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Transdermal Therapeutic' System .

The present invention relates to Transdermal Therapeutic Systems comprising # backing
layer, a reservoir layer and an adhesive layer, to Transdermal Therapeutic Systems having
specific release profiles, to their manufacture and use.

Tra_nsdermal Therapeutic Systems (TTS) and their manufacture are gepferally known in the
art, EP 1047409 discloses a TTS containing rivastigmine and an anfloxidant. GB 2203040
discloses a TTS containing rivastigmine and a hydrophilic-polymer. /

These TTS have valuable properties. However, there is a péed for further TTS showing

imprO\fed properties. [n particular, the{'e is a need to proyle TTS to improve compiiance,
adhesion, tolerability and / or safety. ’ '

Thus, it is an aim of the present invention to ppovide TTS with improved compliance,
adhesion, tolerability .a and / or safety properties.

it is a further objective of the present inveniién to provide a TTS that has a relatively large .

amount of active ingredient and has an a@hesive force to ensure safe application over the
entire ‘application period.

it is a further objective of the pregént invention to provide a TTS that has a relatively large
amount of active ingredient withdut having an inadequately large expanse.

it is a further objective of/the present invention to provide a TTS that shows improved
adhesive properties withgut changing the release profile of the active ingredient.

It is a further objgftive of the present invention to provide a method of treatment and
controlled-releasg formulation(s) that substantially improves the efficacy and tolerability of
rivastigmine.

It is a fylther objective of the present invention to provide a method of treatment and
controjled-release formulation(s) that substantially reduces the time and resources needed
minister rivastigmine for therapeutic benefit.
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It is a further objective of the p'resent' invention to provide a method of freatment a
conirolled-release formulation(s) that substantially improves compliance with rivastigfine ,
therapy.

It is a further objective of the present invention to provide a method of trgatment and
controlled-release formulation(s) that have substantially less inter-individug¥ variation with '
regard to plasma concentrations of rivastigmine required to produce a tHerapeutic benefit

without unacceptable side effects.
This is achieved by a TTS as defined in claim 1 and depending claipis. .

Figure 1 shows a bar chart illustrating the different adhesivg forces of a TTS having an
additional silicone adhesive layer (TTS #2} and of a TT# having no additional silicone
adhesive layer (TTS #1). '

Figure 2 shows a graph illustrating the different perrpéation rates of rivastigmine through full-

thickness human skin, administered by means/of a TTS having an additional silicone

The findjAgs of the tests on transdermal application of active ingredients for the treatment of
Alzhejner’s disease carried out by the applicant can of course be transferred to other groups
of ; tive ingredients. It can therefore be stated in general that for many active ingredients an
ficreasing proporiion of active ingredient in the adhesive polymer matrix of the TTS
significantly reduces the acdhesive properties of the TTS if said active ingrgdients are solid at
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room temperature. Usually, if the active ingredients are in a liquid state at room temperat
large amounts of so-called “thickening polymers” (e.g. cellulose or polyacrylate derivajfes)
have to be added in order fo achieve mechanical processability of the polymers/ which
results also in a reduction of adhesive properties

The present.invention provides TTS comprising a backing layer, a reservoir Jéyer containing
at least one active ingredient and a polymer, an adhesive layer comprising 4 silicone polymer
and a tackifier.

‘A TTS according to the invention shows improved adhesive progerties. Further, and very
surprisingly, the so obtained TTS has essentially the same relgase profile when-compared
with a standard TTS.

The present invention is further related to a method for, ubstantially improving the efficacy
and tolerability of rivastigmine, comprising applicatio of a TTS in the range of 2 to 50 cm?,
said formulation providing a mean maximum plaspia concentration of about 1 to 30 ng/mL
from a mean of about 2 to 16 hours after appfication and an AUCazan of about 25 to 450
ng-h/mL after repeated “QD" (L., once daily)Administration.

ATTS 'according to the invention quite Aurprisingly shows improved tolerability, particularly
gastrointestinal adverse events such 4s nausea and vomiting, telative to equivalent levels. of

redient-impermeable. Any suitable material or combination of materials may be
For example Polyethylen-therephthalate (PET), Polyethylen, “‘F’olylpropylen,
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The term “reservoir_layer” denctes a layer containing one or more active ingredients 4

comprises an active ingredient in the form of a polymer matrix

The term “adhesive layer” denotes the layer facing the skin. This layer comprigés a silicon

polymer and a tackifier.

The term "detachable protective layer” denotes the layer remote from {fe patch-prior fo its

application to the skin. This layer is preferably active ingredient-impgfmeable. Any suitable
material or combination of materials may be used. For example sjiconized PET, siliconized
Polypropylen, sificonized Polyethylen, fluor-polymer coated PET, fluor-polymer coated
Polypropylen, Fluor-polymer coated Polyethylen, etc. may be gmployed.

“The term “active Indredient" denotes any actiyé ingredient suitable for transdermal

administration. Active ingredients ‘include ter-soluble and also water-insoluble,
pharmaceutical active ingredients, which may Je inorganic or organic substances. Preferred
are organic substances. The active ingregients are to be used in acqorda'nce with their
indication as analgesics, antipyretics, Antirheumatics, sedatives, hypnotic agents, anfi-
epileptics, depressants and stimulanty/ anaesthetics, neuroclepiic analgesics, antihistamines,
antihypertensive agents, anticoagllants, antithrombotic agents, psychopharmacological
agents, psycholeptics, chempiherapeutic agents, e.g. antiblotics, - sulphonamides,
antituberculosis agents {tubgfculostatic agents). or also chemotherapeutic agenis against
tropical infections, diuretigé, spasmolytics, cardiovascular agents, e.g. sympathomimetics,
antihypertensive agenjé, cardiac stimulants, e.g. cardiac glycosides and digitaloids,
parenteral sugar thefapeutics, analeptics acting on the cenfral nervous system, geriatric
agents, tonolyfi / (of striated muscles), anti-Parkinson agents, cytostatic agents,
immunosuppregsants, tonics and vitamins, according to B. Helwig (Modetne Arzneimittel),
1980.

Preferapfly active ingredients are selected from the group consisting of a-adrenoreceptor
agonibts, B-adrenoreceptor agonists, o~adrencreceptor blockers, anesthetic analgetics, non-
apésthetic analgetics, androgens, anesthetics, antiallergics, antiandrogens, antianginals,
ntiarrhythmics, penicillins, antidiabeﬁcs, antihistaminics, antimigraine agents, hydrated

ergot alkaloids, Ca++ antagonists, serotonin antagonists, platelet aggregation inhibitors,
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anfidepressants, broncholytics, estrogens, gestagens, vasodilators, hormones, a
. dementia drugs (incuding cholinesterase inhibitors).

Preferred antibiotics include penicillin, tetracycline, chlorotetracycline, bacitracin, ny#atin,
streptomycin, neomycin, polymicin, gramicidin, oxytetracyclin, chloramphenicol,
erythromyein, rifampicin, cefazolin, cefoxitin, cefsulodin, cefotiam and mefoxiry. Preferred
chemotherapeuiic agents include sulfamethazine, sﬁlfamerazine, suifametifzole and
sulfisoxazole. Preferred sedatives and hypnotic agents include chloral hfdrate,
pentabarbital, phenobarnital, secobarbital, codeine and carbroma. Prefferred cardiac
glycosides and digitaloids include digitoxin and digoxin. Prefereed gympathomimetics

includes epinephrine.

