WD 2005/ 089814 PCT/ EP2005/ 051150 X-ray visible drug
delivefry device FIELD OF THE | NVENTI ON The present
WO 20958¥810n relates. to the field of contracepPCEEPHFO51150
hor none repl acenent therapy. The present invention
relates to an X-ray visible drug delivery device for
subdermal (subcutaneous) adm nistration of a
contraceptive or hornone replacenent t herapy. The
devi ce accordifig to_the tion artlcularly in
the form of an Ay viHbL edﬁﬁg Y§ry &'r‘:gl naf t er
referred to as an inplant. BACKGRCUND CF TILE
I NVENTI ON | npl anon(r) is a contraceptive inplant that
FIELD OF Y B INVENTAIONhe human body for periods up to 3:
- years. Cases have been reported in which the inplants
could not easily ‘be renoved due to either incorrect
The pra3edt olvefifonbielddty & Gieafisldoss chittrabeptivanardnBefibdrenreplacement
the i nplant by physicians. |Inplanon can be visualized
therapyn, t he body using ul trasonography and MRl techni ques.
Visualization by MR is not always readily avail abl e,
_ relatively conplicated and expensive. Visualization
- The pipgent| inveswnoglatgshty s Xatayovisibie émwé@maadﬁme for subdermal
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i.npl ant was inserted incorrectly. The implant shoul d

be renoved (and repl aced) after three years. .
The devicg %ngeto B FRFOLIRR g fﬁmﬂw L atE 8 ap Pkt %ﬂfl will

herem&ﬁ&)be%ﬁﬁe&%ﬁ%@%lﬁftegnam “Anot her reason for
. renoval can be di séase, such as cancer, especially

br east cancer --ovary. cancer or cancer .of -the uterus.

BAC dr flof ~B§oReNveni ent to have an ‘
: - ich will -be X-ray -visible.

Th| s in order to have additional ‘methods to.locate and
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to eliher mcgr?gct uisertmns by physicians or due to nop-insertion of the implant by
| physicians. Implanon can be wsuahzed mn 1]:16 body using ulhfasonn graphy and MRI
techniques. V:lsuahzatmn by MRIL is not always reachly available, relatively comphcated
and expenswe Visnalization by ultrasonography is also 1ot always readily available and :
may be difficult in the hands of inexperienced physmians espema]ly in the event the

implant was inserted incorrectly.

The implant should be removed (and replaced) after three years. Fuarthermore, wdmen
may want to remove the implant if they wish to become pregnant Another reason for
removal can be d15ease such as cancer, especially breast cancer, ovary cancer or cancer

of the uterus

It would therefore be convenient to have an Implanon-like implant which will be X-ray

_visible. This in order o have additional methods to locate and identify the implant, ejther




has been inserted. Such a contenplated X-ray visible

i%I ant nust. be such that the radi o-opaque conponent
WO aHs®3K¥d¢ (i) influence the hornone rel ease pr BETAER20§5/051150

the inplant and (ii) does not mgrate into the body
t hrough the open-ended inplant. X-ray visible nedical
devi ces, such as stens, cafheters, infra-uterine

devi ces such as MiltilLoad(r), biodegradable inplants
y visible drug

d _dent al iges,are known. An X-ra .
to f"“’géq?‘ie gngvalet %@ ERGRA OF 19 bhable e regseie dunpatiese prat e implant
has bébnSedetth@d 1 n GB 2168257 which shows an X-ray visible

vagi nal ring conprising the progestogen

.' | evonorgestrel: GB2168257 does not relate to the
if J he_radio- opague conponent on the rel ease
Such rd;tégﬂt%"}l%?aécg% n%rlg sﬁg%’ ?e 1‘“?‘8%1”? HBUY ﬁ% such gb ethe s tadip-gpaque

compoianyddesvot () enAeRds the Horindnd RIRNE protlid 6F Ble i&gplant and (ii) does

t mas ertai,n that the hornone release rate 1's not '
Ot g W?qus'%wwp%fﬂﬁﬂmlﬂﬁopaque conponent

present in the contraceptive device because that could

- possibly result in pregnancy, the unwanted effect for
X-ray yisiplgemedisiindedonst suctept sients, Mihetomse intra-titckiBeadesives such as
: . j ‘hat radi,o0-opague .copgponent present in the __ .. -
M1} Bodsale i it PR d sl Raes g RapemoLou: ey Hisble
drug delipery-devitedinowlid e fisldQOfl dbitrabPiKn i MRIQHA BIGB 2168257
-hi‘ha_unt,s; causing potential radio-opaque conponent . .
whieh, sapuy an Xiate visible opgiat Sog TRmsrising dhe ppgsstogen evmmprgestrel.
. GB216328Y d885ndtQblaf S fARERL $02 '#E\OT b N entof il Bl
: __Jnplant wherein the ra%—o\g&%%{o&é&) %}g%%apﬁ%%% Oﬁct)lfemlease

. rate of levenerageirgl frormithesing nohdoeseheassng haveomh-dalsnones

. fromthe device and does not mgrate into the body.

_ . SUMVARY OF TIC INVENTION‘I'n one aspect, there is |
It is hopreen ateciabio a¥eértiin thab il hOrEbonorcltabd Mes ¥ e \HpnBichRily affected
b a‘.s(ﬁbdermal adm ni stration of a contraceptive or .~ - .
07 2 TROPWEBATS EPTRERTHE Rresenk i Bie ewntrentivegdenies berause that could
possibiZPeRiQ8 BaIhaRGT PP R APIER 00 3 < QH??H'HE S
' consi stlgng of%]’—i) a thernop g%flﬁc‘:&po-yrrer g%?%aqe%%od]éd' ‘

‘with (a) a contraceptivel y"leiffe'Ctiv-e or- .o

Moreoded®"iPRH 168! buck” Tk ¥° BB BEGRY TAPRR  Blesot Ta the
conu*aqepﬁve{IIRT ‘device does not migrate cutside the (open-ended) implant into the
body in ‘undesired amounts causing potential ‘Tadio-opaque - component related adverse
- effects. e L

- Thus, the subject invention provides for a corntraceptive and/or HRT X-ray visiblé
.implant wherein the radio-opaque component does not negatively influence the release
rate of hormones from the device and daes not nigrate into the body. - | '

SUMMARY OF THE INVENTION

In one aspect, there is provided an X-ray visible drug delivery device for subdermal

administration of a contraceptive or hormone replacement therapy comprising one



ket odesogestrel and (b) about 4-30% by wei ght
WO 2@{%/0% ﬁFaqu_e material and (ii) a non- medicat $€TIEP2005/051150
ernoplastic pol yner skin covering the core. I'n
anot her aspect, there is provided an X-ray visible
drug delivery device for sybdernmal adm nistration of a
contraceptive or hornone replacenent therapy
conprising one corrpartrrent consi st ng of (i) a
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contracepti
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w.re an | I

kotodSHAA, Bl ”e%ﬁﬂ? By meeighi Jpdineapagig magesial and i) genon-
mm@wmeﬂcﬂ&ﬁ@polﬁhﬁygﬁnkw (%hee tographs of i npl an:g

a) w thout barium sul phate i denti cal
| mpl anon); b) with 20 wiV.o BaSO4 |n skln and.c) with
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of i npl ants. wi thout bari um sul phat
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one “Hﬁ%ﬂl fvﬁlﬂﬂs 8’@ @5 fgﬁ aplasficopebiret nrorey lgdad ewith. a
contrabepthviely QOkiivel o Cetlpb@atty! bifodlive! HoBule® Tdﬁégoggﬁllelt& 3-
npl anon.) Figure 4: ime rel easeprofol ‘
kemdef@%esgﬁ m@em@mmem wite and (i) mun-medxmaﬂahexmoplasuc
1 n the core. (The inplant with 0 wWo
Poym 1éngentl cg %’n’pl anon). Figure 5. X-ray
: phot ogr aphs of i nplants a) w thout BaSO4 or titanium
FIGURESe (i.e. identical to Inplanon); and b) with 0.5 mm
titaniumwre. Fi gure 6: X-ray photographs of inplants -

t t1t le 3 d th 0.5
Figuce: KR BRPIEFpIP 1t hlowi ) s beiy s&“ph@tpisasom Xory

identidal T iplandh); @%ﬁ%@%gl ! e?g@ﬁ?ﬁ%%@; 114 %S%‘é n

Accel erated fel ease pr
SC0Te. nmtitaniumwire in the core, a050 nmtltanlumwlre

.in the core and areference |rrplant (ldent1cal t0'
I napl anon) with notltanlumvmre S ‘
Figure 2: X-ray photographs of implants mthom: baritm su]phate (sample 8) and with

11.5 wt% _BaSO4 in core (sample_7) inserted in plg tlssu__le.,_

Figure 3: Accelerated release profiles of 1mp1ants with 0, 8 11.5 and 15 wt% banum
sulphate in the core. (The implant with 0 Wt% is xdentxeal to Implanon ) ' '

Figure 4: Real time release proﬁles up to 190 days of mplants withVO, 8, 11.5 and 15 |
wit% barium s;;lphate in the core. (The implent with 0 wt%‘ is idéﬁﬁoal to Impleneﬁ).

