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TRANSDERMAL ADM NI STRATI ON OF FENTANYL AND DEVI CE THEREFOR FI ELD OF THE

I NVENTLON This imvention relates to the admnistration of 5

f ent - for anal gesi c purposes and nore particularly to a device-for

admni ¢ring fentanyl or a derivative thereof to a subject through |n§§€f
Quer

skin an extended period of tine at a substantially isa@EI
10 *™ BACKGROUND OF THE | NVENTI ON Fent anyl an
analgetically-effective derivatives (hereafter referred to as
"derivatives") such as sufentanyl, carfentanyl, |ofentanyl and

al fentanyl have | ong been known as-ekt#enely potent and effective 15
anesthetics ‘and anal gesics. Fentanyl is described in U S. Patent 3164600
and its use as approvedRANSDERMAD APMINISTRATION PR FENSIMEs s descri bed
. in the 1984 Physician's Desk Reference G%Eggs 1027 t hroough 1029 with

reference to the drug SUBLIN%Z EPRd by 20 McNei | Lab for
Janssen Pharnmaceutica, Inc n { I's normal |y adm ni stered
as the citrate either as 1E lﬁ& E@E—ﬁ i nf usi on of a

conti nuous '”f“SbﬁﬂsfCEnJéH%mBﬂrpQéfEkéH ETOdHﬁénghéﬁﬁﬁisQﬁéhﬁoRr gl gesi a.

5 fentanyl for analgesic purposes and more particularly

to a device for administering fentényl or a derivative

thereof to a subject through intact skin over an

extended period of time at a substantially constant
rate.

- 10 BACKGROUND OF THE INVENTION

Fentanyl and its analgetically effective derivatives
(hereafter referred to as ‘"derivatives") such- as
sufentanyl, carfentanyl, 1lofentanyl and alfentanyl
have long been known as extremely potent and effective
15 anesthetics and analgesics. Fentanyl is described in
U.S. Patent 3164600 and its use as approved by the FDA
in the United States is described in the 1984

(

Physician's Desk Reference, pages 1027 through 1029

with reference to -the drﬁg SUBLIMAZE ®manufaetured by -
20 McNeil Lab for Janssen Pharmaceutica, Inc. ~In use,
fentanyl is. normally administered as the citrate
either ZQB a bolus injection or infusion of a
continuous infusion for the purposes of producing

anesthesia or analgesia.



admni stration of a wde variety of drugs has been proposed and va S
systens for acconplishing this are disclosed in nunmerous technical J0urnals
and patents, U S. Patents No. 3598122, 4144317, 5 4201211, 4262003,
and;4379454, are representative of variouleransdernal drug delivery
systens of the prior art, which systens have the ability of delivering

control led amunts ahelidiiicitl Rad ¢Risdentia CHREN M RF | RLAnOlog) ! B the

rangi ng in duration omseveral hours to seve ays e of

above patents nQdmPiNstPaTIRdh OfF ia0kidd ValfetMdfClridiChdd bEEA Propdded VR €
describes a transdermal delivery systemwhich is intended to deliver -
fentanyl or its vdetousatystess nfar acaemp hishiagwethés afredditszoseds ki mumerdgzabi | ity
or therapeutic transdernal delivery rates adequate to design such a system
Furthernore, ferfeginiicahnioureadlsdand patentss Hhde Pasents Noccd508122,uhl4f3d7,
characteristics which inpose a conmbination of restraints on a transder nmal
del i very s¥stemPiédd»ndaPL003 + 3ad 1457814 ,R%® addressed in other systens.

Fentanyl and its derivatives_are highly petent, rapidl t gbol i zed drugs
having a relatively narrow t'FFé’fﬁf)eé'ﬁgFE&% ﬁ e%?rmscﬁp%dgma gF‘{ﬂjﬂeg‘ very

dopr ossi on. i crerys 3t e RnlBE s B DBTE nefF ShoP 7Y arCREH B
rel atively expenshiitida HByfs of | Mo HolhidiBhed For UntSHded BelRUE I Y1

t hat these characteristics I nmpose nu
’ ranging in duration from several hours to several days. None of the

ﬁThe appficatien of.transdernﬁr'drug delivery technol ogy A0 the (:;L

W :
10 above patents nor any other prior art of which the inventors are aware

describes a transdermal delivery system which-is intended to deliver
- fentanyl or its derivatives nor are they aware of data on skin
permeability or thérapeutié transdermat de]ive}y rates adequate to
design such a system. Furthermore, fentanyl'and its derivatives have
15 certain unique characteristics which impose a combination of
restraints on a transdermal delivery system which have hitherto not
been addressed in other systems, |
Fentanyl and its derivaﬁives are highly potent, rapidly
) metabolized drugs having a relatively narrow therapeutic index which
20 produce extremely undesirable side effects on overdosage, most
notably respiratory depression, which if left unchecked can cause
death, They are also relatively expensive and have a high potential
for abuse. We have found that these characteristics impose numerous
and ‘sometimes conflicting design constraints on a practical

" 25 transdermal delivery device. For example, it would be desirable that



avg sonetinmes conflicting design constraints on a practical 25
ahsdermal delivery device. For exanple, it would be-desirable that
Z device deliver the drug at a substantially constant rate for at.-=
east about 24 hours while at the sane tinme keeping the anount of. drug %/
Wi thin both the unused and depleted systens to a m.nimum Another 5
exampl e of conflicting constraints is that the degree to which the system
controls the release rate should be-relatively high in order to assure

that excessive anounts of the drug_are not delivered in the event that the

skin of a patient has been damaged dr-has an 10 abnornmnal |y high
permneability. But the rel ease rategﬁer unit area of system cannot be
sel ected at suchthe | gRVEEQ el deHaer: hEhen UG T aknad ge Hubstantiéabled beyond

Si ed Systens. ISP BHE FOF SEoLoRSE Ahouikeh) P gROLP: BT v have
per moabi |1ty and LG RenkesE R, shEChaRe B arkd Wi WRR U S S
conflicting dgni<da QQﬂatrdﬁﬁﬂé%edzosystems to a minimum. Another
5 example of conflicting constraints is that the degree
to which the system controls the release rate should
be relafivély high in order to assure that excessive
amounts of the drug are not delivered in the event
‘that the skin of a patient has been damaged or has an
10 abnormally high permeability. But the release rate
per unit_qrea of system cannbt be selected at such a
low level that the onset of analgesia is delayed
beyond five hours or ‘that <adequate dosages aﬁe not
obtained from reasonably sized systeﬁs. In addition
15 to these general design criteria we have discovered
| certain properties of fentanyl and its dgriiatives
such as skin permeability and drug binding in the skin )
-which  impose  additional  conflicting  design
constraints. -
20
It is accordingly an object of .this invention to

provide .a system for the continuous 'transdermal

administration of fentanyl or its derivatives.




<

It is accordingly an object of this invention to provide a system for the
continuous .transdernmal administration of fentanyl or its derivatives.
=4 -_Actcording to the present invention, there is provided a therapg¥ic
syst\eth-adapt.ed for the transdernal adninistration of a naterial seled
fromTeéentanyl or its analgetically effective derivatives to a human-5

being at an analgetically effective steady-state rate for a extendedr
peri od of time sufficient to induce within 4 hours of application
and naintain for at |least 24-Hpurs and maintain whi ch conpri ses
10 (a) reservoir nmeans containing a skin perneable formof said material in
an amount suffi ci ARCHELIAE| FQ dihes Prasent ckiventiens aj thexsaligeprowided

effective rate for_said _extended period of time; 15 (b) neans for
mai nt ai ni ng sai d resérvBrPeREhs sgﬁ{:ﬁ’ﬁt il aﬁteg'rsaﬁ%’l’ri tthehgtransdemmadhi p to a

predeterm ned areayfifs o BEACE; 1o Qf mSAl HUTBILEL 1% of ezt1€ax%y Oog:'m
its analgetically effective derivative$ to a human

5 being at an analgetically effective steady-state rate

for an extended jod of time sufficient to indﬁce 0"’-‘1“\'““
Lithin uts, 1ca1om
Tﬁ%_‘f for at least 24 hours éud-
U _ Gﬁiﬁiemﬂé—nw : i i r Wwhich
comprises
10 |
(2) reservoir means containing a skin permeable form
of said material in an amount sufficient to deliver
said material at said analgetically effective rate for
said extended period of time;
15
(b) means for maintaining said reservoir means in

material transmitting relationship to a predetermined

q

area of intact skin of said human being of 5 to 100 c:_mz.

