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5 This invention is in the field of transdermal drug delivery.
More particularly it relates to a matri x type transdernmal patch

for coadnm ni'PRANSIERMAEORUGIELAVEREMASTRIXFOR COADMINISTERENG t he
flux of each steroid fro mmL'KNDSANWﬂ%R@(IDt he concentrati on of

t he other in the matr

Background 10 I\/atrlx type transdermal patches are those in
‘which the drug is contained in and chnical Field rel eased froma pol ymer
matrix. The matrix is typically ma ssure sensitive

.adkesi ve and deghishgsentibg idiagnd ﬁ@ﬁr&@@ﬁsd&fmﬁlhﬁuQ%I%n( | MRre pdMEcSIAF, 3Ce
affixed to the skin). Wil e nore than one drug nmay be delivered
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concentr Q drug in the matrix affects the solubility

of the ot hm rifljegl?ﬁﬁnﬁ n the pressure sensitive adhesive.

EPA 89310350 7 (published 1 April 198@kegdesdribes a transdermal matrix type

patch for adm nistering estradiol and/or esters of estradiol. The pressure

séfisi ti ve adheMiatrix-type traﬂSdCfmald@ﬁq:hGﬁéthh@'ie in Ménq:hetbe Idrugsrsaon@pwﬂymd of
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hi gh concgmtgal h&f‘d@ﬁne@ﬁ{er BdhiQurfhe dMBe PREX (k. metslﬂ%ct:e m&&@% @k skin

crystallization. NVP- cont ai ni ng acrylic copol ymer adhesi ve
uses two Whilemers thmtdme\daug/mdy bé delevered from such a matreg the nequcmvaﬂtuass of50 t hat
he pol is Iikely to have a "bl ock

f [ 1 t t
cg:)o?yrrer he's 4%3%! wﬁqrﬁ thf %‘F‘F‘r’féi’g%%d"d’ﬁa‘# HPWC§HW9§HAt‘%ﬁ§FIW§thCBeyond
the 25  drug(s) ﬁl"tﬂgg%blﬂg séﬁ}ﬁ;veeaﬁhés?@é Oi'm?Etb%EﬁJsg?g ] a%c&ﬁ?z@xgﬂ%f %Fﬂ{ Hp 1 hi's

appllcatlon provi d suggest i'on or regardi ng
I ncl usi orinalie Mmatxcaffidls tHe élabidint ofsthe bthietl diug(s) retheriressire sensitive adhesive.

Di sclosure O The |lnvention i The invention is a
transder mal pdélh 89310328 (published Ao\ rrdlt 194@) dsisciaheg adrrsdrsmat mattdt V8o
conpri si

PCT/ US97 /}%icg:fgr administering estrag}%)l anc{/or es?ers of estradiol. The pressure sensitive adhesive 9.
component of the patch is a copolymer of 2-ethylhexylacrylate (EHA) and N-vinyl-2-

20 pyrrolidone (NVP). This copolymer is said to provide a means for maintaining a relatively
high concentration of estradiol in the matrix without estradiol crystallization. This
NVP-containing acrylic copolymer adhesive uses two monomers with very different
reactivity ratios, so that for all practical purposes, the polymer is likely to have a “block
copolymer” structure, with distinct long chain NVP and EHA domains. Beyond the

25 suggestion that estradiol esters may be used as a drug, this application provides no

suggestion or data regarding the inclusion of a second, different steroid in the matrix.

iscl v

The invention is a transdermal patch for administering estradiol and another steroid

30 comprising:



a) a backin and b) a matrix | ayer j Si ng:
(|)) a WPI%‘gﬁ?@%ﬁ? ng acrylic copol yner pressure)sensi ti 1/)(; aaﬁgﬁséﬁﬁ%% "o

(ii) estradiol; and 2 (iii1) another steroid wherein
the flux of said other steroid fromthe fmirix | ayer is

i ndependent of the concentration of estradiol in the matrix |ayer and the
flux of estradiol fromthe matrix |ayer is independent of the
concentration of &he tackiag layesrasdd in the matrix layer. 10

Anot her aspect of h| s mgentl on i.s. a nmethod for providing hornone

repl acenent DA ABYE GOPRTIE o an i n need of such therapy

conpri sing applylng ki n of
et homan, (HRENTPRERAERE At YRE O 1FRer pressyre serBeg%c?tﬁ% vléon O The
Dr &M ngs (ii) estradibl;ghd es 1-12 are graphs of in vitro skin flux

data described in the exanples, infra. 15
Mbdes For Carrying GiiD) anehersteseidivwderein the flux ofsa1d Othel' stexgid foar theomatrix t he

term "transder nal er cut aneou

t r ansbuccdPFr é?dﬁf*?ﬁe&??'ﬁ ?HED concentration o 5‘8@%&5 ?‘B')? ﬁ?‘?tﬁ’ﬁé‘u&rﬁ’ft hr ough
unbr oken g AHidl from the matrix Iaf@%cié’ﬁﬂebéﬁdgntcdfftﬁé%&tcbxﬁfhﬂtlon of the other sterozd in__The
term "another steroid" Intends a steroid other than estradio an ester
of 20 the matriddyeyl . Exanpl es of such other steroids, wt hout I imtation,
are progesterone, nor et hi ndrone acet at e, _nor et hi ndr gne,

dekbgestrel, gdvtokrEaspechaf Gisspyention iz setnddfes proiding hormone replacement
t est ost t
The. tor m PR 4R B bPRce o SEPEr B0 EomBELE AEEAR he shove desprbss pifih

area as to the skin of sAaRPWUmMad. usi ng the procedure descrl bed in the exanples,
infra. 25 The term "independent” intends that the flux of
each steroid fromthe matri x&m@mﬂﬂﬂﬂk@m&mﬁy significantly as the

trati .t he, qth t
Typi a1y the JAFHEL A %?%grﬁpﬁ&ofl 'rfv1f5%§}(ln&ﬁ?ﬂ%éde?ﬁ?{b?ﬁé" thg rgamples. 48,
Thg pressure sensitive adhegfoves £ .of the natrix is a

NVP- cont ai ni ng acrylic copolyn ‘ contltutes 5to 50 nol %wth
ot her acrylic 3 used hereimthaderey étrmdm mgnd@pﬂgut@&ombn&/&rWSMmgners

FAIRC - NEN T T

di scl oses .3 cOPQLYEELIQ{opNVP and EHA. The EHA constitutes 45 to 80 mol %

WO 98/ 031 o

PCT/ US97/ 11673 The term “another steroid” intends a steroid other than estradiol or an ester of - 3-

preferably 55 to 70 nmol % of the copol yner whereas NVP constitutes 20 to 55
0 o estradiol. Exgmplesrofishgh ather Q;erggism;thm;et@gmtaﬁgn,(%gg{qu@prone

about 2 1t BoreeRhERALbcdflso RietRrk, BB ahrbfrt hrltt R oab Rt )

normal |y efsstdrbng, %ekhﬂﬁst%@t%dh\é an5 androstemehﬁ@h&ht of the matrix, depending
‘upon the particular steroid involved. For instance, when t he

ot her steroid iTBherdemetfaxidnisnds thedr aies tate ofireleaseypfisierditl perunitarcaat e 10 to
8%

by wei gneasured using the procedure described in the examples, infra.
25 The term “independent” intends that the flux of each steroid from the matrix does
not vary significantly as the concentration of the other steroid in the matrix varies.
Typically the variation in flux, if any, will be in the range of + 35%.
The pressure sensitive adhesive copolymer component of the matrix is a
NVP-containing acrylic copolymer. The NVP constitutes 5 to 50 mol % with other acrylic
30 monomers comprising 40 to 95 mol %. Other monomers typically used in acrylic
copolymer adhesives are described in the Background section, supra. EPA 89310350.7 for
example discloses a copolymer of NVP and EHA. The EHA constitutes 45 to 80 mol %,



the matrix and when the other steroid is testosterone, it will typically

constitut % by weight of the matrix. At

precise ng%(%ggﬁ&égn?by which the flux of estradiol is Ia'?"lltg‘l%r?%eﬁs‘ey‘?ldent

of the concentration of the other sterodd-in the matrix (and vice versa) is
not 10 known, it is possible that the "bl ock copol yner" structure of
NVP- cont aipa¢fagbhcsyta 70 mol % of the coprdypotrywisrsas MY P rcosstitbtes R0 eaShnsil 4,01 d

sel ectively partitioning into speci fic bl ock domain and bei ng

rel eased fﬂf‘%fg’iaplfi’aw&ﬂ’o"nsaﬁnﬁl "rﬂfég‘éﬁ ME the other steroid.
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al cohol, And iR BLRE Seflid G RHBLAA hANSHIARY SofingBUb3Ped and
unsaturated sorbitan esters, such as sorbitan nono Peat anséll sorbrtan

monol aur atbg waight2F the matrixal Slehdugh tiseprecicd Mechanisny By iahivhethe At iof exeiolsed in
matrix type patches may al so be . included in the matrix. Such
addi ti ves indeperdeat ofheleoneentration of the other aterdid & the matrix éand viee varsrdris not

addj tives,that affect..th hesj ve propert,ies of t trix.and additives
subh as gfyRER; ‘g,’s possnb}e t%atatget opK F‘g‘%ﬁi@@ers ﬁﬁHCW¥§qf{§YF%ﬁ?mgﬂw g’ i ves
that affe Fshifke ¥ hish8oiatsEleOt batiti i ; I 25
The matri Eg%ﬂgﬁﬁﬁﬁwﬁi‘%ﬁ’%ﬁ%i rr‘i”xisnégdt’%zy g%}ﬁelg'i%\'/’%’?t\?\ﬁisgﬁc’ﬁgsg’%id\é’ﬁ@

obt ai ned and being released fiomt titat dorhainesdapacdenk pf thelérer steeridi d, per neati on

enhancer (if necessary nd other additives ) (if desired) in

appropriate pr g‘bﬁﬁﬁlp%i‘? 8@&9??}%@% Ard the stermids. dhe Balixmpy pisa cantaim qqe of

rel ease . | ) LN V. : vent, and
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| am nating a ba ayer on rix. The

barki ng | diytatioh) ihclud@katatatad dnd upeathitasddMatty Rebe asdtheir Retersqatcobols,
backing layer materials are well known in the transdermal patch art.
The i nvenmiosaglysenidast arstate,|digthanodareidengnd NeNfdimedwiantjdes apgh aswleitiaeide
%agg} Sglgrrf%yl oleate, isoprorﬁgf m'yH%t%%?:?EFy'cérSI rlnlo%otleattaegl)lic@rlo %clm%rlladrg{e? r%gthy nner.

