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STABLE PHARMACEUTICAL COMPOSITION OF AFATINIB

FIELD OF INVENTION

A solid oral dosage form comprising therapeutically effective amount of afatinib or a salt thereof
and an acid in an amount sufficient to provide an acidic microenvironment of pH less than 3.5,

wherein the solid dosage form is a dry solid dosage form.

BACKGROUND OF THE INVENTION

Afatinib is a synthetic quinazoline derivative. It has one chiral centre; the drug is the pure 35
enantiomer. It is available in the form of a salt formed with maleic acid. It has two basic groups,
the dimethylamine (pKa 8.2) and the quinazoline (pKa 5.0). It is also referred to as BIBW 2992.
It is commercially available under the brand name of GILOTRIF® tablets which contain

afatinib, as the dimaleate salt. The chemical structure is depicted below:

These GILOTRIF® tablets for oral administration are available in 40 mg, 30 mg, or 20 mg of
afatinib (equivalent to 59.12 mg, 44.34 mg, or 29.56 mg afatinib dimaleate, respectively).

Afatinib dimaleate is susceptible to moisture affecting its chemical stability and leading to
decrease of the active principle and increase of contamination with hydrolytic degradation

products. The present inventors have found a stable solid oral dosage form of afatinib.
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SUMMARY OF THE INVENTION

A solid oral dosage form comprising therapeutically effective amount of afatinib or a salt thereof
and an acid in an amount sufficient to provide an acidic microenvironment of pH less than 3.5,
wherein the solid dosage form is a dry solid dosage form and wherein when the solid oral dosage
form is stored at condition of 40°C and 75% relative humidity for three months, the total

impurities in the solid oral dosage form do not increase to more than 2.5% by weight of afatinib.

The present invention also provides a process for the preparation of a solid oral dosage

comprising:

a. granulating pharmaceutically acceptable excipients and an acid with water and drying the
granules at 105°C until the loss on drying is between 0.5-2.5% w/w,

b. dry blending the granules of step ‘a’ with afatinib or its pharmaceutically acceptable salt,
an acid in an amount sufficient to provide an acidic microenvironment, pharmaceutically
acceptable excipients and lubricants,

c. converting the dry blend of step ‘b’ into a solid dosage form.

DETAILED DESCRIPTION OF THE INVENTION

The term ‘provides an acidic microenvironment’ is understood by the following test: the solid
oral dosage form in the form of a unit dosage form is taken and dispersed in 30 ml of purified
water. The pH of the dispersion is measured. The term ‘acidic microenvironment’ is intended to

mean a pH obtained by the above test is equal to or less than 3.5, preferably, 1.5 to 3.

The total impurities in the solid oral dosage form arising from afatinib include known and

unknown impurities. The known impurities includes,

1)  Pyrrolidone Degradation Impurity:  1-{4-[(3-chloro-4-fluorophenyl)amino]-7-[(3S)-
tetrahydrofuran-3-yloxy]quinazolin-6-yl}-5-hydroxypyrrolidin-2-one;

2) Nitro Oxy THF CFA derivative: 6-Nitro-4-[(3-chloro-4-fluorophenyl)amino]-7-[(S)-

(tetrahydrofuran-3-yl)oxy]quinazoline;
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3) Amino oxy THF CFA derivative: 6-Amino-4-[(3-chloro-4-fluorophenyl)amino]-7-[(S)-

(tetrahydrofuran-3-yl)oxy]quinazoline.

4) Other unknown impurities are nomenclature based on the relative retention time, since these
impurities are not characterized. One such impurity is detected at 0.96. The highest unknown
impurities are detected at relative retention time such as at 0.01, 0.011, 0.08, 0.09, 0.45, 0.47, and
0.86.

The solid oral dosage form of the present invention, comprises therapeutically effective amount
of afatinib or a salt thereof and an acid in an amount sufficient to provide an acidic
microenvironment of pH less than 3.5, wherein the solid dosage form is a dry solid dosage form
and wherein when the solid oral dosage form is stored at condition of 40°C and 75% relative
humidity for three months, the total impurities in the solid oral dosage form do not increase to

more than 2.5% by weight of afatinib.