20 These and other objects and advantages of our
invention will be readily apparent from the following
descriptfbn with reference to the accompanying

drawings wherein:




20 These ‘and -other objects .and advantages . of our invention wll
be~yeadily apparent fromthe follow ng description wth reference to
Ag' acconpanyi ng draw ngs wherein Figure 1 is a cross-section through
a hematic, perspective view of one enbodi ment of tranader nal therapeuﬁLg
Systiém according to this invention, prior to application to the skin.
Figure 2 is a cross-section view through another enbodi nent of this

i nvention. Figure 3 is a cross-sect¥Qn vjew through anot her enbodi nent
of this invention. Figure 4 is a plot of in vitro skin flux v tinme for a
speci fic enbodi nerRigufre hils iiwver | @rogds-@&ck ion S tarpugh Oh Lhgendeybir O
skin flux v tine for another specific enbodi nent of this invention, Figure
6 is a plot of therenspaatiye vixss weti vnef orembodeimeapecobfi c teahgdermalS of

this invention, Figure 7 is a plot of the in vitro skin fluxes v tinme for
_ t_erapegtxc system according to this invention, prior

to application to the skin.

Figure 2 is a cross-section view through another

embodiment of this invention.



"ot her specific-enbodinents of this invention, and Figure 8 is a plot of th
invitro skin fluxes v tine for another specific enbodi nents of thi

Jnvention. 10 DESCRI PTI ON OF THE | NVENT

Acgondi ng to our invention we have found that fentanyl derivatives be
adn™ni stered to the human body via the,transdermal route for the ptpose of
i nduci ng anal gesia, if adm nistered thf@ugh about 5 - 100 cn? and

preferably about 10-50 [err] of intact skin over an 15 ext ended
period of time at a rateriquite N3 tie & angesoisadmiun Fiew ahf@®ugdr mpotheur
and preferably at a rate within the range of approximately 1-5 [err] /hour.
Wien so delivered i embgdpmest &, thhis inventiangppropriate sel ection of the
surface area of the drug_delivery device to obtain total drug Jj.nput rates
whi ch provide an adequat Bi19%¥Red ofsS 2p Plot Qf ¢ (1n (Vhtro,, § véild'ﬁ‘al" Fdfent

needs while maintaiping a safe_and effective dosage f.qr t eady-state
admi ni stration rat e£°5b?a?ﬂﬁﬁ+£1%c%®%‘f 1% c?ﬁitg'gllsnv%rﬁe}notngoﬁldnge from
about 10-300 [err]/hr and preferably from about 25-150 [err]/hr.

Admi ni stration is maintgiqae §as atploeagt tAd MO troasilin’ eTup fime/ days
with a 1-3 day regi men being consi dered preferanl e.
for another specific embodiment of this invention,
Figure 6 is a plot of the in vitro fluxes v time for
other specific embodiments of this invention,
- Figure 7 is a plot of the in vitro skin fluxes v time fdr
other specific embodiments of this invention, and

Figure 8 is a plot of the in vitro skin fluxes v time for

another specific embodiments of this invention.



W have found that there is a relatively wide range.of perneability of

nop Ml . humen skin to fentanyl and its 5 derivatives and this

p ability not only varies fromindividual to individual and site to.site .
b is also highly dependent on the chem cal formof the drug. W have igz
di-scovered that fentanyl citrate, a foryin which fentanyl is - '

- conventionally adm ni stered, has such af10 | ow skin perneability that it

is not at all suitable for transdermal delivery even with the use of
perneati on enhancers. Instead we have found that, in order to obtain the
deliveryl@ates noted above, tHESGRIPFIGMAG THEHENVENTdBNporated in the
transdermal 15 t herapeutic systemin the formof the base. Qur data .

i ndi cates the per mefgRording &p NG havenhismmeshdve faindethagnientisaxk i s
approximately 4 +_ 1.8 (S.D. [ert]. /hr with observed extrenes of 1.2 and

5.7 [err] /hr. dﬂf‘Vat\ngmqyeéﬁééﬁ’rl‘étﬁﬁémﬁf’hw \é’?ﬂ"aﬂ Y 413 ithgt trRpasdentBd ed

above we believe the_fol]ow ng relatiqgnshi ps between relative perneability
and potency to ré%ttgt for d‘ﬁ'ﬂgfg‘)sf Eﬁdégucmg anablges1a, if adﬂﬂ’ﬁ%fe&:({ ggﬁ%ﬁ&Y
(Fentanyl =1) apout 5 - 100 cm? 2

and preferably about 10-50cm” of intact skin over an

15 extended period of time at a rate within the range of about 0.5 to
loug/cmzlhour and breferab]y at a rate within the range of
approximately lasug/cmz/hour. When so delivered it is pdssible, by s
appropriate selection of the surface area of the drug delivery device ~
to obtain total drug input rates which provide an édequate range of

20 tifration for individual patient needs while maintaining a safe and
effective dosage form. Steady-state administration rétes obtainable
according to this invention range from about 10-300.9/hr and
preferably from about 25-150yg/hr. Administration is maintained for

at least 12 hours and for up to 7 days with a 1-3 day regimen being




1) Fentanyl ' ' . 15 2) Sufentanyl.

15 3) Carfentanyl - 34 4) Lof ent anyl 15-%
Alfentanyl : 0.25 Relative Skin Perneability 10
(1) \&J(2) ‘ (3) > (4) > (5) These relationships allow for therg
transdermal adm nistration of these fentanyl derivatives w thin the
paraneters set forth herein. 15 While our invention contenplates the
delivery of fentanyl and its derivatigpes in therapeutic anounts for
continuous periods frommatrix type tr@dnsdernmal systens which rely
primarily on skin perneability to control drug input rate, preferred

enbodi ment s del | vegonsidered; prefepalpde.from rate control |l ed transderna
systemin which the systemitself controls the nmaximumrate at which the

drug is delivered through the skin. The flux, Jnet, of drug
del i vered through a controll d tr sdernal t her apeutic
systemis given byﬁ%]ﬁ%a% ?P’d{}\ﬁn‘ld‘ﬁ Fﬁnﬁu atively wide range Qlf-D 1
(1) permeability of normal human skin to fentanyl and its

5 derivatives and this permeability not only varies from

individual to individual and site to site but is also
highly dependent on the chemical form of the drug. We

\ have discovered that fentanyl citrate, a form in which
fentanyl is conventionally administered, has such a

10 low skin permeability that it is not at all suitable
| for transdemmal delivery even with the use of
.permeation enhancers. Instead we have found that, in

order to obtain the delivery rates noted above, the

drug should be incorporated in the transdermal

15 therapeutic system in the form of the base. Our data
“indicates the permeability of normal human skin to

fentanyl base is approximately 4 + 1.8 (S.D.),ug/cmzlhr

with observed extremes of 1.2 and S.Zpg/cmz/hr.

20 With respect to the other fentanyl derivatives noted
above we believe the following relationships between

3

relative permeability and potency to exist:




Jnet Jskin Jsystem Thus, in order- to provide a
. transdermal therapeutic systemin which at |east 50% (and preferably nore)

of the e control is provided by Jsystem the flux fromthe system i nfo
an inf e sink, it is necessary to substantially increase, Jski.n, they/
flux t ugh the 5 - skin by use of a skin perneation enhancer.

Sui't abl e permeati on enhancers include without [imtation ethanol and other

hi gher al cohol's, N-decyl net hyl sul f oxi de (nDMS), pol yet hyl ene gl ycol

monol aurate, dilaurate and rel ated esy;ers, glycerol nono-ol eate and rel ated
nono, di and trifunctional glycerides,\ diethyl toluamde, A 10

zone[err] a product of Nelson Researgggggég., N, N-di nethyl |auram de, and
N, N-dinethyl |auram ne oxide, for e Since a conservative anal ysis

of the existing data sugggmts that the perne%gggg$¥Fg?ggﬁ¥ﬁ?I skin to
fentanyl .- base is in the Tange of about 1 to T nost skin being
in the range of about 2 15 2-5 [err] [/hr,(resthhgl eatyyper meati on
enhancer shoul d preferably be provided for rate controlled systens to

i ncrease Jskin of the | de¥Fenpanykability skin to alvalue no |l ess than J
system Application of fornmula (1) clearly shows that as Jskin increases

with Jsyst@®em renai ni ng @dnSufentamiet will approacB5that of Jsystemitself.

Thus, 20 suf fici ent_ perneati on _enhancer shoulg preferably be delivered
to 3) Carfentanyl 4

4) Lofentanyl | 15
5) Alfentanyl 0.25 et
Relative Skin Permeability
10 | (1) > (2) 2 (3) > (4) > (5)
These relationships allow for therapeutic transdermal
administration of these fentanyl derivatives within

the parameters set forth herein.

