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ABSTRACT

The present invention provides a mcthod for producing a pharmaceutical
composition which is a tablet and which contains tofogliflozin as an active ingredicnt.  The
method comprises mixing an additive and tofogliflozin to preparc a powder mixturc and
obtaining a tablet from the powder mixture by direct compression. The additive comprises

at least one filler.
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DESCRIPTION
SOLID PREPARATIONS CONTAINING TOFOGLIFLOZIN AND
PROCESS OF PRODUCING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to solid preparations containing tofogliflozin, namely,
1,1-Anhydro-1-C-{5-(4-ethylphenyl)methyl-2-(hydroxymethyl)phenyl]-B-D-glucopyranose,
which is a spiroketal derivative, and the process of producing the preparations.
BACKGROUND ART

[0002] A spiroketal derivative having a certain structure has been known as being usetful for
preventing or treating diabetes (Patent Documents 1 and 2).  For example,

WO 2006/080421 (Patent Document 1) discloses a compound represented by the following
formula (1), generic name of which is tofogliflozin (chemical name: 1,1-Anhydro-1-C-[5-(4-
cthylphenyl)methyl-2-(hydroxymethyl)phenyl]-B-D-glucopyranose), and states that the
compound has an excellent inhibitory activity against SGLT2.

[0003] [Chemical Formula 1]

OH (1)
[0004] Further, WO 2009/154276 (Patent Document 2) discloses a monohydrate crystal, a
co-crystal with sodium acetate, and a co-crystal with potassium acetate of the compound
represented by formula (I).  The document further discloses that the monohydrate crystal
(hereafter referred to as crystal form I) has peaks at diffraction angles (20) of about 3.5°, 6.9°,
10.4°, 13.8°, 16.0°, 17.2°, 18.4°, 20.8°, 21.4°, and 24.4° in X-ray powder diffraction pattern;
the co-crystal with sodium acetate has peaks at diffraction angles (26) of about 4.9°, 8.7°,

9.3°, 11.9°, 12,97, 14.7°, 16.0°, 17.1°, 17.7°, 19.6°, 21.6° and 22.0° in X-ray powder
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diffraction pattern; and the co-crystal with potassium acetate has peaks at diffraction angles
(20) of about 5.0°, 10.0°, 10.4°, 12.4°, 14.5°, 15.1°, 19.0°, 20.1°, 21.4° and 25.2° in X-ray
powder diffraction pattern.

[0005] Furthermore, WO 2012/115249 (Patent Document 3) discloses a monohydrate
crystal of the compound represented by formula (1), and the monohydrate crystal (hereafter
referred to as crystal form 11) is characterized as having peaks at diffraction angles (20) of
about 4.0°, 7.5°, 10.8°, 12.7°, 14.0°, 14.7°, 18.0°, 18.8°, 19.5°, and 22.7° in X-ray powder
diffraction pattern. The document further discloses that an acetone-water solvate crystal
(hereafter referred to as crystal form III) of the compound represented by formula (1) has
peaks at diffraction angles (26) of about 11.0°, 12.3°, 19.2°, 20.2°, and 21.6° in X-ray powder
diffraction pattern.

[0006] A pharmaceutical preparation containing a low-melting point drug significantly
deteriorates in quality due to melting of the drug during storage at a high temperature, and
this has been problematic.  In powders or granules, melting of a drug causes coagulation.

In tablets, melting of a drug causes problems, such as oozing of the drug, mottling, or
changing in color, during storage, and adhesion of the tablet material to the tableting machine
at tableting (sticking). To cope with such problems, JP 2006-160730 A (Patent Document
4) discloses producing granules from a mixture of an adsorbing carrier, such as calcium
silicate, magnesium hydroxide-aluminium hydroxide co-precipitate, or synthetic hydrotalcite,
with a low-melting point drug, as a means for handling problems, such as oozing of a low-
melting point substance and coagulation of powders and granules, that arise during storage at
a high temperature as well as tableting defects such as sticking.  Further, JP H10-287561 A
reports a solid preparation obtained by adsorbing ibuprofen having a low melting point on a
porous excipient, such as calcium silicate or light silicic anhydride.

[0007] JP S56-145214 A (Patent Document 6) discloses obtaining tablets by adding
silicates to a low-melting point substance as a stabilizer to increase the eutectic point and
prevent melting of the substance, thereby to reduce variation in the content of the low-

melting point substance from tablet to tablet and reduce changes in properties such as
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dissolution and hardness. JP $63-243034 A (Patent Document 7) discloses a solid
preparation obtained by blending a low-melting point substance with calcium silicate that
adsorbs the substance, thereby to reduce sticking. JP 2000-239185 A (Patent Document 8)
discloses a pharmaceutical composition which has been granulated using light silicic
anhydride to reduce, for example, sticking and the influence on stimulatory components (e.g.,
bitterness). JP 2005-104934 A (Patent Document 9) discloses a composition obtained by
melting a low-melting point substance by initially blending it with calcium silicate, so as to
prevent tablet-to-tablet variation in drug content at tabletting caused by melt of the low-
melting point substance or to prevent prolonged disintegration time (to improve stability
during storage).

[0008] From the produc-tion point of view, tablets are largely divided into following groups:
compressed tablets, which are produced by compressing a medicine to a certain shape, and
molded tablets, which are produced by moistening the ingredients of a medicine with a
solvent and forming, or molding, the moistened mixture into a certain shape. The
production of the compressed tablets is the highest of all dosage forms.  Examples of typical
production methods of the compressed tablets include direct powder compression (direct
compression) and wet granulation compression.  The direct compression is a process by
which a medicinal agent and additives in powder form are mixed and the mixture is directly
compressed into tablets.  This process requires the fewest steps and is economical, whereas
it may cause problems such as insufficient tablet hardness, powdery tablet surface, and lack
of content uniformity from tablet to tablet or within each tablet. The wet granulation is a
process in which a medicinal agent and additives are granulated by wet method and the
granules are pressed into tablets.  Although this process requires many steps, it is widely
used due to many advantages it offers; for example, a medicinal agent is easy to be
distributed uniformly in tablets, and covering the surface of a poorly water-soluble medicinal
agent with a hydrophilic polymer (binder) can improve the dissolution and hardness of the
tablets as well as prevent powders from appearing on the tablet surfaces (Non-Patent

Document ).
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0011] Nothing has been reported about solid preparations of tofogliflozin, which is a low-
melting point compound (the crystal form 1 has a melting point of about 71°C), that can be
used as pharmaccuticals.  In addition, the inventors of the present application have
investigated the production of solid preparations of tofogliflozin and have found that
conventional production methods and formulations would not give solid tofogliflozin
preparations having sufficient disintegration and dissolution properties.
[0012] In view of the foregoing, an object of the present invention is to provide solid
preparations containing tofogliflozin with improved disintegration and dissolution properties.
SOLUTION TO PROBLEM
[0013] The inventors have found that mixing tofogliflozin with at least one filler, at least
one disintegrant, and/or at least one lubricant, and then tableting the mixture by dircct

compression can produce tablets with improved disintegration and dissolution properties.
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Further, the inventors have found that the disintegration and dissolution properties can be
improved by adjusting the weight ratio of calcium silicate to a certain low level.

[0014] The present invention has been attained based on such findings and, more
specifically, the present invention provides the following [1] to [27].

[1] A pharmaceutical composition comprising tofogliflozin as an active ingredient,
wherein the composition is a tablet obtained by direct compression of a powder mixture of at
least onc additive with tofogliflozin, and the additive comprises at least one excipient.

[2] The pharmaceutical composition of [ 1], wherein the excipient is sclected from
the group consisting of corn starch, potato starch, wheat starch, rice starch, partial alpha
starch, alpha starch, lactose hydrate, fructose, glucose, mannitol, anhydrous dibasic calcium
phosphate, crystalline cellulose, and precipitate calcium carbonate,

[3] The pharmaceutical composition of [1] or [2], wherein the additive further
comprises at least one disintegrant.

[4] The pharmaceutical composition of [3], wherein the disintegrant is selected from
the group consisting of sodium starch glycolate, carboxymethyl cellulose,
carboxymethylcellulose calcium, carboxymethy! starch sodium, croscarmellose sodium,
crospovidone, low substituted hydroxypropylcellulose, and hydroxypropyl starch.

[5] The pharmaceutical composition of any one of [1] to [4], wherein the additive
further comprises at least one lubricant.

[6] The pharmaceutical composition of [S], wherein the lubricant is selected from
the group consisting of magnesium stearate, calcium stearate, talc, sucrose fatty acid ester,
sodium stearyl fumarate, and hydrogenated oil.