Flgure 5: X-ray photographs of lmplants a) without BaSO4 or ntamum wite (1 e.
identical to Implanon), and b) with 0. 5 mm titaniom Wn'e ' '

Figure 6: X-ray photographs of implants without tltamum wire (seﬁiple 3)and witha 0.5
mm tttamum wire in the core (sample 4) inserted in pig tissue.



Figure 8 Real tine release profiles of inplants with
a 0.25 mmtitaniumwre in the core, a 0.50 mm
WO 08/8Blim wire in the core and a reference i nBCEAP2005/051150
(identical to Inplanon) with no titaniumwre. Figure
9: Back Scatter Electron (BSE) detector photograph
(magni fication 350x) of i%mplant with 115 wt % bari um
sul phate in the core Figure 10: BSE detector
phot ograph (magnification 3500x) of |eached inplant
with 11.5 w % bari um sul phate in the core. The dark
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phot ogr aphs of ant's

core, § Qjth g Hianiun g limfierpre senreterdies idaplant Gnﬂbn’tﬂ-:aﬁo\ﬁn anon)
c) wth 4 wwY BaSO4

ore (sanples 2 and 3);
W1thn§?i§1%xh%fd) with 20wt % BaSO4 in core; and e) with 30
wt % BaSO4 in core. Figure 12: X-ray transm ssion of
i ir_TRI%nts as function of content BaSO4(wt (% ). Figure
1gure faKe %@E@&@é@@pbﬂtﬁmﬂe&:ﬂaﬁ vimitamite witd i the core,
0.50 fim & e
. al Bnand w3 Mh@c%fg 44 ef#l IPGQ%SJ 1 ﬂs?xgwgﬁto)%mfpﬁaaepéwﬁh

: inplant with O 1Sl cal
no titanfym vEga| tine rel-ease profiles up to 76 days of
inmpltants with 0, 4, 20 and 30 Wt % barium sul phate in

the core. (The i'rrplant wth Ow%is identical to

Figure Priphdkriralter Flegse(EEE) dBaslor 9 PRobEARh Brfeuofidlish of

magni f 1 cation

_ ot ogr aph
an]aneﬁ"ftﬁqg$‘ﬁ‘ KPIFER Flphat it thR&e® i n the core; b) 20
wt %pari um sul phate in the <core; and c). 30 wt % bari um
suI hate in the core. W 2005/089814 PCT/ EP2005/ 051150

Figure £0: i $fi detedter plesmrast (@tdg@i’ﬁoptim a@(mg M\I/\Eftﬁ/mﬂ ibiptad ndth 11.5
o n % bari um _
Wiz baﬁﬁgpﬁﬂa;%t&fle i QO%Q' oTl{erepd% @%eﬁdﬁ?@ﬁ nate in the-

e |n
core; and C) 30 Wt % barium sul phate in the core. The -
is the skin. DETAILED"

I on he left

Figure %%?émy 55 oF ETpIRVEN FeRtonkBRERe i er jdenticad to Tmplanon,
sample 3 @ﬁﬂﬁil&ﬂrﬂ% ggg,#@

P )JMI al rod, T%%?%&gr? %‘g{] 6ni§ﬂ%éovgﬂ/?r?§§ofén
core; &) Sttt Gpige B BabPein qoesleed 6) mb@@w%shsoambm hyl ene

Vi nyl acet ate (EVA) copolyner, i.e. EVA 28 whi ch has a

_ vi nyl acet ate cont ent ..of ‘about 28% (nim. C .
Flgure 12 X-tay transmission of implants as function of content BaSO4(wt(%))

| Flgure 13: Accelerated release proﬁles of mplants with 0, 4, 20 and 30 wt% ba.rmm
, su]phate in the core. (The 1mplant with 0wt is 1dentlcal to Imp]anon )

Figare 14: Real tlme release proﬁles up to 76 days of nnplants wﬂh 0, 4, 20 and 30 Wt%
_ banum sulphate in the core. {The implant w1th 0 wi% is identical to Implanon)

Figure 15: Back Scatter Eleciron (_BSE) detectof photograph (magnification 350}#) of
implant with 2) 4 wt% barium sulphate in the core; b) 20 wt% barium salphate in the
core; and ¢) 30 wi% barium sulphate in the core.



The skin | ayer also consists of EVA polyner, i.e. EVA
14, which has a vinyl acetate content of about 14%:
WO 2P/R§9814 Each rod has a mass of 129 ng and coPEHERY0§E51150
ng etonogestret Inplanon has a length of 40 mm and a
di ameter of 2 mm and has open ends. The inplant may

be placed within an applicator consisting of a
st ai nl ess steel needle, V\/nichisfittedto an
ABS)
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tray, whi ch may be subsequently sealed with |idding
paper. The object of the invention is to add a

DET/ Emmnmwwcept ive/ll-T inplant
such as I npl anon(r) providing t he possibility to
ocate it i.n the bod X-T1ay
Tonpla 8ol ¥ninal Sathtentivaiinp t@cw@lsﬁsg Aol sade The core of
this rofiicofifalng atARHLAE b alddo Y inlslq_% 1@@:?&65 gr ap 3hale lene 5 wxlgyl?%etate

radi o- opague_co onent does not . e out
(EVA) eppolimeri he. Bhaes whighds arvisylaeetae tChEteiﬂbdiglabc@n €8% (m/m).
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del.i ver Ther ef or e, accordi ng to
otonogBiltY 3’6‘?%8? hag, érigli%ﬁ °¥\iiiiéﬁmt=ﬂ’é‘  B1amsifs ofe} gug and has open
ends profile of an X-ray visible inplant of the invention
“deviates | ess than about 15% fromthe hornone release

nmpl anon(r) , these hor none rel ease profiles .

ofile '
The mﬁiﬁaéﬂc%’sge giaéad “il'é%ii’il aBp licgtor ecgusisnsent a sermlesiestpeltriesdle,

hich ¢a e 6 &d;
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The object of'the mvenhon is to’ add a radlo-opaque element to a contraceptwe/HRT '_ i

implant such as Tmplanon® prowdmg the posmblhty to 1dent1fy a:ild locate it in the body
by X—ray techmques whﬂe mamta:mng the hormone release proﬁle thereof aud whjle"
ensurmg that the radio- opaque component does not migrate outside of the mplant m E

undesired amounts into the body

One ,skllled.in the art:WiJ_l appreciate that a hormone release profile of a batch of 'a,. drug-

“delivery device is never exactly identical to another batch of the same dnig delivei'y S

‘device. Therefore, according to the subject invention, when the hormone release profile
of an X-ray visible implant of the invention deviates less than about 15% from the
hormone release profile of Implanon®, these hormone release profiles are considered

 identical or equivalent. The deviation can be calculated using a difference factor (1) to



t he nunmber of pull points- Fl values up to 15 (0-15)
provi de assurance of the sanmeness or equival ence of
WO 206808986t curves. The reference curve i s choserCImEPR005/051150
that other release controlling paraneters, than the
one that is tested, are kept as constant as possible.
Wien incorporating a radi g opaque elenment in the skin
| ayer of the inplant, X-ray visibility was hardly
acconpl i shed. However, X-ray visibility was
Compa’@cdiswhilt'sime proﬂimn Thacliffponat ifngort KB r ediwdatep afyu epercentage
C f.the jnplant. Despite the
Mer?t}?gge%‘r&?’éﬁ%m?s?Wé‘%’%@?@o%aque el enent in the core
of the inplant which also contains the active hornone
rial, {she hornone release profile was not
={gﬁ i@t”e'ﬂ[j/[ 43 BUM uati ng where the radi o- opaque
cohponent tas |l ocated in the inplant after production
thereof, it was surprisingly found that al nost all of
Wherd Reis &Meﬁeréﬂé@%ﬁ # GERQRAN, 188 ARICARS 9 ope'\%&ﬁﬂ tand 1 is

