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it is initiated by a retrograde menstruation in which endometrial tissue passes through the

fallopian tubes into the abdominal cavity where endometrial cells adhere to the surfaces of the

abdominal tissues and organs to form ectopic endometrial implants, i.e. endometriotic lesions.
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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 confraceptive

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 AT 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 ete.

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

5
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(Insler V et al, Int J 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 below 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/TUD) 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 AT
reduce or block the synthesis of estrogens. Selective Al are e.g. anastrozole (AI'imidex®),
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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controlled systemic release of active ingredient(s) to the body over extended periods of time.

Release rate means the mean, released amount of active drug substance in 24 hours
15  from the dosage form that is available for absorption by the surrounding tissue. A person
skilled in the art will know that the mean release rate from a parenteral dosage form can

decrease over the period of application.

A controlled Jong-term release dosage form means any dosage form suitable for

administration of drugs over a prolonged period of time avoiding fluctuations of drug levels

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, chiormadinone 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 frimegestone 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 dailv release rate below the ovulation inhibition dose but hich

30 enouch 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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ri ng-shaped structures that are appropriate for intrauterine or

vagi nal 30 adm nistration, such as for exanple helically coiled
spirals and ring systens having convol uted surface. Infra-uterine
devices may, in addition to a substantially ring-forned shape, have
various other forns and may be for exanple T-, S, 7- or

onega- shaped. The conpartnent to be attached to an intrauterine
device may be hollow so that it can be easily 14 . W?2011/120925-
15- PCT/ EP2011/ 054737 positioned over the body. Alternatively, the
core can first be applied onto the body and in the next step be
encased by a nenbrane. |Inplants have usually a rod-shaped form

The ends of the conpartnments or the conbination of conpartments can
be joined by using a coupling neans whi ch can be any nethod,
mechani sm device or material known in 5 the art for bonding or
joining materials or structures together. The coupling can for
exanpl e i nclude sol vent bondi ng, adhesive joining, heat fusing, heat
bondi ng, pressure, and the |ike. Tubul ar conpartnents can al so be
joined by using a plug or a stopper nade of any inert, bioconpatible
material, for exanple an inert material which does not permt the
transport of active material. Further, substantially ring-shaped
dosage forns can al so be manufactured by 10 placing a conpartnent or
a conbi nation of conpartnents in a nould at an el evated tenperature
and injecting nolten high density pol yethylene in between the ends,
whereafter the prepared ring is cooled, or by joining the ends

toget her by wel ding. W?2011/120925-16- PCT/EP2011/ 054737 Exanple 1:
Determ nation of the inventive Gestagen Dose by neans of an Ovul ation
I nhi bition 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 wth nmeans of 5
transvagi nal ul trasound investigations and neasurenents of bl ood

11



W2011/120925- 17 - PCT/ EP2011/ 054737 Exanple 2: Effects of an
aromatase inhibitor on pituitary-ovarian-axis and follicular

devel opgrenip; /120895 @ further pharmacogynam c study the
Al applied via“a parenteral dosage fo?%,n preferably an ?@Eﬁ&ﬁ%&éﬁﬂ
pituitary-ovarian-axis and follicular devel opnent will be 5

i nvesti gat ed DETMIEDDESCRIPTION 0304 FXRENTER AV BOSAGH FORM
stinul ating hornone = FSH, |uteinizing hornone = LH, estradiol,

progest er on@hretegalt dRASY agntalindMidih@ o @Qmﬁﬁé%ﬁfp@ﬂﬁ@tﬁtﬁh%ﬁ‘e a&ﬂé&f and
in conbhination with a gestagen. The | owest ee&asure to

gest agdWMTREEAl mageceapalled Pt i Rspringo ontralled r relpasmtaf aztlvconqgeadmm%sb over

the un t may. serve eshol d, f or

Goei ng “SEAHREPGIo T ARETL FARLA, BHRLE IR bREi e B pRRERY it Slign o
spe6i f ideud or devar selddked by dlffambnttmo@gurtﬁe lﬁolyiﬁerdlﬂﬁﬁ-bd b@%ﬁﬂlﬁ% o@Vcﬁfﬂe&ﬂt
stinmulation h an AT can occur at dosa%fs of 5 ng Letrozole or

1 ny ASGETGEGISeC s dosaesofoams yorg knewaltrgm te me@@rpeﬁomle dopeget forms may

