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for administering the active substagee buprenorphine

Transdermal therapeutio sy

Deseription

{0001 The present invention rebdes 1o fransdermal therapautio systom with at least

ne carboxvhie scid which determines the solubtlity of the buprenorphine o the

matrix laver and 15 lkewise absorbable, for pain therapy with significantly ureased

aciive substance utilization

{0002] The active ingredient buprenorphine (U -{eyclopropyi-methyt {11

dimethylethy D4 S-epoxy- 13, 18 dibydro-3-hydroxy-Samnethoxy-emethyl-6, 14
ethenomorphinan-7-methanol} is a partially synthetic oplate whose advantage over
other componnds from this subatance class Bes in g higher sotivity, This means that
Wmig.’ a can bo achicved tn cancer of tumor patients with very unfavourable
dingnosis i the final stage with daily doses of around 1 mg. In this comext, an
advantage of buprenorphioe over the synthetic optond fentanyl and s anslognes is
that the addietive potential of buprenorplie s lower than that of these compeunds.
The disadvantage s that, owing 1o the high molecalar weight of buprenorphine,

nainely 467,64 daltons, it s difficult to effect ity travsdermal abaorption.

0003 o spite ol iy, trausdornsad systems containing buprenarphine (g
Tramstee® or Norspan®) aee slroady conanereially avatlable, German Patens
DB 3838 378 O deseribey thetr functionality, The active ingredient is in

homogeneous selution in a polyacryiate mairix with 2 varboxyiie acid serving @

permention suhancer aud solnhilizer,

(00041 Systeny in which the active ingredient s in homogeneous solation are

R

s

conumenly distinguished by low active substanee utilization. The reason for this is
that the thermodynamic activity of the active ingredient, which deiennines the
delivery of active ingredient, deoreases in the conrse of adntinisteation as a result of
the decreasing active ingredient loading. Uniform delivery of aclive ingrediant ove
the entire administeation time is schievahle ondy through a relatively high active

mgredient loading in comparison o the amount to be delivered. The published data

for Transtec® 33 which iy a product marketed in Burope suggest, for example, an
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active sabsignes nitizgtion of anly 179 over the administeation periad, (iven thag

buprenorphine s an expensive active ingrediem, higher active substance wtithivaion

0o

woid be a snbstantial advantage from g Losts standpoint.

P

fowr loading of the

syatern with buprenorpbing, which i nareotic,

itant mintmal residual content follow

¢ apphication iy the syslems used, is

additionally very desirable in view of saf

TO006]T Thus, it was the olgect of the prasemt invention o develop a TTS which
ke the sotive wgredient buprenorpinne, whose transdermal absorpiion s dilficat

to effect, available for transdermal administration with s antly ineregsed active

anhetunve piihzation

[O007] This object iy achieved o avcordance with the invention in a surprising way

by meany of & transdermal therapeutio system for administering bup;‘a;w;phim to the

shin, wherstn the TTS comprizes an active ingredient- zmg\em\e;zh e backing laver, at

least one pressurs-sensitive adhesive matrix laver comprising the active tpgredient
buprenorphine and gt least one earboxylic seld, and, optionally, & protective layer to
be detached before use. The matrix layer is construeted on the basis of polystioxanss
or polyizobutylens. The buprenorphine ix fn sohution o the carboxyhe acid or the

o~

carboxylic actls, and this sohetion iz in dispersion in the form of droplets iy the

mrateix layer. This is ail the mors surprising inoview of the st that buptenorphing,

due to s Roown physicochamical properties, In particudar its poor solubility, s

v mentioned, s high

;ts.m}p;m{ti‘4-“%;%?}-‘ %&i;‘g}} melting point of 316 °C and, as sl

moteoular v g solvent wath

sdds readily owards orvstailization. For this reasg

at least one -gsa:idic greawp i used in order te prevent the buprenorphine orystallization
during the storage of the pharmaceutival form. Both buprenorphine itself gnd
carboxylie avids have an extromely low solubility in polysiloxanes or

