I*I Innovation, Sciences et Innovation, Science and CA 2748496 C 2019/02/26
Développement economique Canada Economic Development Canada
(11)(21) 2 748 496

Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2010/01/21 (51) ClLInt./Int.Cl. A671K 33/244(2019.01),

. T . A61K 47/02(2006.01), A6TK 4/7/70(2017.01),
(87) Date publication PCT/PCT Publication Date: 2010/0//29 AG1K 9/00(2006.01). A61P 3/00(2006.01)

(45) Date de délivrance/lssue Date: 2019/02/26 _
(72) Inventeurs/Inventors:
(85) Entree phase nationale/National Entry: 2011/06/27 WORKS, ANDREA BLUM. US:
(86) N° demande PCT/PCT Application No.: US 2010/021573 LVC\)”_SB QSENLJSUS;
(87) N° publication PCT/PCT Publication No.: 2010/085520 o
L (73) Proprietaire/Owner:
(30) Priorité/Priority: 2009/01/21 (US61/146,162) MYLAN INC.. US

(74) Agent: OSLER, HOSKIN & HARCOURT LLP

(54) Titre : FORMULATIONS DESINTEGRABLES DE CARBONATE DE LANTHANUM
(54) Title: DISINTEGRABLE FORMULATIONS OF LANTHANUM CARBONATE

(57) Abrégée/Abstract:

Disintegrable preparations of lanthanum carbonate prepared by co-precipitation, facilitating the manufacture of oral pharmaceutical
dosage forms such as tablets, capsules, powders, granules, and sprinkles, and the use of such dosage forms to treat subjects with
hyperphosphatemia are disclosed.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 02748496 2011-06-27

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
29 July 2010 (29.07.2010)

(10) International Publication Number

WO 2010/085520 Al

(51) International Patent Classification:
AQIN 59/16 (2006.01) A61K 33/24 (2006.01)

(21) International Application Number:
PCT/US2010/021573

(22) International Filing Date:
21 January 2010 (21.01.2010)

(25) Filing Language: English (84)
(26) Publication Language: English
(30) Priority Data:

61/146,162 21 January 2009 (21.01.2009) US

(71) Applicant (for all designated States except US). MY-
LAN INC. [US/US]J; 781 Chestnut Ridge Road, Morgan-
town, WV 26505 (US).

Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every

kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Furasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

(72) Inventors; and Declarations under Rule 4.17:

(75) Inventors/Applicants (for US only): WORKS, Andrea,
Blum [US/US]; 1501 Foxtrot Drive, Morgantown, WV
26508 (US). TWIST, John [US/US]; 632 Villa Place, —
Morgantown, WV 263505 (US). NOE, Okey [US/US];
998 Ashton Place, Morgantown, WV 26505 (US).

(74) Agent: BALTATZIS, Andreas; Kramer & Amado, P.C.,
1725 Duke Street, Suite 240, Alexandria, VA 22314 __

(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, —
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

oral pharmaceutical dosage forms such as tablets, capsules, powders, g
treat subjects with hyperphosphatemia are disclosed.

WO 20107085520 A1 |[HIL 1! HYP Y IRV 1R O RO OO R

as to the identity of the inventor (Rule 4.17(1))

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))
with amended claims (Art. 19(1))

(54) Title: DISINTEGRABLE FORMULATIONS OF LANTHANUM CARBONATE

(57) Abstract: Disintegrable preparations of lanthanum carbonate prepared by co-precipitation, facilitating the manufacture of
ranules, and sprinkles, and the use of such dosage forms to



CA 02748496 2011-06-27
WO 2010/085520 PCT/US2010/021573

i3

L*J

DISINTEGRABLE FORMULATIONS OF LANTHANUM CARBONATI

4,

FIELD OF THE INVENTION

(00011 This invention relates Lo stable, disintegrable

-

preparations of lanthanum carbonate which facilitate

pharmaceutical oral sclid dosage forms such as tablets,

capsules, granules, powders, and sprinkles and the use of such

dosage forms to treat subjects with hyperphosphatemia.

-

BACKGROUND OF THE INVENTION

10002 ] Hyperphosphatemia occurs when the blood stores high

levels of inorganic phosphate. This condition is prevalent in

patients with severe kidney dysfunction, including chronic renal

insufficiency and end stage renal disease. Similar to calcium,

phosphate 18 found 1in bones and teeth and absorption occurs

efficiently with consistent Vitamin D intake. Under normal
conditions, the kidneys excrete phosphate. However 1in those

patients with hyperphosphatemia, the kidneys are unable to

remove the phosphate and dialysis proves to be ineffective in
phosphate removal.

(0003] Patents with hyperphosphatemia often do not exhibit
symptomns. Progressive pone weakness c¢an occur however,

resulting 1in pain and the bone’s 1ncreased susceptibility to

fractures and breaks. Phosphate that crystallizes 1in the walls
of blood vessels and the heart can cause arteriosclerosis and

lead to strokes, heart attacks, and poor circulation. Skin

sensitivity can also occur 1f these phosphate crystals form in

the skin,
10004 ] Lanthanum carbonate is a known phosphate binder and 1is
used to reduce phosphate levels in patients with

hyperphosphatemia, and specifically, those  patients with
hyperphosphatemia caused by end stage renal dlsease, Reduction

of serum phosphate and calcium phosphate 1is accomplished through
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lanthanum carbonate’s inhibition of phosphate absorption through

formation of insoluble lanthanum prhosphate conmplexes.
Furthermore, there has been a recent push to expand the labeled
use of the phosphate binder to include the treatment of
hyperphosphatemia 1in stage 4 chronic kidney disease patients.
In October of 2007, the U.S. Food and Drug Administration’s
Cardiovascular and Renal Drugs Advisory Committee recommended

the extension to include this broader use.