PCT/ US97/ jal68 lauryl alcohol, lauramide diethanolamide and combinations thereof. Satuffated and
EXAMPLES EXAVPLE 1 5 (A) Norethi ndrone Acetate (NEA)

onl y mat r ugsagurated soybitan esters, such_ as vathitex nicanvleate @sd conbitan mionglanateayndr one
B oL e (N SE0E DG Ay Sl R v n AL byl 21 0 2
Copol v syl Aa g, SO s SUER Wfiy s el oy
pr ewei gheaddditives thataffbcsthe allissive properties ofthe wratrix svabadavines sadhess dlyceieer ni ght
drying i nthaat Ee%ﬂgg glzulx (i)rrr]ita?tyoir,] ar?ci[ ad7d(i)t[1\?ersr act:’affgc?tdmé Qoeiut()jiilitsyhotytvﬁg steroids in the
copolymer.
25 The matrix may be formulated by mixing the adhesive (which is typically obtained
in solution), estradiol, other steroid, permeation enhancer (if necessary) and other additives
(if desired) in appropriate proportions, casting the mixture onto a substrate (e.g. a release
liner), drying the cast layer to remove the solvent, and laminating a backing layer on to the
dried polymer matrix. The backing layer will typically be occlusive. Release liner and
30 backing layer materials are well known in the transdermal patch art.
The invention is further illustrated by the following examples. These examples are

not intended to limit the invention in any manner.



rewei ghed._ The percent solids was cal cul ated by dividing the dr’%ﬁg\/\e%\t by
the wet ~ WOBMWITyej ght and nul tiplyi Qg_by 100. Known anouhi G H

adhesi ve sol ution were wei ghed into glass bottles. Fromthe

wei ght of the adhesive solution and the percent solid adhesive, 15 t he
anount of adhesive in the solution was cal cul ated. Appropriate quantities
of NEA and sor bi tan nonool eat e perneati on enhancer (ARLACEL 80,

| Cl Americas, WInngton, BXAMBLES were added to yield various
conpositions as shown in Table | bel ow (Formul ations 1-3), al

per cent agdEXAMPHEdal cul ated on a dry wei ght basis. Each gl ass
bottle was then tightly capped, sealed with |aboratory film (PARAFILM "M,

Anerican 20 Nat i onal Can Conpany, Greenw ch, CT)), and rotated
ove¥ ni ght .(A) Norethindrone Acetate ANE4i o@ymarndtest he drug/ sorbi t an nonool eat e/ TSR
solution was then dispensed on a rel ease liner (siliconized

pol yester rele j . I : .00] es, ) i cago .
II'l'inois), and catsr{Jé ?ﬁ%lﬁatggffé%ﬁ?&%glg&gﬂggﬂoﬁé aﬁ%‘?‘%e‘f“%i g’}beélgg ﬁlGXtQﬁr_gn’was
dried in aermany) were EA¢a@H a8 folRWA) e peechBidikiadhedivelor 44 BHARIVPQeKIR! d a
dry filmapproximately 2.0 ml| thick. A25 backing film

( pol yet hylcepelymer kidhgsivé¢ (TSR IAdheSiovep SekiSti. Clikamikal Cb.ndamn), ayasvdstetrhimed by

| am nated onto the dr}/1 adhesi veaJli I.m usi}‘n_g a rubber roller. This_matrix

| alf nat e Wéedshiggp small amountiefy aqhigsiye (SoRtioR; 19 3 IPIvaighedudlamintng difh- chker e
per f or med i : e . l N, fl [ eS
wer e condusgﬁgg?ﬁlg %\8&%{)% wg’%veigrugﬁtzdxal}nfgfxag icgﬁveggp? é{'ér{a ﬁ’kt’ arId tﬁégfs %szls
separ at ed rbweighed:pi Ty percentestlida neaswesicutated ibyt dividagt degddyateipht ibpSthe Tha
matrix 30 | am nat es (described above) were cut into circular punches
of 0.71 cniyeghtandunulipyiag by .10Af ikaown amounts of THR adkgstvgselutionevergaecighed| ed
and di scarded,, the circular, punches re | am nated ont.o the . .

2t at um copnaire b ER ph WO SR o RPENEN <BRYR niBobsalid edhgsive

ski - punchgdamount of adhesive in the Y68 Wad 3diculated. Appropriate quantities of NEA and
PCT/ US97/ 11673 - 5-

mat ri x sarsdrhigh manodleatd qerinedtivncenhaneerd@RILAGRY 8G cléilvamercasp Wilmengten.of a
di f fusi on th the epi dernmal .side fagi

., W th
recei ver. %ﬂ??ﬁe‘ﬁ?‘,ecg%dc\#%%%‘a VHIPF aEYNPOFpfeDS as shown my g-@élevérbek_’w
conpart ne - heny fah | 1 029 i i I ..a el l
Comvar enFoalE | et 5 SOGB40 0 Wi
mai nt ai n thoeles wan tisa figialy tapppdrsehled avith mboratory filmt (PRRABILM "M'{, eXmhdicanAt

predeterm_ned intervals, the entire contents of the receiver conpartnent
wadl col | edYa&iprabranyCompamadereenyich - Thmndiratedavemight: conpart nent was

refilled wth TXEesh g mi of the /dé%g/%cﬁﬁfzm 85{15@?45%72‘511'[5%“%9 &a@rtﬁeﬁrﬁigﬁéﬂé% Pﬁlta?

any air bubbles at the skin utron rnter _ ative
amount of rellead It NEidicomizeEpolyBitér Rlcase Hﬁer,aR}ﬂehSerchdhnél@i?%ﬂhc., W. Chicago,

[err]g/cnferr]) was determned as follows:
[err] Illino1s), andusestewith ex 19 mid gahecasteng: bnife. atThon cistgnirture ofasdduesl imat he
receiver SC%HPE'.‘C%OII%I;/C;[I Qte 7§8¢ E‘oerslgorprjr{u%g to yield a dry film approximately 2.0 mil thick. A
25 backing film (polyethylene backing film, 3M Corp., St. Paul, Minnesota) was then
laminated onto the dry adhesive film using a rubber roller. This matrix laminatc was used
for in vitro skin flux measurements which were performed as described below.
In vitro skin flux studies were conducted using modified Franz diffusion cells.
Heat separated human epidermal membrane was cut into rectangular strips. The matrix
30 laminates (described above) were cut into circular punches of 0.71 cm? surface area. After
the release liner was peeled and discarded, the circular punches were laminated onto the

stratum corneum surface of the epidermal membrane. Each piece of the skin-punched



sanple tine, V Is the volune of fluid in the receiver chanber (~6.3
cnferr]), ,%? s the di ffusional area of the Ce'ﬂcﬁ@sﬁﬁmn
S

cnferr]). ope of the best fit Iimp.to the Q vs. t plot

gi ves the steady state flux (J[err], [err]g/cmerr]/h); the |ntercept of
this line on the tinme axis gives the lag tine (tL, h).

Thr ee f or mdtaiki san&w'(clﬁa&ﬂsdohdedﬁmmmﬂlb coporlar@) receiverrcompagmests o wiffusion

i ncreasing 5-6 % w | ong wi.t cont r.ol
for mut at | Lyl the, spidereal SR aFRG i FEGeigR GpMpaReRt and s les | Bk
above on. i od WafiaRfien Wal then HIRARKIIPOEYNoahi® 2688 Ol OLAY R dePvdD
was to mnimze I nherent s skin varrabi ity and tte

el uci dat i QRerpplatédeinds circulating watef bathlvalibrated|to snairthin the skintsfu@fadé tnpdrateRs
fromthe test fornulations were normalized on an i ndi vi dual skin
basis rel atBéet 1 6Ci hat predstemningd intervalscihaenire qogtentn eft the neoghvier nomsrtmant

| t I d Ki th d sub
This oo was ot SRETAR IR laR A aE Rt SRR R RSB0 ROl TE
vari abi | i tré’ceg&q ALY i B3 efibinate any a‘ﬁomléssﬂQh@fskfn%oﬂtio‘ﬁemftér%e
performance between fornulations in this and subsequent

exper i nentfhe culidatiNefarhbunast drivg pemeditddopertunét drea audmst iimes (03 patem)heas
control - formulation are sunmarized in Table Il1. The nornalized
flux rati dstemménedlastfolbsivs:n Figure 1. : As can be seen from
the data presented in Figure 1, a 4 fold increase in the drug

|l oading results in a prc%r i | 4 fold increase in the flux. The

nofdral i zed in vitro ®ER CI *?})?Afl uxes therefore display |inear and

Fi cki an dependence on tH& drug concentration between WO

98/ 03137 PCT/ US97/ 11673

- 6- where &; 9 &e%%eﬁulaﬁ&d(rﬁg/mmoma i BR réRfRr Wrhple BRhE¥BrEe§naldy NI
TSR acrylic copB | yner hesi ve.

