by using coating extrusion

20 or coextrusion methods, or by mechanical stretching or expanding a prefabricated, tube
formed membrane by pressurised gas, e.g. by air, or by swelling in a suitable solvent, for

example such as propanol, isopropanol, cyclohexane, diglyme or the like.

The polymer rod thus obtained can be cut into pieces of the required length to form a
compartment comprising a core or a core encased by a membrane, The compartment, or two

25  or more compartments joined together, can be used as a subcutaneous implant, or attached to
the body of an intrauterine device, or assembled to, for example, a substantially ring-shaped
dosage form in any manner suitable for this purpose. The term "substantially ring-shaped"
should be understood to encompass in addition to ring shaped dosage forms any other
essentially ring-shaped structures that are appropriate for intrauterine or vaginal

30  administration, such as for example helically coiled spirals and ring systems having
convoluted surface. Intra-uterine devices may, in addition to a substantially ring-formed shape,

have various other forms and may be for example T-, S-, 7- or omega-shaped. The

compartment to be attached to an intrauterine device may be hollow so that it can be easily
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1.1 1.5 15 Exanple 4: Denonstration of feasibility in cynonol gus
nonkeys 15 The cynonol gus nonkey is sdftable as an animal nodel for
studyi ng aspects of human endocri nol ogy because its reproductive

systen1|s .conpar a tp that of hu ns (\W\e

<7 vaora ORI < EaCho S B B Bre AR oot bp Bl GE OBy i e
Endocr inggf s@ @énché’b@ b?’zﬁxhhﬁﬁra@é Clinflarlls MAGARUASy a rol0kh &I REhC

Pat hol ogy 3 7S-2 20 Thi s conpri ses, anong other things,

cycle Iength hornDne receptors, norphol ogy, endocrine system and
regul ati on dhetends pf thei domrpartoneatsi czrrthaxbmb(rﬁtimg lof cotvparRnentRean be joined by

N|eSV|sk et a 1983 "Adm ni strat| of ,a onlstlc and

ant agoh‘? accoaw P%&Fé@ %?‘F“ by £ A Reh At T ERR B dEYCR AR Maserial known in

faskculigd in$ for @ﬂﬁﬂg&%@iﬂlﬁ‘nﬁ%ﬁ@s orGlcRER: to@ﬁ&f Th@@@%mg@an lfor example
ogenous

Kat sum Hamana Ovari an Response to _ dot r opi ns
in Inf amluc@mw @usdm@,naﬂlys% 2gning; beat dusivgdicatibendiegd, podssiiox argbthedike.

15(3): 4. 2 h d ph Ki net f f.
ot ¢ ny JSPHER PYPRAT AR CaR AIFOUL R oY BOHE PaPBact o HoPpt Brdecpt at inert
anast r @zqofhp WﬂEleS‘hMéih?ﬁdfdi%%m%fé@m@ﬂé@ﬁﬁz@éhé?fwlﬁc}f@h’b‘étﬂoﬂ?Emﬁyﬁlee’tré?l‘éport of

inserting a vaginal rin (I'VR) having three different rel ease
rat es. apipnhgatsrink Furthem g@bstatnhélly nhpghined dosagerferps ca alar he opanfagiwred by

o3 e, U OB DR SE TR R ' oo e

out ov @émﬂjé?@tuﬁﬂ‘léﬂd mjRXpe ﬁlhdl&ﬁﬂﬁi’;h Rexsitg ol ythydent i, betman 180 lch@s; tvileRsi fter
[Oh, 1L h, 3h, 6 hafter insertion of the IVR]; 1 collection each on
days Bheprgpaedringfs eoladnpeby joining tersnds fagetheedy ¥eldingt i ons f ol | owned
on every 3rd day) and by ultrasound scans of the ovary (2 x per
week). Hornone determ nation was carried out according to the
instructions provided by the supplier (estradiol [Sienens/DPC,
progest erone [ BecknmannCulter/DSL], FSH [SHG ). An |IVR having an
initial in vitro release of 0 gg/day (placebo, no anastrozole), 390
gg/ day, 85 lag/day or 27 Rg/day was inserted into five aninmals per
group 10 one to three days after the | ast day of nenstruation.