St | | 0
78(2): “IBanE = Bk AR buo B B will ealBlk igGh B (r3gaT S o
Wi HH é@nral wh@;eaesmhe Eaﬂiﬂmaiosargal foﬂﬁ@iom@ﬂé&h polindd Ihatrikhe cosd, @REREd by a

mean dai | epﬁ)ﬁ(ure g for Anastrozole 15 delivered via the
prefer E‘?nﬁllved‘cﬁ heebeeg TH ‘P fhe samdiangoyssadgpinisiyptior: offvg epmore

fongt hi 't&rzhﬁé\iﬁ'éﬁlly%tl% &ﬁbsgﬁc&e by ﬂurﬁger(d}’r dlg M’tet%ﬁstg.l%ogy omg dgs%e%#n

For letrozole it bel ow 2. et ween
The hi gi’\’:‘elglo“@d%@ntﬂh@ﬁamunt of AT conbl ned with the gestagen in the
dose descri bed above will be determ ned by neans of the hunan

phar macody nartardiateudandesodihen ofieviavationhikeiosaesfondicomatest? least one
additional stinulation of follicular gromh conpared to the gestagen

al one SSMBUPPHEFORPEISRE arEc.gE A erje Fneredby agnembians,«gid eare aad membrane
be mai @Bﬁbﬁﬁﬂo'ﬂletéhﬁnec%?bdlﬁ@ltehf);[;]o%& A\‘nﬁ osition, wﬁg}%meiée r% or}{[eglégfl said

setup is valid for any parenter app | FCRbT O For-an
ded2ri benipauperts tempssdsam Ahendioptjbealiyoariedsebhs cangartént! Waich may be the

conbi nati on rformed 25, Wtizg | VRs. Exanple 3: Production of
Che. | nerg Apiite Hak T RermRing U Ak My cOMRBRS aréeReed wos semgund
with cmﬂﬁgh%ﬁ%egmgaﬁyggm@t@ast rozol e-rel easing intravaginal rings 30
adapted to the size of the cynonol gus rmnkeys wer e manuf actur ed. The

Tl\r/]%;orl]i? L SouBEY 1§%@%§? %ﬁ%ﬁ%%ﬁ%& §s aie t“lrl??}’g’é nc‘HF‘%reB’r the

anast r pelyiner atmdp@l‘amt ofnthe pomhoﬁmemmbmaé;oxcﬁaioeldnﬁy c@mprise a therapeuticall
cont nbrane.. The i ntended drug dosages wer e achi eve

|1
@Sf)s%}b‘fﬁ a%%ag%?%ﬁgw Therolymer FaPROSiEAN ¢amebeHREblnehosereso that the
menbr aRgeRBHT he tﬁéi!h;&é’ﬁhbél%r dci%e d59 lﬁ%g@s&% fﬂa@&rg f}ﬂ% @@&%Sfo%%gm‘?f

t he anastrozol e-containing core’in co |nat on w ran

t hi ckness. I e hes ters nmakes it possible
to control tghe re etgglze %r?&&ghrgg?tﬁ%#hf%@%rsage BTSSP ?]E‘EHI%O
days. dtmpetrhartsshidtcompartinéats haylie gosftRhe®terd @ afchiviied, s1d1@9y~§1'@b3<5}93 on
| ow doit%)l n fi ure 1 of ang;trozole rel easing rings weredrgroduce

wi th eHerPtheior e phigast Raslyroissn gaghyth %ﬁ andmay fthenhg separatedrivemsaely othag
dosggesy Qke@Rash j or .27
jigl dayy( 5‘*3 Plﬁjtgrﬂﬁ%rlﬁgéﬁym%?@e SW S8 @Hﬁ‘%é&%}?mﬁ%@@w% S%]fd

t he anashdllvrol e-rel easing rings 15 Core Two core conpositions were
prepared, with one containing anastozole in a matri x nade of