TABLE | 5 samfwle time, V is the volume QQW.@SMQM@%F%MT(L@NSC@%&H\?EE% the
D TSR NEA E2 ARLACEL

For mul ati on
Adhesi ve diffusional arca of the cell (0.64 cm?). The slope of th&dbest\fit linedtovthe Q; 6. wiplot %

w w Test Fornul ati ons 1. Lot # 040695-1 88.5
1.8 gived the steady state]ﬂhdeSS, pg/cm/19; thedntertepUOBBE- Itne on the time axis gigs. 0
3.0 0.0 0.0 3. Lot # 040695-3 84.0
6.0 the lggime (1, h). 10 0

Three formulations (Table I, Formulations 1-3), with progressively increasing NEA
loading (1.5-6 % w/w) along with a control formulation were evaluated for in vitro skin
flux as described above on the same donor skins. The purpose of the control formulation

20 was to minimize inherent skin to skin variability and allow for better elucidation of trends
in the results. The in vitro drug fluxes from the test formulations were normalized on an
individual skin basis relative to the fluxes from the control formulation which was run
simultaneously on the same donor skins in this and subsequent experiments. This
normalization procedure significantly minimized inter skin variability and allowed for easy

25 comparison of relative flux performance between formulations in this and subsequent
experiments, The NEA fluxes obtained for the Fbrmulaﬁons 1-3 and the control
formulation are summarized in Table II. The normalized flux ratios are plotted in Figure 1.

As can be seen from the data presented in Figure 1, a 4 fold increase in the drug
loading results in a proportional 4 fold increase in the flux. The normalized in vitro NEA

30 fluxes therefore display linear and Fickian dependence on the drug concentration between



Control Fornul ation 4. Control # 952007 17, 6.0
6.2 WO S%/gp137 NEA Control Formul ation pétndornsens
TABLE |1 10 CUMULATI VE® NEA PERMVEATI ON I N 96 hr
(Q6-[err]g/cnferr]/96 hr) Forrmul ation 1D #
of 136% w/w loadif@!ih Qratrices made with the NVP containing TSR acrylic copolymer
skins/cells Test Fornul ati ons ?{ Lot #%’
040695- 1 adhesive. 6/ 24 8.4 [err] 2.5 0.27 0.06

2. Lot # 040695-2 6/ 24 17.3 [err] 3.8 0.55 0.10

3. Lot # 040695-3 6/ 24 32.9 8.9 1.00 0.08 *
Q96- Cunmul ative amount perneated from4 FLTE; prnulation in 96 hr +
Skin flux nornal ized relative to Contro ormul ati on on an individual skin
basis. Control = 32.0 [err] 7.9 15 WD 98/ 03137

PCT/ US97/ 11673 COMPOSITION OF FORMULATIONS EVALUATED -

(B) Estradiol (E2) only matrices: trix [am nates
containing estradiol (E2, Berlichem Wavpe New Jersey) were

preparedfas described above in Bxanple | (|A) except jthat E2 used as fhe

drug insfead BormulationIll} NEA |[Necas®ary lanodis of| E2 #re p é‘s%é@ELvF
I n iso-pfopyl alcohol (I1PA) andj Adhesive added to jthe castin solsldtion to

yield vafious conpositions as shown in Taldle 111 _beljow
(Formul aji ons 5-7). % i/ =
11110 ~GOBeRY O
Test Formulations
1. Lot # 040695-1 88.5 1.5 0.0 10.0
2. Lot # 040695-2 87.0 3.0 0.0 10.0
3. Lot # 040695-3 84.0 6.0 0.0 10.0
Control Formulation
4. Control # 952007 77.8 6.0 6.2 10.0
NEA Contro! Formulation
TABLE 11

10
CUMULATIVE NEA PERMEATION IN 96 hr (Q96-ug/cm?/96 hr)

Formulation ID #of Q96+ Ratio™
skins/cells
Test Formulations
1. Lot # 040695-1 6/24 84x25 0.27 +0.06
2. Lot # 040695-2 6/24 173+3.8 | 0.55+0.10
3. Lot # 040695-3 6/24 329+£89 | 1.00+0.08

* Q96-Cumulative amount permeated from test formulation in 96 hr
+ Skin flux normalized relative to Control formulation on an individual skin basis. Control =32.0+ 7.9

15



Formul ation ID

Adhesi ve
% W w

5. Lot #
10.0

6.2

0.0

Cont r ol
5.0

Vi t{o ski

(Formul at i
and

Table |V

2.

TSR NEA
80
WOS‘%’W?N % W w % W w
040695- 4 8~ ad - 0.0
6. Lot # 040695-8 83.
© SHffor €2 onty g’ # 00012

# 947003

93. 5*

0.

E2

ARLACEL

PCT/US97/11673 .
ormul ati ons

3.0
0.0

Test

8

For mul ati on

0

8.
1.5

EMatfianiamahates—contaihimgi estradiol (E2, Berlichidmor Walyng. i Mew dacsey Wwwete
DUROTAK 87-2070 Adhesi.ve. Natiopal Star
Bri dgewat @repagesl asyagscribed above in Exawﬁsi‘e@g

3R RS

and

SRt

..cal Co : .
S Sened ao e g TR |
B2 Heig e ity e SEARCHR! (g

added td e caeiig edlufied ribirld OaridiR doRfpositidRs 2K ishewi e TRbRSENbedw N

bel ow. The

normal i zed flux ratio are plotted in Figure

(Formulations 5-Bs can be seen fromthe data presented in Figure 2, a

3 fold increase in the drug 20

fold increase in the fl ux.

| oading results in a proportional 3

therefore display linear and Fi ckian

bet ween

colt ai ning TSR acrylic copol yner
COMPOSITION OF FORMULATIONS EVALUATED

98/ 03137

PCT/ US97/ 11673

TABLE |V

ski ns/ ce

IMIATLVE E2 PERMVEATI QN LN 96 hr
Lor Lo o T B ddon D rayi s TSR NEa | OB 2t olk] Repr
| s Adhesive
80
% wiw % wiw % wiw % wW/w
Test Formulations
5. Lot # 040695-4 87.0 0.0 3.0 10.0
6. Lot # 040695-8 83.8 0.0 6.2 10.0
7. Lot # 040695-12 81.0 0.0 9.0 10.0
Control Formulation
8. Control # 947003 G3.5% 0.0 1.5 5.0
E2 Control Formulation

15

20

The normalized in vitro E2

fl uxes

ce on the drug concentration
3-9 %wwloading in matrices made with the NVP

adhesi ve.

)

* Formulation made with DUROTAK 87-2070 Adhesive, National Starch and Chemical Company. Bridgewater, NJ

These formulations were evaluated for in vitro skin flux along with an E2 control

formulation (Formulation 8). The in vitro skin fluxes for the three test formulations and

the contro! formulation on the same skins are presented in Table IV below. The

normalized flux ratio are plotted in Figure 2.

As can be seen from the data presented in Figure 2, a 3 fold increase in the drug

loading results in a proportional 3 fold increase in the flux. The normalized in vitro E2

fluxes therefore display linear and Fickian dependence on the drug concentration between

3-9 % w/w loading in matrices made with the NVP containing TSR acrylic copolymer

adhesive.



Test Forml‘k%t' 5. Lot # 040695-4

6/ 24 és%gf’grr] 1.7 0.29 0.06 6. NOTV¥ 845805 8
6/ 24 13.4 4.0 0.64 0.08 - 8- 7. Lot #040695-12