In particular, antipyretics, analgesics and antirhéumatics y be used as the active

ingredient in the presentation aon_:ording to the invention 1 suitable water-soluble form or
water-insoluble form,.for examplé propyphenazone, gfinophenazone, aspirin (ASA),
antipyrine, methyl nifenazine, melaminsulfone, sulfénazone, phenacetin, pentazocine,
lactophenin, paracetamol, quinine, flufenamic gfid, mefenamic acid, tolfenamic acid,
meclofenamic acid, niflumic acid, clonixin or dlonixidin, flunixin, ibuprofen, suprofen,
ketoprofen, fenoprofen, pirprofen, diclofepc, ibufenac, procticic acid, naproxen, cicloprofen,
tolmetin, clopirac, tiaprofenic acid, oxaghozin, fenclozic acid, fentiazac, clidanac, fenclonac,

fenoprofen, flurbiprofen, carprofen, gulindac, cinmetacin, fenbuten, etodolac, butifufen.

Preferred psychopharmacologigal agents include neuroleptics, antidepressants,
thymoleptics, thymerethical grugs and tranquilisers such as thioridazine, imipramine,
desimipramine, clomipragfine, ketimipramine, opipramol, amitriptyline, noririptyline,
reserpine, aromazine, £hlorpromazine, fluopromazine, methopromazine, trimeprazine,
diethazine, promethézine, aminoprbmazine, mepazine, pipamazine , maprotilfne and

memantine.
Preferred apfihypertensive agents include oxprenoiol and metoprolol,

bly, active ingredients are selected from the group of anti-demantia drugs, such as
rivagffgmine, donepezil, galanthamine, selegiline memanitine and the pharmacologically
agteptable salts of said active ingredients. |

Preferred cholinesterase inhibitors include tacrine, rivastigmine, donepezil, galantamine,
physostigmine, huperzine A and pharmacologically acceptable salts thereof.
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Preferred is a combination of rivasﬁgmine and Memlantine as active ingredients.

Most ;ﬁreferred active ingredients are chosen from the group consistiné of rivastigm' evand '
rivastigmine hydrogentartrate. rivastigmine (Exelon®) is useful in the treatment patiénts
with mild to moderately severe dementia of the Alzheimer type (also known ag/Alzheimer's
Disease), dementia associated with Parkinson's disease and symptoms of Araumatic brain .
injury.

The term “polymers”, when used In connection with the reservoi layer of the active
ingredient, denotes a polymer selected from the group consisting/f polydimethylsiioxanes,
poly-acrylates, , poly-isobutene, polybutenes and styrene-isoprefe-styrene block copolymers -
or mixtures thereof, respectively combined with resins, '

Preferred polymers to be used within the reservolr |dyer are selected from the group
consisting ofpolyacrylates e.g. Durotak 2353 from Natjénal Starch.

The term “silicon polymer” denotes polydipfethylsiloxane based polymers e.g. the
amincompatible Bio-PSA Q7-4302 from Dow Gérning.

The term “tackifier” denotes a substance Ahich is increasing the adhesivity/tackiness of the
transdermal formulation. Preferred taggkifiers are selected from the group consisting of
Silicone olls, glycerine esters of hydsgenated resin acids, hydroabietyl alcohol, resin esters,
Hydrogenated Methyt Ester of Wéod Rosin, Ester of Partially Hydrogenated Wood Rosin
Esters of Ro;in, etc. and combinations of those.As appreciated by the skilled person, TTS

. are made out of several layers having specific characteristics. These layers may vary with

respect to the individual gbmposition and to the thickness of the separate layers,

[n a prefeired embaodiment of the present invention , the active ingredients used have a low
saturation solubiljy in the silicone adhesive. The saturation solubility of the active ingredient
in the silicone Adhesive is for exampie less than 15%-wt., preferably less than 10%-wt., and
most preferped between 2 and 8%-wi,

The siljfone adhesive layer preferably reduces the active ingredient permeation from the
resegboir layer through the skin by no more than 40 %, especially preferably by no more than
2{% and more especially preferably by.no more than 10%.
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. g/m?, preferably in the range of 10 to 30 g/m®

The composition according to the invention may be used for administrating a widgAsariety of
. active agents. Suitable active ingredients are the ones identified above.

In a preferred embodiment, the reservoir layer further cc;mprises auxifiarigs such as fillers,
antioxidants, colorants, skin penetration promoters and / or preservatiyés. Such auxiliaries
are known fo the expert and may be selected from standard text pooks, see in particular
Fiedler's "Lexicon der'Hi[fstoffe",' 4th Edition, ECVY Aulendorf /1996 and "Handbook of
Pharmaceutical Excipients” Wade and Weller Ed.(1994) e contenis of which are
incorporated herein by reference. '

In a particularly preferred embodiment, the reservoir laygr contains an antioxidant, such as
o-tocopherol, Ascorbyl palmitate or butylated hydroxyjbluene (BHT).

In a preferred embodiment, the reservoir layer cghtains a skin penetration promoter such as
Transcutol, Glycerine, Glycerlne-esters, Fatiy~acids, Salts of Fatty-acids, Azone, Diethyi-
toluclamide, Propyléngyicol, Propylenglycojfesters, Butandiol, isopropyl-esters, Urea, etc..

In a preferred. embodiment, the ratio of thickness of reservoir layer : adhesive layer is in the
between of 5:1 and 1 2; preferably between 2:1 to 1:1.

In a preferred embodiment, thé TTS has an adhesive force > 5 N/10 cm? preferably > 10
N0 cm? . In a preferred mbodimenf, the TTS ‘has an adhesive force < 100 NI10_ cm?
preferably < 50 N/10 #m? The adhesive force is determined according to standard
procedures, e.g. as dggcribed in the examples.

In a preferred empfodiment, the TTS has a size range of 2 to 50 cm?, particularly preferred 5
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In a further embodiment not on[g,i the pb!ymer matrix contains the active ingredient(s)
also the silicone adhesive layer.

In & further aspect, the invention provides a TTS which incorporates as activg’ agent a
cholinesterase inhibitor in free or pharmaceutically acceptable salt form, foy use in the
prevention, treatment or delay of progression of dementia. -

In a further aspect, the invention provides a method for the prevention, yeatment or delay of
progression of dementia associated with Parkinson’s disease in a gdbject in need of such
treatment, which comprises administering to said subject a thei'a utically effective amount
of a TTS which incorporates as active agent a cholinesterase inhibitor in' free or

pharmaceutically acceptable salt form.

In a further aspect, the invention provides a method for jhe prevention, treatment or delay of
progression of Alzheimer's disease in a subject in ng#d of such tréatment, which comprises
administering to said subject a therapautically effegfive amount ofé TTS which incorporates
as active agent a cholinesterase inhibitor in free/br pharmaceutically acceptable salt form.

The manufacturing of a TTS according to {Me invention may be accomplished in any method

known to the skilled person.

In a further aspedt, the invention prgvides a preferred method for manufacturing 2 TTS, This

method comprises the steps of
a.) manufacturing of the/Active ingredient in adhesive solution
b.) coating of the aglive ingredient in adhesive solution
¢.) drying of the active ingredient in adhesive solution
d.) manufgcturing of the silicone adhesive solution
e.) celting of the silicone adhesive solution
laminating of the silicone adhesive tayer to the drug in adhesive layer

~ g.) Punching and Pouching
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In a further aspect, the invention provides a TTS comprising as active ingredient rivastigny

in free base or pharmaceutically acceptable salt form and providing specific pjdsma -

concenitrations,

in humans.
ainly through,
lasma half life of
‘have found that a

It is rapidly and completely absorbed. We have found that it is metabolise
hydrolysis by esterases, e.g., acstyl and butyryl cholinesterase and has
1 hour, It is subject to pre-systemic and systemic metabolism. We n
TTS containing rivastigmine may be produced with advantageou properties, e.g., better
tolerability.

