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Transdermal Therapgutic System .

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

Transdermal Therapeutic Systems (TTS) and their manufacture are geprally known in the
art. EP 1047409 discloses a TTS containing rivastigmine and an anfoxidant. 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

improvéd properties. In particular, there is a need to provide TTS to improve compilance,
adhesion, tolerability and / or safety. ’

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

It is a further objective of the present inventién to provide a TTS that has a relatively large .

amount of active ingradient and has an géhesive 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 withéut having an inadequately large expanse,

It is & 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 objeftive 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 fyfther objective of the present invention to provide a method of treatment and
controjied-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 treatment apd
controlled-release formulation(s) that substantlally improves compliance with rivastigiine ,
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-individu ¥ variation with '
regard fo plasma concentratiohs of rivastigmine required'-to produce a {erapeutic 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 acdhesive layer (TTS #2) and of. a TS having no additional silicone
adhesive layer {TTS #1). )

Figure 2 shows a graph illustrating the different pérméation rates of rivastigmine through full-
thickness human skin, administered by meang/of a TTS having an additional silicone
adhesive layer (TTS #2) or a TTS having no additional silicone adhesive layer (TTS #1).

Figure 3 shows a graph illustrating the différent permeation rates of rivastigmine through an
EVA membrane, administered by megfs of a TTS having an additional silicone adhesive
layer (TTS #2) or a TTS having no agditional silicone adhesive layer (TTS #1).

Figure 4 shows a graph illustiAting the plasma PK profiles following capsule (above) or
TTS#2 (below) administratio

Tests with active ingregdents for the treatment of Alzheimer's disease have surprisingly
shown that a line of sficone adhesive can be applied to a poorly adhesive reservoir matrix,
thus significantly infreasing the adhesive properties of the preparation without affecting the
thermodynamic groperties of the TTS, i.e. without reducing the release of active ingredient
from-the maty .and its permeation through the skin.

The findjdgs of the tests on transdermal application of active ingredients for the treatment of
Alzhejher's disease carried out by the applicant can of course be transferred to other groups
of getive ingredients. It can therefore be stated in general that for many active ingredients an
ficreasing proportion of active ingredient in the adhesive polymer matrix of the TTS

significantly reduces the adhesive properties of the TTS if said active ingredients are solid at
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room temperature, Usually, if the active Ingredients are in a liquid state ai room temperat
large amounts of so-called "thickening polymers” {e.g. cellulose or polyacryiate derivajies)
have to be added in order fo achieve mechanical processability of the polymers/ which

results also in a reduction of adhesive properiies

The present.invention provides TTS comprising a backing layer, a reservoir yer 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 rel
with a standard TTS,

The present invention is further related to a method for, ubstantially improvirg the efficacy
and tolerability of rivastigmine, comprising application/of a TTS in the range of 2 {o 50 om?,
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 AUC,, of about 25 to 450
ng;hlmL after repeated ;‘QD" (i.e., once dailyy/administration.

ATTS .according to the invention quite Aurprisingly shows improved tolerability, particularly
gastrointestinal adverse events such As nausea and vomiting, relative to equivalent levels. of

active ingredient-impermeable. Any suitable material or combination of materials may be
For example Polyethylen-therephthaiate (PET), Polyethylen, "‘Polylpropylen,
Pojdurethane, etc. may be employed. '

se profile when:compared
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The term “reservoir_layer” denotes a layer containing one or more active ingredients

comprises an active ingredient in the form of a polymer matrix

The term “adbesive layer” denotes the layer facing the skin. This layer compriges a silicon

polymer and a tackifler.

The term “detachabie protective laver’ denotes the layer remote from {He patch prior to its
application to the skin. This layer is preferably active ingredient-impgfmeable. Any suitable
material or combination of materials may be used. For example sjfconized PET, siliconized
Polypropylen, siliconized Polyethylen, fluor-polymer coated PET, fluor-polymer coated
Polypropylen, Fiuor-polymer coated Polyethylen, etc. may be Zmployed.

‘The term “active ingredient’ denotes any activé ingredient suitable for transdermal

administration. Active ingredients include ter-soluble and also water-inscluble,
pharmaceutical active ingredients, which may Jfe inorganic or organic substances. Preferred
are organic substances. The active ingreglents are to be used in acqordénce with their
indication as analgesics, antipyretics, Antirheumatics, sedatives, hypnotic agents, anti-
epileptics, depressants and stimulanty/ anaesthetics, neurcleptic analgesics, antihistamines,
antihypertensive agents, anticoaglilants, antithrombotic agents, psychopharmacological
agents, psycholeptics, chempgtherapeutic agents, e.g. antibiotics, = sulphonamides,
antituberculosis agents (tubgfculostatic agents)' or also chemotherapeutic agenis against
tropical infections, diuretigé, spasmolytics, cardiovascular agents, e.g. sympathomimetics,
antihypertensive agjen , cardiac stimulants, e.g. cardiac glycosides and digitaloids,
parenteral sugar thefapeutics, analeptics acting on the central nervous system, geriatric
agents, tonolyti / (of striated muscles), anti-Parkinson agents, cyfostatic agents,
immunosuppregsants, tonics and vitamins, according to B. Helwig (Moderne Arzneimittel),
1980.

Preferajfly active ingredients are selected from the group consisting of a-adrenoreceptor
agoniéts, B-adrenoreceptor agonists, a~adrenoreceptor blockers, anesthetic analgetics, non-
apésthetic analgetics, androgens, anesthetics, antiallergics, antiandrogens, antianginals,
nliarrhythmics, penicillins, antidiabetics, antihistaminics, antimigraine agents, hydrated

ergot atkaloids, Ca++ antagonists, serofonin antagonists, platelet aggregation inhibitors,
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antidepressants, 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 énd mefoxiry. Preferred
chemotherapeutic agents include sulfamethazine, sﬁlfamerazine, sulfametjfzole and
sulfisoxazole. Preferred sedatives and hypnotic agents include chloral bfdrate,
pentabarhital, phenobarnital, secobarbital, codeine and carbroma. Prgferred 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 according to the invention M suitable water-soluble form or
water-insoluble form,.for examplé propyphenazone, gfiinophenazone, aspirin (ASA),
antipyrine, methyl nifgnazine, melaminsulfone, suifénazone, phenacetin, pentazocine,
lactophenin, paracetamol, quinine, flufenamic g4id, mefenamic acid, tolfenamic acid,
meclofenamic acid, -niflumic acid, clonixin or onixidin, flunixin, ibuprofen, suprofen,
ketoprofen, fenoprofen, pirprofen, diclofepac, ibufenac, procticic acid, naproxen, cicloprofen,
tolmetin, clopirac, tiaprofenic acid, oxagfozin, 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, clomiprapfine, ketimipramine, opipramol, amitriptyline, noririptyline,
reserpine, aromazine, £hlorpromazine, fluopromazine, methopromagzine, trimeprazine,
diethazine, promethézine, aminoprémazine, mepazine, pipamazine , maprotiline and
memantine.