polyisobutylens, Thus, &t is possible 1o disselve buprenorphing ina cachorylie acid

and to digperse s solution nthe form of droplets fo sorpateix layer prepared on the
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basis of polystioxanes, preforably amine-resistant divnethybpolysilocanes, more

e-resistant and 8 nop-amine-resistant dimethyle

chvatioxane, wherstn the nor-amdne-resistant dimethylpolyailoxane s present &t oo

o than 0% by welght, preferably 296 w0 0% by welght, or polvisehutyiene ¢

S base polyawe. In this case, it iy important that the mixture of buprenorphine and
{

carbexylie acid or carhoxylie anids is in Houdd form.

[DOGE] Generally, the carboxylic acids employed sre sparingly soluble in the organic

&

N

fthe adbesives. Thus, the Hguid mitare of buprenorphdne and carhoxylic

0 geid can be disporaed in the solution of the adhesive, whereln the dispersion is
retatned alter removal of the solvent. Tn such wmairix ayer, the solntality of the
buprenorpline i vivtually ondy dependent an the smount of the carhoxyliv acid or
carboxyhie acids. The ameont of the dispersed solution can amount to up 1o 409 by

weight, wherein i is profeced that 209 by weight are not exceeded. Preferably, the
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ved size depends additionsily
on the thickness of the matelx Tayer.

3

[OO00] Figuee | shows o schematic represeniation of such 8 mono-layer self-adhestve

vatern. In Frgwe 2 @ system with & sldn contact faver is depioted; Figues 3 shows g

20 muolilever systew with s overplaster, T these Bgoves are:

I backing layer
2 anairik laver based ou polystloxanes with dispersed droplets of a

bhuprenorphingcarhoxyvlic said solution

i

2% 3 protective laver to be removed before use
4 skin opatuct laver based on a polyaveylate wdbesive
S pressore-sensitive adhestve laver withowt buprenorphing

& haeking layer fep skinecoloured)
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{{}m_{}j Sinee cavhaxylic acidy can Hkewise be absorbed tE\*csugn thi fs‘};ii}, their

BN

X

saturation Saﬁitﬁ}iiéiy of the buprenorphine. Thereby, the decrease inthe
thermodynamic sotivity of buprenospiting caused by the delivery is compensated.

The choies

¢ of the carhorvlic seid B gaided by the absorption through the skin, which
is just as quick, and preferably quicker, compared with baprenorphine. | is preforred
o use carboxyiic aclds which are Hoguid a1 skin emperature, The earboxylie seid or

the sarboxvlic acids iz or ave selecied from the grouy consiating of oleie

faevidinie actl, Hnoleic sotd and Hnolenic seid. Given proper exsoution,
o achieve supersaturpied states during the ftme of application. o supersatisated
syateang, the dueemodynanie activity of the sotive nprediem and hence alse the

permeation rate per arex unit is nersased 1 accordance with the supersaturation

¥

favtor, Advantagsously, #s oy possible to mindmize the delivery area and also the

<

ared of the system. Doving sorage, both buprenorphine and the acid remain in the

2%,

polyire matriy, so that durlog thie tme the system is @t most satueated and

trony of the active tngrediont 1s sxedaded.

FOOT1T A further aspect of the Bwvention concems the effect that i such systens, if

thedeliv

v ool the actd iy oo quitk, the rise o thermad vaamie adivity can lead to wn

&

exceasive Increase iy the permestion sate after :Q\pkwti{\} The conssquences is that

of

aptive ingre d ent. 1 hus now been found that this kind of &i?mi is pmvenieﬁé by

addition of a Rether laver based on potvacrvhates. This laver by preferably focated

between the astive ingredient-containing polymer mately layer and the skin, orelse
between matelx layer andd backing laver, This additional laver is proforably executad
as seif-adhosive skin contact layer