[7] The pharmaceutical composition of any one of [1] to [6], the composition being
substantially free from calcium silicate.

|8} The pharmaceutical composition of any one of [ 1] to [7], wherein the
tofogliflozin consists of a crystal form [, a crystal form 11, a crystal form II1, a co-crystal with
sodium acetate, a co-crystal with potassium acetate, an amorphous form, or a mixture thercof.

[9] The pharmaceutical composition of [8], wherein the tofogliflozin consists of a
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crystal form 1, a crystal form 11, an amorphous form, or a mixture thercof.

[10] The pharmaceutical composition of any one of [1] to [9], wherein a weight ratio
of the active ingredient tofogliflozin ranges from 2.5 to 40 wt% with respect to the total
weight of the composition.

[11] The pharmaceutical composition of any one of [5] to [10], wherein the lubricant
accounts for less than 4.0 wt% of the total weight of the composition.

[12] The pharmaceutical composition of any one of [3] to [11], wherein the
excipient accounts for 20 to 80 wt% of the total weight of the composition and the
disintegrant accounts for 1.0 to 4.0 wt% of the total weight of the composition.

[13] The pharmaceutical composition of any one of [1] to [12], wherein the additive
contains excipients, a disintegrant, and a lubricant, the excipients being lactose hydrate and
crystalline cellulose, the disintegrant being croscarmellose sodium, and the lubricant being
hydrogenated oil, magnesium stearate, or a mixture thercof.

[14] A method for producing a pharmaceutical composition which is a tablet
comprising tofogliflozin as an active ingredient, wherein the method comprises:

mixing an additive and tofogliflozin to prepare a powder mixture, and

obtaining a tablet from the powder mixture by direct compression,

wherein the additive comprises at least one excipient.

[15] The method of [14], wherein the excipient is selected from the group consisting
of corn starch, potato starch, wheat starch, rice starch, partial alpha starch, alpha starch,
lactose hydrate, fructose, glucose, mannitol, anhydrous dibasic caleium phosphate, crystalline
cellulose, and precipitate calcium carbonate.

[16] The method of [14], wherein the additive further comprises at least one
disintegrant.

[17] The method of [16], wherein the disintegrant is sclected from the group
consisting of sodium starch glycolate, carboxymethyl cellulose, carboxymethylcellulose
calcium, carboxymethyl starch sodium, croscarmellose sodium, crospovidone, low

substituted hydroxypropylcellulose, and hydroxypropyl starch.
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[18] The method of any one of [ 14] to [17], wherein the additive further comprises
at least onc lubricant.

(19] The method of [18], wherein the lubricant is selected from the group consisting
of magnesium stearate, calcium stearate, talc, sucrose fatty acid ester, sodium stearyl
fumarate, and hydrogenated oil.

[20] The method of any one of [14] to [19], wherein whercin the composition is
substantially free from calcium silicate.

[21] The method of any one of [14] to [20], wherein the tofogliflozin comprises a
crystal form 1, a crystal form I, a crystal form 111, a co-crystal with sodium acetate, a co-
crystal with potassium acetate, an amorphous form, or a mixture thercof.

[22] The method of [21], wherein the tofogliflozin comprises a crystal form 1, a
crystal form 11, an amorphous form, or a mixture thereof.

[23] The method of any one of [14] to [22], wherein a weight ratio of the active
ingredient tofogliflozin ranges from 2.5 to 40 wt% with respect to the total weight of the
composition.

[24] The method of any one of [18] to [23], wherein the lubricant accounts for less
than 4.0 wt% of the total weight of the composition.

[25] The method of any one of [16] to [24], wherein the filler accounts for 20 to
80 wt% of the total weight of the composition and the disintegrant accounts for 1.0 to
4.0 wt% of the total weight of the composition.

[26] The method of any one of [14] to [25], wherein the additive comprises lactose
hydrate, crystalline cellulose, croscarmellose sodium, and hydrogenated oil and/or
magnesium stearate.

[27] A solid preparation comprising tofogliflozin as an active ingredient, lactose
hydrate, crystalline cellulose, croscarmellose sodium, and hydrogenated oil and/or
magnesium stearate.

[28] The solid preparation of [27] having a dosage form selected from a tablet, a

capsule, or a granule.
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[0015] A skilled person in the art would appreciate that the present invention includes any
one or any combination of two or more of the embodiments above, if they are technically
consistent with one another based on common technical knowledge of those skilled in the art.
ADVANTAGEOQOUS EFFECTS OF INVENTION

[0016] According to the present invention, solid preparations with improved disintegration
and dissolution properties are provided. Further, the invention provides a solid preparation
with improved disintegration and dissolution properties by adjusting the weight ratio of
calcium silicate, which is an additive of the solid preparation, to a low level.  The use of the
method of the present invention makes it possible to provide a solid preparation that allows a
rapid release of a drug component.

BRIEF DESCRIPTION OF DRAWINGS

[0017] Fig. 1 is a diagram showing a relation between the hardness and the dissolution time
of a tablet containing 20 wt% of the active ingredient tofogliflozin hydrate (crystal form 1)
for a case where the tablet was produced by direct compression and a case where the tablet
was produced by wet granulation (Test Example 2).

Using the f2 function values obtained in Test Example 8, a factor analysis was
performed using quality engineering (the Taguchi method, L18).  Fig. 2 is a cause and effect
diagram that uses the condition levels (formulation condition) shown in Table 6.

Fig. 3 is a diagram showing a relation between the disintegration time and the
compression pressure for each of an initial product and an accelerated product of tablets
containing 40 wt% of the active ingredient tofoglitlozin hydrate (crystal form 1) produced by
direct compression (Test Example 1).

Fig. 4 is a diagram showing a relation between the disintegration time and the
compression pressure for each of an initial product and an accelerated product of tablets
containing 40 wt% of the active ingredient tofogliflozin hydrate (crystal form 1) produced by
wet granulation (Test Example 1).

DESCRIPTION OF EMBODIMENTS

[0018] The present invention relates to a pharmaceutical composition comprising



CA 02934832 2016-06-22

-9

tofogliflozin as an active ingredient, the composition being a tablet obtained by direct
compression of a powder mixture of at least one additive with tofogliflozin, the additive
comprising at least one filler. Further, the present invention relates to a method of
producing the composition.

[0019] The term "tofoglitlozin" as used in the present invention refers to a compound
having the chemical name, 1,1 -Anhydm-l-C-[S~(4—ethylphcnyl)mcthyl-2—
(hydroxymethyl)phenyl]-B-D-glucopyranose. and being represented by formula ().
[0020] [Chemical Formula 2]

P PN
[ 1

- e ~, 2
¢y ~F e,

City
X

N

[0021] The "filler" as used in the present invention is exemplificd by saccarides (¢.g.,
lactose, lactose hydrate, fructose, glucose), sugar alcohols (e.g., mannitol), starches (e.g.,
corn starch, potato starch, wheat starch, rice starch, partial alpha starch, alpha starch),
cclluloses (e.g., crystalline cellulose) and inorganic salts (e.g., calcium silicate, anhydrous
dibasic calcium phosphate, precipitate calcium carbonate), more specifically, corn starch,
potato starch. wheat starch, rice starch, partial alpha starch, alpha starch, lactose hydrate,
fructose, glucose, mannitol, anhydrous dibasic calcium phosphate, crystalline cellulose, and
precipitate calcium carbonate, and more preferably, lactose and crystalline cellulose.

[0022] The "disintegrant” as used in the present invention is exemplified by starch, sodium
glycolate, carboxymethyl cellulose, carboxymethyleellulose calcium, carboxymethvl! starch
sodium, croscarmellose sodium, crospovidone, low substituted hydroxypropylcellulose, and
hydroxypropy! starch.  More preferably, such a disintegrant is croscarmellose sodium, for
example.

[0023] The "lubricant" as used in the present invention is cxemplified by magnesium

stearate, calcium stearate, talc, sucrose fatty acid ester, sodium stearyl fumarate, and
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hydrogenated oil.  More preferably, such a lubricant is magnesium stearate or hydrogenated
oil, for example.

[0024] In addition to the ingredients stated above, the solid preparation according to the
prescnt invention may contain typically used agents such as binders, lubricating and coloring
agents, or flavoring agents, and also may contain, at need, stabilizers, emulsifiers,
absorbefacients, surfactants, pH modifiers, antiseptics, antioxidants, or the like. The solid
preparations may be formulated by combining ingredients commonly used as raw materials
of solid preparations.