Preferred agfihypertensive agents include oxprenolol and metoprolol.

Preferrghbly, active ingredients are selected from the group of anti-demantia drugs, such as
rivagigmine, 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 Memantine as active ingredients.

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

The term “polymers”, when used in connection with the reservgif layer of the active

The term “fackifier” denctes a substance #rhich is increasing the adhesivity/tackiness of the

transdermal formulation. Preferred tgekifiers are selected from the group consisting of
Silicone oils, glycerine esters of hydywgenated resin acids, hydroabietyl alcohol, resin esters,
Hydrogenated Methyl Ester of Wéod Rosin, Ester of Partially Hydrogenated Wood Rosin -
Esters of Rosin, 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 gdmposition and to the thickness of the separate layers.

In a preferred embodiment of the present invention , the active ingredients used have a low

saturation solubilj#y in the silicone adhesive. The saturation solubility of the active ingredient
in the silicone Adhesive is for example less than 15%-wt., preferably less than 10%-wt., and

most preferpéd between 2 and 8%-wi.

The silifone adhesive layer preferably reduces the active ingredient pérmeation from the
resepvoir 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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The weight per unit area of the silicone adhesive layer is for example in the range of 5 to 40
g/m?, preferably in the range of 10 to 30 g/m?

The composition according to the invention may be used for administrating a wid
. active agenis. Suitable active ingredients are the ones identified above,

ariety of

ina preferréd embodiment, the reservoir layer further comprises auxiliarigs such as fillers,

antioxidants, colorants, skin penetration promoters and / or preservatiyés. Such auxiliaries
are knowh to the expert and may be selected {from standard text bboks, see in particular
Fiedler's "Lexicon der'Hilfstoffe”,#th Edition, ECV  Aulendorf /1986 and "Handbook of
Pharmaceutical Excipients” Wade and Weller Ed.(1994)

incorporated herein by reference.

e contenis of which are

In a particularly preferred embodiment, the reservoir layér contains an antioxidant, such as

a-tocopherol, Ascorbyl palmitate or butylated hydroxyfOluene (BHT).

In a preferred embodiment, the reservoir layer cghtains a skin penetration promoter such as

Transcutol, Glycerine, Giycerine-esters, Fatty~acids, Salts of Fatty-acids, Azone, Diethyl-

toluolamide, Propylengylcol, Propylenglycolesters, Butandiol, Isopropyl-esters, Urea, efc..

In a preferred.embodiment, the ratio
between of 5:1 and 1: 2; preferably fetween 2:1 to 1:1.

thickness of reservoir layer : adhesive layer is in the

In a preferred embhodiment, thé TTS has an adhesive force > 5 N/10 cm? preferably > 10
N/10 cm? . In a preferred gmbodiment, the TTS ‘has an adhesive force < 100 N/10 cm?
preferably < 50 N/10

procedures, e.g. as degécribed in the examples.

2 The adhesive force is determined according io standard

In a prefeired empfodiment, the TTS has a size range of 2 to 50 om?, particularly preferred 5
to 20 om®.

In a prefefred embodiment, the TTS provides a mean maximum plasma conce_ntration of
ine of 1 fo 30 ng/mL from a mean of 2 to 16 hours after application with an AUCz4,
to 450 ng<h/mL, particularly preferred, the TTS provides a mean maximum plasma
cghcentration of rivastigmine of 2.5 to 20 ng/mL from a mean of 4 to 12 hours after
application with an AUC.4, of 48 1o 340 ngeh/mL.
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In a further embodiment not on!y' the ;ﬁolymer matrix contains the active ingredient(s)
also the silicone adhesive [ayer.

In a further aspect, the invention provides a TTS which incorporates as activg’ agent a
cholinesterase inhibifor in free or pharmaceutically accepiable salt form, foy use in the
prevention, treattnent or delay of progression of dementia.

In a further aspect, the invention provides a method for the prevention, Jreatment-or delay of
progression of dementia associated with Parkinson’s disease in a géibject in heed of such
treatment, which comprises administering to said subject a the‘ra utically effective amount
of a TTS which incorporates as active agent a cholinegtérase inhibitor in' free or
pharmaceutically acceptable sali form. '

In a further aspect, the invention provides a method for ffie prevention, freatment or delay of
progression of Alzheimer's disease in a subject in nggd of such tréatment, which comprises
administering to said subject a therapeutically effeglive amount of a TTS which incorporates
as active agent a cholinesterase inhibitor in fregbr pharmaceutically acceptable salt form.

The manufacturing of a TTS according to {fe invention may be accompiished'in any method
known to the skilled person, ‘

In a further aspect, the invention prgvides a preferred method for manufacturing a TTS. This
method comprises the steps of )

a.} manufacturing of the/ctive ingredient in adhesive solution
b.) coating of the aglive ingredient in adhesive solution
¢.) drying of th# active ingredient in adhesive solution
d.) manufgcturing of the silicone adhesive solution
e.) cofiting of the silicone adhesive solution
laminating of the sillcone adheslve layer to the drug in adhesive layer

¢.) Punching and Pouching
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concentrations.

- Little has been published in detail on rivastigmine’s biopharmaceutical propertied in humans.

It Is rapidly and completely absorbed. We have found that it is metabolised/ ainly through
hydrolysis by esterases, e.g., acetyl and butyryl cholinesterase and has a/flasma half life of
1 hour. It is subject to pre-systemic and systemic metabolism. We nglv.have found that a
TTS containing rivastigmine may be produced with advantageous/properties, e.g., better
tolerability.

