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PHARMACEUTICAL COMPOSITIONS

The present invention relates o solid oral fixed dose compesitions comprising

metformin, alorvastatin, and valsarian; or the respective pharmaceutically acceptable

(v

salts, and processes for the preparation theveof. The solid oral compositions are useful in
the treatment of a patient in need of iveatment for Type 2 diabetes or pre-disbetes.
Type 2 diabetes is an increasingly prevalent disease that frequently leads to
cardiovascular complications. Diabetes may be co-morbid with cardiovascalar disease.
The declining cardiovascular health of a patient with diabetes can be associated with
10 increased medical expense and may result in death, There is desire for 3 single product
oral treatment that can be ased to treat or alleviate hyperglycemna associated with type 2
diabetes and alleviale or treat related co-morbidities such as hyperliprdemia, andfor
hvpertension, The Hterature demonstrates that early intensive control of hlood glucose,
blood pressure, and blood cholesterol reduces the risks of major chinical outcomes,

15 incloding death, in diabetes. See, Chan, LON., Lancer Dighetes Endocringl. 2014; 2:
G679

A thres component tablel comprising metformin, atorvastatin, amd valsartan, i

destred, however, the fived dose combination presents several mamufcturing and
development challenges. There 1s a propensity for one o more of the components to

20 react with sach other dwring manufacturing, storage, distribution, andfor usage. In
particular, the three component fixed dose tablet should be swallowed by the patient
withoul crushing or splitting the tablet because premaiure contact between the
components may result in yndesirable impurities and undesirabla physical form changes
mpacting drog product dissolution profiles. Pharmacentival formulations containing two

25 pharmaceatically active mgredients for use it treating Type 2 diabetes are known. Such
fornmlations are conwmercially available. For example, Invokamet'™ contains
canaglifiozin and metformin hvdrochloride XR, Kombiglyze XR™ contains saxaglitpin
and metformin hydrochioride XR, There are additional known two component fiked dose
compaositions for use in treating Type 2 disbetes, each with metformin and either an

30 SGLT? mnhubitor or a DPPY inhibior.

There continues to be a nead for a single product 10 wreat Type 2 diabetes by

comprehensive management of blood sugar, Hipid, and blood pressure. A fixed dose
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combination offers the advantages of ¢onvenience to patients and wmproved adherence for
taking the medication at appropriaie dose and intervals as prescribed (see, for exmmple,
Pan et al., J G fniern Med 23¢5): 61 1-4, 2008y, In paritcular, therets g need for a

single combination prodact which s small enough that it can be swallowed easily by an

(v

achalt, whilst being stable and whilst retaining the dissolution characteristics of the active
compoenents ay found in the respective commercially gvailable monotherspy products.
Compositions of this invention provide a treatment that may improve the glyeemic
controf in patients in need thereof, and firther simultanecusly treat hyperlipidemia andfor
hypertension that may be related to or caunsed by increased blood glucose, in & patient in
10 need thersof
The present invention provides a single product oral composition comprising the
three fixed dose pharmaceutically active ingredients roelformin, atorvastatin, and
valsartan, or their respective pharmaceutically acceptable salts, wherein the composition
is ¢ bilayer comprising 8 metformin layer and a co-muix valsarian and atorvastatin layver.
15 In an embodiment, the co-mix layer is an iamediate release laver. The present invention
provides fixed dose compositions which are stable and which have desirable dissolution
characteristics.

In particular, the present invention provides a solid oral fixed dose composition

comprisig.
20 a first laver which i an extended release taver comprising metformin, or a

pharmaceutically acceptable salt thereof]
a second laver comprizing valsarian, of 3 pharmaceutically acceptable salt thersof,
and storvastatin, or 3 phanmacentically sceeptable salt thereof;

and one or more excipients,

)
LA

I an alternative embodiment, the present invention provides a solid oral fixed
dose composiiion comprising:

a. an extended release laver comprising metfornun hydrochlonide XR or
metformin hydrochloride;

b. a second laver comprising valsarian, or @ pharmaceutically acceptable salt
30 thereof, and atorvastatin, or a pharmaceutically acceplable salt thereof, and one or more

excipients.
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In one embodiment, the second laver is an wunediate release layer. o one
embodiment, the composition 1s a tablet, preferably a compressed tablet. In g further
embodiment, the tablet is of a pharmaceutically acceptable sire to be swallowed intact by

an aduli.

(v

I one embodiment, the metformin or pharmaceutically acceptable salt thereol is
metformin hydrochloride. T a funther entbodiment, the first layer comprises metformin
bydrochionide, bypromeliose and microcrysialline cellulose. Preforably, the first layer
further comprises magnesiur stearate and colloidal stheon dioxide.