6/ 24 20.9 5.6 1.0 [err] 0.16 5 *(06- Curul ati ve anount

perneated fromtest formulation in 96

: EIV
formul ati on on an i ndi vi dual

+ Skin flux normalized

relative to Control skin basis. Control 20.6 +
4.4 (C) NEA/E2 coflux matrices: 10 Mat ri x
| am nates cont ai NCOMUPATIVE B2 $EXMBATIONTIN'GS hP(Q%’«E:EIcB{Wﬁf)d as
descri bed above in Exanple I (A). Necessary anounts of E2 were
pre-di ssol ved in.ilsq: pnroonvl al cohal (I PA) _and added to the
casting sol utijfon aI‘or}g Wit h NEﬁ« and sprbitan nmohool eate t§ yield
vari ous conpoditi ons 'REMURHOMID n Tabl B Vv peFow Forgograt i pnsp9s1#) .
These fornul atji ons were eval uated forjigkipghdef1® pkin flux pl ong W t hjfNEA and
E2 15 gontrTot—fornutatrons—(Fornotatronst4—and—8—+respeett+vey)
descri bed abo\je i n Exanpl es 1(A) and [L(B) respeftively. The in
vitro skin fl yres—for<tire=test—forrorpt =t=fres =get Ol
formul ati ons deshEoomulatiRsns are presented inj Table VI. The normajized
N ectivel y, [P-Eol#ohosts 421, 0 200 Bl OLi@%a N [ B3 Pods 0.06
PCT/ US97/ 11673 6. Lot # 040695-8 6/24 134+4.0 | 0.8:+0.08
'|I:'ABLE| vt _ 7. Lot # 040695- COVPCSI TT £, OF F@gﬁ]’d NS, VA YA TED
A(F){rng\UCEﬁ‘ IQ%‘)A-E{mulative amount permeated from lest formu'auon in 96 hr hesi
30 + Skin flux normalized relative to Control formulation on an indiv(%uw@vq)asxesswlﬁgl \-I=V20.6_{r_4.4 % W w
% W w Test Fornul ations 9. Lot # 040695-5
85.5 (C) NEBE?2 coflux matdicBs: 10.0 10. Lot # 040695-6
84.0 3.0 | 3.0 10.0 11. Lot # 040695-7
81.0 6.0 . . 3.0 .. 10,0 . 12. Lot # 040695-9
g2l 1 Matrix laminates ¢ontaining both d:2pand NEA in qenbipafiony wergptepared as
80.8 describel above in Exgmgle 1 (A). NeéegsaQy amounts of E2 were pre-dissolved in iso-
propy! alcohol (IPA) and added to the casting solution along with NEA and sorbitan
monooleate to yield various compositions as shown in Table V below (Formulations 9-17).
These formulations were evaluated for in vifro skin flux along with NEA and E2
15 control formulations (Formulations 4 and 8 respectively) described above in Examples

1(A) and 1(B) respectively. The in vitro skin fluxes for the test formulations and the
control formulations on the same skins are presented in Table VI. The normalized NEA

and E2 flux ratio are plotted in Figures 3 and 4 respectively.



14. Lot # 040695- 1 1

15. Lot # 8oR23

16. Lot #“8%0695 14

17. Lot #040695-15

Control Formnul ati ons 4.
6.0 : 6.2 10.0
Control # 947003 93.
E2 Control Formulation 5
Adhesi ve, Nati onal

77.8 6.0 6.2 10.0
79.5 1.5 9. FCT/US97/1167310 0
78.0 9 3.0 9.0 .0
75.0 T °° 6. 9.0 10 0
Control # 9572007 77.8
TAMIE§ont rol Fornul ati on 8.
5* 0.0 1.5 5.0

* Formul ation made with DUROTAK 87- 2070

As can be seen fromthe data in Fi gure 3,

ST OMPOSITI QN OF FﬁlRMMﬁ;ﬁﬁLONBrE\dQEM’EED NJ
a 4 foId i ncrease in the NEA

|Oad| ng EDC‘ - %Q II’\ "‘I’\D flllVLi
NEA. Similarly, |ncrea E2 | oading result|s in a
_proportifonal Ffogrpglahﬁgﬁj%ase i nF The Bdr malli ARLACBL
in vitrg NEA and E2 fl uxes ther ¢f and Fi cki gn dependen
on the ug concentrati each otn e T
made wi tfh the NVP containing TS cr % wewcopol yewwadhesi%av/over
the ran { tT T (1 0 NEA toadr ng_ard
% E2 | odcheshfermulations WO 98/ 03]
EST 1 US9 /ol L&Y # 040695-5 85.5 1.5 3.0 100
- 1
CUMULATIINE: hett RAGEDSepvEATI o | N oB+Ar (o6 3@rrg/enffr]/de hlf-0
# of 11. Lot # 040695-7  Fornul ati ogy hD 6.0 ki s/ cej§s 10.0 N
dat a EZzffar=
Q06+ @SLOI #040695-9 Ratiqg 0g*82.3 06 1.5 ot i ful 10.0
gCOEt rOL NBeLsd# 040695-10  (Contfol)g0.8 3 o Test Fagaul atji ongo,0
. Lot - [erii 3 6, 2% :
0 26 414 LotmOR0608- b or | oi/78 "6l0 62 10;
[er r2] 15. Lot # 040695813 0.0B 795 1.5 9.0 10.0
0.0 16. Lot # 040695-14 78.0 3.0 9.0 10.0
17. Lot # 040695-15 75.0 6.0 9.0 10.0
Control Formulations .
4. Control # 952007 77.8 6.0 6.2 10.0
NEA Control Formulation
8. Control # 947003 93.5*% 0.0 1.5 5.0
E2 Control Formulation
5 * Formulation made with DUROTAK 87-2070 Adhesive, National Starch and Chemical Company, Bridgewater, NJ
As can be seen from the data in Figure 3, a 4 fold increase in the NEA loading
results in a proportional 4 fold increase in the flux of NEA. Similarly, a 3 fold increase in
E2 loading results in a proportional 3 fold increase in E2 flux (Figure 4). The normalized
10 in vitro NEA and E2 fluxes therefore display linear and Fickian dependence on the drug

concentration in the presence of each other in matrices made with the NVP containing TSR

acrylic copolymer adhesive over the range of drug loadings investigated (0-6 % NEA

loading and 0-9 % E2 loading).

e
es

9



10. Lot # - 7128 15.4 [err] 6.3 ; .
0.6 [err] ‘%g‘g’??“g 3 18.7 [err] 0.30 ‘be[r] p%?/ljsgw}[%:?
0.08 6.8 0.02 11. Lot # 040695-7
7/ 28 27.6 25.7 [err] 11.0 1.10err] 5.4 2.5 18.7
0.28 [err] 11.0
0.09 6.8 TABLE.‘(% 12. Lot# 040695-9
5/ 20 7.0 [err] 1.9 27.8[err] 7.7 0. 25 10.1 [err] 15.8 [err]
g- 35 [err] 5 5 CUMULATIVE NEA & E2 PERMEATION IN 96 hr (Q96 -pg/cm?/96 hr)
0.03 ' 13_1Qf # 040695:10 520 142 [err] 4.2
27.8 [er 7. 7g - 1Q. 4#0of 15,8 0.66 [err
3.5 tery) 5 i Forubpr, skins/cells NEdma ) E2 data
0. 05 14. Lot # (Q40695- 31 Q%6* | Q% B Q96* 27. Q96 7 1 TRaio2Y. 8
7.7 10 [err] 10. 2 [erir] 15. 8 [lerporo* . 66 [err] |{Controd
0.0 36 Soach =66 e e 3
6/ 24 BesFopmuiatipns2. 6 37.14 [err]} 22.3 | 0.28 20.B [err] 24.7 [eri]
g' 27 [er Lot4 0406955 ) o 7/28 77+3.6 | 257&100 | 029 {5424 187+ | 028%
0. 10 16. Lot # (40695- 34 6/ 24 1 8.6 [ grrojos8}7
37.4 [erg] 22.3 0. 53 23.0 [errl] 24.7 [err]l g5 P-99 [€rr]
[err] 35 +6—3- 0% -
0 .12 10. Lot # 04069567 Lot # {04D®D5-|154£63 | 257110 | 066/ PA7+23 | B4 |[ @I0r]
37.4 [erf] 22.3 0.90 41. 3 [enr] 24.7 [erjrdos 0.891 [gr]
18.0 Ferri 13— PLHYLILE PR B - AL BUI N
Q26- Cunu) Ht koy2048696Ant per medt ed2§ r qmet-&st| 267 widat)ilor: | R4 985 hris7+ | 028+
X Q6 (Cpntrol)-Cunul ative gnount perygatjed from dtocm,rol for Lrul@,; I QN gigh !#6
hr on sa SskKims as—thetest] formufjations Sk X
nor mal i zpt et %8N8 t o Cont rlol S8br mA%tli%on Ti2dnR i|riBSvi ddadt: skis *basP& +
The sl opg of each of the thriee |ingar regression l]i nes| (nernplisedidata {or
NEA 10 fluxes in tihe pregence of E2, Fi dud'q ) was| conpared
e q70.07
st ati sti pay—to—the—slepe—gt—the
13. Lot # 040695-10 5720 | 14.2£42| 278x7.7 | 051 | 104% 158+ | 0662
+ 35 5.5 0.03
0.05
14. Lot # 040695-11 5/20 |27.8+77| 27877 |10+ | 102 | 158% | 0.66%
0.0 3.0 5.5 0.06
15. Lot # 040695-13 6/24 8926 | 3742223 | 028 | 203+ | 247+ | 0972
+ 7.5 16.3 0.30
0.10
16. Lot # 040695-14 624 | 18387 3742223 | 053 | 230+ | 247% | 099
% 13.5 16.3 0.17
0.12
17. Lot # 040695-15 6/24 324 | 374x223 | 090 | 21.3x | 247+ | 089%
18.0 £ 132 16.3 0.17
0.12
5 * Q96-Cumulative amount permeated from test formulation in 96 hr
x Q96 (Control)-Cumulative amount permeated from Control formulation in 96 hr on same skins as the test formulations
+ Skin flux normalized relative to Control formulation on an individual skin basis
The slope of each of the three linear regression lines (normalized data for NEA
10 fluxes in the presence of E2, Figure 3) was compared statistically to the slope of the



