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Stabilized pharmaceutical compositions comprising fesoterodine

Field of the Invention

The present invention generally relates to a pharmaceutical
composition comprising fesoterodine or a pharmaceutically
acceptable salt or solvate thereof and to a method for its

preparation.

Background

Fesoterodine is the International Non-proprietary Name (INN)
of a compound of formula (I) which can be chemically described
as 2-[(1R)-3-(diisopropylamino)-1-phenylpropyl]-4-
(hydroxymethyl)phenyl isobutyrate.

Fesoterodine is an innovative drug for the treatment of
overactive bladder, urinary incontinence and other
dysfunctions of the urinary tract. It i1s disclosed, inter
alia, in EP 1077912 Bl, pertaining to novel derivatives of

3,3 -diphenylpropylamines. EP 1230209 Bl discloses stable salts
of said novel derivatives of 3,3-diphenylpropylamines,

including fesoterodine hydrogen fumarate.
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Overactive bladder (OAB) is an extremely common disorder,
affecting 17% of the adult population in major European

countries. OAB can occur at any age and in either gender,
although its prevalence is higher in geriatric and female

populations.

OAB 1s a bladder function disorder resulting in symptoms of
urgency, with or without urge incontinence, and usually
includes increased urinary frequency and nocturia. The
disorder is due to spastic contractions of the detrusor muscle
of the bladder, resulting in sustained high bladder pressure
and the urgent need to urinate. This can be caused by several
reasons, such as traumatic or toxic nerve damage (e.g.,
abdominal trauma, pelvic trauma or surgery, bladder stones,
adverse effects of drugs , neurological diseases (e.g., spinal
cord lesions, multiple sclerosis, Parkinson’s disease,
excessive neurotransmitter release in the bladder) or myogenic
instability (e.g., bladder hypertrophy caused by outlet

obstruction or urinary tract infection).

In some cases, OAB can be managed without pharmacotherapy,
using exercise, pessaries, implants, biofeedback or behavioral
therapy. But 1in most cases, pharmacotherapy i1is the better
option. Antimuscarinic agents have been found to be
particularly effective for treating OAB. During normal
micturition, acetylcholine released from postganglionic
parasympathetic neurons acts on the muscarinic receptors of
the detrusor smooth muscle in the bladder to stimulate
contractions. Antimuscarinic agents interfere with this
action, thus reducing detrusor contractions. However, despite
the availability of different antimuscarinic drugs, physicians
and patients remain dissatisfied with current treatments due

to adverse events and/or insufficient efficacy.

Therefore, new agents with improved safety and efficacy are

needed for a more effective treatment of OAB.
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Fesoterodine is known in the art for its potency in treating
urinary incontinence. However, fesoterodine may exhibit
substantial degradation under stress conditions, e.g., in a
humid environment and at increased temperature. It is
believed that hydrolyzation and oxidation are among the major
mechanisms resulting in degradation. Therefore, it would be

desirable to develop new pharmaceutical compositions

comprising fesoterodine that are more stable against
degradation over an extended period of time even under stress
conditions. To that end, it has now been found, surprisingly,
that some pharmaceutical excipients are able to significantly
slow down the degradation of fesoterodine under stress

'conditions.

It is an object of the invention to address the foregoing
disadvantages or at least to provide the public with a useful
choice.

Summary

'The present invention provides a pharmaceutical composition

comprising fesoterodine or a pharmaceutically acceptable salt

,or solvate thereof, and a pharmaceutically acceptable

stabilizer. Suitable stabilizers can be selected from the
group consisting of xylitol, sorbitol, polydextrose, isomalt,
dextrose and combinations thereof. Most preferred is xylitol.
Another preferred stabilizer is sorbitol. Another preferred
stabilizer is polydextrose.

The pharmaceutical composition of the present invention is
preferably suitable for oral administration. Suitable and
preferred oral dosage forms of the pharmaceutical compositions

"according to the present invention are tablets, granulates and

coated tablets. Capsules, lozenges and other solid oral
administration forms are likewise included in the scope of the

present invention.

Also disclosed is a pharmaceutical composition as defined
above comprising fesoterodine or a pharmaceutically acceptable
salt or solvate thereof, a pharmaceutically acceptable

2529379_1 (GHMatters) P78460.AU
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stabilizer as defined above, and at least one further
excipient, preferably at least one type of hydroxypropyl
methylcellulose.

In yet another aspect the invention relates to a
pharmaceutical composition for the oral administration of
fesoterodine or a pharmaceutically acceptable salt or solvate
thereof that may be obtained by granulating fesoterodine with
a suitable excipient, preferably a pharmaceutically acceptable
stabilizer as chosen from among xylitol, sorbitol,
polydextrose, isomalt, and dextrose, and most preferably
xylitol. The granulate then may be mixed with at least one
further excipient, preferably at least one type of
hydroxypropyl methylcellulose, and optionally other

excipients.

In another aspect, disclosed is a pharmaceutical composition
comprising fesoterodine or a pharmaceutically acceptable salt
or solvate thereof, wherein the pharmaceutical composition can
be so0lid, and may be suitable for oral administration.
Fesoterodine, or a salt thereof, can be embedded in a gel
matrix formed by at least one type of a water swellable
sustained release agent, such as a cellulose ester or ether,
and preferably formed by at least one type of hydroxypropyl
methylcellulose (hypromellose) and, optionally, further
excipients. More preferably, fesoterodine and a stabilizer may
be embedded in a gel matrix formed by at least one type of
hydroxypropyl methylcellulose (hypromellose) and, optionally,

further excipients.

In certain embodiments, the fesoterodine salt can be a salt of
a polybasic acid, preferably with an auto pH in water in the
range of about 3-5 (measured in water at 25°C at a
concentration of 1 wt%). Examples may be chosen from the group
of polybasic mineral acids, such as e.g. sulfuric acid and
phosphoric acid, or of polybasic organic acids. Preferred

examples are salts of di- or tricarboxylic acids such as
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fesoterodine maleate, fesoterodine oxalate, fesoterodine
citrate, fesoterodine phthalate, fesoterodine fumarate,
fesoterodine succinate, fesoterodine tartrate, fesoterodine
malonate, fesoterodine malate etc. In particular embodiments,
the fesoterodine salt may be a partially hydrogenated di- or
tricarboxylic acid salt, particularly a salt with an auto pH
of 3-5, particularly between 3 and 4, more preferably between
3.25 and 3.75, such as hydrogen fumarate or hydrogen maleate.
A particularly preferred salt is fesoterodine hydrogen

fumarate.

In yet another aspect, disclosed is a pharmaceutical
composition as described above comprising fesoterodine
fumarate as a pharmaceutically acceptable salt, and

preferably, fesoterodine hydrogen fumarate.

In another aspect, disclosed is a pharmaceutical composition
as described above comprising fesoterodine hydrogen fumarate
as a pharmaceutically acceptable salt in an amount of about
0.5-28 or 0.5-20 mg, preferably about 1-16 mg, more preferably
about 1-12 mg even more preferably about 1-8 mg, and
particularly preferably about 2, 4 or 8 mg per dosage unit
(based on the content of fesoterodine or its salt, e.g.,

fesoterodine hydrogen fumarate).

Also disclosed is a method of treating patients suffering from
overactive bladder and having symptoms such as urinary
incontinence, specifically urinary urge incontinence,
imperative urinary urge, and/or increased urinary frequency by
administering a therapeutically effective amount of any of the
compositions as described herein. In particular, disclosed is
a method of treating patients suffering from overactive
bladder that may have symptoms such as urinary incontinence,
urinary urge incontinence, urinary urgency and/or urinary
frequency by administering a unit dosage form of the
fesoterodine compositions described herein. A unit dosage form

may contain between about 0.5-28 or 0.5-20 mg fesoterodine,
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preferably about 1-16 mg, more preferably about 1-12 mg, even
more preferably about 1-8 mg, and particularly preferably
about 2, 4 or 8 mg per dosage unit (based on the content of
fesoterodine or its salt, e.g., fesoterodine hydrogen
fumarate). The unit dosage form can be administered once-daily
to a patient or in some cases, more than once daily to a

patient as may be appropriate.

Moreover, this application discloses a method for the
production of a pharmaceutical composition as described above
comprising producing a mixture of fesoterodine or a
pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable stabilizer as defined above. These
components can then be mixed with at least one type of
hydroxypropyl methylcellulose, and optionally other
excipilents. Optionally, the resultant composition may be

pressed into tablets and coated.

One preferred method for the production of a pharmaceutical
composition containing fesoterodine comprises granulating a
composition containing fesoterodine or a pharmaceutically
acceptable salt thereof and a pharmaceutically acceptable
stabilizer as defined above and then mixing the granulate thus
formed with at least one type of hydroxypropyl
methylcellulose, and optionally other excipients. The
resultant composition may then be pressed into tablets and

coated.

The granulation process may be performed in a dry granulation
procedure, without the addition of liquid or, preferably, in
the presence of a ligquid, such as water ("wet granulation").
In wet granulation, for example, fesoterodine or a
pharmaceutically acceptable salt thereof and a stabilizer as
defined above can be mixed in the presence of water. The
granulate can then be dried. This dried granulate may then be

mixed with at least one further excipient, preferably at least
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one type of hydroxypropyl methylcellulose, and optionally

other excipients.