Ani mal s having irregular cycles were excluded fromthe experinent. A
reduction in estradiol levels over the entire cycle with a
significant fall during the follicular phase - inportant for the
estrogen-dependent proliferation of the endonetriumand 15
endonetriotic | esions - was observed in the group having an initial
rel ease of 390 Rg/day (table 2, row5 and figure 2). As shown in rows
1, 2 and 3 of table 2, counterregulation by the pituitary-ovarian
axis fails to occur at the dosages used (no difference conpared to

t he placebo control). Conparable FSH | evel s anong t he groups show

t hat the dosages used have no stinulatory effect on the
pituitary-ovarian axis. In agreenent with this observation, no 20
formation of ovarian cysts was observed (cf. row 7, table 2). This
experinment shows that it is possible in an animal nodel to | ower
endogenous estrogen | evels using an aromatase i-nhibitor (for exanple,
anastrozole) wthout triggering counterregul ation. The foll ow ng
tables contain a summary of the in vivo and in vitro rel ease rates
[table 1] of 25 anastrozole fromthe IVR the |levels of estradiol
(E2), progesterone and FSH with different dosages of anastrozole, and
i nformati on about the formation of ovarian cysts during the cycle
(days 1-26) [table 2]. Table 1. Sunmary of the in vivo and in vitro
rel ease rates
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Anastrozole Initial (day 1) in vitro release (p.g/day) (A 390 (B)

85 (O

27 - 22 - Average(30days)invilfrorel ease (jig/day) (A (B)

(C© 305 64 16 Average(30days)invivoserum concentration (jlga) (A

10

15

Example 1: Determination of the inventive Gestagen Dose by means of an Ovulation

Inhibition Study

In an ovulation inhibition study the envisaged gestagen will be tested in various dosages
to determine the gestagen effect on ovarian follicle maturation and ovulation with means of
transvaginal ultrasound investigations and measurements of blood hormone levels (estradiol,
progesterone). Furthermore, the cervical mucus will be investigated according to the Insler
score with regard to intended changes of mucus characteristics typical for gestagen-only
contraceptive methods (Insler V et al, Int J] Gynecol Obstet 1972, 10(6): 223-228). The dose
which inhibits ovulation below 95% and preferably in a range of approx. 40 — 80 % and yields
an Insler score of the cervical mucus of < 9 will be chosen as gestagen dose in this invention.
This dose will be specific for every gestagen. It is known to an expert in the field and
therefore expected that some follicular growth will occur with this contraceptive method (e.g.
occurrence of persistent ovarian follicles is a known effect of the gestagen pill Microlut®; see
Fachinformation Microlut dated July 2007, page 2 [4.4.2 Wamhinweise; persistierende
Ovarialfollikel]). Pharmacokinetic accumulation phenomena should be considered when

identifying the dose.
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(B)

(C© 5.9 1.4 0.3 Average(30days)invivorel ease (jig/day)

(PC-based) (A) (B) (C) Based on tRé-ex vivo IVR analysis (A (B)

(O

278 66 16 277 54 15 Plasma protin binding [free fraction, fu]

nonol_ gus nonk Human
& ngample 2:eEYffects of an aromatase inhibitor on pituitary-ovarian-axis and follicular

10

15

20

25

30

development

In a further pharmacodynamic study the effect of the Al applied via a parenteral dosage
form, preferably an IVR, on the pituitary-ovarian-axis and follicular development will be
investigated by determination of blood hormone levels (follicle stimulating hormone = FSH,
luteinizing hormone = LH, estradiol, progesterone) and transvaginal ultrasound measurements
alone and/or in combination with a gestagen. The lowest exposure to Al and gestagen which
induces additional follicular growth as compared to the untreated or gestagen-treated cycle
may serve as threshold for dosing of the Al in combination with gestagen. This dose will be
specific for every Al In the literature it is described that ovarian stimulation by an Al can
occur at dosages of e.g. 2.5 mg Letrozole or 1 mg Anastrozole applied orally (Mitwally MF &
Casper RF, Fertil Steril. 2001, 75(2):305-9, Fisher SA et al, Fertil Steril 2002 Aug;78(2):
280-5, Badawy A et al, Fertil Steril 2008, 89%(5): 1209-1212, Wu HH et al, Gynecol
Endocrinol 2007, 23(2): 76-81). The targeted mean daily exposure, e.g. for Anastrozole
delivered via the preferred parenteral dosage form which as said is an IVR or an IUD for this
invention will be below 1 mg (or between 0.1 mg and 0.9 mg). For letrozole it will be below

2.5 mg (or between 0.1 mg and 2.4 mg).

