PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/39149
A61K 31/66 Al

(43) International Publication Date: 12 December 1996 (12.12.96)

(21) International Application Number: PCT/US96/08284 | (74) Common Representative: MERCK & CO., INC.; 126 East

(22) International Filing Date: 3 June 1996 (03.06.96)

(30) Priority Data:

08/469,143 6 June 1995 (06.06.95) UsS

(60) Parent Application or Grant
(63) Related by Continuation
us
Filed on

08/469,143 (CON)
6 June 1995 (06.06.95)

(71) Applicant (for all designated States except US): MERCK &
CO., INC. [US/US]); 126 East Lincoln Avenue, Rahway, NJ
07065 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BRENNER, Gerald, S.
[US/US); 126 East Lincoln Avenue, Rahway, NJ 07065
(US). OSTOVIC, Drazen [HR/US]; 126 East Lincoln Av-
enue, Rahway, NJ 07065 (US). OBERHOLTZER, Earl, R,,
Jr. [US/US]; 126 East Lincoln Avenue, Rahway, NJ 07065
(US). THIES, J., Eric [US/US]; 126 East Lincoln Avenue,
Rahway, NJ 07065 (US).

Lincoln Avenue, Rahway, NJ 07065 (US).

(81) Designated States: AL, AM AU, AZ, BB, BG, BR, BY, CA,
CN, CZ, EE, GE, HU IL, IS, JP, KG, KR, KZ, LK, LR,
LT, LV, MD, MG, MK, MN, MX, NO, NZ, PL, RO, RU,
SG, SI, SK, TJ, T™M, TR, TT, UA, US, UZ, VN, ARIPO
patent (KE, LS, MW SD, SZ, UG), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: ANHYDROUS ALENDRONATE MONOSODIUM SALT FORMULATIONS

(57) Abstract

Disclosed is a method for treating and preventing bone loss in patients by administering a formulation of anhydrous alendronate
sodium. Also described is a pharmaceutical dosage form of said anhydrous alendronate sodium, being anhydrous 4-amino-1-hydroxy-
butylidene-1,1-bisphosphonic acid, monosodium salt, in a pharmaceutically acceptable excipient.




AM

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

Armenia
Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d'Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Estonia

Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka

Liberia

Lithuania
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia
Mauritania

Malawi

Mexico

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam




10

15

20

25

30

WO 96/39149 PCT/US96/08284

TITLE OF THE INVENTION
ANHYDROUS ALENDRONATE MONOSODIUM SALT
FORMULATIONS

FIELD OF THE INVENTION

The instant invention relates to the use of the anhydrous
crystal form of alendronate sodium, i.e., 4-amino-1-hydroxy-
butylidene-1,1-bisphosphonic acid monosodium, hereinafter referred to

as "anhydrous alendronate sodium" or "AAS", to inhibit bone resorption
in human patients.

BACKGROUND OF THE INVENTION

Normal bones are living tissues undergoing constant
resorption and redeposition of calcium, with the net effect of
maintenance of a constant mineral balance. The dual process is
commonly called "bone turnover". In normal growing bones, the
mineral deposition is in equilibrium with the mineral resorption,
whereas in certain pathological conditions, bone resorption exceeds bone
deposition, for instance due to malignancy or primary
hyperparathyroidism, or in osteoporosis. In other pathological
conditions the calcium deposition may take place in undesirable amounts
and areas leading to e.g., heterotopic calcification, osteoarthritis, kidney
or bladder stones, atherosclerosis, and Paget's disease which is a
combination of an abnormal high bone resorption followed by an
abnormal calcium deposition.

USP 4,621,077 to Istituto Gentili discloses a method of
treating urolithiasis and inhibiting bone reabsorption by the use of 4-
amino-1-hydroxybutylidene-1,1-bisphosphonic acid (also named 4-
amino-1-hydroxybutane-1,1-bisphosphonic acid) and its salts with an
alkali metal, an organic base or a basic amino acid. The compound 4-
amino- 1-hydroxybutylidene-1,1-bisphosphonic acid is described as being
between 100 and 300 times more active than dichloromethane-
biphosphonic acid in inhibiting bone reabsorption.
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Alendronate sodium, 4-amino-1-hydroxybutylidene-1,1-
bisphosphonic acid monosodium trihydrate, is an agent for combating
bone resorption in bone diseases including osteoporosis and is described
as a composition, method of use and synthesis along with other
pharmaceutically acceptable salts in U.S. Patents 4,922,007 and |
5,019,651 (both assigned to Merck).