[0025] The "additive" as used in the present invention is intended to refer to ingredients
commonly used as raw materials of solid preparations, examples of which may include fillers,
disintegrants, lubricants, binders, lubricating and coloring agents, flavoring agents, stabilizers,
emulsifiers, absorbefacients, surfactants, pH modifiers, antiseptics, and antioxidants.

[0026] The "solid preparation” as used hercin refers to dosage forms such as tablets,
powders, {ine granules, granules, coated tablets, capsules, dry syrups, troches, suppositories.
The dosage form refers to the form itself of a finished pharmaceutical product or the like.
The dosage form of the solid preparation according to the present invention is preferably
capsules, tables, or granules, and more preferably, capsules or tablets, but other forms may be
used if they have ingredients typically used in the field of pharmaceutical formulation and
typical shapes and sizes.

[0027] The hardness of tablets can be adjusted according to, for example, the type of
additives used in preparing the tabicts or the compression pressures.  The compression
pressure used in forming the pharmaceutical composition of the present invention ranges, for
cxample, from 5 to 20 kN, more specifically, from 6.5 to 18.5 kN, and still more specifically,
from 8 to 12 kN.  Further, the hardness of the tablet of the pharmaceutical composition of
the present invention ranges, for example, from 20 to 200 N, more specifically, from 30 to
150 N, and still more specifically, from 50 to 100 N.

[0028] Colorants that are allowed to be added to pharmaceuticals may be used in the

composition.  The flavoring agents to be used may include cocoa powder, menthol, aromatic
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powder, mentha oil, Borneo camphor, and cinnamon powder.

[0029] Of course, such tablets or granules may be coated with sugar coating or other
suitable coating, as appropriate.  Further, in producing a liquid preparation such as a syrup
or injection, agents such as pH modifier, solvent, and tonicity agent, plus agents such as
solubilizer and stabilizer, as appropriate, are added to a compound according to the present
invention or a pharmacologically acceptable salt thereof to formulate the preparation.

[0030] The "crystal form I" as used in the present invention refers to a monohydrate crystal
of the compound represented by formula ().  The monohydrate crystal is disclosed to have
peaks at diffraction angles (26) of about 3.5°, 6.9, 10.4°, 13.8°, 16.0°, 17.2°, 18.4°. 20.8°,
21.4°, and 24.4° in X-ray powder diffraction pattern (Patent Document 2).

[0031] The "crystal form 11" as used in the present invention refers to a monohydrate crystal
of the compound represented by formula (I). 1t is disclosed that the monohydrate crystal is
characterized as having peaks at diffraction angles (20) of about 4.0°, 7.5°, 10.8°, 12.7%,
14.0°, 14.7°, 18.0°, 18.8°, 19.5°, and 22.7° in X-ray powder diffraction pattern (Patent
Document 3).

(0032] The "crystal form 111" as used in the present invention refers to an acctone-water
solvate crystal of the compound represented by formula (I). 1t is disclosed that the acetone-
water solvate crystal has peaks at diffraction angles (20) of about 11.0°, 12.3°, 19.2°, 20.2°,
and 21.6° in X-ray powder diftraction pattern (Patent Document 3).

[0033] The "co-crystal with sodium acetate” as used in the present invention refers to a co-
crystal with sodium acetate of the compound represented by formula (1) Itis disclosed that
the co-crystal with sodium acetate has peaks at diffraction angles (20) of about 4.9°, 8.7°,
9.3° 11.9°, 12.9°, 14.7°, 16.0°, 17.1°, 17.7°, 19.6°, 21.6° and 22.0° in X-ray powder
diffraction pattern (Patent Document 2).

[0034] The "co-crystal with potassium acctate” as used in the present invention refers to a
co-crystal with potassium acetate of the compound repfes&nted by formula (I). [tis
disclosed that the co-crystal with potassium acetate has peaks at diftraction angles (20) of

about 3.0°, 10.0°, 10.4°, 12.4°, 14.5°, 15.1°, 19.0°, 20.1¢, 21.4° and 25.2° in X-ray powder
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[0035] Preferably, tofogliflozin used in the solid preparation of the present invention is
selected from the group consisting of a crystal form I, a crystal form II, a crystal form 111, a
co-crystal with sodium acetate, a co-crystal with potassium acetate, an amorphous form, or a
mixture thereof.  More preferably, tofogliflozin used in the solid preparation is sclected
from the group consisting of a crystal form 1, a crystal form 11, an amorphous form, or a
mixture thereof.  Still more preferably, tofogliflozin used in the solid preparation is a crystal
form 1. The proportions of crystal forms contained in tofogliflozin can be determined by
using the NR1 measurcment, solid-state NMR, X-ray powder diffraction method, Raman
spectrometry, or the like.

[0036] The solid preparation of the present invention is produced by mixing not only
tofogliflozin and at least one filler but also at least one disintegrant and/or at least one
lubricant and then direct compressing the mixturc. ~ Further, the present invention provides a
method for producing a solid preparation that contains tofogliflozin, at least onc filler, and at
least one disintegrant and/or at least one lubricant and which is formed by direct compression.
[0037] The "direct compression” as used in the present invention refers to a process by
which an active ingredient and additives in powder form are mixed and the mixture is
directly compressed into tablets.  The "wet granulation” refers to a process in which a
medicinal agent and additives are granulated by wet method and the granules are pressed into
tablets. The "wet method" refers to a process of producing granular mass by mixing a
medicinal agent and an additive, and then spraying water directly on the powder mixture or
placing a paste-form aqueous solution, in which a binder has been dissolved or dispersed, on
the powder mixture.

[0038] The compression pressure used in tablet making may be adjusted depending on the
ingredients or the required hardness of a tablet.  The tablet hardness can be adjusted
according to, for example, the type of additives used in preparing the tablet or the
compression pressure.  The compression pressure used in forming the pharmaceutical

composition of the present invention ranges, for example, from 5 to 20 kN, more specifically,
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from 6.5 to 18.5 kN, and still more specifically, from 8 to 12 kN.  Further, the tablet
hardness of the pharmaceutical composition of the present invention ranges. for example,
from 20 to 200 N, more specifically, from 30 to 150 N, and still more specifically, from 50 to
100 N.

[0039} The dose of the solid preparation according to the present invention may be selected
based on the level of symptom, age, sex, body weight, route of administration, type of salt,
specific type of discase, and the like.

[0040] The "substantially free from calcium silicate” as used in the present invention refers
to that the solid preparation is produced by direct compression such that the weight ratio of
calcium silicate in the preparation is preferably less than 2.5% or less than 2.0%, more
preferably less than 1,75%, less than 1.5%, less than 1.25%, less than 1.0%, or less than
0.75%.

[0041] Inanon-limiting embodiment of the present invention, it is preferable, but not
limited to, that the solid preparation is substantially free from not only calcium silicate, but
also light silicic anhydride, hydrated silicon dioxide, calcium silicate, magnesium hydroxide-
aluminium hydroxide co-precipitate, synthetic aluminum silicate, synthetic hydrotalcite, or
magnesium aluminometasilicate.

[0042] The "weight ratio” as used in the present invention refers to a ratio that compares the
weight of an active ingredient or an additive with the total weight of the pharmaccutical
preparation.

[0043] In an embodiment of the present invention, the weight ratio of tofogliflozin in the
solid preparation is preferably, but not limited to, in the range of 1.0 wt% to 80 wt%, 1.0 wt%
to 70 wt%, 1.0 wi% to 60 wt%, 1.0 wi% to 50 wt%, 2.5 wt%o to 40 wt%, 10 wt% ta 40 wt%,
or 20 wt% to 40 wt%.  The preparation can be produced by using tofoglitlozin hydrate, and
in that case, the weight ratio of tofoglitlozin is calculated based on the weight of tofogliflozin
contained in the hydrate.

[0044] From the viewpoint of preventing tableting defects, the weight ratio of tofogliflozin

in the solid preparation is preferably, but not limited to, 60 wt% or less, 50 wi% or less,
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40 wi% or less, 30 wi% or less, or 20 wi% or less.  Further, the ratio is preferably, but not
limited to. 1.0 wt% or more, 2.5 wt% or more, or 5.0 wi% or more.

[0043] In an embodiment of the present invention, the weight ratio of an filler in the solid
preparation is preferably. but not limited to, in the rage of 5.0 wt% to 95 wt%, 10 wi% to

90 wt%, 15 wi% to 83 wit%, or 20 wt% to 80 wt%.