It has been surprisingly found that wet granulation can be
accomplished without increasing the degradation of
fesoterodine due to hydrolyzation of the ester bond. For the
same reason, 1t was even more surprising that fesoterodine 1is
more stable in a composition that is produced in the presence
of water, e.g., by wet granulation, than in a composition that
is produced by dry granulation (see, e.g., Table 9) or by dry

mixing and compressing the excipients (see Table 8).

In another and more general aspect, the present invention
relates to a pharmaceutical composition comprising
fesoterodine, or a pharmaceutically acceptable salt or solvate
thereof, and a pharmaceutically acceptable stabilizer, wherein
the stabilizer is identifiable by a method comprising the

following steps:

preparation of a binary granulate of 1 part by weight of
fesoterodine and 9 parts by weight of the stabilizer;
storing said granulate under the following three

conditions:

a) 25°C and 60% r.H. in closed vials for 6 weeks
b) 40°C and 75% r.H. in closed vials for 6 weeks

c) 40°C and 75% r.H. in open vials for 6 weeks

determining the content of the active metabolite of
formula (II) via HPLC by the area-% method
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selecting a stabilizer from those which limit the
formation of active metabolite of formula (II) during

storage under at least two of the above conditions as

follows:
1) about 1 wt% or less under storage condition a)
11) about 2 wt% or less under storage condition b)
11i1) about 2 wt% or less under storage condition c)

Preferably, such stabilizer is selected from polyols, sugars
or sugar alcohols. Most preferably this stabilizer is xylitol,
sorbitol, polydextrose, isomalt, dextrose or combinations
thereof, and even more preferably xylitol, sorbitol or
polydextrose. The composition containing the stabilizer
preferably comprises a salt of fesoterodine which has an auto
pH in water of 3-5. Auto pH is the pH value which can be
measured after dissolving 1 wt-% fesoterodine salt in water at

25°cC.

Brief description of the Figures

Figure 1 shows the in vitro dissolution profiles of
fesoterodine-containing pharmaceutical compositions based on a
dmg tablet

Figure 2 shows the in vitro dissolution profiles of
fesoterodine-containing pharmaceutical compositions based on

an 8 mg tablet.

1 ed L

In the most general aspect of this application, a

pharmaceutical composition is provided comprising fesoterodine
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or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable stabilizer.

Fesoterodine

Unless the context indicates otherwise, the term
"Fesoterodine" as used herein includes pharmaceutically
acceptable solvates of 2-[(1R)-3- (diisopropylamino)-1-
phenylpropyl] -4- (hydroxymethyl)phenyl isobutyrate (formula I),
particularly hydrates of fesoterodine. "Fesoterodine" also
includes pharmaceutically acceptable salts of 2-[(1R)-3-
(diisopropylamino) -1-phenylpropyl] -4- (hydroxymethyl)phenyl
isobutyrate (formula I), particularly the hydrogen fumarate

salt, as well as the free base.

Throughout this application, amounts indicated relate to
fesoterodine in the form which is used, i1.e., either the free

base or the salt.

Fesoterodine is an ester which is susceptible to hydrolyzation
after administration in vivo as well as during storage under
stress conditions to give a main product (2-[(1R)-3-
(diisopropylamino) -1-phenylpropyl] -4- (hydroxymethyl)phenol)
(formula II), which is referred to herein as the "Active

Metabolite" and corresponds to the following structure:

(II)

Throughout this application the term "hydrolyzation product"

refers to the Active Metabolite of formula II. Other
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degradation products also may result from the metabolism
and/or degradation of fesoterodine. As used herein, "total
degradation products" will include, at least in part,
hydrolyzation product.

The content of undegraded fesoterodine, as well as the
relative amounts of hydrolyzation product and total
degradation products given, can be determined via HPLC by the
area-% method. In this area-% method the ratio of undegraded
fesoterodine is determined by comparing the area of the
respective HPLC peak with the total area of all signals in the
HPLC profile that can be related to fesoterodine and its

hydrolyzation and/or degradation products.

Stabilizer

A "pharmaceutically acceptable” stabilizer is a stabilizer
which is not biologically or otherwise undesirable, i.e., the
stabilizer can be administered to an individual without
causing significant undesirable biological effects or
interacting in a deleterious manner with any of the components

of the composition in which it is contained.

"Stabilizer," as the term is used herein, means a substance,
particularly a pharmaceutically acceptable excipient, which
inhibits, prevents, slows down, or reduces the degradation of
fesoterodine as compared to fesoterodine in the absence of the
substance under certain conditions. As used herein, the term
“stabilizer” also embraces a combination of two or more of the
stabilizers according to the invention. By way of example, a
combination of xylitol and sorbitol, or a combination of
xylitol, sorbitol and polydextrose, or a combination of

xylitol and polydextrose may be mentioned.

Whether a certain excipient 1s suitable as a stabilizer
according to the present invention can for example be

determined by the following method:
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At first a granulate is prepared:

- 1 mass equivalent fesoterodine or a salt thereof,
preferably fesoterodine Hydrogen Fumarate, and 9 mass
equivalents of the excipient are weighed separately. If
the excipient 1s agglomerated, 1t will be passed
through a sieve (1.5 mm).

- Fesoterodine and the excipient are passed through a
sieve (0.8 mm).

- The fesoterodine and the excipient are transferred into
a suitable granulator (e.g., a high-shear mixer
granulator such as those manufactured by Lédige, Type
Diosna P1/6) at a temperature of below about 35°C and
mixed for 1 minute.

- About 5.5 wt% of purified water is added to the dry
mixture while stirring.

- The mixture 1is stirred with a chopper for about 90 to
120 seconds.

- The mixer is emptied, and the contents are transferred
to a sieving machine to form wet granulate, which then
is passed through a sieve or a screen (4.0 mm).

- The sieved granulate is dried on trays at about 45°C
for a minimum of 8 h. in a drying chamber/oven until a
water content of not more than about 0.5%.

- The dried granulate is passed through a sieve (0.5 to
1.0 mm) .

- The dried granulate is then mixed (at a speed of about
8 rpm) for 5 minutes.

- One part of the granulate is examined to determine the
initial amount of hydrolyzation and degradation
product, while another part is stored in open vials as
described above and subsequently examined to determine
the final amount of hydrolyzation and degradation

product.
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Batches of this granulate are then stored under three

conditions, respectively, as follows:

a) 25°C and 60% r.H. 1in closed vials for 6 weeks
b) 40°C and 75% r.H. in closed vials for 6 weeks

c) 40°C and 75% r.H. in open vials for 6 weeks

The content of the active metabolite of formula (II) is
determined via HPLC by the area-% method. In this area-%
method the amount of active metabolite is determined by
comparing the area of the respective HPLC peak with the
total area of all signals in the HPLC profile that can be
related to fesoterodine and its hydrolyzation and/or

degradation products.

According to the invention, a substance is a stabilizer
if it limits the formation of active metabolite of
formula (II) during storage under at least two of the

above conditions a), b) and c) as follows:

a) about 1 wt% or less, preferably 0.5 wt% or less,
and particularly preferably 0.36 wt% or less

b) about 2 wt% or less, preferably 1 wt% or less, and
particularly preferably 0.5 wt% or less

c) about 2 wt% or less, preferably 1.5 wt% or less,

and particularly preferably 0.58 wt% or less

Stabilizers according to the present invention can for example
be selected from certain sugars, sugar alcohols, polyols, or
derivatives thereof meeting the aforementioned criteria.
Particularly preferred stabilizers are chosen from among
xylitol, sorbitol, polydextrose, isomalt, and dextrose.
Xylitol is one preferred stabilizer. These substances are
capable of inhibiting, preventing, slowing down, or reducing
the hydrolyzation of fesoterodine into active metabolite of
formula (II), and thus act as stabilizers. Thus, the invention

relates to pharmaceutical compositions comprising fesoterodine
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and a stabilizer selected from xylitol, sorbitol,
polydextrose, isomalt, and dextrose, and most preferably
xylitol, wherein the fesoterodine is protected against
hydrolyzation under various stress conditions (see, e.g.,
Table 6 and Table 7).

Also preferred as stabilizers are those substances that are
capable of reducing the destabilizing effect of certain other

excipients, such as lactose, on fesoterodine.

The stabilizers of the present invention can also inhibit,
prevent, slow down, or reduce the degradation of further ester
compounds that are susceptible to hydrolysis. In particular,
stabilizers of the present invention are useful for the
stabilization of esters of the active metabolite of

fesoterodine of formula II.

Thus, another aspect of this invention relates to the use of a
substance selected from the group consisting of xylitol,
sorbitol, polydextrose, isomalt, and dextrose for the
stabilization of a pharmaceutical composition comprising as
active ingredient an ester compound that is susceptible to
hydrolysis, particularly an ester of the active metabolite of
fesoterodine of formula (II) and preferably such an ester as
indicated below, or a pharmaceutically acceptable salt or

solvate thereof.

