PHARVACEUTI CAL FORMULATI ON COVPRI SI NG LANTHANUM COMPOUNDS 5BACKGROUND
Hyper phosphataem a is a particul ar problemof patients with chronic
renal i nsuWbizcismngsygt usi ng di al ysi s equi pnment and with algauta2é@96 cks
patients with end stage renal disease (ESRD). This condition can |ead
to severe bone problens and 10 netastatic calcification of major
organs and is associated with significant norbidity and nortality.
Conventional dialysis fails to reduce the |evels of phosphate in the
bl ood, so that levels rise in time. Elevated phosphate |evels are
treated usi ng a BAABRMACESTICALIFEORMYLAFION COMRRISANG LANTHANUM
phosphat e- bi ndi ng agents. 15 Anot herCOMBOBNDSf patients with chronic
renal insufficiency is secondary hyperparathyroidism It is also
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to the patient especially under conditions, as dry, as S There
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This invention relates to a chewabl e | ant hanum fornul ati on

conprising: 5a) a pharmaceutically effective amount of a | anthanum
conmpound; &fd Another problem of patients with chronic renal insufficiency is secondary

hyperparathyroidism. It is also important in patients with chronic renal

insufficiency to avoid and treat secondary hyperparathyroidism.

Certain forms of lanthanum carbonate have been used to treat
20  hyperphosphataemia in patients with renal failure (see, e.g., JP.1876384). U.S.
Patent No. 5,968,976 describes the preparation and use in a pharmaceutical
composition of certain hydrates of léntllanum carbonate for the treatment of

hyperphosphataemia.

25 SUMMARY OF THE INVENTION

Due to their renal problems patients with end stage renal disease or chronic
kidney diseases need to limit their liquid intake. There is therefore a need for a
formulation of a lanthanum compound that can be taken with no or limited
30 amount of liquid. There is also a need for a chewable formulation. There is also a

need for a formulation that is palatable to the patient especially under conditions



b) at | east one chewabl e pharnaceutically acceptabl e excipient. This
invention relates to a pal atabl e | ant hanum formul ati on conpri sing: a)
a phar nacewDizowloigesef f ecti ve anount of a | ant hanum conmpPaarak20@ed1saOb)
at | east one pharmaceutically acceptabl e excipient, the formnulation
bei ng palatable to a mammal, e.g., humans, cats, dogs, etc. This
invention relates to a sprinlclable |anthanum fornul ati on conpri sing;
a) a pharmaceutically effective anmount of a | ant hanum conpound; and
15b) at | east one pharnaceutical |y acceptable excipient This

i nvention rel atassiry & pospiblehBbere by alwwonneed for mgmhylpiéempthatsip Rempressitde infp a
patient conprisjpg.adm nistering a therapeutically effective anmount
of a |l anthanumconpoéund in a palatable formulation. 20 This invention
relates to a nethod for controlling hyperphosphataem a in a patient
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relates to & net hgd afpharmgeBitically efatiny Resh 6 Phaihamith aompovadpaii ent
conpri si ng adninisterinq a therapeutically effective anount of .a

| ant hanum conpoun®) i3hleastops Firperehlsnbapaceytically arqeptablg pXCilieifent i on
relates to a pharmaceutical fornmulation in a tablet or in a powder
conprising a pharnmaceutically effective anount of a | anthanum
conpound pr oducBus ipyeniiopreleteste aplatableionthanuse Hrnplatien eqrprising:

a) powder blending, Lai}%g{ngd%%&?cﬂﬁg}eﬂ‘&ﬁﬁ??%&n%ﬁa ﬁhthlaﬁg[ﬁ?.%r?ﬁ]&nd' and

S5phar maceutical ly “a e excrpirent 1n a mxer a mxXture
and; b) conifr essi hp at hastnonetphasndcattally hedeptable axcipieht, nige fopmulhdon being
resulting mxture in @Pbgeotgro ri atle co&t ai_ner TQi S invention
relates to a phar madBGHaPIAP AR PRl BoPRmars.Cals,io8s: €% i n a powder 10
conprising a pharmaceutically effective amount of a | anthanum
conpound produced by a, process which conprises the steps of: a)

powder bl endi ngtihiEvenionepiGhiowEBkAY e Lmthagym frgulation gomprising;

phar maceutical 'y af:caep%amcegtﬁmj( Bif&#ive hilowwht BF X BihtHafurh @6 MpGindl aHaur €;
or b) powder bl endi ng the | anthanum conpound and exci pi ents,

conpr essi ngl 515t heb) &t lepstiong reasmssayticallyriceaptableexsipiggt.- mat eri al  or
roller conpacting the resulting conbination into a strand materi al,
and mlling the prepared naterial into a free flowng m xture; and

- This invention relates to'a method for controlling hyperphosphataemia in a patient

comprising administering a therapeutically effective amount of a lanthanum
compound in a palatable formulation.

20
This invention relates to a method for controlling hyperphosphataemia in a patient
comprising administering a therapeutically. effective amount of a lanthanum

compound ina chewable formulation.

25  This invention relates to a method for controlling hyperphosphataemia in a patient
comprising administering a therapeutically effective amount of a lanthanum

compound in a sprinklable formulation.



c) conpressing the mxture into a tablet or filing up the resulting
m xture in a appropriate container. 20 This invention relates to a
phar maceutwoahosfoagesul ation in a tablet or in a powder G@IATA29047901533
pharmaceutically effective anount of a | ant hanum conpound produced by
a process which conprises the steps of conpressing the |anthanum
conpound into a slug material or roller conpacting into a strand
material, and 25 mlling the prepared material into a free flow ng
material, then blending with excipients, the resulting conbination is,
conpr essed i nt d'has inagrition reatef itd A pharmpcautieal feruilationgn pitattlelr er inra powder
appropriate container n_a. prefekr spect, . su f or mu i
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compound whi ch copprises the steps of:. a), powder, bl ending the
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excipient in a m gepovded Oblhding X!l Rinthamtn Deo@mpsiide Sgidndatt Neast one
m xture into a-tablet. 20l n one aspect, the present invention is
directed to a procedbamscewtically aicaefallp ExqiRiprhin anties (oformsanisieg oht
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| ant hanum conpoun resent in fornmul ation of the presen
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| ant hanum conpound.
material into a free flowing mixture; and

¢) compressing the mixture into a tablet or filing up the resulting mixture in a
appropriate confainer. '

20
This invention relates to a pharmaceutical formulation in a tablet or in a powder
comprising a pharmaceutically effective amount of a lanthanum compound
produced by a process which comprises the steps of compressing the lanthanum
compound into a slug material or roller compacting into a strand material, and
25 milling the prepared material into a free flowing material, then blending with
excipients, the resulting combination is compressed into a tablet or filing up the

resulting mixture in a appropriate container.

In a preferred aspect, such formulation is also chewable and/or sprinklable and/or

30  pelatable and the lanthanum carbonate is in a desired hydration state.



25 when the starting | ant hanum conpound is | ant hanum carbonate as
defined herein, it is desired to maintain hydration | evels constant

t hr oughoutwbheosfoagesul ati on process. This represents an megd4loenmises
chall enge to obtaining a tablet or powder that is acceptable to the
patient. It is inportant to nmention that certain | anthanum conpounds,
such .as | ant hanum car bonat e have poor flow characteristics. These 30
poor flow characteristics also represent a further chall enge when
preparing fornulations that have high drug |oad, as is the case for
| ant hanum car bonat e while naintaining a dose size that is acceptable

and pal atable to .the patient . Wth drugs ich have a .specifi
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step. In a further enbodinent, the fornulation process of the present
i nvention does not involve a drying .step. 20 In one enbodinent, the
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a nethod for controlling hyperparathyroidismin a patient with
chronic renal insufficiency conprisi ntg adm nistering a .
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1.5 ng/m, abouft i Yekieddr B, mainchin BSeratiiamevel d@sthst/ Mloughout the formulation -
process. This represents an additional challenge to obtaining a tablet or powder
that is acceptable to the patient. It is important to mention that certain lanthanum
compounds, such as lanthanum carbonate have poor flow characteristics. These

30 poor flow characteristics also represent a further challenge when preparing



15 respectively, for a dose of 3g per day (e.g., 1 g three tines a
day), such as is achieved in the prior art. In a nore preferred
enbodi nentwoGoexoigedfd AUC are less than 1.1 ng/ M and | aas/¢Avdooddses
ng. hr/m, and in a nost preferred enbodi nent, Cum and AUC are | ess
than 0.5 ng/m and | ess than 20 ng. hr/m, of such dosage. Tnax val ues
are essentially unaffected by dose and Chra. and AUC val ues vary 20
linearly with dosage. Al of these parameters have-their highly
conventi onal meani ngs. I n anot her enbodi nent, the invention .
relates to a nefbhodatidnst thetaltave dighy g dbad pleds dentae donfantheiuny carbonate
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6, preferably from3 to 5, 5 nore preferably from3 to 4, nore
preferably fromomnagtm/@uggpwéﬂéhmowmmmnmb% usqqlot@t impresfecthafiow. If
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No. 5, 968, 976 i ch i.s.incorpor herei n by reference.
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aspect, the excipients used in the fornulation of the present

i nvention are sHBRABIEPOraD AfFriRicats @pidEHseH o Whdiorase fh?p%qw gepblems but
patients. In a ifoi’”iatnﬁ%uﬁsdﬁ%hatet}ﬁﬂrages vinetd Bk /RlSis Jﬁ%eHﬂﬁl Hbh&t8RL1E; the

bi nders, and | ubricants/glidants. i s _understood that other a ents
such as di sint efglesmnt ot gicaients 4ddad/mu§f/@/@étt@h'ere@smatheﬁebletdaeduﬁb q fiee.

formul ati on. eg%inléeme ﬁ% P§ 1108 ulLté&%rgF@gg E@*Lvﬁl%]l aﬁ%@nﬁ}fﬁﬂﬁng

ollgosaccharlde |éo |gosacc ari ucose

xylitol, |ackitthe, hydragibh rstftnmsl of ﬂmnhnﬂ]ehum|®mpaimd)whmpd;¢syd¢xaugnse1n a
dextrin, starch ructos y i somal .t
et ose. sorbi ¢BrhanhRERerty el ML Bpds S S nf i oL G v TR
sucrose bas ed ObtépJ&ﬁlTa mﬁnd&i&oﬁﬁm the fivdtuddtion Prodeacofthe Prgaitt iatigntion
confectioner'’ So‘f ? | ci ym sul fate di hydrate, calciuml|actate
trihydrate, Q5 %téﬂv Y%?’g‘ﬁg@seguch as 25Endex or Cel utab),

dextrose (such as Cerelose), inositol, hydrolyzed cereal solids (such
as Maltrons or Mor-Rex), anylose or gI ycine. The diluents can be
chosen fromexiPr anesemtpdiment, theadnvsadon relates ttol sucboﬁbmpthpd for treating -