F001 2] The solubitity of buprenorphine o polyeerylates (v significantly higher than
polyvsitoxanes or polyisobutyvives and, deprasling on the progiae compasition, resches

ap 1o abont 10 per cont by weight. Sinee the overall eysten has thus a higher
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saturation solubility for buptenorplune, the degree of supersaturation caused by
debivery of the avid i3 reduced by redistribution of the buprenorphing Forn the matnx
Ly Heto the polvaceyvlate layer. The delivery of active fngredicut is thus mors

aniform, and @ promaties exbaustion of the system 8 prevented, 1t has been found

that in one preforred smbodiment with a leading of the the matrix laver of about

(1.4 mg of buprenorphine and the use of the carbogylie actd lnevalinic acid, perom” a
skin contact layer with & coating weight of 1530 g/m” s sufficient to achiove the

deaived sffect,
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{00131 Regarding the monomers used By producing the polvaarviate adiy
are bastcally no Hmttations. Bassd on theorstical consuderations, however, adhestves

without free carboxy! gronps are preforred as they are unable K fmmoebilize the basie

huprenorphive via formation of salis

JO0147 Figurs 2 shows a schomatio représentation of such a systony; the preparation K&
destribed fn Example L The thickpess of the matey layer aod the skin contact layer
st in each vase be optimized as a function of the chosen setive mgredient
concentration i the matrbs layer wnd the anount of sctive ingredient per unit ares,
respectively, The anount or concentration of the aoid inthe mateix layer depends on
iy dissolotion ability for prerorphine. In the cave of the preferred use of laevulinie
acid, buprenotphine and the aoid are wsed o sgual proportions by weight, The chosen

concenttation of both subsigness of 7% {0

Qs by wioight has proved to be suitable,

tng the performance of the TTS,

bt can also be chosen &y

when taken

yant for the selection of the coating wedght.

HO01ST Teansdermal therapeutio systems actording o Example 1 were compared ina

pharmacokinetios study In humans with already warketed TTS a3 & reference systom,

Tt was found that g 17 em® system according to Exmaple { with a buprenorphine

R

content of 8.3 g cosresponds toa 23 ent” reforence TTS with an active ing aredis

of 20 g, Taking o ascount the declaend delivery of the reference g«mdzzf‘*
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of 35 agd TTS, an active substancs utilization of 179

an aetive substance utilization of 33% for a TTY sccording ©o ¥ mmﬁi‘\’ 1 aubieved,
This olearly shows that with travsdermal systemis aecording to Exampde 1 the

olaective of 3 substantu

s ivproved sobbve substancs witlization was achieved,
Thus, with the TTS accovding to the invention with buprenorphine as aotive

ingredient, it s possitle to selieve Iy vive agtive substanes wiilizations of at least

1

3%, prefevably at least 0%, mupwrs preforably w losst 30%. Addinonally, itis

advantageous that these systoms cag be used with & surfaes aven of approximately
S Jeas than thee reference systems due o the higher permeation rate.

[H016] A partioular advantage is that thiy improved avtive substance ofilization

}

sllows for the loading of the svslem with the narcotis buprenorphing (o be Ruther

reduond, and thus for a furhey minimization of the residusl buprenerphin content i

the used sysles alter applivation.

(0017 The transdermad therapeutio systens avcording to the tovention can be
provided with different reloase profiles and in ditferent dose strengths. As abready

N

be influenced by, for

desoribed sbove, the active ingrediont release profile ean
sxamiple, appropriate variation of the hover thickness of the aotive ingredient
containing matrix andéor the skin contact layer, o by altering the concentrtion of
getive ingredient in the mattx, The dose strength of the TTS acecrding to the
invention can be madified, for example, by varving the sueface area of the sativ
ingredient-containing mainiy, while keepdog the composition aud layver thickness of
the mairbe and skin contact Iaver the xame, in ovder (o thereby obiain differant dos

§

strenpths, Freforably, it is thos possible o obtain transdermad therapeutic 5y

X

which bave comparable propertios with tanadermal therapegtic systoms alveady on

the maket

(D018} By providing TTS with differemt dosage fevela, It s possibe o adhast a

patient individually on the soonnt of active tagredient he or she regquires.