The highest possible amount of Al combined with the gestagen in the dose described
above will be determined by means of the human pharmacodynamic study described above
which does not lead to additional stimulation of follicular growth compared to the gestagen
alone as defined above. The gestagen effect on cervical mucus has to be maintained in the

combination with Als.

The experimental setup is valid for any parenteral application. For an IVR the above
described experiments for the single components and for the combination would be performed

with IVRs.

Example 3: Production of the intravaginal rings for the in vivo study
For an in vive study with cynomolgus monkeys, anastrozole-releasing intravaginal rings

adapted to the size of the cynomolgus monkeys were manufactured. The rings had an outer

diameter of 14 mm and a cross-section of 2.3 mm.
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34% 52% C11, 1[ 1/ 11/ kg] Cynonol gus nonkey Human (CL/F) 0.58 0.02
Cal cul ated constant in vivo IVR relead8-rate in humans (to maintain
pl asma | evel s which correspond to those of the effective dose in

cynonol_g- us m)nke}/ é 450 0 k atient C%ncul ated co tant
vitro I'ARIHMEPsquiaine taéof‘? i‘rtdgel PIREG RIS CORE HER §0*HF‘£§)?& Telease-
llevel s ¥hi-GRng ﬁ{éiﬁwq‘h%(?nﬁeﬂ&'ﬂedrg% egﬁbé{‘eﬁg’chlf&egg)y ffiiwﬁi}otpirlg %fé}]ecn% of

the effective dose I n cynonol gus s) Calcul at
vi tro IvRmatsriekser ﬂmtc@rQ furd til@flﬁ@nbram: axhﬂ hy déj@stagihngimgabmetrmmemd the

32% t h | wh
Cor r e S B fifo b RiPEs A onpitll SO o sBmPRARhaHE! s Motk hickess.
(husen sdassd sél@étl&ﬂéﬂ%éeﬁ%&ﬁeﬂéﬂ:t 8RS it E@s@hﬁe ?0 cdzitol AH Rlcabd8? anastrozole

progesterone and FSH | e and the formation of ovarian cysts during
t he cy®ver fadiggds ofimpg) than 30 days.

Three formulations (A, B, C; referred to as high, medium and low dose in figure 1) of
anastrozole-releasing rings were produced, with each releasing anastrozole for at least 30 days.
10 The starting dosages of anastrozole were 390 pg/day (A), 85 pg/day (B) or 27 ug/day (C).

Placebo rings were likewise produced.

a) Production of the anastrozole-releasing rings
15 Core

Two core compositions were prepared, with one containing anastrozole in a matrix made of
silicone elastomer (polydimethylsiloxane) and the other containing only the silicone elastomer
(polydimethylsiloxane). The anastrozole-containing core was produced by mixing
20  (micronized) anastrozole and the silicone elastomer in a mixer. The anastrozole content of the
mixture was 35% by weight. The mixture was shaped in a mold to give a small elastic rod
having a thickness of 2 mm and cured (it would also have been possible to achieve this by
extrusion through a nozzle). The silicone elastomer core was extruded to give a small elastic
rod having a thickness of 2 mm (it would also have been possible to achieve this in a mold).
25

Membrane
The drug-release—controlling membrane tube was produced from silicone elastomer
(polydimethylsiloxane) by tube extrusion. The wall thickness of the tube (the membrane

30  thickness) was about 1.5 mm.

Assembly of the ring
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Pl acebo Anastro- zole 27 gg/day (initialin vitro rel ease) Anastro-
zole 85 ug/day (initialin vitro rel ead®y Anastro- zole 390 gg/day
(initialin vitro rel ease) P value vs placebo 1 FSH (ug/1) 4.85 5.52
4.90 4.83 Not si
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% anastrozale Jo_re was cut into three lengths: 38 mm (A), 6 mm (B) and 1.5 mm (C). The
silicone elastomer core was cut into two lengths so that a total core length of 38 mm was

achieved. The membrane tube was cut to a length of 38 mm and swollen in cyclohexane.