[0046] In an embodiment of the present invention, the total weight ratio of lactosc hydrate
and crystalline cellulose in the solid preparation is preferably, but not limited to. in the range
of 5.0 wt% to 95 wt%, 10 w1% to 90 wt%, 15 wt% to 85 wt%, or 20 wt% to 80 wi%.

[0047] Inan embodiment of the present invention, the weight ratio of a disintegrant in the
solid preparation is preferably, but not limited to, 50 wt% or less, 30 wt% or less, 20 wt% or
less, 10 wt% or less, 8.0 wi% or less, 6.0 wt% or less, 4.0 wi% or less, 2.0 wt% or less, or
1.0 wt% or less.

[0048] In an embodiment of the present invention, the weight ratio of croscarmellosc in the
solid preparation is preferably, but not limited to, 10 wt% or less, 8.0 wt% or less, 6.0 wt% or
less, 4.0 wi% or less, 2.0 wt% or less, or 1.0 wt% or less.  Further, the ratio is preferably,
but not limited to, at least 0.1 wt% or at least 0.5 wt%.

[0049] In an embodiment of the present invention, the weight ratio of a lubricant in the
solid preparation is preferably. but not limited to, less than 20 wt%, less than 10 wt%, less
than 8.0 wt%%, less than 6.0 wt%, less than 5.0 wt%, less than 4.0 wt%, lcss than 3.0 wi%, or
less than 2.0 wi%.  Further, the ratio is preferably, but not limited to, at least 0.1 wt%, at
least 0.5 wi%, or at least 1.0 wt%.

[0050) In an embodiment of the present invention, the total weight ratio of hydrogenated oil
and magnesium stearate in the solid preparation is preferably, but not limited to, less than

10 wt%, less than 8.0 wi%. less than 6.0 wt%, less than 5.0 wi%, less than 4.5 wt%, less than
4.0 wt%, less than 3.5 wi%, less than 3.0 wt%, or less than 2.5 wt%. [Further, the ratio is
also preferably, but not limited to, at least 0.1 wt%, at least 0.5 wt%, at least 1.0 wt%, or at
least 1.5 wi%.

[0051] A non-limiting cmbodiment of the present invention provides a tablet that contains
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the active ingredient tofogliflozin in a weight ratio of 20%, lactose hydrate in a weight ratio
of 53%, crystalline cetlulose in a weight ratio of 20%, croscarmellose sodium in a weight
ratio of 2%, and hydrogenated oil and magnesium stearate in total in a weight ratio of 3%.
[0052] When the term "and/or" was used in the context of expressing a combination of
additives in the specification. the term refers to any possible combination of "and"” and "or.”
More specifically, for example, an expression "fillers, disintegrants, and/or lubricants" refers
to the following variations of additives: (a) fillers, (b) disintegrants, (¢) lubricants, (d) fillcrs
and disintegrants, (e) fillers and lubricants, (f) disintegrants and fubricants, and (g) fillers,
disintegrants, and lubricants.

[0053] A skilled person in the art would appreciate that the present invention includes any
one or any combination of two or more of the embodiments above if they are technically
consistent with one another based on common technical knowledge of those skilled in the art.
[0054]

EXAMPLES

[0055] Comparative Example | (wet granulation, tofogliflozin hydrate conecentration =

40%)

In accordance with the formulation and amounts shown in Table 1, tofogliflozin
hydrate (crystal form I), lactose hydrate, crystalline cellulose, low substituted
hydroxypropylcellulose, and hydroxypropylceliulose were mixed sufficiently in a mortar, and
then 3.5 g of purificd water was added to the mixture to producce wet granules. The granules
were passed through a sieve of 710 pm mesh and then dried in an oven at a temperature of
50°C for 4 hours. Subsequently, the dried granules were mixed with magnesium stearate in
apoly bag. The resultant mixture was compressed using a tabletting divice at each of
compression pressures of 500 kgf, 1000 kgf, 1500 kgf, and 2000 kgf to form flat tablets
(diameter; 7.5 mm, tablet weight; 200 mg).  Sticking was observed at the compression
pressures 500 kgfand 1000 kgf.  Slight sticking was observed at the compression pressures
1500 kgf and 2000 kgf.

[0056]

Date regue/Date Received 2020-12-31
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[Table 1]
Table 1: Formulation and Amount

Raw material Formulation (%)  Amount (g)
Tofogliflozin hydrate (crystal form 1) 40.0 8.0

Lactose hydrate 34.0 6.8
Crystalline cellulose 15.0 3.0

Low substituted hydroxypropylcellulose 7.5 L5
Hydroxypropylceliulose 3.0 0.6
Magnesium stearate 0.5 0.1

Total 100.0 20.0

[0057] Example 1 (direct compression, tofogliflozin hydrate concentration = 40%)

In accordance with the formulation and amounts shown in Table 2, tofogliflozin
hydrate (crystal form 1), lactose hydrate, crystalline cellulose, and low substituted
hydroxypropylcellulose were mixed sufficiently in a V-shaped mixer, and magnesium
stearate was added and mixed again to give a powder blend. The powder blend was
compressed using a tableting divice at each of compression pressures of 300 kgf, 1000 kgf,
1500 kgf, and 2000 kgf to form flat tablets (diamcter, 7.5 mm; tablet weight, 200 mg).
Sticking was cbserved at each of the pressures.

[0058] [Table 2]

Table 2: Formulation and Amounts

Raw material Formulation (%)  Amount (g)
Totogliflozin hydrate (crystal form 1) 40.0 8.0

[Lactose hydrate 27.5 5.5
Crystalline cellulose 25.0 5.0

Low substituted hydroxypropylcellulose 6.5 1.3
Magnesium stcarate 1.0 A 0.2

Total 100.0 20.0

[0059] Test Ixample 1 (results of disintegration test and tablet hardness measurement on

Comparative Example 1 and Example 1)

A disintegration test and a tablet hardness measurement were performed on the
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tablets obtained in Comparative Example 1 and Example 1. Table 3 shows the results. In
tablet hardness, almost no difference was observed between the two examples.  However,
the disintegration time in Comparative Example 1 was 14.5 to 20.6 minutes, while that in
Example 1 was 5.2 to 9.6 minutes.  The results confirmed that, in the production of the solid
pharmaceuticals containing 40 wt% tofogliflozin hydrate (crystal form [), the tablet produced
by direct compression had a shorter disintegration time than the tablet produced by wet
granulation, though they had the same level ol tablet hardness.

[0060] [Table 3-1]

Table 3-1: Disintegration Test Results (Uncoated Tablet)

Compression Disintegration Time (min)
Pressure (kgf) Comparative 1 Example 1
500 14.5+0.3 52+02
1000 19.1 0.8 93+0.3
1500 18.7+ 1.0 9.2+04
2000 20.6+0.9 9.6+0.2

*1: n=3, the numerical value after "+" is standard deviation.
[0061] [Table 3-2]

Table 3-2: Tablet Hardness Test Results (Uncoated Tablet)

Compression Tablet Hardness (N)

Pressure (kgf) Comparative 1 Example |
500 1363425 122.0=2.0
1000 146.7+ 4.7 141.0=3.0
1500 1357+ 4.9 1493 +2.1
2000 146.0+£ 6.6 142.7x+3.1

*2: n=3, the numerical value after "+" is standard deviation.

[0062] To evaluate the influcnce of accelerated conditions (harsh conditions) on the tablets
obtained in Comparative Example | and Example 1, a disintegration test was performed with
samples which were prepared by storing the tablets for 4 hours at 40°C-75%RH and then
additional 2 hours at 60°C.  The results are shown in Tables 3-3, 3-4 and Figs. 3 and 4.

The results showed that the disintegration time of the accelerated products were likely to

increase in both Comparative Example 1 and Example 1. The drug substance is a low-
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melting point compound, and thus it has been inferred that part of the drug substance in the
tablets melted during storage even at a temperature not higher than the melting point of the
substance, resulting in the delay of disintegration.

[0063] [Table 3-3]

Table 3-3: Disintegration Test Results (Initial)

Disintegration Time (min)

Example 1

Compression

Pressure (kgh) Comparative |
500 145+03
1000 19.1+0.8
1500 18.7+1.0
2000 206+0.9

52+0.2
9.3+0.3
92+04
9.6+0.2

*1: n=3, the numerical value after "+" is standard deviation.
[0064] [Table 3-4]

Table 3-4: Disintegration Test Results (Accelerated)

Compression Disintegration Time (min)
Pressure (kgf) Comparative 1 Example 1
500 19.9+£1.6 6.6+0.5
1000 272+ 1.7 12.8+0.4
1500 288+ 1.6 13.2+£04
2000 27.6+2.7 14.1+£0.5

*2: n=3, the numerical value after "+" is standard deviation.