00051 Lanthanum carbonate 1s currently available from Shire
US Inc. 1in 500, 750, and 1000 mg chewable tablets, marketed
under the trade name, Fosrenol®. The chewable tablets are the
only dosage form available for patients. When placed in water,
these tablets do not disintegrate, but remain as large granules,
even after a pveriod of many hours. The Fosrenol® chewable
tablets are of substantial size, ranging in diameter from 18 mm

for the 500 mg strength and 22 mm for the 1000 mg strength.

Chewable tablets are often not 1deal, as they can be difficult

for patients to 1ingest and often have an unpleasant taste,.

Further, many patients, children and elderly in particular,

often display difficulty i1in chewing such tablets thoroughly,
leading to an inadeguate therapeutic delivery. Phosphate uptake

1s dependent upon the surface area of the 1insoluble lanthanum

11

carbonate particles. The surface area of the lanthanum

carbonate depends upon the thoroughness of the patient’s

P

chewing, resulting in a wide variance of effectiveness of the

o

actual ingested dose of active lanthanum carbonate. Therefore,

el

increased dosages of Fosrenol® are often necessary to obtain

effective levels of lanthanum carbonate.
100006] United States Patent No. 5,968,976 dilscloses &

pharmaceutical composition for treating hyperphosphatemia

"

comprised of lanthanum carbonate of the formula Las(COs3)3°xH0,

where x has a wvalue from 3 to 6, 1in admixture with a
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"

pharmaceutically acceptable diluent or carrier, in a form for

administration to the gastrointestinal tract. A process for its
preparation 1s alsc disclosed and comprises oven drying

lanthanum carbonate octahydrate to obtain the lanthanum

carbonate with 3 to 6 moles of water. The patent does not

"

disclose adeguate means of oral delivery of the lanthanum

carbonate for effective compliance and therapcutic delivery.

[0007] United States Patent No. 7,381,428 discloses a method

for treating hyperphosphatemia with a formulation comprising a

lanthanum carbonate composition of La,;(CO3)3.xH,0, wherein x
equals between 0 and 10, and at least one monosaccharide or
disaccharide stabilizer +to stabilize the lanthanum carbonate
against decarboxylation to lanthanum nydrcxycarbonate, The
patent does not disclose adequate means of oral delivery of the
lanthanum carbonate for effective compliance and therapeutic
delivery.

10008] United States Patent No. 1,465,465 discloses a
chewable lanthanum formulation in a tablet comprising lanthanum
and a chewable excipient. This application further discloses
the lanthanum tablet formulation produced through a process of
powder blending the lanthanum compound and an exciplent in a
mixer to form a mixture. The mixture is then either compressing
into a slug material or roller compacting into a strand
material. The compressed/compacted material is then milled into
a free flowing mixture and compressed into a tablet. These
formulations have the disclosed use of treatment for

hyperphosghatemia, This representation of the current state of

Che art does not address the insufficiencies of these chewable

tablets in patient compliance and therapeutic delivery.
(0009] United States Patent Application Publication Nos.
2004/0161474, 200670003018, 2006/0083791, and  2008/0226735

disclose lanthanum carbonate preparations with specific surface
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area tc increase phosphate binding ability. The applications do

not address sultable dosage forms to allow for better patient

compliance and therapeutic delivery.

[00010] United States Patent Application Publication No.
2005/0208080 discloses a formulation of lanthanum carbonate 1in
the form of a sandwich biscuit. This “cookie” has two or more
layers that support an unpalatable medicament, 1.e. lanthanum
carbonate. The application, however, does not disclose a method

of improving the phosphate binding of the lanthanum carbonate.

[00011] The current state of lanthanum carbonate

pharmaceutical dosage forms are not sufficient. The

considerable size of the chew tablets coupled with their

unpleasant taste lead to poor patient compliance and inadequate
therapeutic delivery,

SUMMARY OF THE INVENTION

00012] A need remains for new pharmaceutical dosage forms of

lanthanum carbonate. Therefore, the present invention discloses

a .preparation of a lanthanum carbonate co-precipitate whicn
quickly disintegrates when placed in water, thus allowing for

the development of an array of oral solid and liquid dosage

forms of the drug.

[00013] Furthermore, this invention provides for a dosage form
which 1is bioeguivalent to the 500, 750, and 1000 mg doses of
Fosrenol®, while utilizing a lower dose of elemental lanthanum.

(00014 ] The dosage forms disclosed herein are failrly stable to

moisture gain and loss. The final moisture content is
controlled by the preparative method utilized, and drying to a
specified level is not reqgquired.

(00015] In - accordance with the objectives o©of the present

invention, applicants have developed a process for producing

lanthanum carbonate oral dosage forms through co-precipitating

alr dried lanthanum carbonate hydrate. This co-precipitate, when



compressed 1nto tablet form, disintegrates quickly in water and

—y

therefore allows for the development of an array of oral dosage
forms. These dosage forms include, but are not limited to, oral

solutions, elixirs, tablets, capsules, sprinkles, granules, and

dry powders.