In one embodiment, the metformin hydrochloride is present in the form of
10 granules which additionally comprise povidone and magnesin stearste. In a further

embodiment, the metformin contaiming extended release layer addionally comprises
sodiwm steary] fivnarate or magnesium stearate; colloidal stheon dioxide; and
merocrystalline cellulose.
In one embodiment, the metformin or pharmacentically accepiable salt thereof'is
1§ metfornun hydrochloride and is present in a unit dose strength selected from the group
consisting of about 250, about 300 and about 750 mg, preferably about 500 mg.
In one embodiment, the second layer comprises atorvasiatin calcium trihyvdrate
and valsartan.
In one embodiment, the atorvastalin or pharmaceatically acceptable salt thereof 15
20 atorvastatin calchum trihydrate and is present m g unit dose strength selected from the
group consisting of about 3, about 10, about 15 and about 20 myg, preferably about 10 mg.

In one embodmient, the valsartan or pharmaceutically acceptable sali thereof 1s

valsartan and is present 1w a gt dose sirength of about 40, about 50, about 60, about 70

and about 80 mg, preferably about 80 me.

)
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I ong emmbodiment, the second layer further comprises calohun carbonate and
microcrystaliime cellulose.

In an embodiment of the invention, the composition is a single product bilayer
oral tablet formulation comprising a metfonmin laver and a co-nux laver comprising
alsartan and atorvastatin, In an embodiment of the invention, the composition is a single
30 product bifaver oral tablet formulation comprising an extended release metfornun layer

and 8 co-mix laver comprising valsartan and atorvastatin, or their respective
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pharmaceutically scceptable salts. In an embodiment, the bilaver owal tablets a
compressed tablet with an intermediate layer between the tablet layers,
In an embodiment, the valsartan and atorvastatin caloium mhydrate co-mix layer

further comyprises a lubricant. In an embodiment, the tabricant is selected from the group

(v

consisting of magnesian stearate, stearic acid, and hydrogenated vegetable oil, Tnan

embodivaent; the hibricant IS magnesiom stearate,

In an embodiment, the valsartan, atorvastatin and metformin composition is
pharmaceatically acceptable size to be swallowed mtact by an adult.
An embodiment of this invention is a solid fixed dose composition comprising

10 a first layer which is an exiended release {ayer comprising metiormin, or a
pharmaceutically acceplable salt thereof, wherein the metformin unit dose strength is
about 500 mg;

a second layer comprising valsartan, or 3 pharmaceutically scceptable salt thereof,
and atorvastatin, or a pharmaceutically acceptable salt thereot, wherein the valsartan unit

1§ dose strength is about 80 mg and the atorvastatin umit dose strength is about 10 mg;

and one or excipients,

In a further embodiment, the solid oral fixed dose composition comyprises

a tirst fayer which 1s an extended refease layver comprising wetformin
hydrochlonide in g unit dose strength of sbout 300 mg;

20 a second layver which is an inmediate release layer comprising valsartan at a unit
dose strength of about 80 mg and atorvasiatin calciwm trilivdrate at a unit dose strength of
abous 10 myp;

and one oy more exCipients.

The present invention provides a process for preparing a solid fixed dose

2% composition of the invention comprising forming a compressed tablet comprising:
a.  an extended release layer comprising metformin, or a pharmaceutically
acceptable sali thereof, and
b, asecond layer comprising valsartan, or a pharmaceatically acceptable salt
thereot, and atorvasiatin, or a pharmaceutically acceplable salt thereof.
30 In an embodiment of the invention, the solid oral fixed dose composition is

prepared USINE a Process comprising

a.  an extended release laver comprising metformin hydrochloride and
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b, asecond immediate release layer comprising valsartan, or a pharmacentically
gcceptable salt thereof, and atorvastatin, or @ pharmaceuntically accepiable sal
thereaf, wheretn the composition 1s prepared as @ compressed tablet.

The fixed dose composition 1s advantageously usefid for the treatment of a patient

(v

in need of treatment for Type 2 dinbetes or a patient at risk for developing Type 2
diabetes. The fixed dose composition may be usefid for treating a patient inneed of
treatrent for pre~diabetes. The fixed dose combination s useful in the weatment of a
patient i need of treatment for metabolic syndrome. The fixed dose composition can be
useful for treating a patient in need of treatment for pre-diabetes and one or two
10 conditions selected from the group consisting of hypertension and hyperlipidemia. The
fixed dose composition can be useful for freating 8 patient in need of treatment for Type 2
dinbetes and one or two conditions selecied from the group consisting of hypertension
and hypetlipidemia.
The preseat invention provides a method of treating Type 2 diabetes mellitus in g
1§ patient in need thereo! comprising adnunistering an effective amount of a composition of
the invention. The present invention further provides a method of treating pre~diabetes 1o
a patient in need thereo! comprising adoinistering an elfective amouant of 8 composition
of the invention. The present invention further provides o method of teating metabolic
syndrome i a patient in need thereof comprising administering an effective amount of a
20 composition of the nvention.
The present invention provides a composition of the imnvention for use i therapy,
The present invention further provides o composition of the invention for use in the
treatment of Type 2 diabetes mellitus. The present invention further provides a

composition of the mvention for use in the tregtment of pre-diabetes. The preseni

)
LA

mvention further provides a composition forwse i the treatment of metabolic syadrome.