‘the pol corrponent and hardl 31% radi
- the nughihe P‘Wﬁ% Hnedweswpdp 4§ (0115)]?{@ raﬁamli@lc@lqiihwagneness or

eqmval_ o8 dﬁ’acﬁe W& e4pl '}eféfe% %Lrvtehﬁ ho ! %li)ﬁtﬂl\?&%@é gﬁle{ ﬁelease

pol ymer conponent” represen § only
controi]n:@ Tardmeatéres thasthe ae tHuoisrtesnead, eﬁamnﬁnommﬁms s®Rsibdhout
52.5 wt% of the inplant. As-a result of the

e ion,wWthint . r onent
when SRGRRSHAL BRI Sl (e B SO Boer o %M@to&my
wsﬂ;ﬂﬂj‘r veal dhatdip kesvinpiizhed g Hotb eerp ey OREBIN wab @cédBpahbd when
: un&ea red anpbunts. Had the radi o opague CO{Eonent o
incorppRlipg &@H{W?mlﬁ eClRBERD IR @Pygctral of the iwmparavidespienthe

mco:p&kﬁluﬁn thh%" adi ébﬁ@nﬂﬁ thd \Eorb TP tﬂl%]t%@ﬁ@h ‘!‘L‘Eg [ Bntains

hor none- cr S are I nter- connec

the actﬁ?ﬁ}%ﬂnﬂ WYeH 51@ hormoneisdeasnpiiiilayasia iableetedr ug
delivery device for subdermal adm nistration of a

When X038 189" RCINe rraéﬁg (?B}é(ﬁféﬁ% %&%{(ﬁ?y }he implant after

conpri sing one conp r onsi sting o
* productiner tersbsiti wapcﬁuypmmgip rfoutd abietdalndsh :a(lh)of athe radio-opaque

tracetlv ef.f.ecti or therapeuti a reff ctive -
compoli Gl B GPinnlEie Bl ety mRE Py sod bardy aby radio-opiue
. compoﬁ&fh&?%ﬁ&@lﬂ&ﬂﬂ@@theﬁdﬁﬁb@@ AFSERSTHS wad 'ﬂﬁeﬁk&:te@t}ﬁ Wiew of the
4-30%_ by wei ght radi o-opaque mat eri al d’(ii) a non- '

fact tha g ROLVBEr PORIORERITEREFES Iy ﬁ@ut%wﬁ%o%pm lapwhereas the
hormoﬁé) Q:Emponent compnses about 525 wi% of ﬂle implant. As a result of the

encapsulahon within the polymer component the radlo-opaque component crystals could
not m:grate out of the implant through the open ends of'the mlplant in undesned amounts

Had the rad10-opaque component been present in the hormone crystals, it may have been

~ - able to migrate outside of the implant in case where -the hormone crystals are inter-

~ connected.

Thus, the subject invention provides an X-ray visible drug delivery device for subdermal
administration of a confraceptive or hormone replacement therapy comprising one
compartment. consisting of (i) a. thermoplastic polymer core ‘loaded with (a) a

contraceptively effective or therapeutically effective amount of desogestrel or 3-



In one specific enbodi nent, the X-ray visible drug
delivery device is an inplant. The radi o- opaque
w0 Bb®emri4 can be any such el ement known in thePGR/EP2082U¢T1150
as barium sul phate, titanium oxide, bisnuth oxide,
tantalum tungsten, or platinum In a specific
enbodi nent, the radi o-opague material is barium
sul phate. In one enbodi nent, the radi o-opaque materi al
i s about 4-25% by weight. In another enbodi nent, the
ketodesegtisaeloput) () abatiedi3abs by vadighttrabiod@etsy makirghtnd i) g eton-
._an odinent, . the radio-opaque material is
medw%s‘gﬁ{enﬁqi]ég AGRPINTBTT SR covRring é’ﬁggﬁp enbodi nent, the
radi o- opaque nmaterial is about 8- 15% by wei ght. The
t her nopl ast.i c tpoI ynmer that can be used in practising
In onespeeifiqoEhedigent, theyX-ay yisiblodrpg debivsey dewjcein en iroplenist | ¢
pol ymer or elastomer material suitable for
The mﬂﬂﬁé#ﬂ?;ﬁ@ Wil oo Pe aySich %ﬁanj.léﬁ‘f\’kﬂ&gﬁ'lﬁ Yo d Qﬁyﬁwﬂyﬁ{seﬁb%um
et hyl ene-vi nyl acetate” copol ymers and styrene’
Stﬂphamttmmem@c yprissngh mpbl (amirlem, tmgstesparcpléfimim. Io a specific

' ) | el | acet at,e .copol ynmer - (pol y-
embOdE%?ddhg‘F%%%gpﬁf{% a}{én%a{’&]gf "@‘?ﬁ Atgechani cal  and
physical properties (e.g. solubility of -the steroids ‘
In ond ambbétmmt ahe ahdlo-oiih@lepmhwlﬁ\fﬁ amue I, mj’@yw&ghwimdnother :

cbod 6, GRS i on B b SR B het moter

embod AR me&aalswgaqla@s mddfil pstMt SR LU 'b?/b'lw%lgﬁf‘ dgy at Bifecific
trade nanps: El vax,. Evatane, j}Ol en, vriton,

embodipent.he gio-opadug anaieripl Ve@w%ﬁsrﬁ Tveweighli o- opaque’
material in the core does not affect -the rel ease of
t he desogestrel or 3- ketodesogestrel fromthe device

The mmpﬂﬁes pnlymelrﬂgﬂ atrebouteddh privtisingphaintventidi nstylii @einciple

vent rther i des an X-r i si,bl e dr
bo any YR80 holl et tr Gstom R B Satsthls Keimnaasiutifl gse, such
as lowmsmya@egtetnym@; ehglobRenylRRlabe eqﬁﬂf;m&ﬂaedrﬂpmyrene “butadiene-

conprisin one conpartnent. consisting of . (1)
- styrene; ¢ope RIS ko & SpRsTembediment, sHtdencvyinyiagetate copolymer (pols-

EVA) B 6ER Y I0IRh SEliatRaPlnd B g{édé)%%ie's Ye £ baifbiti%Cor

amount of desogestre
the sterpiQ¥ AEAROOBI0EN 1 5ge p@y-ﬂ%fmmmmdje wnd foothe soreiasgvadhas -

s 8 el Tl e b RS Ee spotmes st as

‘the products avaﬂable under the 1rade names: Elvax Evatane, Lupolen, Movriton,- -
Ultrathene, Ateva and Vestypar

- The radjo—opaque matex‘iai_l 1in the core does pot affect the release of the desogestrel or 3- |

ketodesogestrel from the device and does not migrate out of the indplant.

The subject mventlon further provuies an X—ray visible drug dehvery device for
subdermal administration of a contraceptive or hormone replacement therapy compnsmg'

one compartment con51st1ng_ of (1) a thermoplastic polymer core loaded with a

~ contraceptively. effective: or therapéuﬁca;}ly effective amount of- desogestrel or 3-



The radi o- opaque el enment may be an inert titaniumwre
or other inert material such as <certain grades of
WO 2t0ai0sisess steel or gold alloys. In a specifiBCT/EP2005/051150
enbodi nent, the inert netal wre is atitaniumwre.
The nmetal wire in the core does not affect the rel ease
of the desogestrel or 3- ketodesogestrel fromthe
devi ce. The present invention is further described in
the foll ow ng exanpl es which are not in any way
ketodpsegestrgband; eonfaiming at rerisnapewiod and@i)iamoantédicatedthermoplastic
LES EXAMPLE 1- Preparation of ,
POIYH%k\Ao%ﬁgyeﬁe@&riX%qrgnt cont ai ni ng bari um sul phate in the
core Preparation of two |ayered inplant containing.