G 1 et *bi nder SPSIRRRARERCHOR AR TG phich SleARe SR timited 1o 2
sugar, cal ci um patichitateseisingydialasie, and a patient with end-stage renal disease (ESRD),
comprising administering a therapeutically effective amount of a lanthanum
compound,
25
In one embodiment, the invention relates to such a method for treating a chronic
kidney disease patient comprising administering a therapeutically effective

amount of a lanthanum compound.



calciumlactate trihydrate, hydrolysed starches (such as Endex or
Cel utab), dextrose (such as Cerelose), inositol, hydrolyzed cereal
sol i ds (suwlp 2e85/0¥8dsi rons or Mor-Rex), anylose or gl yci ner/éd00001563
further enbodi nent, the diluents can be chosen from dextrates,
starch, lactose, mannitol, sorbitol, mcrocrystalline cellul ose (such
as avicel), sucrose based diluent-binders (such as Nutab, D -Pac or
Sugartab), calciumsulfate di hydrate, calciumlactate trihydrate,
hydr ol ysed starches (such as Endex or Cel utab), dextrose (such as
Cer el ose), i nosint efothesr embgdimes, the imventior uelatesrtoe abmethadnfior dohtrolling
diluent is chosen fromdextrates, f.ructose, xvlito]. erythritol ..
i todextri . dSRePgely b oR el kit Soroy Bl ansSEicley Pimpsine
enbodi ment, t headdliihisterifg ias thdeapbitihle effettivd Emothest enfamtlamentcompound,
| ubri cant/gli dant d bl ending/fl ow agents can be chosen from far
exanpl e magnesikll eE’SB’a gum MafSo| yet hyl ene gl ycol, silica,
col | oi dal amhydrous silica, hydrogenated vegetable oils, glyceryl
behenate or glyceryl nonostearate. -In a further enbodi nent, )
| ubri cant/ gl i dalit ¥etapnothsr covehodignent.o theaatione slatee te Hogwsthofr fom tregting
exanpl e magnesi : tal c, y. Y, 1 i
col | oi dal anhyd}%@%ﬁﬁgismz@ ?np agﬁljg ‘gg%eégt t gﬁ%\\%ﬁ@?ﬁbf;%&%mg
directed to a cdievisibieeng ar theraptutimally caffertiei agount ¢Horniahthtnumn catmpebnd,
range fronmabout Lo Ol‘é'ﬁthé‘n%%@a nun e(eI enental) 5-50 Diluent(s) (e.g.,
dextrates (hydr%ff‘«g'baﬁy r :

10

In another embodiment, the lanthanum compound is ‘administered in such a

formulation such that plaéma levels of lanthanum are low, e.g., at least as good as
those provided by a mean concentration curve where Cpax, Tmax and AUC are
preferably less than 1.5 ng/ml, about 12 hours, and less than 50 ngehr/ml,
15  respectively, for a dose of 3g per day (e.g., 1g three times a day), such as is
achieved in the prior art. In a more preferred embodiment, Cp.x and AUC are less
than 1.1 ng/ml and less than 32 ngshr/ml, and in a most preferred embodiment,
Ciax and AUC are less than 0.5 ng/ml and less than 20 ngshr/ml, of such dosage.
Tmax values are essentially unaffected by dose and C,x and AUC values vary
20 linearly with dosage. All of these parameters have their highly conventional

meanings.

In another embodiment, the invention relates to a method of treating
hyperphosphataemia comprising administering to a patient in need thereof such a

25  lanthanum carbonate formulation.

Preferred lanthanum compounds include lanthanum carbonate compounds.

Lanthanum carbonate compounds refer to all forms of lanthanum carbonate.,



10-90 Bl endi ng/ fl ow agent (s)-Lubricant(s) (e.g., colloidal anhydrous
silica and/or magnesium stearate) 0.1-6.0 1In a further aspect, the

I nventi on wo 20ei@sdsed to a fornul ati on conprising: For mgtatA20800is60
range from about about to Lant hanum (el enental) 10-40 Diluent(s)

(e.g., dextrates (hydrated)) 40-80 Bl ending/flow :
agent (s)-Lubricant(s) (e.g., colloidal anhydrous silica and/or .,
magnesi um stearate) 0.1-5.0 In a further aspect, the invention is
directed to a chewabl e formnul ati on conpri si ng:

In a preferred embodiment, the invention relates to lanthanum carbonate of the

general formula:
La; (CO3)3 *xH0

where x has a value from 3 to 8, from 3 to 7, from 3 to 6, preferably from 3 to 5,
5 more preferably from 3 to 4, more preferably from 3 to 4.5, preferably from 4 to

5, most preferably 3.4, most preferably x has an average value of 4; for the

preparation of a medicament for the treatment of hyperphosphataemia by

administration into the gastrointestinal tract; see e.g., U.S. Patent No. 5,968,976

which is incorpbrated herein by reference. The hydration Jevel of the lanthanum
10 compound can be measured by methods well known in the art, such as thermal

analysis (TGA). |

In one aspect, the excipients used in the formulation of the present invention are
suitable for administration to renally impaired patients. In a further aspect, the
15  excipients include dilu'ents, binders, and lubricants/glidants. It is understood that
other égents such as disintegrant, colors, flavors/sweeteners can be added to the

formulation. -

The diluents can be chosen from dextrates, corn syrup, oligosaccharide,
20  isomaltooligosaccharide, glucose, lycasin, xylitol, lactitol, erythritol, n_larmitol,
isomaltose, polydextrose, dextrin, starch, fructose, xylitol, maltodextrin, maltitol,
-isomalt, lactose,. sorbitol, microcrystalline cellulose (such as avicel), sucrose
based diluent-binders (such as Nutab, Di-Pac or Sugartab), confectioner’s sugar,
calcium sulfa_tf; dihydrate, calcium lactate trihydrate, hydrolysed starches (such as
25  Emdex or Celutab), dextrose (such as Cerelose), inositol, hydrolyzed cereal solids

(such as Maltrons or Mor-Rex), amylose or glycine.

The diluents can be chosen from dexirates, starch, lactose, mannitol, sorbitol,
microcrystalline cetlulose (such as avicel), sucrose based diluent-binders (such as

30 Nutab, Di-Pac or Sugartab), confectioner’s sugar, calcium sulfate dihydrate,



Formul ati on wt

% range from about about to Lanthanum (el enental)

20-30 Diluent(s) (e.g., dextrates (hydrated)) 30-60 Bl ending/flow
agent ( s) - Lwbroesangdss) (e.g., colloidal anhydrous sili cacndi{064/001563
magnesi um stearate) 0.1-5.0 In a further aspect, the invention is
directed to a formulation conprising: Formulation w % range from

about about to

10

15

20

25

calcium lactate trihydrate, hydrolysed starches (such as Emdex or Celutab),
dextrose (such as Cerelose), inositol, hydrolyzed cereal solids (such as Maltrons

or Mor-Rex), amylose or glycine.

In a further embodiment, the diluents can be chosen from dextrates, starch,
lactose, mannitol, sorbitol, microcrystalline cellulose (such as avicel), sucrose
based diluent-binders (such as Nutab, Di-Pac or Sugartab), calcium sulfate
dihydrate, calcium lactate trihydrate, hydrolysed starches (such as Emdex or

Celutab), dextrose (such as Cerelose), inositol, or amylose.

In a further embodiment, the diluent is chosen from dextrates, fructose, xylitol,

erythritol, maltodextrin, dextrose, maltitol, isomalt or glucose.
In a further embodiment, the diluent is dextrates.

In a further embodiment, lubricant/glidants and blending/flow agents can be
chosen from for example magnesium stearate, talc, polyethylene glycol, silica,
colloidal anhydrous silica, hydrogenated vegetable oils, glyceryl behenate or

glyceryl monostearate.
In a further embodiment, lubricant/glidants- and blending/flow agents can be
chosen from for example magnesium stearate, talc, polyethyléne glycol, silica or

colloidal anhydrous silica

In one aspect the invention is directed to a chewable formulation comprising:



Lant hanum (el enental ) 20-30 Diluent(s) (e.g.,
30-50 Bl ending/flow agent(s)-Lubricant(s) (e.qg.,
sili ca andworoosioiggggnesi um stearate) 0.1-5.0

dextrates (hydrated))
col | oi dal anhydr ous
I n a f urdgTarA2e6e s

the invention is directed to a fornulation conprising: Fornulation wt
% range from about about to Lanthanum (el enmental) 10-30

10

Di | uent (s)

Formulation

wt % range

from about to

about
Lanthanum (elemental) 5-50
Diluent(s) 10-90
(e.g., dextrates (hydrated))
Blending/flow agent(s)-Lubricant(s) | 0.1-6.0

(e.g., colloidal anhydrous silica
and/or magnesium stearate)

In a further aspect, the invention is directed to a formulation comprising:

Formulation

wt % range

from about to

about
Lanthanum (elemental) 10-40
Diluent(s) 40-80
{e.g., dextrates (hydrated))
Blending/flow agent(s)-Lubricant(s) | 0.1-5.0

(e.z., colloidal anhydrous silica
and/or ., magnesium stearate)

In a further aspect, the invention is directed to a chewable formulation

comprising:




(e.0., _
agent (s)-Lubricant(s) (e.qg.,

magnesi um wpeséaiigs1 0. 1-5. 0

dextrates (hydrated)) 24-60

col | oi dal

In a further
directed to a formul ation conprising: Fornulation wt

Bl endi ng/ f 1 ow

anhydrous silica and/or
aspect,
% r ange

t hepd TR N0b4/@is6b S

fromabout to about Lanthanum (el emental) 20-30 - Diluent(s) (e.g.,

dextrates (hydrated)) 40-60

Formulation

wt % range

from about to.