The present invention provides the use of a composition of the nvention in the
manufacture of g medicament for the treatment of Type 2 diabetes mellitus. The present
mvention further provides the use of g composition of the invention in the manufacture of
a medicament for the treatment of pre-diabetes. The present invention firther provides
30 the use of a composition of the invention in the manufacture of a medicament for the

treatment of metabolic syndrome.
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In 8 partionlar embodiment, the pavent being teated for Type 2 diabetes or pre-
diabetes is also in need of treatment for hypertension andior hyperlipidemia.

In a particular embodinent, the fixed dose composition of the mvention iy
admimisterad to the patient once per day.

Pharmaceutically acceptable salts and common methodology for preparing them
are well known i the arl. See, ez, P Sl ¢f o/, Handbook of Pharmaceutical Salts:
Properties, Selection and Use, (VOHA/Wiley-VUH, 2002); S.M. Berge, et al.,
"Pharmacentical Salis,” Jowrnal of Phormecenticad Sciences, Vol. 66, No. 1, Jamuary
197

=4

In a preferred embodiment, the pharmacokinetic paramesters of area under the
curve (AUCY and maxinmom concentration {Caed for sach component are within a Hi%
confidence interval of 80-125% of the regulatory approved movotherapy.

As used herein, “gbout” means plas or minus 10%. Preferably, the term “gbout™
means phus or minus 3%.

The term “tablet” as used herein means av oral pharmacewtical dosage formulation
of all sizes and shapes. In an embodiment, the tablet is compressed. In an embodmment,
the tablet may be swallowed intact by an adult withowt breaking or erushing the tablet

The term “pre-diabetes” is o condition wherain the individual i3 pre~disposed to
the development of Type 2 diabetes mellitus.

The term “treating” or “reatment” comprise therapeutic treatment of g patient
diagoosed with a condition. Therapeutic treatinent may be svinptomatic freatment in
order to rehieve the svmploms of a condition of may stop or slow the progression of the
congdition.

As used herein, the term “hypromellose™ means hyvdroxypropyl methvicellnlose
{(HPMCY. Anexample of a conupercially available hvpromellose is Methocel ™ R I,

The term “metformin” as used herein refers to metformn or g pharmacentically
acceptable salt thereof. Metformin 1s chemically desceribed as 1, 1-dimethyibiguanide,
Metformin 1s 8 well-knows, commercially available pharmaceutical for use in ireating
type 2 diabedes. Such pharmaceutically acceptable salts of metformun nclude for
example, metformin hydrochloride, metformin fignarvate salt, metformin succinate salt,

metfornun hydrobromide salt, metformin p-chlorophenoxy acetate salt, and metformin
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embonate, and other known metfornun salts of mono and dibasic carboxylic acids.
Metformin hydrochlotide sslt 1s a preferred pharmaceutically acceptable salt,

Metfornin is preferably administered as an extended release formulation, also
known as XR or ER, of metformin hydrochlonde. Exemplary metformin extended
refease formalations are known, for example, US 6,723,340, US 6,340,475, and US
£.660,300,

It is preferred that the metformin or pharmaceutically acceptabdle salt thereot s
present in ay extended release formulation comprising a diffusion rate controlling
polvimer such as, but not limited to, hypromellose, diloents such as microcrystalling
celhulose, magnesium stearate, and colloidal sthicon dioxide. A further preferred
metformin laver comprises a granulation of metformin hydrochloride with povidone, and
magnesiom stearate, wherein the metfornun grannlation is mxed with hypromellose, snd
migrocrystatline cellulose, silicon dioxide, and mapneshun stearate. A fuvther preferred
metformin layer comprises a granulation of metformin hydrochioride about 95% by
weight, povidone aboul 4.5% by weight, and magnesium stearate about (.5% by weight.
in a further embodiment, the metformin granulation 1s combined with hypromellose,
microcrystalling cellulose, magnesium stesrate, and colloddal silicon dioxide.

In an embodiment, the metformin, or pharmacentically acceptable salt thereot, i3
present i the Torm of granules. In a further embodiment. the nwtformin gramules
additionally comprise a binder, for exanmple povidone and sodium
carboxyvmethyviceHulose, and optionally, a lubricant, for example magnesium stearate,
sodiam steary] fumarate and stearic acid. The preferred binder m the granudes is
povidone. Povidone may be present in an amount of up to 5% by weight of the granules,
preferably about 4.5%. The preferred lubricant m the gravwles 1s magnestum stearate.
Magnesiom stearate may be present in an amownt of up to 196 by weight of the granales,
preferably abont 0.5%.

The preferred dissolution conirol polvimer in the first layer comprising metformin,
or 3 phavmacentically accepiable salf thereod, is hypromellose. Hypromellose K200M and
Hypromellose K15M ave preferred. Hypromellose K100M s particularly preferved. The
hypromelose may be present in ay amoant of 20 to 45% by weight of this first layer,

preferably 33 to 42% by weight and more preferably 35 to 39% by weight.
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Preferably, the hypromellose has a viscosity from about 4,000 ;Pas 1o abowt
200,000 mPa.s, more prelerably from about 50,000 to about 200,000 mPa.s, and more
preferably 80,000 mPa.s to 120,000 mPas, measured as a 2% solution in water, A

viscosity of aboat 100,000 mPas (K100M) may be preferred.