The invention thus provides a TTS comprising as active ingrédient rivastigmine in free base
or pharmacetitically acceptable salt form having a mean piaximum plasma concentration of
about 1 to 30 ng/ml from a mean of about 2 to 16 hourg/fter application.

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

A person skilled in art is familiar héw to produce a TTS having the above defined plasma
profiles. A person skilled in art Wil appreciate that such plasma profiles may be obtained by

varying, e.g., :

o the composition of the first and/or second components, e.g., the nature and amount of
excipients and/or aglive agent(s)

e the type of thgkdhesive layer

= the dimengion of the patch

ATTS phay be formulated with following aspects in mind:

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

s 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

L]

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 fophulations allowing a release -

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

After extensive testing, we have now found that it is/possible fo 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 environmpént, e.g., hydrogen ions and hydroxyl ions, i.e.,
independently of pH, phosphate ions, angd also indepeﬁdenﬂy of enzymes, present into the
surrounding body fluid. .

According 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 fo be administered depend on a
number of factors, e.9., e condition to be treated, the desired duration of treatment and the

rate of release of actiye agent.

For example, the/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 gfiive agent concentration in the blood plasma remains at an acceptable level for a
therapeyfic effect.

Forgxample, for rivastigmine, dosages in the range of 1 mg to 12 mg of active agent per day
e a 70 or 75 kilogram mammal, &.¢., humans, and in standard animal models, may be
used..
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The TTS of the invention allows, e.g., the manufacture of once a day pharmaceutical forpds

for patients who have to take more than one dose of an active agent per day, e.g., at spgcific .

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 humpfr of dose
titration steps.

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

standard animal tests and in clinicgl frials
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The following non-limiting exampies illustrate the invention:
EXAMPLE
L TTS Productfon

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

TTS #1: Substrate portions with a weight per unit area of 80 g/f2 having the following
composition were produced: ‘

rivastigmine (free base) 0 wi-%

Durotak® 387-2353 (polyacrylate adhesive) 49,9 wit-%

Plastoid® B (acrylate copolymer) 20.0 wt-%

Vitamine E 0.1 wit-%

TTS #2: Substrate portions were produceg/in the form of a bilayer, one layer of said bilayer

corresponding to TTS #1. Said layer j€ provided with a silicone adhesive layer having a

weight per unit area of 30g/m2 accorging to the following composition:-
Bio-PSA® Q7-4302 (silicone aghesive) 98.8 wt-%
Silicone oil 1.0 wt-%

Vitamine E 0.1 wt-%

The saturation so flity of rivastigmine in form of its free base in the silicone adhesive is

about 5%-wi,

The aghesive force of both TTSs was determined by methods known to persons skilled in
the Art taking into consideration the following details;

Size of substrate portions: 10cm2
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- Test plate; steel
- Peeling angle; 90°
- Peeling speed: 300mm/min

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

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

necessary to add.a “thickening polymer” (Plastoid® B) when ingbrporating 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 fivefimes that of a comparable TTS

without additional silicone adhesive layer.
lil. Permeation properties

In order to defermine whether the application gf an additional silicone adhesive layer affects

active ingredient release the permeation rivgstigmine through full-thickness human skin
and EVA membranes was tested for bfth TTSs. For said permeation tests the following

conditions applied:

The full-thickness human skin apl the EVA membrane were respectively introduced into a

modified Franz diffusion cell. Ahe diffusion surface area was 1.51 cm2. Phosphate buffer
(pH 5.5) with 0.1% sodium £zide was used as acceptor medium. The acceptor medium had
a volume of 9ml. The tegl 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 iff order to assure perfect sink conditions over the entire test period.

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

In order to eliminate variations caused by the use of blological material the permp&ation tests

were repeated using an artificial membrane (EVA membrane). The results shgfvn in Figure 3 '

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

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

According to the present invention TTSs having significaptly higher adhesive force whi!e_
retaining theit original size can therefore be produced. ' '

V. 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 with mild-to-moderate Alzheimer's disease was
conducted

Patients diagnosed with mild to mpbderate Alzheimer's Disease were randomize_zd to either -

TTS#2 or capsule treatment. Fhe criteria for inclusion were: male or female (non-child-
bearing potential) patients, 5-85 years- of age, who fulfill the (DSM-1V) criteria for dementia
of the Alzheimer’s type. Patients should have been diagnosed with probable AD according to
NINCDS - ADRDA critéria, with a MMSE score of 10-26 (both inclusive), and no other
medical conditions thét could impact study results.

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

At the ijfe 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 . L TTS#2
19 patients in the 1.5 mg bid dose 18 patients in the 5 om? dose
18 patients 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 em? defse

The pharmagcokinetics of rEVastigmine were investigated after both Areatments on the last day
of each fitration period, except on highest doses when it is nvestigated on third day of
fitration {in order not to miss plasma samplings in ‘case of early drop-outs due to poorer
tolerability). Plasma samples were analyzed for rivastigipine using LC-MS/MS with a lower
limit of guantification (LLOQ} of 0.2 ng/mL. Standar noncompartmental - pharmacokinetic
parameters were derived from the individual plgsma concentration-time profiles using
WinNonlin Pro.

The pharmacokinetic parameters of rivagigmine 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 tma of 8.0 h for all IS sizes, Exposure also increased over-proportionally with
increasing doses as displayéd in Table 3, but to a lesser extent than with the capsule, in
particular for AUCa4n. '

The inter-subject vAfiability as assessed by the coefficients of variation (CVs) for the
exposure parameters of rivastigmine (Cpex and AUCo4n) was generally lower after the patch
(CVs of 33-48%) as compared to the oral administration {(CVs of 39-68%).