The ring was put together by pushing the core segment(s) into the swollen membrane tube.
The tube was shaped into a ring by overlapping. After evaporation of the solvent, the tube
contracted and compressed the parts tightly,

Anastrozole release
Method

The release of anastrozole from the rings was analyzed in vitro at 37°C in a 1% aqueous
solution of 2-HP-B-CD (2-hydroxypropyl-beta-cyclodextrin) in a shaking bath (100
rotations/min). The solutions were changed daily except at the weekends. The sample
solutions were analyzed by HPLC, using an Inertsil ODS-3, 150 x 4 mm 5 pm column and
methanol/water (1/1) as eluent at a flow rate of 1.0 ml/min. The detection wavelength for

anastrozole was 215 mm. Three rings were tested in parallel.

In vitro release rate

The rings were tested in vitro for up to 40 days. The in vitro release rate was continuous and
controlled, but showed in the tests a reduction in the starting value of altogether about 30%
after 30 days. The starting release rates were 390 pg/day (A), 85 pg/day (B) and 27 pg/day
(C), and the mean release during the 30 days was 305 pg/day (A), 64 ng/day (B) and 16

pg/day (C).

The in vitro release rate of anastrozole is depicted in figure 1.

Ex vivo study of the primate rings

The used rings (5) of the respective doses (A, B and C) were recovered and analyzed for
residual anastrozole content. Anastrozole content was determined by extracting the ring with

(THF), followed by HPLC analyses.
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Meanl evel / dayw t hout preovul atory maxinmum +/- 2.70 +/- 3.07 +/- 2.58

+/ -

2.91 icant 2 Progesterone (ri rmUI‘)°~05. 65 5.57 6.58 4.58 Notsignif-

Mean |l evel/day +/- 5.99 +/- 5.11 +/- 3.91 +/- 2.64 icant
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An estimated value for the release of anastrozole in vivo was obtained by calculating the

reduction in the amount of anastrozole in the ring during use, e.g. the original content minus
the ex vivo residual content, and dividing this by the number of days for which the ring was in
use (varied). Table 1 lists the average (5 rings) ex vivo anastrozole content per dose and the
anastrozole content in the comparative rings (unused rings) along with the calculated average

anastrozole release rate per day.

Table 1. Estimated value for the in vivo anastrozole release per day for doses A, B and C,
calculated from the average in vivo test duration and the average assay results for the ex vivo

rings and the unused comparative rings

Dose Average assay | Average assay | Average release
value for the ex|value for the|rate per day
vivo rings (mg) comparative rings | (ng/day)

(mg)

A 32.8 41.1 277

B 4.9 6.5 54

C 1.1 1.5 15

Example 4: Demonstration of feasibility in cynomolgus monkeys

The cynomolgus monkey is suitable as an animal model for studying aspects of human
endocrinology because its reproductive systern is comparable to that of humans (Weinbauer,
N., Nichaus, Srivastav, Fuch, Esch, and J. Mark Cline (2008). “Physiology and
Endocrinology of the Ovarian Cycle in Macaques.” Toxicologic Pathology 36(7): 7S-235).
This comprises, among other things, cycle length, hormone receptors, morphology, endocrine
system and regulation of the pituitary-ovarian axis (Borghi, M. R., R. Niesvisky, et al. (1983).
“Administration of agonistic and antagonistic analogues of LH-RH induce anovulation in
Macaca fasicularis.” Contraception 27(6): 619—626. Satoru Oneda, T. L., Katsumi Hamana
(1996). “Ovarian Response to Exogenous Gonadotropins in Infant Cynomolgus Monkeys”
International Journal of Toxicology, 15(3): 194-204). The pharmacodynamic and
pharmacokinetic effect of intravaginally administered dosages of the aromatase inhibitor

anastrozole was studied over the duration of a menstrual cycle by inserting a vaginal ring
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A- 52.78 +/- 22.65 +/- 55.50
Lut eal phase

(IVR) having three different release rates. Among other things, the influence on the pituitary-
ovarian axis was studied by determining the hormones estradiol, FSH, progesterone (the
blood collections required for this were carried out over the entire experimental period; on
day 1, four collections [0 I, 1 h, 3 h, 6 h after insertion of the IVR]; 1 collection each on days
2 and 3; after this time point, further collections followed on every 3rd day) and by ultrasound
scans of the ovary (2 x per week). Hormone determination was carried out according to the
instructions provided by the supplier (estradiol [Siemens/DPC], progesterone [Beckmann-
Culter/DSL], FSH [SHG]). An IVR having an initial in vitro release of 0 pg/day (placebo, no
anastrozole), 390 pg/day, 85 pg/day or 27 pg/day was inserted into five animals per group
one to three days after the last day of menstruation. Animals having irregular cycles were

excluded from the experiment.