However, new crystalline forms of alendronate sodium are
constantly being searched for to enable ease of formulation and better
pharmacokinetics, e.g., desirable crystal habit, good flow properties,
higher solubility, longer duration or quicker onset of action, and
improved bioavailability. Particularly what is desired is a new
formulation to overcome the gastric irritability associated with the
administration of the free acid form of 4-amino-1-hydroxybutylidene-
1,1-bisphosphonic acid. This is of particular importance in cases where
the patient has a history of gastrointestinal problems prior to
recommended alendronate therapy.

SUMMARY OF THE INVENTION

The present invention provides a method for treating
and/or preventing bone loss in a subject by the administering to said
patient a pharmaceutically effective amount of the anhydrous form of
alendronate sodium, 4-amino-1-hydroxybutylidene-1,1-bisphosphonic
acid monosodium salt. Because the aqueous pH of the monosodium salt
is about 4.4, as compared to the free acid which is about 2.6, there is
substantially less gastric irritability associated with the administration of
the anhydrous monosodium salt to a human patient.

Also provided is a pharmaceutical composition comprising
a pharmaceutically effective amount of anhydrous alendronate sodium,
4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid monosodium salt,
in a pharmaceutically acceptable excipient mixture.
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DETAILED DESCRIPTION OF THE INVENTION AND
PREFERRED EMBODIMENTS

The method disclosed herein can be used to treat humans,
particularly females who are post-menopausal, with an osteogenically
effective amount of anhydrous alendronate sodium to inhibit bone
resorption in need of such treatment. Such need arises locally in cases
of bone fracture, non-union, defect, and the like. Such need also arises
in cases of systemic bone disease, as in osteoporosis, osteoarthritis,
Paget's disease, osteomalacia, multiple myeloma and other forms of
cancer, steroid therapy, and age-related loss of bone mass.

The term "inhibition of bone resorption” as used herein,
refers to treatment and prevention of bone loss, especially inhibiting the
removal of existing bone either from the mineral phase and/or the
organic matrix phase, through direct or indirect alteration of osteoclast
formation or activity. Thus, the term "inhibitor of bone resorption” as
used herein refers to agents that prevent bone loss by the direct or
indirect alteration of osteoclast formation or activity and which may
increase bone mass in patient treatment populations.

The term "osteogenically effective” as used herein, means
that amount which effects the turnover of mature bone. As used herein,
an osteogenically effective dose is also "pharmaceutically effective.”

The term "treatment" or "treating" as used herein shall
mean (1) providing a subject with an amount of anhydrous alendronate
sodium sufficient to act prophylactically to prevent the development of a
weakened and/or unhealthy state; and/or (2) providing a subject with a
sufficient amount of anhydrous alendronate sodium so as to alleviate or
eliminate a disease state and/or the symptoms of a disease state, and a
weakened and/or unhealthy state.

Pharmaceutical formulations of the invention which include
anhydrous alendronate sodium for administration will generally include
an osteogenically effective amount of anhydrous alendronate sodium to

promote bone growth, in addition to a pharmaceutically acceptable
excipient.
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The precise therapeutic dosage of anhydrous alendronate
sodium will vary with the age, size, sex and condition of the subject, the
nature and severity of the disorder to be treated, and the like; thus, a
precise effective amount cannot be specified in advance and will be
determined by the caregiver. However, appropriate amounts may be
determined by routine experimentation with animal models, as described
below. In general terms, an effective dose for alendronate disodium is
about 0.01 to 1 mg/kg per day of body weight. Particularly useful
dosages are 2.72, 5.44, 10.88 and 43.52 mg per day/per person of
anhydrous alendronate monosodium (equivalent to 2.5, 5.0, 10 and 40
mg free acid equivalents) per day per person.

The pharmaceutical composition described herein contains
anhydrous alendronate monosodium salt in an amount of about 0.005 to
1.0 gram per gram of composition.

The pharmaceutical compositions according to the present
invention containing anhydrous alendronate sodium may be prepared
for use in the form of capsules or tablets for oral administration or for
systemic use. The compositions are advantageously prepared together
with inert carriers such as sugars (saccharose, glucose, lactose), starch
and derivatives, cellulose and derivatives, gums, fatty acids and their
salts, polyalcohols, talc, aromatic esters, and the like.

The composition can also be prepared by direct
compression of a dry mix formulation as described in USP 5,358,941
(assigned to Merck & Co. Inc.). Particularly useful diluents in this
composition are anhydrous lactose and microcrystalline cellulose.