[00016] In accordance with another embodiment of the present

invention, disintegrants may be used as an additive in the

lanthanum carbonate-containing co-precipitate.

[00016a] More particularly in one aspect of the present invention

there 1s provided a disintegrable pharmaceutical dosage form
comprising co-precipitated lanthanum carbonate, wherein said
lanthanum carbonate is coprecipitated with an excipient, wherein
the excipient 1is selected from the group consisting of a

saccharide, a pentahydric alcohol, a hexahydric alcohol, and a

mixture thereof.

[00016b] In another aspect, there is provided a pharmaceutical

dosage form comprising a product prepared by lyopholization of a

mixture of the following ingredients:

' Ingredient ~ Amount
(weight percent)
Laz2 (CO3) 3 1-50
Mannitol l 1-50
| Colloidal Si02 - 0-35

CA 2748496 2018-12-31



- wherein the lanthanum carbonate is hydrated to a water content

of between about 6-11 moles of water, and the dosage form has a

disintegration time of from about 195 to 400 seconds and a

phosphate binding capacity of about 3-4 mmol/qg.

' 00016c] 1In

another aspect, there is provided a pharmaceutical

dosage form comprising a product prepared by spray—drying a mixture

of the following‘ingredients:

——-

Ingredient Amount
(weight percent)
Laz (CO3) 3 1-50
~ Mannitol 1-50
Colloidal SiO; _ 0-35

wherein the lanthanum carbonate is hydrated to a water content

p—

of 8 moles o:

time of from

- water, and the dosage form has a disintegration

about 260 to 270 seconds and a phosphate binding

capacity of about 4-4.6 mmol/g.

[00016d] In another aspect, there is provided a pharmaceutical

dosage form comprising a product prepared by spray-drying a

mlixture of the

following ingredients:

Ingredient Amount

“ Laz (CO3) 3 6.5-;' -

_*Mannitol 6.2 g
Colloidal éiOz—_- - -_%50“56 B

Sa
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wherein the lanthanum carbonate is hydrated to a water content

0f 8 moles of water, and the dosage form has a disintegration

P

time of from about 260 to 270 seconds and a phosphate binding

capaclty of about 4-4.6 mmol/g.

[00016e] In another aspect, there is provided a process for

preparing a disintegrating pharmaceutical dosage form comprising

co-preclpitating lanthanum carbonate hydrate, wherein  the
lanthanum carbonate is mixed with an eXcipient prior to

coprecipitation, wherein the excipient is selected from the group

consisting of a saccharide, a pentahydric alcohol, a hexahydric
alcohol, and a mixture thereof, wherein said coprecipitating
comprises lyopholization or spray-drying; and compressing the
coprecipit'ated lanthanum carbonate hydrate into an oral solid

form.

[(00016f] In another aspect, there is provided a pharmaceutical

dosage form comprising hydrated lanthanum carbonate having the

general formula: Laz(C03)3 -+ xH»0, wherein x has a value of 4-15,

and the dosage form is a tablet wherein the height of the.tablet
1s less than 4 mm and the diameter is less than 18 mm, where.in
sald lanthanum carbonate is coprecipitated with an excipient,
wherein the excipient is selected from the group consisting of a

saccharide, a pentahydric alcohol, a hexahydric alcohol, and a

mixture thereof.

DETAILED DESCRIPTION

[00017] The present invention is a lanthanum carbconate oral dosage
form prepared by air drying lanthanum carbonatée hydrate and then
co-precipitating this material with an excipient. As disclosed

herein, "co-precipitating™ describes the process of rapidly

5b
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removing water from a mixture such that the remalning material
precipitates instead Of crystallizing. Co-precipitation can be
executed by methods known in the art including lyopholization and
Spray-drying and can be done in the presence of a saccharide,
pentanydric, or hexahydric alcohol, including mannitol or lactose.
Many co-precipitation techniques are available, including
Llyopholization and spray-drying which are disclosed herein as non-
limiting. examples. This co-precipitation process results in
material of small particle size that is fairly stable to moisture
gain and loss, retains phosphorous binding capacity, and rapidly

and completely disintegrates when introduced to water.

1U0018] The lanthanum carbonate (La»(CO3)3) used in the present

invention is in its hydrated form (La2 (CO3)3 - xH20) , and contains

anywhere from four to fifteen moles of water (wherein xX=4-15)

The air-dried lanthanum carbonate hydrate used herein as a
synthetic starting material can be prepared by either of the
methods described in U.S. Patent No. 5,968,976, although other

methods known in the art may also be used.

5¢
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000198 The amount o¢f elemental lanthanum used 1in the
formulation ranges from 10C to 1000 mg. In preferred
embodiments, the amounts of elemental lanthanum used include 250
to 700 mg. Lower doses of elemental lanthanum carbonate are also
pessible while retaining piceguivalence to higher doses of the
commerclially available 500, 750, and 1000 mg Fosrencl® chewable
Lablets. Although any complex or salt of elemental lanthanum,
including both lanthanum carbonate and lanthanum hydroxy
carbenate can be used, all dosage ranges are based on amounts of
elemental lanthanum.

POC20] A tabletting exciplent 1s mixed with the lanthanum
carbonate hvydrate described above prioxr to co-precipitation.
Suitable tabletting excipients include, but are not limited to,
saccharides, and pentahydric or hexahydric alcohol. In one
embodiment, mannitol 18 the —abletting exciplent. As a sugar
cderivative and osmotic diuretic agent, the excipient mannitcl 1s
known to be non-hygroscoplic after lyophcelization. In another
embodiment of the invention, lactose i1s usec as the tabletting
exclpient, Other embodiments of the invention 1include the use
of other pharmaceutical tabletting agents known to those skilled
in the art, such as those agents desgcribed 1n Tae

Handboock of Pharmaceutical Exclplents (2000).