The invention thus provides a TTS comprising as active ingrédient rivastigmine in free base
or pharmaceutically acceptable sait form having a mean paximum plasma concentration of
about 1 fo 30 ng/ml from a mean of abaut 2 to 16 hour

The invention further provides a TTS comprising/as active ingredient rivastigmine in free
base or pharmaceutically acceptable salt #rm having a mean maximum plasma
concentration of about 1 to 30 ng/mi from ean of about 2 fo 16 hours after application
and an AUC 24h of about 25 to 450 /hg*hmL after repeated “QD" (i.e. once daily)

administration.

w to produce a TTS having the above defined plasma
I appreciate that such plasma profiles may be obtained by

A person skilled in art is familiar
profiles, A person skilled in art
varying, e.g., :

o the composition of thef first and/or -second components, e.g., the nature and amount of

excipients and/or gglive agenti(s)
» the type of thgfdhesive layer

e the dimengion of the paich
ATTS phay be formulated with following aspects in mind;

yle time until the release of active agent (lag time or delay time)

» the rate of release of active agent (fast or slow)
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« the duration of release of active agent (long or short)

¢ Reducing first-pass metabolism

Improve compliance of the patients

Reduce application intervals

Such aspects may be observed in standard in vitro dissolution testg, e.g., in Water or if
desired in body fluids, e.g., artificial gastric juices.

Little has been published on reliable time-controlled release fopfhulations allowing a release -

at a pre-determined time of a single or repeated doses of agife agents. There exists a need
for such formulations which are commergially acceptable.

After extensive testing, we have now found that it is/possible to produce a TTS capable of
releasing at a specific time, i.e., with a time delay #r lag time, a pharmaceutical active agent
or active agent mixture, e.g., substantially indgpendently of the concentration and type of
ions present in the gastro-intestinal environrpént, e.g., hydrogen ions and hydroxyl ions; i.e.,
independently of pH, phosphate ions, angd also indepeﬁdently of enzymes, present into the
surrounding body fiuid..

Accarding to the present invention// rivastigmine may be used in the form of the free base or
a pharmaceutically acceptable galt thereof. Preferably, the free base is used.

The exact amounts of actj¥e agent doses and of the TTS to be administered depend on a
number of factars, e.g., fhe condition to be treated, the desired duration of treatment and the

rate of release of actiye agent.

For example, thg/amount of the active agent required and the release rate thereof may be
determined opf the basis of known in vitro or in vivo techniques, determining how long a
particular g#iive agent concentration in the blood plasma remains at an acceptable level for a
therapefic effect.

Forgxample, for rivastigmine, dosages in the range of 1 mg to 12 mg of active agent per day
ra 70 or 75 kilogram mammal, e.g., humans, and in standard animal models, may be
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The TTS of the invention allows, e.g., the manufacture' of once a day pharmaceutical forpfs
for patients who have to take more than one dose of an active agent per day, e.g., at spfcific .
times, so that their treatment is simplified. With such compositions tolerability of rivagfigmine
may be improved, and this may allow a higher starting dose and a reduced numiér of dose
titration steps.

A increased tolerability of rivastigmine -provided by the compositions be observed in

standard animal tests and in clinical trials
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The following non-limiting examples illustrate the invention:
EXAMPLE
L. TTS Production

The following exemplary tests were conducted using the cholinesterase inhifftor rivastigmine
present in form of its free base. For the tests the following two TTSs were/broduced:;

TTS #1: Subsirate portions with a weight per unit area of 60 g/f2 having the following
composition were praduced: '

rivastigmine (free base) : _ . 370 wi-%: .
Durotak® 387-2353 (polyacrylate adhesive) 49.9.wt-%
Plastold® B (acryl%te copolymer) o 20.0 wt-%
Vitamine E 0.1 wt-%

TTS #2: Substirate potiions were producegd/in the form of a bilayer, one layer of said bilayer
corresponding to TTS #1. Said layer j¢ provided with a sllicone adhesive layer having a
weight per unit area of 30g/m2 accorging to the following composition:-

Bio-PSA® Q7-4302 (silicone agfiesive) 98.9 wt-%
Silicone oll 1.0 wi-%
Vitamine E 0.1 wt-%

The saturation so ility of rivastigmine in form of its free base in the silicone adhesive is
about 5%-wt.
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- Test plate: steel
- Peeling angle: 90°
- Pesling speed: 300mm/min

For both TTSs the adhesive forces shown in Figure 1 were obtained. The cffart of Figure 1
clearly shows that coating the acrylate adhesive matrix with a silicopfe adhesive layer
sighificantly increases its adhesive force.

rivastigmine “in the form of its free base is liquid at room température. It was therefore

necessary to add.a “thickening polymer’ (Plastoid® B) when in rporating 30%-wt. of active
ingredient. A substrate with low adhesive force is thus obtajled. When using an additional
silicone adhesive layer the adhesive force is about fiveAimes that of a comparable TTS

without additional silicone adhesive layer.
Il. Permeation properties

In order to determine whether the application gf an additional silicone adhesive layer affects
rivastigmine through full-thickness human skin

th TTSs. For said permeation tests the following

active ingredient release the permeation
and EVA membranes was tested for
conditions applied:

The fuli-thickness human skin apfl the EVA membrane were respectively introduced into a
modified Franz diffusion cell. fhe diffusion surface area was 1.51 cm2, Phosphate buffer
(pH 5.5) with 0.1% sodium 4zide was used as acceptor medium. The acceptor medium had
a volume of 9ml. The tegt temperature was adjusted to 32°C by means of a water bath, thus

corresponding to the glirface temperature of in vivo human skin.

The entire accepidr medium was replaced with fresh acceptor solution after 8, 24, 32, 48, 56
and 72 hours ipf order to assure perfect sink conditions over the entire test period.

The contepft of rivastigmine in the acceptor medium was determined by HPLC,
The rgsults of the permeation tests are graphically shown in Figures 2 and 3.

id resuits illustrate that practically no differences with regard to permeation rates of
rivastigmine present in the form of its free base through human skin were observed between



WO 2007/064407 PCT/US2006/039557

-14 -

the two TTSs (Figure 2). The slight differences are likely to be due fo the use of a biologi
material like skin and could be explained by local skin variations like for exa ple
microlesions or hair follicles.

In order to eliminate variations caused by the use of blological material the perpbation-fesis

were repeated using an artificial membrane (EVA membrane). The results shelvn in Figure 3 |

confirm the findings obtained with full-thickness human siiin', namely that foth TTSs do not
differ with regard to their permeation properties. -

Surprisingly, the application of the additional silicone adhesive Iaffer has no influence on
active ingredient permeation through the skin. '

According to the present invention TTSs having sigrificapfly higher adhesive force while
retaining their original size can therefore be produced. ’ )

IV. Pharmacokinetic properties

An open-label, parallel-group, four-period, ascghding dose-proportionality study evaluating
TTS#2 5 em? 10 cm?, 15 em?, and 20 cm® apd 1.5 mg, 3 mg, 4.5 mg, and 6 mg BID Exelon®
capsules at steady state in patients yith mild-to-moderate Alzheimer's disease’ was
conducted

Patients diagnosed with mild to ngbderate Alzheimer's Disease were randomized to either .