Esters of the active metabolite of fesoterodine of formula II
that can be stabilized in this way include the following

compounds :

a) phenolic monocesters of formula TTT
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identical di r f formula T

)\ (IV)

wherein each Rl is as defined above;

PCT/EP2007/055582
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c) mixed diesters of formula V

FOLIL
UL

N

A (V)

wherein Rl is as defined above, R2 is hydrogen, Cq1-Cg

alkyl or phenyl with the proviso that Rl and R?2 are
different,

OH

(J LA

)\ (V1)

wherein Rl is as defined above;
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e) intramolecular cyclic diesters of formulae VIT and

VIIT

N (VI

wherein o and p are the same or different and represent
the number of methylene units -(CHj)- and may range from
0 to 6; and
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f) inorganic esters such as (*)-Benzoic acid 2- (3-

diisopropylamino-1-phenylpropyl)-4-sulphooxymethyl-phenyl

ester;

and their salts with physiologically acceptable acids,
their free bases and, when the compounds can be in the
form of optical isomers, the racemic mixture and the

individual enantiomers.

In yet another aspect, this application also includes a
pharmaceutical composition comprising such an ester as defined
above, or a pharmaceutically acceptable salt or solvate
thereof, and a pharmaceutically acceptable stabilizer, wherein
said stabilizer is selected from the group consisting of
xylitol, sorbitol, polydextrose, isomalt, dextrose and

combinations thereof.

Preferred pharmaceutical composition are those comprising
(a) a phenolic monoester of formula (III) as defined above,
particularly preferably a phenolic monoester wherein Rl is a
linear or branched C3-Cg alkyl, or a pharmaceutically
acceptable salt or solvate thereof, and

(b) a pharmaceutically acceptable stabilizer, wherein said
stabilizer is selected from the group consisting of xylitol,
sorbitol, polydextrose, isomalt, dextrose and combinations

thereof.

In one aspect of the present invention, the pharmaceutical
composition comprising the ester as described above,
preferably the phenolic monoester of formula (III), and the
stabilizer, contains said ester in the form of a salt,
preferably a salt of a di- or tricarboxylic acid, or a
partially hydrogenated di- or tricarboxylic acid, wherein said
salt of said ester has an auto pH in water that is close to
the pH stability optimum of the respective ester, for example
at about pH 3-5.
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Exemplary pharmaceutical compositions

Exemplary, non-exhaustive examples of various stabilized

compositions may be described as follows.

A pharmaceutical composition comprising fesoterodine and a
stabilizer as defined above wherein fesoterodine is stable
against degradation at about 40°C, 75% r.H. in an open vial
such that after about 12 weeks at about 40°C, 75% r.H. in open
vial the pharmaceutical composition contains at least about
85%, 86%, 87%, 88%, 89% or about 90% fesoterodine. More
preferably, such a pharmaceutical composition contains at
least about 89% of fesoterodine after storage under such

conditions.

A pharmaceutical composition comprising fesoterodine and a
stabilizer as defined above, wherein the fesoterodine is
stable against degradation at about 40°C, 75% r.H. in an open
vial such that after about 6 weeks at about 40°C, 75% r.H. in
open vial the pharmaceutical composition contains no more than
about 7%, 6%, 5%, 4.9%, 4.8%, 4.7%, 4.6%, 4.5%, or 4.4% of

active metabolite of formula (II).

A pharmaceutical composition comprising fesoterodine and a
stabilizer as defined above, wherein the fesoterodine is
stable against degradation at about 40°C, 75% r.H. in a closed
vial such that after about 6 weeks at about 40°C, 75% r.H. in
closed vial the pharmaceutical composition contains no more
than about 2.5%, 2.2%, 2.1%, 2%, 1.9%, 1.8%, 1.7%, 1.6%, 1.5%,
1.4%, 1.3%, 1.2%, 1.1%, or 1% of active metabolite of formula
(IT). More preferably, such a pharmaceutical composition
contains no more than about 1.09% of active metabolite of

formula (II) after storage under such conditions.

A pharmaceutical composition comprising fesoterodine and a

stabilizer as defined above wherein fesoterodine is stable
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against degradation at about 25°C, 60% r.H. in a closed vial
such that after about 6 weeks at about 25°C, 60% r.H. in
closed vial the pharmaceutical composition contains no more
than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%,
or 0.1% of active metabolite. More preferably, such a
pharmaceutical composition contains no more than about 0.18%
of active metabolite of formula (II) after storage under such

conditions.

In preferred embodiments, the stabilizer used in the
pharmaceutical composition comprising fesoterodine can be

polydextrose, sorbitol, or particularly preferably xylitol.

Granulates

As mentioned above, the pharmaceutical composition of the
present invention may be in the form of a granulate. The
granulate may optionally contain at least one further
excipient. Whereas fesoterodine itself was found to have
degraded after about 12 weeks at about 40°C, 75% relative
humidity (r.H.) in open vials to the extent that only about
50% of the original fesoterodine remained in undegraded form,
a granulate of fesoterodine and xylitol was found to have
about 93% of the original amount of fesoterodine remaining in
undegraded form after about 12 weeks under the same

conditions.

Thus, exemplary, non-exhaustive examples of fesoterodine

granulates are provided.

A granulate of fesoterodine and a stabilizer as defined above
wherein the fesoterodine in the granulate is stable against
degradation at about 40°C, 75% r.H. in an open vial such that
after about 6 weeks at about 40°C, 75% r.H. in open vial the
granulate contains no more than about 2%, 1.5%, 1%, 0.9%,
0.8%, 0.7%, 0.6%, or 0.5% of active metabolite of formula (II)

by weight. More preferably, such a granulate contains no more
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than about 0.58% of active metabolite of formula (II) after

storage under such conditions.

A granulate of fesoterodine and a stabilizer as defined above
wherein the fesoterodine in the granulate is stable against
degradation at about 40°C, 75% r.H. in a closed vial such that
after about 6 weeks at about 40°C, 75% r.H. in closed vial the
granulate contains no more than about 2%, 1.5%, 1%, 0.9%,
0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, or 0.2% of active
metabolite of formula (II). More preferably, such a granulate
contains no more than about 0.23% of active metabolite of

formula (II) after storage under such conditions.

A granulate of fesoterodine and a stabilizer as defined above
wherein the fesoterodine in the granulate is stable against
degradation at about 25°C, 60% r.H. in a closed vial such that
after about 6 weeks at 25°C, 60% r.H. in closed vial the
granulate contains no more than about 1%, 0.9%, 0.8%, 0.7%,
0.6%, 0.5%, 0.4%, 0.3%, 0.2%, or 0.1% of active metabolite of
formula (II). More preferably, such a granulate contains no
more than about 0.36%, even more preferably no more than about
0.12% of active metabolite of formula (II) after storage under

such conditions.

In preferred embodiments, the granulate includes polydextrose,
sorbitol, or particularly preferably xylitol as the

stabilizer.

Further provided are granulates of fesoterodine formed by a
granulation process, preferably wet granulation, with a

suitable excipient, such as a stabilizer as defined above.

A granulate produced from such a granulation step preferably
has a fesoterodine/stabilizer ratio of about 1-30% [w/w], more
preferably about 1-20% [w/w], more preferably about 3-15%
[w/w], and even more preferable about 5-10% [w/w]. In a

particularly preferred embodiment, a granulate includes a
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fesoterodine/xylitol or fesoterodine/sorbitol ratio of about
1-30% [w/w], preferably about 1-20% [w/w], more preferably

about 3-15% [w/w], and even more preferably about 5-10% [w/w].

The average size of the granulate can be controlled by usual
technigques such as sieving or milling, and typically may be
below about 4 mm, preferably below about 2 mm, more preferably
below about 1 mm, and even more preferably below about 0.75

mm, e.g. about 0.5 mm.

Fesoterodine granulates as described herein, particularly if
produced in a wet granulation process, are surprisingly stable
under humid stress conditions. The granulates can be further
processed and incorporated into pharmaceutical compositions

that are also surprisingly stable.

It has been further surprisingly found that granulating
fesoterodine with either xylitol or sorbitol provides for
enhanced stability during the granulation process as compared
to granulating fesoterodine with either mannitol or maltitol.
When fesoterodine was granulated separately with these four
sugar alcohols and tested for the amount of hydrolyzation or
total degradation that occurred during granulation, 1t was
found that granulating with xylitol or sorbitol resulted in
less degradation products than granulating with mannitol or
maltitol. Granulating with xylitol or sorbitol led to the
formation of about 0.06% to about 0.07% of hydrolyzation
products and total degradation products, while granulating
with mannitol or maltitol led to the formation of about 0.42%
to about 0.73% of hydrolyzation products and total degradation
products. (See Table 7).

The surprisingly superior results observed for granulation
with xylitol or sorbitol were also observed when fesoterodine
granulates including xylitol or sorbitol were used to prepare
pharmaceutical compositions. Pharmaceutical compositions in

tablet form that were prepared with granulates of fesoterodine
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that included xylitol or sorbitol exhibited far less
hydrolyzation products and total degradation products (about
0.06% to 0.11%) than tablets prepared with fesoterodine
granulates containing mannitol or maltitol (about 1.1% to
1.7%) . (See Table 8).

The difference between sorbitol and mannitol is especially

surprising since these two sugar alcohols are isomers.