(000211 In another ewmbodiment of the invention, & disintegrant
1s also acded to the lanthanum carbonate hydrate-excipient
mixture prior Lo co-precipitaticon. Disintegrants are well-known
exciplents to those of 3kill in the art. In one embodiment,
colloidal silicon diocxide Cr silicon dioxide 1S the
disintegrank. These disintegrants are highly effective 1in
allowing for efficient disintegration of the lyophilized dosage
form. ther embodiments of‘the‘invention include, but are not

e

limited to, the use of disintegrants such as mannitol/sorbitol

blends, calcium silicate, a sodium starch glycolate and sodium
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carboxymethyl starch blend, colloidal Si0;, a co-processed

currently marketed by SPI Polyols Inc. as Pharmaburst™,

silicified microcrystalline cellulose such as that currently

marketed by FMC Corporation as Avicel®, sodium starch glycolate

and sodium carboxymethyl starch blend such as that currently

marketed by J. Rettenmaler & Sohne as ExploTab®, croscarmellose

sodium such as that currently manufactured by Seppic as Ac-Di-

Sol®, and ion—-exchange resins such as that currently

nanufactured by Rohm and Haas Co. as Amberlite™.

(00022} Preferably, use of <colloidal silicon dioxide or

silicon dioxide such as that currently marketed by Huber as

RxCIPIENTS® FM-~1000 is used as the disintegrant. The Huber

material contains CaSiO; plus a smaller amount of CaSOs and 1s
marketed for use in fast-disintegrating oral dosage
formulations,

(00023} The amount of tabletting excipient used 1n the

formulation ranges from about 100 to about 1000 mg. In
preferred embodiments, the amounts of tabletting excipilent used
range from about 100 to about 750 mg. Varyving ratios of
lanthanum carbonate hydrate to the tabletting excipient are

acceptable. Such ratios may vary from about .1 to about 10. In

a preferred embodiment a 1:1 ratio of lanthanum carbonate

hydrate to tabletting excipient is used.

100024 ] The amount of disintegranth used in the formulation

ranges from O toc 25% Dbased upon the weight of lanthanum

carbonate, In preferred embodiments, the amounts of
disintegrant used include 0 to 15% on the same basis. Varying
ratios of lanthanum <carbonate hydrate to the tabletting
excipient to the disintegrant are acceptable. Generally, these
ratios range from about 1-75: 1-75: 0-34. Preferably, they
range from about  25b-75: 25-7/ov 2-25. In a most preferred
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and

embodiment the ratio of lanthanum carbonate hydrate to excipient

to disintegrant is about 50:50:10.
[00025] The lanthanum carbonate hydrate-excipient mixture or
the lanthanum carbonate hvdrate-excipient-disintegrant mixture

then undergoes co-precipitation, such as by lyophilization or by

spray-drying. Upon co-precipitating the lanthanum carbonate
hydrate mixture, excess water is removed, which allows for the
formation of a lanthanum carbonate co-precipitate, This
lanthanum carbonate co-precipitate most likely contains some
reproducible, although undetermined amount of water, elther as

hydrated lanthanum carbonate or otherwise. Furthermore, this

complex 1s fairly stable when left open to air and does not
absorb a significant amount of additional moisture.

[0002¢] The lanthanum carbonate co-precipitate can be further
compressed into an appropriate pharmaceutical dosage forms with

T

the incorporation of optional excipients such as disintegrants,

glidants and lubricants. Such forms 1include, but are not

ey

In a preferred

limited to, tablets, capsules, and sprinkles.

embodiment, the co-precipitate is compressed into tablets that
can readily be chewed, swallowed whole or easily dispersed in
water or julce and then ingested.

[00027] The size and shape of the solid oral dosage form 1s
not critical since the quick and complete disintegration

o~

property of this formulation provides the lanthanum carbonate as

finely dispersed particles with a larger surface area than

previous formulations of this drug. Therefore, a smaller dose

of lanthanum carbonate may be employvyed. In one embodiment the

tablets containing lanthanum carbonate are less than 22 mm round

in diameter. In a preferred embodiment, the tablets of the same

strength are less than 18 mm round 1n diameter.

[00028] In accordance with the 1nvention, all of the

formulations described herein are suitable for the treatment of
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a patient with hyperphosphatemia. Use of the described
formulations of dried 1lanthanum carbonate hydrate has a
phosphate binding capacity comparable or superior to that of

Fosrenol® while allowing oral administration to a patient 1in a

form other than a chewable Lablet.
[00028] The superior and unexpected properties of these
lanthanum carbonate formulations is attributed to the ability of

the claimed formulations to disintegrate and provide lanthanum

carbonate with high surface area as compared to the previously

described lanthanum carbonate hydrates. Examples herein are

disclosed to provide a better understanding of the invention,

but do not limit the invention 1n any manner,

The following examples further illustrate the invention and 1ts

unigue characteristics. These examples are not intended €O
limit the invention 1n any menner.