TTS#2 or capsule treatment. Fhe critetia for inclusion were: male or female {non-child-
bearing potential) patients, 52-85 years-of age, who fulfill the (DSM-IV) criteria for dementia
of the Alzheimer's type. Pglients should have been diagnosed with probable AD according to
NINCDS - ADRDA criféria, with a MMSE score of 10-26 (both inclusive), and no other
medical conditions thét could impact study resulis.

Based on previglis experience in clinical trials, 14-day fitration steps were implemented for
this study.

At the tifie of this analysis, the following number of patients completed each of the four
, and were included in the pharmacokinetic evaluation:
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Capsule . . TTS#2
19 patients in the 1.5 mg bid dose 18 patients in the 5 cm? dose
18 patlents in the 3.0 bid dose 18 patients in the 10 cm? dose
13 patients in the 4.5 mg bid dose 16 patients in the 15 cm? dose
12 patients in the 6.0 mg bid dose - 11 patients in the 20 cm? dgbe

The pharmacokinetics of rivastigmine were investigated after both Areatments on the last day
of each titration period, except on highest doses when it is Anvestigated on third day of
titration (in order not to miss plasma samplings in case of early drop-outs due to poorer
tolerability). Plasma samples were analyzed for rivastignpine using LC-MS/MS with a lower
limit of quantification (LLOQ) of 0.2 ng/mL. Standarg noncompartmental -pharmacokinetic
parameters were derived from the individual plgma concentration-time profiles using
WinNonlin Pro.

The pharmacokinetic parameters of rivagfgmine are summarized in Table 1 (capsule
treatment) and Table 2 (TTS#2 treatméfit). The mean (+ SD) plasma concentration-time
profiles are displayed in Figure 4.

During the application of TTS#2/a rivastigmine plateau concentration was achieved at a
median tq.x of 8.0 h for all PI'S sizes. Exposure also increased over-proportionaily with
increasing doses as displayed in Table 3, but to a lesser extent than with the capsule, in
particular for AUCa. '

The inter-subject vAfriability as assessed by the coefficients of variation (CVs) for the

exposure paramefers of rivastigmine (Cmax and AUCzn) was generally lower after the patch
(CVs of 33-48%) as compared to the oral administration (CVs of 39-68%).
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Table 2 Descriptive statistics of pharmacokineﬁc parameters of rivastigmine '
following TTS#2 application

ENA713 Crnax Fmoe AUCz4n AUCH,. tw
{ng/mlL} {h) (ng-hAmL}) {ng'hipfl) (h)

5 ¢m? (9 mg loaded dose)

Mean £ SD 2664115 456 £ 16.6 .6 £16.6 na
CV% . 43 . 36 36 na
Madian 2.66 8.0 438.3 48,3 na
Min 1,19 0.5 19.7 19.7 na
Max 4.83 12.0 74.9 74,8 na
N _ 18 8 18 18 na
10 cm® {18 mg loaded dose)

Mean % SD 757274 123 £41.0 na
CV% 38 33 na
Median 7.75 8.0 121 121 na
Min 276 3.0 58.5 £8.5 na
Max 12,0 16.0 199 198 na
N 18 18 18 18 na
15 cm® (27 mg loaded dose)

Mean £ SD 13.8+8.58 226 £ 855 226+ 85.5 na
CV% ) 48 38 38 na
Median 15.8 243 243 - na
Min 4,32 3.0 93.6 93.6 na
Max 25.7 16.0 346 3486 na
N 16 16 16 16 na
20 om*® {36 mg loaded dose)

Mean £ SD 339 %138 397 £154 3.40+0.67
CV% ’ 41 39 20
Medlan 8.0 323 : 358 3.24
Min 0.0 140 180 2.60
Max 12.0 525 508 4.62
N 11 11 11 A

na = not available
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rivastigmine Capsule TTS#2
Dose . Cinax AUC;, Crnax AUGC,,;,
x2 X285 x4.3 x2.8 x2.7
x3 x3.8 X7.3 x52 x 5.0
x4 | X7.3 x12.2 x741 x7
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or moreypolymers,
¢) an adhesiveVayer comprising a silicone polymer and a tackifier.
. TTS according to claign 1 wherein the backing layer is active ingredient-impermeable
. TTé according to claim TN\or 2 compr-ising aﬁ additional detachable_protective layer,
A 'fTS comprising

a) a backing layer,

b) a reservoir layer containing at leas\one pharmaceutically active ingredient in the form
of a polymer matrix and '

¢) an adhesive layer that has an adhesive foxge between 10 N/TTS and 100 N/TTS.

. TTS according to any of claims 1 to 3, characterized in that the active ingredient has a
saturation solubility of less than 15 %-wt., prefergbly less than 10%-wt.,, and most
preferred of 2 to 8%-wi., in the silicone adhesive.

. TTS according to any of claims 1 to 4, characterized in thit the silicone adhesive layer
- does reduce active ingredient permeation from the reservoir layer through the skin by no

more than 40%.

. TTS according to any, of claims 1 to 5, characterized in that the sjli
has a weight per unit area in the range of 5 to 60 g/m2.
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penicillins, antidiabetics, antihistamihics, antimigraine agents, hydrated ergot alkaloids,
Ca++ antagonists, serotonin  antagonists, platelet aggregation inhibitors, .

tldepressaqts, broncholytics, esirogens, gestagens, vasodilators; hormones, anti-
detkentia agént.

9. TTS achording to any of claims 1 to 6, characterized in that the active ingredient is '
selected fQm the group consisting of tacrine, rivastigmine, donepezil, galantafnine,
physostigming, huperzine A and pharmacologically acceptable salts thereof. '

10. TTS according to\any of claims 1 to 6, characterized in that the active ingredient is
selected from the grup consisting of rivastigmine and rivastigmine hydrogentartrate.

11. TTS according to one © t'he preceding claims, characterized in that the reservoir layer
comprises a polymer chdgen from the group consisting of polydimethylsiloxanes,
acrylates, methacrylates, poNjsobutylenes, polybutenes and styrene-isoprene-styrene
block copolymers or mixtures thexeof, respectively combined with resins.

12. TTS according to one of the prechding claims, characterized in that the tackifier is
selected from the group consisting oN\Silicone oils, glycerine esters of hydrogenated
resin acids, hydroabietyl alcohol, resin Wgters, Hydrogenated Methyl Ester of Wood
Rosin, Ester of Partially Hydrogenated od Rosin + Esters of Rosin, etc. and
combinations of those.

13. TTS according to claim 11, characterized in that the additive is chosén from the group
consisting of silicone oils and resins. '

14. TTS according to one of the preceding claims, characterizad in that the active ingredient
is also contained in the silicone adhesive layer.

15. A TTS comprising as active ingredient rivastigmine in free badg or pharmaceutically
acceptable salt form and providing a maximum plasma concentratiqn of about 1 to" 30
ng/mi from a mean of about 2 to 16 hours after application .

16. A TTS comprising as active ingredient rivastigmine in free base or phaxnacsutically
acceptable salt form and providing a maximum plasma concentration of abou\2.5 to 20
ngfml from a mean of about 4 to 12 hours after application .
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17. A TTS comprising as active ingredient rivastigmine in free base or pharmaceutically
acceptable salt form and having an AUC.4, of about.25 to 450 ng*h/mL after repeated .
ce daily administration.