X



Farthermore, it becommes possibls tooset up the delivery of active ingredient to the
patient i such s way that he or she iy trated 1o o way which s known in peineiple
by means of an appropriate dosage schoms to the amount of aetive ingredient he or
she needs. fn such a scheme, the mmount of active ingredient administerad to the
patient is mereased aveordingly by weang, for example, of sequentigl administration

ot transdermal therapentio systems with differend dose strengths, The ssquential

o

X

mergase in the dose of active ingredient may allow for a Rurther reduction in the aide

gife

cta which may possibly arise in the course of sdministration of the active
ingrediont buprenorphine, Examples of the sequential adaptation of the delivery of

active ingredient o a patient by means of appropriate d{.ss-in_g schemes are desoribed

-.,_v

in, for example, patent appleationy WO 2006/030030 A2 and EP 1372187, Thus, the

se several TTS

present invention glsn comprises systems, e.g. kits, which compri

v

aocording o the hovention with differen dose strenyths.

B2

pooc

{019 The wansder systems according 10 the fnvention may §

Erapeutic

it subeanids, Sagh

shaped o allow for a sabdivision of the TTN intod
divisihility also sllows for further modification of the TTS to the individual active
ingredien ,i‘i;*»é‘{ili}‘fid by g patient or the use of the TTS for implementagion of an

ivisible TTS thus contains &

plothora of m)ix WY MARD 1o Lix;}:}& which are :@paﬁ.&i}y separated by active
ingredicut-free regions. The TTH can then be divided along the active ingredient-free
reglons, .8 by onttiog, in order to separate one or woere ';miyma-.@ MG FORInns
from the vest of the TR, Examples of the sdracture of divisible TTR variants are

described in, o.g., patent applications WO 2003070062 A2 and WO O2UR78 AL

{0020] The ransdermal therapentic systems acvording o the nvention can be used

anud wosdified for difforont durations of administeation, respectively, The TTS
according to the wvention cay, for example, be applied forat kast 12 hor 24 b

Preforably, the individoal TTN of the invention can, however, also be used over an
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apphication duration of at least 72 k84

¥g= caton durations,

1o 16K §

horsegver, ave also posaible, sach as

o~

(0] The invontion is further fustrated by the following examples, however,

vithout thesshy restrieting the seope of the tovention

\"‘, v T)K
SRR

16002

A Inos stainless stoel vessel, 3.65 kg of buprenvephine are suspended in 385 kg of

Tasvulinte aoid and 2.8 kg of othanol. Under stirelng, 60.6 kg of ¢
adhestve fn the forms of g sohution in neheptass having 8 sobids contont of T4%¢
by wataht and 972 Ky of heptare ave added, The micure & stiored vntil the

\

Buprenorphine base is fully dissalved to give 8022 ke of a buprenorphive-

53

containtng adhestve solution with £858% of buprencrphine with a solids content

ot 64, 8% (adbesive solution 1L

pered
Sl

aervhate, vinyl gostate gud 2-hedroyyethyl aorvlate s used, 3187 kg ofa
sedution of this adheaive with a sobidys contert of S19% by sedght 15 admixed
with §.3 kg of ethyl acetate and 1.91 kg of oleio acid, n pure Tormor as g
mixturg with other carbonyhie acids, to give, Ibllowing homogenization,
approximately 40 kg of active ingredient-free polyaerylate solution {adhesiy

anintion L

€ Auxiliary means Enown o the porson skilled o the et e veed o woat s film,

T

which his been tremted 6 1o be abhesive for the chosen adhestve with the

buprenorphine-containiog sdhesive solativn 1. The coating thickness s chosen

such that ranoval of the solvents resudis in a soating welghe of the mateix laver

For the skin gomtact layer, 8 polvscrylae adhesive prepared from 2eethylbexyd
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of 33 gz The copeentration of buprenorphine and leevalinde aeid In this layer

is 7% 1o B by welght, The backing layer of the subsenuent system s then

rix layer. Adbesive selution T is Bkewise coated

faminated onto the “deled”
onte an abhesively tremted film (the protective film to be which s to be
remnoved before the systems ave wsed) and the orgamie solvents are ramoved.