According to the present invention, afatinib may be present as its free base or as its salt. In one
preferred embodiment, afatinib is present in the form of a dimaleate salt. It may be present in
amounts of 20 mg, 30 mg, or 40 mg of afatinib (equivalent to 29.56 mg, 44.34 mg, or 59.12 mg
afatinib dimaleate, respectively). However, it is possible to include other suitable amounts of
afatinib in the solid oral dosage form. When afatinib is present as a free base in the solid oral
dosage form, the acid providing an acidic microenvironment is present in amounts enough to
create an acidic microenvironment as defined herein. In another embodiment, the afatinib may be
present as its pharmaceutically acceptable salt and further comprise an acid in an amount
sufficient to provide the acidic microenvironment as defined herein. In a preferred embodiment,

afatinib or its pharmaceutically acceptable salt is a sole active ingredient.

The acid that provides an acidic microenvironment can be any acid capable of donating its
protons in the microenvironment. Without wishing to be bound by any theory, it is believed that
the solid oral dosage form of the present invention arrests degradation of afatinib or its
pharmaceutically acceptable salt which otherwise degrades rapidly and generates a large amount
of total impurities which are calculated with respect to the afatinib free base present in the solid

oral dosage form. More preferably, the acid is an organic acid. It is understood by person of skill
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in the art that the at least one acid is not a long chain fatty acid such as stearic acid because such
acid being hydrophobic is incapable of providing an acidic microenvironment. Suitable acids
include, but are not particularly limited to, acetic acid, ascorbic acid, nitric acid, aspartic acid,
sulfonic acid, sulfuric acid, maleic acid, glutamic acid, formic acid, succinic acid, phosphoric
acid, tartaric acid, hydrobromic acid, propionic acid, benzenesulfonic acid, lactic acid,
bicarbonic acid, bitartaric acid, oxalic acid, butyric acid, calcium edentate acid, carbonic acid,
citric acid, edetic acid, toluenesulfonic acid, edisylic acid, fumaric acid, gluconic acid,
methylnitric acid, hydrochloric acid, hydroiodic acid, isethionic acid, lactobionic acid,
mandelic acid, pantothenic acid, monohydrogen phosphoric acid, dihydrogen phosphoric acid,
sulfamic acid, methanesulfonic acid, malic acid, naphthalenesulfonic acid, galacturonic acid and
the like. In certain embodiment, the acid used is in amounts in the range from 0.1 % to 20 % by
weight of the wunit solid oral dosage form, preferably, the amount of acid is
1,2,3,4,5,6,7,8,9,10,11,12,13,14 or 15 % by weight of the solid oral dosage form. The acid may
or may not be present in close vicinity to afatinib. When present in close vicinity, for e,g., both
the acid and afatinib together may be present in the form of granules or powder, which may be
converted into a granule filled into capsule, sachet, pouch or compressed into a tablet.
Alternatively, the powder blend of acid and afatinib may be filled into sachet, pouch, capsule or
compressed into a tablet, mini-tablet. When the acid is not in close vicinity to the afatinib, it may
be present either in granular phase and afatinib in the extragranular phase, or vice versa or in
both. In such one embodiment, the acid may be present in the outer coating which is not in close

contact with afatinib.

Other suitable pharmaceutically acceptable excipients include, but are not limited to, diluents
such as mannitol, dextrose, lactose, lactose anhydrous, microcrystalline cellulose, starch,
pregelatinized starch, lactitol, preferably anhydrous grades of such excipients are preferred. The
solid oral dosage form may further, include, disintegrants, such as croscarmellose sodium,
crospovidone, sodium starch glycolate, polacrilin potassium, pregelatinized starch and the like
and mixtures thereof. Other categories of excipients such as lubricants, glidants may be included

in the solid oral dosage form of the present invention.
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The solid oral dosage form according to the present invention may be in the form of a powder,
granules, compacts which may be either filled into hard gelatin capsule or compressed into
tablets. According to the present invention, the solid oral dosage form is a dry solid dosage form
which means that it has initial moisture content less than 4.0% by weight of the solid oral dosage
form. It is preferably less than about 2.5% by weight of the unit dosage form, more preferably
less than about 1% by weight of the solid oral dosage form. The moisture content in a solid
dosage form may be determined by any methods known in the art; preferably it may be
determined by Karl Fischer method. The solid oral dosage form is packed in a container together
with a moisture resistant means such as desiccant. The moisture resistant means include, but are
not limited to, bottle/container made up of moisture resistant polymeric materials like high
density polyethylene, high density polypropylene and the like. Additionally, the ingress of the
moisture may be prevented by use of a desiccant such as activated alumina, calcium sulfate,

calcium chloride, bentonite clay, molecular sieves, silica bags, silica pouches or the like.