(v

In an embodiment, the Sest layer comprising metformin, or a pharmacentically
acceptable salt thergof, comprises, m addition to the metfornun granules, microorystatline
cellulose. Microcrystalline cellulose may be present in an amount of (1.5 to 15% by
wetght of the first Tayer, more preferably S 1o 10% by weight.

In a further embodiment, the first layer comprising metformin, or s
10 pharmacentically acceptable salt thereot, comprises, n addition 1o the metformin

eranules, collotdal silicon dioxide. Collowdal silicon dioxide may be present in an amount
of up to 1% by weight of the metformin layer.
In a further embodiment, the first lgyer compnsing metfornun, or a
pharmaceutically acceptable salt thereof, comprises in addition o the metformin granules
1§ s lebricant, for example sodium steary fumarate, rongnesiom stearate or stearic acid. The
preferred ubricants are sodium stearyl fumarate and magnesiom stearate, The lubricant
may be present in an amount of up o T4 by weight of the first laver.
The first layer of the composition can be prepaved psing commaon tableting
methods that invoelve mising, comminution, and fabrication steps connmonly practiced
20 and well known 1o those skilled in the art. 1t may be preferred that the metformin, or
pharmaceutically acceptable salt thereof, is dry mixed.

The first layer comprising metformin, o a phamaceutically acceplable salt

thereof, preferably has atotal weight of no more than 1000 mg. More preferably, thas a

total weight of 900 myg (o 1000 mg. In g particular embodimendt, this layver has a total

)
LA

wetght which is less than the total {ablet weight of the regulatory approved mwnuotherapy
product Glucophage® XR (1025 mg).

Valsartan 1s a well-known conunerciglly available pharmaceutical for use in
treating hypertension. Valsartan is chemically described as N-(T-oxopentyl)-N-{{2"-(1H-
tetrazol-S-yhi{ 1, -biphenyl -4~y imethnl-L-valine. Valsartan 13 a free acid with pKas of
3 3%and 4.7, The most common solid form of commercially available valsartan is the

semi-crystatline form possessing a melting endotherm, Tw of about 100°C.
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Atorvastatin, or storvastatin caloiam tribvdrate, is 3 well-known commercially
available pharmacentical for use in treating byperlipidentia. Atorvastatin caloiam
tribivdrate (| R-(R* R*}}-2-(4-fluorophenyvl}-B.o—-dihydroxy-3-{ 1 -methvlsthyl}-3-phenyi-4-
{{phenylanunojearhonyl}- 1H-pyivele- 1 -heptanoie acid, caleium salt {2:1) inthydrate} is
the most common solid form of commercial atorvastatin drug substance and possesses
known pH dependent chenucal mstability. At pH < 6, atorvastatin degrades to an
undesired byproduct, g lactone. The acid-sensitivity of atorvastatin raises a potential
problem when formudating with the active valsartan, a free acid. Many conumon tableting
excipienis have a surface pH < &, that can lead to atorvastatin lactone formation when
mixed and dwring storage. Thus, a straightforward combinstion of atorvastatin with many
common tableting exciplents produces an unstable product under typical ICH stovage
conditions. Atorvastatin is therefore ofien wet granulated with a basic sgent, e.g. calcium
carbonate, to raise the local pH to prevent lacione formation.

Atorvastativ is often gramudated with basic excipients, such as the alkaline metal
salts calchum carbonate or sodium bicarbonate, to decrease lactone formation. Valsartan,
a free acid, has besn shown to form salis with alkaline metals. Hix challenging to
formudate valsartan i the fixed dose composition in the presence of stabilizing alkaline

metal salt excipients to avoid physical conversion of the valsartan to-a salt form that may

In an embodiment, the second layer comprises calcium carbonate,

In a further embodinent, the second layer comprises microcrystathne cetlulose.

In a further enbodiment, the second layer comprises a disintegrant, for example,
croscarmellose sodium or crospovidone, The preferred distitegrant is croscarmeliose
sodium.

In a further embodiment, the second layer comprises iron oxide red.

In a further embodiment, the second laver comprises a fubricant, for example
sodiwm stearyl fumarate, magnesimn stearate or steanic ackd. Sodiuny stearyl fumarate or
magneshum stearate are prafewad.

