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carbonate or bicarbonate. The resulting material can be used as a phosphate binder individually or for treating patients with hyper-
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LANTHANUM CARBONATE HYDROXIDE, LANTHANUM OXYCARBONATE
AND METHODS OF TEEIR MANUFACTURE AND USE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001}] This application claims the benefit of the filing
date of United Stztes Provisional Patent Application
No. 61/333,887 filed May 12, 2010, the disclosure of which is
hereby incorporated herein by reference in its entirety.
BACKGROUND OF THE INVENTION
[0002] Pharmaceutical products for use in the treatment of
hyperphosphatemia are known in the art. These include those
disclosed in U.S. Patent No. 7,588,782, which describes
certain lanthanide containing compounds including lanthanum
dioxycarbonate (alsc referred to herein as LDOC) as well as
U.sS. Patent Nos. 5,968,976; 7,381,428; and 7,465,465,
describing various lanthanum carbonate hydrates including
those of the formula La2(C03)3.xH20 (also referred to herein
as Jlanthanum tricarbonate). These compounds work by binding
phosphate that a subject consumes. One such compound is
marketed under the trademark FOSRENOL. Other products for
Creatment of hyperphosphatemia include RENAGEL, which 1is a
polymeric phosphate binder also known as sevelamer HCI.
[0003] In particular, U.S. Patent No. 7,588,782 describes
the production of, inter alia, lanthanum dioxycarbonate from
a reaction of lanthanum chloride with sodium carbonate to
produce what is referred to therein as a lanthanum

oxycarbonate (La,0 (C03),.xH,0). This is then heated in a furnace

at high temperatures to produce lanthanum dioxycarbonate. See
generally the '782 patent, example 5. It has subsequently
been learned that one compound characterized 1in the '782

patent as lanthanum oxycarbonate 1s 1in fact a lanthanum
carbonate hydroxide (LaCO30FE or LCH) with or without further
associated water. It is this compound which 1is heated to
produce lanthanum oxycarbonate. The LDOC material finally

produced 1is said to be crystalline 1in nature, made up of
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approximately round particles of about 100 nanometers in size
and is noted as being anhydrous. Figure 20 of the '782 patent
shows improved phosphate binding kinetics for LDOC made in
accordance with example 5 when compared to various hydrates of
lanthanum tricarbonate. Specifically, at 10 minutes,
lanthanum dioxycarbonate had bound somewhere between about 70
and 80 percent of the available phosphate where lanthanum
tricarbonate tetrahydrate had bound only about 40 percent.
This test was undertaken at pH 3.

[0004] It was discovered, however, the phosphate binding
kinetics of lanthanum dioxycarbonate as described in the '782
patent was not consistent at all pHs. As pH tended to
increase, as would happen in the digestive tract of a mammal,
the binding kinetics slowed. The '782 patent describes a
material of great value pharmacologically and great utility.
But, as with most things, there is room for further
development.

BRIEF SUMMARY OF THE INVENTION

[0005] In one aspect, the present invention relates to a
method of producing a lanthanum compound comprising: reacting
a soluble salt of a lanthanum (often a lanthanum halide) with

a non-alkali metal carbonate in a solvent to produce a

lanthanum carbonate hydroxide (LCH) which is then
precipitated.
[0006] In one embodiment, the relative ©proportion of

lanthanum halide to carbonate 1in the reaction is about 1:1. In

another embodiment, the relative proportions of lanthanum
halide to carbonate 1s about 1:2 or more. In another
embodiment, the ratio is about 1:3 or more. In still another

embodiment, the amount of lanthanum halide relative to the
amount of carbonate in the reaction ranges from between about
1:0.8 and about 1:4. Generally, the LCH material of the
present invention has a higher surface area (2 3 times the

surface area of the LCH of the '782 Patent), higher bulk and
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tap density, different morphology (spherical primary particles
versus needles and plates), and & different ©polymorph
structure by powder x-ray diffraction (PXRD or PXD). The
pattern of the material of the invention has a pattern
matching ICDD file 26-815, while that of the corresponding
material of the '782 Patent has a pattern matching ICDD file
49-981. The prior art contains some residual sodium (up to 1%)
as a result of the sodium-containing precursors used 1in the
synthesis of the compounds, while the material of the
invention containg little (incidental traces) or no sodium as
the methods of the present invention do not use reactants
containing sodium or other alkalis.

[0007] In one embodiment, the reaction temperature ranges
from between about 65 and about 110 degrees C and the reaction
PpH is at least about 4.5.

[0008] The non-alkali metal carbonate used may include,
without 1limitation, any water soluble, non-group 1A metal-
containing carbonate or bicarbonate such as ammonium
bicarbonate and ammonium carbonate.

[0009] In one further embodiment, the reaction temperature
ranges from between about 75 and about 20 degrees C and the pH
is 6.0 or above.

[0010] In one aspect of any of the foregoing, the LCH
precipitate exists in the solvent at a precipitate
concentration that ranges from between about 20 and about
55 g/L.

[0011] In a particular embodiment, the invention relates to
a method of producing a lanthanum carbonate compound
comprising reacting a soluble salt of a lanthanum halide with
a non-alkali metal carbonate 1in a solvent at a reaction
temperature from between about 65 degrees C to about 110
degrees C at a pH of at least about 4.5 and precipitating the

reaction product, wherein the reaction product i1is lanthanum
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carbonate hydroxide which includes about 0.5% by weight or
less of an alkali-compound.

[0012] In further embodiments, the present invention
relates to a method of producing a lanthanum carbonate
compound comprising reacting a soluble salt of lanthanum
chloride with ammonium carbonate in a solvent at a reaction
temperature from between about 75 degrees C to about 90
degrees C, at a pH of from about 6.0 to 7.5 and precipitating
the reaction product, wherein the reaction product 1is
lanthanum carbonate hydroxide which includes about 0.5% by
weight or less of sodium. In various embodiments, the amount
of lanthanum chloride relative to the amount of ammonium
carbonate in the reaction ranges from between about 1:0.8 and
about 1:4. In another embodiment, the lanthanum carbonate
hydroxide produced has a pattern matching ICDD file 26-815.
[0013] Any of these methods can further comprise the step
of calcining the LCH so that the powder temperature reaches
between about 400 and about 700 degrees C for at least two
hours to produce a Ilanthanum oxycarbonate. In another
embodiment, the calcining powder temperature ranges from about
440 to about 640 degrees C, in still another embodiment, the
calcining powder temperature ranges from between about 500 and
about 600 degrees C. Often the temperature used is about 550
degrees C. The resulting lanthanum oxycarbonate may be a
lanthanum dioxycarbonate and, in particular, La;0,C03 which may
be crystalline or amorphous and may be solvated or not.

[0014] in some embodiments, the resulting lanthanum
dioxycarbonate includes no more than about 10% by weight of
another polymorphic form of lanthanum dioxycarbonate referred
to herein as LayCOs. In still another embodiment, the resulting
lanthanum dioxycarbonate includes no more than about 5% by
weight of La,CO: and, in particular, no more than about 1% by

weight of LaZCOb .
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[0015] In some embodiments of any of the foregoing methods,
the LCH includes less than about 0.5% by weight (alkali-metal
basis) of an alkali-compound and, 1in particular, sodium. In

another embodiment, the total amount of any alkali compound

present is (0.3% by weight or less (on an alkali-metal
basis — weight of the alkali-compound on the wt$% Dbasis

calculated based on the metal alone as determined Dby
inductively coupled plasma (ICP)) and in still another
embodiment, 0.1% or less.

[0016] In other embodiments of any of the foregoing
methods, the resulting lanthanum oxycarbonate includes 1less
than about 0.75% by weight (alkali-metal basis) of an alkali
compound and, in particular, sodium and in other embodiments,
0.4% by weight or 1less. In still another embodiment, the
lanthanum oxycarbonate of the invention includes 0.2% by
weight or less.

[0017] Thus, in a particular embodiment, the present
invention also relates to the method provided above for
producing a lanthanum carbonate compound further comprising
calcining the reaction product at a temperature between about
400 and about 700 degrees C for at least two hours to produce
lanthanum dioxycarbonate comprising one or more polymorphs of
formulae Lz,0,C0: and LayCOs and which includes about 0.75% by
weight or less c¢f sodium. In one embodiment, the calcination
temperature is about 550 degrees C. In additional
embodiments, the resulting lanthanum dioxycarbonate comprises
no more than about 5% by weight of the polymorph of formula
LayCos. In another embodiment, the resulting lanthanum
dioxycarbonate comprises no more than about 1% by weight of
the polymorph of formula La,COs.

[0018] The products produced by any of these processes as
described above are also contemplated. Thus, 1in a particular
aspect, the present invention relates to a lanthanum carbonate

compound selected from the group consisting of a lanthanum
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carbonate hydroxide which includes about 0.5% by weight or
less of sodium, and a lanthanum dioxycarbonate which comprises
one or more polymorphs of formulae Lay0;C0O: and LayCOs, and which
includes about 0.75% by weight or less of sodium. In a
particular embodiment, the lanthanum carbonate hydroxide has a
pattern matching ICDD file 26-815. In another embodiment the
lanthanum dioxycarbonate comprises no more than about 5% by
welight of the polymorph of formula La,COs. In another
embodiment the lanthanum dioxycarbonate comprises no more than
about 1% by weight of the polymorph of formula La,COs. _n a
particular embodiment, the lanthanum dioxycarbonate has either
a pore volume of at least 0.015 cm’/g or includes about 0.75%
by weight or less of sodium. In yet another embodiment, the
lanthanum dioxycarbonate nas either a pore volume of at least

0.020 cmB/g or 1ncludes about 0.75% by weight or less of

sodium.
[0019] Another embodiment is an agueous suspension
comprising: lanthanum cerbonate hydroxide and an ammonium

halide in a water solvent.

[0020] Aspects of the invention also include lanthanum
carbonate hydroxide (LCH) having at least one of: an average
aggregate size (Dsp; by volume of aggregates measured by laser
based techniques) of between about 4 and about 80 microns; a
relatively high porosity(greater than that achieved by use of
the same process using a sodium carbonate reactant); a BET
surface area of at least about 1 m?/g and often between about 1
and about 100 m*/g; a bulk density of about 0.1 to about 1.1
and 1in another embodiment, between about 0.5 and about
0.8 g/cc; an alkali-metal content of about 0.5% by weight
(alkali-metal basis) or less.

[0021] In another embodiment, the invention includes
lanthanum oxycarbonate having at least one of: an average
aggregate size (D50 by volume of aggregates measured by laser

light based technigues) of between about 4 and about 80
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microns; a relatively higher porosity; a pore volume of at
least 0.015 cm’/g, or at least 0.020 cm’/g (greater than that
achieved by use of the same process using a sodium carbonate
reactant); a BET surface area of at least about 20 m?/g and
often between about 30 and about 40 n@/g; a bulk density of
about 0.1 to about 1.1 and in another embodiment, between
about 0.5 and about 0.8 g/cc; an alkali-compound content of
about 0.75% by weight (alkali-metal basis) or less. The LCH
and lanthanum oxycarbonates of the invention often have a
specific gravity of 5.15 g/cc + 0.1 g/cc.

[0022] In some embodiments, the lanthanum oxycarbonate is a
specific polymorph of lanthanum dioxycarbonate represented
herein by the formula Laz0,CO;. In some embodiments, this
polymorph is essentially pure, substantially pure, or pure
with regard to other polymorphs.

[0023] A pharmaceutica’ composition comprising an effective
amount of the lanthanum carbonate hydroxide and/or lanthanum
dioxycarbonate and at least one pharmaceutically acceptable
excipient is also contemplated.

[0024] Pharmaceutical compositions comprising an effective
amount of an active pharmaceutical 1ingredient which 1is a
lanthanum carbonate hydroxide or lanthanum oxycarbonates
having at least one of the physical properties mentioned above
and at least one pharmaceutically acceptable excipient are
also contemplated. Thus, 1in one aspect, the present invention
relates to a pharmaceutical composition comprising an
effective amount of one ar more lanthanum carbonate compounds
selected from the group consisting of lanthanum carbonate
hydroxide which includes about 0.5% by weight or less of
sodium and lanthanum dioxycarbonate which includes about 0.75%
by weight or less of sodium, and at least one pharmaceutically
acceptable excipient, wherein said pharmaceutical composition
is a dosage form selected from the group consisting of swallow

tablets, swallow caplets, compressed dosage forms, swallow
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hard gelatin capsules, swallow soft gel capsules, orally
dissolvable tablets, orally dissolvable caplets, orally
dissoclvable hard gelatin capsules, orally dissolvable soft
gelatin capsules, chewable tablets, chewable caplets, chewable
capsules, powders, sprinkles, orally disintegrable films,
foods, confections, gums, syrups, suspensions, emulsions or
dispersions. In a particular embodiment, tThe pharmaceutical
composition comprises lanthanum dioxycarbonate which  has
either a pore volume of at least 0.015 cm’/g or includes about
0.75% by weight or less of sodium. In yet another embodiment,
the pharmaceutical composition comprises lanthanum
dioxycarbonate which has either a pore wvolume of at least
0.020 cm’/g or includes about 0.75% by weight or less of
sodium.

[0025] As contemplated herein, in a particular embodiment

the effective amount of one or more lanthanum carbonate

compounds (active pharmaceutical ingredient) ranges from
between about 125 to about 20,000 mg per dose. In another
particular embodiment, the invention relates to a

pharmaceutical composition as provided above wherein the
effective amount of one or more of the lanthanum carbonate
compounds in the dosage form ranges from between about 123 mg
to about 20,000 mg and up to about 95% by weight of each
dosage form. In yet another particular embodiment, the
invention relates to a pharmaceutical composition as provided
above wherein the effective amount of one or more lanthanum
carbonate compounds ranges from between about 125 mg to about
20,000 mg and up to about 95% by weight of each dosage form
and wherein said lanthanum carbonate compound comprises
lanthanum d-ioxycarbonate of formula Lay0,C0;. In yet a further
embodiment, the invention relates to a pharmaceutical
composition wherein the effective amount of one or more
lanthanum carbonate compounds ranges from between about 125 mg

to about 20,000 mg anc wherein saild lanthanum carbonate
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compound comprises lanthanum dioxycarbonate of formula La,0,COs,
In further embodiments, the invention relates to the
pharmaceutical composition provided above wherein the
effective amount of one or more lanthanum carbonate compounds
is selected from the group consisting of from about 100, 125,
150, 250, 500, 750, or 1000 mg.

[0026] In other embodiments, any of the pharmaceutical
compositions described herein further comprises a secondary
phosphate binder in an amount of up to 150% of the amount of
the active pharmaceutical ingredient. Thus the resulting
composition could include, as actives, about 33% of the API
(LCH and/or lanthanum oxycarbonate of the invention) and about
67% of some other phosphate binding active.

[0027] It is contemplated herein that the LCH and lanthanum
oxycarbonates of the present invention, and pharmaceutical
compositions comprising these compounds, may be wused for
binding phosphate in vivo, e.g., for the treatment of a
condition characterized by an abnormally elevated 1level of
phosphate in the Dblood, e.qg. selected from the group
consisting of Thyperphosphatemia, chronic kidney disease,
general kidney failure, end stage renal disease, and chronic
renal insufficiency.

[0028] Thus, 1n another aspect, the invention relates zo a
method for treating a condition characterized by an abnormally
elevated level of phosphate in the blood comprising
administering to a subject in need thereof an effective amount
of a pharmaceutical composition described herein. In wvarious
embodiments, the condition to be treated i1s selected from the
group consisting of hyperphosphatemia, chronic kidney disease,
general kidney failure, end stage renal disease, and chronic
renal insufficiency.

[0029] In additional embodiments, the effective amount of
pharmaceutical composition administered to the subject ranges

from between about 200 to about 12,000 mg per day or from
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between about 500 to about 8000 mg/day. The effective amount
of pharmaceutical composition administered to the subject may
also range from between about 300 to about 4000 mg/day.

[0030] In a particular additional embodiment, the invention
relates to a method of treating hyperphosphatemia in a subject
in need of such treatment comprising administering to the
subject an effective amount of LCH or lanthanum oxycarbonate
produced by the processes of the present invention or having a
total sodium content of about 0.5% or less (alkali-metal
basis) or an increased phosphate binding kinetic or greater
porosity, relative to that obtained from another LCH or
lanthanum oxycarbonate, at a pE of 6.5.

[0031] In additional embodiments, the invention relates to
methods of treating conditions asscciated with an abnormally
elevated level of prhosphate in the blood, e.g.,
hyperphosphatemia, 1in a subject 1in need of such treatment
comprising administering to the subject an effective amount of
an active pharmaceutical ingredient which 1s a lanthanum
carbonate hydroxide and/or lanthanum dioxycarbonate having at
least one of the physical properties noted above. Thus, as
contemplated herein, the present invention includes methods
of treatment which comprise administering an effective amount
of a pharmaceutical composition which comprises a lanthanum
dioxycarbonate made according to the methods of the present
invention and which exhibits relatively greater BET surface
area, pore volume and/or phosphate binding kinetics than a
lanthanum dioxycarbonate made according to the process
provided in US 7,588,782 utilizing a sodium carbonate
reactant, i.e., a LDOC which comprises greater than 0.75% by
weight of sodium. To this end, in additional embodiments, the
instant invention relates to ©pharmaceutical compositions
wherein the lanthanum dioxycarbonate has relatively greater
BET surface area than a lanthanum dioxycarbonate which

comprises greater than 0.75% by weight of sodium. In a

_lo_
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particular embodiment, the BET surface area is greater than 20
H@/g. In another embodiment, the BET surface area 1s greater
than 30 m°/g. The invention also relates to pharmaceutical
compositions wherein the lanthanum dioxycarbonate has
relatively greater pore volume than a lanthanum dioxycarbonate
which comprises greater than 0.75% by weight of sodium. In a
particular embodiment, the pore volume is at least 0.015 cmB/g.
In another embodiment, the pore volume is at least 0.020 cm3/q.
[0032] In various embodiments of these formulations and
methods, other ingredients such as a second API, or one or
more excipients, may 1include alkali metals including sodium
such that the total content of alkali metals in the dosage
form may be greater than 0.75% by weight. But alkali metals
added after calcining of the LCH to form a lanthanum
oxycarbonate of the invention are not counted in determining
alkali-metal content as described herein.