15 While our invention contemplates the delivery of
fentanyl and its derivatives in therapeutic amounts
for continuous periods from matrix type transdermal \od
systems which rely primarily on skin permeability to
control drug input rate, preferred embodiments deliver
20 the drug from rate controlled transdermal system in
which the system itself controls the maximum rate at
which the drug is delivered through the skin.




increase the perneability of -even the nost inperneable skin to a val ue at

| east equal .to Jsystem This will produce a systemin which at |east 0%t
Jnet istcontrolled by the system It would be preferable if the syste épp
at hgast 70% controlling and this objective can be 25 obtained if :
permeability of skin is increased to at least 2.4 tinmes the steady state
Jsystem When transdermal systens, according to this invention, are applied
~to the skin, the drug will be transferred fromthe systeminto the 5 '
skin where it is absorbed into the Dl c{)dﬂbtreamto produce its systemc

anal getic effect. W have found that skin contains fentanyl binding sites
whi ch nust be sat urhéedtlwed,or énéty VfJndiigadylisRseaPthdudh ket SRin

bl oodstream occurs. The variation fromindividual to individual, and site
to site appears tofr¢m & ratkecontuplled tbangddmalstherageutficlOsystemt he
base fornmed fentanyl or its derivatives and the initial saturation of these
sites shoul d procedd FHsUPy Fhe faldevingpreiatdenships onset of anal gesia.
Si nce nost transder mal therageuti c sys\}l‘ems exhibit an_initial
transitory,increased rel ease”of d¥ug ich ocaurs at & si gni fhgantly hi gher
rate than the steady-statednate | atedskbhai ned, 15JFsystem ncl usi on of

addi tional anmounts of the drug at the skin contacting surface of the device
is not an absolute requirenment. The systens described herein are capabl e of
delivering drug at initial rates which

w




upper limt on the size of the transdermal therapeutic syst em and,
conversely, the lower imt on the usaple delivery rate. 25 The tot al
anount of drug contained in the binding sites is directly proportional to

the surface area of the delivery systemand is independent of the rate at

| nduce the onset of analgesia within fromtwo to four hours after

ion but drug can be added to the adhesive |ayer or other 20
tacting layer to nore rapidly saturate the binding si-tes, if

The skin binding sites are also significant in establishing aﬁ§J

whi ch the d i iz ; R 21 di
ich the drug '%hﬂ?,?‘ﬁ?ﬁ%r Y?%O@td?ﬁ'efﬂ'&g%%rﬁgq thkfs%%utgbr.{%?%@qﬁor ' ng

to this

I nvention 1s enpl oyed anoun wthin the

bi ndi ng sitesyh¢enlad beaskr 908 dbnd @reterddbdy MArd) 2fNEhe riVEROAN fs Systemis
the total amount of bound drug nust be absorbed by the body before

the action ofproviadedr by Jsystem, the flwewfoém tthe syisgém daterwny iofinfieatsdAng| and

r enoved

its deri

vatives, it is preferable that the anmpbunt of .drug solubilized 10

in the skin B8 hainetessaey ta substastiallg. it@redsd,edsling otheefhdx thraught the
ion of therapy. Wien continuous analgesia is desired the depleted
syst em Swul d sk&n riynuse @fad Fkin fresppatipatentaneersppiyidable parmeadiomcat i on.
Si nce saturation of the_skin bindin%“sites usual |y occurs at substantially

t er m nat

10

15

20

25

enhancers include without 1imitation ethanol "and other higher
alcohols, N-decylmethylsulfoxide (nDMS),polyethylene glycol
monolaurate, dilaurate and related esters, glycerol mono-oleate and
related mono, di and trifunctional glycerides, diethyl toluamide, A
zone® a product of Nelson Research Corp., N, N-dimethyl lauramide, |
and N, Nbdiméthyl lauramine oxide, for example.

Since a conservative analysis of the existing data suggests that
the permeability of normal skin to fentanyl base is in the range of
about 1 to 10ug/cm2/hr with most skin being in the range of about
2-5pg/cm2/hr, sufficient permeation enhancer should preferably be
provided for rate controlled systems to increase Jskin of the lowest
permeability skin to a value no less than J system. Application of
formula (1) clearly shdws that as Jskin increases with Jsystem
remaining constant, Jnet will approach that of Jsystem itseif. Thus,
sufficient permeation enhancer shculd-preferab]y bé delivered to
increase the permeability of even the most impermeable skin to a value
at least equalato'szstem. This will produce a system in which at
least 50% of Jnet is controlled by the system. It would be preferable

if the system be at least 70% controlling and this objective can be

S



15 the sane rate as abifgption of bound drug, blood levels will re -'@
substantially constant. Haw ng thus generally describedthe requirenent

for transdermal (therapeutic systens for administering the base form of °
fentanyl and its derivatives and nethods for their transdernal

adn™i stration, -the 20 foll owi ng desgription of various specific
enbodi nenta. of the invention are provideé Referring nowto Figure 1 a
preferred enbodi nent of a transdermal therapeutic system 1l according to

this invention conprises a pouch formed from an _inperneable backing 2, a
rate control | i ABE&HSREidnEne pepmpabilityaf skiaispingreased satatedmstc? -hdhesi ve

| ayer 4, cover b strippable protective backing 5. The i nperneabl e
backing 2 is cgﬂ'ﬁ%ﬁs%&tF%Jypfg edgsyﬁg'ghtral vol ume whi ch contains a drug
reservoir 6 in th r s DS Ia v ad . ed, dr .
therein. At hough%‘;')‘rggf?ra?éed e 055. ner?fsa%ﬁ?ﬁ*gsg?r@ggt‘?\g?\pﬁgﬂridazrg g'ﬂﬂéﬁ‘? ne

5 resi stagh dna-LiiRe BN8RIQYG1 P ba MRS F&krigh StoR éleogfﬁremnﬁﬂ:'asffté)r

_naintaining the systemon the skin can be enpl oyed. Such "neans I nclude a

peripherad ringk{d whehEst iz abddrbed inBe thal b1ddldseredn o praduee FusSkpsldnPct he
skin, in which case the adhesi ve need not be am ne resistant. The use of

adhesi ve over| ay#l getiotelfitect,,adtechavey foemh thatichimobtgilnsetentifyl bindimgl t s,
and elastic armbands is al so contenplated. The aforenentioned patents
descri be a wi d&ites wkitch odstnhe saturated before any significant absorption into
the bloodstream occurs. The yariation from individual to individual,
and site to site appears to lie in the range of about 25-75yg/cm2 of
10 the base formed fentanyl or its derivatives and the initial saturation
of these sites should proceed rapidly in order to provide rapid onset
of analgesia. Sincé most trahsdermal therapeutic systems exhibit an
initial transitory,iﬁcreased release of drug wﬁich occurs at a
significantly higher rate than the steady-state rate later obtained,
15 inclusion of additional amounts'of the drug at the skin coatacting
surface of the device is not an absolute requirement. The systems
described herein are capable of delivering drug at initial rates which
should induce thé onset of.ana]gesia within from two to four hours
After application but drug can be added to the adhesive layer or other
20 skin contacting Tayer to more rapidly saturate the binding sites, if
desired.
The skin binding sites are also significant in establishing
" an upper limit.on the size of the transdermal therapeutic

system and, converseiy, the lower limit on the usable delivery rate,

25



can be used for fabricating the various |ayers of the transdernal
nyI dellvery 'syst en€_according to this inventign. .This invention
therefore contenpl ates the use of nmaterials other than 15 . those ' - s
specifically disclosed herein, including those which may hereafter becogy
known to the art to be capable of perfor ging t he necessary functions.
Var i ous drug reservoir conpositions can utilized according to this
i nvention and i ncl ude both ?queous and nop ueous systens. A 20

general for nif&tPEH! ABPUTHAE p‘?"é‘ﬁe‘?@éﬂ“&fﬂuh’b& JIndiqd sikes dssHERREIM Tabl e
2 th th | | d t | d |

ce}N: ul osee %56‘?5 ngiﬁ"%gy ‘frg‘ﬁﬁy?q‘(fg? {Jg)ééag gyth(?t ﬁ%ir‘%ﬁﬁ?)\e&xsbér Iragﬁ)ig’rsgggnt s. 25
. TABLE 2 G} Bkl B GRUPCRRR LM VIR QMg Fy Bbitvered. hen 5, 2% 020

Range Range 5 0-47
20-35 Celli ”ﬂa:ﬁﬂﬁﬂtsuedb 100cm® syséemlfccording to this f'nvin??o?teéor mof Drug
0.1-10 1-2% [ err] . Bal ance

Bal ance; The fgloyed] RaaOIotaY SnRaRt GESErugherthii R tTebbﬁwdznaqs&s§Scoﬁ¢& fpai N
from at least 2.5 to 7.5 ﬁg. When such a system is removed the total
amount of bound drug must be absorbed by the body before the
action of the drug stops.' In view of the h1gh potency of fentanyl and
its derivatives, it is preferable that the amount of_drug solubilized Q;J
10 in the skin be ﬁaintained at or below 3.75 mg level to permit
prompt termination of therapy.
When continuous analges1a.15 des1red the depleted system would be
removed and a fresh system is applied to a new locat1on. Since
" saturation of the skin b1nd1ng s1tes_usua11y occurs at substantially
15 . the same rate as absorpt{oh of bound dfug, bleod levels will remain
substantially constant. |
Having thus generally described the reqﬁfrements for transdermal
therapeutic systems for administering the base form of fentanyl and -
its derivatives and methods for-their transdermal administration, the -
20 following descriptibn of various Specifie embodiments of tﬁe invention
are provided.
Referring now to Figure 1 a preferred embodiment of a transdermal
therapeutic system 1 according to this invehtion compriﬁes'a pouch
formed from an'impermeéble backing 2, a rate controlling ﬁembrane 3,