In a further embodiment, the second layer comprises collotdal silicon dioxide,

The wnit dose strength of metformin, or pharnaceutically acceptable salt thereof,
m particular metfornun hvdrochionide, for incorporation into the fived-dose composition

is preferably 250 to 1000 mg. A preferred unit dose strength of metformin or
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pharmacentically acceptable salt thereof, in particelar metformin hvdrochloride, is about
250, sbout 560, about 750, about 830, or about 1000 mg. A finther preferred unit dose

strength of metformin or pharmaceutically acceptable salt thereof| in particular nietformin

hydrochloride, is selected from the group consisting of abouwt 2530, abowt 50¢ and abowt

(v

750 mg. A preferred unit dose strengih of metformun or pharmaceutically acceptable salt
thereof, i particular metfornun hydrochloride, in the fixed dose composition is about 500
mg.
The untt dose of atorvastatin, or pharmacentically acceptable salt thereof, i
particular atorvastatin caleium trihvdrate, for incorporation into the fixed dose
10 composition ts preferably 5 1o 20 mp. A preferred unit dose strength of atorvastatin, or
pharmaceutically accepiable salt thereof, in particular stovvastatin calcium tribvdrate, is
about §, about H), about 13, or about 20 mg. A preferred wmit dose stvength of
atorvasiain, or pharmaceuntically accepiable salt thereof] in particular storvastatin calcium
wihvdrate, 1s about 10 mg,
N The unmit dose of valsartan, or pharmaceuntically acceptable salt thereof, m
particular valsartan, for incorporation into the lixed dose composition s preferably 40 1o
80 mg. A preferred unit dose strength of valsartan, or pharmaceutically acceptable salt
thereofl in particelar valsartan, is abowt 44, about 54, about 608, about 76, or about 80 mg.
A further preferred anit dose strength of valsarton or pharmaceutically acceptable salt
20 thereof, in particular valsartan, is about 80 milliprams.
As used herein “coating” and “coat™ means a layer added to the bilayer
compuosition. The skilled artisan will recognize that a coating may be added 1o enbance
the pharmaceutical elegance, taste mask, enhavce stability, coloring, ense of swallowing,

and the like.

)
LA

A laver may be provided between pharmacentically active layers or as a coat to
enhance stability, pharmacewical elegance, and/or lanunation of the active layer(s}.

As used herein “top coat” means the outer most layer of the composition. The
top coat can be ¢oloved, opague or clear.

As used herein “pharmaceuntically acceptable sixe™ means a size that is generally
30 sutable for swallowing intact by an adult without fracture, breaking, or ¢crushing.
Generally, the largest dimension of the tablet should not exceed about 22 . As used

hervein, the lavgest cross sectional area means the largest cross sectional area of the tablet
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that lies in 8 plave perpendicular to the longest axis of the tablet. If the shape 18 non-
conventional, such as & pentagon, inangle, dismond, and the like, then the largest cross
sectional area will be the area of the smallest circle, oval, or ellipse that would completely
gnclose the cross sectional shape. It may be preferred that the pharmaceutically
acceptable size is an oval shape of less than or equal to about 20mm by mm, preferably
about 14 mm by 9 mum. In s embodiment, the fixed dose composition is oval in shape
with dimensions of less than 22 mm by 11 mm, preferably less than 20num by Hmm, It
may be preferred that the pharmaceutically acceptable stze 18 a round shape less than
about 1 hmm diameter. The thuckness of the fixed dose composition may vary bat
preferably il is in the range of 7 nun to ¢ nun,

As used herein, the term “extended release”™ means that the active s gradually
released from the composition. Generally, the active 13 released overa pertod of up to 12
Rours from admmnistration.  Preferably, the active, in particnlar metformin or a
pharmaceutically acceptable salt thereof, s released over a period of between 10 and 12
hours. The release of the active from the composition (the dissolation) 15 measured in pH
6.8 bulfer using conventional dissolution testing,

As used herein, the term “munediate release” means that the mgjority of the active
is released guickly from the composition. Preferably, at least 80% of the active is released
within 30 winutes from admstration, preferably within 15 nunates. The release of the
active from the composition (the dissolution) is measured i pH 6.8 buffer using
conventional dissolution testing.

Tablets may be prepared by divect compression or other commonty used processes
as wet granulation or dry granulation {roller compaction). The addition of lebricants may
be helpful and are known in the art. Typical lybricants are for example, magnesium
siearate, stearic acid, and hydrogenated vegetable oil

Additional excipients may be added, provided that the overall size of the tablet is
minimized. For example, granulating sids, binders, and additives to enhance powder
flowability, tablet hardness, and tablet friability.

The skilled person will readily appreciate that the fixed dose compaosition of the
present ipvention may be prepared asing various techniques known in the art. This
section provides examples of techniques and conditions which may be used but is i no

way limiting,
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Atorvasiatin caloium inhydrate is pre-muxed with calciom carbonate, co-tmixed with

valsartan, a cellulosic excipient, and other appropriaie tableting exciptents. This layer is

compressed {as layer 2) onto a hypromeliose matrix tablet of metformin (laver 1), to form

a bilayer tablel. To mintmize {ablet size, the metfornmun matrix Iaver 1s reduced {o the

smallest feasible size of 700 to not woore than 1000 mg, preferably 800 to 1000 mg, more

preferably 900 mg to 00 me, that maintams 3 dissolution profile similay o that of the

approved metformin XR product {Glucophage & XR). The tablet i processed and

packaged under controlled temperature and lnonidity conditions to control water getivity

to defined ranges to minimize lactone formation.