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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silicone el astonmer (polydinethylsiloxane) and the other containing
only the silicone elastonmer (polydi nethylsiloxane). The
01 £s4737

anast r gzolog1 ¢QnHeisni ng core was produged by m xing 20 (pHgf
anastrozole and the silicone elastoner in a m xer. The anasirozol e

content of th I Xt ure s _35%.y weight. The mi xture.was shaped in.a
ol d to g vEOSeErrdtuislRie o S e e mERReRie a2 Ghe Posmbncearie
(It woulditahriooray endoegslacddo coipatnict, 28 be Vi daieSortiffereht AR 8y stand for
~through a nozzle) The silicone el astonmer core was extruded to give a

smal | ~ €pasingle nobanespyiagaixtre Bf pelimass afmay bempds umofpaymersdhitave blsaded
possi bl“gthtegcﬁgﬁie{eve this in a nold). 25 Menbrane The
drug-rel ease-control |l i ng nenbrane tube was produced fromsilicone

| ast | vdi.met hyl si. | b t i .. Th [ 1
ChiEkmoes oF PR AR i aihes o gt bl dr Rl o ishfy can e yagd as
Assenblighgads it f3ebiddontpatibleVBRAAF1Es OQHPM oﬂl? us?&%[él?ﬁ%ﬁé HABRAISiAcIAE, but are

S 8 mm (A, 6 mm (B)

anastrozol e core was cut into three | engths: _ and
1.5 rmﬂl()t)hmltﬂdetosiDqlwﬁém@ﬁaﬁﬂb’ﬁmﬂlm&eti\momwwi pelyutetionts nghylsng/winyl

cut 105 ooV ERSAA R, Ing BplbR e B T ondiS M BB Rt
put t opiidegradibie ppsifineg, tfoe @ﬁh@ﬂé?@ﬂ?{l}@ﬂﬁ))xyhmh&ié h&i@%}!{ﬂgmla@ﬁ@bééﬂ'ﬁ,

tube. The tube was shaped into a ring by overl apping.

eviPor apiveryeslict padyoppbitglycalidesk ey (@ dastidest erplyinstidonprebipolidedhend a
parts ‘iﬂiﬁt{ﬂ}é {fat'fé&@i&foo&f‘?h&nr el ease 10 Met hod The rel ease of
ol'e e

anastroz romt rings was analyzed in vitro at 37Cin a 1%
aqueous sol gtion g -HP-13- 2-h§jr.o ropyl - bet a-.cycl odextrin) i.n
a shaki ng bg‘%‘ﬂ SH@%}I%SIWG i’fi%gné“fa n{r‘ﬁe?lalxl'%‘gays%y?”?‘%“sedmé?eﬁﬁ bté(H2 of a
dai |y exeeplateahalells] #RBKERARA of MRatSARRIRs TR ITIRNSIWBEE AR sHER N also
HPLC, using an_ lnertsil ODS-3, 150 x 4 mMm 5 gm col uimm and

net han&Pmpaseerdditignn) mpderia] fesraxagmleatof #dywst terdeopbiliclorthydrgphiohic prhperties in

e r g T AN

vitro takingiintd accbntitins all Bhgitives Meddr 10 BeebiRaspatit]® aiB B aeBdsi taURY Dafbd.
control] ed, but showed in the tests a reduction in the starting val ue
of al t dGEtRET ORFRAIRbIARIt &pO SOMEESSs forreranitley complexr Braingeagentsesuch as

moan ¢ oA GARI O ROR DL Tk oBBT o7 BB B¢ ogp@r s

and 161gvieh/Almili4re)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.

25
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The in vitro rel ease rate of anastrozole is depicted in figure 1. 30
Ex vivo study of the primate rings The used rings (5) of the

respectypeodegesoisn B and C) were regpvered and anal yzﬁgﬁﬁ%lé/% 737
resi dual anastrozol e content. Anastrozol e content was determne ﬁ

%tlrlﬁgtzi)gg; hgor IWG@%%Q%&M? Sﬁgjﬁﬁémh\é\or el ease

of anastrozqle in vi v](Z) was opt ai nedﬁgy cal cul ating the reduction in

the anount of'°aRAEHFEL dPsAgenOTReAGCORENG (P i thl Hyention gon tisemenyigetuegd in
cont entycdBrhze tith &X¥ndaky ?bcﬁﬁiﬁh&uﬁlovﬁloﬂ t‘ﬁ@ El-g s\ﬁ'a %Q%?f B{e 5&?@6

nunber of days for which the ring was in vari
lists tftbmlmaeﬂJa@@e](yB:hDsamdw)thepemon/siuhﬂhmtthmml e content per dose and
t he anastrozole content in the conparative rings (unused rings) along