[0033] These methods may further comprise administering
simultaneously (at the same time), sequentially (one after
another separated by 1less +than about half an hour) or
concomitantly (more than half an hour apart) a secondary
phosphate binder in an amount of up to 150% of the amount of
the active pharmaceutical ingredient (the LCE and/or LDOC).
[0034] In some embodiments of these methods, the effective
amount of active pharmaceutical ingredient administered to the
subject ranges from between about 200 and about 12000 mg per
day.

[0035] The methods and pharmaceutical compositions of the
invention may further comprise administering to the subject a
secondary phosphate Dbinder which is ©biocavailable in the
intestine but not 1in the stomach. A method of binding
phosphate 1is also contemplated which comprises reacting a
phosphate source with a lanthanum carbonate hydroxide and/or
lanthanum oxycarbonate produced by one of the processes of the

invention described herein and/or one of the ©physical
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properties described herein is also contemplated. Thus, in
another aspect, the invention relates to a method of binding
phosphate comprising reacting a phosphate source with a
lanthanum dZoxycarbonate, and optiocnally a lanthanum carbonate
hydroxide, as provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Figure 1 illustrates the morphology and powder X-ray
diffraction patterns for two polymorphs of LCH: high surface
area ICDD card file no. 26-815 on the left and lower surface
area ICDD card file no. 49-981 on the right.

[0037] Figure 2 illustrates the interdependence of BET
surface area of LDOC and the BET surface area of LCH produced
in accordance with the invention.

[0038] Figure 3 illustrates the interdependence of the bulk
density of LDOC and the bulk density of LCH produced in
accordance with the invention.

[0039] Figure 4 1illustrates the relationship between LCH
reaction pH and LDOC aggregate (particle) size at a given
temperature.

[0040] Figure 5 i1illustrates scanning electron microscope
images of LCH and LDOC produced 1in accordance with the
invention (RZB013 and RZB014 respectively) in comparison to
the materials produced  before and after calcining in
accordance with the '782 Patent (RzZBO11 anc RzZB0O12
respectively) . Note the difference between RZB-012 and RZB-
014, which have very different morphologies.

[0041] Figure 6 is the PXRD pattern for RZB-011 produced in
accordance with the '782 Patent.

[0042] Figure 7 is the PXRD pattern for RZB-012 produced in
accordance with the '782 Patent.

[0043] Figure 8 is the PXRD pattern for RZB-013 produced in
accordance with the present invention.

[0044] Figure 9 is the PXRD pattern for RZB 014 produced in

accordance with the present invention.

_12_
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[0045] Figure 10 provides a graphical representation of the
binding kinetics of LCH and a lanthanum oxycarbonate in
accordance with the '782 Patent (RZB-011, RZB-012), and
LCH/La,0,C0O; produced in accordance with the present invention
(RZB-013 and RZB-014) at 10, 20, 30, 40, 50 and 60 minutes at
a constant pH of 6.5 at 20 degrees C measured as provided
herein.

[0046] Figures 11-20 illustrate scanning electron
microscope images (200,000 magnification) of LCH (Figures 11—
13) and LDOC (Figures 14-15) produced in accordance with the
methods of US 7,588,782, and LDOC produced according to the
methods of the present invention (Figures 16-20).

DETAILED DESCRIPTION

[0047] While the specification concludes with the claims
particularly pointing and distinctly claiming the invention,
it 1is Dbelieved that the present invention will be Dbetter
understood from the following description. All percentages
and ratios used herein are by weight of the total composition
and all measurements made are at 25°C and normal pressure
unless otherwise designated. All temperatures are 1in Degrees
Celsius unless specified otherwise. The present invention can
comprise (open ended) or consist essentially of the components
of the present invention as well as other ingredients or
elements described herein. As used herein, "comprising" means
the elements recited, or their equivalent in structure or
function, plus any other element or elements which are not
recited. The terms "having" and "including" are also to be
construed as open ended unless the context suggests otherwise.
As used herein, "consisting essentially of" means that the
invention may include ingredients in addition to those recited
in the c¢laim, but only if the additional ingredients do not
materially alter the basic and novel characteristics of the
claimed invention. Preferably, such additives will not be

present at all or only in trace amounts. However, 1t may be
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possible to include up to about 10% by weight of materials
that could materially alter the basic and novel
characteristics of the invention as long as the utility of the
compounds (as opposed to the degree of utility) is maintained.
All ranges recited herein include the endpoints, including
those that recite a range "between" two values. Terms such as
"about," "generally," "substantially," and the like are to be
construed as modifying a term or value such that it 1s not an
absolute, but does not read on the prior art, unless otherwise
defined Therein. Such terms will be defined by the
circumstances and the terms that they modify as those terms
are understood by those of skill in the art. This includes,
at very least, the degree of expected experimental error,
technique error and instrument error for a given technique
used to measure a value. The entire teachings of any patents,
patent applications or other publications referred to herein
are 1incorporated by reference herein as if fully set forth herein.
[0048] Note that while the specification and c¢laims may
refer to a final product such as, for example, a tablet or
other dosage form of the invention as, for example, containing
particles having a certain particle size or distribution, or a
certalin type of, for example, a specific form of a filler, it
may be difficult to tell from the final dosage form that the
recitation is satisfied. However, such a recitation may be
satisfied if the materials used prior to final production (in
the case of a tablet for example, Dblending and tablet
formulation), for example, meet that recitation. Tndeed, as
to any property or characteristic of a final product which
cannot be ascertained from the dosage form directly, it 1is
sufficient if that property resides in the components recited
just prior to final production steps.

[0049] Where this document refers to a material, such as in
this instance, LCH and LDOC, by reference to patterns, spectra

or other graphical data, it may do so by qualifying that they
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are "substantially" as shown or depicted in a figure, or by
one or more data points. By "substantially" used in such a
context, 1t will be appreciated that patterns, spectra and
other graphical data c¢en be shifted in their ©positions,
relative intensities, or other wvalues due to a number of
factors known to those of skill in the art. For example, in
the crystal_ographic and powder X-ray diffraction arts, shifts
in peak positions or the relative intensities of o¢one or more
peaks of a pattern can occur because of, without limitation:
the equipment used, the sample preparation protocol, preferred
packing and orientations, the radiation source, operator
error, method and length of data collection, and the like.
However, those of ordinary skill in the art should be able to
compare the figures herein with a pattern generated of an
unknown and confirm its identity as one of the forms disclosed
and claimed herein. The same holds true for other techniques
which may be reported herein.

[0050] Tn addition, where a reference is made to a figure,
it 1is permissible to, and this document includes and
contemplates, the selection of any number of data points
illustrated in the figure which uniquely define that
crystalline form, salt, solvate, and/or optical isomer, within
any associated and recited margin of error, for purposes of
identification.

[0051] A reference to a molecule such as, in this case, LCH
and LDQOC, unless otherwise specified or inconsistent with the
disclosure in general, refers to any salt, crystalline or

amorphous form, optical isomer and/or solvate form thereof.

[0052] When a molecule or other material 1s identified
herein as "pure," 1t generally means, unless specified
otherwise, that the material is about 99% pure or more, In

general, this refers to purity with regard to unwanted
residual solvents, reaction byproducts, impurities and

unreacted starting materials. In the case of polymorphs,



WO 2011/143475 PCT/US2011/036317

"pure" also means 99% of one polymer relative to others, as
appropriate. "Substantizlly" pure means the same as "pure”
except that the lower limit 1s about 95% pure or more and
likewise, "essentially" pure means the same as "pure" except
that the lower limit is about 90% pure.

[0053] In one aspect, the present invention provides a
method of producing a lanthanum compound and 1in particular a
lanthanum carbonate hydroxide with or without associated water
(bound water of crystallization). Lanthanum carbonate
hydroxide and its properties have been found to have an impact
on the phase purity, polymocrphic state, morphology, and
pertformance of a resulting lanthanum oxycarbonate made
therefrom. In this process a lanthanum halide (bromide,
iodide, fluoride, <chloride, etc.) 1in an agqueous solvent is
reacted with a stoichiometric excess of a non-alkali metal
carbonate, also generally in water. In a particular
embodiment, the reaction 1is performec with at least three
times the stoichiometric amount of a non-alkali metal
carbonate. A stoichiometric excess assists in maintenance of a
desired pH during the reaction and zalso ensures that all
lanthanum reactant has been converted to lanthanum carbonate
hydroxide. Other solvents which may be used include low
molecular weight alcohols and other aguecus solvents.

[0054] Without wishing to be bound by any particular theory
of application, the resulting reaction can be illustrated by
the following equation:

2TLaClsz; (aqg) + 3(NHy) 2C0z;(aq) + H0 - 2LaC030H(s) + 6NH,Cl(aqg) + COz{(g)
where (aqg)=aqueous, (s)=solid, and (g)=gas. Other non-alkali
metal carbonates may also Dbe used in place of ammonium
carbonate. Ammonium Bicarbonate (NH4HCO;) may be used with
similar results. The amounts of reactants may need tc be
adjusted accordingly. It 1s also harder to maintain high pH

using bicarbonate during the reaction. Other sources of
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carbonate and bicarbonate may be used, so long as they are
soluble.

[0055] In particular, it has been found that sodium
containing carbonate and Dbicarbonate materials are 1less
advantageous. Without wishing to be bound by any particular
theory of operation, even when sodium 1is washed from the
resulting lanthanum carbonate hydroxide, 1t 1is believed to
influence the properties of the resulting lanthanum
oxycarbonate. While Dboth the processes of the present
invention and those of the '782 patent can result in
relatively high surface areas and small particle sizes, iz is
believed that the overzll effective surface area of the
lanthanum carbonate hydroxides and lanthanum oxycarbonates in
accordance with the present invention are relatively greater.
[0056] By "relatively greater"™ it 1is meant that if the
processes of the '782 patent and those of the present
invention were run under generally identical conditions but
with, for example, ammonium carbonate or bicarbonate used
instead of sodium carbonate, the surface area, as measured by
BET or otherwise, of the LCH or lanthanum oxycarbonates of the
present invention would be even higher than that resulting
from the practice of the '782 patent. The ammonium carbonate
process of the present invention should vield BET surface
areas (SA) in the 1 to 100 m?/g range for LCH. The SA of LDOC
in accordance with the invention 1s expected to be in the
range of about 20 to about 40 m’/g while LDOC from the process
of the '787 Patent would often be significantly less. To this
end, as usad herein "relatively greater BET surface area"
refers to the greater BET surface area of the LDOC compound of
the present invention when compared to the respective compound
in US 7,588,782 when made using similar ingredients, and under
similar conditions but wusing the process described in that
patent. As noted above, both processes are capable of

producing very fine particles/high surface area. Again without
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wishing to be bound by any particular theory of operation, it
may be that the greater porosity of the materials resulting
from the present invention may effectively increase the
overall surface area (or more reactive surfaces) allowing for,
inter alia, improved binding kinetics. This is predicated on
the porosity of individual or primary particles, not
aggregates. Thus, 1t 1s believed that the primary particles
of the invention provide relatively greater porosity than
would be measured for particles made in accordance with the
'782 Patent. As used herein, "relatively greater porosity",
refers to the observation that the overall porosity cf a
material made according to the methods of the present
invention 1s greater than that of a comparable product made in
accordance with US 7,588,782 all other factors being equal.
Furthermore, "porosity" as used herein means cumulative
adsorption pore volume determined using a static pressure
surface area analyzer with nitrogen as the adsorbate and
calculating the pore size by The BRarrett, Joyner, and Halenda
(BJH) method (Barrett E. P., Loyner L. G. and Halenda P. P.,
The determination of pore volume and area distributions in
porous substances. I. Computations from nitrogen isotherms, J.
Am. Chem. Soc. 73 (1951) pp. 373-380).

[0057] Similarly, as used herein, "relatively greater pore
volume" refers to the observation that the overall pore volume
of a material made according to the methods of the present
invention is greater than that of a comparable product mads in
accordance with US 7,588,782 all other factors being equal.
"Pore volume" as used herein refers to the cumulative
adsorption pore volume. In one embodiment, the cumulative
adsorption pore volume of the LDOC of the present invention is
at least 0.015 cm’/g. In another embodiment, it is at least
0.020 cm’/g.

[0058] No matter where the explanation may eventually lie,

however, it has Dbeen observed that materials prcduced in
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accordance with the present invention have different
properties than those produced 1in accordance with the '782
patent.

[0059] For example, in addition to differences such as in
relative pore volume, the LCH and LDOC compounds of the
present invention generelly demonstrate improved phosphate
binding kinetics compared to thelr respective compounds made
in accordance with US 7,588,782. As provided above, by
"improved phosphate binding kinetics" it is meant that if the
phosphate binding kinetics of the LDOC compounds of the '782
patent and those of the present invention were run under
generally s_milar conditions, (e.g., measured using ICP or ion
chromatography assays), the phosphate binding capabilities of
the lanthanum oxycarbonates of the present invention would be
even higher than the prhosphate binding capabilities
characteristic of the compounds of the '782 patent when
measured at 30 minutes or less and at a pH of 4.5 or above.
[0060] There are a number of parameters which influence the
production of lanthanum carbonate hydroxide including reaction
temperature, reaction pH, precipitate concentration, mixing,
feed rates, the purity of the starting materials, and the
like. And variations 1in these reaction parameters can have a
significant impact on processability and/or on the nature and
characteristics of a lanthanum oxycarbonate ultimately
produced from the LCH.

[0061] In one process, lanthanum carbonate hydroxide (LCH)
is produced by reacting Jlanthanum chloride and ammonium
carbonate in a continuous drip-fed reaction. The amount of
lanthanum chloride is provided at a fixed rate and the amount
of ammonium carbonate is variably fed. These solutions are fed
into a volume of temperature controlled and mixing-controlled
water. The pH can be kept close to constant during the
reaction and the concentration of the resulting precipitate is

controlled by adjusting the weight ratio of the lanthanum
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chloride pzrovided to the reactor water volume. Once a
precipitate is formed, it is washed and filtered to remove the
reaction salt which, in this particular case, should be
ammonium caloride. This can be accomplished wusing any
traditional process including wusing a standard laboratory
Buchner (vacuum) filtration apparatus. The LCH can be filtered
and resuspended 1in water and refiltered as many times as
desirable until a desirec suspension conductivity (indicating
salt content) 1is reached. The ILCH 1is then filtered a final
time to increase the so_ids loading for drying. Drying, in
which the LCH filter cake (typically 40 to 60 percent solids
by weight) can be loaded into pyrex trays and heated 1in a
natural convection drying oven, e.g., a stainless-steel lined
convection drying oven, for 16 hours or more at 110 Degrees C,
can be used. Other traditional drying techniques may be used.
Thereafter, the material <can be dry milled and screened
through, for example, a 0.6 millimeter mesh screen.

[0062] The pH of this reaction can wvary, but should be
greater than about pH 4.5. However, depending on, in
particular, the temperatures used and the concentration of the
resulting precipitate, a pH of below 5 and even below b6 may
reduce overall surface area. The resulting materials also may
suffer in terms of bulk density. The trend in the testing
done so far seems to indicate that at a pH of 6.0 or above (up
to about pH 8.0) the average BET-surface area (BET-SA) 1is
generally higher. The surface area and bulk density are
believed to be improved as pH increases.

Table 1. Effects of pH within the constraint of 85 Degrees C

reaction temperature and 36-45¢g/L concentration.

pH Average LDOC Average Bulk Number of samples Number of
BET-SA Density with BET-SA below Samples
(m"2/qg) (g/cc) 20m~2/g

5.5 9.8 0.4- 3 3

6 22.0 0.66 2% 8

6.5 20.9 0.77 2 3

7 23.9 0.90 0 4
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*One batch from this group saw an instrumentation malfunction
accompanied by & drop in pH to ~4.5 momentarily, which may
have caused the low BET-SA. The other batch saw an unusual

drop in BET-SA from 41m~2/g as LCH to lem”~2/g as LDOC.

The samples identified in Table 1 were synthesized at an 85

Degrees C reaction temperature, and 36-45g/L LCH
concentration.
[0063] The data in Table 1 suggests that a low pH of 5.5

precipitates a low—SA LCH which in turn produces the low LDOC
BET-SA (BET surface area) observed. A low bulk density at this
pH 1is also observed, which has been o¢bserved to mildly
correlate with BET-SA and thus is not surprising. At a pl of
6.0 or above, the average BET-SA 1is higher. The BET-S5SA
appears slightly better still at a pH of 7.0.