WD 98/ 03137
PCTI US97/ 11673 - 11 -
regr essi oV, RO333; the NEA formul ati_o $ wi t hout E2 using a P§TIMeriys

t-test. The results i ndi cated that there was no statistically
significant difference (p> 0.10) in slopes between each of the
three |inggressR@Ilassiodthd NE@S fdrinalatiEdwitooLER UsiIag S S10dénds Bieelg BE reqligt i ve
to the slope of the regression line for the NEA formul ations

wi t hout Eindicedsthabiitere wes métatlsh@lly significar diffgrenrer(pz (¥0)Hn siapes Hvetwmnr i X

d f
Contal ni ngechest Bt Abier WharTselriph Bars0pt SEA Tulliofs boftaining Er%)ereéﬁtsfﬁewof
each of tbl%sfutcﬁee@fﬂhb@ Ess'i&gﬁﬁéﬁir%c NE2E forfdOioRE Wedbudrs 2 ThRrc t%ﬁ&,k Ope

in the presence Figure 4) was conpared statistically to

of sthe r egfeqsesenne of E2 in the mhmmeiotmnottdf&cE&xeffhlxmﬂNaEAmSysmmhmaﬂeNﬁﬂn thsi ng

a Student's t-test. The results indicated 10 that there was no

statisti cbl|\’iPth§1t@mns|B°émcrmw penadyraer adhssive. 10) | n sI opes bet ween each of

t he I aj. i.o t.ai ni ng
. tﬁ}g Sﬁ)g F‘g&h Je&hL 81??4 ﬁrpeal‘ &‘e@?cﬁssﬂ) mes So.rxﬁﬂlml cdr#g'taf %])f E?ﬁg

NEA) relative t regre
fornul ati gnge \firésaﬁékt ofNEE\A iﬂgu& LPRAES EdRpdrEPitatistially &S@R %R}pe of the rﬁgressxeﬁ NEA

inthe matrix does not affect the flux of E2 in systens made wit
cont ai ni ngndT 8R the B2 focnmtqnmhy methotiNER using 355tudent's t—test The r?sh:étsabdmaedlat a

SaBl 1Y Rt et aal ey sntfgat Gptenta rc0 Y o <fier bRy gach of the
' nvest | gafyed ﬁ@ca@ réfression 11 es ((t;dr}]‘ﬁ?lﬁ J;d?ﬁimaﬂgn@%tgm%ﬁ%ﬁg? lﬁﬁﬂleﬂg)t KoBe o %UX

of each steroi ends on y centration an 1S no

af fect ed by refresgporeinn for thé E2Hermilagensswitticat WEA. This confirms thaVBeSfesbnta 7
PCT/ US97/ 11673 12
EXAVPLE 2of NEA in the matrix do@a)nomﬁqctoﬂmyﬂ%pf iE2ein: systems made with they®VBnl y

matrices were pr S de cribed i.n Exanple 1(A) except that the 5
adhesi ve TREY" ﬁ&%ﬁkc%@o PBFPCEM Y Scryl i ¢ copol yner adhesi ve cont ai ni ng

Ehis, Thé ¥bo R 8418 tefeaPhbWA tRXYig t dy¥emd Prapard B withidhé AP cahaishg and
Chem cal Co, Bridgewater.
acryhc copolymer adhesive, TSR, over the range of drug loadings investigated (0-6 %

NEA loading and 0-9 % E2 loading), the flux of each steroid depends only on its

concentration and is not affected by the presence of the other steroid.



NJ). This adhe% \l/e does not contain N-vinyl-2- pyrrolidone. Necessar és

amount s of WM@58/03137 and sorbitan monool eate were di ssol VPSP
adhesive solution to yield various finé&l- conpositions as shown in
Table VII below (Forrmulations 1-4). 10

TABLE VI | EXAMPLE 2 COVPOSI TI ON OF FORMULATI ONS EVALUATED
Forrmul ation I D DUROT AK NEA E2 ARLACEL

87-25 16 adhesi ve 80

% W w o w 4 WA o w Test Fornul ati ons 1. Lot #
013096- 1 (A)/%A onfggnerices: 2.0 0.0 10. 0

3. Lot # 01 309

4. kot # Oid¥eSi0e hsed was DUROTAK 8B25(6 (an acrylic &g@lymer adhesi®: &bntammg EHA10.0
Control Formul ati on 5. Control # 95709

6.0 vingl dcetate and hydmyélhyl acrylate, NaEan#élSt@shtand| Chienrioall Ga.i Bndgewater

* TSR adhegi.v em cal  Co. Japan 15 These
for mul at 1 oND: wES SSFAGER BPLROTTe NI Lk PAFRPEe ANSSESa: Hmatnts Af NG
fornul ati of,g( & gnm %dn%le@e wch‘Eedx’sé?:h)’édt fnoth'ékddﬁe&bé%@lﬁn ﬁ”to y"adt\{}&r%ﬁs i
formul ati ons he control fornulation on t me skins are
present ed cdmﬂisﬁlhms‘db b]homimvnblémﬂ below (Formubaionmli 14 ed fI ux ratios are
plotted in Figure 5. 20 As can be seen fromthe data presented
inifigure 5 a 4 fold increase in thaABLE VII | oading results in a
proportional 4 fold increase in the flux. The normalized in vitro NEA

WD 98/ 03137

2. Lot # 013096]81%? only matrices were gx%pgrcd as descnbéd gn Example lgxgexcept that th 0 0

PCT/ US97/ 11673 COMPOSITION OF FORMULATIONS EVALUATED 13 -
fluxes therefore display linear and Fickian dependence on the drug
concentr =Gl SR =R g A A5OSR g e—-tP
DURCTAK -2516 VI - :
TABLE VI ) 5 RARGRAYR 1D cu[xﬁ%ﬁ%‘xr%ﬁuh PERVEATI ON 15 24 f ARLACEL
(QR4-[errjlg/cnferr]/24 hr) 30
adhesive
% wiw % wiw % wiw % wiw
Test Formulations
1. Lot # 013096-1 88.0 2.0 0.0 10.0
2. Lot # 013096-2 86.0 4.0 0.0 10.0
3. Lot # 013096-3 84.0 6.0 0.0 10.0
4. Lot # 013096-4 82.0 8.0 0.0 10.0
Control Formulation
5. Control # 957098 77.6 6.0 6.4 10.0
NEA/E2 Control Formulation

* T'SR adhesive, Sekisui Chemical Co., Osaka Japan

N These formulations were evaluated for in vitro skin flux along with a control
formulation (Formulation 5). The in vitro skin fluxes for the three test formulations and
the control formulation on the same skins are presented in Table VIII below. The
normalized flux ratios are plotted in Figure 5.

20 As can be seen from the data presented in Figure 5, a 4 fold increase in the drug

loading results in a proportional 4 fold increase in the flux. The normalized in vitro NEA



Formul ation 1D # of Q4> Rat i o+

ski ns/ cel | 89?(03137 Test Formul ati ons PCT/USY/11673
1. Lot #0130 3/ 1513 1.80.7 .5 0.2

2. Lot # 013096-2 3/1 3.5 1.1 0.90.3

3. Lot # 013096-3 54 0.7 1.4 0.4

4. Lot # @ugeotherefore display linear and Fg;klagl dependenge gn the grug copcentratiog between
* QR4-Cu unt. perneat ed, fr. n 24 hr

Skin fl u;ﬂih@/%ﬁ gong"\gépgﬁt’i}%es%a%o @?Q}Jﬁﬁp&% %%ﬁq agﬁe%he i ndi vi dual

basis. Control =4.1 1.3 10

Matrix | am nates containing E2 were%%{jg ‘Q&Fas descri bed above in Exanple

I (A)

DU AK 87-2516
Necessary anount

E2 only matrices:

except that E2 was used as the drug instead of NEA and

@%&gﬁe’“%"ep ERMEATROR I 2t (BRI P2a bR,

the casting solution to yield various conpositions as shown in Table | X

bel ow (Formulations 6-8). WO 98103137

PCT/ US97/ 116738 Formulation ID Q24* -Ratot
TABLE | X COVF% ) FORMULATI|ONS EVALUATED
Formul ation | [ DURCTAK ins/ethis E2 ARL ACEL
87-2516 adhesi ve

% W wW 0/& YRV, (/MY RYY] ___% yadlag

Test Formulations

1. Lot # 013096-1 3/12 1.8+£0.7 0.5+0.2

2. Lot # 013096-2 3/12 3.5+ 1.1 0903

3. Lot # 013096-3 3/12 54+£0.7 1.4+04

4, Lot # 013096-4 3/12 8.6+4.7 23+18
* 024-Cumulative amount permeated from test formulation in 24 hr
+ Skin flux normalized relative to Contro! formulation on an individual skin basis. Control =4.1 + 1.3

10 (B) E2 only matrices:

Matrix laminates containing E2 were prepared as described above in Example 1 (A)
except that E2 was used as the drug instead of NEA and DUROTAK 87-2516 was used as
the adhesive instead of TSR. Necessary amounts of E2 were pre-dissolved in IPA and

15 added to the casting solution to yield various compositions as shown in Table IX below

(Formulations 6-8).

skin

+



Test For %8t 3887

6. Lot # 013096-5

82%69!‘/11597/11673 0%0

7. Lot # 013096-10
2. 0 10. 0 8. Lot # 013096145 86.0 . 0.0
4.0 10.0 Control Formul ati on 5. Control # 957098
77. 6* 6.0 6.4 NEA/ E2 Contr ol