. 18.A comptising as active ingredient rivastigmine in free base or pharmaceutically
accept e salf form and an having an AUC.d, of about 45 to 340 ng*h/mL after repeated

and Memantine.

20. A process for mawufacturing a TTS accor&ing to any of the preceding claims
comprising the steps of '

a)- manufacturing of the actiwg ingredient in adhesive solution

b) coating of the active ingredien{ in adhesive solution

¢) drying of the active ingredient in 2ghesive solution

d) manufactur-ing of the silicone adhésiv solution .

g) coating of the silicone adhesive solution

f) laminating of the silicone adhesive layer to the¥rug in adhesive layer
g) Punching and Pouching .

21. A method for the prevention, treatment or delay of progresgjon of Alzheimer's disease in
" a subject in need of such treatment, which comprises adm¥jistering to said subject a
therapeutically effective amount of a TTS according to any of clins 1 to 17

22. A method for the prevention, treatment or delay of progression of dgmentia associated
with Parkinson's disease in a subject in need of such treatment, Which comprises
administering to said subject a therapeutically effective amount of a TT] according to

any of claims 1 fo 17
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3. A method for the prevention, treatment or delay of progression of symptoms of traumatic
brain injury in a subject in need of such treatment, which comprises administering to.said .
bject a therapeutically effective amount of a TTS according to any of claims 1 to 17.

24. A method for the prevention, treatment or delay of progression of Down's syndrome in a
subject Ya need of such treatment, which comprises administering to said subject-a
therapeutitqlly effective amount of a TTS according to any of claims 1 to 17.

25. A method for the prevention, treatment or delay of progression of post operative delirim
in a subject in nedd of such treatment, which comprises administering to said subject a '
therapeutically effectiye amount of a TTS according to any of claims 1 to 7.

26. Use of a TTS according\jo any of claims 1 to 17 for preventiori, treatment or delay of_
progression of Alzheimer's\ disease, dementia associated with Parkinson's disease,

symptoms of traumatic brain in§




TRANSDERMAL THERAPEUTIC SYSTEM

Daseription

- Thepresent favention felales to rivastigming, In frea iase or pharmaceulicaliy acceptshle salt form, forusein
amelhod of preventing, realing or delaying progiession of dernentiz of Alzheimar's disease, wherein he rivasiianine
is adminislered in a Transdermal Therapeulic System and (he slerlng dose i 25 defined M elalm 1,

BACKGROUND OF THE INVENTION

Transdemyal Thecopeulic Sysiems (TTS) and their manufacture are genecally knowa in the arl. EP 1 047 409
dischsesa TIS contalning rivastigmine and an aniioxidant, 68 2203 040 distloses a TT'S conlaining rivesiiomine and
a hydrophikc polymer.

These TS have valuable properlies, However, there Is anzet for fisther TTE sheving Improved peoperties,
In parllevlar, there Is a need o pravida 778 toimgrove complionee, adhesion, folerabifily 2ndfor safely. -

DE 199 16 105 A1 discloses a TTS comprlsing 2l least one prarmaceutical active agentand a nsulralizedacid
pelyacrylate pressure-sensilive adhesive, wherein dvasiiomine Is disclosed as a suilable pharmeceulical zellve 2365,

" Tse Prancis | § et 2], Pharmaceytical Research, vol, 15, no. 10, (1958), pages” 1614 ~9620 discloses the
{rensdrimal, oral and Intravenous admblslrailon of ivastigming fo minipias,

Thus, ltis ap aim of Ihe present invention fo provide a TI'S with improved compiisnce, adhesicn, tolerabilly
and / ar szfely properies,

Lis a forther objective of the present inventlon [o provide 2 TTS thathas a refalively large amoont of aelive
ingredlent and has on adhesive force 1o ensure safe applicalion over fae entire applieation period,

llis a furlier objeclive of the present iavention to provide 2 TTS thal has a telotivaly large amount of aclve
ingredleniwithoul having an inadequalely large expanse,

It is a furihar abfeclive of the present Invenfion to provide a TTS Ihat shows improved adhesive properlies
withett chonging the refease proiile of the aclive ingredient,

iLis 2 fudher objeclive of lhe present invention [o provide 2 method of ealment and controlied-release farmu-
Iatlon(s} that subslantially improves the effisacy and tolerabiliy of sivastignine.

1ils a further objective of the presentinvention fo providea matiod of Itealmentand contrallod-raleasa farmu-
lation{s) that substantially redisces the time and asourees peeded lo adiministes ivastigmine for lherpetiic beaeff.

Itisa further objeciive of ke present inveation lo provide a method of freatment and conltolied-telease farmu-
Iation(s) trat subsiantially improves complianes wilh rivastismine therapy,

N 1s & further objective of Ihe preseal invantion lo provide a methed of treatment and conlialied-release formu-
tation{s) thativavesubslantially less infer-individualvarialionwilh regard o plasta esntentitions of fivastigmine requied
{o produce a therapeulic benefil without unacceptable side effacls.

Thisis achfoved by 2 TTS s defined in the anclosed claims.

SUMMARY OF THE INVENTION

Embodiments of e present invention are s21 out in ihe enclosed independenl cfairn,

In oae aspect, the present inventlon provides rivasligmine, in fres base or phamaceulically accaplable salf
forem, for use In @ method of preveniing, Vealing or Gelsying progression of dementia or Azheimer's dis¢ase, whereln
the rivasigmine Is adminfsiered ina TTS and the slarling dose i 25 defined In olaim 1.

Flguro 7 shows a bar chartillusiraling the different adhesive Torces of 2 TTS having en addilional silicone adhesive
layer (TS #2} and of a TTS having np addilional silicone adhesive layer (TTS M),

Figure 2 shows @ graph lfusitating the diferent permeatian cates of sivastigmine lheough fulldhickness human skin,

adminislered bymeansofa TTS having ap additional siticone edhiesive layer{(TTS5#2) ora TTS having no addilional
siicone sdhesive fayes (TS #1).

Figure 3 shows a graph Hluslaling the diferent permeation rates of fivastigmine lhecugh an EVA membiane, ad-
ainfslered by means of a TTS hiaving an addilion?] slicone adhesive fayer (TTS42} ora TT8 having no edditional
siticane 2dhesive fayer {175 #1).

Flgure4 shotwsa graphillsirating the plaseya BK profites folloving espsule (ebove) or TTSH2 (below) adminisiralion

) Tesls wilh eclive ingradienls for the reaiment of Azheimer's diseass have strprisingly showm thet a line of
s‘;liconeadhesh'ecanbeapplled!oapnnrlyarihcsi\'cresewoirma!rix,!hussigniﬂcenllyincteasing {headhesiveproperiles
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of the preparafion without affecling the thermodynamic properiles of (ha TTS, e, withovt reducing the release of active
Ingredient from the malrix and ils parmealion through the skin,

Thefindings of the {ests en transdermal applicalion of aclive ingradients for tha ireatment of Alzheimer's disease
carried out by the applizant can of cotirse be transferred Lo other groups of aclive ingredients, [t can Ihevefore be sfaled
in generel Ihat for many ackive Ingredients an increasig proporlion of aclive ingredient in he adhesive polymer mateds
of the TTS significantly redugesthe achesive propertiesofihe TTS ifsaid active ingredlenis are salld atraom lemgeralure,
Usually, ifthe aclive ingredientsare inaliquid state al room femperature a/ge amounts of so-called “ickening polymers”
{e.g.celulose or polyatrylate dervalives) have o be added in order fo achleva mechanical processabilly ofthe polymers,
vehich cesulls also in a reduction of adhesive propertles

Inene embodiment the present disclosure provides TTS comprisinga backing Jayer, a reserveirlayarcontaining
at leastone aclive ingredient and a palymer, an adhesive layer compelsing a sifcone polymer and a Jackifier.