25 and an amine resistant contact adhesive layer 4, covered by a



10 uni que characteristi cs_v&r&_n used in conbination with rate controlling
~menbranes such as | ow.density pol yethyl ene (LDPE), ethytlene-vinyl aCetate
(EVA) ‘copol yners, (0-40% and preferably 5-18% VA) heat seal abl e p ers,
. and; el astoneric pol yester bl ock copolynmers such as the HYTREL[ err Npef yners
dva®abl e from DuPont and described in U S. Patent 4,127,127 which is

I ncar porated herein by reference which Exqm[r substantial control on the

fent anyl rél ease rate without si gnificantly effecting the ethanol release

y
rate. This produces a dynam c.situation_in_which the relative concentration
of the ethanol StA! HpﬁE“T' @§%ﬁf3i‘¥e &’ﬁ%ﬁj‘@éw {Tﬁgr@gﬁ@@ﬁb{% bACKI NGt dSi ve
concentration qf d 0 em .S .Since fentan
and its deri va%oeg@g%%qgu%&;'g% i%a ?"3"%71{;%@%}5‘@% l‘fg]f'léh Fﬁﬁtg‘ﬁﬁ%l%opw$£§s r'{toi{:,
the thernodynarg ¢ | ¥ Yo OF €h | [AVAaY ease
as woul d nor malrs} yn %gaef@p’)tc? ea %4; tﬁ?ﬁgr%’gsib!?e e??‘gg\rég%énfd?gﬁgﬁghgsgﬁém The
driving force Qavsdud grafesheddentdd Mewtatsr thi9udbedth6n A BiZ0BA rapihd Ng 25
menbrane is the thernodynam c activity of the drug in the solvent rather
than the Bbsol weeistanteintlfid adhesTieias $HownDi §1g@el U otapf aleand far t he
et hanol causes the saturation concentration of the drug in the aqueous
reservoir to dmﬁmﬁ_eing_%yhe_ipgsm pattheaskimstamibe employed. Such means include

a peripheral ring of adhesive outside the path of drug from the system

to the skin, in which caée the adhesive need not be amine resistant,
i : The use of adhesfve overlays or other fastening means such as buckles,
10 belts, and elastic arm bands is also contemplated.

The aforementioned patents describe a wide variety of materials
which can be uﬁéd for fabricating the various layers of the
trénsderma] fentanyl delivery systems according to this invention,
This invention therefore contemplates the use of materials other than

18 those specifically disclosed herein, fnc]uding those which may
hereafter become known to the art to be capable of performfng the'
necessary functions. |

VYarious drug reservoir compositions can be utilized according to
this invention and include both aqueous and non-aqueous systems. A .

20 general formulation for the preferred aqueous gel system is shown in
Tablé 2 with the gelling agent being hydroxyethyl cellulose,
hydroxproby‘ cellulose, hydroxypropyimethylcellulose or other known

gelling agents.

25



- of the ethanol and drug delivery rates fromthe system the activity
Q%[ t he. drug can bé nai nt4&j ned constant or even cause@ to increase during
e lifetine of the system The rate controlling nenbrane can be from about *
0.5-5 mls (.0127-.1270 nm) thick and preferably about 1-3 mls (O0.25- Q76
mp~ 10 thick. To provide adequate T)§'tem life, the gel loading will be
from?2 _ ' 2 about 10-50
ng/cm_ yielding a dry |oading of fromabout 0.01-5 ng/cm Referring now to
Fig. 2, a nultilaninate type of transdd?Bel 2t herapeutic system according to
this invention as shown. Such a transdernal therapeutic system 11 conprises

a plurality of lamna 15 e ' htary structure.

The uppernost |amna 12 comrﬁﬁmmgﬁpam na 16 conprises a
pol ymeric drug reservoir, lamna 13 conprises a rate controlling nmenbrane
and | am na 14 yegp{4ises an am ne B‘:‘%%Hﬁiaﬁ?é conp aFbrrdiNREAgeE. Layer 15 is a
stri ppabl e backtmgmenber adapte _ nnved‘pTTUT—TUJ%%e. 20

El ementgs 12, 13 thidoiansk 15 may be nmagegsfrom materpglgs simlar to those used
in the corresponding el enents of Figure 1 whereas layer 16:is preferably a
pol ymeric nat eGedl ingVAgerit nay be pl apdloci zed and cbd+8 ai n permeation
enhancers, in which the drug is dissolved and di spersed. A typical

fornul ati on forBagel tarmneft ddug r ansd@rniml0 system i 9.3¥28n in 25 Table 3

the rate controlling nenbrane preferably being selected from
20 Balance Bal ance

. The water-ethanol systems described in Table 2 possess certain ~
10 unique characteristics when used in combination with rate cdntrolling
membranes such as low density polyethylene (LDPE), ethylene-vinyl
acetate (EVA) copolymers, (0-40% and preferably 5-18% VA) heat

sealable polyesters, and elastomeric polyester block copolymers such as
the HYTREL® polymers available from DuPont and described in U.S.

15 Patent 4,127,127 which is incorporated herein by Eeference which exert
substantial control on the fentanyl release rate without significantly
effecting the ethanol release rate. This préduces a dynamic situation

in which the relative concentration of the ethanol in the reservoir -
changes with respéct to the relative concentration of water and drug

20 as the system'is used. Since fentanyl and its derivatives are
substantially more soluble in ethanol than water, the thermodynamic
activity of the drug in the reservoir does not decrease as would
norma]ly be expected as the drug is delivered from the system. The

driving force causing the drug to migrate through the rate controlling
25




the materials ﬂoted.above‘qs%mell as frommcroporous materials. TABLE
LAM NATED SYSTEM 5 e MATERI AL % .

W W % Reservoi r _Pol yi sobutyl ene pl asticized 50- 95% wi
ning;gl oil (PIB/M) or Silicone polyner Base Form of Drug

5-509% 10 Contact Adhesive PIB/ MO, or Ami (&esistant silicone 0.025-0.076nm
Anot her enpodi nent of this invention is shown in Fig 3 in which is t he

t dermal th ' hahi@ s ! i 21
ransder-ma Wi & Ewé%g%#r@}]g ?dr}:ggﬁfr?e%?nme' 4fig 1Jr1%e5§’a‘3l'§:§{i‘ﬂ :

conprises a backing menber able to tthe fentany

rel ease |iner 23trdrTthad kite aBBETURB adUnRediHdt #6HAPT Fiflist, OtHeemé@2@apdy r enoved
fromthe drug reservoir/contact adhesive |ayer 23 which consists of a

cont act adhesi deptetiom@ft the dthanolli causky cttiei satu2ftion comedntrfattiersiof ethe
di spersed therethrough. Such a system has the advantage of being easily
fabricated, budrig inhtheadgueous nesecvoaiat to desreaskl i By appndpriate atkustiment
drug at a rate which is determ ned pninarilg by the perneability of the
skin at the si & Hie apnpLanfotrugndelideny ratesiFaem itheisysteml theigsivityi | e
this system can bqiegploxed L .
of the drug Can be maintained constant or even caused to increase
during the lifetime of the system.
The rate controlling membrane can be from about 0.5-5 mils
, (.0127-.1270 mm) thick and preferably about 1-3 mils (0.25-.076 mm)
_
10 thick. To provide adequate system life, the gel loading will be from
aboﬁt 10-50 mg/cm2 yielding a dry loading of from about 0.01-5 mg/cmz.
Referring now to Fig. 2, a multilaminate type of transdermal
therapeutic system according to this invention as shown. Such a
transdermal therapeutic system 11 comprises a plurality of lamina
15 bonded together into a unitary structure. The uppermost lamina 12
comprises the backing meﬁber, lamina 16 comprises a polymeric drug
reservoir, lamina 13 comprises a rate controlling membrane and lamina
14 comprises an amine resistant contact adhesive. Layer 15 is a
s strippable backing member adapted to'be removed prior to use.