[0064] As shown 1in Figure 4, the pH at which LCH was
produced may also play a role 1in determining the aggregate
size of the LDOC produced therefrom. As the pH increased, 850
too did aggregate size. But the initial data for BET-SA did
not match this trend. Thus, pH may be impacting the relative
agglomeration strength of the aggregates and not the actual
size and surface area.

[0065] Reaction temperature also plays a role. It has been
found that at temperatures of 75 Degrees T or below or 90
Degrees C or above, the cverall surface area of the resulting
LCH may in fact Dbe suboptimal. While it may be possible,
depending upon other conditions, to obtain a suitable product
with desirable surface area at temperatures below 75 and above
90 Degrees C, processes Dbeing run Dbetween these two
temperatures may be optimum. Accordingly, in one embodiment,
the reaction temperature may be between about 65 and 110
Degrees C, 1in another embodiment the reaction temperature will
range from between about 70 and 100 Degrees C and in still
another embodiment Dbetween 75 and ¢0 Degrees C. In one

particular embodiment, the reaction temperature will range

_21_



WO 2011/143475 PCT/US2011/036317

from between about 80 to about 85 Degrees C. Table 2 below
illustrates the effect of temperature on BET-S5A, and some

effects on processability.

Table 2. Effects of Temperature on BET-SA and processability

Temperatuzre Average Percentage of Average Filter Number of
(°cy BET-SA Batches which Cake Moisture Samples
(n*2/q) "gelled" (%)
75 16.9 71% 76 7
80 23.2 100%% 54 3
85 20.2 20% 56 20
S0 8.0 0% 43 3

*All the samples in this group were also produced at a high
LCH concentration, which confounds the effect of temperature
alone on gelling, 1i.e. the gelling is more likely due to the
high concentration rather than the 80 Degrees C process
temperature.

[0066] The data indicates that both at 75°C and 90°C, the
BET-SA is reduced. The BET-SA average is maximum at 80°C and
85°C. Add-tionally, at 75°C, the majority of the batches
gelled during the reaction, indicating a consistent problem
with processability. In addition, at this temperature the
filter cakes retained a very high moisture content, making
removal of the reaction salt via washing quite difficult. Tt
should be noted that although 100% of the materials gelled at
an 80°C reaction temperature, all three samples of this group
were also processed at a concentration of 55-60g/L, which as
will be noted shortly also presents problems of gelling and

filtration. Higher temperatures may be more useful at Ilower

concentrations.
[0067] The concentration of the precipitate also can play a
role particularly in terms of processability. If the

concentration is too high, viscosity becomes too great and the
material seems to "gel" as noted briefly above. This makes
further processing difficult. Filtering becomes complicated,

drying times may increase, and there may be an impact on the
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overall performance of the resulting material. O0f course,
depending upon the other conditions wused, such as, for
example, pH and temperature, a wider range of precipitate
concentrations are possible. However, the precipitate
concentration should generally range from between about 20 to
about 90 grams/Liter and in another embodiment from about 30
to about 60 grams/Liter. In still another embodiment, the
precipitate concentration should be between about 35 and about
55 grams/Liter. Table 3 summarizes the effects of LCH
concentration on the ability to process LCH during the

reaction and filtration and washing.

Table 3. Effects of ILCH concentration on processability of

materials.

LCH Percentage of Percentage of Number of
Concentration Batches which Samples with Cake Samples
(g/L) Ygelled" Moisture above 70%
36-45 12% 20% 25
>55 88% 67% 3
[0068] This suggests that a rise 1in concentration reduces
the ability to process LCH during the reaction. 100% of runs

using a concentration of greater than 55g/L, under these
conditions, gelled, and many resulted in high cake moistures
about 70%. It appears that the concentration should, under
these conditions, be kept below 55g/L to allow for control in
processing under these conditions.

[0069] Depending upon the process variables used, various
polymorphic phases of LCH may be produced. In one desirable
embodiment, the process 1s practiced such that the resulting
material has a highly spherical morphology and a powder X-ray
diffraction pattern similar to that of known ICDD card 26-815
(International Centre for Diffraction Data, 12 Campus Blvd.,
Newton Square, PA 19073-3273) See Figure 1A and 1C. When
practiced suboptimally, the process can result in a generally
lower surface area material which also can include a
relatively high percentage of a different polymorph whose PXRD
pattern most closely matched ICDD card file no. 49-981. The

_23_



WO 2011/143475 PCT/US2011/036317

morphology alsc generally takes on a needle and plate-like
structure. See Figure 1B and 1D. Using the processes described
herein to produce a higher percentage of a polymorph having a
powder X-ray diffraction pattern of 26-815 is desired. Thus,
in one aspect of the present invention, the LCH produced and
used 1in further processing steps will be more than 50%
polymorph 26-815, and in one embodiment, at least about 90%
26-815 of this polymorph relative tTo other polymorphs. In
still another embodiment, the percentage of polymorph 26-815
is 95% or more and in still another embodiment, 99% or more.
[0070] In another aspect of the invention, the LCH produced
using a non-alkali metal carbonate 1is further processed by
being heated or calcined at generally high temperatures to
produce a lanthanum oxycarbonate and 1in particular LDOC. The
temperature and times used for calcining can have an impact on
the resulting properties of the LDOC such as, for example,
crystallinity, polymorphic form, porosity, surface area and
bulk density. However, the influences of calcining conditions
are believed to play a less important role than the conditions
used to produce the LCH starting material and the nature of
that starting material in terms of these same properties.
[0071] The calcining temperature (which means the
temperature of the LCH powder during calcining) generally can
range from between about 400 to about 700 and more often about
440 and about 640 degrees C. But more often still calcining is
accomplished at a temperature of between about 500 and 600
Degrees C (such as 550 degrees C). The minimum amount of time
that these temperatures sre applied depends upon a number of
factors inc_uding, for example, the amount of material and the
temperature being used. However, generally, these temperatures
will be applied for a minimum of about two hours and in
another embodiment, three hours or more. While there 1is no
upper limit on the amount of tTime that can be used, exposure

times that these temperatures certainly do reach a point of
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diminishing return. Accordingly, generally, the material will
not be subjected to these temperatures for greater than about
a day.

[0072] Various cooling techniques may be used in accordance
with the present invention but preferably, the calcined
material is gradually cooled over a period of a number of
hours such as, for example, over a period of about eight
hours.

[0073] When the process of the present invention is
performed, it has been found that the resulting materials can
have a range of properties. Generally, the LCH in accordance
with the process of the present invention will have an average
aggregate size (Dsp by volume of aggregates measured by laser
light Dbased techniques) of Dbetween about 4 and about 80
microns (often 4-30 microns), a relatively higher porosity, a
BET surface area of at least about 1 meter sguared per Jgram,
often between about 1 and about 100 m’/g, a bulk density of
about 0.1 to about 1.1 and in another embodiment between about
0.5 and about 0.8 g/cc and/or alkali-metal content of about 5%
or less by weight (alkali-metal basis by ICP). The alkali
metal content may also be 0.3% or less or 0.1% by weight or
less (alkali-metal basis by ICP).

[0074] Similarly, the lanthanum oxycarbonate and in
particular the ILDOC of the present invention will have an
average particle size (Dsc by volume of aggregates measured by
laser light based techniques) of between about 4 and abouz 80
microns, a relatively higher porosity, a BET surface area of
at least about 20 meters squared per gram, and often between
about 30 and about 40 m?/g, a bulk density of about 0.. to
about 1.1 and in another embodiment, between about 0.5 and
about 0.8 g/cc and/or an alkali-metal content of about 0.75%
or less by weight. In some embodiments, the amount of alkali-
metal present 1is 0.4% by weight or less and in still other

embodiments, 0.2% by weight or less (all calculated on an
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alkali-metal basis determined by ICP). In some embodiments the
pore volume 1s at least 0.015 cnﬁ/g, and 1n other embodiments
the pore volume is at least 0.020 cm’/g.

[0075] Note that the average particle size measurements
reported here are Dsy; by volume of aggregates. These
aggregates are made up of individual particles having a
particle size (often called a primary particle size) which is
far lower. Primary particle size can be judged somewhat
empirically from SEM images or may be estimated based on PXRD
data using the Scherrer Egquation. Particle size may also be
estimated by solving the following equation: Average Estimated
Particle Size=6000/BET/specific gravity. For an Lay0,C0s3
material with a BET surface area of 25 m’/g and a specific
gravity of 5.15, this means that the average estimated
particle size (for the primary particles) is about 47
nanometers, compared to an average estimated agglomerate size
measured by a laser light technique of about 7 microns. The
average primary particle size may range from about 50 to about
300 nm.

[0076] An interesting phenomena has been observed from the
practice of the present invention which was not observed by
the practice of the processes described in the '782 patent. In
both processes some form of LCH is produced and calcined to
form LDOC. Polymorphically, the resulting LDOC from both
processes can be the same. In some embodiments, the LDOC
exhibits a powder X-ray diffraction pattern found in ICDD card
file 037-0804 or 023-0322 although 037-0804 is preferred. (In
the '782 patent, ICDD card file XRD pattern 023-0322 was
designated as La,COs whereas ICDD card file pattern 037-0804
was identified as Lay0,C0Oz and that nomenclature is maintained
herein.) Characteristic peaks for LCH produced in accordance
with the '782 Patent are found at 15.88, 20.44, 23.76, 29.%4,
38.18, and 43.46 degrees two theta | 0.1 degree two theta.

The characteristic peaks for LCH produced 1in accordance with
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the present invention are found at 17.76, 24.44, 30.39, 42.9¢6,
and 43.94 degrees two theta + 0.1 degree two theta. The
La»0,CO; material produced 1in accordance with the present
invention has characteristic peaks at 11.10, 25.86, 30.40,
33.84, and 44.39 degrees two theta + 0.1 degree two theta.
Interestingly, however, the morphology of the LDOC produced

from these different processes — from LCH produced

differently —are different from each other. Some of their
respective properties such as bulk density and surface area
tend to stay reasonably consistent between LCH and LDOC when
those materials are produced 1in accordance with the present
invention. However, the same cannot be said for the practice
of the '782 patent surface area and morphology, which were
noted as changing significantly. Note in Table 1 of the '782
patent, for example, that LCH (identified therein as
Lay0(COs3),.xH,0) had a consistently higher BET surface area than
either lanthanum oxycarbonate.

[0077] As shown in Figure 2, a fairly consistent
relationship has been observed between the LCH and the LDOC
produced using the process of the invention. The fact that
the BET surface area did not change dramatically upon
calcining a_so helps demonstrate the importance of the process
used to make LCH and the importance of the LCH made in
accordance with the invention. Figure 3 makes a similar point
illuslraling Lhe [facl Lhal bulk densily Llends Lo slay similar
as well.

[0078] It 1s preferred that the amount of polymorph 037-
0804 exceeds that of any other polymorph by weight. In one
embodiment, the amount of polymorph 037-0804 is more than 50%
of all polymorphs present and, in another embodiment, at least
90% of the polymorphs present of LDOC is Lay0,COs. In another
embodiment, polymorph 037-0804 {(La,0;C03) is present in an
amount of at least 85% by weight relative to other polymorphs
and 1in still another embodiment, at least 99% by weight. It
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has also been determined that the phosphate binding kinetic of
LDOC resulting from the ©present invention versus LDOC
resulting from the process of the '782 patent are different as
well. At a pH of 3 or below, phosphate binding for both
materials was about the same. However, as shown in Figure 10,
at a pH of about 6.5 (a pHY generally found in the intestines),
the amount of phosphate bound in 60 minutes by the LDOC of the
present invention was approximately 240 mg POs bound per gram
of compound where as that bound by LDOC produced in accordance
with the '782 patent was only about 118 mg PCs; bound per gram
of compound. In one embodiment, therefore, the lanthanum
oxycarbonate and, 1in another embodiment, the LDOC of the
inventions have a binding kinetic at pH 6.5 at 60 minutes, of
at least 150 mg PO, per gram of lanthanum oxycarbonate/LDOC. In
another embodiment, the lanthanum oxycarbonate and LDOC of the
invention have a binding kinetic of at least about 180 mg PO4
per gram compound and in still a further embodiment, at least
about 200 mg PO, per gram compound. The BET surface area of the
material tested was 6-7 mz/g for RZB012 (lanthanum oxycarbonate
in accordance with the '782 Patent) and was about 33.9 for
La,0,C03 1in accordance w.th the invention. Moreover, 1t is
believed that the porosity, bulk density and flow
characteristics of LDOC made in accordance with the present
invention surpassed those made in accecrdance with the
teachings of the '782 patent.

[0079] Aggregate size as described herein is either
determined by scanning electron microscopy (SEM) or laser
diffraction on a Coulter LS23C. As can be seen in Figure 1A,

batch 100808 appears to have a fairly even 100-200 nm (0.1-0.2

UM) spherical appearance while the rod and plates of batch
100908 in Figure 1B seem to be an order of magnitude higher.
But these appear more aggregated.

[0080] However, the D;y, Dsg and Dsy by volume of the

aggregates of batch 100808 each was 6.8, 47.0, and 114.0 uM,
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respectively. This is at odds with the visual images from SEM
and again suggests aggregation.

[0081] The LCH and LDOC in accordance with the present
invention are administered by oral delivery. Any oral delivery
device or dosage form which is known may be used as long as it
is consistent with the appropriate guidelines for
pharmaceuticals. These include swallow tablets (tablets which
are not meant to dissolve 1in the mouth but rather to be
swallowed), swallow caplets, generally capsule shaped,
compressed dosage forms, swallow hard gelatin capsules,
swallow soft gel capsules, orally dissolvable tablets, orally
dissolvable caplets, orally dissolvable hard gelatin capsules,
orally dissolvable soft gelatin capsules, chewable tablets,
chewable caplets, chewable capsules, powders, sprinkles,
orally disintegrable films, foods, confections, gums, syrups,
suspensions, emulsions or dispersions. Frequently, due to
their renal problems, subjects with hyperphosphatemia need to
limit their liquid intake. Therefore, formulations that can be
taken with no or limited amounts of liquid are desirable. To
this end, for example, & formulation in the form of, e.g.,
beads, chewed or crushed tablets, powder, or sieved granules
that may be sprinkled on food are contemplated herein.

[0082] Methods of formulating the various dosage forms
described herein are familiar to one of skill in the art, and
may be produced employing conventional methods.

[0083] In addition to the active pharmaceutical ingredient
or "API"™ (ICH or 1DOC}), dosage forms in accordance with the
present invention may include other or secondary APIs as well.
These may include other types of phosphate binders such as
sevelamer hydrochloride sold under the trademark RENAGEL and
lanthanum carbonate sold under the trademark FOSRENOL. These
may be mixed with the LCH and/or LDOC or can be separated into
layers or otherwise. In &another embodiment, one or more

dosage forms of the present invention can be taken with one or
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more dosage forms of RENAGEL, FOSRENOL or some other
additional API (other than LCD or LDOC). These dosage forms
can be taken together, such as with or after meals, or they
can be taken even hours apart.

[0084] Other APIs that can be administered in addition to
LCH and/or 1IDOC include, without limitation, systematically
distributable pharmaceutical ingredients, vitamins, minerals,
dietary supplements, as well as non-systemically distributable
drugs. A combinztion or mixture of any of the foregoing is
also contemplated by the present inventicn. Pharmaceutical
ingredients may includse, without limitation, antacids,

analgesics, stimulants, sleep aids, hypnotics, antipyretics,

antimicrobials, anxiolytics, laxatives, antidepressants,
antidiuretics, antiflztuants, antispasmodics, anti-
inflammatory, antibiotics, diuretics, anorexics,

antihistamines, antiasthmatics, antidiuretics, antiflatuents,

antimigraine agents, antispasmodics, sedatives,
antihyperactives, antihypertensives, tranquilizers,
decongestants, immunosuppressants, anticancers, antivirals,
antiparasitics, antifungals, antiemetics, antidepressants,
antiepileptics, local anesthetics, vasoactive agents,
antiasthmatics, skeletal muscle relaxants, drugs for

parkinsonism, antipsychotics, hematopoietic growth factors,
antihyperlipidemics, anticoagulants, fibrinolytics,
antithrombotics, hormones, therapeutic proteins and peptides,
antiarrhythmia, antiangina, keta Dblockers and combinations
thereof. Also included as APT's in accordance with the present
invention are the drugs and pharmaceutically active
ingredients described in Mantelle, U.3. Pat. No. 5,234,957, in
columns 18 through 21. That text of Mantelle 1s Thereby
incorporated by reference. In one embodiment 1in accordance
with the present invention, the APIs are preferably
pharmaceutical agents having a high 1likelihood of abuse by

people. In another preferred embodiment of the present
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invention, the API is a pain medication such as an a narcotic
or non-narcotic analgesic as listed on pages THER-2 and THER-3
of the Merck Index, 13th Ed., Published by Merck & Co., Inc.,
of Whitehouse Station, N.J., copyright 2001, which is hereby
incorporated by reference. The narcotic analgesics include,

but are not limited to, analgesics, pain relievers, opioids

such as oxycodone, codeine, hydrocodone, morphine,
hydromorphone, oxymorphone, methadone, propoxyphene,
meperidine, fentanyl, Dbuprenorphine, butorphanol, dezocine,

levomethadyl acetate, levorphanol, nalbuphine, pentazocine,
remifentanil, sufentanil, tramadol; Stimulants like
amphetamine, methamphetamine, dexamphetamine, methylphenidate,
dexmethylphenidate, pemoline; Sedative and hypnotics including
barbiturates as amobarbital, aprobarbital, butabarbital,
mephobarbital, phenocbarbital, secobarbital; Dbenzodiazepines
such as alprazolamn, clonazepan, dlazepam, estazolam,
flurazepam, halazepam, lorazepamn, midazolam, quazepam,
temazepam, triazolam, prezepam, oxazepam, other drug classes
include modafinil and armodafinil. These will all be given in
the amounts customarily administered.