Formul ation 5

*TSR adheS| Ve,
These fornul ati ons were eval uated for

%e% I Suli

Che

m cal

Co., Osaka. Japan
in vitro skin flux along with a E2

control for peMPONITION OF PORMUPATIONS EY @A?pbk' n fluxes for
thethreetest forrrulatlons and the control orrru tions on the
same skin Jormaljzed flux ratios
are plotf As can be sgen fromt e data
present e vi t NEA2 E2 f
I ncrease pbet ween 1-4 % w/ w | opdi n% I n
matrices 6 adhesi vel 0 wo
98/ 03137
PCT/ US97£ 11673 VJWME‘E % wiw Y% wiw % w/wLD i
TABLE X - 2 PERIVEATT O N2 11
(Q4- [ er (Festdifranulptions hr) Fornul ation 1D
# of 6. L&9A013096-5 ~ Ratio+ 89.0 0.0 1.0 10.0
ski ns/ celts FTest—Fornu-at+ons F ’r_aaf #
013096- 51 7. Lot # 013096-10 3/ 12 880 435 109 1.34.00. 5 10.0
7. Lot #1g13095 Hhos 15 AN S TR ARG UM
. (6] TIOUJOT9 ST LZ T T T
*  QR4- Cufridonttol Fopmuilationper nreat éd fromtest formulation in 24
+ Skin f | relative ft twroll forpylatilon o anlndlv
skin bas yxc%gyc[r% %5%5 5 [err] (0. 699% 6y’ 2 ?4 EA/ E2 ci(??j
mat ri ces | NEA/E2 Control Formulation
5 *TSR adhesive, Sekisui Chemical Co., Osaka, Japan
These formulations were evaluated for in vitro skin flux along with a E2 control
formulation (Formulation 5). The in vitro skin fluxes for the three test formulations and
the control formulations on the same skins are presented in Table X. The normalized flux
10 ratios are plotted in Figure 6.

As can be seen from the data presented in Figure 6, the normalized in vitro E2
fluxes increase linearly with drug concentration between 1-4 % w/w loading in matrices

made with DURQTAK 87-2516 adhesive.



10 Matrix | am nates contai ning both E2 and NEA in conbi nation

were prep descri bed above in Exanmple 1 ( at

t he adhes%(z seé7 was DUROTAK 87-2516 i nst ead oﬁ%sﬁfgczgsary
amounts of E2 was pre-dissolved in | PA-atid -added to the casting
solution along with NEA and sorbitan nonool eate to yield various
conpositions as shown in TapABLEIXDbel ow (Formul ations 9-20). 15
WD 98/ 03137 PCT/ US97/ 11673
- 16 - TABLE XI

BUOYR(P)'?&:(TI ON OF F@MWA@@EMEKREDATION IN 24 hr (Q24-pg/epi/Bdlayi on 1D

87- 2516 \&/ Adhesi ve

80 . % W w % w %W W %
wWw Test ForTRIFHFHKD 0. at # 013686 | Ratic? 87.0
2.0 |. O 10.0 5Rinsikells 4 013096- 7 85.0
4.0 v T0.0 IT—TOot 013096~ 83.0
6.0 & 0 10.0 12. Lot # 013096-9 81.0
8.0 my —10. 0 3Tt TIr3096=1t 86.0
2.0 pTest Formulatians 14, Lot # 013096-12 84.0
4.0 24 & Lot # 013096-50- 0 15 3/10t # 043096113 14105 82.0
6.0 216 00 tot 013096=% 80.0
8.0 2|0 Lot # 01309618, 0 17301 # 0168d6L 15 | 2403 84. 0
2.0 44 ® Lot # 013096-48. 0 183/10t # 048%017 3.5+ 1.0 82.0
4. % * Q24- C,m'mve amount permieated-from test Tormulationm 2470 80.0
6. + Skin lﬂ)x Qormahzcd rclauvc:l&ogtrol formulation on?eg indiv@dal #in QzérgqgﬁlrowZ 5+06 78.0
8.0 Control Fornul ation 5

Control # 952098 6* 6.0 6.4 iO. 0
NEA/ E2 Cont r ol (Wﬁﬁﬁa&?%ﬁ“@w‘”“s *TSR Adhesi ve, Sekisui Chenical Co.,
Csaka, Japan.

10 Matrix laminates containing both E2 and NEA in combination were prepared as
described above in Example 1 (A) except that the adhesive used was DUROTAK 87-2516
instead of TSR. Necessary amounts of E2 was pre-dissolved in IPA and added to the
casting solution along with NEA and sorbitan monooleate to yield various compositions as

shown in Table XI below (Formulations 9-20).

15



These fornuyl ati ons were evaluated for in vitro skin flux alo '
control 09803137, il ati on (Formul ati on 5) descri bed aboveﬂ?ﬁmg@ﬁ&%s
3(A) and 3(B). The in vitro skin - t6fd uxes for the test fornul ations
and the control formulations on the sane skins are 10 presented in
Table XII. The normalized NEA and E2 {lygf Igitl' os are plotted in Figures 7
and 8 respectively. As can be seen fromthe data in Figure
7, a 4 fold increase in the NEA |oading did not result in a
proportional 4 fold i nEMPOSITIONISF RORMULAFONSEVARUATED 4 fol d
I ncrease in E2 [oading did not resll' |naproport|onal 4 fold
I ncrease in E2 flux (Figure 8 The 15 normalized in vitro NEA and E2
fluxes therefore do not displ ay lfi near and |Fi cki an WO '
98/ 03137 Formulation ID DUROTAK. NEA E2 ARLACEL
PCT/ US97/11673 87-2516 -
17 - dependence on |t Hedhgsiveoild concentdation in tjhe pﬁ@sendle
of each her in matrices nmade o with DURQPTAK 87-2516 adhesi ve
over the fange of drug |oadings iinveéa™¥Watdd oWV | % wiw w
| oadi n ulrdidadi ng) .
TABLE ?(I I eng%r iorf 9 EIIAH-YETNEA—&E2—PERMEAFHON-H-N-24—h
(Q4 -[er[g djot H0IBPPE-B4 hr) 87.0 o nul ati onl.OD 10.¢¢ of
%‘5'4,[‘5"36' f0. Ligy# 013096- 7NEA data b0 49 07 S8 100
(Control)fHr ;l]ot#013096 -8 (C830r ol )i[ er r4.0 1.0 Tdgst 10.0
sog[nejlr?itl QZSLIQtﬁ01309ﬁ9 9. Lot#OljBO%BEO 1. SQ ;/112 1.4 04.6 130
. \o I | . \.’) J L J U T
10" Lot @13@96013096 11 3/12| 8604 [drr] 201 | 7.8ferr]| 2.30.0 1.3
[UTI . U4, L L. OU. J J. L LCI‘Ij
1.7 3. hﬁ bot# 013613 éOLot #01%006-9| 20| 3 190
17.5 5.0 167L@t#%1g09@i$ [err] 0]6 ggol +]1.78p3.3(1.0 2.0 1.90.3 9.0
13. Lot % 312 25 terr1—0-5 67‘4{\:.” 2604
[err] 0.1 17. @09#|0é39916 163 2.8 [1.284.00 21+ 0.%0 0 14 1dOP
013096- 12118 Lot#0138d6k27 4.8 1.2 g2@- 1 [lerrla@.6 | O.§ perr]i 0.399 5 3
1.4 2.8 F2—21667
19. Lot # 013096-18 80.0 6.0 4.0 10.0
20. Lot # 013096-19 78.0 8.0 4.0 10.0
Control Formulation
5. Control # 952098 77.6* 6.0 6.4 10.0
NEA/E2 Control Formulation
5 *TSR Adhesive, Sckisui Chemical Co., Osaka, Japan.

These formulations were evaluated for in vitro skin flux along with a control
formulation (Formulation 5) described above in Examples 3(A) and 3(B). The in vitro skin
fluxes for the test formulations and the control formulations on the same skins are

10 presented in Table XII. The normalized NEA and E2 flux ratios are plotted in Figurcs 7
and 8 respectively.

As can be seen from the data in Figure 7, a 4 fold increase in the NEA loading did
not result in a proportional 4 fold increase in the flux of NEA. Similarly, a 4 fold increase
in E2 loading did not result in a proportional 4 fold increase in E2 flux (Figurc 8). The

15 normalized in vitro NEA and E2 fluxes therefore do not display linear and Fickian
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formulation in 24 hr on
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COMBLanfVERES £EFPrRAERTIOR 1 2 KR e i 1 wenceo