with the calicsifitient avemagé atleas tonazlcdr@euﬂ&aell@&@tm?bgen@eén E’@%lcorpfo-f@t@(ﬁ o)
1. Estiated value for, the in vivo anastrozol e rel ease per day
doses A€ BOLAWT Compgsitign (i the 8¢ P51ihe meeraivara gy ysing difrenssmethods, sald

dur at i oferaihdifie ?éﬁﬁé}fi%natﬁé @tﬁg\ﬁlgfl% i3 SLiB%aderGX \cllh‘l\ﬁ?fh rﬂ]lé.lal%sf%llge taltbe

unused conparative rings rageassay val ue e ex
rings (nngl)agmmudgaaserhm thalpabmfen nmatﬂme cn@kmpmlamer/mafdnﬁgaﬂm substance can

277 B
Aver a9%e %153813 €aifh %B%abq gol‘(/ént %4 g%l)xuée %% sc?lvélrilis (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 drg-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

14



4.9 6.554 C1.11.515 Exanple 4: Denonstration of feasibility in
cynonol gus nonkeys 15 The cynonol gus nonkey is suitable as an ani nal
nodel aspects of human epgdocrinol ogy becau
reprodmlz\%ﬁggg{%m is corrpar able to Fﬂat of hunmans (V\é?ﬁgé\é&?rou/ﬁsmw
Ni ehaus [ivasta Fuc Esc . CI i ne 08) si al o
nd EnBRE PP S50 oot TR ol s Parei A et b ot PR ooy a0 i
Pat hol agyt s&p(be)encdsed %%@merﬁ&aﬁ@'lﬁlp%@{a'vé %&all?@ﬂg-sﬁé]ﬂb‘ﬂrfoﬁﬂ' ngs,

cycl e | engt hor mone receptors, norphol ogy, éndoc system and
regul ati on of the pituitary-ovarian axis (Borghi, M R, R

Ni esvi sky, @&heahds Qﬂ.ﬂhﬂ&))mpaﬂnhm'lﬂsicsttheat&mbﬁn@ﬁoxﬁgb@brﬁ@&rﬁn@lt@can be joined by
ant agoni.sti c a£l o%ges OLJ& H RH i nduce %govu at.i on i n Macaca

fasi cuM3Pe & ORI <35 O janY gagheh gnechapismy, deyieiar mteripl known in

Kat s UniheHR RIS ohd R F& infAgeh FeRgeny

in Infant Cynonol % Ie/bn eyshﬁg%@?ﬁ{gg’?ﬁgﬁe%g%al Jour na? %ﬂggom coﬂIctl le
15(3): nmguieg@hx)ent msilmmdmwmang dlaahﬁlsm@ﬂlmdm:udngt presafré,eaid bk 11ke
ni.stere osa of t.he aromatase inhibitor

intrav al I dm
anast 1 SOBE ieheBehBliS R 5hp YRR PURE arbIE R Aotrrn Rl sy nert
i nsert bit@omp¥taele Rddterfal NBr example an inert material which does not permit the transport of

active material. Further, substantially ring-shaped dosage forms can also be manufactured by
10 placing a compartment or a combination of compartments in a mould at an elevated
temperature and injecting molten high density polyethylene in between the ends, whereafier

the prepared ring is cooled, or by joining the ends together by welding,
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WO 2011/ 120925- 21 -PCT/EP2011/ 054737 (I VR) having three different
rel ease rates. Anong other things, the influence on the

pi tui t FGo0YHIb@psaxi s was studi ed byjgeterm ning the hgp 11/054737
estradiol, FSH, progesterone (the blood collections require or tThi's

were carrie u ver. the entjre experi ntal peripd; on d 1, four
col e Lraple 3+ DetbiHiinblis, SPhd ol dER don B5ig BY iméihscany OVulition

col | ecthkibiteaCtud dai/s 5 2 and 3; after this tine point, further
foll

col | ections owed on every 3rd day) and by ultrasound scans of the
ovary (2 X .1 3: } Al t i

o the i Nt L R ST S R A Sfle RGO
[ Si enetsieRaline thogessizen sffect BeckaranfolliciemamBition FASHuBHHGh)withAmeaRof
having, an initial in vitro.release.of 0 jig/da | acebo, no ,
anedt § B3apil el ity R bR 3P Readennds ¥ pldiy Wawohe Kels dastratial
five apidpebtsrone). Fakupnckd, @8 chAcd] Hhedis dayIShefnkestidaha %c%%lr%?% @F nsler