The solid oral dosage form of the present invention may be prepared by wet aqueous granulation,
dry granulation, direct compression and other conventional methods known in the art for
preparation of granules, pellets, tablets or capsules. Preferably, however afatinib is not contacted
with water. In certain embodiments, contact with water is avoided for e.g. in dry methods such as
dry granulation methods and direct compression methods. In one embodiment, wet granulation
method can be also used where the granulating fluid is non-aqueous. In another embodiment, a
part of the pharmaceutical excipients is wet granulated with aqueous fluid and then dried.
Separately a blend of afatinib or its pharmaceutically acceptable salt with another part of
pharmaceutical excipients preferably including the acid that provides an acidic
microenvironment is prepared and then blended with the dried granules to avoid contact with
water. The acid that provides an acidic microenvironment be present in the granular phase or the

blend or both.

One process of preparation of a solid oral dosage form of the present invention comprises:
a. granulating pharmaceutically acceptable excipients with water and drying the granules at

105°C until loss on drying is between 0.5-2.5% by weight,
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dry blending the granules of step ‘a’ with afatinib or its pharmaceutically acceptable salt,
an acid in amount sufficient to provide an acidic microenvironment, pharmaceutically
acceptable excipients and lubricants, and

converting the dry blend of step ‘b’ into a solid oral dosage form.

Another process of preparation of a solid oral dosage form comprises:

a.

granulating pharmaceutically acceptable excipients and an acid in amount sufficient to
provide an acidic microenvironment with water and drying the granules at 105°C until
loss on drying is between 0.5-2.5% by weight,

dry blending the granules of step ‘a’ with afatinib or its pharmaceutically acceptable salt,
pharmaceutically acceptable excipients and lubricants, and

converting the dry blend of step ‘b’ into a solid oral dosage form.

Yet another process of preparation of a solid oral dosage form comprises:

a.

C.

granulating pharmaceutically acceptable excipients and an acid with water and drying
the granules at 105°C until loss on drying is between 0.5-2.5% by weight,

dry blending the granules of step ‘a’ with afatinib or its pharmaceutically acceptable salt,
an acid in amount sufficient to provide an acidic microenvironment, pharmaceutically
acceptable excipients and lubricants, and

converting the dry blend of step ‘b’ into a solid oral dosage form.

Still another process of preparation of a solid oral dosage form comprises:

a.

blending the pharmaceutically acceptable excipients with an acid in an amount sufficient
to provide an microenvironment and afatinib or its pharmaceutically acceptable salt and

drying the blend at 105°C until loss on drying is between 0.5-2.5% by weight,

b. dry blending the blend of ‘a’ with disintegrants and lubricants, and

C.

converting the dry blend of step ‘c’ into a solid oral dosage form.

The total impurities and/or the known and unknown impurities i.e. the stability and the degree of

stabilization of the solid oral dosage form such as capsules or tablets is measured by storing it in

closed containers at 40°C and 75% relative humidity for three months and quantifying the

impurities. The solid oral dosage form is said to be stable when its total impurities do not

increase to more than 2.5% by weight of afatinib, preferably to not more than 1.5% and more
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preferably to not more than 0.5%. The total impurities increase by not more than 1.5% from the
initial value, preferably by not more than 0.75 % and more preferably by not more than 0.5%. In
highly preferred embodiments, the total impurities increase by not more than 0.25%. In contrast,
a solid oral dosage form without the acid that provides acidic microenvironment, under the same
test, has high increase in levels of total impurities for instance as high as about 4% by weight of
afatinib content present in the solid oral dosage form. In preferred embodiment, the pyrrolidone
degradation impurity does not increase to more than 1.2% by weight of afatinib, preferably to not
more than 0.75% and more preferably to not more than 0.5% w/w, when the solid oral dosage

form is stored at 40°C and 75% relative humidity for three months.

Hereinafter, the invention will be more specifically described with reference to examples. The

examples are not intended to limit the scope of the invention and are merely used as illustrations.

Table 1: COMPARATIVE EXAMPLE (without any acid)

Category Ingredients % by weight
Active Ingredient Afatinib dimaleate 16.1
Diluent Lactose anhydrous 52.6
Microcrystalline cellulose 13.6
Disintegrant Crospovidone 9.5
. Colloidal silicon dioxide 4.1
Lubricant -
Magnesium stearate 1.2
Film coating Hydroxypropyl methylcellulose 2.9