1)

4

10y
g

£}

Atorvastatin calctum tribydrate is pre-blended {dry} with a stabilizing excipient,
preferably calciam carbonate, using suitable pharmacentical blending equipment.
This blend may also be dry granplated using suitable granslation equipment.
Extra-granular excipients may also be added per conventional granulation
practice.

The atorvastatin pre-blend {or granulation), valsartan, and appropriaie tableting
excipients are then blended together using swiable pharmaceunticsl blending
equipment. This blend is then lubricated with an appropriate excipient using
suitable pharmaceatical blending equipment.

Metformin, hypromeliose, and other appropriate tableting excipients ave blended
topether using suitable pharmaceutical blending equipinent. Metfornun may be
gramulated or nulled using conventional processes (o mypove Process.

The two blends are then compreased sequentially at the desired ratios to produce a
bilaver 1ablet using snitable pharmacentical bi-layer tablet compression
squipment.

An intermediate layer mav be optionally applied between the two layvers to
merease bonding strength and prevent layer separations or delamination.

The linal fixed dose combination tablet may or may not be flm coated with a final
film over-coat, such as with a mixture of hydroxypropy! cellulose and
hydroxypropyi methyl ceflulose, or other suitable fitm forming polymers,
containing ttanm dioxide or other coloring agents sach as won oxides, dyes, and
the like, t0 improve tablet strength and handling, ability to be swallowed, stability,
taste masking and pharmacentical ele

gance.

b
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7y A top coal may or may not be apphed.

The fixed dose compositions may also confain one or more additional formulation
mngredients selecied from a wids variety of excipients known in the pharmaceuntical arts.
Such ingredients may include, bt are not limited (o, diluents, compression aids, binders,
chiddants, disintegrants, lnbricants, flavors, colors, flavor enhancers, sweeteners and
preservatives.

In an embodiment, the fixed dose composition may be swallowed by ap adult
without crushing or breaking the tablet. The oral composition may be administered onve
per day or twice per day, as determined by a phiysician, It is especially preferred that the
oral composition may be administered once per day.

Appropriate process and packaging controls to ensure control of water setivity to
levels my be bengficial in prepamation of g pharmaceutically acceptable stable prodact.

Specific tablet shape {e.g. modified oval or capsule shape), and design, (e.g. two
color tablet) may be incorporated to reduce viseal bulkiness, faciliiate swallowing, and

maintain tablet strengths.

Example 1
A fixed dose combination tablet comprising 500 mg wetformin HCL 80 mg

valsartan, 18 mg atorvastatin caleium trihydrate

The composition i3 prepared using the components set forth in Talde A, below.
Hypromellose, colloidal silicon dioxide, metformun HCH granules {95%), and
microcrystaline cellulose are pre-blended for 1 to 2 minutes, de-lamped and blended
avain in a V-blender for 10 minutes. After gieving, magnesiun stearaie 1a charged to the
same V-blender and the mixture is blended for 3 nunutes.

The blend for the valsartan/atorvasiatin calerum frihvdeate layer (laver-2) 15
prepared. Atorvasiatin calonum trihydrate and caloiam carbonate are first pre-blended in
a granulator for 2 minutes. The blend ix mixed using a blade speed of 110 rpm and cross
screw speed of 350 RPM. This pre-blend 1s discharged into a bag.

Valsartan, microcryvsialiine cellulose, colloidal sihicon dioxide, won oxade red, and

croscarmellose sodium are added to the same bag and pre-blended in the bag for 1 10 2
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mimutes. The blend 15 then de-lumped, and blended m a V-blender for 10 winutes. ARer
sieving, magnesium stearate is charged to the same V-blender and the mixture 1s blended
for 3 nunutes.

The blends are loaded into separate hoppers ina bilayer tablet press. Using
modified oval oling (0.4528 x 0.7480 inch}, bilaver tablets are prepared targeting a 900
mg metformin layer weight and a 260 me valsanan/gtorvastatin calcium layer weight.

During processing and packaging of the product, it is preferred that the room
humidity is controlled to less than SO% at room temperature, about 20°C. Tois Turther

preferred that room hwmnidity is controlled to less than 20% at room temperatore, abont

20°C.
Table A

Component Amount {mg)

Metformin HCH Laver-1
Metformin HCI granules 526,32
Metformun HCl 00
Bovidone 23.68
Magnesiwm stearate 2.64
Hyprometlose 2208, 100,000 mPa.s viscosity 315.00
Microcrystalline celtalose, siticified 4518
Magnesium stearate 9.040
Colloidal silicon dioxide 4.5
Total Laver } 00

Valsartan/Atorvastatin Calesim ~ Layer-2

Atorvastatin Calcium 10,85
Catcium carhonate light 50.00
Valsarian RO.00
Microerystalimne cellulose, silicified 49,96
Croscarmeliose sodium 13.00
fron oxide red {1.21
Magnesium steavate 359

Colloidal silicon dioxide 2.39
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Total Layer 2 260
Total tablet weight 1160
The tablet size and weight are desired to be ncceptable to the pattent for oral

conswmpiion without fracturing the tablet. The formulation comprising fixed dose

combination of Example | is consistent with pharmacentically efegant formulations that

3
1
.
i5 %))
3)
4}
0
$)
25 &}

yay be swallowed intact, without fracture of the tablet.