A TTS according 1o the disclosure shows improved adhesive properiies, Furiher, and very surprisingly, the so
abtained TTS hag esseniiily the szme release profile when compared with a standard TTS,

The present nvention s furlher refaled to substanilally Improving tha efficacy and tolerabifly of fivasligmine,
by application ofa TTS in the range of 2 fo 50 ¢m? said formulaion providing a mean maximum plasma coneentration
of about{ 1o 30 ng/mL from a mean of aboul 2o 16 hows sfler sppiication and an AUC,;, of about 28 0450 ag-imL
afier repealed "Q0" (i.e., once dslly) adminlstaiion,

ATTSasusedinlheinverilan quile surprsingly shows improved tolerabilily, particularly gastointestingl2dverse
events stch a3 nausea and vomiling, refalive (o equivalent lavels of expostra (AUGyg,) of Exelon® capstlz,

Unless indicated ethenvise, the expressions used in this invention have the following meaning:

The leim "ransdermal Lherapeutio syslem® denoles any device thatis capable to relsase a pharmaceulizally active
ingredlent thtough the stin, This instudes palicularly self-zdhesive devices such 95 patches.

The lesm “backing layer” denoles the layer remole from the skin, This leyecis preferably active ingredient-im-
perizable. Any seflable malersl or combination of maledsls may be vsed. For example Polyelhylen-herephthatate
(PET), Polyelhwlan, Polylpropylen, Polyuretliane, ele, may be employed,

. ThelermIresorvoirlaver” denoles 2 layer containing one or more sdlive ingrediznis in conneclion with o118 cre
mere polymess. Ina preferred embodiment, the reservoir layer comprises an aclive ingredient in the form of a polymer
malrix

Theferm "adhesive laver denolesine layer faclng the sidn, Thislayer comprisesa sillcon polymerand atackifer,

. Thalarm "delechable proleclive Jayer* denotes the laver remole from the paleh prior lo 1is 2pplication to the
skin. This layer Is prefesably ackive Ingredientimpermeable, Any suitzbla maleral or combinalion of maledals may ke
used. For example siliconized PET, siiconized Polypeopyten, sifconized Palyethylen, fuoepalymer cozled PET, fuor-
polymer coated Polypropylen, Flues-polymer coaled Poyetfylen, £lo. may bz employed,

™ The ferm "palymers”, when psed in conneolion wilh the reservolr fayer of Lhe active ihpredient, denoles a
polymer selecled from the grolrp consisting of polydimethylsioxanes, poly-acrylates, , poly-lscbulene, polybutenes and
siyrene-isoprene-styrens block copolymers or mixtures thereof, respectively combined with resins,

Preferies polymers to be used wilhin the ceservolr fayer are selected fram the group conslsting ofpolyaciylales
&.9. Durolak 2353 from National Staceh.

The lerm "sillcon polymer™ denoles polydimelbylsiioxane based polymars e.g, the amincompativle Bio-PSA

017-4302 frort Dovr Comiing,
. The leim “fackifier” denoles a subslance which is increasing the adhesivityltackiness of the ransdermal for-
mufation, Preferred (2ekifiers are selecled fromthe group consisting of Siflcone oils, glyzerlne estess of hydcogenated
resinaclds, hydroakbietylal¢ohol, rasin esiers, Hydrogenaied Methyl Eslerof Wood Rosin, Esterof ParliallyHydrogenaled
Wood Rosin Esters of Rosin, elr. and comblnations of thosa. As appreelzted by lhe skiiied parson, TTS are made ouf
of several layars having specific sharacleristics. These Jayers may vary with respect to the individual composilion and
lo e thickness of the separate lavers.

Ina prefersed embuodiment of the present invenlion (ha TTS sormprises an adhesive layer comprising asiilcone
polymer and a tackifier, and, the active Ingredients used have s Jow saluratian solubility in the sillcone adhesiva, The
salufalion solubifily of the active ingredient in the siiicone adhesive Is for example less than 1835wk, preferably fess
than 10%-wl,, and mosl preferred helween 2 agd 8%-wi,

in embodiments of the preseat invention whecethe TY'S comprises an adhesive layar comprising a sillcone
polymerands tackifierthe sileone adhesive fayer praferahly redtices the aciive Ingrsdient permealion from lke veservolyr
feyer{hraugh ifre skin by ne more than 40 %5, especially preferably by no more (han 20% and mere especially preferably
by ne more than 10%.

In embodimenls of The present invention whereln the TS comprises an 2dfiesive layer comprising a silicone
palymer and a fackifier, (he velghl per unll area of tho siilcons adhesive laveris for example in the range o 5 1060




glm?, preferably in the range of 10 to 30 gim2.

The composllion used in Lhe inveation nvay ke used for adminisiraling o wide variely of active agents. Stuilable
acllve Ingredients are the ones identified ahove,

in 2 prefeired embodiment, the TTS comprises a resarvoir layer and the resenvolr layer fudher comprises
ausfilaries such as Mllers, anliexidants, coloranls, skin penelration propolers 2nd f or presecvalives. Such aviliafies are
known o the expert and may b sefecled from slondard lext books, see in pedicular Fizdlers “Lexicon dey Billstoste®,
4t Edition, ECV Aulenderf 1986 end "Handbook of Pharmaceulical Excipienis™Wade snd Weller £4.[1591) the conlenls
of which are Incorporated herein by raference,

. Ina particulerly prefersed embodiment, fhe TTS comprises a resenvair fayer and the reservolr layer conlains

an anffoxidant, stich as a-locophera), Ascorbyl patriltate of bulylaled hydroxyloluene (BHT).

Inapreferred embudfmenlifleTTScompn’sesare.servoTrlayerand(hereservoir.laycrcon!ainsas}:in penelralion
premoter swch a5 Transoulol, Glyzerne, Glycerne-eslers, Fally-acids, Salis of Fatly-acids, Azone, Diethylleluolemide
Propylengyleol, Propylenglycol-esters, Bulandio), Isopropyl-eslers, Ures, elc..

Inapreferred embodiment. whereln the TTS eomprizesaceservoirlayerendan adhesive layer, the ratio of the thickness

of reservai layers achesive feyer | s belween 81 and 1: 2; preferably between 2. i 1:1.

Inapreferred embodiment, he TTS hasanadhesive foree> SNHO cm preferably= 10 N0 cm2, inapreferred
embodiment, the TT€ hagenadhesive force < 100 N0 em? preferably < S0MMOom2 The adhesive foree is determined
according lo standard procedures, .9. as described in lhe exampies.,

Inapreferred embodiment, the TTS has a size range of 2 |o 50 om?2, pariculenly prefered 5 {6 20 erE,

tn 3 preferred embodiment, the TTS provides a mean meximum plasma concenlraibon of rivastigmine of { lo
30 ng/mL from & mean of 2 {o 16 hours aiter application with an AUC,;, 0f 25 {0 450 ngl/ml., panicwlery preferred,
the TTS prevides a mean maximum plasma concentrallen of rvastigmine of 2.5 to 20 ngimt, from @ stean of 4 {o 12
howrs after application wilh an AUC,,y, of 45 to 340 ng-himt.,

It 2 further embodiment whelcin the TTS comprises an adkesive [ayer comprising a silicone polymer and a
+ackifier, . and a reservolr layer comprising an aciive fngredfent in the form of a golymer matrls act only the palymer
matrix cantains lhe active ingredient(s) bul also the siitone adhesive fayer.