fopfhulation as shown in standard animal test and in clinical trials..
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Table 2 Descriptive statistics of pharmacokineﬁc parameters of rivasti

w7 -

following TTS#2 application

PCT/US2006/039557

ENAT13 Crmax

tmax AUCa4n AU L}( f

{ng/mL) {h (ng-h/mL) (ng-hipiL) ()
5 cm? (9 mg foaded dose) o
Mean £ 85D 2.66+1.15 456+£166 E+16.6 na
CV% .7 43 6 36 na
Median 286 8.0 48.3 48.3 na
Min 1.19 0.5 19.7 18,7 na
Max 4.63 12.0 74.9 74.9 na
N i8 18 18 18 na
10 cm® {18 mg loaded dose)
Meah + 8D 7.57%274 123 #41.0 123 £41.0 na
CV% 36 33 33 na
Median 7.75 8.0 121 121 na
Min 276 3.0 58.5 5B.5 na
Max 12.0 16.0 189 199 na
N 18 18 18 18 na
15 em® (27 mg loaded dose)
Mean £ 8D 13.8 £ 6.58 226£855 225 £ 85.5 na
CV% ) 48 38 38 na
Median 15.8 8.0 243 243 - na
Min 4,32 3.0 03.6 93.6 na
Max 25.7 16.0 346 348 na
N 16 16 16 16 na
20 om” (36 mg loaded dose)
Mean & 3D 19.0 £ 804 339 %138 397 £ 154 3.40 0.87
CV% -4 ' 44 39 20
Median .1 8.0 323 368 3.24
Min 0.0 140 180 2.60
Max 12.0 529 598 462
N 11 1 11 ™

na = not available
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Table 3. Extent of rivastigmine-exposure increase with increasing dose

-18 -

PCT/US2006/039557

rivasiigmine Capsule TTS#2
Dose Cruax AUC Crmax
x2 X 2.6 x4.3 x 2.8
X3 X3.8 X7.3 x 5.2
x4 X7.3 x12.2 x7.1
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or more\polymers,

¢} an adhesiveayer comprising a silicone polymer and a tackifier.

. TTS according to cldig 1 wherein the backing layer is active ingredient-impermeable

. TTS aceording to claim Nor 2 comprising an additional detachable protective layer.

. A'TTS comprising
a) a backing layer,

b) a reservoir layer containing at leashone pharmaceutically active ingredient in the form
of a polymer matrix and i

¢} 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, characteriged In that the active ingredient has a
saturation solubility of less than 15 %-wt., prefergbly less than 10%-wi., and most

preferred of 2 to 8%-wt., in the silicone adhesive.

. TTS according to any of claims 1 to 4, characterized in tha} 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 silicgne adhesive layer
has a weight per unit area in the range of 5 to 60 g/m2.

. TTS according to any of claims 1 to 6, characterized in that the aotive gredient is
selected from the group consisting of a-adrenoreceptor agonists, B-adrengrecepior
agonists, a—adrenoreceptor blockers, anesthetic analgetics, non-anesthetic analgetics,

androgens, anesthetics, antiallergics, antiandrogens, antianginals, antiarrhythmigs,
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| penicillins, antidiabetics, antihistamiﬁics, antimigraing agents, hydrated ergot alkaloids,

antagonists,  serotonin  antagonists, platelet aggregation  inhibitors, .
tidepressants, broncholytics, estrogens, gestagens, vasodEiators; hormones, anii-
det ntia agent.

9. TIS ac ordmg to any of claims 1 to 6, characterized in that the active ingredient is |
selected '-- the group conmstmg of tacrine, rwast;gmlne donepezil, galaﬂtamlne
physost;gmm huperzme Aand pharmacologically acceptable salts thereof.

10. TTS according £ any of claims 1 to 6, characterized In that the active ingredient is
selected from the consisting of rivastigmine and rivastigmine hydrogentartrate. -

11. TTS according to one preceding claims, characterized in that the reservoir layer
comprises & polymer cen from the group consisting of polydimethylsiloxanes,
acrylates, methacrylates, p isobutylenes, polybutenes and styrene-isoprene-styrene
block copolymers or mixtures eof, respectively combined with resins.

12. TTS according to one of the preing claims, characterized in that the tackifier is
selected from the group consisting Silicone oils, glycerine esters of hydrogenated
resin acids, hydroabietyl alcohol, resin ters Hydrogenated Methyl Ester of Wood
Rosin, Ester of Pariially Hydrogenated Mood Rosin - Esters of Rosin, etc. and
combinations of those.

13. TTS according to claim 11, characterized in that £P S additive is chosén from the group
consisting of silicone ofls 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 bade or pharmaceutically
acceptable salt form and providing a maximum plasma concentratign 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 phaynaceutically
acceptable salt form and providing 2 maximum plasma concentration of aboul 2.5 to 20
ng/ml from a mean of about 4 to 12 hours after application .
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A TTS comprising as active ingredient rivastigmine in free base or pharmaceutically
acceptable salt form and having an AUCq4, of about .25 to 450 ng*h/mL after repeated .
spice daily administration.

.A TRS comprising as active ingredient rwastlgmme in free base or pharmaceutically

accepte salt form and an having an AUCgy, of about 45 to 340 ng*hfmt. after repeated
once daily’\administration.

A TTS accordlyg to any of claims 1 to 14 comprising as active ingredient rivastigmine
and Memantine. \

A process for magufacturing a TTS accordlng to any of the preceding claims
compnsang the steps of \

a)' manufacturing of the activg ingredient in adhesive solution

b) coating of the active ingredi : adhesive solution

c) drying of the active ingredient in aghesive solution

d) manufactur-ing of the silicone adhésiv \solufion .

g) coating of the silicone adhesive solution )

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

A method for the prevention, treatment or delay of progresgion of Alzheimer's disease in

- a subject in need of such treatment, which comprises adm¥istering to said subject a

therapeutically effective amount of a TTS according to any of clans 1 to 17

22. A method for the prevention, treatment or delay of progression of dgmentia associated

with Parkinson's diseass in a subject in need of such treatment, Which comprises
administering to said subject a therapeutically effective amount of a TTR according to
any of claims 1 to 17
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23. 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
Sy ject a therapeutically effective amount of a TTS accarding fo any of claims 1 to 17.

24, A method for the prevention, treatment or delay of progression of Down's syndrome in a
subject Yo need of such treatment, which comprises administering’fo said subject-a
therapeuti ally 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 delirium
in a subject in nexd of such treatment, which comprises administering to said subject a
therapeutically effecliye amount of a TTS according to any of claims 1 to 17.

26.Use of a TTS accordin to any of claims 1 to 17 for preventioﬁ, treatment or delay of
progression of Alzheimer's\ disease, dementia associated with Parkinson's disease,
symptoms of traumatic brain in




TRANSDERMAL THERAPEUTIC SYSTEM

Deseription

The presentinvention relates to rivastigming, In frez base orpharmaceutically accepiable sali form, forusein
a method of preventing, (realing o defaying progression of demenlia or Afzheimer's disease, wherein the rivasfigmine
is adminislered ina Transdermal Therapeulic System and the slarling dose s a5 definad in clalm 1.