In another embodiment the present invention provides the use
of granulates comprising fesoterodine and a stabilizer, as
described herein, for the treatment of urinary incontinence,
specifically urinary urge incontinence, urinary urgency and/or
urinary frequency and the preparation of a medicament for
treating such conditions. Preferably, the granulates which are
used for preparing the medicament (such as, e.g., a tablet)
comprise a sugar, sugar alcohol, polyol, or derivative thereof
(such as, e.g., xylitol, sorbitol, polydextrose, isomalt, or
dextrose). The medicament may be in the form of, e.g., a

granulate, a capsule, a tablet or a coated tablet.

ned-re] E lat]

In yet a further embodiment, provided is a solid
pharmaceutical composition for the oral administration of
fesoterodine or a pharmaceutically acceptable salt or solvate
thereof, preferably fesoterodine hydrogen fumarate, that can
be obtained by mixing the granulate described herein with at
least one further excipient, preferably with at least one type
of sustained release-agents, such as hydroxypropyl

methylcellulose (HPMC), and optionally other excipients.

In another aspect, the active ingredient (Fesoterodine or a
pharmaceutically acceptable salt thereof) is embedded in a gel
matrix formed by a sustained release agent as described

hereinafter, preferably by a gel matrix formed by at least one
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type of a water swellable sustained release agent, such as a
cellulose ester or ether, and preferably formed by at least

one type of HPMC.

More preferably, a granulate comprising the active ingredient
(Fesoterodine or a pharmaceutically acceptable salt thereof)
and a stabilizer as defined above , are embedded in a gel
matrix formed by at least one type of HPMC. Such a formulation
comprising fesoterodine, a stabilizer and a gel matrix formed
by at least one type of HPMC is preferably designed to release
fesoterodine over an extended period of time, preferably to

allow for once-daily oral administration.

Suitably, such a once-daily formulation contains at least
about 20% HPMC by weight of the total weight of the
formulation, and more preferably at least about 25% (w/w),
such as between 25% and 65%, and even more preferably at least
about 30% (w/w), such as between 30% and 65%, and particularly
preferably at least about 35% (w/w) such as between 35% and
55% HPMC.

The particularly preferred formulations of the present
disclosure, such as for examples the formulations "A", "B",
*c*, "D", "E", "F", "G" and "H" given in tables 1 and 2 of the
Experimental part of this application, were shown in clinical
studies and/or in bioequivalence studies to be effective for
the once-daily administration in man. They all exhibit a
particular fesoterodine release profile in in-vitro
dissolution assays. These formulations and other formulations
showing the respective dissolution profiles form another

embodiment of the present disclosure.

Particularly preferable pharmaceutical compositions comprising
fesoterodine show a cumulated fesoterodine release (in weight

percent based on the theoretical amount of fesoterodine in the
formulation) in an in vitro dissolution assay according to USP

711 (in phosphate buffer pH 6.8, 37°C, at 75 rpm) as follows:
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® about 5 to about 30%, preferably about 6 to about 26%
fesoterodine release after 1 hour,

e about 15% to about 40%, preferably about 18% to about 38%
fesoterodine release after 2 hours,

e about 35% to about 65%, preferably about 36% to about 56%
fesoterodine release after 4 hours, and

e at least about 75%, preferably at least about 80%

fesoterodine release after 16 hours.

The gel matrix for releasing fesoterodine is preferably formed
by a sustained release agent, particularly by one that is
swellable in contact with water, in an amount of about 20-80%
[w/w], preferably about 25-65%, more preferably 30-65%, and
even more preferably about 35-55% [w/w] based on the total

composition.

The matrix may optionally contain further ingredients. In
particular, a filler such as lactose and/or microcrystalline

cellulose also may be embedded in the matrix.

In another embodiment, a solid fesoterodine composition
comprises at least two types of hydroxypropyl methylcellulose
(HPMC) . The two types of HPMC may be chemically identical but
differ in their viscosity, when dissolved in water under
standard conditions. Alternatively, two types of HPMC which

differ chemically may be used.

A particularly advantageous composition can be obtained when
one type of HPMC has a nominal viscosity of about

100,000 mPa-s (i.e., 100,000 £ 20,000 mPa-s), and the other
has a nominal viscosity of about 4,000 mPa-s (i.e., 4,000 %
1000 mPa-s) when dissolved in water at about 22°C in a

concentration of about 2% by weight.

In one preferred embodiment, the ratio of fesoterodine or the

pharmaceutically active salt or solvate thereof and HPMC is
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between about 1:80 and about 1:5 [w/w]. Even more preferred
are weight ratios of between about 1:70 and about 1:10 [w/w]
and even more preferably between about 1:40 and about 1:15

[w/w] .

Another preferred embodiment is a solid pharmaceutical
composition that comprises about 0.25 to about 10% [w/w]
fesoterodine or its pharmaceutically acceptable salt or
solvate. Most preferred compositions include fesoterodine in
an amount between about 0.5 and about 4% [w/w]. A preferred
composition further may contain one or more additional
excipient(s), such as one or more filler(s), binder(s) and/or
lubricant(s), and among them lactose, microcrystalline
cellulose, talc and glycerol dibehenate are particularly

preferred.

mponen f th harm ical m, ition

The compositions are preferably formulated in a unit dosage
form. Each unit dosage form can contain from about 0.5 to 20
mg, preferably about 1-8 mg, and more preferably about 2, 4,
or 8 mg of fesoterodine or a pharmaceutically acceptable salt
thereof, such as, e.g., the hydrogen fumarate salt. The term
"unit dosage form" refers to physically discrete units
suitable as unitary dosages for human beings or other mammals,
each unit containing a predetermined quantity of fesoterodine
or its salt calculated to produce the desired therapeutic
effect, in addition with suitable pharmaceutical excipients.
Most preferred are solid administration forms (such as
tablets, coated tablets, granulates and capsules) that only
require a once-daily administration to the patient to achieve

the desired therapeutic effect.

Pharmaceutical excipients that may be present in the

compositions described herein include sustained release ("SR")
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agents, disintegrants, fillers and lubricants. Other

excipients can also be included.

Sustained release ("SR") agents

If the pharmaceutical composition of the present invention is
a sustained release formulation, it will usually contain one
or more sustained release agents. Suitable sustained release
agents are preferably those that swell upon contact with water
such as polyvinylpyrrolidone, pregelatinised starch,
polymethacrylate, polyvinylacetate, dextranes, starch,
cellulose and cellulose ethers and esters like
methylcellulose, methylethylcellulose, hydroxyethylcellulose,
hydroxypropylmethylcellulose, hydroxypropylcellulose, or

carboxymethylcellulose, or mixtures thereof.

Preferred examples of sustained release agents are
hydroxypropyl methylcellulose (HPMC) or mixtures of different
HPMCs. HPMC may act both as a binder and sustained release
agent. HPMC is preferably present in an amount that allows for
the formation of a gel matrix from which the active ingredient

is gradually released.

In a preferred embodiment, two types of hydroxypropyl
methylcellulose of a different viscosity are used. In these
mixtures, one HPMC may have a high viscosity and one HPMC may

have a low viscosity.

"High viscosity HPMCs" are those having (at 22°C) a nominal
viscosity (by Ubbelohde viscometers) of between about 70,000
and about 150,000, and preferably of about 100,000 (i.e.,
100,000 * 20,000) mPa-s when dissolved (about 2% by weight) in
water. “Low viscosity HPMCs” refers to HPMCs having at room
temperature a nominal viscosity of between about 3,000 and
about 20,000, and preferably of about 4,000 mPa.s (i.e., 4,000
+ 1,000 mPa-s) when dissolved (about 2% by weight) in water.

Preferably the rate of substitution with methoxyl groups of
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the HPMCs used is between about 15 and about 35%, and
particular preferred between about 18 and about 30%, while the
rate of substitution with hydroxypropoxy groups is preferably
between about 5 and about 14%, and more preferably between
about 7 and about 12%. Suitable qualities are found in, for
example, METHOCEL® E4M, METHOCEL® K4M, METHOCEL® K15M and
METHOCEL® K100M which are obtainable from the Dow Chemical
Company .

Particularly preferred brands are METHOCEL® K100M having a
nominal viscosity of about 100,000 mPa.s and METHOCEL® K4M
having a nominal viscosity of about 4,000 mPa-s. The weight
ratios of METHOCEL® K100M and K4M used in the compositions and
formulations described herein can be in the range of about
20:1 to about 1:2, and are preferably in the range of about
10:1 to about 1:1.5, and are even more preferably in the range
of about 7:1 to about 1:1.3.

In one embodiment, one distinct type of HPMC may be used, such
as, e.g., HPMC with a nominal viscosity of between about
50,000 and about 120,000 mPa-+s, wherein HPMC with a viscosity
of between about 50,000 and about 100,000 mPa-s is preferred.

o

Further, the compositions and formulations described herein
can also contain disintegrants, such as pregelatinized starch,
sodium starch glycolate, microcrystalline cellulose,
carboxymethylcellulose sodium (CMC-Na), cross-linked CMC-Na,
polacrilin potassium, low-substituted hydroxypropylcellulose
or mixtures thereof. The presence of a disintegrant in
compositions and formulations described herein is not

necessary, but may be desirable.
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Fillers/Binders

The pharmaceutical compositions described herein can further
contain fillers and/or binders such as microcrystalline

cellulose, powdered cellulose, compressible sugar, starch
(e.g., corn starch or potato starch), pregelatinized starch,
fructose, sucrose, dextrose, dextranes, other sugars such as
saccharose, siliconized microcrystalline cellulose, calcium
hydrogen phosphate, calcium hydrogen phosphate dihydrate,
dicalciumphosphate dihydrate, tricalciumphosphate, calcium

lactate or mixtures thereof.