[0085] As used in this disclosure, the term "vitamin"
refers to trace organic substances that are required in the
diet. For the purposes of the present invention, wvitamin(s)
include, without limitation, thiamin, ribcflavin, nicotinic
acid, pantothenic acid, pyridoxine, biotin, folic acid,
vitamin B12, lipoic acid, ascorbic acid, vitamin A, vitamin D,
vitamin F and vitamin K. Also included within the term wvitamin
are the coenzymes thereof. Coenzymes are specific chemical
forms of vitamins. Coenzymes that may be useful in the present
invention include thiamine pyrophosphates (TPP), flavin
mononucleotide (FMM) , flavin adenine dinucleotive (FAD),
Nicotinamide adenine dinucleotide (AND), Nicotinamide adenine
dinucleotide phosphate (NADP), Coenzyme A (CoA), pyridoxal

phosphate, biocytin, tetrahydrofolic acid, coenzyme  Biy,
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lipoyllysine, ll-cis~retinal, and 1,25~
dihydroxycholecalcifercol. The term vitamin(s) also includes
choline, carnitine, and alpha, beta, and gamma carotenes. As
used with reference to a vitamin or mineral, the term
"effective amount" means an amount at least about 10% of the
United States Recommended Daily Allowance ("RDA") of that
particular ingredient for a patient. For example, 1f an
intended ingredient 1is vitamin C, then an effective amount of
vitamin C would include an amount of wvitamin C sufficient to
provide 10% or more of the RDA.

[0086] it is contemglated that the dosage forms in
accordance with the present invention may also include at
least one other ingredient or pharmaceutically acceptable
excipient. This excipient may include, but is not Ilimited to,
taste masking agents, coatings, mass diluting agents, binders,
fillers, sugars, sweetners, including artificial sweeteners,
polymers, flavoring agents, coloring agents, lubricants,
glidants, bio- or muco—-adhesives, viscosity modifiers,
surfactants, buffers, disintegrants, compression/encapsulation
aids, plasticizers, slip/anti-electrostatic agents, etc. The
amount of any one or more of these excipients will vary with,
inter alia, the amount and type of API, API particle size, and
shape of the dosage form, form of the dosage form, desired
speed of release of active (e.g., within seconds or minutes
after ingestion), desired location of release of active in the
body, how many ingredients are used, which ingredients are
used, the number of dosage forms that will make-up a dose, the
amount of API (s) per dose and the like.

[0087] Taste masking agent(s) in accordance with the
present invention include anything known to be used as a taste
masking agents in this art. Preferred taste masking agents in
accordance with the present invention may include Eudragit
E 100, ethylcellulose, hydroxypropylmethylcellulose,

hyvdroxypropyl cellulose, methylcellulose,
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Hydroxyethylcellulose, carboxymethylcellulose, shellac, =zein,
carbomers, and fats. Taste masking agents can be used in
conventional amounts and preferably in an amount of about 1 to
about 5% by weight of the total dosage form, and more
preferably in an amount of about 2% to about 5% by weight of
the total dosage form, &end most preferably in an amount of
about 2% to about 3% by weight of the total dosage form.

[0088] Binders can be anything known to be used as binders.
These materials are used to add cochesiveness to powders and
provide the necessary bonding to form granules that can be
compressed into hard tablets that have acceptable mechanical
strength to withstand subsequent processing or shipping and
handling. Some binders that may be useful in the present
invention include acacia, tragacanth, gelatin, starch (both
modified or unmodified), cellulose materials such as
methylcellulose, ethylcellulose, hydroxypropylmethylcellulose,
hydroxypropyl cellulose, hydroxyethylcellulose and sodium
carboxy methylcellulose, alginic acids and salts thereof,
e.g., sodium alginate, magnesium aluminum silicate,
polyethylene glycol, guar gum, xanthan gum, polysaccharide
acids, bentonites, sugars, invert sugars, and the like, fats,
waxes, carbcpol, povidone, polyvinylpyrrolidone,
polymethacrylate and other acrylic and vinyl-based polymers.
Binders can be used in conventional amounts and preferably in
an amount of about 0 by weight to about 50 and more preferably
about 2 to about 10 percent by weight of the total dosage
form.

[0089] Coating agents, where included, are typically
present in a trace amount by weight. Nonlimiting examples of
coating agents include cellulose phthalate, cellulose acetate
phthalate, ethylcellulose, gellan gum, maltodextrin,
methacrylates, methylcellulose, microcrystalline cellulose and
carrageenan, shellac, sucrose and polyvinyl derivatives. Where

a coating is used, it may be added, for example, to slow the

_33_



WO 2011/143475 PCT/US2011/036317

disintegration of the tablet after administration (e.g.,
polymer coating) or to extend shelf life by shielding the
tablet from picking up moisture.

[0090] Fillers can be anything known to be used as fillers.
Some fillers that may be useful in the present invention
include mannitol, dextrose, sorbitol, lactose, sucrose, and
calcium carbonate. Fillers can be used in conventional amounts
and preferably in an amount of about 0 to about 90, and more
preferably about 10 to about 5C.

[0091] N particularly preferred type of filler which may be
used 1s sugars. Sugars that may be used 1in the present
invention include sugar, sugar alcohols, ketoses, saccharides,
polysaccharides, oligosaccharides and the 1like, as well as
celluloses and modified celluloses.

[0092] Sugars may also include direct compression and/or
nondirect compression sugars. Particularly preferred nondirect
compression sugars 1nclude, without limitation, dextrose,
mannitol, sorbitol, trehalose, lactose and sucrose. Of course,
these sugars generally exist as either a direct compression
sugar, 1.e., a sugar which has been modified to increase 1its
compressibility and/or flow, or a nondirect compression sugar
which does not have sufficient flowability and/or
compressibility to allow it to be used in high speed
processing and multi-tablet presses without some sort of
augmentation such as, without limitation, a glidant to
increase flow, granulation to increase flow and/or
compressibility and the like. 0f course, techniques like
granulation can also be wused to convert something which
initially has sufficient flow and compressibility to be
considered a direct compression sugar before processing into a
nondirect compression sugar as well. This can be measured by
directly compressing tablets made only from a sugar and
comparing the flow and compressibility both before and after

processing. If flow and/or compressibility are reduced after
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processing the material is likely to have become a nondirect
compression sugar. It will Dbe appreciated however, that
whether or not the reduction in properties are sufficient to
require augnentation or further processing before the sugar is
used 1in a commercial process will depend on a number of
factors including the anount used, the type o0f processing
equipment used, and the overall formulation. Generally,
however, some further processing or augmentation 1s required.
While not definitive, sometimes a nondirect compression sugar
will have at least about 90% of its particles smaller than
about 200 microns, and more preferably 80% smaller than about
150 microns.

[0093] The amount of total sugar can rance from about 0 to
about 90%. More preferably, the amount of sugar will range
from about 5% to about 75%, and even more preferably between
about 10% and 50%. Other non-carbohydrate diluents and fillers
which may be used in accordance with the present invention
include for example dihydrated or anhydrous calcium carbonate,
anhydrous or hydrated calcium sulphate, and calcium lactate
trihydrate. When wused these are present in an amount of
ranging from 0 to about 90%, more preferably from about 5% to
about 75% and most preferably from about 10% to about 50% by
weight of the dosage form.

[0094] Sweeteners for use with the formulations of the
present invention include, e.g., fructose DC; honey DC;
maltodextrin; maltose DC; mannitol DC; molasses DC; sorbitol,
crystalline; sorbitol, special solution; and, sucrose DC.
These may be used in conventional amounts.

[0095] Artificial sweeteners may also be used and can be
anything known to be used as artificial sweeteners. Some
artificial sweeteners that may be useful in the present
invention without limitetion include saccharin, aspartame,
aspartame and lactose, aspartame dextrose, sucralose, neotame,

and acesulfame potassium. Artificial sweeteners may be used in
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conventional amounts, and preferably in an amount ranging from
about 0.1% to about 2%.

[0096] Flavoring agents can be anything known to be used as
flavoring agents. Flavoring agents that may be useful in the
present invention may include synthetic flavor oils and
flavoring aromatics and/or natural oils, extracts from plants,
leaves, flowers, fruits and so forth and combinations thereof.
These may include cinnamon ©il, o0il of wintergreen, pepprermint
oils, clove o0il, bay o0il, anise o0il, eucalyptus, thyme o0il,
cedar leave o0il, o0il of nutmeg, o0il of sage, o0il of bitter
almonds and cassia o0il. Also useful as flavoring agents are
vanilla, c¢itrus o0il, including lemon, orange, banana, Jgrape,
lime and grapefruit, and fruit essences, including apple,
pear, peach, strawberry, raspberry, cherry, plum, pineapple,
apricot and so forth.

[0097] Flavoring agents may be used in conventional
amounts, and preferably in an amount ranging from about 0.01%
to about 3% by weight of the dosage form, and more preferably
from about 0.1% to about 2.5% by weight of the dosage form,
and most preferably from abcut 0.25% to about 2% by weight of
the dosage form.

[0098] Coloring agents can be anything known to be used as
a coloring agent. Coloring agents useful in the present
invention may include titanium dioxide, and dyes suitable for
food such as those known as F.D.& C. dyes and natural coloring
agents such as grape skin extract, beet red powder, beta-
carotene, annatto, carmine, turmeric, paprika, etc. Coloring
agents may be used in conventional amounts, and preferably in
an amount ranging from about 0.001% to about 1% by weight of
the dosage form.

[0099] Lubricants can be anything known to be used as a
lubricant and include, for example, glycerol palmitostearate,
magnesium stearate; stearic acid; calcium stearate; alkaline

stearate; talc; and, sodium stearyl fumarate. Lubricants that
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may be useful in the present invention may include intrinsic
or extrinsic lubricants. Intrinsic lubricants may include
magnesium, calcium, zinc salts of stearic acid, hydrogenated
and partially hydrogenated vegetable oils, animal fats,
polyethylene glycol, polyoxyethylene monostearate, talc, light
mineral oils, sodium benzoate, sodium lauryl sulphate,
magnesium oxide and the 1like. Powder lubricants may also be
used; nonlimiting examples of powder lubricants include
glyceryl Dbehenate. Lubricants may be used in conventional
amounts, and preferably in an amount from about 0.1% to about
5% by weight of the dosage form, from about 0.1% to about 3.0%
by weight, more preferably from about 0.25% to about 2.5% and
most preferably from 0.5% to 2%.

[0100] Viscosity modifiers can be anything known to used as
a viscosity modifier. Some viscosity modifiers that may be

useful 1in the present invention include, without limitation,

sodium alginate, hydroxypropyl methylcellulose (HPMC) ,
hydroxyethylcellulose (HEC) , socdium carboxymethycellulose
(sodium cMC) , polyviny_pyrrolidone (PVP), Konjac flour,

carrageenan, xanthan gum, other hydrophilic polymers, or
mixtures thereof. Viscosity modifiers can be used in
conventional amounts and preferably in an amount of about 1%
to about 40%, and more preferably in an amount of about 2% to
about 20% by weight of the dosage form.

[0101] Surfactants can be anything known to Dbe used as
surfactants. Some surfactants that may be wuseful in the
present invention include, without limitation, wvarious grades
of the following commercial products: Arlacel®, Tween®,
Capmul®, Centrophase®, Cremophor®, Labrafac®, Labrafil®,
Labrasol®, Myverol®, Tagat®, and any non—-toxic short and
medium chain alcohols. Surfactants can be used in conventional
amounts and preferably in an amount of about 0.01% to about
5%, and more preferably in an amount of about 0.1% to about 2%

by weight of the dosage form.
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[0102] Buffers c¢an be anything known to be used as a
buffer. Some buffers that may be useful 1in the present
invention include any weegk acid or weak base or, preferably,
any buffer system that is not harmful to the gastrointestinal
mucosa. These include, but are not limited to, sodium
carbonate, potassium carbonate, , disodium hydrogen phosphate,
sodium dihydrogen phosphate, and the equivalent potassium
salts. Buffers can Dbe used 1in conventional amounts and
preferably in an amount of about 0.1% to about 10%, and more
preferably in an amount of about 1% to about 5% by weight of
the dosage form.

[0103] Disintegrants which may be used include starch,
cellulose, modified starch, microcrystalline cellulose,
alginic acid, clays, veegum and super disintegrants including,
without limitation, <cross-linked PVP, croscaramellose salts
such as croscaramellose sodium, starch derivatives like sodium
starch glycolate, Where such super disintegrants are used,
they are traditionally found in an amount of between abouz 1%
and about 20%, more preferably between about 2% and about 10%,
and most preferably between about 2% and about 5% by weight of
the finished dosage form. In addition to, instead of any
portion of, or instead of any super disintegrant, the dosage
forms in accordance with the present invention may include at
least one effervescent couple or disintegrant.These
disintegrants may comprise up to about 20 weight percent and
preferably between about 2% and about 10% of the total weight

of the dosage form.

[0104] Specific disintegrants which may be used include,
e.g., crosslinked vinylpyrrolidones (e.g., POLYCLAR AT®),
crosslinked carboxymethylcelluloses, crosslinked
croscarmelloses (e.g., ADDISOL®), carboxymethylamidons (e.g.,

AMIGEL®) ; crospovidone; gellan gum; L-HPC; sodium starch

glycolate; and starch DC. These disintegrants, where included,
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are typically present in an amount between about 0.5 and about
15 percent by weight.

[0105] If desired, the dosage form may also contain minor
amounts of nontoxic substances such as wetting or emulsifying
agents, pH buffering agents and the like, for example, sodium
acetate, sorbitan monolaurate, triethanolamine, sodium
acetate, triethanolamine oleate, sodium lauryl sulfate,
dioctyl sodium sulfosuccinate, polyoxyethylene sorbitan fatty
acid esters.

[0106] Compression cgents/encapsulation aids, where
included, are typically present in an amount between 2 and 20%
by welght. Nonlimiting examples of compression
agents/encapsulation zids incluce, for example,
microcrystalline cellulose (e.g., AVICEL®); PVP of molecular
weight 10,000 to 30,000; calcium carbonate; dextrose;
fructose; fructose DC; honey DC; lactose anhydrate; lactose
monohydrate; lactose and aspartame; lactose and cellulose;
lactose and microcrystalline cellulose; maltodextrin; maltose
DC; mannitol; microcrystalline cellulose and guar gum;
microcrystalline cellulose and lactose; molasses DC; sorbitol,
crystalline; starch DC; and, sucrose.

[0107] Nonlimiting examples of plasticizers include:
dibutyl sebacate; and, polyvinylacetate phthalate.

[0108] Slip/anti-electrostatic agents, where included, are
typically present in an amount between 0.1 and 2.0 percent by
weight . Non-limiting examples of slip/anti-electrostatic
agents include, for example, colloidal silicas (e.g., AFRROSIL®
100/200) .

[0109] In addition to the methods of treatment of a subject
comprising the use of pharmaceutical formulations of lanthanum
compounds disclosed herein, in further embodiments, it is also
contemplated herein that LCH and/or LDOC in accordance with
the present invention may be therapeutically provided to a

subject as part of a food or a dietary supplement. This can be
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a food, confection or beverage to be consumed by a human or
animal, and may be formulated in a nutritional bar or into a
drink, e.g., as many fiber source products are, to aid with
ingestion. In such an instance, food may be considered an
excipient herewith.

[0110] For example, LCH and/or LDOC can be formulated in a
dry cat food (or that of any other domesticated mammal) in a
defined ratio. Animal food products including LCH and/or LDOC
can be produced as described in U.S. Patent Appln. Publication
No. 2009/0317352, the entire text of which is  herecby
incorporated by reference.

[0111] Typical dog foods contain a protein source, such as
chicken, beef, lamb, chicken meal or lamb meal. Preservatives,
e.g., tocopherols, BHT and BHA, are also usual ingredients.
Other ingredients may include corn, rice and bone meal.
Typical cat foods may include, for example, fish meal, fish,
egg product, beef, chicken, rice, corn gluten meal, poultry
by-product meal, wheat flour, beef tallow, and corn. Horse
food often contains ingredients such as maple syrup, honey,
apple, flaxseed, flaxseed meal, rice Dbran and germ, oats,
barley, corn, and wheat bran.

[0112] Thus, compositions of the present invention include
compositions which may typically include a phosphate binder in
combination with domestic animal food. The combination may
take any suitable form. For instance, it may be in the form of
particles, grains, pellets, etc. that contain the phosphate
binder and the domestic animal food. Alternatively, it may be
in the form of a simple physical admixture of the components,
e.g., mixing the phosphate binder with the domestic animal
food. Another form would involve sprinkling a composition
including the phosphate binder onto domestic animal food. One
could then mix it before serving it to the animal.

[0113] In view of the above, the following are contemplated

as 1included among the exemplary compositions of the present
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invention include a particle, grain or pellet including a
lanthanum oxycarbonate or lanthanum carbonate hydroxide and
domestic animal food including at least one of the following
ingredients: chicken, beef, lamb, chicken meal or lamb meal,
tocopherols, BHT and BHA, corn, rice, bone meal, fish meal,
fish, egg product, beef, beef meal, corn gluten meal, poultry
by-product mneal, wheat flour, beef tallow, maple syrup, honey,
apple, flaxseed, flaxseed meal, rice Dbran and germ, oats,
barley, and wheat bran.