The coating thivkness of the resulting skin contaet laver ought 10 anwont

appraximaely 2 e romoval of the sobvents. The abhesively teated
filoy iy they removed from the mately laver which was produced first, and the
mateix baver is laminated onto the skin contaet laver,

The individual systems can now be punched from the resalting total faninate,

{D023] Tn gperific embodiments, 2 TTS as deseribed above can be provided with an
sverplaster of hr&v surface avey, proforably with reunded comers, somprising a
prossuressansitive adhesive matrix layer which i free of sotive ngrediont and has g

3
3
i

preferably skieoloured backing layer. This ts advantageous when the sk contact
faver does not adhere sufficiantly to the skin on the basis of iy physival propertiss
alune andfor when the buprenorplive-containing mairix layer has provouned

corners {square of rectangular shapes) for the purpose of geoiding waste.

Example 28

{00341 Preparation is carried out aceording to Example 1, only the concentrations

and laver thickness of the matrix laver s varied in accordance with Table 1.

Exanple 6

FOGZ5T As Exaanple 6, the conmercial prodiet Transteo® from Gritoenthal GinbR

‘o,



Table 1) Composttion of the buprenorphine-containing TTY relaiive to the aotive

ngrediont matex

E_(uapi» Area Wil Buprenorphine | Buprenorphise Lagvuhaie acid
matrix laver | content in the cortent comiend

~

foim® Umaiedy laver {mgfom?] Lanivate 1

0% by waigha]

iy
o

2 &l 7 .42 ?
; 52 53 ST E—— : 57

A
o
o
i
Lo
A
o,
~}

00261 Using these TTX, 1n viles experiments were varrled out with the Frauz

diffusion cell, which i3 known to & person skilled in the art, using epidermis from

3y

human full-thickness skin, For this porpose, divents with an area of 2.54 oy’

D

punched from Laminates and were tested agatast diccuts of the commercial produst
Transtee®, respectively, Transteo® is commurnially avallable in three differont dose
strengths, which arg, howsver, proportional to their surface avea. The concetrations
of bopresorphine i the avceptor medivm of the Frang cell ware measured {Tab.
Additionaily, after the experiment; the TTS were analyzed for their bape m{}rg{i}im’
and lsevnlinde aeid content. The resulis of the analvses of Example 1 ave shown in

3.3
X

tahle and graph forn alongside those of the further examples.

Table ) Average cumulative amonots of buprencephine In muorograns/how,

released at the Frane vell frem the TTS a ”‘?L‘ii"lﬁ oy the invention,

FEN §h 24k 1 32h 48R 1s6h
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[OOETE When the cunmlative Sux rates of Table 2 are compared with one another, 1
15 seen that ol pormeation rates ofthe TN according to the fnvention are situgted in

> ordder of magniinde as those of the commareial E‘fﬂﬁuc t Travsten®l i}e-s?‘i{’i?

o

order to discriminate between different TS frnulations, can the resulls pressuted

=y

in Table The pvshated o show that the TN of Exm

bupronsrphine a8 Transtec® under nvis conditions. As already \irs seribed abave, &

o

TS gecording w0

arple Twis compared in g phannacokinetivs stady in humans

with this adready muaketed TTR ag reforence ayvstem, and for the reference product au

ve substancs elilzaton of T8 TTS was demossirated in comparisonio an
gotive substanes uiliization of 3% for & TTS according 1o Example 1

OORRT After the ponmeation studies, all of the exanple TTS sccording to the
ivention were analyaed for thelr reeidusl lgevulinge seid content. The restdasl
amouwts and the selative Quantities of lrevulinde acld delivered, s salontated Fom

the residual smcunis, are shown In Table

Table 31 Beloass of lnevalinie acid

Ry

Dxample  Laevalinie acid Residual laevulinic | Released laevulinie

content fmglom?] acid in TN Dmgfon®)