The comparative example was prepared by co-shifting lactose anhydrous, microcrystalline
cellulose, crospovidone, and colloidal silicon dioxide through 40# sieve and blending them with
specified amount of afatinib dimaleate. The blend was mixed with magnesium stearate passed
through 60# sieve. The lubricated blend was compressed into tablets. The compressed tablet
cores were coated with hydroxypropyl methyl cellulose based film coating. The moisture content
in the coated tablet was 2.8%. The pH of the solution of the coated tablet of comparative
example dispersed in 30 ml of purified water was 3.5. The coated tablets of comparative example
were stored under accelerated stability condition (40°C and 75% relative humidity) in closed
containers, along with desiccant and were subjected to chemical analysis. The stability report of

the analysis is given below in Table 2.
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Table 2: Accelerated stability data for comparative example stored at 40°C and 75% RH

I .. Comparative example

mpurities Initial One month Three months
Pyrrolidone degradation impurity 0.063 % 0.515 % 2913 %
Total impurities 0.239 % 0.762 % 4.056 %

It was found that the pyrrolidone degradation impurity and total impurities levels significantly
increased when stored at 40°C and 75% relative humidity for one and three months. Hence, the

conventional formulations were found to be unstable.

EXAMPLE I

Table 3: Composition details

Category Ingredients % by weight
Active Ingredient Afatinib Dimaleate 15.8
Diluent Lactose Anhydrous 45.2
Microcrystalline Cellulose 13.4
Acid Tartaric Acid 9.4
Disintegrant Crospovidone 9.4
. Colloidal Silicon Dioxide 2.7
Lubricant :
Magnesium Stearate 1.2
Film coating Hydroxypropyl methylcellulose 2.9

Preparation of dry granules containing an acid:

A part of lactose anhydrous, microcrystalline cellulose and a part of crospovidone were co-sifted
and was granulated using tartaric acid aqueous solution. The granules were dried until the loss on
drying was less than 2.5%. The dried granules were passed through 40 # sieve.

Mixing afatinib with dry granules, lubrication and compression:

The milled granules were blended with the specified amount of afatinib dimaleate, the remaining
parts of lactose anhydrous and crospovidone. The blend was mixed with colloidal silicon dioxide
and magnesium stearate. The lubricated blend was compressed into tablets. The compressed
tablet cores were coated with hydroxypropyl methyl cellulose based film coating and packed in a
container together with a desiccant. The moisture content in the coated tablet was 2%. The pH of

the solution of the coated tablet dispersed in 30 ml of purified water was 2.15. The coated tablets

8
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were stored under accelerated stability condition (40°C and 75% relative humidity) in closed

containers, along with desiccant and were subjected to chemical analysis.

Table 4: Accelerated stability data for Tablets of example I stored at 40°C and 75% RH

Impurities Initial Three months
Pyrrolidone degradation impurity 0.123% 0.392%
Total impurities 0.412% 1.502%

It was found that the total impurities did not increase by more than 1.1% from the initial value as
compared to increased total impurity levels of 3.8% from initial value in a comparative solid oral
dosage form not containing acid(s) which provide an acid microenvironment of pH less than 3.5.

EXAMPLE 11

Table 5: Composition details

Category Ingredients % by weight
Active Ingredient Afatinib Dimaleate 15.9
Diluent Lactose Anhydrous 44.7
Microcrystalline Cellulose 13.5
Acid Tartaric Acid 4.1
Ascorbic Acid 6.7
Disintegrant Crospovidone 8.1
. Colloidal Silicon Dioxide 2.7
Lubricant -
Magnesium Stearate 1.4
Film coating Hydroxypropyl methylcellulose 2.9

Preparation of dry granules containing an acid:

A part of lactose anhydrous, microcrystalline cellulose and a part of crospovidone were co-sifted
and was granulated using tartaric acid aqueous solution. The granules containing tartaric acid
were dried until the loss on drying was less than 2.5% and passed through 40 # sieve.

Mixing afatinib with dry granules, additional acid, lubrication and compression:

The milled granules were blended with the specified amount of afatinib dimaleate, remaining
part of lactose anhydrous and ascorbic acid. The blend was mixed with colloidal silicon dioxide
and magnesium stearate. The lubricated blend was compressed into tablets. The compressed
tablet cores were coated with hydroxypropyl methyl cellulose based film coating and packed in a

container together with a desiccant. The moisture content in the coated tablet was 1.8%. The pH
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of the solution of the coated tablet dispersed in 30 ml of purified water was 2.58. The coated
tablets were stored under accelerated stability condition (40°C and 75% relative humidity) in

closed containers, along with desiccant and were subjected to chemical analysis.