[0114] In one embodiment, when lanthanum oxycarbonate or
lanthanum carbonate hydroxide is administered as a phosphate
binder, the amount administered to the domestic animal during
a single administration typically ranges from about 1.0 to
about 100 mg/kg body weight. Oftentimes the amount ranges from
about 30.0 to about 80 mg/kg body weight. In certain cases the
amount o©f administered lanthanum oxycarbonate ranges from
about 40.0 to about 75.0 mg/kg body weight. Suitable ranges
may vary depending on the subject and nature of condition to
be treated, and are easily discerned by one of skill in the
art.

[0115] Thus, in view of the above, the methods of the
present invention also include a method comprising at least
the step of providing a comestic animal with a composition of
the present invention in an ingestible form. The invention
also relates to a method which comprises at least the
following steps: 1) mixing a lanthanum binding compound with
domestic animal food; and, 7) providing the mixture fto a
domestic animal in an ingestible form.

[0116] LCH and LDOC-containing dosage forms for human or
animal use may be produced by conventional technology using
the API and the various excipients described herein. Examples
of lanthanum containing oral dosage forms, for example, may be
found in Murrer et al., U.S5. Patent No. 5,968,976, which

issued Octcber 19, 1999, and specifically column 5, 1line 8
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through column 6, line 6 thereof, which is hereby incorporated
by reference; U.S. Patent No. 7,381,428 to Ferdinando et al.,
entitled Stabilized Lanthanum Carbonate Compositions, which
issued on June 3, 2008, and specifically the examples at
column 11, _ine 54 through column 13, line 59, which is hereby
incorporated by reference; and Haslam et al., U.S. Patent
No. 7,465,465 entitled Pharmaceutical Formulation Comprising
Lanthanum Compounds, issued December 1o, 2008, and
specifically column 1, 1line 35 through column 3, 1ine 35; and
column 5, _ine 5 through column 7, line 2; and column 8,
line 53 through column 9, line 44, the text of which 1is also
incorporated by reference herein. The foregoing all describe
various dosage forms and methods of producing same and are
specific to lanthanum compounds, although not the lanthanum
compounds in accordance with the present invention.
Nonetheless, they would make suitable vehicles.

[0117] Because of the discovery that the LDOC of the
present 1invention provides superior performance, even over
LDOC produced through other methodology, in terms of phosphate
binding kinetics at relatively higher pH, it may be desirable
to ensure release of LDOC 1in accordance with the present
invention once a dosage form (or what remains after 1t has
been swallowed and processed 1in the stomach) clears the
stomach and enters the intestinal tract. In the intestinal
tract, the pH generally begins to increase and can range from
around 4 to arcund 8 in healthy patients. By controlling
release of at least some LDOC in accordance with the present
invention such that it occurs 1in the intestinal tract, there
is a greater chance that phosphates released while food is
being digested in the intestine is efficiently bound. Thus,
it is contemplated that the present invention includes
controlled release dosage forms of the lanthanum compositions

disclosed herein.
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[0118] Controlled release dosage forms, including but not
limited to, delayed, extended or sustained release dosage
forms, are well known To those of skill in the art and may be
made according to conventional methods employing, e.qg.,
tablet-coating compositions, plasticizers, semipermeable
membranes, pH independent and/or pH independent coating
layers, film-forming polymers, etc. Typically, release
modification may be successfully achieved through the use of
enteric coatings. A numker of different types of compounds
suitable for use as enteric coatings are known in the art and
include, for example, EUDRAGIT polymers (Evonik ROhm GmbH,
Darmstadt,Germany). See generally Remington's Pharmaceutical
Sciences, 18" Edition, 1990; US 7,883,722; US 7,790,755; US
7,879,362 and references cited therein, the contents of all of
which are fully incorporated by reference herein. 1In one
embodiment, the release of at least a portion of the compounds
of the present invention is delayed until it ©reaches a
location in the digestive tract where the pH is 4.5 or above.
[0119] The lanthanum-based compounds of the invention can
be formulated to provide for a reduced pill burden relative to
other phosphate Dbinders. The formulation 1is typically
characterized in that in may be swallowed without chewing or
by being chewed. Formulations of the present invention may
include the following: diluting agents; bkinders; coatings;
compression/encapsulation aids; disintegrants; lubricants;
plasticizers; slip/anti-electrostatic agents; powder
lubricants; and, sweeteners such as described hereinabove.
[0120] Where the formulation i1s in the form of a tablet,
it typically has a volume between about 0.3 cm’ and about 1.2
cm®, preferably between about (.35 cm’ and about 0.50 cm’. Each
tablet typically includes enough phosphate binder such that
only 3 or less tablets need to be ingested each day for a
patient suffering from a <condition associated with an

abnormally elevated 1level of phosphate in the blood, e.g.,
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chronic kidney disease (CKD) and various stages thereof; more
particularly chronic renal insufficiency (CRI), or End Stage
Renal Disease (ESRD) or general kidney failure.

[0121] As contemplated herein, the tablet for use according
to the methods of the present invention may typically provide
for rapid disintegration in the stomach after ingestion. For
example, desired disintegration time in the stomach may be
less than 30 seconds. In certain cases, the disintegration
time may be 20 seconds or less. However, transit of the
dosage forms of the present invention through the stomach for
delivery to the small intestine is also contemplated. As
understood by one of skill in the art, delivery in this manner
may be achieved by formulating a controlled release dosage
form according to conventional methods and as described
herein.

[0122] Ideally, a dosage form of the present invention
(e.g., a tablet) exhibits a substantially longer shelf-life
than other phosphate binding formulations. For instance, even
after a period of 2 vyears, the tablet typically should not
increase in volume mwmore than 5 ©percent, preferably 2.5
percent, more preferably 1 percent.

[0123] As described herein, one of the known indications
for lanthanum compounds 1is to treat subjects having an
abnormally elevated level of phosphate in the blood. As used
herein, an abnormally elevated level of phosphate 1in the
blood" refers to above about 4.5 mg phosphate/dL; a normal
level may range from about 2.4-4.5 mg phosphate/dl. Thus, one
of the known indications for lanthanum compounds is
hyperphosphatemia, which as used herein, refers to a condition
of a patient having blood phosphate levels of above about 4.5
mg/dL.

[0124] Subjects susceptible to or suffering from
hyperphosphatemia, suffering from or at risk for chronic

kidney disease (CKD), susceptible to or suffering from soft
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tissue calcification associated with chronic kidney disease,
susceptible to or suffering from secondary
hyperparathyroidism, or susceptible to or suffering from other
yvet undiscovered conditions requiring control of phosphate
absorption or otherwise associated with or resulting from an
abnormally elevated level of phosphate in the blood can be
treated by the administration of a therapeutically effective
amount of the LCH or LDOC 1in accordance with the present
invention.

[0125] Hyperphosphatemia in such subjects has several
secondary effects. When a subject suffers from
hyperphosphatemia, excess serum phosphate precipitates serum
calcium causing widespread ectopic extraskeletal
calcification. Unwanted calcium deposits can occur in
cardiovascular tissue, resulting in an increased vrisk of
cardiovascular complications that often lead to death.
Additionally, increased serum phosphate decreases 1intestinal
calcium absorption. These two mechanisms work concurrently to
reduce serum calcium levels.

[0126] A reduction in serum calcium levels can contribute
to an increase in the production of parathyroid hormone (PTH)
and to the development of secondary hyperparathyroidism.
Furthermore, recent studies show that high phosphate levels
can stimulate PTH production directly and lead to secondary
hyperparathyroidism. Continual stimulation of PTH secretion
induces hyperplasia of the parathyroid gland and may lead to a
parathyroidectomy becoming necessary.

[0127] It is Dbelieved that the method of the present
invention involving the administration of a stabilized LCH
and/or LDOC formulations not only reduces plasma phosphate
levels, but ameliorates the effects of CKD 1in subjects
susceptible to or having this condition,, including, e.g.,
hyperphosphatemia, ectopic extraskeletal calcification, serum

hypocalcemia, and secondary hyperparathyroidism. It should
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however, be understood that this invention is not limited to
any particular biochemical or physioclogical mechanism.

[0128] Subjects susceptible to or suffering from
hyperphosphatemia can be treated by administering a
therapeutically effective amount of a stabilized lanthanum
carbonate formulation of the irnvention.

[0129] As indicated above, the subject treated according to
the methods of the present invention may be at risk for CKD,
or have any of stages one to five of CKD, the <clinical
characteristices of such stages being familiar to one of skill
in the art. To that end, similar pathological conditions are
also known 1in the art as chronic renal insufficiency, end
stage kidney disease and general kidney failure and treatment
of such conditions are contemplated herein.

[0130] Subjects at risk for CKD or who have any of stages
one to five of CKD who may be treated may have one or more of
the following symptoms: a blood phosphate level of above about
4.5 mg/dL, a plasma creatinine concentration of above about
1.6 mg/dL, a BUN of above about 20 mg/dL, any detectable
amount of Dblood in the urine, a urine protein concentration
above about 100 mg/dL, a urine albumin concentration above
about 100 mg/dL, an intact parathyroid hormone concentration
in the blood above about 150 pg/mL, an abnormal GFR, or
combination thereof.

[0131] In addition, the present methods and lanthanum
compounds may be utilized to prevent the progression of renal
pathology, e.g., by treating a subject displaying one or more
symptoms of stage one CKD to prevent the development of CKD in
the subject or by treating a subject having stage one CKD to
prevent progression of the disease to stage two CKD, and so
on.

[0132] A subject having a symptom or symptoms of CKD may
also be treated for calcification of soft tissue associated

with CKD by administering to the subject a therapeutically
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effective amount of an LCH and/or 1LDOC formulation of the
present invention. Calcification can occur in any soft tissue.
Soft tissue can include arterial tissue, cardiac muscle, heart
valves, Jjoints, skin and breast tissue.

[0133] A subject suffering from or having one or more
symptoms of secondary hyperparathyroidism can be treated by
administering to tThe subject a tTherapeutically effective
amount of an LCH and/or LDOC of the present application.

[0134] Hyperparathyroidism 1is defined as a disease in a
subject having an intact PTH 1level of about 150 pg/mL or
greater. The symptoms of hyperparathyroidism include
hypocalcaemia (i.e., a klood calcium level below about 8.5
mg/dL), hyperphosphatemia (i.e., a blood phosphate level of
above about 4.5 mg/dL), and bone disorders (e.g., bone
fractures or bone pain).

[0135] As used herein, an effective amount of the lanthanum
carbonate compounds of the present invention refers tc an
amount that can reduce the phosphate level 1in a subject to a
clinically significant degree as determined by a medical
professional. As understcocod herein, the desired target blood
rhosphate Zevel for a particular subject administered a
pharmaceutical composition of the present invention may be
determined and monitored over time by a person of skill in the
medical arts such that hyperphosphatemia as well as
hypophosphatemia (e.g., Dblood levels of about 2.4 mg/dL or
less) or other undesirable side effects are avoided.

[0136] The ICH and/or LDOC formulations of the invention
can be orally administered to subjects in accordance with this
invention in dosage forms varying from about 125 to about
20,000 mg of API calculated based on the weight of elemental
lanthanum. These can be administered with every meal (or
immediately before or after a meal), e.g., up to four times a
day, depending on the subject's needs and the type of dosage

form. If delayed or other controlled release strategies are
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used, only a single dose may be required once a day or two
doses 12 hours apart. A typical effective dosage amount for an
adult can be, e.g., from between about 200 to about 12,000 mg
per day, or from between about 500 mg to about 8000 mg daily.
The dosage may also be from between about 300 to 4000 mg/day.
[0137] The dose can thus be divided and administered with
each meal, for example, 1n the form of a pharmaceutical
composition wherein the effective amount of one or more of the
lanthanum carbonate compounds 1is selected from the group
consisting of from about 100, 125, 150, 250, 500, 750, or 1000
mg, e.g., administered three times per day. Serum plasma
levels can be monitored weekly and dosages can be modified
until an optimal serum phosphate level 1is reached, e.g., as
determined by the subject's clinician. Administration may be
conducted in an uninterrupted regimen; such a regimen may be a
long term regimen, e.g., a permanent regimen, for treating
chronic conditions.

[0138] In view of the 1likelihood that a pharmaceutical
formulation of the present invention may need to Dbe
administered for an extended amount of time, e.g., to treat a
chronic kidney condition, kits comprising the lanthanum
compounds o¢f the present invention designed to facilitate
and/or enhance patient compliance are contemplated herein. For
example, such kits may comprise one or more conveniently
prepackaged and/or pre-dispensed pharmaceutical dosage forms
comprising the lanthanum compounds disclosed herein,
conveniently set aside in the kit or otherwise identified
therein in the proper quantity for administration at a
particular time of day, e.g. meal times, so as to provide an
increased 1level of convenience for the patient and thus
enhance patient compliance. Prescribing information or other

instructions for use may also be provided therein.
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[0139] As contemplatec herein, BET surface area of the
lanthanum compounds disclosed herein may be determined as
provided in U3 7,588, 782.

[0140] Laser particle size data can be produced using, for
example, a LS230 Laser Particle Size Analyzer manufactured by
Coulter.

[0141] Average the runs using the LS230 software and have
the software calculate the desired volume D results (i.e. for
D1, D10, D50, D90, and D99).

« The Refractive Index (RI) of a solid is required to perform

an accurate laser PSD analysis for particles under 1 um. The
RI of the test materials were not listed in literature at the
time this method was developed. Testing has shown that
adjusting the RI from 1.9 to 2.3 did not visibly affect the
PSD. Therefore an RI of 2.1 was chosen.

[0142] Phosphate binding kinetics and binding capacity as
illustrated in Fig. 10 as described herein (particularly with
regard to RZB-012) can be measured as follows:

Apparatus:

- Four-place analytical balance

- pH meter w/temperature compensation and appropriate probes

- Stirrer w/impeller

- Hot plate w/temperature control

« Thermometer (capable of reading 37°C)

+ Magnetic stir plate

« Magnetic stir bars (1%" to 3" long)

« Pyrex beakers (250 to 1500ml)

« Glass volumetric flask (100 to 1000ml)

+ Graduated cylinders (100 to 1000ml)

« Digital timer

- Tachometer

» 10ml sample tube rack

+» 10ml plastic sample tubes w/caps

« Automatic diluter
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10ml plastic syringes w/ plunger

» 0.2um syringe filter (20 to 25mm diameter)

+ Pipettes (0.1 to 1ml auto)

« ICP-OES

Reagents

+ De—ionized water (at least 16 MQ)

+ PH buffers (1, 3, 7) - Follow the manufacturers' calibration
instructions. Bracket the anticipated pH range using the
appropriate buffers. Do this daily before doing any part of
the procedure below.

+ Concentrated Hydrochloric Acid

o Stock ~0.15M HCL

1. Add 12.5ml1l of concentrated Hydrochloric Acid to 987.5ml of
D.I. Store for up to 1 year in a sealed plastic container

» Sodium Hydroxide

o Stock ~0.15M NaOH

1. Add 6g of Sodium Hydroxide to a 1.0 L glass volumetric
flask

2. Add 500ml D.I. and shake to dissolve salts

3. Fill with D.I. to 1.0L mark and mix thoroughly

4, Store for up to 1 year in a sealed plastic container

Sodium Chloride (NaCl)

Anhydrous Sodium Phosphate Dibasic (Na,HPO,)

o0 Stock phosphate solution (0.00527 mol PO43- per Liter - 500
mg PO43- per Liter)

1. Place a 3" magnetic stir bar in the bottom of a 4.5L Pyrex
beaker and add 3.8 L of D.I.

2. Place on a magnetic stir plate

3. Into a clean weighing vessel weignh 2.99 g of Anhydrous
Sodium Phosphate Dibasic

4. Into a different clezn weighing vessel weigh 0.462 g of
Sodium Chloride

5. Quantitatively transfer the Na HPO, and NaCl to the stirred

4.5L Pyrex beaker
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6. Use a properly calibrated pH meter to monitor the pH of the
solution

7. Drop wise add either the stock 0.15M HC1 or stock 0.15M
NaOH and adjust to the pH required for the test. It is 0K to
overshoot the pH but add more stock 0.15M HC1l or stock 0.15M
NaOH to readjust.

8. pH 1s stable if there is no more than 0.0l pH unit drift in
5 minutes.

9. Dilute to 4.0L using D.I. and mix thoroughly

10. Store for up to 1 month in a sealed glass container

+ Phosphate calibration standard (10,000mg/L)

+ Multi-element check standard containing phosphorus OR
independent Phosphate calibration standard (1, 000mg/L)

« Lanthanum compound

Procedure:

Bench top preparation:

1. Determine the number of grab samples for the test and label
an appropriate number of plastic sample tubes

2. Place the plastic sample tubes in a rack and set aside

3. Using a graduated cylinder measure out 1.0L of the stock
phosphate solution

4, Add the phosphate solution to a 1.5L Pyrex beaker. The
beaker should be sufficiently large to contain the phosphate
solution and allow for a 30% volume increase

5. Run at ambient-20°C or 37°C as indicated in the analytical
request. If 37°C is requested place the 1.5L beaker containing
the 1.0L of test solution on a temperature controlled hot
plate. Set temperature to 37°C. Do not begin testing until the
temperature has been achieved.