BACKGROUND OF THE INVENTION

Transderma) Therapeulic Syslems {TT'S) and their manufaciize ase generally known in the art. EP § 047 408
discleses a TTS contalinlng rivastigmine and an antloxidant, GB 2 203 040 discloses a TTS conlaiing rivasiiomine and
a hydrophilic polymer. |

These TS have valuable propertics, Howaver, there is anaed for fuither TTS showing improved properlies,

In parlievlar, thereis a need lo provida TTR to Improve compliance, adhesion, lolerabilly 2ndfor safely.

DE 199 18 105 A1 discloses a TTS comprising 21 leaslane pharmaceutical aclive agentand a neutralized acid
polyacrylate pressie-sensilive adhesive, wherein rivasligmine Is disclosed as a suitable pharmacentiea) 2ctiva ageni.

Tse Francis L S et 2), Pharmaceutical Research, vol. 15, no. 10, {1998), pages1614~9620 discloses lhe
{ransdermal, oraland Intravenous adminlstrallon of Hvastigmine lo minioigs.

Thos, itis an aim of lhe present invention fo provide a TT'S with improved compliance, adhesion, tolerabilly
and f ar Safety propeifies.

itis a further objective of the present invantion 1o provide 2 TT'S thal has a cefallvely large amount of aotive
ingredlenl and has an adhesive force 1o ensure safe applisation over the entite spplication period.

iLis & furiher obfeclive of the presentinvention fo provide a TT'S Uial has a relatively lorge amount of aclive
ingredlent witheu! having an Inadequately large expanse.

It Is a furllier objecliva of tha present invenlion 1o provide 2 TTS that shows improved adhesive properties
wilhout changlng the release profile of the aclive ingredient.

ilis aucther ebjective of lhe present invention lo provide 2 method of reatment and contralled-release formue
alion(s) that substantizlly Impraves the effleacy and telerabifly of rivasligmine.

s a fusther ebjective of the prasent invenfion (o provide a method of irealment and controlled-raleasa formu-
lation(s) that substantially reduces the (Ime and rasourses needed lo adminisler divasligmine for therapeulic begefil,

ltig a further objective of the present invantion (o provide a method of ireatment and conliollzd-release formu-

Jation(s) that substantially improvas compliance with rivastigmine theragy,
Ul 1s a luriher objeclive of the presenl invention b previde a method of treatmest 2nd conliolled-release forme-

tation(s) thathavesubslantiallyless inter-individualvarialionwiihregard o plasia consentrallons of rivastigmine requied
{o praduce a therapeulic benefil wilhout unacceptable side effects.
Tls is achleved by 2 TES a5 defned in the enclosed clalms,

SUMMARY QF THE INVENTION

Embodiments of lhe present invention are set out in the enclosed independent claim,

In one sspect, ihe present invenlion provides rivasilgmine, in free base or phamyaceutically accepiable salt
form, for use In & method of preventing, trealing or defaying progression of dementia or Alzheimer's disease, wherein
the rivastigrmine Is administered ina TS and the storing dose s 2s dafined [n ofalm 4,

Figure 2 shows a barchart ilfusirating the differant adhesive forcas of 3 TTS having an addilional silicone adhesive
fayer {[TTS #2) and of a TTS having no additional silicone adhesive layer (TTS 4},

Figure 2 shows @ graph Hllusifating the different permeatian rales of sivastigmine throwgh fullbickness human skin,
adminislered by meansof 2 TIS having an addilional silicone achesive lyec (TTS#2) ora TTS having no addilional

silicone sdhesive layes (TTS#4), °

Figure 3 shows a graph fllusltmling the different permealion rales of rivestigmine theough an EVA membrane, 2d-
ministered by means of 2 TTS having an additional sliicone adhesive fayer {TTS 2} ora TTS having na additonal

silicone 2dhesive layer (TTS #1),
Figure4 showsa graphillustrating the pfasma PK profiles Jolloving capsule (ebove) or TTS#2 (below) adminislalion

. Tesls vilh zclive Ingredien(s for fhe lkealment of Alzheimet's disesse have surprsingly shovm thet a line of
siliconeadhiesive canbeapplledoa paoriyadhesivereservaic matrix, Shussignificentlyincreasing the achesiveproperiies
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of the praparation without affecting the thermodynamic properties of the T8, i.e. without reducing the release of active
ingredient from the malrix and ils permealion through the skin,

The findings of (he tests on transdermalapplication of active ingradients for he treatment of Alzheimer's disease
carried out by the applicant can of course be transferred to other groups of astive ingredients, it can therefore be slaled
in generai that for many active ingredients an increasing proportion of aclive ingredient in the adhesive polymer matrix
of the TTS significantly reduces the adhesive properties of the TTS if said aciive ingredlents are solld atroom temperature.
Usually, ifthe aclive ingredients are in a liquid slate at room temperalure large amounts of so-called “thickening polymers”
(e.g. celluiose or polyacrylate derivatives) have fo be added in order to achieve mechanical processability of the polymers,
which resulls also in a reduction of adhesive praperties

Inene embodimentihe present disclosure pravides TTS comprising 2 backing layer, a reservair layer containing
at least one aclive ingradient and a polymer, an adhesive layer comprising a silicone polymer and a tackifier,

A TTS acearding to the disclosure shaws improved adhesive properiies, Further, and very surprisingly, the so
obtained TTS has essentlally the same release profile when compared with a standard TTS,

. The present invention is further related io substanlislly improving the efficacy and tolerability of fivastigmine,
by application of a TTS in the range of 2 {o 50 cm2, said formulation providing a mean maximum plasma concentration
cfabout 1 10 30 ng/mL from a mean of about 2 to 16 hours afler application and an AUC,,y, of about 25 10 450 ag-h/mL
afier repeaied "QD" (i.e., once dally) adminlstration,

ATTS asusedin lheinvention quite surprsingly shows improved tolerability, particularly gastrointesting adverse
events such as nausea and vomiling, refalive lo equivalent levels of exposure {AUC,,,) of Exelon® capsule,

Unless indicated otherwise, the expressions used in Ihis invenlion have the foliowing meaning:

The term “transdermal therapeutic system” denotes any device that is capable to release a pharmaceulicaily active
ingredient through the skin. This Includes paricularly self-adhesive devices such as patches.