Th (grl um sul phate in the core consisted of two steps,

© T3A1Q-0PIANA GleRsnh PraY(beotn inertditeamuwise or pﬁqee mwm@nahmch as
rtaub a estr el

et A S st F Ao Pkl SRk 958 o

'ermﬁzeb@w}lﬁewnand manuf acturi ng of a co- axi aI fiber
consi sting of the core and a skin layer of EVA-14

' '{;{_rge rial S _prepa byaddln L
The ﬂtaﬁgp esire éﬂar%‘ﬁent {aag‘% %%& /Q %%oﬂiggi& %qges or 3-
ketodesbgéstrdAron thebd i Bar| um sul phate) of ingredients to a . -

stainl ess steel drumafter which the powder m xture .

- was pre-nmixed by rotating the drumon a rhonrad or -

" The presHat ¥t n is ﬁhﬂfb? AERBed RGOS f}:%w %@]{1 are not m eny- .

subsequently fed to a Berstor

- way infendadiodiznit @m&copwf thg mvvaﬂltBIﬁs)cIMdbl end extr uded at

an extrusion tenperature: of 125C. Bl end extrusion
ExXAM@E$Y ted in strands in which etonogestrel (3-keto
. desogestrel) -and barium sul phate were honogeneously .
‘ dlspersed inthe EVA-28 matrix. - The strands were = -
® ksequant |y .granul ated t .core %ranul ate. MO .-
200 _
core set-up consisted of a skin extruder that processed the:

skin material and a core extruder that processed the

core-material as delivered by the blend extruder. The

Preparation oftwo layered implant containing bariym sulphate in the core cons1sted of

ate _iiiﬂie"

- two steps, Le. manufacturmg of core granulate (pre-mixing and blend extmsmn)
containing a mmture of etonogestrel (3 —keto desogestrel), bariom sulphate and EVA~28 5
i copolymer and manufacturing of a co—amal fiber consisting of the core and a skin layer of '
EVA-14 copolymer. 7 S . o

' ’Ihe core matenal was prepared by addmg the desired amount {e.g 5 25 wi%
etonogestrel 36 wi% EVA, 11.5 wit% Barium sulphate) of ingredients to a stainléss steel o
drum after which the powder mixture was pre-mixed by rotating the drum on a rhinrad,
- or equivalent, at 47 rpm. The powder mixture was subsequently fed to a Berstorff ZE25
co-rotating twin screw extrader {or equivalent) and blend extruded at an extrusion

" temperature of 125°C. Blend extmsmn resulted in strands in which etono gestrel (3-keto -

desogestrel) and barium sulphate were homogeneously mspersed in the EVA-28 matrix. ..
The strands were subsequently granulated to core granulate. '



melt flows were conbined in a spinneret resulting in a
skin-core fibre. The volune flow rate of both nelt

WO 000898 was control led by a set of separate spPEHER05/051150
punps. An extrusion tenperature of 145C and an
extrusion rate of 1 mimn was used. Extrusion lead to
a co- axial fiber wwth a ddaneter of 2 mmand a skin
t hi ckness of 60 pm The fiber was cooled down to room
tenmperature in a water -bath, dried on air and wound on
a reel. The coaxial fiber was cut into 4.0 cmrods

usi .a sem - aut. tLc .cutter i osynt h . - ,
The o4 cOmIotbpES 9 eiiies Paf Presged s inpatedy and o
core dxbRtanthaCpibaised B Ot ibdsall fShadieeded byhtie tididnextruder. The
Preparation of two |ayered inplant_containing barium
melt Hqyygwerecombineddn gispinnerst spsediing igf skihpae fibpe Jde volge flow

rate o%&@éﬁ% i &Na@%on g %g%néélt aF &g&%ﬁees&%xéﬁ%‘g\gtﬁpg lAﬁH &hfhsion

confal ni n m xt ur ono
tempefButeatfd40¥s aybat exdtysianteent 8miropad gaedrExtrusion lead to a co~

. nuf.act yri ng of..ski n granul at. re: m Xi a bl end .
acial QR B et 2P =S et BEGB Sl A ad Blsro§ Sboted
down 8 £hoBY RmblraAa0 oh ¥ RRer AR diRA oh A&t ivigindlond eek The abaxial

fiber_ consisting of the core and a skin |ayer. The

fiber wasrcat e 40ica rods uging @ seiRBionIREE S8t dPiosyathag eqpivelent).
EVA-28) and skin material (e.g. - 20 wt % barium :

EXANPLEAL 9800, R0 I b Tl erdd inEREANARAE Fhuilbh SHHin he
rrne aesrrea ragredarents. 10 -a-stal Tl es eel ~darum

'skin after which the powder m xtures were pre-m xed by
rotating the drumon a rhonrad, or equivalent, at 47
rpm The core powder m xture was subsequently fed to a

PreparBa6s bPivol 1a Q@iﬁ%aﬁt@bﬁtdhﬂﬁg' bididin sEIphAWIeHe skiejonkigted of

~ equi val ent) and bl end extruded -at, an extrusion:. .

 three sigptplet stagpcing pEeore g xermismgArd dlcndiayosign)

e A R R e s

manufaeinting of skin gragulstecueemizigg aud bicod extogicn corlpining a mixture of

o QI | ate sentially the,sane.praces except, for a

Bariusf] R 554 ET2R TR Cotitabel A4 PRNREAREERT ) oS SRR bt

consistiag ot the cofeland RAWEEyd Xt ure resulting . in strands in WO
2005/ 089814 PCT/ EP2005/ 051150 © 10 whi ch barium _
sul phat e was honogeneously di-spersed-.in-the EVA-14

' The odfBlifatetial (1866 Wi MiShogestrel and 40 wt % BVA-28) and skin material (e.g.
20 wi% barium sulphate and 80 wt % EVA-1 4)'quc_ prepared by _-_c;dding the desired -
ingredients to a stainless steel drum after which the powder mixtures were pre-mixed by

rotating the drum on a rhnrad, or equivalent, at 47 ipm. o .

The core powder mixture v&as subsequ.ently'féd t@ a Bérstorff ZBZS co-rotating twin

. screw extruder (or equivalent) and bieﬁd extraded atan extrusion temperature of 125°C.
Blend extrusion resulted in strands in which etono gestrel (3—k’efn désogéstrel) was
homogeneously dispersed in .the EVA-28 matrix. The strands were subsequently
granulated to core granulate. Essentially the same process, éxcept iﬁr a ﬁigher extrusion

temperature of 150°C, was executed for the skin powder mixture resulting in strands in.



wer e subsequently granulated to skin granulate. The
co-extrusion set-up consisted of a skin extruder that

WO M0pe¥8B%ed the skin granulate as delivered byCT/RB2005/051150
bl end extruder and a core extruder that processed the
core granul ate as delivered by the blend extruder.
The nelt flows were conbiA®d in a spinneret resulting
in a skin-core fibre. The volune flow rate of both

melt flows was controlled by a set of separate
whichsbarivat swphsisnes homogsueouslsi dispersdpie ftFiN 4-1¢fmaipig CTlaadrands

% Lk was used. Extrusion | ead

were S&iﬁcoﬂ%gl al El%Hber quyu;ﬁt%l aneter of 2 mmand a skin
thlckness of 60 m The. fiber was cool ed down to room
bath, dried on air and wound

The ol g%twr ature in é@fr
ORAPYROR Sot PR gorsied af 2 Fii ertrudss thappropesse theokinyatpsale as
dehve@%‘ﬁ:lhgbf‘end ek QRS rah& 9%0@6}(&&&%&% tp?éc*ébs!ehttﬂe Egﬁﬁﬂlate as

I"ant cont ai ni ng barium sul in the co
dethf%Yathﬁ bleod exiredangTeamely fowe Mpreaaomhnmdtma spkinerameulting in *

sl 2 M BB o TRL DR R,

. separattdn @mﬂmps Al dxitruyion Rethyeetard ST AT &Mbﬁﬁlsﬁlﬂfﬁawﬂf
core or, skin versus x ra

1 i B et Ggeion it ot - GSE R pogn and a skin
thickneby THGONAR THAETHR: ATBEHIE dovRL %@mﬂtﬁlﬂ?ﬁ@ﬁfi fvitekﬁﬂh,

I ncor por at.i on .of .barium.sul phate layer o

dried PriE Wﬂ‘mdcﬂﬂe@e?h d'hg comgahfiber b cutyntovmsmncmdxpar ed to -
i npl ants w thout barium sul phate. However, :
i ncor poration of badum sul phate into the core greatly