20 Elements 12, 13, 14 and 15 may be made from materials similar to those
used in the corresponding elements of Figure 1 whereas layer 16 is
preferably a polymeric material, which may be plasticized and contain

- permeation enhancers, in which the drug is dissolved and dispersed. A

typical formulation for a laminated transdermal system is shown in

25 Table 3 the rate controlling membrane preferably being selected from



25 to providé drug delivery rates within the ranges described herein,
the actual delivery rate annot be as precisely contfetled as would be with

.....

ters described genérally in Figures 1 and 2 Slirtable naterials fer

f Ating of the contact adhesive/reservoir |ayer 5 i ncl ude EVA\/
Zrs having approximately 0 to 18% vi nyl acetate content and
6l yi sobutyl ene/ m neral oil containing 15 to 25% hi gh nol ecul ar wei ght

pol'yi sobut el yene (an average nol ecul ar ight 1,200,000) 20 to 30% | ow
nol ecul ar wei ght pol yi sobut el yene (average nol ecul ar wei ght 35, 000) and

bal ance of | i,gétmalibPrRI18] ndtied dbovends el as fromVmirepblotsdhatle®isls. Of

approximately 10 centipoise. 1In addition to the drug, the drug
reservoir-contact adhesive | ayer can al so contain additives, perneation
enhancers and other materials as areTARuteBally known to the art. Specific
exanpl es of various transdermal therapeutic systens 15 according to our
i nvention which are capabl e of a&ﬂﬂﬂﬂ%ﬂhﬁLﬁﬂﬂjentanyl at the desired rates
for extended periods of tine will be described in the exanples set for
hereinafter. However, in order. for the residual drug in depleted systens to
be nini%ized, we have di scovAERMat the initial conc tion of the
fentanyl in the matfix nglerial shoul d be 20 sel ected such that it is
| ess than Q.5ng/[eri¥55¥iﬁbr this reason the aqueous-ethanol reservoir
systems which perm t uBjjy, Rbkty1kNe labficized 50-95% |
with mineral oil _
(P18/MO) or : ' w,
Silicone polymer '
Base Form of Drug 5-50%
10 :
Contact Adhesive
PIB/MO, or Amine :
resistant silicone 0.025-0.076mm
Another embodiment of this invention is shown in Fig 3 in which
15 the transdermal therapeutic system 21 is a simple monolith. The
system 21 comprises a backing member 22 which is impermeable to the
fentanyl, a release liner 25 similarly impermeable and adapted to be -
readily removed from the drug reservoir/contact adhesive layer 23 it
which consists of a contact adhesive having the drug dissolved in,
20 and if desired, dispersed thérethrough. Such a system has the

advantage of being easily fabricated, but in the absence of a rate
controlling membrane, delivers drug at a rate which is détermined
primarily by the permeability of the skin at the site df abplfcation
on the particular individual. Thﬁs, while this system can be employed

25



ach| eved at this |ow concen[:rat lon are present |y considered pref erabl e
according to our invention.%n the follow ng exanpl es &l per cent ages
by wei ght unl-ess noted. The exanples are included by way of 25

il lustration only. EXAMPLE 1 Transdernmal therapeutic systens accord

to Fr@ 1 uti'lizing an aqueous ethanolic g reservoir were prepared in 10,
20 and 40 [err] sizes. Fentanyl base was ed to 95% et hanol and stirred
to 5 di ssolve the drug.  Purified water was added to the

et hanol - f ent any$0 86P\ideofrudndalinan Fates withitthe sapgasefescribedringreing
t 14.7 f fent, 30% et h | | v T t
o "hydroxyet nyl B RrEiass SR cafedamtonge okttt AP0 ained ol Buby
th st | t- { | 10
ohe hour) A QVOBREES Sy s deB R Bl B LI I TN BEEET BRERT O SRS
fl'uorocar bon- d'rﬁ’eﬁ: ek A b ‘?ﬁBPx‘iaPﬂ*gV@?tﬁ{e EddeTe¥idhls £ éée?%ﬁ:l #re' ease

liner for the system by sol ution casting an am ne reS|s

medi cal aghesi VincQp® YR A OMSS h&Finkl dghrokMBta1p @l £ | Th
trichlor o;%ri fl oroet har?e ? ghOSmﬂ twpckwrrat e con‘fr@ol ? |1?13 ‘br;e%%?caerﬁgtiS

conprised of EVédont8At \dAl my:snhesﬂm/d'waatoeal ¢omth e ngXPemels adhssy ve. A
backi ng nenber conprised of a nultilam nate of pol yethlene, alum num '

pol yester and EhMghwaslezlibar peighitdpul ydsabutletyeneubouavealge nmlebelkh rbwéighen t he
backi ng nenber and the rel ease |iner
1,200,000) 20 to 30% low molecular weight polyisobutelyene (average
¥ molecular weight 35,000) and batance of light mineral oil having a
10 viscosity at 38% of approximately 10 centipoise, In addition
to the drug, the drug réservoir;contact adﬁesive layer can'also
contain additives, perme;tion enhancers and other materials as are
generally known to the art.
Specific examples of various transdermal therapeutic systems
15 according to our invention which are capable of administéring fentanyl
at the desired rates for extended periods of time will be describéd in
the examples set for hereinafter. However, in order for the residual
drug in depleted systems to be minimized, we have discovered that the
v initial concentration of the fentanyl in the matrix material should be
20 selected such that it is less than O.Smg/cmz. For this reason the
aqueous-ethanol reservoir systems which permit unit activity to be
achieved at this low concentration are presentiy considered preferable

according to our invention, In the following examples all percentages

‘are by weight unless noted. The examples are included by way of
25 illustration only.



sive/rate controlling-nmenbrane on a rotary heat - seal machine at a 20
yoadi ng of 15nmg/[errk. " Seal ed pouches in the sfzes of 10, 20 and 40
‘'were.di e cut and |nned|ately pouched to avoid | oss of ethanol. ‘The. *
pouched systens were allowed to equilibrate for at |east two weeks in oagder
ta.reach equilibrium concentration of % drug and ethanol in the rate

controlling and adhesive |ayers. After is time 25 the drug reservoir
no | ongef contai ned any excess drug and the_ drug - 20 concentration in
the reservoir had reduced to 8. 8my/ g EXAMBLESAt urati on concentration of

f ent | in 30% th t f ent I h d Ki
o an i nfini tof ATGBRTE o TRCeRRUESS SrEE %Béwagﬁ‘gnﬁ{qc’ig%@ﬁﬂ?ﬁ?ﬂ?g' a
As can be segpbhe }ﬁs}f@@x' dil PaseRvor . wbAPRALY, el #3520 g PP Oxi et el y

1.35 [err] [/ an foar s and substantlally

const ant { NeyRaPlefzes Hant rﬁiiéjﬂaéafadﬁgl?tgr bthadlsh MU el during the

time the drug flux was incréasing to its stea state va

oper at igon foaisaawmhémmgy Mrm@asﬂa&ubmnm@hl to ahé éﬂaamefsﬁmw wi Il
have b€en 10 delivered and the transport rate of fentanyl thrdugh skin

wi |1 have besstuttshidadamounthaulfticienbltbagemedatd anmiiaues kandsiniagpr esent . |t
woul d be desirable that the use of this system be discontinued at that 2
poi nt. The slkiegby ofi tantanyly ioont3at rttangipwatemsaobient 200wh eperkent of
hydroxyethyl cellulose gelling agent was added to this solution slowly
with stirring and mixed until a smooth.gel was obtained (approximately L;)
10 one hour). A 0.05mm thick contact adhesive layer was formed on a
fluorocarbon-diacrylate treated polyester film which comprised the
release liner for the system by solution casting an amine resistant
silicone medical adhesive onto the polyester film from a solution in
trichlorotrifloroethane, A 0.05mm thick rate controlling membrane
15 comprised of EVA (9% VA) was pressure laminated to the exposed
adheéive. A backing member comprised of a multilaminate of
polyethlene, aluminum, polyester and EVA was also provided and the
aqueous gel pouched between the backing member and the release liner -
adhesive/rate controlling membrane on a rotary heat-seal machine at a ~
20 gel loading of 15mg/cm2. Sealed pouches in the sizes of 10, 20

2 were  die cut and immediately ﬁouched to avoid loss of

and 40 cm
ethanol. The pouched systems were allowed to equilibrate for at least
two weeks in order to reach equilibrium concentration of the drug and
ethanol in the rate controlling and adhesive layers, After this time

25 the drug reservoir no longer contained any excess drug and the drug



}entanyl and over the 24 hour useful life delivered approxi mtely 2 15
50 ferr] resulting i.n a defFivery of approximately 25%-of the original
drug | oadi ng. EXAMPLE 2 Systens sinilar to those described in Exanple
werg fabricated except that the drug reservoir contained 47 wei ght percer
ethaxol in 20 wat er and fentanyl base 3.2ng/gm The original drug
gel “loading 2 was 26 [err] and the cont«ol nbrane was a 0.038mm EVA film
(12% VA). The in vitro transport rate through skin is shown in Fig 5. As
can be seen these systens took | onger to achi eve steady-state due to the
ori gi nal | ower casténtratiopdiBthefresényofieritadnpéduiged toad.dmgrig athe ABuratida
activity increased due to the transport of ethanol_fromthe system a
substantially cencanifationctfdfentanyk inepQieshanolapdheximuitro, fentang! [fduk]
/hr was nai nt ai ged for 70 hoﬁgrs._ EXAI\/PLEf,3_5 Systens siml %ro o those
described in B3R Gadaver FKIMAAEY fnelntinite agueous sink at 32°C was
' measured and is shown in Fig 4. As can be seen the fentanyl flux
5 rapidly increased to approximately 1.35ug/cm2/hr in slightly more than
four hours and remained substantially constant thereafter. The
saturation of the drug in skin occurred during the time the drug flux
was increasing to its steady state value. After operation for
approximately 24 hours substantially all of the ethanol will have been
10 delivered and the transport rate of fentanyl through skin will have
been reduced to the level obtained when no ethanol is present. It
would be desirable that the use of this system be discontinued at that
point. The systems originally contained approximately Zooug/cm2 of
fentanyl and over the 24 hour useful life delivered approximately
15 50ug/cm2 resulting in a delivery of approximately 25% of the original
drug loading,
EXAMPLE 2
. Systems similar to those described in Example 1 were fabricated
except that the drug reservoir contained 47 weight percent ethanol in
20 water and fentanyl base at 3.2mg/gm. The original drug gel loading
was 26 mg/cm2 and the control membrane was a 0.038mm EVA film (12%
VA). The in vitro transport rate through skin is shown in Fig 5. As
can be seen these systems took longer to achieve steady-state due to