[00030] Examples 1-8, General procedure for preparing a co-
precipitate via lyopholization. Mannitol (6.5 g) was dissolved
in 200 mL deionized water in a 600 mL lyopholization flask. An
optional disintegrant, such as colloidal Si0; (650 mg) was added,

followed by 6.5 g of Laj(COs3)3*8H30. The mixture was swirled

while guickly frozen in a dry ice/acetone (-78 °C) bath. It was

then placed under vacuum and lyophilized for 2-3 days until free

of 1ce particles. The resultant fluffy white compounds were
collected.
i?.xgn{ple I Cvaﬁos.Lition ] B Ratlo
1 La, (CO3)3 hydrate/Mannitol 1:1
2 - 1¢1:0.1
3 La, {(COs)3+hydrate/Mannitol/Si0, | 1:1:0.2
4 1:1:0.4
) - - R 1:1:0.1
— ‘Z - Las (CO03) 3 hydrate/Mannitol/ 12 1:0.0
= Calcium silicate —1.1.0.4
" Ta. . ' Tloi
3 LE'B.,;(CO:;)3 hydrate/Co..,lo:l.dal 1:1:0.9
SlmOZ )
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[00031] Examples 9-13. General procedure for preparing a co-
precipitate via spray-drying. A nmixture of lanthanum carbonate

octahydrate (13.4 g), mannitol (12.1 g), and FM-1000 (4.8 g) was

thrlenmever flask.

stirred 1in 500 ml deioconized water 1n an

After a few minutes, the solution was sieved through a 250 pM

mesh screen. The solution was then stirred while running

through an S$D-Micro Spray Dryer (GEA Niro Inc.). The conditions
used were 150 °C inlet temperature; 75 °“C outlet temperature;

spray rate of 2.5 kg/min; 30 kg/hr drying gas flow; and 1l.o bar

nozzle pressure. The fluffy white compounds were collected.

Examplewlﬁ 6§ﬁbositgon ] | Ratio
9 Lias (CQ3)3 hydrate/qunitol l:}
Lag (CO3) 3
10 hydrate/Mannitol/Calcium 1:1:0.4
silicate e L . ,
11 Lazumlﬁ3 hydrate/Laotosa/Starqh 50:40:10
La, {CO3)3 hydrate/Lactose/Sodium
12 starch glycoloate and sodium 50:47:3
L carboxymethyl starch blend »
19 Las, (CO3) 5 hydrate/Léctose/SlO@/ 50+30:10:10
Croscarmellose sodium )
[00032] Examples 14-17. Plain lanthanum carbonate hydrates.
Plain lanthanum carbonate hydrates (Examples 14-16) were

prepared and analyzed for moisture content according to U
Patent No. 5,868,976. Fosrenol® tablets, containing lanthanum
carbonate tetrahydrate and/or pentahydrate as the active

ingredient, were also purchased and analyzed,

Example | A Composition
L . Lay (CC3) 3+ 9H0
15 | Lay(COz) 3 8H0 W
- }6 . La, (CO53)3+14H,0 “
L7 T
(Fosrenol®) Lap (CO3) 3+ 4-5H,0

10
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00033] The uncoated, compressed tablets were assessed for
disintegration. Table I gives the disintegration times for the
whole, intact tablets in deionized water. The disintegration
Cime was measured using the procedure and apparatus as described
by physical test <«701>, Disintegration, from The United States
Pharmacopeia, Volume 29 (January 1, 2006). The disintegration of a
single tablet from each example was measured. '

[00034] Table I. Dis intégration Data for Co~Precipitated

Compositions and Prior Art Conmpositions
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[00035] Tt can be seen from Table I that all o0f the

lyophilized and spray dried complexes 1-13 of this invention

showed significant improvement over the prior art lanthanum

F

carbonate complexes of Examples 14-17. Complexes 1-13 were

unexpectedly uniform in their disintegration, with the exception

of complexes 11 and 12. However, the disintegration time of the

FEd

compositions of Examples 11 and 12 were still only a fraction o:

those of the prior art compositions. Very little difference was
observed between These compositions, even though the percentage
(w/w) of disintegrant varied from no added disintegrant to as
much as 40% based on the weight of the starting lanthanum

carbonate octahydrate (this 1s 87% based on the weight of

elemental lanthanum) . The preparation of complexes Dby

lvopholization vs. spray-drying also had little effect. Most of
these complexes completely disintegrated within 6 minutes.

[00036] To rule out the ©possibility that the enhanced

and
ad

disintegration profile could arise solely from the addition of

excipients to lanthanum carbonate, Fosrenol® tablets were also
analyzed. The inactive ingredients 1in Fosrenol® are dextrates,
colloidal 8i0;,and magnesium stearate. However, the Fosrencl®

tablets showed equally poor disintegration as the lanthanum

carbonate hydrates ¢of Examples 14-16.

[00037] Table II describes the phosphate binding ability of

the prepared Examples in either whole or ground tablet form.

The ground tablets simulate a chewable tablet formulation after
chewing has occurred. Phosphate binding ability 1is a term used
to predict the amount of phosphate that can be bound by a

sequestrant under conditions which employ a large excess of

phosphate, such as those found in the stomach. Mazzeo, J. R.;

et. al, Journal of Pharmaceutical and Biomedical Analysis 1898,

vol. 19, pps. 911-915,. This assay, which utilizes a large

excess of phosphate, is therefcore a better functional model of

12
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biological conditions than the assay described 1in U.S., Patent
No. 5,968,976 which utilizes only two molar equivalents of
phosphate ion per mole of Jlanthanum carbonate.