Sinrn

HENOR e S S L ER
acid (Y

{ (L3RS {25 8335

2 G432 HY K
3 {3546 (654
4 o S

E

RO



FO029T Table 3§ Hlusthratos that fn accordance with the teaching of the fovention the

5
L= 3 e

Tis 4

eplete of lpevabinie acid during use and thus bring abont the

b
Lo &

Hent bupreaorphine,

sticarof the aotive
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Transedermalis oripias rondszer buprenorlin hatdanyag adagolisdrs
Szabadabmi igenypontok

1. Transedermalis torapias rendszer buprencrtin g 10ridnd adagolasira, amely
rendezay tardalmaz hafcanyagol al nem oressid TedOnddegel, legsalabd agy,
nyomasra erzekeny lapadd mabix relegel, amely lartaimazza g buprenorfin
hatdanvagol és tarlalmae legaldbh egy karbonsaval, 85 a rendszer adolt esethen
fartalmaz egy hasendlat sibl levalaszthald vedirstegel, azzsl pllemesve, hogy &
matrix  réfeg  polisslioxdn- vagy pollizobutitdn slaptként van  kislakitva, a
buprenoriin fel van oldve 8 sarbonsavban vagy karbonaavakban, 88 ez az oldat
cseppek formdidban diszpergaha van a malox ritegban, 88 3 matix rdleg diffuzidt
fohadud el konlakiusban van sgy  poliskdiabalapl, dntapadd, a borel

Srinthazdabe kerld ritaggel

fogy @ polissilodn aminezisziens dimetipolisziloxan,

3. Az b indrvpont srerintl anszdermaliy terdpias rendsesr, azzal ellemesve,
hogy a polissiiodn aminreziszieny &g nem-amivresiszians dimatiipohszibmén
keverdka, ahol a nemeaminvezissiens dimstiipoliszioxdn legialisbb 40 tGmegh

mannyizaghean van jslen.

4. Ar oldzd igenyvpontok kUil sgy vagy tibh seerinl anszdemmdlis fordpids
rendsrer, azeal pllemssve, hogy a karbonsay gyvorsabiban diffunddl & bivbs, mint

a buprenorfin haldanyvag.

A oltzd igonyponick kOl sgy vagy Obh sserintl franszdermalls terdpias
rendszer, azzal jellemesve, hogy 8 disspergalt oldat mennyisége legleliebh 40

tomegt, sibnytssn legislebb 20 Bmeg.
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8. Az olizd igénypontok ROl sgy vagqy Gbh seerntl franszdermdly terdpias

randseern, assal jollsmasve, hogy o katbonsay Telyskony a bdr hdmerséklatan.

ToA S gdnypont szerintl ranszdermaliz lordpids rendseer, azzs! jellemeve, hogy

8 karbonsaval az ofgisay, lpvalingay, finolsay & 3 fnolénsay allal alkotoft

csopontbel valasstiuk

8. & 7. wenypont srenntl ranssdermalis lerapias rendsser, aszal pillemezye, hogy

a buprsnodin 63 a levulinsay azones Wmagaranyban van slen.

8. Az 1. igdoypunt seetintl bansedermalis terdplas rendszer, azzal jellemesve,
hogy a poliskrilat ragasstdanyag nem rendelkezik ssabad kerbodksoportial

W Az eldzd igénypontok kézil egy vagy 1©bb szerintl transzdermals terdpiss
rendszer, azeal ellamerve, hogy It vive kGrimények kdattl legaldbt 30 %-os,
aifnyssen legalabb 40 %-os &8 még olbnyisebben legalabb 50 Y%-os hatdanyag-
kihaseoalast drink el

11, Az oldzd igénypontol kel egy vagy 0bb sserintt anszdenmalis lerdpidg

R

P

randseer Bjdalomisrdpiis kezsddsban vald slkalmazdss.
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