[0065] Comparative Example 2 (wet granuiation, tofogliflozin hydrate concentration =
20%)

In accordance with the formulation and amounts shown in Table 4, tofogliflozin
hydrate (crystal form 1), lactose hydrate, crystalline cellulose, low substituted
hydroxypropylcellulose and hydroxypropylcellulose were mixed sufficiently in a mortar, and
then 5.0 g of purificd water was added to the mixture to produce wet granules.  The granules
were passed through a sieve of 710 um mesh and then dried in an oven at a temperature of
30°C for 4 hours. Subsequently, the dried granules were mixed with magnesium stearate in
a poly bag. The resultant mixture was compressed using a tabletting divice at each of

compression pressures of 300 kgf. 500 kgf, 1000 kgf, and 1500 kgf to form flat 1ablets
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(diameter, 7.5 mm; tablet weight, 200 mg). No sticking was observed at any of the
Pressures.
10066] [Table 4]

Table 4: Formulation and Amount

Raw material Formulation (%)  Amount (g)
Tofogliflozin hydrate (crystal form [) 20.0 4.0
l.actose hydrate 54.0 10.8
Crystalline cellulose 15.0 3.0

Low substituted hvdroxypropylcellulose 7.5 1.5
Hydroxypropylcellulose 3.0 0.6
Magncsium stearale 0.5 0.1

Total 100.0 20.0

[0067] Example 2 (direct compression, tofogliflozin hydrate concentration = 20%)

In accordance with the formulation and amounts shown in Table 3, tofogliflozin
hydrate (crystal form 1), lactose hydrate, crystalline cellulose, and low substituted
hydroxypropylcellulose were mixed sufticiently in a V-shaped mixcr, and magnesium
stearate was added and mixed again to give a powder blend. The powder blend was
compressed using a tabletting device at cach of compression pressures of 500 kgf, 1000 kgf,
and 1500 kgf'to form flat tablets (diameter, 7.5 mm; tablet weight, 200 mg). No sticking
was observed at any of the pressures.

[0068] [Table 3]

Table 5: Formulation and Amount

Raw material Formulation (%)  Amount (g)
Tofogliflozin hydrate (crystal form 1) 20.0 4.0

Lactose hydrate 47.5 9.5
Crystalline cellulose 25.0 5.0

Low substituted hydroxypropyleellulose 6.5 1.3
Magnesium stearate 1.0 0.2

Total 100.0 20.0

[0069] Test I:xample 2 (results of disintegration test and tablet hardness measurement on
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Comparative Example 2 and Example 2)

A disintegration test and a tablet hardness measurement were performed on the
tablets obtained in Comparative Example 2 and Example 2. Table 6 shows the results.
The disintegration time ranged from 1.5 to 17.5 minutes in Comparative Example 2, whereas
it ranged from 0.7 to 2.7 minutes in Example 2. The tablet hardness ranged from 81.7 to
190.7 N in Comparative Example 2, whercas it ranged from 94.4 to 136.3 N in Example 2.
Since the two cxamples differed in tablet hardness, the relation of the hardness and the
disintegration time was compared between the two production methods.  This is shown in
Fig. 1. The result confirmed that, at the same hardness, the disintegration time of the tablet
produced by direct compression was significantly shorter than that of the tablet produced by
wet granulation.

[0070] [Table 6-1}

Table 6-1: Disintegration Test Results (Uncoated Tablet)

Compression Disintegration Time (min)
Pressure (kgf) Comparative 2 Example 2
300 1.5+ 0.1 not performed
500 39+£03 0.7£0.0
1000 9.4+ 0.1 2.1+0.0
1500 175+ 1.0 2.7+0.0

LU

*1: n=3, the numerical value after "+" is standard deviation.
[0071} [Table 6-2]

Table 6-2: Tablet Hardness Test Results (Uncoated Tablet)

Compression Tablet Hardness (N)

Pressure (kef) Comparative 2 Example 2

300 8§1.7+5.9 not performed coperformed
500 1207+ 7.1 94.4+3.1

1000 179.0 &= 1.7 123.7+7.6

1500 190.7 % 6.1 13634 1.5

*2: n=3, the numerical value after "+" is standard deviation.

[0072] Examples 3 to 9 (direct compression: investigation on effects of formulation, drug_

substance concentration = 20%)
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The amounts of disintegrants and lubricants in formulations. which are commonly
known to affect disintegration propertics of pharmaceutical preparations, were varried to
evaluate the effects on disintegration time.  In the following Examples, the pharmaceuticals
were prepared by adjusting the amount of tofogliflozin hydrate (crystal form I) such that the
active ingredient tofogliflozin was contained in the amount shown in the table.  In the
process, an increase in the weight ratio of tofogliflozin hydrate due to hydrated water, was
regulated by adjusting the weight ratio of lactose hydrate such that the total weight ratio was
100%.

[0073] In accordance with the formulation and amounts shown in Table 7, tofogliflozin
hydrate (crystal form [), lactose hydrate, crystalline cellulose, and croscarmellose sodium
were mixed sufficiently in a rotary drum mixer, and then hydrogenated oil and magnesium
stearate were added and mixed again to give a powder blend.  The powder blend was
compressed using a rotary tablet press at each of compression pressurcs 6 kN, 8 kN, 10 kN,
12 kN. and 14 kN to form R tablets (diameter; 6.0 mm, tablet weight; 100 mg). Defects
such as sticking and powdery tablet surface were not observed at any of the pressures.
[0074] [Table7-1]

Table 7-1: Formulation

Ingredients Example Example Example Example Example Example Example

3 4 5 6 7 8 9
Tofogliflozin 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Lactose hydrate 55.0 56.0 53.0 56.0 54.0 56.5 52.5
(filler)
Crysulline cellulose 20.0 20.0 20.0 20.0 20.0 20.0
(filler)
Croscarmellose )

2 2 9
sodium (disintegrant) 2.0 10 4.0 2.0 2.0 2.0 2.0
Hydrogenated oil
o S 5

(lubricant) 1.5 1.5 1.5 1.5 1.5 0.0 4.0
Magpcmum stcarate 15 s 15 05 s s s
(lubricant)
Total (%) 100.0 100.0 100.0 100.0 100.0 100.0 100.0

[0075]
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[Table 7-2]
Table 7-2: Amount
Ingredients Example Example Example Example Example Example Example

3 4 5 6 7 8 9
Tofogliflozin 1,000 1.000 1.000 1.000 1.000 1.000 1.000
(Lh‘fl:j‘ hydrate 2750 2.800 2,650 2.800 2700 2825  2.625
(fll’ﬂ:f‘;”‘”e celiulose 4 000 1000 1.000 1000 1.000  1.000  1.000
Croscarmellose 4 0.050 0.200 0.100 0.100 0.100 0.100
sodium (disintegrant)
Hydrogenated oil 0.075 0075 0075 0075 0075 0000  0.200
(lubricant)
Magnesium stearate o5 (075 0075 0025  0.125 0075  0.075
(lubricant)
Total (kg) 5.000 5.000 5.000 5.000 5.000 5.000 5.000

[0076] Test Example 3 (results of disintegration test and tablet hardness measurcment on

Examples 3 to 9)

A disintegration test and a tablet hardness measurement were performed on the

tablets obtained in Examples 3 t0 9.

difference was obscrved between the tablets, despite the difference in formulation.

Table 8 shows the results.

In the hardness, no great

The

disintegration time was within 5 minutes in any of the Examples, which contirmed that the

tablets disintegrates rapidly. In particular, the tablets produced with the formulation in

which the total weight ratio of the lubricants, namely, hydrogenated oil and magnesium

stearate, was less than 4.0% (Examples 3, 4, 5, 6, and 8) were seen to disintegrate faster than

the tablets with the formulation in which the total weight ratio of the lubricants was 4.0% or

more (Examples 7 and 9), although the former was higher in tablet hardness than the latter.

[0077]
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[Table 8-1]
Table 8-1: Disintegration Test Results (Uncoated Tablet)
Compression Example Example Example Example Example Example Ekxample
Pressurc 3 4 5 6 7 8 9
6 kN 15401 21401 22401 1.6+00 24+02 1701 3.0x0.1
8 kN 19+0.1 25402 2701 20£01 3.0£01 21402 35+£0.1
10 kN 24+0.1 28«01 28+0.1 25+0.1 30+01 25+01 37£00
12 kN 28+0.1 32401 32+£00 28+01 34+01 27+0]1 40=%0.1
14 kN 3.1+£01 32+£01 32£01 3.1x00 35+01 3.1+£0.1 4.0%0.1

#1: n=6, unit = min; target time = within 5 min; the numerical value after

deviation.