(e.g., colloidal anhydrous silica

and/or ., magnesium stearate)

about
Lanthanum (elemental) 20-30
Diluent(s) 30-60
(e.g., dextrates (hydrated))
Blending/flow agent(s)-Lubricant(s)

0.1-5.0

In a further aspect, the invention is directed to a formulation comprising:

Formulation

wt % range

from about to

(e.g., colloidal anhydrous silica

and/or ., magnesium stearate)

about
Lanthanum {(elemental) 20-30
Diluent(s) 30-50
(e.g., dextrates (hydrated)) .
Blending/flow agent(s)-Lubricant(s) | 0.1-5.0

In a further aspect, the invention'is directed to a formulation comprising:

Formulation

wt % range

from about to

{e.g., colloidal anhydrous silica

and/or magnesium stearate)

about
Lanthanum (elemental) 10-30
Diluent(s) 24-60
{e.g., dextrates (hydrated))
Blending/flow agent(s)-Lubricant(s) | 0.1-5.0

10




Bl endi ng/ fl ow agent (s) - Lubricant(s) (e.g., colloidal

and/or ., magnesium stearate) 0.1-5.0

5ln a further

anhydrous silica

aspect, the

I nventi on we 20ist:@gdsed to a chewabl e fornul ati on conpri SATBCA2004/001563
Formul ation Wt % range fronmabout to about Lanthanum (el emental) 20-27
Diluent(s) (e.g., dextrates (hydrated)) 42-58 Bl ending/fl ow

agent (s)-Lubricant(s) (e.qg.,

col | oi dal

anhydrous silica and/or .,

magnesi um stearate) 0.1-4.0 These fornulations are al so sprinkl abl e
when nmanufactured in a conventional,

In a further aspect, the invention is directed to a formulation comprising:

Formulation

wt % range

from about to

about
Lanthanum (elemental) 20-30
Diluent(s) 40-60
(e.g., dextrates (hydrated))
Blending/flow agent(s)-Lubricant(s) | 0.1-5.0

(e.g., colloidal anhydrous silica
and/or ., magnesium stearatec)

5 In a further aspect, the invention is directed to a chewable formulation

comprising:

Formulation

wt % range

from about to

about
Lanthanum (elemental) 20-27
Diluent(s) 42-58
(e.g., dextrates (hydrated))
Blending/flow agent(s)-Lubricant(s) | 0.1-4.0

(e.g., colloidal anhydrous silica
and/or ., magnesium stearate)

These formulations are also sprinklable when manufactured in a conventional,

10  applicable dosage form, e.g.beads, crushed tablets, powder, sieved granules, all

are palatable. For patient s that have a hard time chewing tablets, the formulation

can either sprinkled onto a spoon or onto food if needed.

Tablets may be coated according to methods well known in the art.

15

11




10 applicabl e dosage form e.g.beads, crushed tablets, powder, sieved
granules, all are palatable. For patient s that have a hard tine
chew ng t alwabes/o1édze fornul ati on can either sprinkl ed adrocoeipoesss or
onto food if needed. Tablets may be coated according to nethods well
known in the art. 15 It may be advantageous to incorporate an
antioxi dant, for exanple ascorbic acid, butylated hydroxyani sole or
hydr oqui none in the formulations of the invention to enhance their
storage life. 5 Alternatively, admnistration may be conducted in an
uni nt errupt ed r #ghaeg abuctagepus eginpEpomawyanbentiaxidantgfor example gscmdng acid,
e.g. a permanen{ reqi : l.n,on spect the.invention is,di.rected
Co’a phar maceut PRRRATE A e iR Eiont T in s p BdlRe )
el ement al | ant hgiHaRrSleie stoRde fifeom 250 ng, 500ngy, 750 10 ng and

1000ng, produced by a process which conprises the steps of: a) dry
adm xi ng a | ant hanum conpound and excipient in a mxer to forma

m xture; ands Altémati@l)tf,%ﬁfm{iﬁl%ﬁbﬁ'ﬁaa& BE cHAdLALA $n A bfndeARME] Reghhtdn) udh
single punch or rotary tablet 15machine. A typical dosage for an

adult may be, eagegims0aAybSYBOgIErHaiginen ’he adsapaneaitegpiaedi vi ded and
taken with each neal, for exanple 250-1000ng, e.g., three tinmes per
day. Serum plasma | evels can be nonitored weekly until an opti mal

ser um 20phosphaireodecaspéct itlee inemtihe ik dienteénd b pharhiageuticalrfbhmariationiis adablet

rare earth elenment wth an atom nu r .of 57., Th r rties, of
o heaum make Ertaigh n Ao B fentba i Bl nBhuR Caied 08 B i Slogk, 750
bi nder. "It has aghinghoedrhg, Brddyicddty dprocis Fhich o Rpated e stpel of:n t he

formof its carbonate salt, 25 has a low solubility that limts
gastroi ntestinal absorption. In addition, the phosphate binding is

i ndependent of pH, )i §vPRSIEAS 8 arfthdndH ddnfiobnd 9hE BdiRtnt RAAGHixONko! B8 2
LD50, it is pal atable, abundant, and has limted effects on serum

el ectrol yte concent reytwiesandHut chi son, AJ et al. (1998) Peril. Dial.
I nt 18( Suppl 2): 8 A ' : ﬁ%
formul-ations and t e“gﬂ%%?ﬁ%gh%Pﬁgﬁﬁﬁﬁ?ﬁﬁﬁgg#%ﬂ§§§§%§3 ngﬁgg§¥ﬁ&tdﬂd

i nventiion wilbl vary oegemsdi ng on the requirenments of the particul ar

subj ect. The precise dosage regine will be -determ ned by the

attendi ng physician or veterinary surgeon who will, inter alia,

consi der’ fact or & typissiclasfs fhramadueinghbe, ea0e7 50013000 daBy. (THe dd8y gan be

;-2 ? i Lgr mlg?é:j? gaicvg@é alnzl ta(il(gg I\:\«'ritﬁCésacl:l_lnr(r:l(cg'cgl,p f%l; %}(a%lp Q 35(())-5 O&)Dngg? efgl.J, rtlgrgg {imes per
day. Serum plasma levels can be monitored weekly until an optimal serum

20  phosphate level is reached conventionally.

Lanthanum is a rare earth element with an atomic number of 57. The properties
of lanthanum make this agent.a good candidate as a useful phosphate binder. It
has a high affinity for binding phosphorous and in the form of its carbonate salt,
25 has a low solubility that limits gastrointestinal absorption. In :addition, the
phosphate binding is independent of pH, it possesses a low toxic potential based
on the LDy, it is palatable, abundant, and has limited effects on serum electrolyte

concentrations (Hutchison, AJ et al. (1998) Perit. Dial. Int. 18(Suppl 2): S38.

12



In a further enbodi nent, the present invention relates to a
veterinary use of a |anthanum conmpound for the treatnent of a

non- human woig#le1se81 9. a conpani on 10 ani mal sufferi ng gd1@A2004/001563
hyper phosphaet em a conprising the step of administering a
pharmaceutically acceptabl e anount of a | anthanum conpound to such an
animal, e.g. a conpanion animal in need of such treatnent. Oral use
of nedi canents by animals has been commonly quite difficult, due to
15 reluctance of the aninmals to ingest tablets, pills or nedicated
food, especial |}t will bbeurdets@ol athatathe udgshgr sath fortnaitiond and dieiduration of
Medi cament when adm ni stered orally, for ex | e,, as tablets, even
when mi xed wi t hadTaiBisiTatin o6e5dingite theinventon ‘I"Waé]’ dereaging gn g CHHECRERLS
and the treat negt (heigahRilaf QL e hdcRetREage el wilEhABRE ARy the
force, but only to a restricted and thus usually insufficient an

20i nconsi st ent  efending. physisien @ vateripassurgent vy wilk detss alisy copsgidaryfactors

adm ni sterin i : i b ) :
patent Mo, 582t 360005 eipfh, BRERARARGAR (FRY: THEforhRBASna  desiced
anti - hel m nt hi cincopprs dreon nrfoor fuctberpanvaing@diental s and is specifically
directed to 25a chewabl e tabl et conposition of flubendazole that is
pal atabl e to dogs. More particularly, veterinary handbooks for cat

owners typicall }h gdtrthed Rndgdinitat, the prREdnddnventigh kdlsted Rt O vpEIARY Sise bH @
exanple, in the t Omer's Hone Veterinary Handbook by Carlson D.G
et al. (1983, Fla%F"‘EEIi"?‘PB‘PH“dI%RA@F (reER. HA R TR gl ek fEmPions
enphasi zed of t REmAPSIFRrihE BbmRIPEISHSphRKSniA Qo Pidi SR8 Riep bARIHRInIHraS a
is poorly tolerated. Furthernore, it advises that mnedications )
speci fical |y i npkamaiaceutieallycaceapinble ampuat ¢z lagthannm eempeynd fresugh og anigel
by addi ng brewef',s 23‘% . d fihsh oil. This reference
work al so descrlé'g'easé/0 remg%g%gaﬁg}%emg%&?%evﬁ?h tablet and liquid
formul ati ons can be directly adm nistered to a cat and 5
particularly, haw,the t he

at ,is_hel . th o nd .t h a
Dot ol naed”§ nt OIS of HleglchmBfi Sy ahREAT Rk Ao REMERAR ik Ml 4R o
al so r ecognil 2 edrdllrgince oft theadnimalg td geditailets, pilto opmedionted foodpbspetisily if
nmore difficult and therefore that controlli t he intake, of . :
Toephat o5 15 cBRSaE s aa DRIt AT Eo: o) Mo M ad ey grally
I't is also notofjrosamphatast ABleBE RS Whed MRikkd (Eth ARGt EId! a4 E&egdently
wth taste) of conpanion animls is especial I_é acute as conpared w t
24

h
human subj ect s. TS¢tdr iy Hig apimalp andsthexdtreatraeny chBacanpet be pffctad s ust be
agent whi ch can,bg.kaadifh¥e USRDdP td % TeshREedYRETRROSRAMY aRMRI8 hnd
control associ ated hypercal'cem a especially 1 n conpani on” ani nal s,

i ncl udi ng, Ror wxensidtent dxtgef. and cats. As renal -disease is frequently
di agnosed in ol der cats, inproved nmedications for this disease

condition are urgently required for this species. 20 It has now been
di scover ed t hat Theahisbaemlieori eumees i amllp edaohistering ingrddeinteots ancomylasion

i ncl udi ng conpani.on, agjmal s in al at.ab unt effective.to
t1 gat o hyper pUSBHad SoRe e L Rt NP SR lBherthes st R meptablse
degree to whi chagi-hellnfithid 2BHPoHIHORE Bsnpasicacdnah#AH hid isBpédifedalldiré@ddsto

permts such_conmpounds to be administered in a dosa?e formin which .
speci al coat?ng3 chepeablg tﬁl@lewﬁs@gﬁgm af flubendazole that is palatable to dogs.