the original lower activity (46%) of the fentanyl but, as fentanyl

25



di J g from Exanple 1 in<{hat the original gel cpncentratlon contains 20
ff percent ethanol with“a fentanyl /concentration€s of 8.2

ng/g. 2 and are fabricated into systens having a gel Ioadl ng of 25 ng/.cm._

After the equilibrating period the drugconcentration will fall to 10

approximately 4.2 ng/g in the reservoir ZM,(th the remai nder equilibrating™

i nto the adhesive and the rate controlling nmenbrane. After affixatio to

skin for approxinately 24 hours the fentanyl concentration content wll

have decr eased“t%"h’ii’pﬁﬁ‘k"%?%l%?eS@ [tBe (Yyrangnory gfosthanadf frame tivke sy veamy aof
ot vt T b SRR bR SR SR F31he S vasprorBebe e |
fentanyl in th r % he
saturation co %[}Plv%f/ﬂ Wad rf\ﬂ% %nﬁq EE 1, n? aqueous sol uti on cont ai ni ng
no nore than gﬁ i Fhano ) R “gz ql R tine the system woul d be

di scarded and woul d have a residual content 2 drug L
of less than 25 [err] . This results iy iegRer percentage of drug
deliverysthan in the precedi ng systens. 'E 4 A nultilamnate
Lransder mal ther apsytens Ssiai PN b dhogs Lasaer HRECT BRshiitel ) Jr8SRAfiFadtirENO 2
was prepared by adding | ow nol ecul ar 25 wel ght pol yi sobutyl ene
(aver age nol eodilffiering Giam EkarﬁﬂeODG)\ tirad the original gel concentration
concentration
contains 20 weight percent ethanol with a fentanyl / .of 8.2 mg/g.

and are fabricated into systems having a gel Toading of 25 mg/cmz.
10 Afrer the equilibrating periodlthe drug cdncentration will fall to
approximately 4.2 mg/g in the reservoir with the remainder
equilibrating into the adhesive and the rate controlling membrane.
_ After aﬁ;géﬁgéggftq skin for approximately 24 hours the fentanyl
concentrationlwi]] have decreased to approximately 50ﬁg/um? As a
5 result of the delivery of both alcohol and fentanyl from the system,
the concentration of the fentanyl in the system after approximately 72
hours will be at the saturation concentration in the then remaining
aqueous solution containing no more than about 5% ethanol. At this
point in time the system would be discarded and would have a residual | \;)

content -

20 drug-L. ~ of less than 25w/cm . This results in a higher

percentage of drug delivery than in-the preceding systems.
EXAMPLE 4
A multilaminate transdermal therapeutic system of the type

v described with respect to Fig 2 was prepared by add1ng low molecular

25 wei ght po’ly1sobuty1ene PIB (average molecular weight of 35,000) and



hlgh nol ecul ar. wei ght PIB (average nmol ecul ar wei ght 1,200,000) to a e
stirring vessel inaratio{f 1.25 to 1. Li ght n1nera| il (M) wa ded

to the same vessel with a ratio of approximately 1.125to 1 part o B)
Hept ane was added and the mixture was stirred until the 5 pol

- disselved. Sufficient. fentanyl base was added to the solution to generate
a bl-end of 20 percent fentanyl in the Pl The pol yner-drug bl end was
sol vent cast onto an occl usive backlng S as described in Exanpl e 1 and

al l owed to evaporate to form approxi mate 0.05nm thick drug reservoi.r.

M cropor ous polhjghopdlecuiarf wdight 181 tavedage) molecular tWeightn#;200,000) wasa
pressure lamnated to the reservoir layer. A PI/MO m xture as descri bed
above but cont eﬁtﬁrh’b‘gsmﬁ‘sﬁé%hﬂ raddPtafohals tent anyiohtominessl d1a(Md)peasent
| oadi ng of fent as_undi ssol veq sol.i cast in a |layer aggrOX|nately

d
0. 05t hi ck oﬁ%gzgitpi i 3, VRSTE) ¥t Bt 3 CAEARS RPROXIFteRY chnd
f d 15 d d
as shown I n F ¢ T2 PG, feREd 5%@8@ fop YR B lire PSS kred wab{ TeRe 4°Y
in the siges of ﬂﬁ:’erfsSms]s FFIL {Ent CHént W‘Idb}(‘?er %a?aa[%&?%g tHa'€ 1N

vitro fentanyl o ron1t e Systens produce accord hi's “exanpl e
t hrough Cadaversoﬂbif:{bnaﬁo [8hédatknd %léﬁh'o'?fzm'ple?ce%'tnﬁef&ﬁﬁyls'?l-? 5' prgzmg 6. 20

Sanples differing fromtHhose descri bed above by having a solid drug [oading

of 3.2% were althe pelmbrareglb1ond 4a A veMeRast QAL iad Soc1d8dveobaekifgUgichas
adequate to produce a rapid onset of therapy w thout an unnecessarily high

initial drug redscdescribéd iargkamplecl add all Towedato evspurat®ty furt aghrorinate
sysxens provi ded a steady rel ease rdte of
0.05mm thick drug reservoir. Microporous polypropelene film saturated
10 with mineral oil was pressure laminated to the reservoir layer. A
PIB/M0O mixture as describeq above but containing sufficient additional
fentanyl to provide a 2 percent loading' of fentanyl as undissolved
solid was cast in a layer approximately 0.05mm thick on a siliconized
polyester.release liner film and the thus formed composite laminates
15 | were laminated together to form a device as shown in Fig 3,
Individual systems were dielcut from this laminated film in the sizes
of 2.5, 5, 10 and 20 cm circles and were packaged. The in vitro
. fentanyl flux from the systems produced according to this example
through cadaver skin at 329C into an infinite sink are shown in Fig 6.
20 Samples differing from those described above by having a solid dfug
loading of 3.2% were also fabricated. As can be seen from Fig 6, 2%
solid drug was adequate to produce a rapid onset of therapy without an
unnecessarily high initial drug release rate and after the initial

transitory period both systems provided a steady release rate of

25



N\, approximately 1.8 [err] /hr for up to 70 hours. EXAWMPLE 5 A
|Ji thic systemaccordifig. to Fig 3 was fabricated py 5 preparin

g
fentanyl base m xture as set forth in Exanpl et 4 whi ch: was sol vent

cast onto an occl usive backing and after evaporation of the solvent,
|l am nated to the siliconized release liner. The PIB matrices were

"/

fabricated at 10, 20 and 30 percent tgntagzl | oadi ng and drug transport
rates from such systens through human c&b er

a

skin at 10 [err] into an

rates from su ough h inat 10 " [e
howed the 1 9BPeR ey et FgW SoE IR oa ronol 11k

however continued delivery at a relatively constant

up to 80 hours within the ranges required according to this invention.

fabricated using Dow Corning am ne reStstant silicone adhesive and 20

centistoke silicanmonsdithid siybtdndabeordigg 10 Riyl3 Maspeatrdaatdde by anyl

di spersed therein. - Drug perneation rates from such systens 20 through
cadaverd ski nprepariag 3 RIB/MX fentian] chase skicbmre as ey Sorth in Example 4

10

15

20

25

which was solvent cast onto an occlusive backing and after evaporation
of the solvent, laminated to the siliconized release liner. The PIB
matrices were fabricated at IQ, 20 and 30 percent fentanyl loading and
drug transport rates from such systems through human cadaver skin at
329 into an infinite sink were measured. The results are shown in

Fig 7. The systems showed the typical time dependent drug release
rates from a monolith however continued delivery at a rélatively
constant rates through skin for up to 80 hours within the ranges

required according to this invention,

EXAWPLE 6
A monolithic system similar to that described in Example 5 was
fabricated using_Dow'COrning amine resi#tant silicone adhesive and 20
centistoke silicone medical fluid having 10 and 20 percent fentanyl
base dispersed theréin. Drug permeation rates from such systems

through cadaver skin into an infinite sink are shown in Fig 8.