Preferably, the excipients include at least one filler
selected from microcrystalline cellulose and lactose
monohydrate. More preferably, a mixture of lactose and
microcrystalline cellulose in a ratio of about 1:1 to about
3:1 [W/W] is used as the excipient. A particularly preferred
excipient is MICROCELAC® 100, which is a co-processed mixture
of lactose monohydrate and microcrystalline cellulose in a
ratio of 3:1, both of pharmacopoeial quality, manufactured by
combined spray-drying. Both the filling properties of lactose
and the binding capacity of microcrystalline cellulose are
synergistically co-processed to one excipient providing
improved flow properties and better tabletting performance to

the composition.

The compositions described herein also can comprise binders,
such as cellulose derivatives (e.g., methylcellulose and
sodium carboxymethylcellulose), gelatin, glucose, lactose,
sucrose, polyethylene glycol, polymethacrylates,
hydroxypropylcellulose, sugar alcohols, pregelatinized starch
and sodium alginate. These may be helpful to form granules.
Some of the preferred stabilizers such as xylitol and sorbitol

also have binder properties.

If binders are used to form granulates, they can preferably be

used in a mean particle size of about 1-300um, more preferably
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about 1-200um, and even more preferably about 5-100 pum. Most
preferably, the binder particles should be smaller than about

1 mm.

For example, if xylitol is used to form granules, suitable

qualities are provided by XYLITAB® 300 or XYLITOL® CM50 (both
produced by Xyrofin Oy, Kotka, Finland and commercialized by
Danisco), and XYLITOL 90 (produced by Rogquette GmbH, Germany)

Lubricants

The compositions and formulations disclosed herein can also
comprise lubricants, antiadherents and/or glidants such as
stearic acid, magnesium stearate, calcium stearate, sodium
lauryl sulphate, hydrogenated vegetable o0il, hydrogenated
castor o0il, sodium stearyl fumarate, macrogols, glycerol
dibehenate, talc, corn starch, silicone dioxide or mixtures

thereof.

The preferred lubricants are talc and glycerol dibehenate.

The term "glycerol dibehenate" as used herein shall be

considered synonymous with "glyceryl behenate".

Coatings

Optionally, compositions and formulations described herein,
including cores/tablets, can be coated with conventional
materials used for film coating, e.g., as described in
Pharmaceutical Coating Technology, 1995, edited by Graham
Cole. Film coating compositions usually contain the following
components: polymer(s), plasticizer(s), colorant(s)/
opacifier(s), vehicle(s). Minor quantities of flavours,
surfactants and waxes also can be used in the film coating
solution or suspension. The majority of the polymers used in
film coatings are either cellulose derivatives, such as the

cellulose ethers, or acrylic polymers and copolymers.
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Occasionally encountered are high molecular weight
polyethylene glycols, polyvinylpyrrolidone, polyvinyl alcohol

and waxy materials.

Typical cellulose ethers are hydroxyethylcellulose,
hydroxypropylcellulose, hydroxypropyl methylcellulose and
methylcellulose. Acrylic polymers comprise a group of
synthetic polymers with diverse functionalities. Some of them
can be further modified to enhance swelling and permeability
by the incorporation of materials such as water soluble
cellulose ethers and starches in order to ensure complete

disintegration/dissolution of the film.

The commonly used plasticizers can be categorized into three
groups: polyols (glycerol, propylene glycol, macrogols),
organic esters (phthalate esters, dibutyl sebacetate, citrate
esters, triacetin), oils/glycerides (castor oil, acetylated

monoglycerides, fractionated coconut oil).

Colorants/opacifiers are classified into several groups:
organic dyes and their lakes, inorganic colors, natural
colors. Different materials from each group can also be

combined in defined ratios.

One suitable composition of a coating suspension (calculated

on dry material) comprises:

. about 1-99% by weight of polymer, preferably about 1-95%
of polymer,
. about 1-50% by weight of plasticizer, preferably about 1-

40% of plasticizer,
. about 0.1-20% of colorant/opacifier, preferably about

0.1-10% of colorant/opacifier.

Film coats may be prepared from ready-to-make preparations
which are available on the market. One preferred film-coat
material is OPADRY®, particularly OPADRY® blue, which is a

mixture of 6 components, i.e., polyvinyl alcohol (film forming
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agent), PEG (plasticizer), lecithin (emollient), talc
(lubricant), titanium dioxide (white pigment), indigo carmine

aluminium lake (dye). Depending on the desired opacity, the
preferred amount of the coating is about 4-6% w/w of the

tablet, preferably about 4.5%.

A film coating dispersion or suspension can be prepared by
using different solvents (water, alcohols, ketones, esters,

chlorinated hydrocarbons), but water is preferred.

While a coating may in principle be used to modify the release
of the active ingredient from a formulation, the coating of
the pharmaceutical formulation of the present invention does
preferably not or not significantly modify the release profile
of fesoterodine. Preferably, the coating is applied to the
fesoterodine formulation for patient’s convenience only, 1.e.
to improve the handling and the appearance of the final
tablet.

Preferr ntiti f ingredien

Preferred exemplary, non-exhaustive examples of solid
pharmaceutical compositions will now be described. All
percentages are weight based [w/w], relating to the total

weight of the composition, unless indicated otherwise.

One embodiment relates to a pharmaceutical composition that

comprises:

- About 0.3-5.0% [w/w] of fesoterodine or a salt thereof,
preferably fesoterodine hydrogen fumarate.

- About 5-25% [w/w] of stabilizer, e.g. xylitol, sorbitol,
polydextrose, isomalt, or dextrose. The stabilizer
preferably has a mean particle size of about 0.001-0.30
mm) .

- About 20-40% [w/w] of fillers and/or binders, such as

lactose monohydrate and microcrystalline cellulose.
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About 20-65% [w/w] hydroxypropyl methylcellulose, and
preferably about 25-65%, more preferably 30-65%, and even
more preferably about 35-55% [w/w] hydroxypropyl
methylcellulose.

About 1-10% [w/w] lubricants, such as glycerol dibehenate

and/or talc.

More preferable is a pharmaceutical composition that

comprises:

about 0.3-5.0% [w/w] of fesoterodine or a salt thereof,
preferably fesoterodine hydrogen fumarate;

about 5-25% [w/w] of stabilizer, e.g. xylitol, sorbitol,
polydextrose, isomalt, or dextrose (preferably having a
mean particle size of 0.001-0.30 mm);

about 20-40% [w/w] of a mixture comprising about 45-80%,
preferably about 75% (w/w) lactose monohydrate and about
55-20%, preferably about 25% (w/w) microcrystalline
cellulose;

about 20-65%, preferably about 25-65%, more preferably
about 30-65%, and even more preferably about 35-55% [w/w]
hydroxypropyl methylcellulose;

about 1-10% [w/w] lubricants, such as glycerol dibehenate

and/or talc.

In another specific embodiment, a pharmaceutical composition

comprises

about 0.5-4.0% [w/w] of fesoterodine hydrogen fumarate;
about 5-25% [w/w] of stabilizer, e.g. xylitol, sorbitol,
polydextrose, isomalt, or dextrose (preferably having a
mean particle size of about 0.001-0.30 mm) ;

about 20-40% [w/w] of a mixture comprising about 45-80%,
preferably about 75% (w/w) lactose monohydrate and about
55-20%, preferably about 25% (w/w) microcrystalline

cellulose;
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- about 15-55%, and preferably about 15-40% [w/w] high
viscosity hydroxypropyl methylcellulose;

- about 5-30%, and preferably about 5-25% [w/w] low
viscosity hydroxypropyl methylcellulose;

- about 1-5% [w/w] glycerol dibehenate; and

- about 1-5% [w/w] talc.

A coating may optionally be applied to such a composition.
preferred material for film-coating is OPADRY®, but other

coatings are known.

One

Yet another embodiment relates to a pharmaceutical composition

that comprises:

. about 0.1-10%, preferably about 0.2-7%, more preferably

between 0.3 and 5%, and more preferably about 0.5-4.0%

fesoterodine or a salt thereof, preferably the hydrogen

fumarate salt,

. about 20-65%, preferably about 25-65%, more preferably

about 30-65%, and even more preferably about 35-55% HPMC,

wherein the HPMC may comprise two or more different
types, such as a high-viscosity HPMC (e.g., METHOCEL®

K100M) and a low-viscosity HPMC (e.g., METHOCEL® K4M) .
The ratio of high-viscosity HPMC to low-viscosity HPMC

may be about 20:1 to about 1:2 (w/w), and preferably is

about 10:1 to about 1:1.5 (w/w), and even more preferably

is about 7:1 to 1:1.3 (w/w).

. about 1-45%, preferably about 2-35%, and more preferably

about 5-25% of stabilizer, e.g. xylitol, sorbitol,
polydextrose, isomalt, or dextrose,

. about 10-70%, preferably about 15-50%, and more
preferably about 20-40% a filler, and

. about 0.5-10%, preferably about 1-8%, and more preferably

about 2-7% a lubricant.