'EXM%,Ved (She X-ra sibility fte i nt. he
sulphsitintthe caer s cﬁﬁhﬁﬂnhgﬁhﬂﬂ:ﬂ Sh g skdh Bnd EBHHAS without
b For, .t hi rpose inplants having barium sul phate in -
'%%Mﬁ&—w o} hpl.ants without bariumsulphate .- = -
(I'mpl anon) were inserted in hind legs of pi gs and ‘

Xoray PSSR LY lch o RAGNS BADSUIST EntPEX @Iggfbﬂl@

nonstrates that th arium su ate contdl nin
betwwmp:lpémrt Hayigehasium) sulphatd wagithgr adrs obdkae vsdzrml:ex—tet}emmbﬂuy of

 opl aﬂ%‘%ﬂ%ﬁ%ﬁ%@ﬁéﬁe oS %&'Aoe 8%%08 é{ 8%3%%21 os that =

incorpatién bEbasfuni subptend inahekldh Myeghddly itiprovekthek eay isfogy

. 'when compared to nnplants without batium Sulphate However, mcorporaﬁon of barlum I

_ sulphate into the core greatly mproved the X—ray v151b111ty of the Jmplant

The x-ray visibility of the implant with bisrium sulphate in the core was also fested n
vivo in pig tissue. For this purpose implants. having barjum sulphate in the coe an'd" o
implants without barium sulphate (Implanon) were inserted in hind legs of pigs and

' subsequently X-ray photographs were taken. Figure 2 demonstrates that the barium _
sulpha,te containiitg implant (sample 7) is clearly visible while the Implanon lmplant is B

not (sample 8)



core in conparison to hornone rel ease profile of
comercially available I nplanon In-vitro release rate
wo Popsgesas of the inplants were tested by two PEU/RBIE5/051150
An accelerated release rate nmethod was perforned by
testing the inplant in an ethanol/water (90/10)
solution. For the real tife release rate nethod the
in-vitro release profile was tested in water. For
both tests the rel ease profile of an inplant
EXAMBUE ai -nilgnas irdloassWrphit & inplieonnbiiey bakduecuhardin the
.to the, profl e of Irrpl anon W|thout bar| ur;]lsul hate

core i comparison to-hogmene relesse prodide ol conyy

pEEN

m_maesxs%gega nggogx c?aﬁ@{ngédg&g

The r esul ti ng
(6B %@nﬁe{h ks A% Scc%lerated
ea e profiles ar
" releasetatd iathodmas pemyrqutﬂyl tﬂstingethﬁ mgﬂamt i amefband]/ e (BﬂﬁlO)

hat t f t 0:15
sous GBS el BB e s oSS ettt Mmoot
water. For bbB RS BS rdERBpEdTHe B8 RfplarkRBn@ Ak BANGh YSpRile e
be drawn fromthe real tine release profiles up to

core wagpomgpared Yorthg nradilept Implenongyighauf bariien selphaE. r ange of
barium sul phate content of the core (0-15 w% the -

' . tadi o- opaque conponent does not influence the release

Implan$ weteonamfesurtd hmlédmitﬁ@y it.8and H]ésxe%dmmmbusﬂm inethe core.

Tho rof 8 A0k R e s SoBlis ity ibiin T e ahoniftShat

all relqag@;ﬁmﬁes atd milgr aﬂdhatmaﬂtmﬂ H:Hb@eék@d Aag@ Of Beicig aahlphdté BShtent -

ase raSe profiles (up to and |nc uding 190 ays)
ficeftes welrase of

- of the ?OJR (rd Ph%) theppdinotpades eonaponep doe ge |
hormoﬂ_&%{hﬁ%@ devi r'f’h@éa?ﬁféb&n@luzﬁ | Qrﬁi)e délwnvﬁéﬂi%ﬁe Ha_gl ﬁl‘ﬂe }éease ‘_

. provi assur ance .0 € Saneness or .
Pl’Oﬁlee ghio lﬂﬂe(iwe (BEUIGHB kenovithin: theestefabhge afbaRiutn suiphatscdntent
of the «l:(HP bﬂ T% %tdﬂ) ergdlo—(}gggé%%orlt%;t?sr%e% n 06%§?t"“ 7 %"?r%e tHe release of '

hormoﬂesdhimt}&t(&dmeel ease Real .time release 8 3.3 9.8 11.5°
2.4 9.7 .15 2.1 8.7 WD 2005/ 089814 PCT/ EP2005/ 051150 -

_ 12
~ These conclusions were substanuated by calculatmg F1 values. The F1 Values were

calculated for both accelerated release rate proﬁles (up to and mcludmg 18 days) as real
time release rate profiles (up to and mcludmg 190 days) takmg the Implanon release g
-profiles as reference The resulis are given n Table 1.F1 values up to 15 (0- 15) promde

assurance of the sameness or eqmvalence of the two curves

Table 1: F1 values for Implants Joaded with 8, 11.5 and 15 wt% barium salphate in the

core
barium sulphate (wt%) | Accelerated release | Real time release
3 R CF:
115 24 97
.15 2.1 8.7




EXAMPLE 5 - Preparation of an inplant containing a
titaniumwire in the core To prepare inplants in which
WO 2H&/08®i€ contains an inert titaniumwre, | NEHCINEN005/051150
rods with a dianeter of 2 nmwere adapted such that a

titaniumwi re could be inserted. This was done by
carefully drilling a canallZn the inplants in-
| ongi tudi nal direction. Spiral drills (Gehring
Spi ral bohre, Germany) with a dianeter- of either 0.40
or 0.60 nmvvere applled A 0.40 mmspiral drill was
whi h 2 Q25 mntltanlum

W re was inserted
for the inplant in WhICh a05 nmm tltanlumvvlre was

To prepsimplants Af whichtirecoradeltaie on HefRREGHm Wihe ngl? A20h Wls

arefull inserted taking in consi I on
with Yo £ Rl wireflspled putuibnks Gapea sie nowd)henns&ffettl’l“hls
was dowest®r dareMlly Whg: J cedu %éﬂrtls glglgﬁgi?uaitp ? S, §p1ral

' drill éjrw @‘F cutter.
§ %SISPF?Ib@bIW\E@rmmm vifita dombier nfa@eaom:otoarmemrmﬁwse

liel.NA b u titaniumwre
 applicl i D0 BOY ol drih TR Aol S it R hiqhon o5 tegium
wire “aﬁ ehseritsh acheseus|ay0. Mmmmﬁlayrayusddtibﬁ theYmpR&E ¥86hich a 0.50 mm

tltamﬂ%&vts haV| %}itltanl umwre in the core -was -
: cpr%f fhe Wﬂ%ﬁﬁtprﬁ?ar?da tagiitaniuni wire was carefully

mserted kﬁm@ﬁ%hﬂdeﬁﬁoﬂ PR v[qgé & do[‘ Feethe %FES o 1}_1%2 of

core

inserti itaniumwire into
‘39 &tﬁ’)f"’r’iﬁ" ap cpg "ct}ﬁh%mdtehéui?lnglaahmp cﬁtler X-ray visibility
of the titanium wi re i npl ant was al so tested in vivo

E,XMM" Iant% hawn_a -
. tltan u dOLCORaInng tRanism e

taken. Figure 6
denDnstrat es that the titaniumwi re contai.ni ng i npl ant

-y I
- X-ray photpiphs 4&):1'?] g]ilce]% Eg%rp llhbglésﬁ)tsséﬂ& &b @tl)} ﬁﬁ%o n 513121 ase

l.ant
b"'twee‘bﬁﬁlf”i‘ hyyin #ﬂﬁﬂm@em with n@;emas?:nmpml cito ﬁnphn@@ﬁiﬂxlotlﬂa
titaniunt GAEe ﬁoﬂ | Jo6;.0f commercially
avai | Ml?m Ianon n- E\[/tlg{l %é‘lpesg&s erligneota, HF‘?‘P@é”‘Eﬁmm
the °°fe|8¥€4 l'mdethd éf—mytmmbﬂit;byf mé\/ﬁnﬁﬁhhods An' _
"~ -accelerated release rate nethod was ‘perfornmed by -
testing the.inplant in an_ ethanol/water WO 2005/ 089814 -

- The x—r@@?ﬁﬂlﬁﬁ’ﬂﬁ of ﬂ:(teiéﬂ;ﬁlQ[ wﬁ&mplant was also tested m vivo in pig tissue. For
this parpose nnplants havmg a tltamum wu-e in the core and 1mp1ants without 2 wire |

_ (Implanon) were mserted in hind legs of p1gs and subsequenﬂy X—ray photo graphs wefe |
taken Flgure 6 demonstrates that the titaniom wire containing implant (sample 4) is

clearly visible whﬂe the Impianon nnplant is not (sample 3).