[0078]

[Tabie 8-2]

Table 8-2: Tablet Hardness Results (Uncoated Tablet)

"+£" 1s standard

Compression Example Example  Example Example Example Example Example
Pressure 3 4 5 6 7 8 9
6 kN 60.9 63.8 62.3 63.6 51.8 62.1 61.7
+ 3.5 + 4.3 +2.4 + 3.6 +3.5 +3.7 +3.0
g kN 69.6 09.3 70.5 70.1 58.5 70.8 673
+2.9 +2.8 +3.8 +4.0 +2.6 +2.8 +2.6
[0 kN 70.9 73.9 74.6 72.3 61.6 77.8 68.3
+4.6 +3.5 +35.2 +3.8 +3.5 +3.1 + 3.0
12 kN 75.3 not 76.2 76.3 62.7 78.7 69.8
+ 3.6 performed +4.2 4.1 +2.6 +3.5 3.2
14 KN 78.6 75.6 78.5 76.0 65.3 80.4 71.5
+2.9 + 3.4 +3.4 +4.0 +2.7 +3.4 +3.8

*1:n=20; unit = N, target =50 N or more; the numerical value after "+" is standard deviation.

[0079]

Test Example 4 (dissolution test results of Examples 3 to 9)

A dissolution test was performed on the tablets obtained at a compression pressure

of 10 kN in Examples 3 to 9.

Table 9 shows the results.

In all these Examples, it was

confirmed that 85% or more tofogliflozin was dissolved within 15 minutes and that the

medicinal component was released rapidly.

[0080]
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[Table 9]

Table 9: Dissolution Test Results

Example Lxample Example Example Example Example Example
3 4 5 6 7 8 9

Dissolution rate  99.8 104.4 97.9 99.3 98.4 97.1 102.4
in 1Smin (%)  £2.7 +2.5 +1.3 1.5 +0.9 +33 +2.1

*1: n=06; target = at lcast 85% dissolution in 15 min; the numerical value after "+" is standard
deviation.

[0081] Example 3A (direct compression: investigation of effects of acceleration on

dissolution preperty, drug substance concentration = 20%)

To evaluate effects of acceleration on dissolution rate in 15 minutes, tofogliflozin
hydrate (crystal form 1), lactose hydrate, crystalline cellulose, and croscarmellose sodium, in
accordance with the formulation and the amounts shown in Tables 9-1 and 9-2 (thc
formulation was the same as that of Example 3), were mixed sufficiently in a rotary drum
mixer, and then hydrogenated oil and magnesium stearate were added and mixed again to
give a powder blend.  The amount of tofogliflozin hydrate (crystal form I) for use was
adjusted such that the active ingredient tofogliflozin was contained in the amount shown in
the table.  In the process, an increasc in the weight ratio of tofogliflozin hydrate due to
hydrated water, was regulated by adjusting the weight ratio of lactose hydrate such that the
total weight ratio was 100%. The powder blend was compressed using a rotary tablct press
at each of compression pressures 10 kN, 14 kN, and 18 kN to form R tablets (diamcter,

6.0 mm; tablet weight, 100 mg). No sticking was observed at any of the pressures.
[0082] ([Table 9-1]

Table 9-1: Formulation (%)

Ingredients Example 3A
Tofogliflozin 20.0
Lactose hydrate (filler) 55.0
Crystalline cellulose (filler) 20.0
~Croscarmellose sodium (disintcgrant) 2.0
Hydrogenated oil (lubricant) 1.5
Magnesium stearate (lubricant) 1.5

Total (%) 100.0
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[0083] [Tablc 9-2]
Table 9-2: Amount
Ingredients Example 3A
Tofogliflozin 3.000
Lactosc hydrate (filler) 8.250
Crystalline cellulose (filler) 3.000
~Croscarmellose sodium (disintegrant) 0.300
Hydrogenated oil (lubricant) 0.225
Magnesium stearate (lubricant) 0.225
Total (kg) 15.000

[0084] Test Iixample 4A (dissolution test results of Example 3A)

The tablet obtained at a compression pressure of 10 kN, 14 kN, or 18 kN in Lxamplc
3A was stored at 40°C-75%RH, or at 40°C in a sealed container, for 1 or 3 months to conduct
a dissolution test.  The results are shown in Table 9-4.  In all the samples, it was confirmed
that 85% or more tofogliflozin was dissolved within [5 minutes and that the medicinal
component was relcased rapidly.

[0085] ([Table 9-3]

Table 9-3: Dissolution Test Results (Dissolution rate in 15 min)

Compression Pressure 10 kN 14 kN 18 kN

Initial 100.5+0.3 97.5+0.5 99.4+ 1.3
40°C -75%RH 1M 98.5+ 1.4 97.7+2.1 96.8 +2.8
40°C-75%RH 3M 97.7+3.1 97.9 2.1 97.5%1.7
40°C scaled 1M 99.8+1.6 99.1+0.9 99.4 £ 1.8
40°C sealed 3M 993+ 1.1 993+ 1.7 993+ 1.4

*1: unit=%; n=3; target = at least 85% dissolution in 15 min; the numerical value after "£" is
standard deviation.

10086] Examples 10 to 12 (direct compression: investigation of effects of drug substance

crystalline form, drug substance concentration = 20%)

The tofogliflozin hydrate used in the tablet production contains three crystalline
forms: crystal form 1, crystal form 11, and amorphous forms.  Tablets were produccd by
using three types of’the drug substance, each of which contains one of the crystalline forms at
a higher proportion. to evaluate the effects on the disintegration time and tablet hardness.  In

producing the pharmaceuticals of the following Examples, the amount of tofogliflozin
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hydrate (crystal form I, crystal form 1l, and amorphous forms) was adjusted such that the
active ingredient tofogliflozin was contained in the amount shown in the table.  In the
process, an increase in the weight ratio of tofogliflozin hydrate due to hydrated water, was
regulated by adjusting the weight ratio of lactose hydrate such that the total weight ratio was
100%.

[0087] In accordance with the formulation and amounts shown in Table 10, tofogliflozin
hydrate, lactosc hydrate, crystalline cellulose, and croscarmellose sodium were mixed
sufficiently in a rotary drum mixer, and then hydrogenated oil and magnesium stearate were
added and mixed again to give a powder blend.  The powder blend was compressed using a
rotary tablet press at each of compression pressures 6 kN, 8 kN, 10 kN, 12 kN, and 14 kN to
form R tablets (diameter, 6.0 mm; tablet weight, 100 mg).  No sticking was observed at any
of the pressures.

[0088] [Table 10-1]

Table 10-1: Proportions of Crystalline Forms in Drug Substance Used

Example 10 Example 11 Example 12
(high in the content  (high in the content  (high in the content
of crystal form 1) of crystal form II) of amorphous form)
Crystal form I Proportion (%) 93% 18% 47%
Crystal form II Proportion (%) < 0% 53% < 0%
Amorphous form Proportion (%) 8% 29% 58%

[0089] [Table 10-2]

Table 10-2: Fermulation and Amount: Used in Common in Examples 10-12

Raw material Formulation (%)  Amount (g)
Tofogliflozin 20.0 900.0
[Lactose hydrate 55.0 2475.0
Crystalline cellulose 20.0 900.0
Croscarmellose Sodium 2.0 90.0
Hydrogenated oil 1.5 67.5
Magnesium stearate 1.5 67.5

Total 100.0 4500.0

[0090] Test Example S (dissolution test results and tablet hardness measurements on

Examples 10to 12)
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A disintegration test and a tablet hardness measurement were performed on the
tablets obtained in Examples 10 to 12.  Table [T shows the results.  In the hardness, no
great difference was observed between the tablets, despite the difference in formulation. It
was confirmed that the disintegration time was within 5 minutes in any of the Examples, and
that the tablets disintegrated rapidly.

[0091] ([Table 11-1]

Table 11-1: Disintegration Test Results (Uncoated Tablet)
Compression Pressure Fxample 10 Example 11 Example 12

6 kN 1.3+0.0 2.0+0.1 1.5+ 0.1
8 kN 1.9+ 0.1 2.7+03 22+0.1
10 kN 2.1+0.1 34402 2.6+0.1
12 kN 2.4+ 0.1 4,1+0.1 32+0.1
14 kN 2.740.0 4.4+02 3.5+0.1

#1: n=6, unit = min; target time = within 5 min; the numerical value after "+£" is standard
deviation.
[0092] [Table [1-2]

Table 11-2: Tablet Hardness Results (Uncoated Tablet)
Compression Pressure Example 10 Example 11 Example 12

6 kN 55.6+2.7 52.2+3.1 not performed
8 kN 582431 59.3£3.0 53.1+£2.7
10 kN 67.1+4.1 66.5+2.7 60.7+2.6
12 kN 64.0+4.3 67.3+33 57.5+2.5
14 kN 69.6 +2.9 70.6+3.2 592+29

*1: n1=20; unit = N; Target = at least 50 N; the numerical value after "+" is standard dcviation.