EXAMPLE 7
The effect of ethanol concentration'on the permeability of

cadaver skin to fentanyl base was investigated by measuring the in

rates through skin for
15
EXAMPLE 6 A nonolithic system siml ar gkguphhag described in Exanple 5 was

base

L



EXAMPLE 7 The effect of ethanol concentration on the perneability of -

cadaver skin to fentanyl base was investigated by neasuring the in 2

vitro drug’ perneatlon rates through cadaver skin into an infinite si

sysMs contai ning various concentration of-gthanolic gels with the I
n

r
ts

sho Table 4. TABLE 4 5 Fentanyl Skinmn Fl % Et hanol
(JnetT 47% 8.7 30% 4.5 20%
4.8 10 vitro drug permeation rite$Ofhrough cadaver skin into ad. {ffiBhised on

these data it appears that about 40% ethanol is required to produce a
signi ficant incsbwséor syskdma eantabainigl vanicusdonbentratidneat tethdbuniti c 24Eks

et hanol should be enployed in a rate control | ed agueous et hanol systemto
inpart a_signi f‘I'EzEth%Ié'QFl@ésofrh%B oAtk 4ef drug to the systenic

circul ation.

TABLE 4
> Fentanyl Skin Flux
% Ethanol {Jnet)
473 s
30% | T 4.5
: 20% . 4.8
~ 10 - 0-10% 3.1 .
Based on these data it appears that about 40% ethanol is
required to produce a signiffcant,increase in skin permeability and.
that at least about 20% ethanol should be employed in a rate |
. s controlied aqueous ethanol' system to impart a significant degree of

control of drug to the systemic circulation.



I 1. A therapeutic systen1adapted for the transdermal adm nistration
of a material selected fromfentanyl 5 and its analgetically effective
derivatives to a human being at an analgetically effective steady-state.~. *
rate fora extended period of tinme sufficient to induce analyse,withimg
hours of application and it for at I|east 24 hours 10 conprises (a)
reservoir nmeans containing a skin perneable formof said material in an
amount sufficient to deliver said material at said analgetically effective
rate for 15 sai d extended period time; (b) neans for nmaintaining said
reservoir neans in material transngt ing relationship to a predeterm ned
area of intact skin of said human being of 5to 100 [err] 20 2. A system
according to claim1 adapted for t nistration of a fentanyl
derivative other than fentanyl per se. 26

1. A therapeutic system adapted for the transdermal
administration of a material selected from fentanyl
5 and its analgetically effective derivativesto a human

being at an analgetically effective steady-state rate

for T 1od Of t;me ufficient to loy o
enely S AT PELIT IS ptetene w0 sne
-— [ maintain tt for at least 24 hours érd-
suéééeient-tU'tnﬂuce-and—-meéntaia-—anatgesﬁa, which
10 comprises

(a) reseérvoir means éontaihing a skin permeable form
of said material in an amount sufficient to deliver

said material at said'analgeticaily effedtive rate for

15 said extended period of time;
(b) means for maintaining said reservoir means in \;)

material fransmitting relationship to a predetermined

area of in tact skzn of said human being of 5 to 100 cm2

20
2. A system according to claim 1 adapted for the.
administration of a fentanyl derivative other than

fentanyl per se.
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3. Asystemof claim1l or 2 wherein said systemis adapted to deliver
fentanyl or a derivative thereof through intact skin at a rate in the ge
of from10'to 300 [err]/hr for a substantial portion of said period

of KL?E- 4. A system of any preceding claimwherein said reservoi a
contai ns a skin perneation enhancer for said material. 10 5. A system of
any preceding claimwherein said predetermned area is in the range of
about-10-50 [err] and the rate of delivery of said material is in the 2

ns

.range of about 0.5-10 [err]/hr. 15 A systemof claim5 wherein said said
delivery rate is in the range of abo 1-5 [err]/hr. 7. A system- of any
of clains 3'to 5 wherein said 20 material is fentanyl base. 8. A system

of claim1l or 2 whibrei A: system esfrobiim rieamrs 2helereiskisaigreydten isel easi ng

surface area in the range of about 5-100 [err] said reservoir contains
: adapted to deliver fentanyl or a derivative thereof

through intact skin at a rate in the range of from 10
~to 300 pg/hr for a substantial portion of said period

5 of time.

4. A system of any preceding claim wherein said

\V'
reservoir means contains a skin permeation enhancer
for said material.

10
5. A system of any preceding claim wherein said
predetermined area is in the range of about §8-50 cm?
and the rate of delivery of said material is in the
range of about 0.5-10 pg/cmz/hr.

15
6. A system of claim 5 wherein said said delivery

] | 2
rate is in the range of about 1-5 pg/cm®/hr.

7. A system of any of claims 3 to 5 wherein said
20 material is fentanyl base.

“J

8. A system of claim 1 or 2 wherein: said reservoir
means has a skin proximal releasing surface area in

) the range of about 5-100 cm2 said reservoir contains

-: AN RN




ween 0.1 and 50% by wei ght of a skin perneable f.orm of said materi al
amounts and " at a concentration adequate to perm.t delivery of said

mat eri al through the intact human skin of said human 5 being at a’ -
steady-state rate within the range of from0.5 to 10 [err]/hr for, 1 to {/
days. 9. A system of any preceding clai mwherein said neans for
mai/ntai ning said reservoir I n material 10 transmtting
relationship to the skin is an amne silicone resistant adhesive
di sposed in the flow path of the nﬁ§MM'al fromthe reservoir to the skin
10. A system of any preceding cl ai rein rel ease 15 rate controlling
means i s disposed in the flow path of said material to_the skin, which

means |imts thebPtHReRf Qrdi eRPE F0HMETai HeiGhE & Poskinpemmeable t han t he

flux of material through.the skin to which it_is applied. 20 11. A
syst em of _clainﬁg§mor %?aiﬁPLQO_ Tﬂ??ﬁ@ﬁ coﬁ%r!§Pﬁ§nﬁ§rﬁ@§?idﬁ:eﬁhancer
means for incr easindel e Rk ahbhlite Ofd "ol R140LEP G Layystemis
applied to said material. -

material th:Ough the intact human skin of said human

5 being at a steady-state rate within the range of from

0.5 to 10 pg/cmz/hr for 1 to 7 days.

9. A system of any preceding claim wherein said means
for maintaining said reservoir in material
10 transmitting. relationship to the skin is an amine
silicone resistant adhesive disposed in the flow path

of the material from the reservoir to the skin.

10. A system of any preceding claim wherein release
15 rate controlling meané is disposed in.the flow path of
said material to the skin, which means limits the flux
of material fﬁom said system to a level less than the ot
flux of material through the skin to which it is
applied. .
20
11. A system of claim 9 or claim 10 further
comprisiflg permeation ehhancer means'for increasing
the permeability of the skin to which said system is

applied to said material.

R
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12. A systemof claim 11l wherein said perneation enhancer neans is admy
in said reservoir neans. 13. A systemof claim 12 wherein said rele
& . _.controlling nmeans restricts the flux of said material from
sy_sé_ejn substantially nore than the flux of said perneation enhancer
said system 14. A system of claims 10 to 13 wherein said 10
reservoir is an aqueous gel conprising approximately from up to 47% of
95% et hanol, 1-10% gelling agent, 0.1-10% of said material. 15. A system of
cl aim 14 wherein said aqueous gel 15 conprises from approxi mately
20-35% of said ethanol, 1-5% gelling Gy$ht and 0.1-2% of said material. 16.
A system of claim 15 wherein saig rcell gase ateh controlling neans is

0

substantial |y norelper fesBEeRe aimg; bl gthenedn spidy pexmegkiaR. 17. A
system of claim 16 rein_sai teri.al Jds initially contained in said
reservoir at equi | S P%\?’e’gs{gra\oa%\?‘é‘gfle?’ntw E.eggﬁﬁ?’[reﬂejans' 18. A

system of claim 17 wherein said neans for maintaining said systemon the
skin is an am ne resistant silicone adhesive di sposed on said rel ease

13. A system of claim 12 wherein said release rate

5 controlling means restricts the flux of said material
from said system substantially more than the flux of

said permeation enhancer from said system.

Y
14, A system of claims 10 to 13 wherein said
10 reservoir is an aqueous gel comprising approximately
from up to 47% of 95% ethanol, 1-10% gelling agent,
0.1-10% of said material. ' '
15. A system of claim 14 wherein said aqueous gel
15 comprises from approximately 20-35% of said ethanol,
1-5% gelling agent and 0.1-2% of said material.
LJ

16. A system 6f claim 15 wherein said release rate
controlling means is substantially more permeable to
20 ethanol than to said material. '

17. A system of claim 16 wherein said material is

initially contained in said reservoir at equilibrated

levels no greater than 0.5 mg/cmz.

T




temof claim 18 wherein said surface area is in the range of ,from
about 10-50 cnR. 10 20. A systemof claim 19 wherein said reservair.-is
mat ri x having said naterial contained therein in an

&éga control ling means and said material .is 5 fentanyl .
S

a polyneric

amount from about 5-50% by wei ght.
matrix is 15

19.