6. Stir the solution constantly using an electric stirrer
equipped with an impeller. Stir rate should be ~180 rpm
(verify with tachometer).

7. Using a 10ml syringe remove bmls of sclution and dispense

it into a labeled sample tube. This is the T=0 sample
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8. Simultaneously add the slug to the stirring beaker and
start the digital timer.

9. Begin taking grab samples at the pre-described time
intervals using the following protocol:

a. Rinse a 10ml syringe with slurry from the stirring beaker
and add washings back into the beaker

b. Suck uvp 5ml of slurry using this same 10ml syringe

c. Place a 0.2um syringe filter firmly on the tip and dispense
2ml back into the stirring beaker

d. Dispense the remaining 3ml into a labeled sample tube

e. Cap the tube and prepare for the next sample

10. If constant pH is required:

a. Between grab samples adjust pH using a 0.5ml auto pipette

b. Adjust using appropriate titrant, 0.15M NaCH or 0.15M HCI,
to maintain pH

c. Add as many 0.5m1 aliquots as 1t takes to maintain a
constant pH. Take note of the number of aliquots

d. Record total volume added for each period of time between
grab samples

11. Continue taking samples and maintain pH throughout
duration of test

12. When test is completed clean all glass ware thoroughly and
rinse with D.TI.

Sample preparation and Standard Curves and QC sample:

13. Dilute samples 1:10 in a 1C% HCl matrix

a. Dilute to mark with D.I. and mix thoroughly. Store for up
to 2 months in a sealed plastic container

14. Dilute an independent <check standard so that the
phosphorus concentration is bracketed by the standard curve
values

15. Include a matrix blank with the submittal

Sample analysis using an ICP-OES:

16. Allow for instrument warm up as per manufacturers'

instructions

_52_



WO 2011/143475 PCT/US2011/036317

17. Prepare a Standard Curve of 0, 5, 10, 20mg/L:

a. Omg/L - 1is the matrix blank for 10% HC1

b. bmg/L - Aligquot 0.5m1l of a 1,000mg/L certified agueous
standard into a 100ml glass volumetric flask containing 10mls
of concentrated HCl and 50ml of D.I. Dilute to mark with D.I.
and mix thoroughly. Store for up to 2 months in a sealed
plastic container

c. 10mg/L - Aliquot 1.0ml of a 1,000mg/L certified agqueous
standard into a 100ml glass volumetric flask containing 10mls
of concentrated HC1l and 50ml of D.I. Dilute to mark with D.I.
and mix thoroughly. Store for up to 2 months in a sealed
plastic container

d. 20mg/L - Aliquot 2.0ml of a 1,000mg/L certified aqueous
standard into a 100ml glass volumetric flask containing 10mls
of concentrated HC1l and 50ml of D.I.

18. Analyze samples, dgc controls, and blank for phosphorus
using the 214nm wavelength. The standard curve of (0, 5, 10,
20mg/TL. is linear for ICP at the 214nm wavelength. RSD should
be greater than 0.9995

Calculations:

R (mg/L) = [A - B] x C / D where: R = Result (mg/L)

A = ICP reading (mg/L)

B = ICP reading (mg/L) for matrix blank

C = Dilution (ml)

D

Aliguot (ml)

Graph R (mg/L) vs Time (min). This graph can be compared to
other graphs prepared using the same protocol. The surface of
certain lanthanum compounds as well as lanthanum ions bind
phosphate 1in solution. For the best comparison of relative
binding efficiencies for different lanthanum compcunds the
amount of lanthanum added to the test should be the same. The
calibration curve should be prepared using a National
Institute of Standards and Technology (NIST) certified agueous

AAS standard. The quality control check can be either an
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independent AAS standard or a NIST certified mixed anion
standard containing phosphorus. ICP spectra for the mixed
anion standard should be checked to verify that none of the
additional anions present interfere with the 214nm phosphorus
line.

Environment: All acidic solutions should be disposed of in an
environmentally responsib_e manner. Neutralize and verify that
metals concentrations are below city discharge limits.

Notes: Lantaanum carbonate is soluble in acid. Clean residue
from glassware using acid.

References: This test 1is a variation of the test cited in the
US patent by Anormed. Patent # 5,968,976 - "Pharmaceutical
composition containing selected lanthanum carbonate hydrates"
hereby incorporaced by reference for 1its teachings of these
analytical methods.

[0143] Bulk density in accordance with the invention can be
determined by standard methods.

Hypothetical example:

Graduated Cylinder Tare Weight was determined to be 225g. 75
grams of sample was sieved into the graduated cylinder. The
Gross Weight was determined to be 299.4g. The volume of this
sample was measured to be 141 mL. Thus, the Bulk Density of
the powder is:

Bulk Density (g/cc) = (292.4 - 225) / 141 = 74.4 / 141 =
0.5277 g/cc

Rounding this wvalue to two decimal places gives a final
reported value of 0.53 g/cc.

9.2 RSD = (R1 - R2) x 100 / RI1

where: RSD = Relative Standard Deviation (%)

R1 & R2 = Result of individual repeat (g/cc)

9.3 SR = R x 100 / V

where: SR = Standard Recovery (%)

R

Result for Reference Standard (g/cc)

4

Historical average for standard (g/cc)
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[0144] EXAMPLES
[0145] EXAMPLE 1
[0146] A number of batches of LCH and LDOC were produced as
generally described herein. Specifically, lanthanum carbonate

hydroxide (LCH) was produced by reacting lanthanum chloride
and ammonium carbonate in a continuous drip-fed reaction. The
amount of lanthanum chloride was proviced at a fixed rate and
the amount of ammonium carbonate was variably fed. These
solutions were fed into a volume of temperature controlled and
mixing controlled water. The pH was kept close to constant
during the reaction and the concentration of the resulting
precipitate was controlled by adjusting the weight ratio of
the lanthanum chloride provided to the reactor water volume.
The total reactant volumes were fed over a four hour period
and the temperature was controlled manually. The working
volume was about 15 liters. pH automatically controls the flow
of ammonium carbonate and kept close to constant during the
reaction. Once a precipitate 1is formed, it was washed and
filtered to remove the reaction salt which, in this case,
should be ammonium chloride. This was accomplished using a
laboratory Buchner (vacuum) filtration apparatus. The LCH was
filtered and resuspended in water and refiltered until a
desired suspension conductivity (indicating salt content) was
reached. The LCH was then filtered a final time to increase
the solid loading for drying. Drying was achieved according to
a method in which the ILCH filter cake (typically 40 to 60
percent solids by weight) was loaded 1into pyrex trays and
heated in a natural convection drying oven for a minimum of 16
hours at 110 Degrees C. Thereafter, the material was drvy
milled and pulverized in & cone-mill (Fritz Mill) through a
0.6 millimeter mesh screen. The course powder was designated
as Renazorb 013 (RZB-013).

[0147] Thermal treatment occurred by placing Renazorb (013

in alumina (Al;03, ©29.8%, high density) open-top trays and
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treating in an alumina-lined muffle furnace under a 3 hour
ramp to 550 degrees C, a 2.5 hour scak at that temperature and
a minimum 8 hour cool back to room temperature. The furnace
discharge is LDOC and 1is designated below as Renazorb-014
(RZB-014).

[0148] Two blocks of experiments were run testing different
reaction conditions. The first Dblock of experiments used
similar pH, temperature, and concentration conditions found
favorable to produce Renazorb-011. Specifically these
conditions targeted a pH of 6.0, a temperature of 85 Degrees
C, and a final precipitate concentration of 43.5g/L. These
conditions were held constant and several Dbatches were
produced to determine the repeatability of the resulting RZB-
013 and RZB-014 compounds. The second block of experiments
examined the effects of wvarying the reaction pH, temperature,
and precipitate concentration on the RZB-013 and RZB-014
compounds according to the design shown in Takle 4.

Table 4: Experimental Design

Batch Average Reaction Average Product
ID Temp . Reaction Concentration
(°C) PH (g/L),
Theoretical
Modified Experimental Design

101008 75.0 5.5C 36.0
102308 75.0 5.5C 36 C
101408 75.0 5.5C 73.C
102208 75.0 5.5C 73.0
102108 75.0 5.5C 36.0
102708 75.0 6.5C 36.0
1015608 75.0 5.5C 73.C
10008 80.C 5.0C 60.0
110608 80.0 6.0C 55.0

110708 80.0 6.0C 55.0
102408 8E.C 5.5C 36.0
100908 85.0 5.5C 35.0
101708 5.0 5.5C 73.0C
112608 85.0 6.00 20.0

100208 85.0 6.5C 35.0
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100808 85.0 6.5C 36.0

110508 85.0 6.5C 36.0

101308 8.0 65.5C 73.0

Batch Average Average Product

Db Reaction Reaction Concentration
Temp. pH (g/m),
(°C) Theoretical
Modified Experimental Design (cont'd)

112408 85.0 7.00 36.0

120908 85.0 7.00 43.5

121508 85.0 7.00 £3.5

121608 85.C 7.00 43.5

110408 9C.0C 5.5C 36.0

103208 90.0 6.00 36.0

110308 90.C 6.50 36.0
Additional April "Repeat" Batches

112008 85.0 65.00 £3.5

112208 85.0 5.00 43.5

120208 85.0 6.00 43.5

120308 8c.0 65.00 43.5

120408 85.0 6.00 £3.5

120508 85.0 6.0C 43.5

120808 85.0 6.00C £3.5

121208 85.0 6.00 43.5

[0149] For each run, Dboth the Renazorb-013 (LCH) and the

Renazorb-014 (LDOC) were characterized. Renazorb-013 is

important to characterize because its features (particularly
physical features such as BET-Surface-Area, Particle Size
Distribution, crystalline phase by XRD, bulk density) strongly
impact the same criticel features of Renazorb-014. The
typical characterization suite of Renazorb-013 and Renazorb-
014 includes BET-Surfece—-Area (BET—SA), Particle Size
Distribution (PSD), crystalline phase by XRD, bulk density,
chloride content, lanthanum content, carbon content. On too of
this Renazozrb-014 is tested for phosphate binding performance
(4.5 pH @30 min). Assays such as La, C, Cl are Lypically

fairly consistent and not under scrutiny. The results of the
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first block
properties of LCH and LDOC,

Table 5:

of experiments, in

terms of

Results of First Block of Experiments

Production Parameters/Observations

PCT/US2011/036317

certaln

Batch Average Average Product
# Reaction Reaction Concentration
Temp. pH (g/L),
(°C) Theoretical
040308 85.8 6.13 43.5
040408 85.6 6.26 43.5
040708 85.0 6.39 43.5
040808 85.2 6.27 43.5
040908 85.5 5.57 43.5
041008 85.3 6.24 43.5
041108 85.3 6.27 43.5
041408 87.0 6.12 43.5
041508 86.3 6.1% 43.5
0421608 86.4 5.93 43.5
041708 87.0 6.12 43.5
041808A 84.7 5.55 43.5
043.808B 86.2 6.03 43.5
042108 86.4 6.03 43.5
042208A 86.9 5.10 43.5
042208B 8€.4 5.91 43.5
Batch Does LCH Total Filter
# gel Filtering Cake
during Time Moisture
react_on? (min) (%)
040308 N 160 42.56
040408 N 42.8
040708 N 43.4
040808 N 295.0 43.4
040908 N 140.0 44,1
041008 N 200.0 45.0
041108 N 370C.0 42.8
041408 N 166.0 41.2
042508 N 235.0 40.3
041608 N 180.0 43.56
042708 N 165.0 44,1
041808Aa N 65.0 64.0
041808B N 150.0 41.4
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042108 N 25C.0 66.2
042208aA N 44.3
042208B N 44.9
Condensed Renazorb 013 Analytical Data
Batch # Surface Rulk XRD Phase XRD
Area Density 1 ID Phase 2
(m”2q) g/cc)” D
040308 5.5 0.75 26-815 49-981
040408 49.9 0.78 26-815
040708 38.9 0.72 26-815
040808 24.3 0.49 26-815 29-512
040908 35.9 0.61 26-815
042008 42.0 0.74 26-815
042108 4C.9 0.77 26-815
041408 36.9 0.82 26-815
0421508 35.4 0.77 26-815
041608 24.3 0.71 26-815
042708 25.0 0.78 256-815
042808A 11.8 0.32 26-815 49-981
042808B 35.8 0.74 26-815
042108 38.4 0.69 26-815 49-981
042208A 10.4 0.69 26-815 49-981
042208B 22.9 0.70 26-815 49-98%
Production Parameters/Observations
Batch Average | Average Product Does LCH Total Filter
¥ React- Reaction Concen— gel Filtering | Cake
ion PH tration during Time Moisture
Temp. (g/1), reaction? (min) (%)
(°C) Theoretica
040308 85.8 6..3 - 43.5 N 160 42.6
040408 85.6 6.26 43.5 N 42.8
040708 85.0 6.39 43.5 N 43.4
040808 85.2 6.27 43.5 N 295.0 43.4
040908 85.5 5.57 43.5 N 140.0 44,1
041008 85.3 6.24 43.5 N 200.0 46.0
041108 85.3 6.27 43.5 N 370.0 42.8
041408 87.0 6.2 43.5 N 160.0 41.2
041508 86.3 6..1 43.5 N 235.0 40.3
041608 86.4 5.93 43.5 N 180.0 43.6
041708 87.0 6.12 43.5 N 165.0 44 .7
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041808a 84.7 5.55 43.5 N 65.0 64.0
041808R 86.2 6.33 43.5 N 150.0 41 .4
042108 86.4 6.03 43.5 N 250.0 66.2
042208A 86.9 5.10 43.5 44.3
042208B 86.4 5.91 43.5 44.9
Condensed Renazorb 014 Analytical Data
Batch Surface | D50 (um) D9D (um) ) Bulk pC4 XRD
# Area Sonicated | Sonicated | Density Binding Phase 1
(m™2g) SOP-QC— SCP—QC g/cc) @4.5pH ID
GMP~-2402Z GMP—-2402 (rxn
Conmp. %)
040308 16.8 28 79 0.97 88 37-804
040408 35.2 30 83 0.85 96 37-804
040708 3.1 44 135 0.95 88 37-804
040808 30.7 8 56 0.56 9z 37-804
040908 27.4 15 62 0.7 95 37-804
041008 32.0 4Q 121 0.98 97 37-804
041108 33.0 33 91 1.02 79 37-804
041408 32.3 32 83 1.05 74 37-804
041508 30.2 42 128 0.94 67 37-804
041608 27.6 9 31 0.7 100 37-804
041708 25.6 4z 107 0.98 81 37-804
041808A 12.5 25 99 0.46 88 37-804
041808B 35.3 35 95 0.97 90 37-804
042108 30.0 27 77 0.88 10z 37-804
042208Aa 13.8 25 74 0.60 89 37-804
042208B 27.8 48 169 1.08 79 37-804

The majority of batches produced yielded high SA Renazorb-013
Three of the batches

042208A

and correspondingly high SA Renazorb-014.
from this group yielded a lower SA. Note two batches,

and 042208B, were synthesized using ammonium bicarbonate base

instead of ammonium carbonate, and contribute one of the low-

SA materials. Two of the low SA materials have a relatively

low average reaction pH, but one has a pH well within the

spread of high-SA materials. It was initially thought that
because of this observation, pH may have an impact on the
resulting SA and thus improved pH control should Dbe
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implemented, as done in the present work. The results of the
second block of experiments are presented in Table 6 below.
Table 6. Results of Second Block of Experiments