[0093] Comparative Example 3 (test formulation prepared using information in the Patent

Documents as guide)

As described in Test Example 1, it turned out that a solid preparation containing
tofogliflozin, the crystal form I of which has a melting point of about 71°C, has a problem in
formulation specific to a low-melting point compound, namely, a delay in tablet
disintegration.  Thus, the inventors tricd solving possible problems in formulation by mixing
tofogliflozin hydrate (crystal form 1) with calcium silicate, by reference to the Patent

Documents described in BACKGROUND ART. Inaccordance with the formulation and
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amounts shown in Table 12, tofogliflozin hydrate (crystal form 1), lactose hydrate, crystalline
cellulose, croscarmellose sodium, and calcium silicate were mixed sufficiently in a V-shaped
mixer, and magnesium stearate, tale, and hydrogenated oil were added and mixed again to
give a powder blend.  The amount of tofogliflozin hydrate (crystal form [) was adjusted
such that the active ingredient tofogliflozin was contained in the amount shown in the table.
In the process, an increase in the weight ratio of tofogliflozin hydrate due to hydrated water
was regulated by adjusting the weight ratio of lactose hydrate such that the total weight ratio
was 100%. The powder blend was compressed using a single tablet press at a pressure of
1000 kgl to form R tablets (diameter, 6 mm; tablet weight, 100 mg). No tableting defect
was observed in the evaluation of handling (tablet weight variation), sticking, and creaking.
[0094] [Table 12]

Table 12: Formulation and Amount

Raw material Formulation (%) Amount (g)
Tofogliflozin 20.0 60.0
Lactose hydrate 42.0 126.0
Crystalline cellulose (Prosolv) 20.0 60.0
Croscarmcllose sodium 6.0 18.0
Calcium silicate 5.0 15.0
Magnesium stcarate 2.5 7.5

Talc 1.5 4.5
Hydrogenated oil 3.0 9.0

Total 100.0 300.0

[0095] Test Iixample 6 (dissolution test results of Comparative Example 3)

With regard to the tablets obtained in Comparative Example 3, a dissolution test was
performed on an initial product and an accelerated product which was obtained by storing an
initial product at 50°C-75%RH for 2 weeks.  Further, the {2 functions of the initial and
accelerated products were calculated from the dissolution rates in 5, 10, 15, and 20 minutes,
where the greatest changes occurred in the rate (if the {2 function is 50 or higher, the samples
before and after the acceleration were deemed comparable in the dissolution property). The

results were shown in Table 13, The time for 85% dissolution of the initial product was 9.3
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minutes, which confirmed a rapid dissolution of the drug component.  On the other hand,
the time for 85% dissolution of the accclerated product was 39.4 minutes, which confirmed
that the acceleration caused a large dissolution delay in the tablet of this formulation.
[0096] [Table 13]

Table 13: Dissolution Test Results

Comparative Example 3

Initial 9.3 min
~Accelerated 39.4 min
I'2 function 10.1

[0097] Samples | to 18 (formulation for investigation of cause of dissolution delay)

In accordance with the formulation and amounts shown in Tables 14 and 15,
tofogliflozin hydrate (crystal form I), lactose hydrate, crystalline cellulose, croscarmellose
sodium, and calcium silicate were mixed sufficiently in a V-shaped mixer, and magnesium
stearate, talc, and hydrogenated oil were added and mixed again to give a powder blend.
The amount of tofogliflozin hydrate (crystal form I) was adjusted such that the active
ingredient tofogliflozin was contained in the amount shown in the table. In the process, an
increase in the weight ratio of tofogliflozin hydrate due to hydrated water was regulated by
adjusting the weight ratio of lactose hydrate such that the total weight ratio was 100%. The
powder blend was compressed using a single tablet press at a pressure of 1000 kgf'to form R
tablets (diameter, 6 mm; tablet weight, 100 mg). No tableting defect was observed in the
evaluation of handling (tablet weight variation), sticking, and cracking.

[0098]
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| Table 14-1]

Table 14-1: Formulation (%)

Raw material Sample ?amplc Sample Sample Sample Sample Sample Sample Sample

! 2 3 4 5 6 7 8 9
Tofogliflozin 2000 20.00 20.00 2000 2000 2000 2000 2000 20.00
lLactose hydrate 57.50 53.00 48.50 5325 4875 51.00 4950 4950 48.00

Crystalline Cellulose o 5 5500 2000 2000 2000 2000 2000 2000  20.00
(Ceolus PH-101)

Croscarmellosc Na 2.00 2.00 2.00 4.00 4.00 4.00 6.00 6.00 6.00

Ca Silicate 0.00 1.25 2.50 0.00 1.25 2.50 0.00 1.25 2.50
Mg Stearate 0.50 1.50 2.50 0.50 1.50 2.50 1.50 2.50 0.50
Talc 0.00 0.75 1.50 0.75 1.50 0.00 0.00 0.75 1.50
Hydrogenated oil 0.00 1.50 3.00 1.50 3.00 0.00 3.00 0.00 1.50
Total 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

[0099] [Table 14-2]

/

Table 14-2: Fermulation (%

Raw material Sample Sample Sample Sample Sample Sample Sample Sample Sample

10 i 12 13 14 1S 16 17 18
Tofogliflozin 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lactose hydrate 5250 5325 5325  53.00 S0.75 4925 4775 5075  48.50
Crystalline cellulose 50 50 5900 2000 2000 2000 2000 2000 2000  20.00
(Prosolv)
Croscarmellosc Na 2.00 2.00 2.00 4.00 4.00 4.00 6.00 6.00 6.00
Ca Silicate 000 125 250 000 125 250 000 125 230
Mg Stearate 250 050 150 150 250 050 250 050 150
Tale 150 000 075 150 000 075 075 150 0.0
Hydrogenated oil 150 300 000 000 150 300 300 000 150
Total T00.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 100.00

[0100] [Table 15-1]
Table 15-1: Amount (g)

Raw material Sample Sample Sample Sample Sample Sample Sample Sample Sample

| 2 3 4 5 6 7 8 9
Tofogliflozin 60.00  60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00
Lactose hydrate 172.50 159.00 14550 159.75 14625 153.00 14850 148.50 144.00

Crystalline Cellulose 6 50 6600 60.00  60.00 6000 60.00 60.00 60.00  60.00
(Ceolus PH-101) ;

Croscarmellose Na 6.00 6.00 6.00 12.00 12.00 12.00 18.00 18.00 18.00

Ca Silicate 0.00 3.75 7.50 0.00 3.75 7.50 0.00 3.75 7.50
Mg Stearate 1.50 4.50 7.50 1.50 4.50 7.50 4.50 7.50 1.50
Tale 0.00 2.25 4.50 2.25 4.50 0.00 0.00 2.25 4.50
Hydrogenated oil 0.00 4.50 9.00 4.50 9.00 0.00 9.00 0.00 4.50
Total 300.00 300.00 300.00 300.00 300.00 300.00 300.00 300.00 300.00

(0101}
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[Table 15-2]

Table 15-2: Amount (g)

Raw material Sample Sample Sample Sample Sample Sample Sample Sample Sample

10 11 12 13 14 15 16 17 18
Tofogliflozin 60.00  60.00 60.00 60.00 6000 6000 6000 60.00 60.00
Lactose hydrate 157.50 15975 159.75 159.00 15225 147775 143.25 15225 14550
Crystalline cellulose o0 40 6000 60.00 6000 6000 6000 60.00 60.00  60.00
(Prosolv)
Croscarmellose Na 6.00 6.00 6.00 12.00 1200 12.00 18.00 1800 18.00
Ca Silicate 0.00 3.75 7.50 0.00 3.75 7.50 0.00 3.75 7.50
Mg Stearate 7.50 1.50 4.50 4.50 7.50 1.50 7.50 1.50 4.50
Tale 4.50 0.00 2.25 4.50 0.00 2.25 2.25 4.50 0.00
Hydrogenated oil 4.50 9.00 0.00 0.00 4.50 9.00 9.00 0.00 4.50
Total 300.00  300.00 300.00 300.00 300.00 300.00 300.00 300.00 300.00

[0102] Test Example 7 (dissolution test results of Samples | to 18)

With regard to the tablets of Samples 1 to 18, a dissolution test was performed on an
initial product and an accelerated product that was obtained by storing an initial product at
50°C-75%RH for 2 weeks. Further, the f2 functions of the initial and accclerated products
were calculated from the dissolution rates in 5, 10, 15, and 20 minutes, where greatest
changes occurred in the rate.  The results were shown in Table 16, The time for §5%
dissolution of the initial products ranged from 7.4 to 12.1 minutes, which confirmed a rapid
dissolution of the drug component.  On the other hand, the time for 85% dissolution of the
accelerated products ranged from 8.1 to 38.11 minutes. For samples 6, 9, 15, and 18, the
dissolution time for 85% dissolution exceeded 15 minutes.  This confirmed what
formulations had a large dissolution delay under accelerated conditions.