More particularly, veterinary handbooks for cat owners typically caution against
breaking up pills into powders. For example, in the Cat Owner’s Home Veterinary
Handbook by Carlson D.G. et al. (1983, First Edition, Howell Book House Inc.)

30 this point is emphasized on the basis that powders make an unpleasant taste which

13



25 and admi ni stration procedures are not required to encourage
consunption, especially when put into the animal's food ration. In

parti cul arwo dodxagsspeen di scovered that | ant hanum conpomgea Badodss
adm nistered to cats in an anount . effective to mtigate

hyper phosphat aem a when in a particulate formfor adm xture with
food. 30 Accordingly, in one aspect the invention is directed to a
met hod for treating hyperphosphaetem a in a conpani on ani nal
conprising the step of admi nistering a pharmaceutically acceptable

amount of a | ankhpasciynotaspduntthemnde,doabases tiat aridiafiods Bpevtiailp fintsndel
treatnent. 5 During éhe dosi ngartlr eqgi adm

, n,,. i stration be
effected once ol° Beded ot oaa?ﬁf gisew %{dm?vv;{%y%%h spseer
or four tines pgfonddh olINTES SetBlehe Whikailedlek s nidhd elbSshreiviadh iR @Hich
scientific terns used herein have the 10 sane nmeani ng as comonl

under st ood by otablebfandr Hqudr fprmylations; gary e directly oadipinisteredhite a cal and
i nvention be{o : | 4 i t I i t

and ot her r?‘er nccel@rir?éﬁy‘lpothggﬁtﬁg?gkdhﬁgrrgaﬁl}l%&%%g?et %/S?gég?%? n?:cgd
in their entir einyo thé pattsasantipfto ewmfd dopsymptios. present specificati on,
includi.ng definitions, will control. In addition, the materials,

met hods, and exanples are illustrative only and not 15intended to be
limting. W tholtis tafdot esgritedbthti toriollingt the dikteini eotgshnidhadnidak is more

skilled in the ar an, usi he pregedi ng. description, utilized the
present inventi %Fﬁcﬂ"g ﬁ“@éﬁlﬁfrﬁql‘]’?eeé‘t“ g}{lfrgﬁlfl_g t%@taﬁ‘équé’ﬁﬁ’sﬁ’gatﬁ? I SpmpaEpLively
enbodi nent sj@r e4ifAdar8hkF Lo hufaPsufeRst rued as nerely 20illustrative,
and not limtative of the remainder of the disclosure in any way

what soever. BRI EF DESCRI PTION OF THE DRAWNGS 25 Figure 1 shows the
mean concentratjq éﬁh Ao‘?tS};A@rlHﬁp g sefdeWH gn!léfl'inis%ngélg] BH¥ERAAVith taste) of
ose tor /2

maxi mal ly tol erate ours). Figure hows t he nean
concentrati on ofonpaoiogaaiimafshiss skpecialy | acuter phecomp@y®d with human subjects.
2005/ 018651PCT/ .gé‘czo(r) lﬁélg,otﬁgr%%xists a need for a palatable agent which can be readily used to
. 15 treat hyperphosphataemia and control associated hypercalcemia especially in
companion animals, including, for example dogs and cats. As renal disease is
frequently diagnosed in older cats, improved medications for this -disease

condition are urgently required for this species.

20 It has.now been discovered that lanthanum compounds can be administered to
animals, including companion animals in a palatable amount effective to mitigate
hyperphosphataemia. Further, it has been discovered that the degree to which a
lanthanum comﬁound is palatable in such animals permits such compounds to be
administered in a dosage form in which special coatings, masking components

25 and administration procedures are not required to encourage consumption,
especially when put into the animal’s food ration. In particular, it has been
discovered that lanthanum compounds can be administered to cats in-an amount |
effective to mitigate hyperphosphataemia when in a particulate form for
admixture with food.

30
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EXAMPLES Exanple 1 Preparation of Lanthanum Carbonate Hydrate
Chewabl e tablets (250 ng, 500ny, 750 ng and 1000mg). 5 The

manuf act urwogogvmssass | nvol ves sieving and bl endi ng t heecautA20e1/001563
ingredient with the excipients followed by direct conpression. Mre
specifically the steps are as follows for the 250ng and 500ng

Formul ation A tablets: 10a) Pass the [anthanum carbonate, dextrates
and colloidal silicon dioxide through a screen of at |east 16-nesh .
into a suitable blender and bl end for about 20 m nutes. b) Pass the
tal c (optional)Asseddinglyniss puerespeetathet igvention g ldirected torasinetbod demtreating

add to the ble r_an end .far m.nutes. .15 Co .
bl end using stglgii AT 091’61%%‘?%% Pé (ioﬁ@ larrlgré@aggm g %%‘us %%ﬁﬁﬁ%ﬁg

fol | owi ng tabl ei phamaesuficatlyadcechtatde grnat af b Yanteacihi doghourd folsecompanion
exanpl e: 20 Tabl e For({?#J ation A Ingredient 250ng tablet | 500ng
tabl et Functi onf™RekIPPEG HSPEHTRATPENY ant hanun(111) carbonate hydrate
477.0ny 954.9ny

During the dosing regimen, administration may be effected once or more times

per day, for example once, twice, three or four times per day.

Unless otherwise defined, all technical and scientific terms used herein have the
10 same meaﬁing as commonly understood by one of ordinary skill in the art to
which this invention belongs. All publications, patent applications, patents, and
other references mentioned herein are incorporated by reference in their entirety.
In case of conflict, the present specification, including definitions, will control. In
addition, the materials, methods, ﬁnd examples are _illustrative. only and not

15  intended to be limiting,

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilized the present invention to its fullest extent. The
following preferred embodiments are, therefore, to be construed as merely
20 illustrative, and not limitative of the remainder of the disclosure in any way

whatsoever.
BRIEF DESCRIPTION OF THE DRAWINGS

25  Figure 1 shows the mean concentration of lanthanum in serum (lanthanum given

at maximally tolerated dose for 72 hours).

Figure 2 shows the mean concentration of inorganic phosphorus in urine.

15



Active t er Ingredients Dextrates (hydrated) 1247.0ng 2494. Ong

Di | uent Col | oi dal anhydrous silica 36.0mg 72.0nmg | nprove bl end/flow
Purified teloidhiyxg 60.0ng Lubricant/ Aid ant MagnhesipgwWeinesmiss
10. Ong 20.0ngy Lubricant TOTAL

EXAMPLES

Example 1
Preparation of Lanthanum Carbonate Hydrate Chewable tablets (250 mg, S00mg.

750 mg and 1000mg).

The manufacturing process involves sieving and blending the active ingredient
with the excipients followed by direct compression. More specifically the steps

are as follows for the 250mg and 500mg Formulation A tablets:

10 . a) Pass the lanthanum carbonate, dextrates and colloidal silicon dioxide
through a screen of at least 16-m§sh into a suitable blender and blend for.
about 20 minutes.

b) Pass the talc (optional) and magnesium stearate through a 30-mesh screen
and add to the blender and blend for about 5 minutes.

15 ¢) Compress the blend using standard tooling to the target compression

weight.
The following tablets were prepared as generally described in the example:

20 Table 1A

Formulation A

Ingredient [ 250mg tablet | S00mg tablet | Function j

Active Ingredient

Lanthanum (11I) [ 477.0mg 954.0mg Active

carbonate hydrate

Other Ingredients

Dextrates (hydrated) 1247.0mg 2494.0mg Diluent

Colloidal anhydrous | 36.0mg 72.0mg Improve

silica blend/flow

Purified talc 30.0mg 60.0mg Lubricant/
Glidant

Magnesium stearate 10.0mg 20.0mg Lubricant

TOTAL 1800mg 3600mg

16




1800ng 3600nmy WO 2005/ 018651PCT/ CA2004/ 001563 Tabl e 1B Fornul ati on

B 5 =250 ng

Tabl et

:+P 500 ng=t abl et -

750 ng Tabl et 1000ny Tabl et

Dosage forwoGhevaddse Tabl et Chewabl e Tabl et Chewabl e Talgmata20koesss e

Tabl et Tabl et

D anmeter 13

Table 1B

Formulation B

mm 18 mm

5
Z | 250 mg Tablet | 500 mg-fablet. | 750 mg Tablet | 1000:mg Tablet

Dosage form Chewable Tablet | Chewable Tablet | Chewable Tablet | Chewable Tablet
Tablet Diameter 13 mm 18 mm 20 mm 22 mm
Formulation 1 : o
Lanthanum 250 mg 500 mg 750 mg 1000 mg
{elemental)

Lanthanum 477 mg 954 mg 1431 mg 1808 mg
carbonate hydrate' -

Dextrates 533.2mg 1066.4 mg 1599.6 mg 2132.8 mg
{hydrated) '

Colloidal silicon | 21.2mg 42.4 mg 63.6 mg 844 mg

dioxide

Magnesium 10.6 mg 21.2mg 31.8 mg 42.4mg
stearate
Total Weight 1042 mg 2084’ mg 326 mg 4168 mg

Example 2
10 Summary of Studies conducted with Formulation A

15

20

1. Several Studies Summary

The ranges of mean concentrations of lanthanum in plasma obtained at désignated

time points within several studies in randomized patients among five Phasell/III

studies are summarized in Table 2.

17




20 mm 22 nmm For nmul ati on Lant hanum (el emental ) 250 ng 500 ng 750
nmg 1000 ng Lant hanum car bonate hydrate' 477 ng 954 ng 1431 ng 1908 ngy

Dext r at es woydesatiegd) 533.2 ng PCT/CA2004/001563

Table 2
Study Number Dose Range of Lanthanum | Duration of | Range of Mean

{mg/day) Treatment | Plasma Lanthanum

{(Weeks) Levels (SD), ng/mi
375 - 2250
- Dose Titration (Part 1) 4 0.16 (0.31) - 0.69 (0.55)°

1 . 375 - 2250 | :

Maintenance Fixed Dose (Part .