EXAMPLE 7 Hormone release nroﬁle ef nnblant contammg utamum wire in core in

comparison to hormone release proﬁle of commerelally available ]'mplanon

In-vitro release rate profiles of Impla.nen were determined by two methods. An '

accelerated release rate method was performed by testing the implant in an ethanol/water



(90/10) solution. For the real tinme release rate
method the in vitro release profile was tested in
WO was/egosid~or both tests the rel ease profil e of PCHEPENE/E51150
containing titaniumwire in the core was conpared to
the profiles of Inplanon without titaniumwre. The
resulting accelerated religase profiles are shown in
Figure 7 which denonstrates that all release profiles
are conparable to the Inplanon reference inplant and
(90/18retutiont Forrthé feel ties telehse tao gethaf the trevitrumelabgesprofile was

teste%%%ﬁ%%%@@ﬂi%%% 5ro]§%tpg§ | an n::cga,?%n the rel ease

the cdi@ﬂfa@e&ﬂﬁare@toqﬁgﬁmﬁéy FTmphRos moﬁﬂitﬁhﬁﬁi \Qﬁé PRYefifing
drawn formthe real tinme release profiles up to 118

accelefalpd release guafidessiye slmval inHigure &l whicleflemerstpgtesithat el releese
profilE T BbAPlEni:Bo [l mp Mo AHPheh ] SR M Y Bt

-range(cd ﬁ%.iﬂ'm Sireriigmdtae (0 .mﬂlamrmm) floninfliende@hebsselake of

hor from he deyi ce by the radi.o-opa conponent
horm‘?%?s %P Y Hedatiocpad E‘L&ﬁ“&%‘?&‘*%ﬁ %"C@B%gfeanti ated

by calculatlng FI val ues. The F1 val ues were
‘ calcul ated for both accelerated release rate profiles
The smpconstusintsicnt beidiamg fogn degrsyl tige relegse proifiles undiodd§ days

t |

(F1gu.{ea§3 4 n%%i%gé?a%‘ggroﬁaesaﬂg Jf-lﬂﬂiers ggc%h’egglgl gag%)gt)re%ﬁelﬁcggnplant ‘

and thaewithinghategted iratpe of bitabadrh evi. didthetna|(02S-0UF0 tomn)khe influence
saneness or

15 ovi de ass anc
ot BgRows trorh Gl 6 Pyl T Rmpiaage CPTpOTERt RdgormuFbe:
| mpl ants | oaded Wlth 025 and 0.50 mmtitaniumwres

Titaniumwire (m) Accel erated rel ease Real time .
~ Thesercopelgsienwors spbgargiated by adrufatipg ). wlusgANm El galues were

f .
calcul%etqﬁﬁgﬂgga& zﬁ%% ) a§é’%ﬁl@§@ {CdifefinQY b 1&?@?{}%@&&1-

evea OUtIOﬂ o

time Ielamtrame@rd)fﬁiﬂ (1@ torapd anﬂuchngill&)dayblmkmgahe Implrewsicbiase
ooty B3 L R U SLPELS PPS Ghes UR BT UM

assuraibé bEHE SARERETor WDRERS1E Bt 1 tbeusest i ons of the

i pl ants were -anal yzed using Scanning Electron
M.croscopy 7/ Energy Di spersed Xspect r oscopy V\D o

Table S0PPLARA8HS IB&ELER@&&%’ Wald250ha 480 mm t1tamum wires.

Titaniom w1re (mm) Accelerated release | Real time release *

0.35 3 N 2 Y

050 77 ' 1038

EXAMPLE 8: Migration of barium sulphate particles out of implant with openends

To reveal the distribution of barium sulphate in the implant and to obtain an impression
-of the loss of barium sulphate particles upon leaching, cryogenic sections were made of
implants using a ultfamicrotome. Subsequently the sections of the jmplaots were

analyzed using Scanning Electron Microscopy / Energy Dispersed Xspectmscopy



(SEM EDX) before and after |eaching. Leaching the

inplants leads to renoval ofthe etonogestrel crystals
WO 2005A%%he i npl ant. By exami ning before and af Pem/EP2005/051150

| eaching information is obtained on the norphol ogy of

t he bari um sul phat e/ et onogestreY8VA-28 m xture. A

back scatter electron (B 3H) detector was used for

imaging. In the BSE i mage the presence of barium

sul phate particles is easily recognized by the high
(SEM#ER Y beforssandfafiet leeclimg i Leachidgrhatveplpat ldads Rsremolvallsfehd

ctonol SER T P BHBHRTY B s S OPB PR SR GPERmE  can
infornngiondesbtaitll ob i hérpaibe S BOIS, baﬁteﬁgse%%%m&%eﬁ%ﬁvms

are mainly located in

sul :
mixtare. épbap &cqtter @ggﬁ@(@lﬁé,@g@c@r@gﬂﬁ ket for 1 ugmg in the BSE i 1mage |

the prés@RELSIHAL RS £ ?ctlc%s 3k F%JIHIS réﬂ% gg;gt@ &ﬁggnﬁé@gss of

spots. Figure
the barismchildateTetidles t part is the skin material while the
‘ right part shows the |eached core. Dark holes are

clearly visible. The holes, representing the |location

I‘1gureeﬂ rebd e theahQPRABST bBIn Jﬁ:[p\lé&{t%ﬁ %vh!@ftﬁe BéE ?seﬂ«.ld ﬁﬁ Ghout

11 2ch| ng, hardly contain an I ght spot's.
S Wit Whphateattsan bhaeca that ebnglm spotst Epmsenmbat‘mm

i o
A BB 15 QPR 0oRSISAT L A
spots, xq@fegplrtalg Qﬁmagﬂstmb syisfalse coxmngmiathrtght oot Figia1 8 kdRARURe

- some BBy B LR o b S S e

shows (liedbdohe& rohDukiHoMs atd\GEaTY Sisitle. MHeYoles! §entin% the
hat e upon Ieachlng can

locati E gyfcg of bari um sulg

oc OFﬁ Va8 ekonpgesticherysaisvaraatesaet hsfore ieaching, lmmjdmantamny

bright sgékphat e crystals migrated out of the inplant through
the-open ends.  Conbining Figures 9 and 10 with the
results in table 3 it can be concluded that hardly

The cohedt ﬁa"i’ﬂh:? lgﬁﬁ?euﬁ s%ver gfcq:ﬁg%v S0 %gq ge%%{{ tgggblrg epﬁgg%efore

was -encaps

and aﬁmdsachofg meelaysaﬂuemanomquw(mmm@ MEfE gHBSInPSIBABSH bﬁ%%gmble ,

; fmlgratlg%( of Mﬁ@%ﬁ%&%@@ﬁg og%gﬁpm 5%%”@2§@§3§s§3fm@1s |

were lehé¢hed Py Sfthi fin 8 > KehSesVi éﬁﬁéépﬁﬁﬁ;&m there is 1o major change -

PCT/ EP2005/ 05115
in content of batium sulphate upon Ieachmg It can them fore be concluded that tio or

- hardly any barium sulphate crystals migrated o_uj: of the implant through the open ends. " |

.Combining Figures 9 and 10 with the results in table 3 it can be concluded fhat hariﬂy
- any radio-opaque component (shown by the bright spots) was encapsulated by the

hormone crystals and that most of the radio- opaque component was encapsulated by the

polymer EVA-28,

Table 3: Remnant content BaSOy of implants (average is g1ve11 and range of' 6 samples is.

given in brackets)



15 1 Batch untreated Leached [ng BaSO4/inplant] (18
days Et ONH20) [ng BaSO4/i npl ant ]