The ferm "backing laver” denoles the layer remole from the skin, This lsyer is preferably active ingredient-im-
permeable. Any suilable malerial or corbination of materals may be used. For example Polyethylen-therephthalate
(PET), Polyethylen, Palylprapylen, Palyurethane, ete. may be employed,

The term Jreservalr laver" denotes a layer containing one or more aclive ingredients in connection with ons ore
more polymers. Ina preferred embodiment, the reservoir layer comprises an aclive ingredient in the form of a polymer
malrix

Theterm "aghesive laver" denotes the fayerfaclng the skin. Thislayer comprises a silicon polymerand a tackifier,

. The lerm "delachable piotecliva layer* denctes the layer remote from the pateh prior to its application to the
skin. This layet is preferably aclive ingredient-impermesble. Any suitable material or combinafion of materials may be
used. For example siliconized PET, siliconized Polypropylen, siconized Polyetnylen, fluor-polymer cozted PET, fluor-
polymer coated Polypropylen, Fluor-polymer coated Polyethylen, elc. may be employed,

" The ferm "polvmers”, when used in connection with the reservair layer of the active ingredient, denotes &
polymer selected from the group consisting of polydimethyisiloxanss, poly-acrylates, , poiy-iscbutene, polybutenes and
slyrene-isoprene-styrene block copolymers or mixtures lhereof, respectively combined with resins.

Preferred polymers to be used within the resenvoir layer are selecled from the group consisting ofpolyacrylates
e.g. Durotak 2353 from National Starch.

The term "silicon polymer” denotes polydimethylsiloxane based polymers e.g. the amincompatible Bio-PSA

(17-4302 from Dow Coming.
. The lerm "laskifier” denoles a substance which is increasing the adhesivity/tackiness of the transdermal for-
mulation, Preferred tackifiers are selected from the group consisting of Sliicone oils, glycerine esters of hydrogenated
resinacids, hydroatietylalcohal, resin esters, Hydregenated Methyl Ester of Wood Rosin, Ester of Partially Hydrogenated
Weood Rosin Eslers of Rosin, ete. and combinations of those. As apprecizted by the skilled person, TTS are made out
of several layers having specific characteristics. These layers may vary with respect to the individual composition and
to the thickness of the separale layers.

In & preferred embodiment of the present invention the TTS comprises an adheslve [ayer comprising a silicone
palymer and a tackifier and, {he active ingredients used have = Jow saluratlan solubility in the silicone adhesive. The
saturation solubility of the aclive ingredient in the sificane adhesive is for example less than 15%-wt., preferably less
than 10%-wi., and most preferred between 2 and 8%-wi,

in embodiments of the present invention where the TTS comprises an adhesive layer comprising a silicone
polymeranda iackifier the silicone adhesive layer preferably reduces the active lngredient permeation from the reservol
fayer through the skin by no more than 40 %, espexially preferably by no more than 20% and more especially preferably
by no more than 10%.

In embodiments of the present invention wherein the TTS comprises an adhesive layer comprising a silicone
polymer and a lackifier the weight per unit area of the silicone adhesive layer is for example i the range of 5 1o 60




g/m?2, preferably in the range of 10 to 30 g/im?,

The composition used in the invention may be used for administrating a wide variely of active agents. Suitable
aclive Ingredients are the ones identified above,

in a preferred embodiment, he TTS comptises a reservair layer and the reservoir layer further comprises
auxlilaries such as flllers, antioxidants, coloranls, skin penetratian promoters 2nd / or preservatives. Such auxiliaries are
known 1o the expert and may be selecled from standasd text books, see in particular Fiedler's “Lexicon der Hilfstoffe”,
41k Edition, ECV Aulendorf 1996 and "Handhaok of Pharmaceutical Excipienis” Wade and Weller Ed.{13%4) the contents
of which are incorporated herein by reference.

In a parliculary preferred embodiment, the TTS comprises a reservoir layer and the reservoir layer contains
an anlioxidant, such as a-tocophera), Ascorbyl patmilate or bulylated hydroxyioluene {BHT).

Inapreferred embodiment the TTScomprises a reservoirlayerand the reservoic layer contains a skin penetration
promoter such as Transculol, Glycerine, Glycerine-eslers, Faity-acids, Salls of Fatly-acids, Azone, Disthylloluolamide
Propylengylcol, Propylenglycol-esters, Bulandial. Isopropyl-esters, Urea, eic..

napreferred embodiment. wherein the TTS comprises areservoir layer and adhesive layetthe ratio of ihickness
of reservair layer: adhesive layer layer is between 5:1 and 1: 2; preferably between 211 to 1:1.

Inapreferred embodiment, the TTS has an adhesive force > 5 N/10 cm2 praferably > 10 N/40 om? Ina preferred
emnbodiment, the TTS has an adhesive force < 100 N/10 cm? preferably <50 M/10 om2 The adhesive force is determined
according to slandard procedures, 2.9, as described in the examples.

In a preferred embodiment, the TTS has a size range of 2 o 50 ¢m?, particularly preferred 5 fo 20 cmZ.

in & preferred embodiment, the TTS provides a mean maximum plasma concenlration of rivastigmine of 1 lo
30 ng/mL from a mean of 2 o 16 hours afler application with an AUC,, of 25 1o 450 ng-h/mL, pariicularly prefered,
the TTS provides a mean meaximum plasma concentralion of rivastigmine of 2.5 ta 20 ng/mL from a mearn of 4 to 12
hours after application with an AUC,,, of 45 to 340 ng-h/mL.

In a furiher embodiment whertein the TTS comprises an adhesive layer comprising a silicoha polymer and a
tackifier , and a reservoir layer comprising an aclive ingredlent in the form of a polymer matrix not only the polymer
matrix contains the active ingredient(s) but also the silisone adhesive [ayer.

In a furifier aspect, the invention provides rivastigmine in free base or pharmacettically acceptable salt form,
for use in the prevention, trestimert er delay of progression of dementia wherein the rivastigmine Is administered in a
TTS and the starling dose is as defined in claim 1,

In a furiher aspect, the invenifon provides rivastigmine for use i a methad for the prevention, treatment or
delay of progression of dementia associated with Parkinson's disease wherein the rivastigmine js administered ina TTS
and the starting dose is as defined in claim 1.