In a furlhier aspect, the invenlion provides vastigmine in ftee base or pharmacewtically acceplable salt form,
for use in (he preventian, ireztment or detay of progression of dementia Whersin the rivastignine is administered ina
TTS and the starling doseis as defined in claim 1.

In a further aspect, {he invenlion grovides rivastigmine for use In a melhad for the prevention, frealment or
dolay of prograssion of demerilia associated with Parkinson's disease wherein te rivastigning s adminfstered Ina TTS
and the stanting dose Is as defined in claim 1.

In a furdher aspect, the invention pravides rivastigmine for use in & method for the prevention, freatment or
delay of progression of Alzhelimer's disease wherein the fvasliomine is adminlsteted Tn 2 TTS and the starling dose
is as defined in clalm 1.

‘The mantfacturing of a TTS aceording fo the invention may be accomplished in any method known o the

skified person,
Suitably, a method for manufaclurng the TTS used in the present invention compiises the sleps of
a,) manulaclurng of the aclive ingredient In 2dhasive solution
b} coaling of the active ingrediert in adhesive solution
¢.} drying of the aclive Ingredient in adhesive solution
d.} manufaciuring of the shicone ahesive solution
&) cozling of the silicone adhesive solulion
{.) leminating of the silicone adhesive layer to the drug in adhesive layer
¢} Punching and Pouching
Lilfle has bean published in defail on rivasligmine's biosharmaceulical propertles in humans, H is rapidly and
complelely absosbad. We have found fhat il is melsbolised mainly $hrough hydralysls by esterases, e.g., acelyl and
bufyry! cholinesierase and has a plasma helf life of 1 hour. It s subfact lo pre-systemlc and syslemie melabolism, We

nowhiaveloundihat aTTS conlaining rivasfigmine maybe producadwilh 2dvaalzgesus propenies, £.g., beltertolerabifify.
A person skilled in art is famifias how to produce a TTS having the above delined plesma profiles, A person
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skilled tn art will appreciate ihat sueh plasma protiles may b= obtained by varying, eg.,:

+  the compositien of the firs! andfor second components, e.g., the nature and amount of excislenls andfor active
sgenl(s)

+  {he lyps of the &dhesive layer
= 1he dimension of (ke paich
ATES may be formulated with foliowing aspests In mind:
= the iime unil the selease of active agent {lag lime ar defay ime}
+ [hesale of release of zelive agent (fast or slow)
¢ the duration of release of active zgenl {fong o shor)
»  Reduelng first-pass melebolfsm
- Improve compliance of lhe palients
*  Reduce applicalion inlervals

Such aspecls may be observed in standard in vitro dissolution tesls, e.9., in waler orif desired in body fluids,

a.q,, atlilicfa! gaslic juices.

* Lillle has bzen published on reliable tine-contrelled release lormalations allowing arelease aka pre-delermined
ume of a single or repealad doses of active agenls, There exlsts a need for such formubalions which are comnedcially
acceplable,
Afterexiensive testing, we hiave now found that itis possible to produce a TTS capable of releasing alaspeciiic
tme, ke, with a ime delay orfag time, o phamoseutica] aolive agent or aclive agent mixlure, e.g., subslanlially inde-
pencendly of tha concentration and {ype of ions present In {he gastro-inteslingl enviranmenl, e.g., hydrogen ieps and
tiydroxylions, i.e., independentlyof pH, phosphaleions, and also independently afenzymes, present info the surrounding
bodyfiuid.

The exact atmounis of aclive agent deses and of the TTS io be administered depend on a pumber of faciors,
e.g,, the condilion (o be irealed, the desired duration of treatment and (he rale of release of aslive agent.
R For example, the amount of {he aclive agent required and e release rale thereof miay be delermined on lite
basis of kagwa In vilro orin vivo techniques, delermfning how fong a pariculsr aciive agent concentezlion in the blood
plasma remains atan acceplabls level for a therageulic effect.

. The TS used In the inveallen allows, e.g., e menvfacture of ance a day pharmaceutcal forms for patients
vho have lo fzke mora than one dose of an acilve agent per dav, e.g,, 3l specific imes, 5o that thelr Yealment'is
simplified. With such eompasitions teleratiifty of rivasilgmine may be Improved, and thfs may allew a higher stading
dosz and a reduced number of dose Yiralion $leps.

¢ Anincreased lolerabilily of fvastigmine provided by the compositans may be observed In standard animal
Tesls and in clinical {rials.

The folfowIng non-limiling examples illustiate the fnvention:

EXAMPLE

[. TTS Praductlion

. The fellowing exemplary tests were conducled vsing the cholineslerase inhibtor rivasligmina present in form
of s frae base, For Ihe lesls the following two 778s were produced:

TTS1: Substrale porifons wilh 2 veafght per unit 2rea of 60 gim2 having the folloviing composition were produced:

rivastigmine {free base) 30.0vt-%
Durofak@ 387-2383 (polyaciylato 2dhesive) 49,99
Plaslold® B (serylate capolymer) 20,0 W%
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{canlinued)
Vilamine E 0.1 wh%

TTS 3°2: Subsiraia portions wera peoduced in the foim of a bitayer, one layer of seid bilayer eorresponding to TS #H.
Said feyers provided wilh 2 sificone adhesive layer having 2 weight per unit area of 30gfm?2 aceording to the foflowing
corposilion:

Bio-PSA® Q74302 (siicone adhesive) 889 wi-%:
Sillcone off T.owk%
Vitamine £ 0.1 wis%

The saturation solubllity of rivestigmine Tt form of ils free base in the silicone adhesive is about 5%.wl.
1I. Defereminalion of adhesiva force

The adhesive force of both TTS6 was detemmined by methods known fo persons skiled in the arl laking inlo
consideration {ha fallowing details:

~  Size of substrate porlions: 10em?2
-~ Teslplate: stee!

- Peeling angle: 30°

- Peeling speed: 300mmimin

For bolh TTSs the adhesive forces shown in Figure 1 were obtained. The ehar of Figure 1 clearly shows that
coaling the acrylate zdhesive matdx with a silicone adhesive layar stgnificantly increases #is adhesive force.
{0064} rivastigmine I the form of ils free basa Is lizuid at room {emperature, 1t was fherefore necessary (o 3dd a
“thickening polymer™ (Plastold® By when Incorposaling 36%-wl, of 2clive Ingredient. A subsirale with low adhesive force
s thus cblained, When using an additlonal sllicone adhesive fayer the adhesiva force Is about five fimes fat of a
comparabla TTS withoul 2ddiliona! siticone adhesive layer.