WO Boresisth1l. 5wt 9BaSO4 14. 7(14.5-14.8) 14.9 (IRCTERBIIPS1150
Core with 8wt %BaSO4 10. 3(10.2-10.4) 9.5(9.4-9.6) Core
with 15 wt % BaSO4 19.7 (19.4-20.1) 19.5 (19.4- 19.6)
EXAMPLE 9 - conparison of1%-ray visibility between
i mpl ant cont ai ni ng barium sul-phate in the core and

Frplant—wi-thout harium sul phate (laplanon) X-ray

| Batc ot ographs (at 26 KWwia@d6 mAg) were tladagied r om
i mpl ants and subgefueBasYy/iniglentK-|r ay (V8 SARIBWOWYH,0)
bet ween i npl ant s jhavi ng bari um syl ph%]%]garsd P faﬁ{]e

| Corew@iP VB $rldas O T 04 1 270 y',,:““. ﬂ@o zw—fgh““'

o UTI

STH, Fanom) eq

Core JH 8 W% Bas00 pal 1 Hebi107 at0dh 4 har A0Sk S e

Coreiviflo§ Wid EaSBagy. bat19y7 (19pt-028d) t e X- 10&\(194si BL6) ty
of the inplant. The inplant with only 4 wt% barium

“sul phate content in the core (sanple 4) is cl early

EXAMPEED e whinhaisoh ot RilagABibf1 %kv@eeib) in ﬁ!%ta&sn %S rium

barlumsuaelsno. .
adg invthe ¢ and Amplngwiths sz 'te (bnpladven) X- r ay _
visibility. of the [ npl ants The nunber represents

"X“MY%‘?& AR GPARSY P B 5ol Bl SR B eARD

the X~ rabvenmweméenxm;awg e ThaminOslpike ihBe Lo vaRhs :gr&ﬁ

b Iga“ um sul. phate content in the core of 4
_‘”51 ﬂ’?t%gﬁ’ﬁ‘? iy wi OﬂtQaBHmfsrll?Qﬁ'tel (mplasamy eere wmm@rfsgum IS .
demons b Mé@%ﬁo@ﬁ%ﬁ afPh:Ae fhio %hlgout e%éaé]&xﬂpg%vedl the X-

visibility of “inplfant wth and w
ray VlsﬁﬁlgUQfﬁealﬁﬁmié sTherimplaokwithyoniod welritaeiom s[uipha&i cmhmnEai the .

core (sgiﬁ%le @) 14\@@5}131 ﬁsxﬁﬂe w%e t?ie 9mp a1§§:§ (s%t]&plezl) Emz mthout the

. barium sulphale is 1ot

The measured transm13s1on of Xuray isa quanutatlve value for the X-ray v131bﬂ1ty of the

nnplants 'l'he number represents the X-ray exposure (pixels per area) of a X-ray camera -

(h'ansmlssmn X-rays). Tab]e 4 and Figure 12 show that the amount of X-ray uansmsslon S

of the implant with a low barium sulphate content in the core of 4 wt% (sample 4) is
significantly diﬂ'erent from the im_plant without BsSO4 (sample 1).

Table 4: X-ray visibility of implant with and without BaSO4

Sample | BaS04 | Transmission of X-ray

no. | content | [pixels/area]

[wt%)] | Mean fn=4] SD
1 o.. | 1588 | a1
2 115 736 28
3 1L5 729 29
4 4 . 1140 29
5 20 486 . 24
6 30 202 17



3 11.5 729 29 4 4 . 1140 29 5 20 486 24 6 30 292 17
WO 2005/ 089814 PCTI EP2005/ 051150 16 EXAMPLE 10 -
wo Hosoore: rel ease profile of inplant containi ngebapbddos11s0
sul phate in the <core in conparison to hornone rel ease
profile of commercially available |Inplanon (no barium
~sulfate) In-vitro rel easejgate profiles of the
i mpl ants were tested by two methods. An accel erated
rel ease rate nmethod was perforned by testing the
|nplant in an ethanol/water (90/10) ,solution For the

__Mﬁﬂlﬂﬁ(ﬁon Wi t hout barl um suI phat e. Inplants were
manuf actured | oaded with 4, 20 and 30 wt % bari um
The resulting accel er at ed

-I““““PefF’g%?é%B PEyIFo BRI CBg 7 e SiefpdsAn accelerated
releas€ LAPASIMbALAS &ﬂﬁ%knedadtyl tegtﬁl g;se;a&fdl% ém%&s&{a%ﬂg@ho)

and that W|t in the teste arium su

 solutiqny, pthe reabfime release rrete(rmeﬂsmi thf: %)nttdmleaeainroﬁtfp\aamested in -

water. %‘F'Betﬁ?&tt dlﬂ%?eéeéarsgiaﬁe 29 né[{]%(ﬁl%a %ﬁl@%ﬁ &QBW

romthe
core vvtah eompraéd to the profil eafkenplatopl witlesit baidm sdighatays (Figure
14), i.e. within the tested range of bari.um sul phate

content of the core (0-30 wt% the radi o-opaque
Implato wpReatatdagsd Balled RichUen6 end 56 Wi BAEH s‘&&)ha%@@

fromthe device. These conclusions were stant i at

The reppltmgaceelertiedrglense mafilps gre shownrn Figire 63 whmhglemonstrates that .
ol 8 4 i S LGP B

to an
of the WH@ éﬁﬁ@ i) te rdip- dpaqmnbmptmlemﬁdeg n&ﬁnﬂaet&)s ﬂﬁéiieldage bhe

ant rel ease | es. as reference. The -
hormogesvll' (iegm 1 amsff: efaggllr 10% calipe uﬁletgoxa q]@al_ggne release : |
. proﬁleé ﬁp ﬂcB’ZG Puiye(Fighre 1435, ¥568 OF tdshR ﬁﬁg’@fﬁﬁﬁuﬁf sulphate content o
equi v%ence of the.two curves.
of the core (0-30 wi%%) the ra(ho-opaque component does not influence the release of -

hormones ﬁ‘om the device.

These conclusions wete Substanﬁated by ealeulaﬁng‘ F1 v'alues:-. The F1 valueswere .
calculated for both accelerated releise rate profiles (up to _a.ud including 18 days) as:real '

time release rate profiles (up to and including 76 days) taking the 0 wt% iniplanf release B
‘profiles as reference. The results are given in Table 5. F1 Values up to 15 (0 15) provzde :

assurance of the sameness or equivalence of the two curves.

Table 5: F1 values for Implants loaded with 4, 20 and 30 wi% barium sulphate m the core

Bariam sulphate o ~ '
o Accelerated releas 1 i
[Wi%] ‘ e | Rea e re]eas_e
VA ' T 42 ' 29

70 58 - 69




Table 5: Fl values for Inplants |oaded with 4, 20 and
30 wt % barium sul phate in the core Barium sul phate

WO nogesssrat ed rel ease Real tine rel ease % J BCWER2R5/951150
20 5.8 6.9 WO 2005/ 089814 PCT/ EP2005/ 051150 17
Bari um sul phate Accel erated rel ease Real tine rel ease
[wt% 30 6.8 7.5 EXAMPLEi¥1l: Mgration of barium
sul phate particles out of inplant with open ends To
reveal the distribution ofbariumsul phate in the
i mpl ant and tjo obtain an inpfession of tha | oss of
Brahuismipkaie ph particl es upon | eachin eg f yogeni ¢
SEChiaNS Were n‘ﬁ‘ffé'e‘afed reledst ant S SR EpeEse
ultramcraota Subsequently thp sectians pf the
i npl 3tht s were| anal yod using Scanding El eftron
M croscopy 7 Energy Dispersed Xspectroscopy (SEM EDX)
before and after |eaching. Leaching the inplants |eads
to renoval of the etonogestrel crystals fromthe

; &l{]ﬁgen ends

e i . 'y q
bari um suI phat el et onogestrel /| EVA 28 bl end. A back -

ro PO S 5

of the PR bf BdrRen kHpIRAS parYicles epSiNicacin® r 0 is€HtioBs wahd ﬁ@&esof
of _the barium sul phate particles. Figure 15 reveals

implagtssing ¢ lacsgptome. Spseqrenily the aetions oftke taplanis svarg ad ed

* analy28 biing BeAMnidk Ele %I?Eﬂ%régcog%o/ﬂg{gg epgéfgnetﬂp&gg%ars?o

be seén that” the bright se

. (SEM/ER prkefiue and efterdpathing. beadhing tha mpbnﬁ‘mdiﬁn watoynl elithe
h | ar . D
ctonogeyfi kit KGRI Rl PER- B TR B aof BfReacbing i gne
inform@tioh 5. obkdiged ¢ the nic@pl@ﬂb By M’lﬁe barium sulphate/eionogestrel/EVA 28
blend. A back scatter electron (BSE) detector was used for i magmg In the BSE lmage -
the presence of barium sulphate parttcles is easﬂy reco gmzed by the hlgh bnghtness of

the bariom sulphate parucles

Figure 15 reveals the morphbiogy of implants in Which-the core is Ioaded with about 4,
20 and 30 wt% bariam sulphate. It can be seen that the bright spbts, representing barium :
sulphate, are mainly Jocated in the EVA- 28 material, i.e. the irregular shaped grey/black

- spots, representing etonogestrel crystals contain no bright spots. Figure 16 reveals the -
same samples that were leached . The blank part is the skin material while the part

. containing the bright spots shows the leached core. Dark holes are clearly visible. The
holes, representing the location at which etono géstrel crystals were present before

leaching, bardly contain any bright spots.