A particularly preferred solid pharmaceutical composition

comprises [w/w]:
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Fesoterodine hydrogen fumarate about 0.5-4.0%
Xylitol about 5-25%
MICROCELAC® 100 about 20-40%
HPMC (high viscosity) about 15-40%
HPMC (low viscosity) about 5-25%
Glycerol dibehenate about 1-5%
Talc about 1-5%

and optionally a pharmaceutically acceptable coating. In this
particularly preferred embodiment the preferred mean particle
size of xylitol is about 1-300um, more preferably about 1-
200um, and even more preferably about 5-100 um. In the most
preferred embodiment, all particles should preferably be less
than 1 mm. The same general and preferred particle sizes
likewise apply to other stabilizers according to the

invention.

Another preferred embodiment is a coated tablet comprising a

core that further comprises:

Fesoterodine hydrogen fumarate about 4.0 mg
Xylitol (preferably with a mean

particle size of about 0.001-0.30 mm) about 32-40 mg
MICROCELAC® 100 about 115-130 mg
HPMC having a nominal viscosity

of about 100,000 mPa-s when

dissolved (about 2% by weight) in

water, preferably METHOCEL® K100M about 65-75 mg
HPMC having a nominal viscosity of about

4,000 mPa+s when dissolved

(about 2% by weight) in water,

preferably METHOCEL® K4M about 65-75 mg
Glycerol dibehenate about 8-12 mg
Talc about 7-10 mg
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and a coating, preferably OPADRY®, preferably in an amount of
between about 10 and 20 mg, and more preferably about 15 mg
OPADRY® .

Another preferred embodiment is a coated tablet comprising a

core that further comprises:

Fesoterodine hydrogen fumarate about 4.0 mg
Xylitol (preferably with a mean

particle size of about 0.001-0.30 mm) about 36.0 mg
MICROCELAC® 100 about 121.5 mg
HPMC having a nominal viscosity

of about 100,000 mPa-s when

dissolved (about 2% by weight) in

water, preferably METHOCEL® K100M about 70.0 mg
HPMC having a nominal viscosity of about

4,000 mPa-s when dissolved

(about 2% by weight) in water,

preferably METHOCEL® Ki4M about 70.0 mg
Glycerol dibehenate about 10.0 mg
Talc about 8.5 mg

and a coating, preferably OPADRY®, preferably in an amount of
between about 10 and 20 mg, and more preferably about 15 mg
OPADRY®.

The pharmaceutical compositions in addition may contain minor
amounts (less than about 3%, and more preferably less than

about 1% by weight) of impurities. Moreover, the compositions
preferably contain no more than about 5% by weight water which

may be used during the manufacturing process.

In yet another embodiment, it is a coated tablet comprising a

core comprising:

Fesoterodine hydrogen fumarate about 8.0 mg

Xylitol (preferably with a mean
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particle size of about 0.001-0.20 mm) about 65-80 mg
MICROCELAC® 100 about 70-85 mg

HPMC having a nominal viscosity of about
100,000 mPa-s when dissolved

(about 2% by weight) in water,

preferably METHOCEL® K100M about 110-130 mg
HPMC having a nominal viscosity of about

4,000 mPa-s when dissolved

(about 2% by weight) in water,

preferably METHOCEL® K4M about 20-30 mg
Glycerol dibehenate about 8-12 mg
Talc about 7-10 mg

and a coating, preferably OPADRY®, preferably in an amount of
between about 10 and 20 mg, and more preferably about 15 mg
OPADRY® .

In yet another embodiment, it is a coated tablet comprising a

core comprising:

Fesoterodine hydrogen fumarate about 8.0 mg
Xylitol (preferably with a mean

particle size of about 0.001-0.20 mm) about 72.0 mg
MICROCELAC® 100 about 77.5 mg
HPMC having a nominal viscosity of about

100,000 mPa-s when dissolved

(about 2% by weight) in water,

preferably METHOCEL® K100M about 120.0 mg
HPMC having a nominal viscosity of about

4,000 mPa-s when dissolved

(about 2% by weight) in water,

preferably METHOCEL® K4M about 24.0 mg
Glycerol dibehenate about 10.0 mg
Talc about 8.5 mg
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and a coating, preferably OPADRY®, preferably in an amount of
between about 10 and 20 mg, and more preferably about 15 mg
OPADRY®.

Pr ration Pr

The present pharmaceutical compositions can be prepared by
known procedures, e.g., compression or granulation. In the
preparation of the pharmaceutical compositions, fesoterodine
or a pharmaceutically acceptable salt or solvate thereof
usually can be mixed with an excipient or mixture of
excipients, or diluted by an excipient or mixture of
excipients, or enclosed within an excipient or mixture of

excipients.

Granulates comprising fesoterodine or a pharmaceutically
acceptable salt or solvate thereof can be produced by
granulation, for example by dry granulation or, preferably, by
wet granulation. Wet granulation is usually performed by
adding a liquid, e.g., water, to a mixture of the active
ingredient (i.e., fesoterodine or its salts or solvates) and
further excipients to form granulates (e.g., a sugar alcohol
selected from sorbitol and xylitol) and then granulating the

wet mixture.

In one embodiment, wetting a mixture of fesoterodine and
sorbitol or xylitol can be performed in conventional
granulation equipment, such as a high shear mixer (e.g.,
Lodige MGT 250) or fluid bed spray dryer (e.g., Glatt GPCG
60/90), by spraying a liquid such as, e.g., ethanol,
isopropanol, aqueous solutions of ethanol or isopropanol, or
preferably water or an aqueous granulating liquid onto the
mixture of fesoterodine and xylitol or sorbitol by
conventional pharmaceutical techniques. Wetting also can be
performed by direct addition of a liquid, such as water or an
aqueous granulating liquid to the above mixture during a

mixing operation in a proper mixing device, e.g., a high-shear
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mixer granulator. The term "agqueous granulating liquid" refers
to an aqueous dispersion which contains purified or
demineralised water (Ph.Eur.) as a liquid and a solid
substance which is dispersed, suspended or dissolved in the

liquid.

The mixing of excipients alone or with fesoterodine may be
effected in conventional devices used for mixing of powders,
e.g., motionless (passive) mixers, fluidized bed, diffusion,
biconic diffusion, biconic, turbular, cubic, planetary, Y-, V-

shaped or high-shear mixers.

For drying the wet granulate, conventional drying systems such

as fluid-bed dryers or drying chambers can be used.

In the processes as described above, compression, in
particular to tablets, can be effected using an automatic
rotary tablet machine from different manufacturers of

equipment for use in the pharmaceutical industry.

Conventional egquipment can be used for applying a film
coating, such as the Driacoater 1200 coating system or other

conventional coating pans used in the pharmaceutical industry.

The process for preparing the pharmaceutical composition can
be carried out as a wet or dry granulation process or as a

direct compression process.

It has been determined, surprisingly, that fesoterodine is
particularly stable in a pharmaceutical composition that is
produced in the presence of a liguid, preferably water, and
particularly if the pharmaceutical composition comprising
fesoterodine is produced via a wet granulation process,
particularly preferably if water is used as the ligquid in the

wet granulation process.
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Since fesoterodine contains an ester functional group, it was
expected that exposing fesoterodine to water would lead to
more hydrolyzation of the ester than not exposing fesoterodine
to water. Thus, prior to the Applicants’ work, more
hydrolyzation was expected from wet granulation processes than
from dry granulation processes. Instead, surprisingly, for
example, pharmaceutical compositions of fesoterodine and
xylitol in the form of tablets that were produced by a process
including wet granulation were tested for stability for 6
weeks at 40°C, 75% r.H. in closed vials and were found to
contain only about 0.5% hydrolyzation product (i.e., active
metabolite) and only about 0.7% total degradation products
(see Table 8). In contrast, tablets comprising fesoterodine
and xylitol that were produced by direct compression (i.e., a
process not including wet granulation), stored under the same
conditions, were found to contain about 1.3% hydrolyzation
product (i.e., active metabolite) and about 2.1% total

degradation products (see Table 8).

Accordingly, another embodiment provided herein is a
pharmaceutical composition comprising fesoterodine and
xylitol, which pharmaceutical composition contains no more
than about 0.5% (and in particular, no more than about 0.48%)
hydrolyzation product (i.e., active metabolite) and no more
than about 0.7% (and in particular, no more than about 0.68%)
total degradation products after storage for 6 weeks at about

40°C, 75% r.H. in closed vials.

Pharmaceutical compositions of fesoterodine and xylitol in the
form of tablets that were produced by a process including wet
granulation were tested for stability for 6 months at room
temperature in closed vials, and were found to contain only
about 0.2% hydrolyzation product (i.e., active metabolite) (by
weight as compared to fesoterodine) and only about 1.3% total
degradation products (see Table 9). In contrast, tablets
comprising fesoterodine and xylitol that were produced by dry

granulation, stored under the same conditions, were found to
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contain about 0.8% hydrolyzation product (i.e., active
metabolite) and about 1.7% total degradation products (by

weight as compared to fesoterodine) (see Table 9).

Accordingly, also provided herein are is a pharmaceutical
composition comprising fesoterodine and xylitol, which
pharmaceutical composition contains no more than about 0.2%
(and in particular, no more than about 0.27%) hydrolyzation
product (i.e., active metabolite) and no more than about 1.3%
(and in particular, no more than about 1.33%) total
degradation products after storage for 6 months at room

temperature in closed vials.