A reduction in estradiol levels over the entire cycle with a significant fall during the follicular
phase — important for the estrogen-dependent proliferation of the endometrium and
endometriotic lesions — was observed in the group having an initial release of 390 pg/day
(table 2, row 5 and figure 2). As shown in rows 1, 2 and 3 of table 2, counterregulation by the
pituitary-ovarian axis fails to occur at the dosages used (no difference compared to the
placebo control). Comparable FSH levels among the groups show that the dosages used have
no stimulatory effect on the pituitary-ovarian axis. In agreement with this observation, no
formation of ovarian cysts was observed (cf. row 7, table 2). This experiment shows that it is
possible in an animal model to lower endogenous estrogen levels using an aromatase inhibitor

(for example, anastrozole) without triggering counterregulation.

The following tables contain a summary of the in vivo and in vitro release rates [table 1] of
anastrozole from the IVR, the levels of estradiol (E2), progesterone and FSH with different
dosages of anastrozole, and information about the formation of ovarian cysts during the cycle

(days 1-26) [table 2].

Table 1: Summary of the in vivo and in vitro release rates

Anastrozole
Initial (day 1) in vitro release (ng/day)
(A) 390
(B) 85
(®)] 27
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Average (30 days) in vitro release

(ng/day)

(A) 305

B) 64

(€) 16

Average (30 days) in vivo serum

concentration (pg/l)

(A) 59

(B) 1.4

(©) 0.3

Average (30 dayé) in vivo release

(ng/day) (PC-based)

(A) 278

(B) 66

(© 16

Based on the ex vivo IVR analysis

(A)

(B) 277

© 54
15

Plasma protin binding [free fraction,

fu]

Cynomolgus monkey 34%

Human 52%

CL, [V/kg]

Cynomolgus monkey 0.58

Human (CL/F) 0.02

Calculated constant in vivo IVR release
rate in humans (to maintain plasma
levels which correspond to those of the

effective dose in cynomolgus monkeys)

=250 pg/day/60 kg patient

Calculated constant in vitro IVR release
rate (in buffer) (fo maintain in humans

plasma levels which correspond to those

=270 png/day/60 kg patient

4 E2 pnol/1 3768 4862 4126 2784 Notsignif- AUC (cycle days 1-26) +/ -
684.9 +/- 1986 +/ - 2063 +/- 999.8 icare-5 E2 pnol / Uday 3137
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3854 3235 1978 P < 0.0478 AUC (follicular,

927.5 +/ -
pl acebo)

1101 +/- 350.6 (anastrozol e23

6 E2 pnpl/1 404

1-17)

cycl e days +/ -

295.5 +/ -

390j i g/ day vs

monkeys)

of the effective dose in cynomolgus

Calculated initial in vitro IVR release
rate (in buffer) with a decreasing release
rate (32% in 4 weeks) (to maintain in
humans plasma levels which correspond
to those of the effective dose

cynomolgus monkeys) (human dose)

2350 pg/day/60 kg patient

Table 2: Estradiol (E2), progesterone and FSH levels and the formation of ovarian cysts

during the cycle {days 1-26).

Placebo Anastro- Anastro- Anastro- P value vs
zole zole zole placebo
27 ug/day 85 pg/day 390 ug/day
(inttial in | (initial in | (initial in
vitro release) | vitro release) | vitro release)

1 | FSH (ng/) 4.85 5.52 4.90 4.83 Not  signif-
Mean level/day  without | +- 2,70 +/- 3.07 +/- 2.58 +/-2.91 icant
preovulatory maximum

2 | Progesterone (nmoel/1) 5.65 5.57 6.58 4.58 Not  signif-
Mean level/day +/-5.99 +/-5.11 +/-3.91 +/- 2.64 icant
Follicular phase

3 | Progesterone (nmol/1} 51.61 91.92 60.02 92.88 Not  sigmf-
Mean level/day +/-37.54 +/-52.78 +-22.65 +/- 55.50 icant
Luteal phase