2) 4 0.39 (0.37) — 0.67 (0.98)*
2 225 - 2250

Fixed Dose Levels 6 - 0.21 (0.22) — 0.86 (0.91)
3 750 - 3000

Adjustable Dose Levels 49 0.38 (0.25) — 0.67 (0.65)
4 .375 - 3000 '

Dose Titration to Fixed Dose :

Levels "] 10 0.35 (0.44) - 0.78 (1.05)
5 750 - 3000

Dose Titration to Fixed Dose .

Levels 52 0.4 (0.76) - 0.6 (1.15)

10

15

20

? Units are ng/gm. Conversion to ng/ml, multiply plasma concentrations by 1.054,
density of plasma. :

The ranges and the upper range values of the mean plasma lanthanum levels are
similar across the Pl{aseII/III studies with the highest mean level at <Ing/ml. The
range values were similarly low as the values of C, that were determined in

earlier studies.

2. This study evaluates the primary and safety pharmacology of a
conventional non-calcium anti-hyperphosphataemia treatment, lanthanum
carbonate (L.C).

Methods

The in vitro phosphate binding efficacy of LC is assessed at the relevant
gastrointestinal pHs of 3, 5 and 7 using aluminum hydroxide (AH) and calcium-
salts as comparators. In vivo dietary phosphate binding is compared with AH,
calcium carbonate (CC) and sevelamer hydrochloride (SH) (1000 mg
binder/kg/day) in 5/6™ nephrectomized rats are dosed daily for 6 weeks and using

urine phosphate excretion as the primary end-point. The potential for unwanted

18



1066.4 ng 1599.6 ng 2132.8 ng Col loidalsilicon dioxide 21.2 ng 42.4
ng 63.6 ng 84.4 ng Magnesium stearate 10.6 ng 21.2 ng 31.8 ng 42.4 ny
Total Wei gD 206433935y 2084 ng 3126 ngy 4168 ngy PCT/CA2004/001563

pharmacological effects of LC on CNS, cardiovascular, respiratory and GI

systems is evaluated in mice, rats and dogs at doses up to 2000 mg/kg/day.

Results : _

5 © Invitro, LC is equipotent with AH and significantly more potent than CC
or calcium acetate. LC is most effective (97.5% phosphéte bound) at pH 3, but

also has -good efficacy at pH 5 and 7. In 5/6™ nephrectomized rats, LC is
_equipotent with AH and significantly more potent than CC or SH at reducing
urinary phosphate excretion, a sensitive rﬁarker of dietary .phosphate binding in
10 this model. At doses up to 2000 mg/kg, LC has no direct effects on serum
calcium, vitamin D or PTH levels and no adverse pharmacological actions on
cardiovascular, respiratory or GI systems in mice, rats or dogs. No acute or long-

' term effects on CNS function occur in mice or dogs in Irwin and neurotoxicity
screens. LC has no pro- or anti-convulsive activity and no effects on locomotor

15  activity in mice.

This study indicates that LC is a selective and potent phosphate binder

‘with similar efficacy to aluminum hydroxide and a low potential for adverse

safety pharmacology.
20
3. This preclinical study is conducted to investigate the long-term toxicity of
conventional lanthanum carbonate (L.C).
Methods
25 Single- and multiple-dose oral and iv toxicity studies with LC in mice, rats

and dogs use doses up to 2000 mg/kg/day (po) (x17 a human dose of 1000 mg
t.i.d.) and 1 mg/kg/day (iv).' Plasma LC levels are up to 20,000 times those in
dialysis patients. The studies range in duration up to 1 year in dogs and 2 years
(life-time exposure) in rodents. Studies in 5/6™ nephrectomized rats evaluated

30  any influence of renal impairment on the toxicity profile. The studies include

19
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Exanple 2 10 Summary of Studi es conducted with Fornmulation A

1. Several Studies Summary The ranges of mean concentrations of

| ant hanum wip 2pd5a848681 Obt ai ned at desi gnated 15ti me poi NtECTWCA2004001563
several studies in random zed patients anong five Phasell/Ill studies
are summarized in Table 2. 20 WD 2005/ 018651PCT/ CA2004/ 001563 Tabl e

2 Study Nunber

Dose Range of Lanthanum (ny/day) Duration of Treatnent

(Weeks) Rangeof Mean Pl asmalLant hanum Levels (SD), no/nl 1 3752250 Dose
Titration (Part 1) 4 0.16 (0.31) - 0.69 (055)a

10

15

20

25

clinical assessments, ECG, ophthalmoscopy, haematology, unnanaly51s serum
chemistry, plasma and tissue LC exposure, and histopathological examination of
over 40 tissues. Full programs to assess genetic toxicity, reproduction toxicity

and carcinogenicity are also conducted.

Results

LC is very well tolerated, with no effects on appearance, growth or
survival in the life-time studies. Adaptive changes in the rodent stomach (not
observed in dogs) are the only findings at high oral doses. Rats with impaired
renal function have comparable tissue exposure to normal rats, and also tolerate
LC very well. Histomorphometry reveals no potential for direct bone toxicity.
Some indirect effects on mineralization are due to phosphate depletion caused by
excessive dietary binding at high doses. Lanthanum is not genotoxic or

carcinogenic, and does not adversely affect any stage of reproduction.

4, This study is conducted to compare conventional lanthanum carbonate

(LC) with- other therapies (calcium or aluminum salts, or sevelamer
hydrochloride).

Methods

This 2-year multicenter, randomized, open-label, parallel-group trial
consists of a 1- to 3-weck washout period, a 6-week titratioﬁ phase and a long-
term maintenance phase. Hemodialysis patients with serum phosphorus > 5.9
mg/dL (> 1.9 mmol/L) receive either LC (375-3000 mg/day elemental
lanthanum) or their pre-study phosphate binder. The primary aim of the study is
to evaluate safety and tolerability over 2 years. The main efficacy endpoint is

control of serum phosphorus < 5.9 mg/dL.
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3752250 Mai ntenance Fi xed Dose (Part 2) 4 0.39 (0.37)

-0.67 (0.98)a 2

225- 2250 Fi xed Dose Levels 6 0.21 (0.22) -0.86 (0.91) 3 750-3000
Adj ust abl ewDasws/oumsel s 49 0.38 (0.25) -0.67 (0.65) 4 . FCH/ERO/DEsE
Titration to Fi xed Dose Levels 10 0.35 (0.44) -0.78 (1.05)

10

15

20

25

Results

In total, 647 pa'tients receive LC and 642 receive standard therapy
(calcium agents; 78%; sevelamer: 16%). Average total treatment exposure is
higher with standard therapy than with LC (422.2 + 258.5 vs. 304.1 & 253.8 days).
Treatment-emergent adverse events occur with greater frequency in the standard
therapy group than the LC group included hypercalcemia (10.4 vs. 3.4%),
diarrhea (27.4 vs. 19.8%), abdominal pain (20.9 vs. 14.1%) and dyspepsia (14.8
vs. 8.2%). Serious adverse events are also more frequent in the standard-
treatment group (65.4 vs. 51.0%). However, this is likely to be complicated by
the difference in treatment eprsure between groups. Plasma lanthanum remains
very low throughout treatment (mean level: 0.5-0.6 ng/mL). Similar proportions
of patients in both groups have effective phosphorus control during maintenance

therapy (46.3% vs. 41.3%; standard therapy vs. LC at 2 years).

LC is at least as well tolerated as other current phosphate binders over the
long term, and exhibits similar efficacy in maintaining serum phosphate control

over a 2-year period.

5. This study compares the efficacy, safety and tolerability of conventional
lanthanum carbonate (LC) with those of calcium carbonate (CC) in a randomized, -

open-label, multicenter trial.

Methods

After a 1- to 3-week washout period, haemodialysis patients with
hyperphosphataemia (serum phosphorus > 1.80 mmol/L [5..6 mg/dL]) are
randomized to receive LC (375-3000 mg/day lanthanum; n = 533) or CC (1500~
9000 mg/da)-/ calcium; n = 267). Patients are then titrated to a maintenance dose
of either drug that provides optimal phosphate control (serum pHosphorus < 1.80
mmol/L) within 5 weeks. Both LC- and CC-treated patients who have controlled
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5 750- 3000 Dose Titration to Fixed Dose Levels 52 0.4 (0.76) - 0.6
(1.15) a Units are ng/gm Conversion to ng/m, multiply plasm
concent r atwormgosmysskr 054, density of plasma. 5 The rangaxTarrboddonises
upper range val ues of the mean plasma | anthanum | evels are simlar
across the Phasell /111 studies with the highest nean | evel at

<Ing/m . The range values were simlarly lowas the values of Ca.,
that were determned in earljier studies. 10 2. This study eval uates
the primary and safety pharnmacol ogy of a conventional non-cal cium
anti - hyper phos phama@hba»homedamta enl titmtivantensiza mipintanaace Extment froae
15The in vitro ? ate bi nding efficacy of LCis assessed at the.
rel evant gastrointes |naI pHs of 3, 5 and 7 using al um num hydr oxi de
(AH) and calcium salts as conparators. In vivo dietary phosphate

bi nding is conpar d with AH, cal cium carbonate (CC) and sevel aner
hydr ochl ori de ( S( 1000 ng bi nder/kg/day) in 5/ 6th nephrectom zed

rats are doged dail Yooh@bl 6f %%h@dibﬂoﬂﬁ 1V@ls 39 abHiéwg 19@%%§F®oﬂlons of.
excretion as the primary end-p he potential for unwant

phar macol ogi calpaéﬁrft%@@%ﬁbmthécowd@%ﬂ”e%%h68\/93(3 amlﬁéﬁ%,r\@sﬁéﬁ %Saﬁéﬁxfa ¥nd
ol Kot day. Resoe2VB1 %1 F0fed pEhEa BRIRQREY Bredt P EBAR heafdO
significantly mhp@hpolsqqq@dﬂch&mn@@ at Week 9 (-1.80 vs. -1.35 mmol2/L2; P = 0.009)
and a numerically greater decrease at Week 25 (—1.59 vs. —1.26 mmol2/L2).
10 Plasma levels of lanthanum are very low throughout treatment with LC: 0.49
ng/mL at the highest lanthanum dose administered at Week 25. Adverse events
are generally mild or moderate in severity, occurring in 77.7% of patients
receiving LC an& 79.8% of patients receiving CC. Hypercalcaemia occurs

substantially more frequently in patients receiving CC (20.2%) compared with
I5  thosereceiving LC (0.4%).