Also provided is an improved process for producing a granulate
of fesoterodine and a stabilizer as defined above comprising
the step of wet granulating fesoterodine and the stabilizer.
Similarly, provided is a granulate of fesoterodine and a
stabilizer as defined above obtainable by or produced by a
process comprising the step of wet granulating fesoterodine
and the stabilizer as defined above. In a preferred

embodiment, water is used 1in wet granulation.

The process of wet granulation may comprise:

(a) providing a mixture of fesoterodine and a stabilizer as
defined above;

(b) adding water to the mixture to form a wet mixture; and

(c) granulating the wet mixture.

The ratio of fesoterodine: stabilizer in the mixture of step
(a) may be from about 1:1 to about 1:20, and is more

preferably from about 1:1 to about 1:10.

In a preferred embodiment, the wet agqueous granulation process

comprises:

. providing fesoterodine that is optionally micronized or a

pharmaceutically acceptable salt or solvate thereof,
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. granulating said fesoterodine or said salt or solvate
thereof together with suitable excipients such as, e.g.,
a stabilizer as defined above using water or a water-
based dispersion as granulation liquid to obtain a

granulate,

. mixing the above, optionally with HPMC and/or other
excipients to give a compression mixture,

. compressing the compression mixture to the desired form,
and

. optionally applying a coating.

In yet another embodiment, a pharmaceutical composition
comprising fesoterodine or pharmaceutically acceptable salts

thereof is produced by:

(a) providing a dry mixture of fesoterodine and a sugar,
sugar alcohol, polyol, or derivative thereof
preferably selected from xylitol, sorbitol,
polydextrose, isomalt, and dextrose;

(b) adding a ligquid, preferably water, to the mixture
obtained in (a) to form a wet mixture;

(c) granulating the wet mixture;

(d) drying the granulates;

(e) mixing the granulates with at least one other
excipient, preferably at least one type of
hydroxypropyl methylcellulose to form a mixture of
granulates and the at least one other excipient,
preferably hydroxypropyl methylcellulose, and
optionally adding further excipients;

(f) pressing the mixture of granulates and the at least
one other excipient, preferably hydroxypropyl
methylcellulose into tablets; and

(g) coating the tablets.

The pharmaceutical compositions described herein in the form
of a tablet, or optionally a coated tablet, are surprisingly

stable under harsh conditions (40°C, 75% relative humidity) .
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The shelf-life of a preferred composition at room temperature

can be as long as 2 years.

Examples

1. Preparation of the granulate by wet granulation

6.4 kg of fesoterodine hydrogen fumarate and 57.6 kg of
xylitol were weighed separately. If xylitol had
agglomerated, it was passed through a sieve (1.5 mm).

e Fesoterodine hydrogen fumarate and xylitol were passed
through a sieve (0.8 mm).

e The materials were transferred into a suitable high-shear
mixer granulator (e.g., Lodige Diosna V25 or Lodige Diosna
P1/6) and mixed for 1 minute.

e 3.6 L of purified water were added to the dry mixture while
stirring.

e The mixture was stirred with a chopper for 90 to 120
seconds.

e The mixer was emptied, and the contents were transferred to
a sieving machine. The wet granulate was passed through a
sieve or a screen (4.0 mm).

e The sieved granulate was dried on trays at 45°C for a
minimum of 8 h in a drying chamber/oven until a water
content of not more than 0.5%.

e The dried granulate was passed through a sieve (0.5 to

1.0 mm) .

® Mixing (speed: 8 rpm) was performed for 5 minutes.

2. Preparation of the press mixture
2.1. 4 mg SR tablets

e 16.0 kg of the granulate and 48.6 kg of MICROCELAC® 100 were
passed through a sieve (0.5 to 1.0 mm) (e.g., FREWITT),
transferred into a mixing container and mixed (speed: 8 rpm)

for 10 minutes.
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e 28.0 kg of hypromellose (e.g., METHOCEL® K100M), 28.0 kg of
hypromellose (e.g., METHOCEL® K4M), 4.0 kg of glycerol
dibehenate and 3.4 kg of talc were added to the pre-mixture
and mixed (speed: 8 rpm) for 1 minute.

e The mixture was passed through a sieve (0.5 to 1.0 mm)
(e.g., FREWITT) into a mixing container.

e Mixing (speed: 8 rpm) for 10 to 30 minutes was performed.

2.2. 8 mg SR tablets

e 32.0 kg of granulate and 31.0 kg of MICROCELAC® 100 were
passed through a sieve (0.5 to 1.0 mm) (e.g., FREWITT),
transferred into a mixing container and mixed (speed: 8 rpm)
for 10 minutes.

e 48.0 kg of hypromellose (e.g., METHOCEL® K100M), 9.6 kg of
hypromellose (e.g., METHOCEL® K4M), 4.0 kg of glycerol
dibehenate and 3.4 kg of talc were added to the pre-mixture
and mixed (speed: 8 rpm) for 1 minute.

e The mixture was passed through a sieve (0.5 to 1.0 mm)
(e.g., FREWITT) into a mixing container.

e Mixing (speed: 8 rpm) for 10 to 30 minutes was performed.

3. Tabletting

The finished press mixture was transferred to a rotary tablet

machine and compressed to oval biconvex tablets.

4. Coating

OPADRY® and purified water were added to a vessel under
stirring. The mixture was stirred for at least 1 h. Then the
suspension was passed through a sieve of a suitable size
(e.g., 300 pm) and transferred into the solution tank of the
coating pan (e.g., Driacoater 1200). A film coating was
applied on the cores under constant stirring of the suspension

until the weight per coated tablet was 335 mg.
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5. Exemplary Compositions of Sustained Release Compositions

Table 1: Compositions of fesoterodine 4 mg SR tablets

EXAMPLES
A B C
Tablet Core
Fesoterodine hydrogen fumarate 4.0 4.0 4.0
Xylitol 36.0 36.0 36.0
Lactose monohydrate (75%) / 124.5 121.5 121.5
microcryst. cellulose (25%) (e.g.
MICROCELAC® 100)
Hypromellose (e.g. METHOCEL® K100M) 70.0 70.0 70.0
Hypromellose (e.g. METHOCEL® K4M) 70.0 70.0 70.0
Glycerol dibehenate 8.0 10.0 10.0
Talc 7.5 8.5 8.5
Purified water g.s.* g.s.* g.s.*
Film-coat White White Blue
10.0 10.0 15.0
Purified water g.s.* g.s.* g.s.*
Total 330.0 330.0 335.0
g.sS. = quantum satis = as much as needed
* removed during drying of the wet granulate or during
film-coating, to a total residual moisture of approx.

2.5-3.5%
Numbers are in milligrams.
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Table 2: Compositions of fesoterodine 8 mg SR tablets

EXAMPLES
D E F G H
Tablet core
Fesoterodine hydrogen fumarate 8.0 8.0 8.0 8.0 8.0
Xylitol 72.0 72.0] 72.0| 72.0] 72.0
Lactose monohydrate (75%) / 80.5(140.0| 80.5( 77.5| 77.5
microcryst. cellulose (25%)
(e.g. MICROCELAC® 100)
Hypromellose (e.g. METHOCEL® 120.0(165.01120.0(120.0)120.0
K100M)
Hypromellose (e.g. METHOCEL® 24 .0 33.0 24 .0 24.0 24 .0
K4M)
Glycerol dibehenate 8.0 11.0 8.0 10.0 10.0
Talc 7.5] 11.0 7.5 8.5 8.5
Purified water g.s.*|lg.s.*|[g.s.* |g.s.*[g.s.*
Film-coat 15.0f 15.0] 10.0f 10.0] 15.0
Purified water g.s.*|g.s.*|g.s.*[g.s.*|g.s.*
Total 335.0]455.0(330.0]330.0(335.0
g.S. = quantum satis, as much as needed
* removed during drying of the wet granulate or during
film-coating, to a total residual moisture of approx.
2.5-3.0%
Numbers are in milligrams.
6. Stability Tests
a)l Storage of tablets in closed containers

The tablet compositions of Examples A, F, and G containing 4,
8, and 8 mg fesoterodine hydrogen fumarate, respectively, were

tested for stability. The results are shown in Table 3 below.

The undegraded fesoterodine in the tablets was measured under
the following HPLC conditions and taken as an indication of

stability:

® Column: Prontosil Spheribond CN, 5 um, 250 mm x 4 mm or

equivalent
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® Component A: Water/trifluoroacetic acid 1000/1 (v/v)

® Component B: Acetonitrile/trifluoroacetic acid 1000/1

(v/v)
e Gradient profile:

Time (min) SA %$B
0.0 75 25
10.0 75 25
10.1 50 50
19.0 50 50

e Flow rate: 1.2 mL/min.

e Column temperature: 35°C

e Injection volume: 75 uL

e Detection wavelength: 220 nm

The retention time of the active metabolite was about 4.7 min;
response factor: 1.5.

Evaluation of the HPLC results was by the area percent method.

The average content of hydrolyzation or degradation product (%
60% r.H.
(25 mL brown glass bottle sealed with a plastic cap

by weight) observed after storage at 25°C, in closed

containers
for

and a paraffin sealing, without any desiccant),

representative compositions is shown in Table 3 below.