[00038] The uncoated, compressed tablets obtained from

Fxamples 1-17 were assessed for phosphate binding ability.

Whole tablets, prepared as described above, as well as coarsely

ground tablets were both examined.

[00039] Phosphate Binding Assay

1. Preparation of stock phosphate solution:
(00040 ] 21.4 g N,N-bis (hydroxyethyl) ~2—aminocethanesulfonic
acid, 4.7 g NaCl, and 2.7 g KHzPO, (ultra high purity) were added
to a 1000 mL volumetric flask and dissolved in 900 mbL DI H,0.
The pH was then adjusted to 3.0 (£ 0.05] with HC1l, and the

solution was diluted to volume with DI H;O and mixed.

ii., Assay:
(000471 ] The lanthanum carbonate complex was added to the stock
phosphate solution so that the final concentration was 2.5 mg

La, (CO3)3/mL phosphate solution. The mixture was heated at 37°C

for 60 minutes with constant swirling. It was then filtered

through a 0.2 pym nylon filter.
100042 ] The sample was then diluted to allow injection into

the ion chromatograph. Here, a dilution factor of 100 was used:

a 1.0 mL aliguot was removed and diluted volumetrically tO 100

mlL, with DI water.

iii, Phosphate Measurement

(00043 The amount of unbound phosphate was determined by ion

chromatography on a Dionex ICS-1500 1on chromatograph equipped
with a conductivity cell (35 °C) and a Dionex ASRS 300 4 mm auto
suppressor. Material was eluted through a Dionex AGll-HC guarad
column (4 x 50 mm) and a Dionex ASL11-HC column (4 x 250 mm) at

1.0 wl/min using 25 mM NaOH in DI H,O as the mobile phase. The

13
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sample response was then recorded by a computerized
chromatography data system,

1v. Construction of Phosphate Calibration Curve

(00044 ] The linearity of the response was verified as folliows.
A series of standards over a wide range o©of free phosphate
concentration (approximately 0,04, 0.06, 0.10, 0.15, 0.20, and
0.25 mM) were prepared and their 1on chromatographic responses
were determlined, A plot of free phosphate concentration (mM)

-
e

vs. response was then constructed. The slope and y-intercept of

the resulting linear regression plot were then determined.

[00045] The phosphate pinding capacity was calculated from the

following egquations.

[00046] Unbound Phosphate Concentration (mM) = ——— x Dilution Factor
Standard Response

100047}
Phosphate Binding Capacity (mmol/g) =

N e

Weight of Lanthanum Carbonate (La2(C0O3)3 (g) in complex

[00048] Table II. Binding Capacity Data for Co-Precipitated

and Prior Art Compositions

Binding
Capacity {(mmol
Example Composition Ratio PO;,/g Lays{(COs)3)
Ground Whole
s Tablet ~Tablet
% , 3.9 3.7
(Lyophilized) | Lay{C0O3)3 hydrate/ 1.1 B
9 Mannitol ' 4 3 42
(spray-dried) B ‘
2 o 1:1:0.1 3.5 3.7
3 Lay (COs) 3 hydrate/ 1777972 3.3 3.7
4 | Mannitol/510; 1:1:0.4 4.3 4.0
5 1:1:0.1 3.6 3.9
6 | 1:1:0.2 3.8 3.9
7 La, {CO3)3 hyvdrate/ 3 0 3 4
(Lyophilized) Mannitol/FM-1000 1:1:0 4 ' ’

10 |
{spray-dried)

IaN
n
i aN
o)

14



CA 02748496 2011-06-27
WO 2010/085520 PCT/US2010/021573

* Ta, (CO;)53 hydrate/ . | .,
0 Pharmaburst Ledel.s ) ~3'6 "3’4
o 11 La, {CO3) 3 hydrate/ 50:40: 44 4 4
Lactose/Starch | 10 )
- La, (CO3)3 hydrate/ R
. Lactose/Explotab | 50‘47'3 t.a e
Lag(CO3)3 hydrate/ 5030
13 Lactose/Si0,/AcD1i Do 4.1 4,1
10:10
o 4 Sol
_ 14, L&z(CO3)3'5H20 3.0 . 0.7
15 | Lap(COs3) 3 8H,0 3.0 0.6 |
16 Lag(QQ3)3'14H20 L3.6 0.8 |
17 ) Fosrencl® 1.9 0.4
(00049] Ground Tablet = A whole tablet was coarsely ground before
analysis. Whole Tablet = A whole tablet, without further modification,

WwWasS usedo

[00050] The data in Table 1II clearly demonstrates that the co-

precipitates of the instant invention are suitable for use 1in

whole tablet form. While Examples 1-13 show essentially the

same binding ability in either the form of a ground or a whole

tablet, Examples 14-16 1lose significant amocunts of binding

P

ability as whole tablets. Thus, dosage forms of the claimed

compositions such as tablets, capsules, powders, sprinkles, or
granules can be used. These materials may also be dispersed 1in
a liguid, such as 1in an oral scolution or an elixir, to

facilitate dosing to patients unable or unwilling to swallow a

solid oral dosage form,

(00051 ] Most surprisingly, the co-precipitates of the

invention consistently display phosphate binding ability that 1is
as much as twice as high as the marketed Fosrenol® tablets.
Therefore, the use of these co-precipitates would allow a much

smaller dose to be used tco achieve the same amount of phosphate

removal.

v §

[00052] The invention, although described in specific

embodiments above, encompasses numerous variations on the

formulation and freeze-drying or spray-drying technigues, The

embodiments, as outlined above, are intended to be 1llustrative
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cf the invention. The scope of the claims should not be limited
oy the preferred embodiment set forth in the examples, but should
be given the broadest interpretation consistent with the

descripticn as a whole.