menstruation. Aninals having irregul ar cycles were excludedfromthe
exper i e Wik regaud o dntendedechanged of nheoue|chamiristidsetypival fer gestdgen-only

with a_si.gni fal ury;n e licular ph - t. for
the esf ?%tgdg% -tgéé;a)ﬂe%%\tgg‘?ﬁ hﬁsﬂgrl J?/fegIag?ptofnggpqoﬁéﬁngﬁﬁé%ﬁ@@@%&?@ The dose
endoneishiditihkibite sindlason balew 9absaidMaeicdbly ea Ghesef ;gﬁ;%;n G0argo Rishiidkields
rel ease of 390 jig/day (table 2, row 5 and figure 2). As shown in
rold 1an nsigrgcarest thesgareicsl meegwf sr? wiahl e chesan By gedtagen dose in this invention.

Steiiv . b ot q
G 1 er GhseTAEWAN b8Pl b8 ey iklied 1 WA T R P, g ana
anong theecfgreauxpsctsd that sdma¢ filhenlslogagaswilbestub aith thie cBhiraepabmythod (e.g.

effect on the pituitary-ovarian axis. In agreenment with this ®
obser vagsuEIenchef pasistentaiarian fflicley #ra vy effert ahthessstagarepill Microlnbiysee

7, tab | NEeR at It A ssi.bl.e i n an_ani mal
rodel Factisiich, SHRIGCRAL AR R0h o 3P B2 b EmepsEop@isience
i nh$ bi CeariglfdlikeRamMilatna@iastic oxeh@hlaoh Nhehoinehd 3BHUIAObe considered when
counten-egul ation. The follow ng tables contain a summary of the in

Vi vo aiﬂ?ng R4 12 §0p%| ease rates [table 1] of 25 anastrozole fromthe

I VR, the levels of estradiol (E2), progesterone and FSH with

di fferent 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 (jig/day) (A) 390 (3) 85 (O 27
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Aver age(30days)invitrorel ease (p,g/day) (A (B) (C 305 64 16
Aver age(30days)i nvi voserum concentration (ug/1) (A (B) (© 5.9

1.4 0. 3ybvriagebsfiays) i nvivorel ease_(p, g/ day) (PC basedyl,q (Rsy737

10

15

20

25

30

Example 2: Effects of an aromatase inhibitor on pituitary-ovarian-axis and follicular

development

In a further pharmacodynamic study the effect of the A 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 TUD 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 AIS.

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 vivo study with cynomolgus monkeys, anastrozolereleasing intravaginal Tings

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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(C) Based on the ex vivo IVR analysis (A) (B) (C 278 66 16 277
54 15 Plasma protein binding [free fraction, fill Cynonol gus nonkey

Human $4%0n29m 8@ sl | / b/ kgl Cynonol gus;gmonkey Human (Q/?{ET%PE%I?/OQZ?M

Cal cul ated constant in vivo | VR rel ease rate in humans 0 main
D o YRk L 956 TR B Bt OB e B3 Bt
Vitro biMifolRh@aebrane. The intended drug dosages were achieved by appropriate selection of
the materials for the core and the membrane and by adjusting the drug concentration and the
surface of the anastrozole-containing core in combination with the membrane thickness.
5 Suitable selection of these parameters makes it possible to control the release of anastrozole

over periods of more 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 pg/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

18



rate (in buffer) (to maintain in humans plasnma |evels which

correspond to those z270 gg/day/60 kg patient of the effective dose

i n cyngpplgus/1opepeys) Calculated inggial in vitro lVRP{(ﬁ‘%ﬁ?Z[?JEIfC%EﬁW
A / g

(in buffer) with a decreasing rel easehrate (32% i nt4 V\ﬁe (re

[ bR in h I l. i rrespon 0 0se. 0 e
ot t oct 1008 PP olk AP S e S R Do $Bhogh ) Sayhao icEhe
pat i entilichab bRsineEsbicadhObut(iBR) twd GRS (8 M, s é:o?cg)lélﬁﬂ‘?lﬁf 3@'1%%%} Bss

formati on of ovarian cysts during the cycle (days 1- ace
Anast r 8chigvsde The membrangyulse wins ¢uate alonithref 38ehwand)swaters fr ayclahok@e85
jig/day (initialin vitro rel ease)

5  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
10

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
15 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.