Table 6: Accelerated stability data for Tablets of Example 1l stored at 40°C and 75% RH

Impurities Initial Three months
Pyrrolidone degradation impurity 0.07% 0.379%
Total impurities 0.503% 1.204%

It was found that the total impurities did not increase by more than 0.75% from the initial value
as compared to increased total impurity levels of 3.8% from initial value in a comparative solid
oral dosage form not containing acid(s) which provide an acid microenvironment of pH less than
3.5.

EXAMPLE III and IV

Table 7: Composition details

. % by weight
Category Ingredients Example 111 Example IV

Active Ingredient Afatinib Dimaleate 15.9 15.9
Diluent Lactose Anhydrous 50.1 46.1

Microcrystalline Cellulose 13.5 13.5
Acid Te.lrt.aric Acid - 4.0

Citric Acid 4.0 4.0
Disintegrant Crospovidone 8.1 8.1
Lubricant Colloidal Silicon Dioxide 4.1 4.1

Magnesium Stearate 1.4 1.4
Film coating Hydroxypropyl methylcellulose 2.9 2.9

Lactose anhydrous, microcrystalline cellulose and crospovidone were co-sifted through 40 #
sieve and blended with specified amount of afatinib dimaleate and acid. The blend was mixed
with colloidal silicon dioxide and magnesium stearate. The lubricated blend was compressed into
tablets. The compressed tablet cores were coated with hydroxypropyl methyl cellulose based
film coating and packed in a container together with a desiccant. The moisture content in the
tablets of Example 11 and IV were 2.7% and 2.8%, respectively. The pH of the solution of the
coated tablet of example III and IV dispersed in 30 ml of purified water was 2.55 and 2.48,

respectively. The coated tablets of example III and IV were stored under accelerated stability

10
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condition (4OOC and 75% relative humidity) in closed containers, along with desiccant and were

subjected to chemical analysis. The stability report of example Il and IV are given below in

Table 8 and Table 9 respectively.

Table 8: Accelerated stability data for Tablets of example III stored at 40°C and 75% RH

Impurities Initial 14 Day
Pyrrolidone degradation impurity 0.049 0.099
Total impurities 0.281 0.343

Table 9: Accelerated stability data for Tablets of example IV stored at 40°C and 75% RH

Impurities Initial 14 Day
Pyrrolidone degradation impurity 0.052 0.098
Total impurities 0.263 0.355

11
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We claim:

L.

A solid oral dosage form comprising therapeutically effective amount of afatinib or a salt
thereof and an acid in an amount sufficient to provide an acidic microenvironment of pH
less than 3.5, wherein the solid dosage form is a dry solid dosage form and wherein when
the solid oral dosage form is stored at condition of 40°C and 75% relative humidity for
three months, the total impurities in the solid oral dosage form do not increase to more
than 2.5% by weight of afatinib.
A solid oral dosage form as in claim 1, wherein the acid is tartaric acid and/or citric acid.
A solid oral dosage form as in claim 2, wherein the acid further comprises of ascorbic
acid.
A solid oral dosage form as in claim 1, wherein when the solid oral dosage form is stored
at condition of 40°C and 75% relative humidity for three months, the pyrrolidone
degradation impurity in the solid oral dosage form does not increase to more than 0.5%
by weight of afatinib.
A process for the preparation of a solid oral dosage form comprising:
a. granulating pharmaceutically acceptable excipients and an acid with water and
drying the granules at 105°C until loss on drying is between 0.5-2.5% w/w,
b. dry blending the granules of step ‘a’ with afatinib or its pharmaceutically
acceptable salt, an acid in amount sufficient to provide an acidic
microenvironment, pharmaceutically acceptable excipients and lubricants, and

c. converting the dry blend of step ‘b’ into a solid dosage form.

12
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Box MNe. I Observations where certain claims were found nasearchable (Continnation of item 2 of first shest)

1. |:| Claims Nos.:
because they relate to subject matier not reguired t© be searched by this Aunthority, namely:

2. Claims Nos.: 4
because they relate to parts of the international application that do not comply with the prescribed reguirernents to such an
extent that no meaningful international search can be carried out, specifically:

The characterization of a composition by stability parameters is inappropriate. A composition should be described by those
components causing said stability.

3. [ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. §i Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Anthority found ranltiple inventions in this international application, as follows:

.Od As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2.0 As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3.1 As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specificaily clairns Nos.:

4.0 No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest
[] The additionat search fees were accompanied by the applicant’s protest and, where
applicable, the payment of a protest fee.

[ The additional search fees were accompanied by the applicant’s protest but the
applicable protest fee was not paid within the time timit specified in the fnvitation.

[ Mo protest accormpanied the payment of additional search fees.
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