by the presence of each other, do not follow Fickian | aws of
di f fusi pT, —and _ar €_not |pr @Rer fjl onal to the Sterofla
concent | at i B Re mbtgigalsdni nat es wEdeewi t h DUROTAK 87- 2344 adhesi ve
15 over the rarge of qieqgmrd jcomeent|r ardiony | asest]i gaeed | Uy 8,0
NEA | ofdi ng and 0-4% |E2 toatiing) . The i ndefdqoshen ff | ux of
the twoFsteErOIrds 11 L1g PI esernce o1 _gacih otier and
proport j Eestormuatipns skinn flux ds a fudction df sterdid in the matrix js
appar en} Y. gisdse to iz | a6+ VA 60052iINp.oGo. AT ¥4 L £s JOPOL YHEN 16403
adhesi v§: VWO 98703137
PCT/ USOl7}011406a 3096-7 3/12 9421 | 76£22 | 1202 | 53212 | 33010 | 16£02
EXAMPLE! 8. ot # 013096-8 snd A)| 1est@gt esone (15 o.or Yot rli ¢88io | 15403
Test ost prone (TS, Upjofm Conpg ny, Kal armazoo, M 0 I—?\ AL T|i CES €
pr epar efl!2- Lot # 1309-9 55 desdid hdd SESE a2 1A= ¥ dent * L hat 33 Hb0 o &P BPY
used wals;sTiS i mssosad of NEdwz | 25:05 | beeesdasy:@nguns s of Te: werless+os
pre-di sgotved T TPAand—addeq 10 thg castirng. solution 1o =]
vari ous HQIP?II‘)#)Q'?Q%I‘)%\Q ad shHBan i h8rbhlies 314 (n2EH07 ( Ent it dt 28HE2 10 ’3% 0.7
TABLE XX isl Lot # 013096-13 3112 7718 | 61426 | 14205 | 55213 | 28£12 | 2.1£08
16. Lot # 013096-14 3/12 78%27 | 6126 | 1306 | 4216 | 28%12 } 16208
17. Lot # 013096-16 3/12 28207 | 8124 | 042004 | 12827 | 32208 | 4.0x04
18. Lot # 013096-17 3/12 56+15 | 81+24 | 0702 | 118230 | 3.2+08 | 3812
19. Lot # 013096-18 3/12 74+15 | 81224 | 09+02 | 96419 | 32x08 | 3.1£06
20. Lot # 013096-19 3/12 82422 | 81£24 | 1102 | 69214 | 32%08 | 22204
* Q24-Cumulative amount permeated from test formulation in 24 hr
x Q24 (Control)-Cumulative amount permcated from Control formulation in 24 hr on same skins as the test formulations
10 + Skin flux normalized relative to Control formutation on an individual skin basis
The above data clearly shows that in vitro E2 and NEA fluxes are influenced by the
presence of each other, do not follow Fickian laws of diffusion, and are not proportional to
the steroid concentration in the matrix laminates made with DUROTAK 87-2516 adhesive,
15 over the range of steroid concentrations investigated (0-8 % NEA loading and 0-4% E2

loading).

The independent flux of the two steroids in the presence of each other and

proportionality in skin flux as a function of steroid in the matrix is apparently unique to

NVP containing acrylic copolymer adhesive.



COMPCSI TI % %WNULATI ONS EVALUATED For plq. ,%EM?H 643D

TSR E2 ARLACEL

Adhesi ve - - .

% W w % W w % ww % w w Test Fornul ati ons 1. Lot#
012496-1 EXAMPLE B7.5 2.5 0.0 10.0 2.
Lot # 012496-2 86. 25 3.75 0.0 10.0

3. Lot # 012496-3 85.0 5.0 0.0 10.0
Control For nul j QN ) nt.rol # 957082 75.75

3.75 10.?)9 ?esmmm'leo(.TCﬂ ongomamgel’s Control Formulation 15

These formul ati ons were evaluated for in vitro skin flux using a
formul ati on containing TS as a control (Fornulation 4). The in
vi Bro skin fl uXestodterone b’ﬁS,tleem Cemipany, Kalamazoor NI) anliyanatriagsiweregprepantd ol

formul ationg on ,the same skins are presented in Table Xl V. . The
nor mal i ze?f EFFI?X’bF‘gt’P ﬁxagpée p‘lrzﬁﬁ teéﬂeﬂtrﬁ’ﬁ r gepid used was TS insteadnof PdRADe

f d. D Fi ; fal d.i 1 .drug 20
" oadi ng.rSeer e BEGES etpre b ied ip 1A Ard Ak i, BREGaetil o 1
nor mal i zegeidvariol§ Borhpositions as showh HXESbIE mn%%eg@h%ﬁiaﬁ&né iagar and Fi cki an

dependence on the steroid concentration etween 2.5-5 % w w | oadi ng
in matrices made with TSR adhesi ve. WD 98/ 03137
PCT/ US97/ 11673 - 19 -
TABLE XIV cUMUABHE/EIHS pERVEATI ON IN 24 hr
(QQ4-[err]g/cnferr]/24 hr) Fornmul ation ID
# of Q4* '
Skins/cell s coMPOSTION QF FORMILATIONS EVALUATED 1 Lot #
012496-1 3/12 15.6 6.6 0.63 0.09
2. Lot #012496-2 312 25 7T 134 T QT 020
3. Lot 01249&cgmulation ID T§i{'12 TSgl' 8l[er réz 15. 3 AﬁL;\%EIQ 29
Adhesive
80
% wiw % wiw % wiw % wiw

Test Formulations

1. Lot # 012496-1 87.5 2.5 0.0 10.0

2. Lot # 012496-2 86.25 3.75 0.0 10.0

3. Lot # 012496-3 85.0 5.0 0.0 10.0

Control Formulation

4. Control # 957082 75.75 3.75 10.5 10.0

TS Control Formulation

15 These formulations were evaluated for in vitro skin flux using a formulation

containing TS as a control (Formulation 4). The ir vitro skin fluxes for the three test
formulations and the control formulations on the same skins are presented in Table XIV.

The normalized flux ratios are plotted in Figure 9.
As can be seen from the data presented in Figure 9, a 2 fold increase in the drug
20 loading results in a proportional 2 fold increase in the flux. The normalized in vitro TS
fluxes therefore display linear and Fickian dependence on the steroid concentration

between 2.5-5 % w/w loading in matrices made with TSR adhesive.
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skin basi YO = 25 8 [err] 10.5 (B) BEZR%P]?I’b&H?
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ratio's are pj otted HosmplagignéD10. 4 of in be sgen |from the
data present in Figure 10, a 3.5 fpl . ase in the Ssteroid
ihDEgape |

concentr at i onf+eswts—n—a—propertt+oha et ux. The
normal i zed in V|tro E2f|JXES there1ore di y linear gnd
Fi cki an depenge#- A=taa: ottt biGeRtat-gR=hetuaead3- 10. 5 %
w w | oadi ng i mm‘bi-masatimde with TSR adhesi ve WO 94/ 03137
PCT/ US97/ 1167 - -
TABLE v L. Lot#012496-1 el onl B Badkby pd-88E EAuATED
Formul ati on ||, Lot# 012496-2 TSR 33 25.7+ 1P| 1.01 £ 0.2RIACEL
Adhesi ve 3. Lot # 012496-3 31250 | 3184 +0.29
% om @AMAALL. @#@iﬂé

gv Lot # cgg % ulggive amount permeated from test for in 24 hr 0
10 0 n u>6nomia_ah7tcd ﬁlntﬁligﬁlgrgoiéormulauon on an individual skin ba§.4916mrol 258+|053
6.0 10.0

(B) E2 only matrices:
10 Matrix laminates containing E2 were prepared as described above in Example 1 (A)

except that E2 was used as the drug instead of NEA. Necessary amounts of E2 were pre-
dissolved in IPA and added to the casting solution to yield various compositions as shown
in Table XV below (Formulations 5-7).
These formulations were evaluated for in vitro skin flux along with a E2 control
15 formulation (Formulation 8). The in vitro skin fluxes for the three test formulations and
the control formulation on the same skins are presented in Table XVI. The normalized
flux ratio's are plotted in Figure 10.
As can be seen from the data presented in Figure 10, a 3.5 fold increase in the
steroid concentration results in a proportional 3.5 fold increase in the flux. The normalized
20 in vitro E2 fluxes therefore display linear and Fickian dependence on the steroid

concentration between 3-10.5 % w/w loading in matrices made with TSR adhesive.



. Lot# 01249 79.5 0.0
10 0 &’%%i%rol Forrmul ati on 8. Control # 9521%%11’83;""673

93.5 1.5 - 205.0 E2 Control -
Formul ation 5 * Fornul ati on nade wi th DUROTAK 87-2070 Adhesi ve,
Nat i onal Starch and Chem cal Conpany ter

TABLE XVi CUNULA%E‘%%ERNEATI ON IN 24 hr
(QR4-[err]g/cnerr]/24 hr) 10 Forrmul ation ID

# of Q4* COMPGSWI'ON OF FORMULATIONS EV

skins/cells Test For rrWat]i'ons ALUATED 5. Lot #
012496- 4 312 2.0 Q i 0.28 J_er] 0.06

6. Lot # P12496- 3/ 12 5.4 0. 0.60 |[0.14

7. Lot # P12496- ﬁozmulatlon ID 3SR org 1. 6 Ed. 02 | ARISACEL
* QR4- Curﬂul ativc amount perneated fAdhesivest| formul atijon in 24 hr

Ski n f | uxf+wer-red-t+zed—+relativre—teot+Controt f\j.m“ at-+-oR+en—ah—aaHwA dua? St
basis. Coptrol = 11.3 + 2.0 % w/ 03137 o 0

oas) USQ?/E&QJL o wiw | V&, U % wiy, % Wiw
(O TS E2f Test Rexnmitionses: Matri x | am nates containing

both E2 an rnatron were ared as ggscrllbed ! t—)(gve
Exanp| e | § §#Iéﬂ2g§g§r Y- apUHRts fm S M‘%Qe P i i %‘ |
' 6&10@#?&19496-BA) and added t 84ihe qastih@ solluti ohlOal onlg wi o0

i so- propy

sorbitan Q0l,€ to yiel ari qus osift1o s gho |
Tobre s [Paarisiolasa, . aio 17)5}9.‘5 9P 19.525 ghownq g

TABLE XVI || Contt0l Formulation COVPOSI TI ON OF FORMULATI ONS EVALUATED
8. Control # 9572135 93.5* 0.0 1.5 5.0
E2 Control Formulation
5 * Formulation made with DUROTAK 87-2070 Adhesive, National Starch and Chemical Company, Bridgewater, NJ
- TABLE XVI1