LC shows equivalent efficacy to CC in controlling serum phosphorus in

patients with end-stage renal disease. LC is well tolerated, with a lower risk of

hypercalcaemia than CC.

20 B _
6. This study reports the results from a 6-month, open-label extension of a
previous 6-month, randomized clinical trial comparing conventional LC with
calcium carbonate (CC).

25  Methods

Following 6 months of randomized treatment in the initial trial, patients
who receive CC for 6 months are switched to a S-week titration with LC (CC/LC
group) to control serum phosphorus at < 1.8 mmol/L (5.6 mg/dL). . Those who
initially receive LC in the randomized trial continue to receive LC at their

30  established maintenance dose (LC/LC group; total treatment duration, 49 weeks).
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or caleiumacetate. LCis nost effective (97.5% phosphate bound) at
pH 3, but also has good efficacy at pH5 and 7. In 516'h

nephr ect onwbpedov@aseas: LC is equi potent with AH and si gnidde@sodyoonss e
potent than CC or SR at reducing urinary phosphate excretion, a
sensitive marker of dietary phosphate binding in 10 this nodel. At
doses up to 2000 ng/ kg, LC has no direct effects on serum cal cium
vitamn 13 or PTH | evel s and no adverse pharnacol ogi cal actions on
cardi ovascul ar, respiratory or G systenms in mce, rats or dogs. No
acute or longtermeffects on CNS function occur in mce or dogs in
Irwn and neurqgtoxicity screens. LC has no pro- or anti-convul sive
activity and n esé’ftf ects on |loconobtor 15activity in nice. Thi s
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to investigat e;iNgilionomiigE BVOX ofdubYanl 268 MY A I t '
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toxicity studi Beospharps lazelsparpimantaingd ot gipynd dgd mysel/ld 656 sng/L) in bobo
ng/ kg/ day (po) 7 [o} I..d /
(iv). Plasnma Lg(o Pésvg?esr @gpggel%' ?’gar%nd%’g%pf ggngstswfgﬁols'zei ?ﬁg%}&“a[}rgé?gﬂ 2
patients. The gtoupliasd 1:83mysolfInirdthe &£10/100 grompt G\tthe eslr ofithe eldgsicandriad,

l[ife-ti i ts. di N 6t h .
e it o zeu Ut gtk i oRBAT 6 e bl B L/ e sempanesh #in
the toxicity ps®bid 6f thEheCAMIdrap. | Thé WEBt comidnCRtatBaRERARA AdvelseG

istry,

opht hal nroscopy, haemat ol ogy, .uringpal ysis, .serum che pl asma
and tissue LC BYEIBSAL sestrawéesmaét%thh%aecf@w%qredes@ahﬁ TR h oY BrAdmento

tissues. Full pROGIRNEd (B aBBESSH ARNEL! Gadeddd GhllY31%ERFODEAIC Qtients.
toxicity and carcinogenicity are also conducted. Results LC1s

very wel | tol eHapaerlcepic gpigerles preagpasted by Hoife af aricats ig oG LEgroup and
survival in thegqbife.tlne; e ptive changes in the rodent
2P o

stomach (not observ are only findings at high oral
doses. Rat&with inpaired 10 renal function have conparable tissue

exposure to normal t.s, and.a t ol t C ver. I
Hi st onor phonetry re\il a s"veﬁot%b%%tenf‘ri]&a)lF&%CgiFgél&rr%8?“ %\ﬁga{ {%%?tc]i ?’Es‘/a.n ohr?e
indirect effectaiueed clieficl o ajpedtaladmea dbeeried whhdphah ahoepdrdt tridly is
caused by éxcessive diet rg bi ndi ng at hi gh doses. Lanthanumis not
genot oxi ¢ or cgﬁa&tari%%efﬁﬂa:? %nd does not adversely affect any stage of
reproduction. 15 4.This study is conducted to conpare conventi onal

| ant hanum car bonate (LC) with other therapies (calciumor alumnum
salts, or 3@velamerS#Hyrand eflinapyate asseesear pderge-scale, randomized, 1-year trial

of the effects of prolonged treatment with conventional lanthanum carbonate (LC)

or calcium carbonate (CC) on bone parameters.

Methods .
25 Chronic renal failure patients undergoing haemodialysis or continuous
. ambulatory peritoneai dialysis are randomized (1:1) to receive either LC (up to
.3750 mg/day lanthanum; n = 49) or CC (up to 9000 mg/day calcium; n = 49) for
50 weeks. Safety analyses include adverse events, vital signs and plasma
lanthanum. Efficacy assessments include serum phosphorus and parathyroid
‘30 hormone (PTH).
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This 2-year nulticenter, random zed, open-|abel, parallel-group trial
consists of a 1- to 3-week washout period, a 6-week titration phase
and a | ongtverrnasnasgsi enance phase. Henodi al ysi s pati ent spaw¢Avossuossss
phosphorus > 5.9 ng/dL (> 1.9 mmol /L) receive either LC (375-3000

nmg/ day el emental 25 | anthanum or their pre-study phosphate binder.
The primary aimof the study is to evaluate safety and tolerability
over 2 years. The main efficacy endpoint is control of serum
phosphorus < 5.9 ng/dL. Results In total, 647 patients receive
LC and 642 receive standard therapy (cal cium agents: 78% sevel aner.
16% . Average tf? ajl treat ment exposure is higher wth standard
therapy than witS{’c (422.2 th 258.5 vs. 304.1 th 253.8 days). 5
Treat nent - emer gent  adv eg yatiemeRicse dehided Wi tthe gitaaletrehtr EHURYCIN srafettjﬂe
standard therapy group than the LC gri)up i ncl uded hyPer cal cem a (10.4
vs. 3.4%, di arﬁoﬁ’%éh‘(’WA&lVVée'e‘i@“ 8%3 Cab¥6th r?‘a‘T‘ﬂ’Eal"ﬁ bl‘%
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frequent in the”standard-treatnent g{;ﬂgq&q (65.4 vs

this is |ikely Wi b (€%xgiancateaCyy & ik nereinialy reldvewhamges in
exposure betwe n I t
e e e R E P A S M FIBMIA 1 M L
patients in botIkCgarmhﬁE -tnsatel  pdtientst frargepE3ghblr mg/m:[o)natr bdseldhe; iand) were

vearsy . astc 1 e bl eaed Rayrts Gl sd 3R TR R BRI et rBlsiat o
bi nders over t heolos ﬂ@/rﬁEImendﬂdnleXPlhﬁhi Emﬂlia.ﬁ[iﬁ aéachéd $teRGstdtd early in the
mai nt ai ni ng serum ph Lf(f)hat e. . control over %%WF?‘I period, 5. Thi

study conpar es S 1BrG-Heated patiepis; gndawe %‘Bllﬂé‘:r Yegls %Mé%t#%ﬁﬁ‘i

20 | ant hanum CQ‘f@?ﬂﬁﬁcﬁ:d(sh@larvﬂohﬂoltcrm&lnp?h&%é&héj 'FaEé}anQﬁb’éhQi(sg}‘)valu@s a
random zed, open-label, nulticenter tria hods After a

3-week washout e 1 g+ hadaedii &V ys0.32 penoléneny eidppinpsgalues Wefe 1 79 % 047
hyper phosphat a r 5 e
r )altﬁdolron zeg to ‘raagggjl é/szg défﬁ( '%08’811'%“(;3&1 y% gért\ﬂt\}n% Sgrgﬂgggﬁhg%ﬁ&%ﬁ

(1500- 9000 5ny/stkde wish I;Cumar hyearZﬁVﬁecrd@a&d\mﬂt@Care then titrated to a
mai nt enance dose of either drug that provides optinal phosphate .
control (serum phosphorus < 1.80 mvol /L) within 5 weeks. Both LC- and
CC-treated patients hhappearee t@babmfﬂllbzeﬁbll A0 gidosholhed guilkutlesficacy

after tltratlon r ive. mint nan nt for 20 weeks re.
%: ut with a great y recfuce& rlgk ypercalcemia over 1 yearn?treatment.

As in other long-term studies, proIonged LC therapy did not result in plasma

20  lanthanum accumulation.

8. This stﬁdy evaluated the efficacy and safety of conventional lanthanum
carbonate (LC) in an ethnic Chinese population. LC tablets providing 500 mg
lanthanum were evaluated. These higher-strength tablets could reduce overall pill

25  burden - an important issue affecting patient compliance.

Methods
The study comprised 3 parts: a 1- to 3-week screening and washout phase,
a 4-week, open-label, dose-titration phase with LC, and a 4-week, double-blind,

30  maintenance phase in which patients were randomized (1:1) to receive LC or
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Results 5Control of serum phosphorus |levels is achieved in simlar
proportions of patients treated with LC and CC (Wek 9: 67.9% vs.

65. 8% Weewo02bos/B8ss8% vs. 63.99% . LC is associated w t he@/ca2004/001563
significantly greater decrease in calciumx phosphorus produbt than
CC at Week 9 (-1.80 vs. -1.35 nmol2/L2; P = 0.009) and a nunerically
greater decrease at Wek 25 (-1.59 vs. -1.26 mmpl12/L2). 10 Plasm

| evel s of | anthanum are very | ow throughout treatnment with LC. 0. 49
ng/ mL at the highest |anthanum dose adm ni stered at Wek 25. Adversé&
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ext ensi on st udyudy gasi; rFuilrmoqlz@nm grohipemaiiomied sercenywerecylyaundegln,

Overal I, 375 pahi gRtAa (e?@ls%%anﬁﬁﬂmh%ﬁ‘e%&da@regwmgho& thd Fudpl. 199 in
t he CC/LC group and 262 7% in the LC/LC group. Serumphosphorus

| evel s are naintai ned at around 1.8 rmDI/L (5.6 ng/dL) in both groups
over 24 weeks: an po d 1 76 ].En%
group and 1.83 ggfml %H‘]Qn %SEQD @PE? oup t ‘#gtahp E:ﬂ‘éplcgcxtenm on
period, serlém mlasphnsphmamma,cunwajbd wdhlﬂgnﬁ’ii:aﬁlo/paafent hl@rl:udiltsLCAgnmupn-
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Chort B b 98 e B PR T O s B Tos Bl EF S
in the CCLC grc@h'@arcltﬁ long-term bffedtSo/Wink wiltRssabeehiaig afthastiwe).for a
period of at |least 1 year. The reduced incidence of hypercal cem a

observed wi2lh LC in short-termtrials is maintained for 1 year.
207. Safety and sgffifgacy are assessed in a |arge-scale, random zed,
l-year trial

In total, 98 patients were randomized to treatment with either LC (n = 49)

or CC (n = 49) for 1 year. Tetracycline-labeled bone biopsies were taken at
baseline and after 1 year of open-label treatment, and full histomorphometry
25  analyses performed. Bone alkaline phosphatase activity and serum parathyroid

hormone (PTH) and calcitriol levels were also measured.