Processing Data and Observations

Batch Average Average Product Does LCH Fiiter
# Reactio Reaction | Concentration | Gel during Cake
n pH (g/L) Reaction? Mcisture
Temp Theoretical (%)
(°¢)
75.C 5.50 36.C N 85.1
101608
75.C 5.50 36.0 Y 51.0
102308
75.C 5.50 73.C Y 81.9
101408
75.C 5.50 73.C Y 88.3
102208
75.C 6.50 36.C Y 83.6
102108
75.C 6.50 36.0 Y 62 4
102708
75.C 6.50 73.0 N 82.7
101608
80.C 6.00 £0.0C Y 88.0
100108
110608 8G.C 6.00 55.0 Y 55.1
8C.C 6.00 55.C Y 47.7
110708
85.C 5.50 36.0 N 50.8
102408
85.C 5.50 36 C N 47.2
100908
85.C 5.50 73.C Y 52.5
101708
85.C 6.00 20.C N 46.9
112608
85.C 6.50 36.0 N 52.1
100208
85.C 6.50 36.0C Y 42.2
100808
85.C 6.50 36.C N 57.4
110508
85.C 6.50 73.C Y 47.0
101308
. 85.C 7.00 36.0 N 49.1
112408
85.C 7.00 43.5 N £2.0
120908
85.C 7.00 43.5 N 41.5
121508
85.C 7.00 43.5 N 74.5
121608
90.C 5.50 36.0 N 19.1
110408
. 9C.C 6.00 36.0 N 55.7
103108
90.C 6.50 36.0C N 53.4
110308
85.C 6.00 43.5 N 85.1
112008
85.C 6.00 43.5 N 58.8
112108
85.C 6.00 43.5 N 58.1
120208
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. 85.C 6.00 43.5 N 58.0
120308
85.C 6.00 43.5 N 69.8
120108
85.C 6.00 43.5 Y 47.9
120508
85.C 6.00 43.5 N 76.2
120808
85.C 6.00 43.5 N 56.9
121108
85.C n/a 43 5 N 60.8
120108
Renazorb-013 Analytical Data
Batch Suriace Bulk ¥RD phase ¥RD phase 2
# Area Density Z ID
(m"2/qg) (g/cc) * (major phase)
14.3 0.15 049-0981 026-0825
101008
11.7 0.31 049-0981 026-0815
102308
7.C 0.28 026-0815 Unidentified
101408
2.7 0.52 026-0815 -—=
102208
. 26.C 0.2¢4 026-0815 049-0981/A
102108
11.1 0.29 026-0815 -
102708
- 0.21 - -
101608
14 2 .60 026-0815 -
100108
110608 34.¢ 0.58 026-0815 -——=
7.8 0.68 026-0815 049-0981
110708
11.4 0.3% 049-0981 026-0815
102408
9.¢ 0.51 049-0981 -
100908
) 9.9 0.3¢0 049-0981 026-0825
101708
] 7.6 0.55 04£9-0981 -
112608
14.5 .60 026-0815 049-0981
100208
43.4 0.74 026-0815 -
100808
110508 o o o o
27.4 .66 026-0815 -
101308
42,2 0.76 026-0815 -
112408
34.7 0.71 026-0815 -——-
120908
38.3 0.81 026-0815 -——-
121508
34.4 0.61 026-0815 -——-
121608
2.6 0.89 049-0981 -
110408
7.7 0.3¢C 049-0981 -——-
103108
7.2 0.31 0D49-0981 026-0815
110308
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28.8 0.57 026-0815 ———
112008
41,6 0.58 026-0815 e
112108
59.¢ 0.81 026—-0815 ——
120208
) 8.1 0.36 026-0815 049-0981
120308
26.5 0.65 026-0815 049-0981
120408
21 4 0.54 026-0815 049-0981
120508
29.58 0.68 026-0815 -
120808
15 ¢ 0.47 026-0815 049-0981
121108
7.1 0.53 026-0815 049-0981
120108
Renazorb-014 Analytical Data
Ratch # | Surface | D10 (um) D50 (am) D90 (um) Bulk Pod XRD XRD
Area Sonicate | Sonicated | Sonicated | Den-— binding phase phnase
(m~2/g) | 4 50P-QC— S0P-QC- sity @4.5 pH | 1 IC 2
SOP-QC— GMP-2402 GMP-2402 (g/cc) (rxn (major
GMP-2402 comp.%) prhase)
101008 o o o o o o o o
2.0 1.6 22 60 0.41 89 037- -
102308
0804
20.3 2.3 8 27 0.20 84 037- 034-
101408
0804 1494
18.8 0.5 18 55 0.65 83 037~ -
102208
0804
21.8 3.9 i2 32 0.19 82 037- 23—
102108
0804 0322
5.7 1.5 4 32 0.21 84 037- 23—
102708
0804 0322
2.8 2.4 6 ~4 0.14 59 037- 23—
101608
0804 0322
23.5 -——= - -——= 0.71 30 037- -
100108
0804
110608 29.3 1.4 4 31 0.58 S3 037- -
0804
16.7 7.4 47 160 0.77 80 037- -
110708
0804
2.1 1.9 23 60 0.45 30 037~ ——
102408
0804
7.6 2.7 5 9 0.43 39 037- -
100908
0804
16.8 1.5 i3 56 0.35 S1 037- 08—
101708
0804 0477
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5.7 3.6 7 4 .35 39 037~ 023~
112608
0804 0322
3.9 -——= -- -——= 76 86 037- -
100208
0804
29.9 6.8 47 124 .91 92 037- -—-
100808
0804
16.7 6.6 50 151 56 92 037- -
110508
0804
23.0 6.4 45 134 .84 89 037- -
101308
0804
24.7 8.1 55 135 .97 92 037~ -
112408
0804
25.3 3.9 36 100 .84 86 037- -
120908
0804
24.4 12.8 76 200 .95 87 037- -
121508
0804
21.0 10.0 55 145 .95 pendi 037- -
121608
ng 0804
5.6 g.8 14 9 .88 6 037- -——=
110408
0804
3.4 2.3 4 9 28 83 037- 23-
103108
0804 0322
9.9 1.5 4 17 .31 81 037- -—-
110308
0804
24.9 2.1 24 82 .63 85 037- -
112¢08
0804
16.5 6.5 38 102 .68 65 037- -
112108
0804
37.3 3.9 23 93 1.00 67 037- -
120208
0804
13.6 1.8 4 52 .33 85 037- -
120308
0804
27.3 £.1 32 93 .64 95 037- 023-
120408
0804 0322
20.2 3.9 30 82 .66 92 037- -
120508
0804
22.8 5.9 31 80 95 66 037- -
120808
0804
3.9 -——= -- -——= -— -—= 037- 023-
121108
0804 0320
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] 7.€ 2.3 S 109 0.25 85 037~ ———
120108

0804
[0150] The same equipment was used for all lots. As
indicated, some parameters were deliberately adjusted

(reaction temp, pH, conc.) Dbut the remaining processes and
equipment were maintained as consistently as possible with the
level of instrumentation/control contained in the process.
[0151] Table 7 below demonstrates the variability that was
observed in these tests. Thus while certain conclusions may
fairly be drawn, inconsistencies 1in these data still indicate
that additional variables may play a role in controlling the
desirable properties of LCH and LDOC.

Table 7. Variability in Characteristics

Processing Data and Observationrs

Batch # Average Average Prcduct Does LCH Filter
Reaction Reaction Concentration gel during Cake
Temp PH (g/L), reaction? Moisture
(°C) theoretical (%)
75.0 6.50 36.0 Y 83.6
102108
75.0 6.50 36.0 Y 62.4
102708
80.0 6.0 55.0 Y 55.1
110608
o 80.0 6.C 55.0 Y 47.7
110708
85.0 6.50 36.0 N 52.1
100208
85.0 6.50 36.0 Y 42.2
100808
85.0 6.00 43.5 N 85.1
112¢08
85.0 6.0 43.5 N 58.8
112108
120208 85.0 6.C0 43.5 N 58.1
85.0 6.00 43.5 N 69.8
120408
85.0 6.00 43.5 Y 47.9
120508
85.0 6.00 43.5 N 76.2
120808
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Renazorb-013 Analytical Data

Batch # Surface Bulk XRD phase XRD phase 2
Area Density 1 ID
{(m~2/qg) (g/cc)* (major phase)

26.0 0.24 026-0815 19-0981+un
102108

11.1 0.29 026-0815 Unidentified
102708

34.8 0.58 026-0815 049-0981
110608

17.8 0.68 026-0815 094-098L1
110708

14.5 0.60 026-0815
100208

43.4 0.74 026-0815
100808

20.78 0.57 026-0815
112008

41.59 0.58 026-0815
112108
120208 59.91 0.81 026-0815

26.53 0.65 026-0815 0495-C981
120408

21.40 0.54 026-0815 094-C981
120508

29.51 0.68 026-0815
120808

Renazorb-014 Analytical Data

Batch Surface | DLO (um) D5C  (um) D9C (um) Bulk
# Area Sonicated | Sonicated | Sonicatec | Density
(m"2/qg) | SOP-QC— SOE-QC— SOP-QC- (g/cc)
GMP-2402 GME-2402 GMP-24(C2

21.8 3.9 12 32 0.19
102108

15.7 1.5 4 32 0.z1
102708

29.29 1.4 4 31 1
110608

16.66 7.4 47 160 0.8
110708

13.9 0.76
100208

29.9 5.8 47 114 1.42
100808

24.85 2.1 24 B2 0.63
112008

16.45 5.5 38 102 0.68
112108
120208 37.26 3.9 23 93 1.C0

27.34 4.1 32 93 0.64
120408

20.18
120508

22.76 0.95
120808
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Batch # P04 binding XRD phase XRD phase 2
@4.5 pH 1 ID 1
(rxn comp.%)
£37-0804 D48-111
102108
037-0804 23-032
102708
037-0804
110608
037-0804
110708
86 £37-0804
100208
] 92 037-0804
100808
85 037-0804
112008
55 037-0804
112108
120208 67 C37-0804
95 £37-0804 23-032
120408
92 037-0804
120508
56 037-0804
120808
EXAMPLE 2
[0152] An oral dosage form in the form of a

table was produced using the LDOC

("RZB-014")

invention as provided in Table 8 below.

swallowable

of the present

[0153] Table 8: Swallowable Oral Dosage Form of RZB-014
Component Function Weight % of each % of % % High
(mg/teble | component API Low (+1)
t) at at target (-1
target ievel
level
RZB-014 active 666.67 88.24% - - -
Povidone Wet binder 38.50 6.82% 5.77 4.80 65.80
ProSolv (a blend | Dry binder 4.,00%
of
Microcrystalline
Cellulose,
Silica
Colloidal,
Colloidal
Silicon Dioxide,
Silicic Acid) 30.81 4,62 2.60 6.60
Ac-Di-Sol disintegra 4.00%
(croscarmellose nt
sodium) 30.81 4,62 2.60 6.60
Magnesium _ubricant 0.30%
stearate 2.33 0.35 0.15 0.55
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[0154] Eight lots of dosage form were prepared. The
povidone was dissolved in the same amount of purified water in

each run. Briefly, the active (RZB-014) was added to a Glatt

Fluid Bed granulator ("Midi-Glatt"), and the solution was
sprayed at a rate of about 7 g/min. The granulation was dried
for about an hour (until LOD below 2% was achieved). The

granules were milled through a Comil with a # 16 mesh screen.
The granules were then added to a PK blender together with the
Prosolv and Ac-Di-Sol and blended for 5> minutes. The
magnesium stearate was added to the blender and blended for an
additional 2 minutes. The granules were compressed on a mini
tablet press using only 2 stations of the available 8
stations. E_ght lots of tablets were compressed using 11.11 mm
diameter round / standard concave tooling. Granules and
tablets from each test composition were evaluated for loss on
drying (LOD), size distribution, densities, compressibility,
thickness, friability, hardness, average weight,
disintegration time, and 1in vitro phosphate binding. The
following is a table of the results obtained:

[0155] Table 9: Results for Swallowable Dosage Form of
RZB-014
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S Parameter Run 1 Run 2 Run 3 Run 4 Run 5
1 Loss on Drying of 1.82 1.72 1.38 1.83 1.13
Granules (%)
2 Sieve Analysis of Granules Using #20, #30, #40, #50, #60 and #80
sieves
Mean Size (mm) 0.298 0.275 6.28%9 0.290 0.286
3 Bulk Density of 1.1360Q 1..060 1.072014{ 1.0940 | 1.1100
Granules (g/cc)
L Tap Density of 1.3209 1.3654 1.291614 1.3340 | 1.3537
Granules (g/cc)
5 Compressibility of 14.00 19.00 17.00 17.99 18.00
Granules (%)
6 Flow of Granules
Funnel- without Poor Poor Poor Good Poor
Lubrication
Funnel— with Poor Poor Good Good Good
Lubrication
Hopper—-with Good Good Good Good Good
Lubrication
7 Talkblet Thickness (mm) 4.88=0.01 4.9=-0.01 {5.18£0.]5.21=0.|5.2140
01 01 01
8 Tablet Friability (%) 0.162 0.0.3 0.141 0.0.3 0.091
9 Takblet Hardness (kp) 8.00£0.33 | 7.70x0.501]7.83=0.{8.53=0.|7.10=x0
39 37 41
1C |Average weight of 732.7+10.6|754..+4.94[777.32+6]785.4+4|769.5+1
Taklets (mg) 8 .35 .68 1.56
11 [Taklet Disintegration 8.33+.82 |20.00£1.26{15.50£2{13.33+£1(12.83%0
Time (Seconds) .22 .03 .41
12 |Phosphate Binding of 63.39£1.93(82.79+£8.87({87.79+6|60.85+5|72.90+£2
Taklets in 15 minutes .Co 46 .51
(%)
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S |Parameter Run 6 Run 7 Run B

1 |Loss on Drying of 1.17 1.C7 1.91
Granules (%)

2 |Sieve Analysis of Granules Using #20, #30, #40, #50, #6C and #80

sleves
Mean Size {(mm) 0.288 0.274 0.284
3 |Buik Density of 1.1170 1.080C 1.1820
Granules (g/cc)
4 |Tap Density of 1.3458 1.2960 1.4071
Granules (g/cc)
5 |Compressibility of 17.00 15.90 16.00D

Granules (%)

Flow of Granules

[e)}

Funnel- without Poor Poocr Poor
Lubricallion
Funnel- with Good Good Good
Lubrication
Hopper—-with Good Good Good
Lubrication

7 |Takblet Thickness 5.17+0.01 5.36+0.01 5.38+0.01
(mm)

8 |Tablet Friability 0.013 0.076 0.024
(%)

9 |Tablet Hardness 6.13+£0.47 7.47+£0.50 7.93+0.30
(kp)

10 |Average weight of 772.1+£5.50 786.2+£7.53 825.2£5.62
Tablets (mg)

11 |Tablet 10.17+£0.41 11.00+0.00 16.00=C.00

Disintegration Time
(Seconds)

12 |Phosphate Binding 61.43+£5.506 67.83x7.77 80.35=z4.58
oZ Taklets in 15
minutes (%)
EXAMPLE 3
[0156] Additional formulations 1in the form of chewable

tablets, sprinkle powders/granules and suspensions comprising
RZB-014 were prepared.

[0157] Specifically, three chewable tablet formulations
(FS-22, FS-30 and FS-31) containing 500 mg of RZB-014
(referred to hereinbelow as "3SPI-014"); two sprinkle (capsule)
formulations (SP-11 and 3P-12) containing 500 mg of SPI-(014
were formulated, and two oral suspension formulations (S-2 and
S-7) containing 100 mg/mL or 500 mg/5 mL of SPI-014 were

formulated. Materials used in formulations are listed below.

_70_
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Table 10: Materials

Material

SPI-014

(Lanthanum dioxycarbonate)

Lactose Monchydrate and Povidone, NF
(Ludipress LCE)

Microcrystalline Cellulose, NF

Microcrystalline Cellulose and Guar gum, NF

(Avicel CE-15)

Microcrystalline Cellulose and Sodium Carboxymethyl
cellulose {Avicel RC-591)

Croscarmellose Sodium, USP/NF

Hydroxypropyl Cellulose NF

Polysorbate 80, NF

Magnesium stearate, NF

Colloidal Silicone Dioxide, NF

Purified water, USP

Sodium Alginate, NF

Carnauba Wax,

Glyceryl Behenate, NI

Povidone, USP

Magnesium Stearate, NF

Silicified Microcrystalline Cellulose NF,

Aspartame, NF

Peppermint Cil, NF

Poloxamer 188, NF

Opadry, White YS-1-18027-A
Carbopol 974 P NF

Hypromellose, USP

Sodium Carboxy Methyl Cellulose, 7H4F

Methyl Cellulose, NF

Propyl Paraken, NF

Methyl Paraben, NF

Disacharin Sodium, USP

Sorbic Acid, NF
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I. Chewable Tablets:

[0158] Chewable tablets wusing various combinations of
diluents and SPI-014 API were formulated by using direct
compression and roller compaction. The target was to identify
compositions that show disintecration time of 5-30 minutes.
[0159] Direct Compression Process: Various qguantities of
the SPI-014 APT, diluents, binders, disintegrants, and
lubricants were blended manually. Blends that showed good or
moderate flow properties were compressed using round beveled
edged punches with 14 mm diameter. The tablets were evaluated
for average weight, thickness, hardness, friability and
disintegration time 1in purified water (37°C) . Table 11
provided below includes formulation compositions, and
observations.

[0160] Roller Compaction: Various quantities of the SPI-014
API and excipients were roller compacted using a TFC-LAB MICRO
Roller Compactor under 2 tons roller pressure, 2 rpm roller
speed, and 15 rpm feed screw speed. The sheets were granulated
and passed through US screen # 16. The granules were
externally/ internally mixed with diluents, binders and
lubricants, and tested for the flow properties. The granules
were compressed using round beveled edged punches with 14 mm
or 16 mm diameter. The tablets were evaluated for average
weight, thickness, hardness, friability and disintegration
time in purified water (37°C). Table 12 provided below shows
formulation compositions and okservations. Selected
compositions were prepared with flavoring agent and sweetener.