Table 3
Time of Ex. A Ex. F Ex. G Ex. G
Storage 4mg 8mg 8mg 8mg
$Hydr $Hydr $Hydr $Degr
Initial 0.47 0.51 0.11 0.69
3 months 0.50 0.58 0.16 1.05
6 months 0.53 0.69 0.21 1.10
9 months 0.70 0.65 0.31 1.20
12 months 0.88 0.75 0.39 1.37
18 months 0.85 1.01 0.37 1.26
24 months 0.94 1.14 0.78 1.95
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o)

%Hydr = Hydrolyzation product of fesoterodine (active
metabolite) [% by weight]

[o) o)

%Degr = Total degradation of fesoterodine [% by weight]

Fesoterodine hydrogen fumarate, a granulate containing
fesoterodine hydrogen fumarate and xylitol in a weight-ratio
of 10:90, as well as a composition comprising fesoterodine
hydrogen fumarate and xylitol were stored in open vials (25 ml
brown glass bottles) for up to 12 weeks at 40°C and 75% r.H.

The results are shown in Table 4 below.

The degradation of fesoterodine was measured by HPLC. The
following conditions were used to measure degradation products

in the stability testing of fesoterodine hydrogen fumarate:

e Column: Polaris Cl8-Ether, 3 um, 250 mm x 4.6 mm

e FEluent A: Water/methanesulfonic acid 1000 : 0.5 (v/v)

e FEluent B: Acetonitrile/methanesulfonic acid 1000 : 0.5
(v/v)

e Typical gradient profile:

Time (min) %A %B
0.0 67 33
16.0 38 62
18.0 0 100

e Column temperature: 35°C
e Flow rate: 1.2 mL/min
e Detection wavelength: 220 nm

e Tnjection volume: 20 uL

The retention time of the active metabolite was about 4.1 min

(rrt = 0.50); response factor: 1.4.

Evaluation of the HPLC results was by the area percent method.
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A comparison of the observed average of undegraded
fesoterodine of a fesoterodine-containing granulate and a

corresponding composition as compared to pure fesoterodine
after open storage under stress conditions 1is set out in Table
(e}

4, wherein values are indicated in % of fesoterodine hydrogen

fumarate remaining at various times.

Table 4

Storage Fesoterodine Sranulate containing | Composition
at 40°cC (pure) fesoterodine/xylitol (Ex.B)
and 75% 10%/90% (wt/wt)

r.H.

Initial 98.96% 99.04% 99.18%

1 week 98.56% 98.83% not measured
2 weeks 97.67% 98.61% 96.98%

4 weeks 94.32% 97.45% 94.79%

12 weeks 50.39% 92.83% 89.76%

c) Stability of blends of fesoterodine with sugar alcohols

Blends of fesoterodine hydrogen fumarate with xylitol,
sorbitol, mannitol and maltitol were stored for 6 weeks and 3
months, respectively, in closed vials at 25°C and 60% r.H., in
closed vials at 40°C and 75% r.H., or in open vials at 40°C
and 75% r.H. and then tested for stability by measuring the
portion of undegraded fesoterodine. The initial portion of

undegraded of the fesoterodine in the blends was 99.7%.

Table 5a shows that while fesoterodine is stabilized against
degradation in open vials when mixed with xylitol or sorbitol,
it decomposes more rapidly when mixed with mannitol and
maltitol.

Table 5a: Undegraded fesoterodine in blends after 6 weeks and

3 months, respectively
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Blend of closed vial open vial
fesoterodine 25°C, 60% r.H. 40°C, 75% r.H.
with:
Xylitol 1:9
6 weeks 99.6 98.7
3 months 99.6 98.2
Xylitol 1:1
6 weeks 99.6 98.6
3 months 99.6 65.2
Sorbitol 1:9
6 weeks 99.4 99.0
3 months 99.0 98.5
Sorbitol 1:1
6 weeks 99.6 98.7
3 months 99.5 70.2
Mannitol 1:9
6 weeks 99.6 91.7
3 months 99.4 42.8
Mannitol 1:1
6 weeks 99.7 94.5
3 months 99.6 41.3
Maltitol 1:9
6 weeks 99.6 95.4
3 months 99.5 53.7
Maltitol 1:1
6 weeks 99.6 96.3
3 months 99.6 51.2
Fesoterodine
6 weeks 99.6 96.3
3 months 99.7 53.1

Table 5b shows that lactose destabilizes fesoterodine, while
xylitol 1s capable of reducing the destabilizing effect of

lactose.
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Table 5b: Undegraded fesoterodine in blends after 6 weeks and

3 months, respectively

Blend of closed vial open vial
fesoterodine 25°C, 60% r.H. 40°C, 75% r.H.
with:

Lactose 1:9
6 weeks 99.7 86.2
3 months 99.6 42.8

Lactose 1:1

6 weeks 99.6 96.2
3 months 99.5 59.8
Lactose/Xylitol

1:20:9

6 weeks 99.9 98.8
3 months 99.6 97.8
Lactose/Xylitol

1:1:1

6 weeks 99.6 98.6
3 months 99.5 83.8

d) Degradation of fesoterodine during granulate production

Granulates of fesoterodine with various sugars, sugar
alcohols, polyols, or derivatives thereof were produced as
described in Example 1. After production of granulates, and
after six weeks and 3 months of storage, respectively, under
various conditions, the degradation of the fesoterodine in the

granulates was determined. The results are given in Table 6.
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Degradation of fesoterodine in different granulates

Closed vial

Closed vial

Open vial

25°C, 60% r.H 40°C, 75% r.H 40°Cc, 75% r.H
Feso-Granulate with $Hydr $Degr $Hydr $Degr $Hydr $Degr
Mannitol 1:9
Start 0.45 0.87 0.45 0.87 0.45 0.87
6 weeks 6.08 8.03 10.40 18.86 28.14 40.72
3 months 10.37 12.83 28.15 57.64 40.52 63.62
Maltitol 1:9
Start 0.42 0.83 0.42 0.83 0.42 0.83
6 weeks 3.80 5.43 7.90 16.77 22.14 45.52
3 months 13.85 17.71 11.44 29.72 43.11 72.05
Xylitol 1:9
Start 0.06 0.06 0.06 0.06 0.06 0.06
6 weeks 0.12 0.22 0.23 0.37 0.58 1.25
3 months 0.23 0.28 7.04 14.77 1.14 4.01
Sorbitol 1:9
Start 0.07 0.07 0.07 0.07 0.07 0.07
6 weeks 0.36 0.51 1.47 2.79 0.48 0.91
3 months 0.74 0.99 7.58 18.03 0.91 3.38
Lactose 1:9
Start 0.35 0.63 0.35 0.63 0.35 0.63
6 weeks nd nd 19.67 46.23 20.69 44.73
3 months 20.90 27.90 17.32 92.55 21.14 88.25
Avicel 1:9
Start 0.19 0.55 0.19 0.55 0.19 0.55
6 weeks nd nd 8.47 13.31 23.57 55.14
3 months 5.43 6.92 10.65 19.81 20.78 64.40
Dextrose monohydr 1:9
3 weeks 0.36* 0.83* 0.73 1.3
6 weeks 0.39* 0.81* 1.3 2.3 nd nd
Isomalt 1:9
3 weeks 0.39% 0.79* 0.75 1.3
6 weeks 0.73* 1.2% .8 nd nd
Polydextrose 1:9
3 weeks 0.21* 0.58* 0.41 0.8
6 weeks 0.25*% 0.71% 0.42 0.9 nd nd
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%$Hydr = Hydrolysation product of fesoterodine (active
metabolite) [% by weight]

%$Degr = Total degradation products of fesoterodine [% by
weight]; nd=not determined

* = measured at 30°C, 65% r.H.

e) Degradation of fesoterodine during tablet production

Granulates of fesoterodine with various sugars and sugar
alcohols were produced as described in Example 1. These
granulates were then used to produce 4 mg tablets according to
Example 2.1 and with the composition given as "Example C" in
Table 1, as well as wherein the xylitol was substituted with
mannitol, maltitol, sorbitol, or lactose. After production of
the tablets, and after six weeks and 3 months of storage,
respectively, under various conditions, the amount of
degradation of the fesoterodine was determined by measuring
the undegraded portion of the fesoterodine. The results are

shown in Table 7:
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sugar and sugar alcohol granulates

PCT/EP2007/055582

with various

Tablets Closed vial Closed vial Open vial
Fesoter. 25°C, 60% r.H 40°C, 75% r.H 40°C, 75% r.H
with: 6 weeks 6 weeks 6 weeks
$Hydr $Degr $Hydr %$Degr $Hydr %$Degr
Mannitol 1:9
Start 1.23 1.95 1.23 1.95 1.23 1.95
6 weeks 6.29 8.61 14.68 29.32 22.24 42 .84
3 months 16.58 23.21 24.06 60.11 26.62 69.83
Maltitol 1:9
Start 1.11 1.78 1.11 1.78 1.11 1.78
6 weeks 5.31 7.68 11.46 23.67 22.38 40.38
3 months 11.16 15.95 26.87 68.52 26.65 69.94
Xylitol 1:9
Start 0.06 0.12 0.06 0.12 0.06 0.12
6 weeks 0.18 0.31 1.09 1.54 4.40 6.78
3 months 0.64 0.88 3.91 6.68 6.76 13.51
Sorbitol 1:9
Start 0.11 0.21 0.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>