L6



CLAIMS:;

1. A disintegrable pharmaceutical dosage form comprising co-
preclpitated lanthanum carbonate, wherein said lanthanum
carbonate 1s coprecipitated with an excipient, wherein the
excipient is selected from the group consisting of a

saccharide, a pentahydric alcohol, a hexahydric alcohol, and

a mixture thereof.

2. The pharmaceutical dosage form of claim 1, wherein the

lanthanum carbonate is co-precipitated by lyopholization.

3. The pharmaceutical dosage form of claim 1, wherein the

lanthanum carbonate is co-precipitated by spray-drying.

4. The pharmaceutical dosage form of claim 1 wherein the

excipient 1s mannitol or lactose.

5. The pharmaceutical dosage form of claim 1 wherein the

exclplent 1s present in a 1:1 ratio by weight with the

lanthanum carbonate.

6. The pharmaceutical dosage form of claim 1 comprising 100 to

750 mg of the excipient.

7. The pharmaceutical dosage form of claim 1 further comprising

a disintegrant.

8 . The pharmaceutical dosage form of claim 7 wherein the

disintegrant is selected from the group consisting of

colloidal silicon dioxide, silicon dioxide, starch, and

povidone.

9. The pharmaceutical dosage form of claim 7 wherein the
disintegrant 1s selected from the group consisting of
colloidal silicon dioxide comprising CaSiOs and CaSO.,

silicified microcrystalline cellulose, a sodium starch

glycolate and sodium carboxymethyl starch blend, croscarmellose

17
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10.

11.

12.

13.

14.

15.

le.

17.

18.

19.

20.

21.

sodium, and an ion exchange resin.

The pharmaceutical dosage form of claim 7 further comprising

20 to 200 mg of the disintegrant.

The pharmaceutical dosage form of any one of claims 1 to 10,

wherein the lanthanum carbonate is hydrated.

The pharmaceutical dosage form of claim 11 wherein the
hydrated lanthanum carbonate has the general formula: Las

(CO3)3 - XxH20, wherein x has a value of 4-15.

The pharmaceutical dosage form of claim 12 wherein x has a

value of 8-14.

The pharmaceutical dosage form of claim 11 wherein the

hydrated lanthanum carbonate is air-dried and has the general

formula: Laz (CO3})3-xH20, wherein x has a value of 6-11after

belng air—-dried.

The pharmaceutical dosage form of claim 14 wherein x has a

value of 8 after being air-dried.

The pharmaceutical dosage form of claim 11 comprising 100 to

1000 mg of the lanthanum carbonate hydrate.

The pharmaceutical dosage form of claim 7 wherein ratio of
the lanthanum carbonate to the excipient to the disintegrant

1s 0-50: 30-50: 10-30 by weight.

The pharmaceutical dosage form of claim 17 wherein the ratio

1s 40:40:20 by weight.

The pharmaceutical dosage form of claim 1 compressed into an

oral solid form.

The pharmaceutical dosage form of claim 11 compressed into an

d

oral solid form.

The pharmaceutical dosage form of claim 19 wherein the oral

18
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22 .

23.

24.

25.

260.

1.

28 .

29.

30.

31.

32.

solid form is selected from the group consisting of tablets,

capsules, and sprinkles.

The pharmaceutical dosage form of claim 19 wherein the oral
solid form is dissolved 1nto a liquid form for ingestion by a

patient.

The pharmaceutical dosage form of claim 20 wherein the oral

solilid form 1s a tablet.

The pharmaceutical dosage form of claim 23 wherein the height
of the tablet 1s less than 4 mm and the diameter i1s less than

18 mm.

Use of the pharmaceutical dosage form of claim 1 in the

manufacture of a medicament to treat hyperphosphataemia.

Use of the pharmaceutical dosage form of claim 11 in the

manufacture of a medicament to treat hyperphosphataemia.

The use of claim 26 wherein the dosage form is a tablet which

1s dissolved 1n water prior to administration.

The pharmaceutical dosage form of claim 7 wherein the dosage

form disintegrates 1n between 2 and 20 minutes.

The pharmaceutical dosage form of claim 28 wherein

disintegration is between 2 and 10 minutes.

The pharmaceutical dosage form of c¢laim 7 having a phosphate

binding capacity of between 2.5 and 5 mmol/g.

The pharmaceutical dosage form of claim 30 wherein the

phosphate binding capacity 1s between 3 and 4.6 mmol/g.

A pharmaceutical dosage form comprising a product prepared by

lyopholization of a mixture of the following ingredients:

Ingredient Amount

(weight percent)

19
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Laz (CO3) 3 1-50

Mannitol 1-50

Colloidal 810, 0-35

wherein the lanthanum carbonate 1s hydrated to a water

content of between about 6-11 moles of water, and the dosage

form has a disintegration time of from about 195 to 400

seconds and a phosphate binding capacity of about 3-4 mmol/g.

33. A pharmaceutical dosage form of claim 32 comprising a product

prepared by 1lyopholization of a mixture of the following

1ngredients:
Ingredient [ Amount
i
La, (CO3) 3 6.5 g
Mannitol 6.5 g
Colloidal SiO; 650 mg

wherein the lanthanum carbonate 1s hydrated to a water content
of between about 6-11 moles of water, and the dosage form has
a disintegration time of from about 195 to 400 seconds and a

phosphate binding capacity of about 3-4 mmol/g.