4 | E2 pmol/i 3768 4862 4126 2784 Not signif-
AUC (cycle days 1-26) +/- 684.9 +/- 1986 +/- 2063 +/-999.8 icant

5 | E2 pmol/l/day 3137 3854 3235 1578 P < 0.0478
AUC (follicular, cycle days | +/-295.5 +/-927.5 +/- 1101 +/- 350.6 (anastrozole
1-17) 390 pg/day

vs placebo)

6 | E2 pmoll 404 403.2 605.1 3429 Not  signif-
AUC (luteal, cycle days 17— | +/-211.9 +/- 169.7 +/-204.1 +/-135.2 icant
26)

7 | Ovarian cysts (ultrasound) None None None None N.A.
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Figure 2 shows the estradiol levels (pmol/l) during the follicular phase. 390 pg of anastrozole
per day lowers the estradiol levels significantly (P value < 0.0478) compared to the placebo

group.

The concentration of anastrozole in plasma samples was quantitatively determined by means
of liquid-liquid extraction with liquid chromatography coupled to tandem mass spectrometry
(LC/ESI-MS/MS). The analyses were carried out on an Agilent 1200 and an AB Sciex Triple
Quad 5500 in positive ionization mode. For this purpose, 100 pl were initially taken from
each plasma sample, admixed with 300 pl of an aqueous solution containing any non-
structurally-related compound as internal standard, and extracted with 1.3 ml of methyl tert-
butyl ether on a Perkin Elmer Mass Prep Station. After phase separation, the organic phase
was blown off and the residue was absorbed with 30 pl of LC eluent (50% methanol/50%
water, v/v). 5 pl of this were injected into the LC/MS/MS, the m/z transition 294 ([M+H]+)
—> 225 was recorded, and the signal was integrated with the AB Sciex Software Analyst 1.5.
The concentrations of the plasma samples were determined from the resulting areas with the
aid of a calibration curve present in the same sequence (0, 0.0500 to 1000 nM in plasma, n =
2). The lower limit of determination of this method was about 1.2 pg/l (quadratic calibration
curve, weighting 1/x). The time courses for the serum concentration of anastrozole can be
found in figure 3. Plasma protein binding (free fraction [fu]) of anastrozole in human and
cynomolgus monkey plasma was determined by means of equilibrium dialysis (cf. Banker, M.
J. Banker, et al. (2003). “Development and Validation of a 96-Well Equilibrium Dialysis
Apparatus for Measuring Plasma Protein Binding” J. Pharma. Sci. 92(5): 967-974) over seven
hours at 37°C, in a 96-well based microdialysis apparatus (HT-Dialysis LLC) with a dialysis
membrane made of regenerated cellulose (MWCO 3.5K) and subsequent measurement of the
dialysate by means of LC/ESI-MS/MS. Calculation of the free fraction (fu) yielded 34% in
humans and 52% in the cynomolgus monkey.

Figure 3 shows the time courses for the plasma concentration of anastrozole after IVR

administration in female cynomolgus monkeys.
The mean plasma concentration (Css) of anastrozole was calculated as the mean value of all

measured concentrations per dose group from the day after insertion of the IVR up to the end

of the experiment.
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3. A dosage formof either of the preﬁﬁdi ng clains in which the
dosage formis selected fromintravagi-nal ring, intrauterine device,
subcut aneous i nplant or depot injection. 104. A dosage form of any of
the preceding clains conprising one or nore of the foll ow ng

ar omat ddaimhi bi tors: anastrozol e, exemestane, fadrozole, fonnestane,
| etrozol e, pentrozole, vorozole or BGS649 and pharnaceuti cal

accept abl & sulptsntehwdrdeedge form Acldasiggen hormtok ialnpitef inthéaihr ebask rage that
cl aims conprj sing one or .note, of e fol.lopnn est S: .