[0103] [Table 16-1]

Table 16-1: Time for 85% Drug Component to Dissolve (min)

Sample Sample Sample Sample Sample Sample Sample Sample Sample

i 2 3 4 5 6 7 8 9

“Initial 9.7 7.4 8.9 7.6 9.4 8.4 102 89 8.4
Accelerated 9.0 8.8 9.6 9.8 8.6 196 8.l 938 224
F2 function 618 555 580 523 55.6 192 413 633 19.8

[0104]
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[Table 16-2]

Table 16-2: Time for 85% Drug Component to Dissolve (min)

Sample Samplc Sample Sample Sample Sample Sample Sample Sample

10 11 12 13 14 15 16 17 18
Initial 10.8 9.9 9.1 12.1 9.1 9.2 10.4 9.3 8.7
Accelerated 134 9.1 10.9 9.1 13.7 21.0 9.5 9.3 38.1

F2 function  52.6 47.5 59.5 - 49.4 40.7 21.6 59.3 76.2 10.5

* [ n=3; target = at least 85% dissolution in 15 min.
[0105] Test xample 8

Using the 2 function values obtained in Test Example 7, a factor analysis was
performed using quality engineering (the Taguchi method, orthogonal array 1.18: 2x37) 10
specify the cause of the dissolution delay.  Condition levels (formulation condition) are
shown in Table 17 and a causc and effect diagram is shown in Fig. 2. Fig. 2 shows that the
SN ratio ({2 value) decreased as the level goes from C1to C3.  This indicated that the {2
value decreased as the amount of calcium silicate increased, which suggested that calcium
silicate affects the dissolution delay after acceleration.
[0106] [Table 17-1]

Table 17-1: Analysis Factors and Condition Levels

Level 1 (C1) Level 2 (C2) Level 3(C3)
A Crystalline cellulose PH-101 Prosolv -
13 Croscarmellose Na 2 4 6
C Calcium silicate 0 1.25 2.5
D Mg Stearate 0.5 1.5 2.5
L Talc 0 0.75 1.5
F Hydrogenated oil 0 1.5 3
G no setting — — —
H no sctting — — —

[0107]
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[Table 17-2]

Table 17-2: Allocation Table of Comparative Examples 4 to 21

Sample No. Control Factor
A B C D E b G H
| 1 | 1 L 1 1 1 1
2 ] 1 2 2 2 2 2 2
3 1 1 3 3 3 3 3 3
4 l 2 1 1 2 2 3 3
5 | 2 2 2 3 3 1 L
6 1 2 3 3 1 1 2 2
7 1 3 | 2 1 3 2 3
8 ] 3 2 3 2 ) 3 ]
9 ] 3 3 1 3 2 ] 2
10 2 1 1 3 3 2 2 l
RS 2 1 2 1 1 3 3 2
12 2 1 3 2 2 ] 1 3
13 2 2 ] 2 3 1 3 2
14 2 2 2 3 1 2 1 3
15 2 2 3 I 2 3 2 |
16 2 3 1 3 2 3 1 2
17 2 3 2 1 3 1 2 3
18 2 3 3 2 1 2 3 |

[0108] [Reference Example 1] Disintegration Test Method

The test was conducted on specitied quantity of tablets using a disintegration tester
(of Toyama Sangyo Co.) in accordance with the procedure described in Japanese
Pharmacopocia to determine the dissolution time for each tablet.  The test liquid was water
of atemperature of 374#2°C,  From the obtained measurements, the mean value and standard
deviation were calculated.
[0109] [Reference Example 2] Tablet Hardness Measurement Method

The test was performed on specified quantities of tablets using a tablet hardness
tester (of Pharma Test Co.) to determine the hardness for each tablet.  From the obtained
measurcments, the mean value and standard deviation were calculated.
[0110] [Dissolution Test Method]

The dissolution time was determined for quantities of tablets using a dissolution
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tester (of Hanson Co.) under the following conditions.  The test liquid was water (900 mL,
37+2°C). The paddle rotation Was-set to 50 rpm and the sampling times were set to 2, 5. 10,
15,20, 30, and 60 minutes. The obtaincd samples were analyzed by using high
performance liquid chromatography.

[0111} [F2 function Calculation Method]

In accordance with the following equation, an {2 function was calculated. The
dissolution rates in 5, 10, 15, and 20 minutes, where greatest changes occurred in the rate,
were used in the equation to cvaluate a similarity of the curves of initial and accelerated
tablets.

[0112] [Formula !]

. 0.5
f, =50xlog [14‘(1//4)2(1?,—7;)1] ><1oo1
N =1 B [
INDUSTRIAL APPLICABILITY
[0113] The use of the method of the present invention makes it possible to provide a solid

preparation that allows a rapid releasc of a drug component.
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CLAIMS

1. A method for producing a tablet comprising tofogliflozin, wherein the method
comprises:

mixing an additive and tofogliflozin to prepare a powder mixture, and

obtaining a tablet from the powder mixture by direct compression,

wherein the additive comprises at least one filler, and at least one lubricant, and

wherein the composition is free from calcium silicate or comprises calcium silicate
in less than 2.5% by weight relative to the tablet,

wherein the tofogliflozin comprises a crystal form I, a crystal form II, an amorphous
form, or a mixture thereof, wherein crystal form I has one or more peaks at diffraction angles
(20) of about 3.5°, 6.9°,10.4°, 13.8°, 16.0°, 17.2°, 18.4°, 20.8°, 21.4°, and 24.4° in X-ray
powder diffraction pattern, and crystal form II has one or more peaks at diffraction angles
(20) of about 4.0°, 7.5°,10.8°, 12.7°, 14.0°, 14.7°, 18.0°, 18.8°, 19.5°, and 22.7° in X-ray

powder diffraction pattern.

2. The method of Claim 1, wherein the filler is selected from the group consisting of
corn starch, potato starch, wheat starch, rice starch, partial alpha starch, alpha starch, lactose
hydrate, fructose, glucose, mannitol, anhydrous dibasic calcium phosphate, crystalline

cellulose, and precipitate calcium carbonate.

3. The method of Claim 1 or 2, wherein the additive further comprises at least one
disintegrant.
4. The method of Claim 3, wherein the disintegrant is selected from the group

consisting of sodium starch glycolate, carboxymethyl cellulose, carboxymethylcellulose
calcium, carboxymethyl starch sodium, croscarmellose sodium, crospovidone, low

substituted hydroxypropylcellulose, and hydroxypropyl starch.

Date Regue/Date Received 2021-07-12
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5. The method of Claim 4, wherein the lubricant is selected from the group consisting
of magnesium stearate, calcium stearate, talc, sucrose fatty acid ester, sodium stearyl

fumarate, and hydrogenated oil.

6. The method of any one of Claims 1 to 5, wherein a weight ratio of the active
ingredient tofogliflozin ranges from 2.5 to 40 wt% with respect to the total weight of the

composition.

7. The method of any one of Claims 5 to 6, wherein a weight ratio of the lubricant

ranges from less than 4.0 wt% of the total weight of the composition.
8. The method of any one of Claims 3 to 7, wherein a weight ratio of the filler ranges
from 20 to 80 wt% of the total weight of the composition and a weight ratio of the

disintegrant ranges from 1.0 to 4.0 wt% of the total weight of the composition.

9. The method of any one of Claims 1 to 8, wherein the additive comprises lactose
hydrate, crystalline cellulose, croscarmellose sodium, and hydrogenated oil and/or

magnesium stearate.

10. A tablet produced by the method of any one of Claims 1 to 9.

Date Regue/Date Received 2021-07-12
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