Some typical pharmaceutical formulations (200mg oral
tablets) containing anhydrous alendronate sodium are shown below:
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TABLETS (WHITE). 200 MG

COMPOSITION IN MG/TABLET
INGREDIENT 2.5 mg** 5.0 mg** 10.0 mg** 40.0 mg**
AAS* 2.72 5.44 10.88 43.52

Lactose Anhiydrous NF 11428 11155 106.12  73.48

Microcrystalline 80.0 80.0 80.0 80.0
Cellulose NF (Avicel PH

102)

Magnesium Stearate NF 1.00 1.00 1.00 1.00
Croscarmellose Sodium 2.00 2.00 2.00 2.00
NF (Ac-Di-Sol)

Total 200 200 200 200

* AAS, anhydrous alendronate monosodium salt-active ingredient.

** Anhydrous alendronate free acid equivalent, 4-amino-1-hydroxy-
butylidene-1,1-bisphosphonic acid.
Note: The amounts of inactive ingredients may vary + 10 %

The methods and compositions of the invention are useful
for treating bone fractures, defects and disorders which result from the
pathological conditions of osteoporosis, osteoarthritis, Paget's disease,
osteohalisteresis, osteomalacia, bone loss resulting from multiple
myeloma other forms of cancer, bone loss resulting from side effects of
disuse, other medical treatment (such as steroids), rheumatoid-related
and age-related loss of bone mass.
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The composition of the instant invention is also useful in
lessening the risk of vertebral and non-vertebral fractures in
osteoporotic post-menopausal women.

The composition described herein is also useful for the
prevention and treatment of periodontal disease (see U.S.Patent
5,270,365); to prevent or treat loosening of orthopedic implant devices;
and, to lessen the risk in osteoporotic women of vertebral fractures,
which composition can be administered in a protocol over a three year
period.

The composition can also be used in combination with
prostaglandins (see WO 94/06750), estrogen (see WO 94/14455), or
growth hormone secretagogues to treat osteoporosis and the above-
described conditions associated with abnormalities in bone resorption.

The following Example is given to illustrate the carrying
out of the invention as contemplated by the inventors and should not be
construed as being a limitation on the scope and spirit of the invention.

EXAMPLE

Preparation of 4-Amino-1-Hydroxy-Butylidene-1,1-Bisphosphonic Acid
Monosodium Salt Anhydrate

To a suspension of 4-amino-1-hydroxy-1,1-diphosphonic
acid (4.02 g) in 150 ml of distilled water was added with stirring
aqueous sodium hydroxide (0.5N) until the pH of the solution was 4.40.
The stirred solution was triturated with 200 ml ethanol (absolute) to
give a suspension of a fine white solid which was chilled at 5 degrees C.
overnight. The obtained solid was collected by vacuum filtration, air
dried, and then dried in vacuo at 100 degrees C. at 0.2 torr for 18 hours
over P205 to yield 3.38 g, (91%) yield of the titled compound. A
sample was submitted for CHN analysis;
For C4H12NO7P2Na:
Anal.: C, 17.72; H, 4.46; N, 5.16
Found: C, 17.56; H, 4.67; N, 5.15
Melting Point of the solid was 244-245 degrees C.(d.)




WO 96/39149 PCT/US96/08284

-7-

The obtained titled salt displays a unique X-ray diffraction
pattern.

Solubility of the anhydrous monosodium salt in water is
about 300 mg/ml as compared to the free acid which is § mg/ml.

5 However, above 40mg/ml, the trihydrate precipitates out of the aqueous

solution.

The solution pH of the monosodium salt at 40 mg/ml. is
4.4, as compared to the free acid which is pH 2.2 at 8 mg/ml.

The water adsorption by the anhydrous salt at lower

10 humidities is quite slow.
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WHAT IS CLAIMED IS:

I. A pharmaceutical composition comprising a
pharmaceutically effective amount of anhydrous 4-amino-1-
hydroxybutylidene-1,1-bisphosphonic acid monosodium salt in a
pharmaceutically acceptable carrier.

2. The pharmaceutical composition of Claim | wherein
said anhydrous 4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid
monosodium salt is present in the amount of 0.005 to 1.0 gram per
gram of composition.

3. A method for treating and/or preventing bone loss in
a subject, comprising administering to said subject in need thereof, the
pharmaceutical composition as defined in Claim 1.

4.  The method of Claim 3, wherein said subject is
human.

5. The method of Claim 3, wherein the bone loss is
osteoporosis-related, due to disuse, age-related, related to steroid
therapy, rheumatoid-related, related to Paget's disease, or related to
cancer.

6. The method of Claim 3, wherein the treatment is
prophylactic.

7.  The anhydrous form of 4-amino-1-hydroxybutyl-
idene-1,1-bisphosphonic acid monosodium salt.
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