Results
Bone biopsies from baseline and following 1 year of treatment were

30 available from 33 LC- and 30 CC-treated patients. Neither group demonstrated
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of the effects of prolonged treatnment with conventional |anthanum
carbonate (LC) or cal cium carbonate (CC) on bone paraneters. Methods
25Chr oni ¢ werzabs/figdsk ure pati ents under goi ng haenodi al ySpI/€X2004/001563
continuous anbul atory peritoneal dialysis are random zed (1:1) to .
receive either LC (up to 3750 ng/day |anthanum ii= 49) or CC (up to
9000 ny/day calcium n = 49) for 50 weeks. Safety anal yses include
adverse events, vital signs and plasma | anthanum Efficacy
assessments incl ude serum phosphorus and parathyroid 30 hornone
(PTH). Resul t gluminum-likp bo9g tqxaditye Afisr hotear, |5HcLédwl Bf] €Gdreated patients
intent-to-treat,gf I e- ev.
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at baseline, and were higher in LC-treated patients (< 0.03-1.
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Pl asma | ant hanyi éﬁ%ﬁﬁ@sﬁ&ﬁ@%)’béskﬁﬁe‘? S TN S ré'ﬁeﬂﬁiéﬁ gtme in the LC

LC-treated patients, and was-simlar between \\eeks .

CC provi ded si srdugs Wb@rmsrr@ﬂumn%’efﬁmﬁeghmstbh6&@911];8&’5&11a matnema(lolsm
val ues were 1. 7%tar%. 9 and 1.87 0.52 ntnol/L, and endpoint val ues
were 1.79 0.49 .65 0.54 mol /L with LC and CC, respectively.
Serum PTH rl@émai ned 15 stable with LC over 1 year, but decreased wth

CC. LC app eared tq. e.e al |y, ted and .

equi val ent ot 1 CBRE) 18> DA AR s fredleg ul LG PRt B plee gviption away
hypercal cem a G the M&%rsc%rettjé}%@tdfm@D 06ﬁ1 mred atibeCCliedagdt Ritiehts. Other
studies, prolonged LC therapy d not resu in plaspa 20 | ant hanum

accurul ati on. @arpmetersefiigpe ot shaved “Pﬁ%@ﬂd’&é@gedﬂ &Cstagagadypagents. LC

conventional | ayhaRiBre hat8 RORREfakd Sverl rRbntRhANbKosH O ®SRlers when
popul ation. ,LC tablets providing 500 ng | ant hanum wer e eval uat ed.

These hi ghd#- sttﬁeetF@RqOPabl ets could reduce overall pill 25 burden -
an inportant issue affecting patient conpliance. Methods The study
conprised 3 parts: a 1- to 3-week screening and washout phase, a
4-week, open- | dbelprecddisg cxamplet d:anrbephmeedeiﬂhsihﬂar sutdesa bat-sulsstikyting the
doubl e-bl i nd, 30 paintenanc a n_whi ents re random.zed
(1:1) to recei BEPSF al('lq% or specﬁicglpy §escr1bed reac(%antsp d/or operating Sonditions bf e

invention for those used in the preceding examples.

20

From the foregoing description, one skilled in the art can easily ascertain the

essential characteristics of this invention and, without departing from the spirif

and scope thereof, can make various changes and modifications of the invention

to adapt it to various usages and conditions.
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pl acebo. LC was admi ni stered as chewabl e tabl ets providing 250 or 500
ng | anthanum Male and fenal e haenodi al ysis patients were included
who had serum phosphorus levels > 5.6 ng/dL (1.8 mml /L) follow ng
washout of their previous phosphate binder. The study enrolled 103
patients. The primary efficacy endpoint 5 was the serum phosphorus

| evel obtained at the | ast week of double-blind treatnment. The
control of serum phosphorus to < 5.6 ng/dL (1.8 mml/L) was the nmain
secondary efficacy endpoint. Oher secondary efficacy neasures

i ncluded the profile of serum phosphorus during titration, and serum
par at hywit ¢k hamEene, cal ci um and cal ci um x phosphorus product |evels.
The safety and tolerability 10 profile of LC was assessed by
nonitoring of adverse events and vital signs at each study visit.
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This study was designed t enonstrate simlar toxicity
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stable I'n tthe LC 5"?8%’?{5‘1{0&3 gg@%}eégﬁeﬁﬁsgtﬁg@gﬁ ){yrllﬁ;OI E%SQ roiJ

wi t h amgitdel §pmb,r1afao&eowrblrpldatcepcmmgme c:aﬁulﬁ)sfe sudrospdased dﬂuamtylsn@ls,
atien ed with LC s eat.er ut i..0 fromthe

o e SO BRbSubls Cueim SOME iRt RO Bl S Bl TRE] s

par arretiertﬁ)safmdmme hgdralyued &m\l\@@hdscmﬁylm; i e, ahBIMG Elowagkhtib r eat ed

patients. LC may therﬁf ore have an advantage. over conventi onal

phosphgtagnﬁ%%t%rawé Ry sRY ey RO icpneoligidab utvArgue sl hadrogeiitade
repeat ¢eh Mibldbifl Phtayl RUEHES Sr gxcévﬂﬁsﬁ&sketafaw the generically or
specifical |y des¢ii bed reactants and/or operating conditions of the
i nvention for those used in the precedi ng exanples. 20 Fromthe

f oregoing d t|o the art.ca scertain

t he esgentlgsl%thanru ac g?cing |cs eﬁfﬁa{s]fl e ?mél glﬁgabﬁ\?\nt%’hglﬁompnsmg

depar t ianchafnira eaibhbeats m a’rj dmcamdoﬁﬁ:@ﬁ abélh Q0@ afg to @Bdut TodEmY 2 dnfintal CAENAESS

and nodi fi cations ? ? i nvention daP it to various usages and
condi t i€ proportion o about 0 to about 40 wt % of the formulation as elemental lanthanum and
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What is clainmed is: 1. A | anthanum car bonat e pharnmaceuti cal
formulation in a chewabl e tablet, conprising | anthanum carbonate in
an anount of from about 200 ng to about 1000 ng el enental | anthanum
in the proportion of about 10 to about 40 wt % of the formul ation as
el enental | ant hanum and pharmaceutical ly acceptabl e excipients
conprising a diluent in an anmount from about 40 to about 80 wt % of
the fornmulation and a fl ow agent in an anount from about 0.1 to about
5.0 wt % of the formulation, produced by a process which conprises
the steps of: a. blending the | anthanum carbonate and the

phar magastinseeltcl pacephsbbaisides Bhepisngd £dilhMndnBouHl Bom About B0 to
bl endi ng the | ant hanum car bonat e and t he pharnmaceuti cal Igéaccept abl e

exci pi 8Bew 804 vppEds forgruatien aad a flowageridnbn Amepry droamabeugl.4 tegbout 5.0 wt
mat er i . | g | [ ion into a strand
ot or 1 o oFthe S i JRALEA BYs bRESIMLL LARETRE B OE (100 B

m xture; and c.cogrpssegshapnthheumicxbonae intr argdg matesibb@solerabmpadtinizahe
a tablet, 1 wherein the process is.performed w thout wet

granul at i on'3BMagyRycHT ,Omltﬁgltgf‘F m?t%”"ﬁ’ext rates, com syrup,

ol i gosacchas] de, milsiagetsnQl drg@eRCHENBFAIGR0 aGtddqRWEng tieAd N, Xylitol,

| actitol, erythritol, mannitol, isonaltose, polydextrose, dextrin,
starch, fru6t oseblending thg|free Homingiagteriplvithidie pharglacevtisahpiceeptitdet ose,
sorbitol, nm.eracty#f BlhhaMxked |ahl({1 ose, sucrose based dil uent-binders,
confectioner's sugar, calciumsulfate dihydrate, calciumlactate

it ri hydr at e, dhydr adnywessingtthe wivesre infesxttaldste, i nositol, hydrol yzed

cereal solid anyl ase, or cine..and the flow agent i nesi um
ctearat o, t perete BEBry Hndiofibl S oy Bnblsfrh e i FHABES

si | cadehyatspgenajrap, oliggeteabkige, Qsdnsaltodliyssaechhride BROSeClycain, dhMOE Natkitol,
nonost earate. 2. A | ant hanum car bonat e armaceutical fornulation in a

chewab P&t} @pnnifgspmaliosg ppévﬁﬁﬁaﬁeprﬁegﬁmb8ﬁr&b=eﬁnqtesafﬁyéiﬁﬁiuﬁelt®r:xtﬁpo m
about agﬁitav;isb&aﬁxhga&%é&ﬂﬁta%gl-@t&%@me Jeﬁmbbémgerﬁagéaedi@g@%ﬁ&e&@“

of about 10 to about 40 Wt %o ormulation as el emen
| ant harenfectioder'spharneatdumisodite dihydoesp talbiim lestate piltedrae, hodiptysed stgrches,

di | uent,_j t . from about to . about .80 wt % of. the .

for mal et BaBInATEL Mo aGLara i, gt e i BelbRdor Etdbout 5. 0
w % Ofr:caghl@ilfm')ﬁtmrhtal ﬂalﬁppolpétlﬁﬁlﬂnﬁ‘a?gil ycﬁﬂ, stlidal aﬂl%&ﬁl thyahoug G, F@@@gélﬁ&d
steps of: . _.conpressi t he | ant hanum carbonate into a slug

mat er i é{?ge&b?er‘?ifsi glgc?&ﬁ?gg‘iait%ﬁr glecTVLmeMsRAAC ar bonate into a strand
material, b. mlling the slug or strand material into a free fl ow ng
material, c. blending the free flowing material with the

phar madeut i €h¢ foympletemoladiion bydiepiiethedantianiior qartenate kiasithe foranda: d.