al | yl est rend°cs ng H’fdg'ﬁ‘alisﬁmgat‘%e‘iflat?‘&ovéf/‘ﬁsr gny el‘%@%@/ea?f‘%gg)@@f of ghe pituitary-
desogestr el ,oyalaNdeShd a BRI RNANEly AR TEERP IR o RIARAYREbt RN dose
et hynodi ol , gest odene, Ievonorgestre?, | ynestrenol , nedrogestone,

medf oxypr ogésit bighreapughsigasovidé relickle aprtracepiregeretectidn. nor et hi ndr one,
nor et hi st erone, norethynodrel, norgestimate, norgestrel, quingestrone
or tri negestodesagarfdrmphbéichaaelin whichythaparepteedd ddsggl foamtibardeedge2@6m fbr
dosage form of any. of the preceding clains using anastrozole in

conbi nat i on 1963 APRlicaHYyest or anastrozol e in conbination with

| evonorgestrel or anastrozole in conmbination with gestodene. 7. A
dosage fo?mffoway form eheither of &t pgceding ¢laimsninwhhie therrosagestoaniis selected
anastrozol e . i ev . he . dosage form..
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than 10 |i gnofbtihess hdraestel REingestfordayor mebestieadand OpwBr@hcaiyally
of claims 7, 8 and 9 in which the desired rel ease rates clai ned

t herei n ar e 26¢RfaNERItS Higjeddne, two or three days after the start of
treatment owing to the burst effect. 1011. A dosage form of any of

t hé0 pr ecel@i dgdedage dwmi af ey ehthe peecgdingelame vsingi dpastenzokenid cohndination with
gestagen are. deI(i3S ered tsgrot e bodc%g}\()i.a a contrhrﬁ)l | ed | ne?-term rel ease
dosage for m 98K Yo SAFEOFRIP b RINPAPD R, BJSB%Figﬁsg‘-’ | % ARagiggole n
treati ng endembinatios wsth gkdtodéhedosage form of any of the preceding
clains for treating endonetriosis and for sinultaneous contraception.

7. A dosage form of any of the preceding claims in which the systemic anastrozole
exposure achieved after release from the dosage form corresponds to the anastrozole

25 exposure after oral administration in a dosage of less than 1 mg, or between 0.1 mg
and 0.9 mg, of anastrozole per day, and which contains levonorgestrel, dienogest or

gestodene as gestagen.

8. A dosage form of any of the preceding claims in which the systemic levonorgestrel
exposure achieved after release from the IVR corresponds to the levonorgestrel
30 exposure after oral administration in a dosage of more than 10 pg, but less than 50 pg,

per day, and which contains the aromatase inhibitor anastrozole.
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1514. An IVR of any of the preceding ;é%nal nms. 15. An I VR of any of the
pr ecedi ng clainms in which the long-té rel ease period lasts froml
week to nont hs. 16. An IVR of any of the preceding clains in which

the long ter 4 Ql7. An

e aut er?né*“ oSABORARD b oL 35 Brechth Sudidhs g "GER, ERHEem(Sanasisprpte
t er m r el easexpéik®acHiagtiaft rélaas tfrofn fRNdd3age ifcﬁrm SitrdsplAdefto @ﬁ@ams&azme
in which the long termrel ease period | asts one year or longer. 19. A

met hod f or teﬁBO%lr%ﬂ’f@ra{ﬁelo%@nmrsgaﬁ%m a §psagR B Hessrthars | gy between 0.1 mg
contracepti QR4 4sj fg & NAEHR Hr A5 thd YAl 1ABYorREsthel ExRlsf LS ed

cl ai ns
5 after release from the IVR corresponds to the levonorgestrel exposure after oral

administration in a dosage of more than 10 pg, but less than 50 pg, per day.

10. A dosage form of any of claims 7, 8 and 9 in which the desired release rates claimed
therein are achieved only one, two or three days after the start of treatment owing to

the burst effect.

10 11. A dosage form of any of the preceding claims in which the aromatase inhibitor and the

gestagen are delivered to the body via a controlled long-term release dosage form.
12. A dosage form of any of the preceding claims for treating endometriosis.

13. A dosage form of any of the preceding claims for treating endometriosis and for

simultaneous contraception.
15 14. An IVR of any of the preceding claims.

15. An IVR of any of the preceding claims in which the long-term release period lasts

from 1 week to 3 months.

16. An IVR of any of the preceding claims in which the long term release period lasts

from 4 to 6 weeks.

20 17. An intrauterine device (IUD) of any of claims 1 to 13 in which the long term release

period lasts at least 3 months.
18. An IUD of claim 17 in which the long term release period lasts one year or longer.

19. A method for the simultaneous treatment of endometriosis and contraception using a

parenteral dosage form of any of the preceding claims.
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