Alternate Preparation
Wet Granulation

Fou comparison, a bilaver tablet is prepared using a wet granulation formulation,
Atorvastatin calohum trihydrate i3 weal granulated with calciun carbonate and the
granulating excipients: bydroxypropyl cellulose, polysorbate 80, nucrocrystalline
celinlose, lactose, and croscarmellose sodium, using water as the granulating
figuid.
This wet granvlation 1s thoroughly dried and steed using appropriate
pharmaceutical equipment.
Valsartan and appropriate tableting excipients are pre-blended together using
suitable pharmaceutical blending equipment.
The drred and sized atorvastatin granules ave then combined with the valsartan
pre-blend and blended together using suitable pharmaceutical blending equipment.
This blead is then lubricated with an appropriate excipient using suitable
pharmaceutical blending equpment.
Metformin, hypromellose and other appropriate tableting excipients are blended
together using suitable pharmaceuntical blending equipment.
The two blends are then combingd at the desired ratios, using suitable
pharmaceutical tablet compression equpment, to produce 8 bilayer tablet of

equivalent dose as the fixed dose combination of Example §.

Tablets are placed on an accelerated stability study and the primary degradant, the

30 atorvastaim lactone, 1s montored to gauge the effectiveness of the stabilization of

atorvastaiin in the dosage foron Samples are stored in open containers at elevated
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coptrolled teroperature and bunudity. Sswoples are tested for the lactone impunly using
HPLC with UV detection. The daia provided in Table B, demonsirate desired stability of
the Exanple 1 formulation. The data provided in Table C and Table D suggest that the

composition of Example 1 provides dissolation profiles that sre comparable to the

5 respective regulatory agency approved mono-product.
Atorvastatin Stability
Uinexpectedly, ihe stability of the fixed dose compostiion prepared using the dey
mix of Example 1 performed befter than the Wet Granulation preparation,
13 Table B
%o atorvastatin lactone measured on
Presentation stability: 40°C//A0% RH
1 Tnitial ¥ week | 2 weeks | 4 weeks
Examplet 0 036 1 040 1 045 | 044
- Wet Granulation {438 0.62 0.79 {1.93
Valsartan Stability
13

The physical stability of valsartan v a' composition prepared using sodium
bicarbonate as the siabilizing excipient for gtorvgstatin is compared {0 8 composiion
using calcium carbonate. X-ray powder diffraction data show that upon open dish storage
at 4077 5% RH for & days valsartan inderacts with sodivan bicarbonate and the sodium

20 salt of valsartan is the ikely product. Swprisingly, no interaction of valsartan with
caloium curbonate is observed usiing the composition of Example 1 that would suggest
formation of the calviun salt of valsarian, despite this salt being reported inthe at. The

composition of Example 1 minimizes the andespred calonum sall

g
s

Dissolution
Dissoloation of the atorvastatin and valsartan is measwred 18 S M pH 6.8
phosphbate buffer at 37°C using 8 USP appavatus Wowith HPLC and UV detection. The
percent relegse of the IR components in the Example 1 composition compare favorably to
the regulatory agency approved mono products).  The repulatory approved atorvastatin

30 product is Liptor® and the reguelatory approved valsartan product is Diovan®.
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Table O
T Average (n=6) % velease at 30 minutes
Bresentation e e
Atorvasiatin Yalsartan
Mono Product 98 160
Exampley 2 163

Dissolution of metformin is measured in 50 mM pH 6.8 phosphate buffer at 37°C

using a USP apparatus I with HPLC and UV detection. The percent release of

LA

metformin in the Example 1 composition compares favorably to the regulatory agency

approved mono product (Glucophage ® XR) over 1 hours.

Time Average (n=6) % release metformin HCI
(hy) Example 1 Maoneo Product

1 37 26

3 51 48

6 73 £8

18 9} as

16 Sire of Metformin Laver and Dissolution Rate

The dissolution rate of metformin hydrochlonde in two metformin-valsartan
bilayer {ablets in which the total weight of metformin layer was reduced relative to the
conmmercially available metformin prodoct Glecophage®XR was measured and

compared 1o the dissolution rate in Glucophage®RXR.

Nmma
LA

The composition of the bilaver tablet is set out below in Table E.

Tahle E

Amount % wi of
Component me layer
HEMC 343 37.1
Microcrysialline Cellulose 47 5.1
Sodwmslearyifomarate 1 91 10
TOTAL laver 928 100.0
Valsartan #{ 381
Microcrystathine cellulose 92 43 8
Croscarmellose sodium 31.5 15.6
Silicon dioxide 2.1 1.0
Iron oxide red 0.2 .1




L

10

WO 2019/018158

-1R-
Sodhan stearvi fimarate 4.2 2.0
TOTAL layer 2140 1000
Metformin HCH eranules (95%)¥ 526 539
HEMC 3632 3732
Microcrysialline cellulose 76,1 78
Sodiam stearyl fmmarate 9.8 1.0
YOTALWyer 9781 100.6
Valsartan &0 272
Microcrystalline celhulose 1549 527
Croscarmellose sodium 44 ] 13.0
Silicondioxide 4 AL 23
Irom oxide red (.3 0.1
Sodimm stearv! fumarate 7 4 2.5
TOTAL laver 2941 160.9

*Cranoles composed of) 953% wi metformin HCL 008

wi povidone.