,Fonpre33| ng the mxture into a tﬁﬁgk&bﬂyXHzo
where x has a value from 3 to 8.

4, The formulation of claim 3, wherein x has a value from about 4 to about 5.

5. The formulation of claim 1, wherein the diluent is dextrates or sorbitol.
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wherein the process is performed w thout wet granul ation or drying,
the diluent is dextrates, corn syrup, oligosaccharide,

i somal t ool i gosacchari de, glucose, |ycasin, xylitol, lactitol,
erythritol, mannitol, isonaltose, polydextrose, dextrin, starch
fructose, xylitol, maltodextrin, maltitol, isomalt, |actose,

sorbitol, mcrocrystalline cellul ose, sucrose based dil uent-binders,
confectioner's sugar, calciumsulfate dihydrate, calciumlactate
trihydrate, hydrol ysed starches, dextrose, inositol, hydrolyzed
cereal solids, anylase, or glycine, and the flow agent i s nagnesium
stearate, talc, polyethylene glycol, silica, colloidal anhydrous
silica, hydrogenated vegetable oils, glyceryl behenate, or glyceryl
nonost &ar at dhe formmlgsion gf ehaimal . wierein thel gvwegent istseleidal anhylrousrilivanuan
car bon ?ﬂﬁﬁ f 'fggﬁ( ) 3. xH20 where x has a value from3
to 8. %&ﬁ e %Qﬁ&ﬂgﬁ?&kagf C é%%ﬁb, wherein x has a val ue from about
4 to about 5. 5.The formulation of claim1l, wherein the diluent is

dextrates or,sarbitol. 6. The fornulation of claim]1, erein the
how adent oS Slspiabledantiasii o GateamprairestreLib Bh ARt AR e o6
of the ch@hiEtka Exﬁﬂfﬁcieﬁcy,mﬁpﬁﬁﬁ%’ﬂ@ fBlldwnk MaedRgar bonat e

phar maceutical tablet of claiml for the treatnent of chronic renal

i nsufficiency, compts-ag—t-Re—Fetew-Rg—hRgedieht-sr—rgadi-entlo by
wei ght | ant hanum car bonat e2@uddielext r at es69. 3 col | o} gadeigithydr ous
silica2.0 talcl.7 f . i

\carbonate i s hydrated havi tegthanusataghongont ent of abou26.4 nol es of
water. 8. The chewabl e | adedttaiseim car bonat e phar naceiti.cal tabl et of
claim1 for the treatnent eflloidalashydoyseitiad i nsuffici édcy conpri sing

the follow ng ingredients: tale 1.7
magnesim stearate 0.5

wherein the lanthanum carbonate is hydrated having a water content of about 4 moles of water.

8. The chewable lanthanum carbonate pharmaceutical tablet of claim 1 for the treatment of

chronic renal insufficiency comprising the following ingredients:

Ingredient % by weight
lanthanum carbonate 45.8
' dextrates 512
/ colloidal anhydrous silica 2.0
' magnesium stearate 1.0

wherein the lanthanum carbonate is hydrated having a water content of about 4 moles of water.

0. A lanthanum carbonate pharmaceutical formulation in a powder, comprising lanthanum
carbonate in an amount of from about 200 mg to about 1000 mg elemental lanthanum in the
proportion of about 10 to about 40 wt % of the formulation as elemental lanthanum and

pharmaceutically acceptable excipients comprising a diluent in an amount from about 40 to
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| ngr edi ent % by wei ght | ant hanum car bonat e45. 8 dextrat es51. 2 col | oi dal
anhydrous silica2.0 nmagnesi um stearatel. 0 wherein the | ant hanum
carbonate is hydrated having a water content of about 4 nol es of
water. 9. A | anthanum carbonate pharnaceutical fornmulation in a
powder, conprising |anthanum carbonate in an anmount of from about 200
ng to about 1000 ng el enental |anthanumin the proportion of about 10
to about 40 wt % of the formulation as el enental |anthanum and
pharmaceutically acceptabl e excipients conprising a diluent in an
amount from about 40 to about 80 wt % of the formulation and a flow
agent i;80,3 R0 BE thb M ARRM N 2 Fo AHtn 2mOuitiirod ﬁéouw@ to about 5.0 wt
formul ati on, produced by a process conpri ses the steps of"
bIend|ﬁ@OfﬁeﬁMaHMMQnumpéaﬁ@bmamexaﬂUﬂnHEGEMamﬁa&em&msaﬂIy acceptable

excipients, _ b. e the resultin ination.into l ug .
marertal o % of 1 SEEDE PG, S el T A RPN Ste B0k S pisni
mat eri al , and Ccompﬂeismyhé Reulping pahBidatigat igfol Adlud MbRridl drireier thapddiag
powder m xt wherein the process is performed without wet

granul ati on reﬂ‘rl%‘}grf@mbﬂfl*f’émﬂimt éﬁ‘traqd'énﬁ%% r@des, corn syr up,

ol i gosacchagi de, niﬂﬁﬁ@ﬁie%éﬂa&%&&%%tbqfﬁree% wdeY fiddhied: xylitol,
lactitol, erythritol, mannitol, i1sonaltose, dextrose, dextr| n,

starch, frustess thepidcesslis perfdrmed withoitnyet gmlnulatlorh pr dl'smgatﬂle dilbent fsose,
sor bi t (aextranésccr:é)rgr t,ac!lgf)gaecclga%de Ui]scgﬁagtoa 1%(%(%9 }P%Q §c8§ %f?sg txgl @??30?1101,

conf ectl oners sugar ci-uam sul

{tri hy?b@ﬂﬁﬁohhﬂhﬂt@l,&@@inﬂto@é qi@g&lsxtdﬁxtdeﬁﬁﬁ start@Sfriddse, AWASIOYERE X trin,
cerea

?llds, | ase l yci ne, a} @eflowa ent Jd's. magnesi um
st ear af@ ttph Formaliclpciatehsareiie Bicyresyetalen sellalost apsreredre vy tudes,
si | i cacokrydicpeena %ﬁ?gﬂn@igﬁtsﬁﬁ‘!ﬁtﬁ d‘i'Hyhi?'ate 9411}!&&{]){&:1113@9@&@&@ hy@fol:fb'eél’ Qﬁfcﬁés

nonost ear at e. hanum car onat e phar maceuti'cal formilation In
a powd éﬁxtwnpmsgfph gydiobrehemenhselaisbondass, drglagina aod the ﬂwrw dgeois about

about *THLr S B bl Gy ST byt B R B BB ene

and phaegapabdiivilss glybaryHehepita ok glyesgl fposistearatonpri si ng a diluent in an
anount from about 40 to about 80 wt % of the fornulation and a fl ow
agent in an anount from about 0.1 to about 5.0 wt % of the

fornul api onA 1pkREHGEEhBhate PHaRRASSHM R RuRANP I SFswded eorﬁlsﬁsl@ég @Jnthan@m

conpressing the | anthanum carbonate into a slug materi al ol I er
conpac EFRgNAINE anAToNaheffTea rb 0@ migre abant $00Qme clemeatal hmthambn in the

milin d}p@ﬁmﬁ' of bt lﬁﬁ ke BEGL0 S ind R %ﬂuﬁtl{n{ o ?1%$%Q%tﬂﬁh%rénﬁl and

c. ble ree flow ng powder
phar n’apracaitlbyllsamematdbb)eslplents comprising a diluent in an amount from about 40 to

/ about 80 wt % of the formulation and a flow agent in an amount from about 0.1 to about 5.0 wt
% of the formulation, produced by a process which comprises the steps of:
a. compressing the lanthanum carbonate into a slug material or roller compacting the
lanthanum carbonate into a strand material,
b. milling the slug or strand material into a free flowing material, and
c. blending the free flowing powder material with the pharmaceutically acceptable

excipients to form a mixture,
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excipients to forma m xture, wherein the process is
performed w thout wet granulation or drying, the diluent is
dextrates, corn syrup, oligosaccharide, isonaltooligosaccharide,

gl ucose, lycasin, xylitol, lactitol, erythritol, mannitol,
i somal t ose, pol ydextrose, dextrin, starch, fructose, xylitol
mal t odextrin, maltitol, isomalt, |actose, sorbitol, mcrocrystalline

cel l ul ose, sucrose based dil uent-binders, confectioner's sugar,
calciumsul fate di hydrate, calciumlactate trihydrate, hydrolysed
starches, dextrose, inositol, hydrolyzed cereal solids, anylase, or

gl yci ne, angyHehsn {hle? ca&q%eﬁ&nﬁagm&mt%tmra%ﬁor a@ln% Rk &l iyl ene
glycol, silica, colloidal anhydrous silica, hydro enat éd veget abl e

oi | s, Ve@é%yPorbébvélnaft1aoS@ph@dyclé@mltqqrbg@ﬂg@@@néq,@ ucose, Inisesif,auykitel deqtmi,

of clal d: h r t

b ena Shitol HRANEATIOMANAIE EAEEES Wb, SAIRL 1r365ecl I3 SRRk,

exci pi emtitol, isofmattmaetosd, xbrbitel, mavrokrstaltinerpllakst, rsgcrbkeebamd(dlure&t bifdes,a

t abl et . . The Iantha un1ca har naceut i cal rmyl ati.on _of

cl ai m FOPAGHIANEYT $UER o ﬁb%%gyﬁﬁgﬁaelél%lgﬁﬁteaﬂh&ﬁe}gﬂwﬁfqlw aBehes.

20 to aegtseIHodol, WylRNBEBHEAI saSdst ARyIBLL BB eine, and the flow agent is
magnesium stearate, talc, polyethylene glycol, silica, colloidal anhydrous silica, hydrogenated

vegetable oils, glyceryl behenate, or glyceryl monostearate.

11, The formulation of claim 1, produced by the process which comprises the steps of:
a. blending the lanthanum carbonate and the pharmaceutically acceptable excipients
to form a mixture; and

b. compressing the mixture into a tablet.

12, The lanthanum carbonate pharmaceutical formulation of claim 1, wherein the lanthanum

carbonate is in an amount from about 20 to about 30 wt % Janthanum, as the element.
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