34. A pharmaceutical dosage form comprising a product prepared

by spray-drying a mixture of the following ingredients:

Ingredient Amount

(weight percent)

Las (CO3) 3 1-50
Mannitol 1-50
Colloidal SiO, 0-35

wherein the lanthanum carbonate i1s hydrated to a water
content of 8 moles of water, and the dosage form has a

disintegration time of from about 260 to 270 seconds and a
20
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phosphate binding capacity of about 4-4.6 mmol/g.

35. A pharmaceutical dosage form comprising a product prepared Dby

spray-drying a mixture of the following ingredients:

Ingredient Amount

Laz (CO3) 3 6.5 g
Mannitol 6.5 g ]

Colloidal Si0 650 mg

wherein the lanthanum carbonate 1s hydrated to a water content
of 8 moles of water, and the dosage form has a disintegration

time of from about 260 to 270 seconds and a phosphate binding
capacity of about 4-4.6 mmol/g.

36. The pharmaceutical dosage form of any one of claims 32, 33,

34, and 35, wherein the Colloidal Si0; used comprises CaSi10q

and CaS0qs.

37. A process for preparing a disintegrating pharmaceutical

dosage form comprising co-precipitating lanthanum carbonate

hydrate,

wherein the lanthanum carbonate 1s mixed with an
excipient prior to coprecipitation, wherein the
exciplent 1s selected from the group consisting of a

saccharide, a pentahydric alcohol, a hexahydric

alcohol, and a mixture thereof,

wherein said coprecipitating comprises

lyopholization or spray—-dryling,; and

compressing the coprecipitated lanthanum carbonate hydrate

into an oral solid form.

38. The process of claim 37 wherein the lanthanum carbonate 1is

co-precipitated by lyopholization.

21
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39.

40.

41.

42,

43.

44,

46 .

47 .

48.

49,

The process of claim 37, wherein the lanthanum carbonate 1s

co-precipitated by spray-drying.

The process of any one of claims 37, 38 and 39 wherein the

excipient 1s mannitol or lactose.

The process of any one of claims 37, 38 and 39 wherein the
excipient is present in a 1:1 ratio by weight with the

lanthanum carbonate.

The process of any one of claims 37, 38 and 39 wherein the

dosage form comprises 100 to 1000 mg of the excipient.

The process of claim 37 further comprising the addition of a

disintegrant prior to co-preclpitation.

The process of any one of claims 37, 38 and 38 further
comprising the addition of a disintegrant prior to co-

preclpltation.

The process of claim 43 wherein the disintegrant 1s selected
from the group consisting of colloidal silicon dioxide,

silicon dioxide, starch, and povidone.

The process of claim 43 wherein the disintegrant 1s selected
from the group consisting of colloidal silicon dioxide
comprising CaSi0O; and CaS0O4, silicified mlcrocrystalline
cellulose, a sodium starch glycolate and sodium carboxymethyl
starch blend, croscarmellose sodium, and an 1on exchange

resin.

The process of claim 45 or 46, comprising the addition of 20

to 200 mg of the disintegrant.

The process of any one of claims 37, 38, and 39 wherein the

lanthanum carbonate 1s hydrated.

The process of claim 48 wherein the hydrated lanthanum

carbonate has the general formula: Laz(CO3)3 - xH:0, wherein X

22
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50.

ol.

52.

23,

o4,

2.

020.

57.

533.

59.

00.

o1l.

has a value of 4-15.
The process of claim 49 wherein X has a value of 8-14.

The process of claim 48 wherein the hydrated lanthanum
carbonate 1s air-dried and has ‘'the general formula: La;{CO3)3 -

XH>O0, wherelin x has a value of 6-11 after being ailr-dried.

The process of claim 51 wherein x has a value of 8 after being

alr-dried.

The process of claim 52 wherein 100 to 1000 mg of the

lanthanum carbonate hydrate 1s coprecipitated.

The process of claim 43 wherelin ratio of the lanthanum

carbonate to the excipient to the disintegrant is 0-50: 30-

50: 10-30 by weight.

The process of claim 54 wherein the ratio is 40:40:20 by
welght.

The process of any one of claims 37, 38 and 39 wherein the
oral solid form 1s selected from the group consisting of

tablets, capsules, and sprinkles.

The process of any one of claims 37, 38 and 39 wherein the

oral solid form 1s a tablet.

Use of the dosage form made by the process of any one of
claims 37, 38 and 39 in the manufacture of a medicament to treat

hyperphosphataemia.

Use of the tablet made by the process of claim 57 in the

manufacture of a medicament to treat hyperphosphataemia.

The use of claim 59 wherein the tablet 1is dissolved in water

Or julce prior to administration.

A pharmaceutical dosage form comprising hydrated lanthanum

carbonate having the general formula: La;(C0O3)3 * xH»0, wherein
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X has a value of 4-15, and the dosage form 1s a tablet
wherein the height of the tablet 1s less than 4 mm and the

diameter 1s less than 18 mm, wherein said lanthanum
carbonate is coprecipilitated with an excipient, wherein the
exclplient 1s selected from the group consisting of a

saccharide, a pentahydric alcohol, a hexahydric alcohcl, and

a mixture thereof.
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