20  Invitro 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 ug/day (A), 85 pg/day (B) and 27 ng/day

25  (C), and the mean release during the 30 days was 305 pg/day (A), 64 pg/day (B) and 16
ng/day (C).

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

30  Exvivo study of the primate rines

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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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 system is comparable to that of humans (Weinbauer,
N., Niehaus, Srivastav, Fuch, Esch, and J. Mark Cline (2008). “Physiology and
Endocrinology of the Ovarian Cycle in Macaques.” Toxicologic Pathology 36(7): 7S-238).
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. 1., 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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(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 h, 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 ug/day (placebo, no
anastrozole), 390 pg/day, 85 pg/day or 27 ug/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 ug/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 rélease (ng/day)
(A) 390
B) 85
(®)) 27
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91.92 60.02 92.88 Notsignif- Mean |level/day +/- 37.54 +/- 52.78 +/-
22.65 +/- 55.50 icant Luteal phase 4 E2 pnol/ 1 3768 4862

WO 2011/120925 -22 - PCT/EP2011/054737

Average (30 days) in vitro release

(ng/day)

(A) 305
(B) 64
© 16
Average (30 days) in vivo serum
concentration (pg/1)

(A) 5.9
(B) 1.4
() 0.3
Average (30 days) in vivo release
(ng/day) (PC-based)

(A) 278
(B) 66
© 16

Based on the ex vivo IVR analysis

(A) 277
(B) 54
(®) 15
Plasma protein binding [free fraction,

fu]

Cynomolgus monkey 34%
Human 52%
CLy {i/h/kg]

Cynomolgus monkey 0.58
Human (CL/F) 0.02

Calculated constant in vivo IVR release | 250 pg/day/60 kg patient
rate in humans (to maintain plasma
levels which correspond to those of the

effective dose in cynomolgus monkeys)

Calculated constant in vitro IVR release | 2270 ng/day/60 kg patient
rate (in buffer) (to maintain in humans

plasma levels which correspond to those
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of the effective dose in cynomolgus

monkeys)

Calculated initial in vifro IVR release | =350 pg/day/60 kg patient
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 in

cynomolgus monkeys) (human dose)

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 wvs
zole zole zole placebeo
27 ng/day 85 ng/day 390 png/day
{initial in | (initial in | (initial in
vitro release) | vitro release) | vitro release)

1 | FSH (pg/l) 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 (nmol/l) 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/l) 51.61 91.92 60.02 92.88 Not  signif-
Mean level/day +-37.54 +/- 52.78 +/- 22.65 +/- 55.50 icant
Tuteal phase

4 | E2 pmol/t 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 1978 P o< 0.0478
AUC (follicular, cycle days | +/-295.5 +-927.5 +/- 1101 +/- 350.6 (anastrozole
1-17) 390 ppg/day

vs placebo)

6 | E2 pmol/l 404 403.2 605.1 3429 Not  signif-
AUC (luteal, cycle days 17— | +/-211.9 +/- 169.7 +/-264.1 - | +-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 ul 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 Pérkin 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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15  Subsequently, an estimation was made of the in vitro IVR release rate of an IVR for human
application, which is necessary to achieve serum levels which led to a lowering of estradiol in
the monkeys. In the cynomolgus monkeys, this was achieved in the highest dose group at a
mean serum concentration (Css) of 5.9 pg/l. The corresponding effective serum concentration
in humans is estimated to be 9 pg/l, taking into account species-specific plasma protein

20  binding, according to equation (1) below.

. . _ ﬁ’monkey
Equation 1: Css,,, ., = CSS pontey -

The mean in vivo release rate from the IVR which is necessary to achieve a plasma
25 concentration of 9 ug/l in humans is calculated according to equation 2. For this equation, the
plasma clearance of anastrozole in humans is required. This is known only for oral
administration (CL/F) (Clin. Pharmacol. and Biopharmac. Review, NDA 020541 (September
28, 1995)) and was able to be used as the CL for the calculation, since the oral bioavailability
(F) is approximately 1.
30

Equation 2: Rin]mman = CSSlmman * CL

human.
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8. A dosage form of any of the preceding claims in which the systemic levonorgestrel
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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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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 JUD 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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