- The content batium sulphate in several batches was .aISO tested using incineration before
and after leaching (18 days in ethan_ol/watér (90/10)). This gives information on possible
migration of barium sulphate crystals out of the implant after the etonogestrel crystals

were leached out of the implant. The results (table 6) show that there is no major change



sanme sanples that were | eached. The blank part is the
skin material while the part containing the bright
wo zpai®sshows the | eached core. Dark hol es arepcteptdyosiiso
visible. The holes, representing the |ocation at
whi ch etonogestrel crystals were present before
| eaching, hardly contain agy bright spots. The content
bari um sul phate in several batches was al so tested
usi ng incineration before and after |eaching (18 days
in conitemt ef braimod fulpliaee uf@0kdding. I{Thn sheghfuhe doholuded thatn®6:

i}ble P@%&%&ﬁ of barlwnfﬁéphate crysialslggggg

| eached out of the |nplant The results (table 6) show
that there is no maj or change WO 2005/ 089814
By copbinigrifigoss 45 208 06 with therasol ifablsf &m canhe serghiit ¢hat

B B b Rk omlpp SRR B AR i s il By e

hormonk ctystals anal (st b bﬁﬂ@hadlh-eomqwccﬂﬂlﬂﬁlent Wys ERabiuliedby the
res 15 and ‘16 with the results in Table 6 it can
Pohm%ﬁiﬁh%ﬂﬁ uded that hardly any radi o- opaque conponent
~(shown by the bright-spots) was encapsul ated by the
hornone crystals and that nost of the radio- opaque .
Table éoﬁm content Baft s idplants (bweragdeds giveh ymdrangw/af ¢ gamples is
-gnmnﬁﬂgk % Rermant content BaSO4 of inplants (average is
&hcand: range of 6 sanples is given in brackets)
Batch Untreated Leached [ng BaSO4linplant] (18 days

EtOW20 [ng[BaSO4/inplant|[[Core with 4 w9 aSO4 5.0
Batch (4. 9.5, 1) 5.6 Ustreud 6) . Core Igaeed 20 W% Ba$O4 26. 2

Y 2o oA e, bl T °

PCT/ EP2005/ 05150 19 CLAI NS[nigBaswm.pmyj vidible dr ug

Corewiﬁlgc—'liuirt% ago UCVI. 50(49" 'SoILjUQCl e Sglt““ st | at .| ot Of a
| Core wiith 20 wi% BaSQ, | 26.2 (26.0_ 263) 268 (26.6—2_6.9) .

Core with 30 wi% BaSO, 45.6 (45 A —45.8) 452 (451 —454)




contraceptive or hornone repl acenent therapy
conprising one conpartnent consisting of (i) a

WO 20be989913 astic pol ymer core | oaded with (‘a) aPCI/EP2005/051150
contraceptively effective or therapeutically
effective anmount of desogestrel or 3-ketodesogestrel
and (b) about 4-30% by weilfht radi o-opaque nateri al
and (ii) a non-medicated thernoplastic polynmer skin
covering the core. 2. An X-ray visible drug delivery
device according to claim1 wherein the radio- opaque

CLAlMﬁteH al is about 6-20% by weight 3. An X-ray visible
drug delivery device according to claim1l wherein the
radi o- opaque material is about 8-15% by weight. 4. An

1. XAh aX-tal StRivge diaﬁlvé ¥vide Vot Esudderatalli stinihBdramyn of a
one of the prece ai ns wherei n the radi o- opague

NEADERFEILIVE nOR h@nweere@&@gmﬁ%& ﬂﬁfﬂf’éfc COPSipg | s eoTgpartment
t I,

 LOfiglESL0PTH iSheophihit LBAZRANSH died LA (8 ARV BHvely
aafjective oo fthdrifeupcaliyedffontive. ahmumsoﬁ/\ﬂwngastrel hle3—ketodesogest1-el

aqu rticles do,.not m te out
B0 & BB R SR SR Sba SO, B Mfmedicatca
abERidHladic polyRity sin@oPdrideh@e porc edi ng cI ai ms wherein
t he radi o-opaque naterial is barium sul phate. 7. An -

X-ray visible dr ug del i very devi ce according to any

2. 88 6k Vgl BRI 0ery AT tBEAE Ty b SPYERil Bbici-

apegualingigriabis ahyut@rzd% by treaglgr ecedl ng clainms wherein
the thernoplastic polyner is polyethylene vinyl
acetate. WD 2005/089814 PCT/ EP2005/ 051150 20 9. '‘An

3. an i cisiiedaipUuiplivelyl &afse aesrdigy toclafn udezhmin the radlo— -

adm ni st ratl on of a _contraceptive-or-hornone
r‘é‘ﬁﬂ'é"c’é‘ﬁ@n‘%‘? BREPUSyI CBRETERHg one conpart ment:
consisting of (i) a thernoplastic polynmer core | oaded
with a contraceptively effective or therapeutically |

4. et é@fawmsaﬂ@ drig délivees dgeise ragrording3tokenyoaas 6§ dke priceding
1? klgrgrtaﬁiﬂ d%qg{i %&ﬁi m%& gor%r}ﬂeg ﬁét)aﬁ%ct the release of
n on- ms | C a er

the desogestrel or 3-ketodeso gestrel from the dewce :

5. An X-ray Viéible 'dmg deﬁvery device. according-.to ény 6116 of the preceding

claims wherein the radio-opaque particles do not migifate out of the implant.

6. An X-ray visible dmg delivery device according to any one of the preceding

claims wherein the radio-opaque material is barium sulphate.

7. An X—ray visible drug delivery device according to any one of the preceding

claims wherein the device is an implant.

8. An X-ay visible drug delivery device according to any one of the preceding

claims wherein the thermoplastic polymer is polyethylene vinyl acetate.



pol ymer skin covering the core. 10. An X-ray visible
drug delivery device according to claim9 wherein the

WO p@b/akeg1ni re in the core does not affect the peteas®s0ii1s0
t he desogestrel or 3-ketodesogestrel fromthe device.
11. An X-ray visible drug delivery device according to
clainms 9 or 10 wherein theo inert netal wre is a
titaniumw re. 12. An X-ray visible drug delivery
devi ce according to any one of clains 9-11 wherein
the device is an inplant. 13. An X-ray visible drug

o Sobl SR, SEMECHREC RS LSSl R B hedtar o o
Vichittacesi®led b hormone replacement therapy comprising one compartment

- consisting of (i) a fhermoplastic polymer core loaded with a contraceptively
effective or therapeuﬁcally efféctixfe amoumt of deSOgestrel or 3-ketodesogestrel
and contammg an inert metal wire and (11) a non-medicated thermoplasuc

:.polymer skin covermg the core.

10. An X-ray visible drag delivery device according to claim 9 wherein the .metal
wire 1n. the core does not affect the release of the desogestrel or 3-ketodesogestrel

" from the device.

11 An X—ray visible drag dehvery dewce accordmg to claims 9 or 10 Wherem the

inert metal wire is a tltamum ere

12, An X—ray vzsﬂ;)le drug dehvery device accordmg ‘to any one of clalms 9—11

wherem the device is an zmplant

| 13. An X-ray visible' drog delivery device according to ény one of claims 9-12
wherein the thermoplastic polymer is polyethylene vinyl acetate. ' '