"

21. A systemof claim 20 wherein said
sel ected from pol yi sobutyl ene and silicone polyners. 22. A
system of claim 21 wherein said systemfurther conprises release rate’

control ling neans disposed in the fl path of said material to the skin

whi ch 20

| ess than the fl
23. A system of

limts the flux of sard terial
(L;?%dOf naterialorfthroughthe skin to which it is applied.
i sSlaiP el Pas#hegedn $aid ¢ meanangeonf from

bout 1-5 g/ - t di | ai;m1.,and _substantially 5
s her ei nbet ore AeiaEsfiind, MESHCTRPEEE "l Ka PR 4B el Rk i n (o

as herei nbefore

nPSSHRETR;

fromsaid systemto a | eve

acoompanyi ng_ dr aweaiseage. A1RKSHE" nAUNPHIGEE G LAY RIS ST

mat eri al

is selected from fentan

10

15

20

base, suf
rate controlling means and said material is

fentanyl.

19. A system of claim 18 wherein said surface area is

in the range of from about 10-50 cmz.

20. A system of claim 19 wherein said reservoir is a
polymeric matrix having said material contained

therein in an amount from about 5-50%'by weight.

21. A system of claim 20 wherein said maﬁrix is

selected from polyisobutylene and silicone polymers.

22. A sygtem of claim 21 wherein said system further
comprises release rate controlling means ~disposed in
the flow path of said material to the skin which
limits the flux of said maﬁerial from said sysﬁém to a
level 1less than the flux of material through the skin
to which“it is applied. |

I
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10 carfentanyl, |ofentanyl, or alfentanyl. 26. A system of claim 25 :
wherein said material is sufentanyl. 15 27. A system according N any
preceedi*ng ~cl ai mwherein the extended period of tine is at |least 3 .

28. \Wmedi cal device adapted for the continuous, 20 t ransder na

adm nistration of fentanyl or its analgetically effective derivatives
to ahuman being at constant or declining analgetically effective

st eady-state rates throughout a predeterm ned anal getically

effective adm ni stration period of at SﬁfSt about 24 hours conprising, in
conbi nation: (a) a drug reservoir ai ni ng said material 5

di spersed in a conposition a solution of a vehicle and a skin perneation
enhancer for sai dngﬁt erd Aysteni of rkadm 8| vherein [sedd seledse ratesais
vehicle than in said perneation enhancer, said material being present in

said reservoir in &n ammintangeexesEroh tMSOROURE &fm?/wef, Sai d material
that will be adm nistered throughout said adm nistration period; (b)

rel ease rate controlling nmeans di sposed.in the

24. A system according to claim 1 and sﬁbstantially
5 as hereinbefore set forth with reference to, and/or as

illustrated in the accompanying drawings.

25. A system of any preceeding claim wherein said
material is selected from fentanyl base, sufentanyl,

10 carfentanyl, lofentanyl, or alfentanyl.

26. A system of claim 25 wherein said material is

sufentanyl.

15 27. A system according to any preceeding claim
wherein the extended period of time is at 1least 3

s - days. |
28. A medical device adapted for the continuous,
20 transdermal administration of fentanyl or its
analgetically effective derivatives to a human being
at constant or declining analgetically effective

steady¥state rates throughout a predetermined
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flaw path of said material to the skin, which neans. 15 limt the flux of
rial fromsaid systemto a | evel |ess than the enhanced flux of the
rial through the skin, said release rate controlling nmeans being less.
pernmeable to the vehicle than to the perneation enhancer; and 20 (c) neapg
for maintaining said reservoir in material and perneation enhancer '
transmitting relationship to a predetermi ned area of the skin of said hunman
being of 5 to 100 cn2; whereby the solubility of the material, in
the drug reservoir will decrease a tCe material and the perneation
enhancer are delivered fromthe devite and the anmount of excess drug
initially present in said drug reservoir my be 5 reduced. 29.
The device of cl anmlgetidally rffectiventacdministsation apgriodaiak valticle is
wat er and said perneation enhancer is ethanol. 10 30. The device of claim
28 or 29 wher ei nlPASE| #pYtai24cHONFS sIOREdSéngccint combanationni d naterial in
said ' ’
(2) a drug reservoir containing said material
5 '~ dispersed in a composition,a solution of a vehicle and
a skin permeation enhancer for said material, said
material being less soluble in said vehicle than in
said permeation enhancer, said material being present
in said reservoir in an amount in excess of the amount
10 of said material that will be administered throughout

said administration period;

(b) release rate controlling means disposed in the
flow path of said material to the skin, which means
15 limit the flux of material from said system to a level
less than the enhanced flux of the material through
the skin, §aid release rate controlling means being N
less permeable to the vehicle than to the permeation
enhancer; and ’
20 |
(c) means for maintaining said reservoir in material
and permeation enhancer transmitting relationship to
a predeterﬁined . area of the skin of said human being

of 5 to 100 cm?; whereby the solubility of the

AR T




reservoir is no greater than about 2% by weight. 15 31. The device of ,
claim 28 ar 30 wherein said administration period is at |east abeyt 3
days. ~32. A . nmedical device for the transdermal adm ni st
of fieptanyl or a derivative thereof to 20 a human being th
predetermned area of 5 to 100 cnR of intact skin at a constant o
decliining analgetically effective steady-state rate for an ext ended

period of time of at |east about twenty four hours which conprises: (a)
fentanyl reservoir neans including a ervoir conposition containing
f ent anyl in an amount sufficien o deliver fentanyl at said

anal getically effective rate for said extended period of time, said 5
reservoir compodatsFial - ipmfhesi Agug regervoiguebils dssrpase tam the

cont ai ni ng about 20-35%.95% et hanol _and 0..1 -2% jfentanyl; (b) release rate
control I i ng means |a§t%§§'§g %Ihét 1germeation, 8P£W%t SR o%e%-’a‘f%F% hanol .
and fentanyl fronggg d SYTAVe] t‘__lj]}e-E | 1 d_rate controlling
means bei ng | ess perneabl gﬁ%o wat gré %ﬁg%n, 0 é‘é‘%ﬁ%o?ﬁana"%ﬁ%g e
pernmeabl e to ethandinitianlyePr¥@éht in said drug reservoir may be

5 reduced.

29. The device . of claim 28 wherein said material is
fentanyl, said vehicle is water and said permeation
enhancer is ethanol. | '

10 |
30. The device of claim 28 or 29 wherein the initial
equilibrated concentration of said material in said

reservoir is no greater than about 2% by weight.

15  31. The device of claim 28 or 30 wherein said
administration period is at least about 3 days.

32.. A medicai device for the transdermal
administration of fentanyl or a derivative thereof to
20 a human being through a predetermined area of

5 to 100 cm2 of intact skin at a constant or deélining

analgetidally effective steady-state rate for an
extended period of time of at least about twenty four

hours which comprises:

O




ld release rate controlling neans limting the fl.ux 15 of. fentanyl

e presence of said perneation enhancer; and (c) neans for nmaintaf niFng
d reservoir neans in 20 fentanyl and ethanol transmittings. \
relationship to the intact skin on Said human being. 33. The device of
clairm 32 wherein said reservoir conpostition is an aqueous gel and further
conpri ses 25 about 1-5% of a gelling agent. 34. The device of claim
32 or 33 wherein said rate controLé£ means conprises a material selected
from hi gh density pol yet hyl ene and&thyl ene-vi nyl acetate copol yners havi ng
a vinyl acetate content of up to 5 about 40% 31. The device of claim
32 or 33 wherein (adi dfestanydonteselrvoigx neeass colrmluddagaa eesexdvweriss- vi nyl
acetate copol yner contai ni ng about 9% vinyl acetate. 10 36. The device of
claim32 or 33 weemEPRitiony r sPetaitRing| | ERRtAREhs d@nprfBes ampunt

ethylene-vinyl agetale; SOPOGe RN AREngPout 53 YhD¥bedtiehtle
effective rate for said extended period of time, said
5 reservoir composition | comprising an aqueous
composition containing about 20-35% 95% ethanol and
0.1 -2% fentanyl;

(b) release rate controlling means disposed in the

10 path of migration of said ethanol and fentanyl from
 said reservoir to the skin, said rate controlling
means being less permeable to water than to ethanol

and being more permeable to ethanol than fentanyl,

.said release rate controlling means limiting the flux

15 of fentanyl from said system to a value less than the
flux of fentanyl through the skin in the presence of

said systemto a value less than the flux of fentanyl through the sm|14

‘said permeation enhancer; and ' et

(c) means for maintaining said reservoir means in
20 fentanyl and ethanol transmitting relationship to the
intact skin on said human being.
N
33. The device of claim _32 wherein said reservoir
composition is an aqueous gel and further comprises

25 about 1-5% of a gelling agent.
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34. The device of claim 32 or 33 wherein said rate
controlling means comprises a material selected from
high 'density polyethylene and ethylene-vinyl acetate
copolymers having a vinyl acetate content of up to

about 40%.

31. The device of claim 32 or 33 wherein said rate
controlling means comprises an ethylene-vinyl acetate

copolymexr containing about 9% vinyl acetate.

36. The device of claim 32 or 33 wherein said rate
controlling means comprises an ethylene-vinyl acetate

copolymer containing about 12% vinyl acetate.
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