In 2 further aspect, fhe invention provides rivastigming for usa in a method for the prevention, treatment or
telay of progression of Alzheimer's disease wherein the rivastigmine is administered in a TTS and the starting dose
is as defined in claim 1.

The manufacluring of a TTS according lo the invention may be accomplished in any method known to the
skilied person.

Suitably, a method for manufaciuring the TTS vsed in the gresent invention comprises the steps of

a.} manufacturing of the zctive ingredient in adhesive solution

b.} coating of tha aclive ingredient in adhesive solution

c.) drying of the active Ingredient in adhesive sclution

d.} manufacturing of the sllicone adhesive solution

e.} cozting of the silicone achesive solulion

1.} laminating of the silicane edhesive layer fo the drug in adhesive layer

g.} Punching and Pouching

Lilla has been published in detail on rivasligmine’s biopharmaseuical properiies in humans, It is rapidly and

completely absorbed. We have found that it is metabolised meinly through hydrolysis by esterases, e.g., acetyl and
butyryl cholinesierase and has a plasma helf fife of 1 hour. It Is subject to pre-systemic and systemic metabolism, We

new have found that a TTS conleining fvasiigmine may he producedwith advaniageous properties, 8.9, bellertolerability.
A person skilled in art is familiar how to produce a TTS having the above defined plasma profies. A person
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skilled in art will appreciale that such plasma profiles may be oblained by varving, e.g.,:

+  the composition of the first and/or second components, 2.g., the nature and amount of excipients and/for active
agent(s)

+  the type of the adhesive layer
= the dimension of (he patch
ATTS may be formulated with following aspects In mind:
= the tlme until the release of active ageat (Jag lime or delay tima}
+  the rale of release of zctive agent (fast or slow)
»  the duralion of refease of active agent (Jong or short)
*  Reduclng first-pass metabolfsm
- Improve compliance of the palienis
* Reduce application intervals

Such aspests may be observed in standard in vitro dissolution tests, e.g., in waler or if desired in body fluids,
e.g., arlificial gasiric juices.

Lillle has been published on refiable time-controfled release farmulations allowing arelease at 2 pre-dalermined
ume of a single or repeated doses of aclive agents. Therse exisls a need far such formulations which are commersiafly
acceplable,

After exlenslve testing, we have now found that it is possible to produce a TTS capable of releasing at a specific
time, i.e., with 2 time delay or {ag time, a pharmaceutical aclive agent or 2etive agent mixlure, e.g., substantially inde-
pendently of the concentration and type of ions present |n the gastro-intestinal environment, e.g., hydrogen ions and
hydroxylions, L.e., independently of pH, phasphate ions, and alse independently of enzymes, present inte the surreunding
body fluid.

The exact amounts of aclive agent doses and of the TTS 1o be administered depend on a number of faciors,
2.g., the condition {0 be treated, the desired duration of treatment and the rate of release of active agent.

For example, the amount of the active agenl requited and the release rale thereof may be determined on the
basis of known | in vitro or in vive 1echniques, delermining how Jong a particular active agent concentration in the bloed
plasma remains at an acceplable level for a therapeulic effect,

. The TTS used in the invention aliows, e.g., the manufaciure of once a day pharmaceulical forms for patients
who have to teke more than one dose of an active agent per day, eg., at specific imes, $o that thelr treatment is
simplified. With such compesitions tolerability of rivasligmine may be improved, and ihis may allow a higher starting
dose and a reduced number of dose titration steps,

« i Anincreased folerabilily of rivasfigmine provided by the compositions may be observed In standard animal
tests and in clinical trials.

The following non-limiting examples Hlustrate the invention:

EXAMPLE

I. TTS Praduciion

. The following exernplary tests were conducied using the cholinesterase inhibltor rivastigmine preseat in form
of ils free base, For the tests ihe following two TTSs were produced:

TTS #1: Subsirate poriions with a welght per unit area of 80 gim2 having the following composition were produced:

rivastigriine (free base) 30,0 wt-%
Durolak® 387-2353 (polyacrylate adhesive) 45,8 wi-%
Plasloid® B {acrylate copolymer) 20,0 wt-%
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(conlinued)
Vitarmine E 0.1 wt-%

TTS jf2: Substrale poriions were produced in the form of a bilayer, one layer of seid bilayer corresponding fo TTS #1.
Said layer is provided with a silicone adhesive layer having a weight per unit area of 30g/m?2 according to the following
composition;

Bio-PSA® Q7-4302 (silicone adhesive)  98.9 wt-%
Siliconea ol 1.0wtk%
Vitamine E 0.1 wi-%

The saturation solubility of rivastigmine in form of its free base in the sllicone adhesive is about 5%.-wl,
il Determinalion of adhesive force

The adhesive force of both TTSs was determined by methods known to persans skilled in the ast taking into
consideration the following details;

- Size of substrate porlions: 10cm2

Tesi plale: steel
- Peeling angle: SG*

Peeling speed: 300mm/min

For both TT3s the adhesive forces shown in Figure 1 were ablained. Tha chart of Flgure 1 clearly shows that
coaling the acrylate adhesive maliix with a silicone adhesive layer significantly increases ils adhesive force.
[0084] rivastigmine in the form of ils free base Is liguid at room {emperature. It was therefore necessary to add @
"thickening polymer” (Plasiold® B) when incorporating 30%-wi, of zctive ingredient. A substrate with low adhesive force
Is lhus obtained. When using an additiona! silicone adhesive layer the adhesive force is about five limes thal of a
comparable TTS without additional silicone adhesive fayer,

Iil. Permeation properties

i order to defermine whether the application of an additional silicone adhesive fayer affecls active Ingredient
release the permealion of rivastigmine through full-thickness human skin and EVA membranes was tested for both
TTSs. For sald permeation tesls the following conditions applied:

The full-thickness kuman skin and the EVA membrane were respectively Introduced into a modified Franz diffusion
cell, The diffusion surface area was 1.51 em2. Phosphate buffzr {pH 5.5) with 0.1% sodium azide was used as
acceplor medium, The acceplor medhum had a volume of 9ml. The testiemperature was adjusted o 32°C by mezns
of a waler baih, thus correspanding to the sudace temperalure of in vivo human skin.