" CUMULATIVE E2 PERMEATION IN 24 hr (Q24-pg/cm?/24 hr)

10
Formulation ID 4 of Q24* Ratio*+
skins/cells
Test Formulations
5. Lot # 012496-4 3/12 26+0.7 0.28 + 0.06
6. Lot # 012496-8 3/12 5.4+09 0.60x0.14
7. Lot # 012496-12 3/12 93+1.6 1.02+0.18

* Q24-Cumulative amount permeated from test formulation in 24 hr
+ Skin flux normalized relative to Control formulation on an individual skin basis. Control=11.3 +2.0



Formul ation ID TSR TS E2 ARLACEL
Adhesi ve

% W w wo‘%sm W % W w _%w/_w Test Fornu Igtsﬁl)lr%g;s

9. Lot # 012496-5 84.5 2.5 3.0 10.
10. Lot # 012496-6 83.25 3.75 3.0 10.
11 . Lot # 0124963 7TS/E2 coflux matrices82. 0 5.0 3.0 10.
12. Lot # 012496-9 81.5 2.5 6 0 10.
13. Lot# 012496-10 80. 25 3.75

14. Lot # 0124 .
15 Lot # 012 43\2 t%% laminates contam;r% goth E2 and gsgn combmanoibv\%re prepared %SO
16. Lot # dedotth@-abdve in Example 1 (A75N35;:ssary amouﬁtsYﬁEZ and TS &E}‘e?r&dxssolved 0.
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:CgioztS r ol t@gficgganous composnmnsgqgs %mwn in Ta&egegh elo ormﬁﬁatgllogg 9-17). 5 08'
E2 Control Formul ati on * Fornul ati on nade wi th DUROTAK 87-2070
Adhesi ve. National Starch and Chem cal Conpany, Bridgewater, NJ
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regressi DT T 1T11€S brlur rat-t+zed—datra—f-or—FS—fi-uxes —t-A—Fhe p-esenfe
of E2, Fbuldet#D124R6&9%conpared dtati®did caljly t35t he Isl op.0of the rEyPessjon
line for fj]g01§0ﬁgggglhgtions withouso_gg ugi ng 3a758t udent ' g t tept. T@@
resul ts prdt-cated—that thret-e—was—mo—statHst+eat-y—s ulllllcallt
di fferentkd Los#@12496-th sl opes bet wd8® eadh of3.Lhe 6.0 10.0

15. Lot # 012496-13 77.0 2.5 10.5 10.0

16. Lot # 012496-14 75.75 3.75 10.5 10.0

17. Lot # 012496-15 74.5 5.0 10.5 10.0

Control Formulations

4. Control # 957082 75.75 3.75 10.5 10.0

TS Control Formulation

8. Control # 95Z135 93.5% 0.0 1.5 5.0

E2 Control Formulation

* Formulation made with DUROTAK 87-2070 Adhesive, National Starch and Chemical Company, Bridgewater, NJ

These formulations were evaluated for in vitro skin flux along with TS and E2

control formulations (Formulations 4 and 8 respectively) described above in Examples

2(A) and 2(B) respectively. The in vitro skin fluxes for the test formulations and the
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there was no statistically significant difference (p> 0.10) in slopes between each of the
three linear regression lines (for E2 formulations containing TS) relative to the slope of the
regression line for the E2 formulations without TS. This confirms that the presence of TS
in the matrix does not affect the flux of E2 in systems made with the NVP containing TSR

25 acrylic copolymer adhesive.

The above data clearly shows that over the range of steroid concentrations
investigated (0-5 % TS loading and 0-10.5 % E2), in vitro E2 and TS fluxes are
independeht of each other, follow Fickian laws of diffusion, and are proportional to the
steroid concentration in the matrix laminates made with the NVP containing acrylic

30 copolymer adhesive, TSR. The independence in fluxes for the two steroids in the presence

of each other and proportionality in in vitro skin flux as a function of steroid concentration

in the matrix again appears to be unique to the NVP acrylic copolymer adhesive.
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1. Atra desriminmp.atdh for adm' ni stering st radi ol and anot her steroid
conpri si

| ayer c q:@rglzgss 3129 142 ?Ck' nﬂo %}éer j,?o%or Lihdaps L Ecrls\,%tz'/ri'g(m
copoly rmqj,ml\stmpawl-aﬂpyrrzoiidnne 230ar9d -etbbyeldiaexrlr.samrsy al2e1.8 (0292006
ii) estfadrorl NOt NEL. SEX $tErgr d|otner. ghan an
est ! adi %Pa_&* BT of 203 loabiand o Bliedo e DD ] ol DOERGR

fom t he jmatuedmoidaaser [i3sloi ndependgn t23ofist4he conxaent [ atsizas Ofs.7ester qolsd 0.1

the matnix, L ayer.@nd [the I hex. o1 |espnadiolt TEamthel mBLiiX] 4o. 16 oss020

14, Lot # 012496-11 311 26379 232+ 84 113202 2.74:.0.7 47+ 1t6 {058x£0.12
15. Lot # 012496-13 3/12 14478 22.5+10.0 0.61 0.1 6.2+3.2 5924 1099+0.19
16. Lot # 012496-14 3712 | 214109 22.5%10.0 093 x0.1 6.2+3.1 59+24 |0.99x0.15
17. Lot # 012496-15 312 | 26.6%10.6 22,5 10.0 1.20+ 0.3 6.0+£22 59+24 1.0=0.28
* Q24-Cumulative amount permeated from test formulation in 24 hr
5 x Q24 (Control)-Cumulative amount permeated from Control formulation in 24 hr on same skins as the test formulations

+ Skin flux normalized relative 1o Contro} formulation on an individual skin basis



| ayer is |%e&%gg3e7nt of the concentration of the other sexmﬁ;&,ﬁ%glh&st he
e

matri x |ayer. 2. The transdermal patch of claiml
2-ethyl hexyl acrylate constitutes 45 19,80 nol % of the copol yrrer and t he

N -vinyl - 2-pyrrol 20to 55 mol %
% yﬁEBﬂ'fABI BifM L wherein the 2- (:aa?im,' Wim mgﬂa
OPQ%IML[S and the done
ol ymer

3. The transder nml

constitutes 55 th_70 neAPLACES t he

constitutes 30 to 45 nol 9% Re-icop 4. The transder nal
patch of claimll whiearsderntdh patch farediminisiedng oftrazdl mad andthémsterolbcomprising:
| ayer is about | tpo 20% by wei ght, and the concentrati on of the other
steroid i s about ® tdbagkyiglayerrand 5 The transdermal patch of claiml

vvhe§e| n the other z ﬁﬁg{r&lhiﬂmﬁﬁﬁh%gdrone acet at e. 6. The
c

transdermal patch the other steroid is testosterone.

7. The transder nmal p@)tﬁthﬁnﬂlzapyﬁ&ddﬂercsmamnga&ﬂwbr yaldr QesQfire€St r adi ol
I n the matrix |ayer is to 12% by wei thé concentration of
nor et hi ndrsonmtlm:a;ﬂmswe: n the matrix Iayer is 1 to 8% by weight.
8. The transder mal | ai m 6 wherein the concentration of estradiol
in t he mat xesFréélgﬁaP% 2 to 12% by wei ght, the concentration of

testosterone in the (rrﬁ)t aﬁ&ihcr steroid, wherelrxatlﬁg.huk df La.& gtegoo’l/ﬂ l?%rﬁ'\ﬁlieqmtrix layer

10 is independent of the concentration of estradiol in the matrix layer and the flux of estradiol

from the matrix layer is independent of the concentration of the other steroid in the matrix

layer..

2. The transdermal patch of claim 1 wherein the acrylic pressure sensitive

15 adhesive is a copolymer of N-vinyl-2-pyrrolidone and 2-ethylhexyl acrylate.

3. The transdermal patch of claim 2 wherein the 2-ethylhexy! acrylate constitutes
45 to 80 mol % of the copolymer and the N-vinyl-2-pyrrolidone constitutes 20 to 55 mol %
of the copolymer.
20
4. The transdermal patch of claim 2 wherein the 2-ethylhexyl acrylate constitutes
55 to 70 mol % of the copolymer and the N-vinyl-2-pyrrolidone constitutes 30 to 45 mol %

of the copolymer.

25 5. The transdermal patch of claim 1 wherein the concentration of estradiol in the
matrix layer is about 1 to 20% by weight and the concentration of the other steroid is about

1 to 20%.

6. The transdermal patch of claim 1 wherein the other steroid is norethindrone

30 acetate.

7. The transdermal patch of claim 1 wherein the other steroid is testosterone,
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9. A nethod of provi ﬂl“ﬂmm"ﬂ E | acement therapy to a wonman in need of
j\glngnt her@Bygsﬁgiggrl I ﬂm patch of claiml to thgrkssneérzsai d

- 25 - THIS SHEET HAS BEEN
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8. The transdermal patch of claim 6 wherein the concentration of estradiol in the

matrix layer is 2 10 12% by weight, the concentration of norethindrone acetate in the

matrix layer is 1 to 8% by weight.

5
9. The transdermal patch of claim 6 wherein the concentration of estradiol in the
matrix Jayer is 2 to 12% by weight, the concentration of testosterone in the matrix layer is
1 to 8% by weight.
10 10. A method of providing hormone replacement therapy to a woman in need of

said therapy comprising applying the patch of claim 1 to the skin of said woman.
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