PCT/US2018/041433

o wi magnesium stearate and 4.5%

Dissolution of metformin hydrochioride is mieasured in 30mM pH 6.8 phosphate buffer m

37°C using a USP apparatus L The results are set out below in Table F.

Table F

%% metformin HCT released

60 120 180 360 60 720
nDHR | BUD nun min min min
Glucophage®XR 1025 mg tablet 3121454 [561 [ 776|935 | 100
Bilayer tablet with 925 mg metfornun | 31.9 | 46.8 387 80.3 9467 100
faver total wi
Bilayer tablet with 975 myg metformin | 30.2 [ 453 36.7 786 86.3 100

laver total wit

It 1s well known that the surface area to volame ratio {SA/Vol) of a matnx XR

tablet impacts the release rate of the drug, with & higher SA/Vol resulting in a faster
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velease. As the Glucophage®XR tablet 1s oval Gomt dose of metformin HOEis SO0 mig)
shape and weighs about 1025 mg, 4 would be expecied that 3 1ablet of stuilar
composition and shape, only smaller in mass, should have g faster dissolution rate.
However, these data surprisingly show that the size of the metformun layer can be reduced

without resulting in a measurable difference i dissohution rate.
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WE CLAIM:

i A solid oral fixed dose composition comprising

(43

a first laver which ¢ an extended release {aver compnising metformun, ora
pharmaceutically acceptable salt thereof)

a secomd layer comprising valsartan, or a pharmaceutically acceptable salt thereof,
and atorvastating or a pharmacentically acceptable salt thereof:

and one or more excipients.
10 2. The composition according to claim 1 whersin the second layer 15 an
numediate release laver.

3 The composition according o clmim 1 or ¢lamm 2 wherewn the cotaposition

is g tablet,

4, The composition according to clamn 3 wherein the tablet is a compressed
1§ tablet
5, The composition according to clatm 3 or claim 4 wherein the tablet is of

pharmacentically acceplable size 1o be swallowed intsct by an adult.
6. The composition sccording to any one of clatus 1 to § whergin the
metformin or a pharmacentically acceptable salt thereof s metformin hydrochloride.
20 7. The composition according to claim 6 wherein the metformin
hydrochlonide is present in the fonm of granules which addiionally comprise povidons
and magnesiom steatate.
&, The composiion according to claim 7 wherenn the first layer further

comprises sodium stearyl fumarate or magnesium stearate; collodal stheon dioxade; and

)
LA

microvrystalline cellulose.

9. The composition according to any one of clatms 6 to ¥ wherein the
metformin hydrochloride is present in a unit dose strength selected from the group
consisting of about 254, about 300, and abouwt 750 mg.

16, The composiiion according to claim @ wherein the metformin
3¢ hydrochloride 1s present in a unit dose strength of about 500 me.

11, The composition according to any one of claims 1 to 10 wherem the

second layer comprises atorvastatin calcium inhvdrate and valsartan,
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12, The composition aceording to claim 11 wherem the atorvastatin caloyam
trilbvdrate is present in a unit dose strength selected from the group consisting of about §,
about 13, about 15, and about 20 mg.

13, The composition according to clatm 12 wherain the atorvastatin calcium

(v

tribydrate is present in a unit dose strength of about 10 mg.

14, The composition according to any one of clanns 11 to 13 wherein the
calsartan is prosent i a unit dose strength selected from the group consisting of about 44,
about 50, about 68, abowut 70, and abont 80 mg.

15, The composition according to claim 14 wheremn the valsartan is present in
10 a2 unit dose sirength of about 80 mg.

16, The composition according to any one of clamms 1 to 15 wherein the
second layer further comprises caleiwm carbonate and mucrocrystalline cellulose.

17, A solid oral fixed dose composition comprising

a first laver which is an extended release layver comprising metfornun

1§ hydrochloride 1 a vt dose strength of about 500 mg;

a second layer which is an immediate release layer compnising valsartan at a unit
dose strength of about B0 myg and storvastatin calcmy wrihydrate at 3 unit dose strength of
about 10 my;

and one of mwore excipients.

20 18, A process for preparing a solid orsl fixed dose composition sccording 1o
any one of claims 1 to 17 comprising forming 8 conpressed tablst comprismg
a. anextended release laver comprising metfornun, or' g
phamaceutically acceptable salt thereof, and

b, asecond laver comprising valsartan, or g pharmaceutically acceptable

)
LA

salt thereot, and atorvasiatin, or a pharmacentically acceptable salt
thereof.
I9, A process according to claim 18 wherein the process teraperature is
mainiamed o room temperature (about 20°C) and humidity controlled to less than about
50% room humidity.
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