Ilt, Permealion properies

In order to delermine whether (he applicalion of an additions! sillcone adhesive layer affects active Inprediont
velease the permeation of rivasiigmine through fullthickness human skin and EVA mambranes was lested for both
TTSs, Forsald permeation lesls the loflewing conditions applied:

Thefull-thickaess human siin and the EVA membrane were respectively Introduced inlo a modified Franz dilfusion
cell. The difiusion surace srea was 1.5 em2. Phosphate buffer (oH 5.5) wilh 0.1% sodium azlde was used as
acceplormediury, The acceptor medium had avolume of 9ml, The fest temperalure was adiusted {0 32'C by means
of o waler bath, thus corcesponding lo the surface temperature of in vivo human skin,

‘The enlire acceplor medilim was replaced vilh frosh acceplor solution afler 8, 24, 32, 48, 56 and 72 kours In
order {o assure perfect slnk conditions over the enlire fest pericd.

The conteni of rivasligmine in the acceplar medium was determined by HPLC.

The tasulls of the permeation tests ara graphically showin in Figures 2 and 3,

Sald resulls illustrate thal practically no dilferences wilk regard to pereneation rales of sivasligmine sresentin

lhe form of its free base through humaa skin were ebserved between lhe bvo TISs (Figure 2), The slighl dilferences )

are likely 1o be due fo the use of a biclogical malesal like skin 20d could be explalned by local skin vadalions like for
example microlesions or haif felficlas,

In erder to eiminate varialions caused by the use of biological meterial the parmealion lesls vere repeated
using an 2rtificlal membrana (EVA membranc). The resulls shownin Figure Iconfrm the findings cbisined wilk full-thici-
niess human skin, namely that belh TTSs do not differ with regard lo their permeation propeslies.

Surpiisingly, the application of the addilional silicone adhesive layar has no [nfluence or active ingradient




permeation throvgh the skin,
Accoidingiothe presentdisclosure TTSs having slonificantly igher dhesive force while relaining thefr original
size can (herelore be produced,

V. Phacmacoldnetic propedies

An open-label, paralkl-group, fourperiod, ascendlng dose-proportionality study evalualing TTS#2 5 cm?, 10
em?, 15 om?, and 20 em? and 1.5 mp, 3 mp, 4.5 myg, and 6 mg BID Exelon® capstles 2t steady slale in patienis wilh
mild-to-modesale Alzheimer's diseasa was conducled

Fallents diagnosed with mild 1o moderete Alzheimer's Disease were randomized io elther TTS32 or capsufe
trealmenl. The critedia for inchusion were: male or fernale {non-shild-bearing polentfal) patients, 50-85 years of ege, who
fulflithe (DSM-IV) ariteriaTor dementia of ke Alzheimer's lype, Pallents shouid have been disgnosed wilh probzble AD
apcording to NINCDS - ADRDA eriteria, wilh a MMSE scors of 1026 {bolf inclusive), and no other mediea] condllions
that eculd impact study resuils,

Based on previous experience in clinical lrisls, 4-day filralion sleps were implemented for this study,

. . Alihe lime of this analysts, the fcllowing number of palients complated each of he four perlods, and were
[ncluded In the pharmacokinelic evaluation:

Capsule 1552

12palienis inthe 1.5 mgbiddose | 18 patients in the 5 cm? dose

18 palienls in tfie 3.0 bid dose | 18 palientsin the 10 cm? dose
18 palientsin lhed.Smg hiddose | 16 palientsin the 15 cm? dose
12palienlsinite6.0mg biddase | 1 palienisinihe 28 cm? dose

The phannacckinetics of fivasligmine were investigaled aller beth freatments on the fast day of each lilralion
period, excepl on hightst doses wihen itis invesligeled on tlid day of fitration (i order wol Lo miss plasma samplings
in case of easly drop-outs due to poorer lalerabilily), Plasma samples were analyzed for rivastigmine using LC-MS/MS
with a Javer limit of quantification {LLOQ) 0§ 0.2 agfmL. Slandard nencomparimental pharmacokinelic paramelers were
deqived fropn the indlvidual plasma conzenltallon-ime proflles using WinNonfin Pro.

The pharmacolinellc parametecs of dvastigmine are summarized in Table 1 (capsule lrealmenl) and Table 2
(7TSi2 \reatment). The mean (£ S0) plasma concentation-ime profles are displayod in Figure 4.

R Buring lhe application of TTS42, a rivaslipming plateau concentration was achieved ata median bnag Of 8.0 B
for oll TTS slzes, Exposure also increased over-proporiionally with increasiog doses 2 displayed in Table 3, bulfo a
lesser exlant than with the capsule, in particutar for AUC 4.

TheInler-subjsct variability as assessed by the coefficients of variation [GVS) fes the expostife perameters of
rivastigming {Cp,..,, and AUC,,) was generlly lower after the palsh {CVs of 83-4895) 55 compared to the oral adminis-
Uration (CVs of 32-68%).

V, Plrarmacalogic propesties

TT5#2 shows impraved pharmacelogleal properiies when compared with a capsule formulation as shown in
standard animal fest and in clinical trials.,
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Table 2 Descriptive siatistics of pharmacokinefic paramefers of rivastigmine '

following TTS#2 application

AUCzan

ENATS Crnax tmax AUCran i
{ng/mL} (h) {ng-h/ml.) (ng-h/ml} ()

5 em? {9 mg Joaded dose) _
Mean £ 5D 266+ 1.15 456 166 4556 +16.6 na
Cv% . " 43 36 36 na
Median 2686 8.0 483 48.3 na
Min 1.18 05 18,7 19.7 na
Max 4.63 12.0 74.9 74.9 na
N 18 18 18 18 na
10 em® (18 mg loaded dose) .
Mean £SD 7.57£2.74 123 £41.0 123 +41.0 na
CV% 36 33 33 na
Median 7.75 8.0 121 121 na
Min 2.76 3.0 58.5 58.5 na
Max 12.0 16.0 188 199 n&
N 18 18 18 18 na
15 em® (27 mg loaded dose)
Mean £ 8D 13.8+6.58 226+ 855 226855 na
CV% 48 38 38 na
edian 15.6 8.0 243 243 - na
Min 4.32 3.0 93.6 a3.6 na
Max 25,7 16.0 346 a48 na
N 16 16 16 16 na
20 cm® (36 mg loaded dose)
Mean £ SD 19.0 £8.04 339 =138 397 2154 340 £0.67
C\V% .42 41 39 20
Medlan 17.1 8.0 323 368 3.24
Min 7.55 0.0 14Q 180 2.60
Max 337 12.0 528 508 4,62
N 1 11 11 11 1

na=not available




Table 3. Extent of rivastigmine exposure increase with increasing dose

rivastigmine Capsule TTS#2
Dose  Cpa AUC, Cax AUC;q,
X2 X26 x43 x2.8 ) x2.7
X3 x3.8 X7.3 x5.2 X 5.0
x4 x7.3 x12.2 x7.1 X7.4




Claim

1.

-10 -

Rivastigmine for use in a method of preventing, treating or

delaying progression of dementia or Alzheimer's disease, wherein the
rivastigmine is administered ina TTS and the starting dose is that of a
bilayer TTS of 5 cm? with a loaded dose of 9 mg rivastigmine, wherein

one layer:

has a weight per unit area of 60 g/m?and the following

composition:

and wherein said layer is provided with a silicone adhesive layer having
a weight per unit area of 30 g/m? according to the following composition:

- rivastigmine free base

~ Durotak® 387-2353 (polyacrylate adhesive)

- Plastoid® B (acrylate copolymer)

-Vitamin E

- Bio-PSA® Q7-4302 (silicone adhesive)

- Silicone oil

- Vitamin E

30.0 wt %
49.9 wt %
20.0 wt %
0.1Twt%

98.9 wt %
1.0wt %
0.1 wt %.