The entire acceptor medium was replaced with fresh acceptor solution afler 8, 24, 32, 48, 56 and 72 Rours in
order {o assure perfect sink conditions over the entire test period.

The conlent of rivastigmine in the accepior medium was determined by HPLG,

The resulls of he permeation tests are graphically shown in Figures 2 and 3.

Said results Hlusirate thal practically no differences wilh regard to permeation rates of rivastigmine present in
the form of its free base through human skin were observed between lhe two TT8s (Figure 2). The slight differences
are fikely io be due fo the use of a biclogical material like skin and could be explained by losal skin variations like for
example microlesions or hair folficles.

In crder lo efiminate variations caused by the use of biological material the permeation lesls were repealed
using an ariificial membrane (EVA membrane). The results shown in Figure 3 confirm the findings cbiained with full-thick-
ness human skin, namely that both TTSs do not differ with regard to their permeation properlies.

Surpsisiagly, the application of the addilional sificone adhesive layer has no influence on active ingredient




pertaeation through the skin,
According o lhe presentdisclosure TTSs having significantly higher dhesive force while retaining their original
size can lherefore be produced.

IV. Pharracokinetic properties

An open-label, parallel-group, four-period, ascending dose-proportionality sludy evelusting TTS#2 5 em?, 10
em?, 15 em?, and 20 cm? and 1.5 mg, 3 mg, 4.5 mg, and § mg BID Exelon® capsules at steady state in patiertis with
mild-te-moderate Alzheimer's disease was conducied

Palients diagnosed with mild to moderate Alzheimer's Disease were randomized fo either TTS#2 or capsule
trealment. The criteria for inclusion were: male or female {non-chifd-bearing potential) patients, 50-85 years of age, who
TUlfill he (DSM-IV) eriteria for dementia of the Alzheimer's lype. Patlents should have been diagnosed with probabie AD
according to NINCDS - ADRDA criteria, with a MMSE scors of 1026 (both inclusive), and no other medijcal conditions
thal could impact study resulls,

Based on previous experience in clinical trials, 14-day Gilratlon steps were implemented for his study.

. At the lime of ihis analysis, the following number of patients completed each of the four perlods, and were
included in the pharmacokinelic evaluation:

Capsule TTSH2

19 pafients inthe 1.5 mg biddose | 18 patienis in the 5 cm? dose

18 palients in the 3.0 bid dose | 18 patientsin the 10 ¢m? dose
13 patientsinthed.Smg biddose | 16 patients inthe 15 ocm?2 dose
12 palients inthe 8,0 mg biddose | 11 pafients in the 20 cm? dase

The pharmacokinetics of rivasligmine were investigated after bolh freaiments en the Jast day of each Bilration
period, except on highest doses when it is investigeted on third day of firation (in order not to miss plasma samplings
in case of early drop-ouls due o poorer lolerability). Plasma samples were analyzed for rivastigmine using LC-MS/MS
with a lower limit of quantification (LLOQ) of 0.2 ng/mL. Slandard noncompartmental pharmacokinetic parameters were
derived from the individual plasma concentration-time proflles using WinNonlin Pro,

The pharmacelinelic parameters of dvastigmine are summarized in Table 1 (capsule treatment) and Tahle 2
(TTS#2 treatment). The mean {£ S0) plasma concentration-ime profiles are displayed in Figure 4.

During the application of TT5#2, a rivastigmine plateau concentration was achieved ata median t, of 80 h
for all TTS sizes., Exposure also increased over-proporiionally with increasing doses as displayed in Table 3, but 1o a
lesser exiant than with the capsule, in particular for AUG 4.

The inter-subject variability as assessed by the coefficients of variation (CVs) for the exposure parameters of
rvastigmine (G, and AVC,.} was generally lower after the palch {CVs of 33-48%) as compared o the oral adminis-
tration (CV's of 39-68%).

V. Pharmacelogic properies

TTS#2 shows improved pharmaccicgical properlies when compared with a capsule formulation as shown in
standard animal test and in clinical trials..
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Table 2 Descriptive statistics of pharmacokinetic parameters of rivastigmine following TTS#2 application

ENAT713 Crrax tmax AUCo4, AUC 5 tys
(ng/mL}) (h} (ng-h/mL} (ng-hfml} {h}
5 cm? (9 mg loaded dose)
Mean = 8D 2.66 + 1.15 45.6 + 16.6 45.6 + 16.6 na
CV% 43 36 36 na
Median 2.66 8.0 48.3 48.3 na
Min 1.19 0.5 18.7 19.7 na
Max 4.63 12.0 74.9 74.9 na
N 18 18 18 18 na
10 cm? (18 mg loaded dose)
Mean = 8D 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 16.0 199 199 na
N 18 18 18 18 aa
15 cm? (27 myg loaded dose)
Mean = 3D 13.8 £ 6.58 226 + 85.5 226 = 855 na
CV% 4B 38 38 na
Median 16.6 8.0 243 243 na
Min 4.32 3.0 93.6 93.6 na
Max 25.7 16.0 346 346 na
N 18 16 16 16 na
20 em? (36 mg loaded dose)
Mean = 8D 19.0 = B.O4 339 & 138 397 &+ 154 3.40 = 0.67
CV% 42 41 39 20
Median 17.1 8.0 323 368 3.24
Min 7.55 0.0 140 180 2.60
Max 337 12.0 529 588 4.62
N 11 11 11 11 11

na = not available

Table 3. Extent of rivastigmine exposure increase with increasing dose

rivastigmine Capsule TTS#2
Dose Crnax AUC24p, Crnax AUC4n
X2 X 2.6 x4.3 X 2.8 x2.7
%3 x3.8 x7.3 %x 5.2 x 5.0
x4 x7.3 x12.2 x7.1 x7.4
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Claim

1. Rivastigmine for use in a method of preventing, treating or

defaying progression of dementia or Alzheimer’s disease, wherein the
rivastigmine is administered in a 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:
- rivastigmine free base 30.0 wt %
- Durotak® 387-2353 (polyacrylate adhesive) 49.9 wt %
- Plastoid® B (acrylate copalymer) . 20.0 wt %
- Vitamin E 0.1 wt %

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:

- Bio-PSA® Q7-4302 (silicone adhesive) 98.9 wt %
- Silicone ol ) 1.0 wt %
- Vitamin E 0.1 wt %.