Table 13A and 13B list the formulation compositions.
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Table 11:

Compositions Prepared by Direct Compression Frocess

SPI-014 Chewable Tablets,

PCT/US2011/036317

500 mg ~ Formulation

S #

Ingredients

Quantity (mg/

unit)

FS-1

FS-2

FS-3

FS—4

FS-5

FS-6

FS-7

SPI-014

666.7

666.
7

666.7

666.7

566.7

666.7

666.7

Microcrystalline
ceilulose and
guar gum

248.3

248.
3

448.3

Lactose
monohydrate
and Povidone,

248.3

248.3

Sodium Alginate

248.3

Hydroxy propyl
cellulose

Carnauba Wax

Glyceryl
Behenate

PolyvinyZX
Pyroiidone

40.0

40.0

40.0

40.0

Croscarmellose
sodium

40.0

40.0

40.0

10

Magnesium
Stearate

Total

1000.0

96C.
0

1000.
0

960.C

1000.0

960.0

1160.0

Obse

rvations

Flow of the
klend through
funnel

Good

Good

Moderate

Poor

Poor

Poor

Average weilght
{g) (n=10)

0.986=x
0.013

0.992=+
C.0%7

0.997=
0.014

Thickness (mm)

3.78

Friability (%
w/w)

0.22

Hardness (kp)

Disintegration
time (Minutes)

Ingredients

F5-8

FS-11

SPI-014

666.7

F5-9 F5-10

666.7

666.7

oy |

N =3,

Microcrysta’lline
cellulose and
guar gum

= o|h
(@} e

Lactose
mnonohydrate
and Povidone,

Sodium Alginate

Hydroxy propyl
cellulose

288.3 -

228.3
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Carnauba Wax

293.3

Glycezryl
Behenate

Polyvinyl
Pyrclidone

Crogscarmellose
sodium

10

Magnesium
Stearate

Total

96C.C

960.0

960.0

1000.0

1000.0

QObservations

Flow of the
blend through
funnel

Poor

Good

Moderate

Moderate

Moderate

Average weight
(g) (n=10)

0.998%
0.005

0.989=%
0.013

€.999=
0.01C

1.013=%
0.011

Thickness (rm)

4.27

£.24

Friability (%
w/w)

w

Hardness (kp)

4.1

(@]
.
[AS]

Disintegration
time (Minutes)

>45
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Table 12A: SPI-014 Formulation Compositions Frepared by Roller

Compaction Chewable Tablets, 500 mg -

¥ Ingredients Quantity (mg/ unit)
F5-14 F5-15 FS-16 FS-17 5-18 F5-19
1 SPI-014 5566.7 666.7 666.7 566.7 66€.7 666.7
2 Microcrystalline 106.4 218.8 105.4 164.1 218.8 500
cellulcse and guar gum 3 7 3 5 7
3 Microcrystalline - - - - — -
cellulcse
4 Silicified - - - - - -
Microcrystalline
Cellulcse
5 Hydroxy progyl z2le.8 103.4 - - - -
cellulose 7 3
6 Hydroxy proeyl - - 218.8 le4.1 1C5.4 -
cellulose 7 5 3
7 Glyceryl Behenate - - - - - -
3 Palyviryl Pyralidone - - - - - 325.8
9 Magnesium Stearate 5.0 5.0 5.0 5.C 5.0 15.0
10 | Aspartane - - - - - -
1i | Peppermint 0Oil - - - - - -

Total 1000 1000 1000 1000 1000 1507
.0 .0 .0 .0 .0 .5
Observations

1 Flow of the klend Good | Good | Good | Good | Good | Good
through funnel

2 | Average weight 0.99 [ 0.99 | 1.00 | 0.99 | 0.98 | 1.51
(g) (n=10) 9 = 4 =+ 5 1 = 2 = 9 =
0.01 | 0.01 + J.01 | 0.01 | 0.01
3 1 0.02 i 3 7
2

3 Thickness (mm) 4,18 4.03 4,34 4,27 4,28 5.87
4 | Friability (% w/w) 0.34 | 0.45 } 0.19 | 0.26 | 0.21 | 0.18
5 Hardness (kp) 7.8 6.1 8.1 S.2 6.8 8.1
5 Disintegration >45 >45 >45 >45 >45 >45

time (min)
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3 Ingredients Quantity (mg/ unit)
# F5-20 | FS-21 | FS-22 | ¥S-23 | F5-24 | ¥s-25 FS-26
1 SPI-014 666.7 | 666.7 | 666.7 | 666.7 | 666.7 | 666.7 666.7
2 Microcrystalline 333.2 -~ - - - -
cellulose and guaz
gum
3 Microcrystalline 166.8 - - - - - -
cellulose
4 Silicified - 818.3 | 568.3 | 683.3 | 416.6 | 683.3 608.3
Microcrystalline 5
Cellulose
5 Hydroxy propyl - - - - - - -
cellulose
6 Hydroxy prooyl - - - - - - -
cellulose
7 Glyceryl Behenate - - - 150 4l1¢.6 75 112.5
=
3 Polyvinyl Pyrolidone 318.3 - 225 - - 75 112.5
S Magnesium Stearete 13 13 15 - - - -
10 Aspartame - - 20 - - - -
11 | Peppermint 011l - - 5 - - - -
Total 15C0. | 1500. | 1500. | 1500. | 1500. | 1500. | 15C0.0
C 0 ¢ 0 ¢ 0
Okbservations
1 Flow of the blend Good Geod Good Good Good Good Good
through funnel
2 Average wewgat  (g) 1.502 ] 1.492 }1.498 | 1.511 | 1.489 | 1.492 1.498
(n=10} + + * + + + +
0.019 | 0.014 }0.C13 | 0.013]0.C1l8 ]| 0.010 ¢.014
3 Thickness (mm) 5.93 5.69 5.43 5.35 5.44 5.32 5.28
4 Friability (% w/wi 0.13 0.17 0.21 0.17 0.26 0.31 2.25
5 Hardness (ko) 10.323 19.8 10.4 .2 8.9 8.9
6 Disintegration time 1-2 1-2 13-17 2-3 >45 1-2 1-2
(min)
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Table 12B: SPI-014 Chewable Tablets, 500 mg - Formulation

Compeositions Prepared by Roller Compaction Process

S. Ingredients Quantity {(mg)/ unit
# FS-27 FS-28 FS-29 FS-3C FS-31
(FS-29
repeat)
SPI-014 666.7 666.7 666.7 666.7 666.7
2 | Microcrystalline - - - - 558.0
cellulose and guar gun
3 | Microcrystalline - - 787.3 762.3 -
cellulose
4 | Silicified 533.3 578.3 - - -
Microcrystalline
Cellulose
5 | Poloxamer 188 - - 3C.5 15.5 -
6 Glyceryl Behenate, 150.0 127.5 15.5 30.5 -
7 | Polyviny. Pyrolidone, 150.0 127.5 - - 235.3
8 Magnesiun Stearate - - - - 15.0
9 | Aspartame - - - 20.0 20.0
10 | Peppermint 0il - - - 5.0 5.0
Totel 1500.0 | 1500.0 1500.0 1500.0 1500.0
Observations
1 Flow of the blend Good Good Good Good Good
through funnel
2 | Average weight (g) 1.516x | 1.507« 1.48%% 1.494= 1.482=x
{(n=10) 0.012 0.011 0.010 0.013 0.015
3 | Thickness (mm) (n=10) 5.51 5.56 5.32 5.17 5.24
4 | Friability (% w/w) 0.34 0.28 0.2% 0.32 .23
5 | Hazdness (kp) 14.8 8.4 1C.8 11.7 7.9
[ Disintegration tine 27-32 8-10 22-24 14-28 10-14
(min)
Results:
[0161] Three prototype compositions (FS-22, FS-30 and FS-
31) showed good flow characteristics and expected

disintegration time (5-30 minutes). Other compositions showed
either fast (<5 minutes) or slow (>45 minutes) disintegration.
The SPI-(014 (Lanthanum) contents of these compositions were as
follows:

Chewable Tablets Composition FS-22: 474.4 mg/tablet.
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Chewable Tablets Composition FS-30: 501.4 mg/tablet.

Chewable Tablets Composition FS-31: 487.0 mg/tablet.
[0162] II. Sprinkle Oral Powder or Granules:
[0163] Sprinkles are capsule or sachet dosage forms, where
the entire contents (powders/ granules) are sprinkled onto
food before ingestion. Sprinkle dosages provide a benefit to
patients who have difficulty in swallowing solid dosage forms.
Such dosage forms are familiar to one of skill in the art.
[0164] Dry Granulation/Roller compaction Process: Various
quantities of the SPI-014 and selected dry binders were roller
compacted using TFC-LAB MICRO Roller Compactor under 2 tons
roller pressure, 2 rpm roller speed, and 15 rpm feed screw
speed. The sheets were passed through US screen # 16, and
evaluated for the uniformity of the particle size. Table 13
provided below shows formulation compositions.
[0165] Spray Granulation Process: SPI-014 was loaded onto a
MidiGlatt fluid bed processcr, and sprayed with selected
granulating liguids, accozding to normal operating conditions.
Table 13 shows formulation compositions.
[0166] Wet Granulation Process: As provided in the
formulation compositions disclosed in Table 13, various
quantities of SPI-014 were granulated with the binder solution
(such as 10% w/v of Opadry or Klucel- LF) 1in a planetary
mixer. The wet mass was tray dried at 60 °C until the LOD
reaches below 3 % w/w. It was then passed though sieve # 14,
evaluated for the size uniformity by visual observations, and

filled in gelatin capsules (size ‘007).
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Table 13: $2I-014 Sprinkles, 500 mg - Formulation Compositions

S. Quantity (mg)/ unit
# Ingredients sp-1 5p-2 Sp-3 Sp-4
1 SPI-Cl4 666.7 666.7 666.7 666.7
2 Microcrystalline 666.7 - - -
cellulose and guar
gum
3 Lactose Monohydrate - 666.7 - -
and Povidone
4 Sodium Alginate - - 666.7 -
7 Hydroxy propyl - - - 666.7
cellulose
10 | Microcrystalline - - - -
cellulose
11 | Hydroxy propyl - - - -
cellulose
{(Klucel-HF)
12 | Hydroxy propyl - - - -
cellulose
{(Klucel—-LF)
13 | Opadry - - _ _
Total 1333.4 1333.4 1333.4 1333.4
Process Roller compaction (Dry
granulation)
Uniformity in Size More fines / less granules
S.
# Ingredients Sp-5 SP-6 sp—7 Sp-8 SP-9 | SP-10
1 SPI-(C1l4 666.7 666.7 666.7 666.7 | 666.7 | 666.7
2 Microcrystalline - - - - - -
cellulose and guar
gum(Avicel CE-15)
3 Lactose Monohydrate - - - - - -
and Povidone
4 Sodium Alginate - - - - - -
7 Hydroxy propyl - - - - - -
cellulose
10 | Microcrystalline 066.7 - - - - -
cellulose
11 | Hydroxy pzopyl - 666.7 - - - -
cellulose
12 | Hydroxy pzopyl - - 666.7 - - 66.7
cellulose
13 | Opadry - - - 66.7 133.4 -
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Total 1333.4 ] 1333.4 | 1333.3| 733.4 | 800.1 | 733.4
Process Spray Granulation
Uniformity in Size More fines / less granules

S.

# Ingredients SP-11 5p-12

1 SPI-014 666.7 666.7

2 Microcrystalline - -

cellulose and
guar gum(Avicel

CE-15)

3 Lactose - -
Monohydrate and
Povidone

4 Sodium Alginate - -

7 Hydroxy propyl - -
cellulose

10 Microcrystalline - -
cellulose

11 Hydroxy propyl - -

cellulose
12 Hydroxy propyl - 66.7
cellulose
13 Opadry 133.4 -
Total 800.1 733.4
Process Wet granulation
Uniformity in Size Uniforn granules
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[0167] Results: Two prototype compositions (SP-10 and SP-
11) yielded uniform granules, and showed gcod flow
characteristics. The SPI-014 (Lanthanum) contents of these
compositions were as follows:

Sprinkle (Capsule) Composition SP-10: 537.5 mg/capsule;
Sprinkle (Capsule) Composition SP-11: 510.2 mg/ capsule.

IITI. Suspensions:

[0168] Suspensions are homogeneous mixtures containing an
insoluble =so0lid dispersed in a liguid with the aid c¢f a
suspending agent and are familiar to one of skill in the art.
Although suspensions are thermodynamically unstable systems
and undergo phase separation/sedimentation over time, an ideal
suspension will be dispersed uniformly when mixed.

[0169] Suspensions comprising SPI-014 API, and selected
suspending agents, sweeteners, flavors, and preservatives were
formulated as shown 1n Table 14. The suspending agent was
dissolved in about 50% of water using a overhead stirrer. SPI-
014 was added into about 30% of water and homogenized. The
drug suspension was added into the solution of suspending
agent, and mixed for 30 minutes. The remaining constituents
were added, and the volume was made up to 10C% with water.
[0170] Compositions that formed uniform suspensions were
evaluated for the microscopic examination, density, and

sedimentation for 7 days.
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Table 14: SPI-014 Suspensions, 500 mg/5 mL -

Formulation Compositions

Ingredients Quantities Used (%)
Sl 52 S3 54 S5h S6 57

SPI-(014 13.334 13.334 13.334 13.334 13.334 | 13.334 | 13.334

Micro- 1.500 1.500
crystalline
Cellulose
and Sodium
CMC

Carbopol 0.600
934 NF

Hypro-— 1.000
mellose

Hydroxy 4.00C0
propyl
cellulose

Sodium 0.500
Carboxy
Methyl
Cellulose

Methyl 1.000
Cellulose

Propyl 0.020 0.020 0.020
Paraben

Methyl 0.200 0.200 0.200
Paraben

Disacharin 0.150 0.150 0.150 0..50 0.150 G.150
Sodium

Polyscrkate 0.100 0.100 0.100 0..00 0.100 C.100
80

Sorbic Acid 0.050 0.100 C.050

Flavoring 0.100 0.100 0..C0 €.100
Agent

Purified 10G.C00 100.000 100.0C0 100.C00 | 1C0.000 | 1C0.000 | 100.00C
Water Q.S.

[0171] Results: Compositions S$S2, S4 and S7 formed uniform
suspensions, and therefore were evaluated for ©physical
stability for 7 days. The densities of these two formulations
were 1.09, and 1.07 g/mL, respectively. The SPI-014
(Lanthanum) content of these compositions were as follows:
Suspension Composition S2: 91.9 mg/mL;

Suspension Composition S7: 98.2 mg/mL.

EXAMPLE 4

[0172] An analytical test method for the determination of

phosphate Dbinding capacity of lanthanum carbonate drug
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substance (DS) and drug products (DP) in pH 4.5 buffer using
an ion chromatography system is provided in detail below.
[0173] Specifically, the scope of the study provided herein
is to determine the phosphate binding kinetics/capacity of
lanthanum carbonate drug substance (DS) and drug product (DP)
in acetate buffer solutions containing a known amount of
dissolved phosphate at pH=4.5 wusing the USP Dissolution
Apparatus and determined by Ionn Chromatography System.

[0174] Briefly, phosphate content is determined using the
IC (Ion Chromatography) System equipped with conductivity
detector, and the quantitation is achieved by comparing the
response of the unknown sample against the external
calibration curve. The samples are filter and inject directly
thru the system.

Required Materials:

[0175] Reagents:

Phosphorus IC Standard, NIST-traceable, 1000ppm;

Ultrapure Deionized (DI} water, 18.2 MQ;

PH buffers 4, 7 and 10 (for standardizing pH meter);

Glacial Acetic Acid, ACS grade;

Sodium Hydroxide, ACS grade;

Phosphoric Acid, ACS grade.

IC System

[0176] Dionex ICS-3000 System

Conductivity Detector;

Autosampler: capable of injecting 10 uL;

Pump: capable of a flow of 1.2 mlL./min;

Data System: Chromeleon 7;

Analytical Column: Dionex Ion®Pac AS11, 4mm x 250 mm, P/N:
044076;

Pre-column: Dionex Ion®Pac AGll, 4 mm x 50 mm, P/N 044078;
Eluent Generator: EG Cartridge KOH;

Ion chromatography autosampler vials and caps.
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Preparation of Linearity Standard Solutions:

[0177]
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Prepare the following solutions using NIST Traceable

Phosphorus Standard 1000 mg/L as provided in Table 15 below:

Table 15. Phosphorus Linearity Standards
Phosphorus Volume of 1000 Final dilution
Standard Concentration mg/L Phosphorus volume with
(mg /L) * Standard diluent
1 50 2.5 50
2 100 5.0 50
3 200 10.0 50
4 250 12.5 50
5 300 15.0 50

*Calculate the concentration base on the purity stated in the

Certificate of Analysis (CofA).

[0178]
pH 4.5):

Phosphate Reaction Solution

order listed in Table 16 below:

(0.5 M Acetate Buffer,
Add the following quantity of the components in the

Table 16: Phosphate Reaction Solution (0.5 M Acetate Buffer,
PH 4.5)
No. Component Quantity (mL)
1 Water 4286
2 Acetic Acid Solution (5.0 | 600
M)
3 Phosphoric Acid Stock 30
Solution
(1.62 M H3PO4)
4 50% Sodium Hydroxide 94
solution
5 4% Sodium Hydroxide approx. 160
solution
6 Ad-ust the pH of the
solution to 4.5 by adding
4% Sodium Hydroxide. Fill
the volume of the
container with water.
7 Total Vclume 6000
Test Samples
[0179] Weight of the Drug Substance (DS) needed for
testing: Calculate the weight of the APT (Lanthanum
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Dioxycarbonate Anhydrous, La;0,C03) equivalent to 1.0 g of
Lanthanum based on the % La content of the DS provided in the
Certificate of Analvsis (CofA).

[0180] Weight of the Drug Product (DP) needed for testing:
Weigh individual drug product (tablet or capsule) and record
the weight 1in the notebook. Calculate the amount (g} of
elemental Lanthanum in the Drug Product based on the CofA.
[0181] Dissolution Conditions are provided as follows:
Apparatus: USP Apparatus IT1 (Paddle);

Temperature: 37°C = 0.5°C;

Stirring Speed: 180 RPM;

Medium: 1000 mL of Phosphate Reaction solution;

(0.5M Acetate Buffer, pH £.5);

Medium sampling: 5mL at 0, 30, 60 and 90 minutes for Drug
Substance; b5mL at 0, 30, 60 and 90 minutes for Drug Product.
[0182] Sample Solutions: Filter the samples through 0.45 um
Acrodics PVDF membrane filter before injection.

[0183] TC Rnalysis

Chromatographic Conditions

[0184] The methodology for chromatographic conditions is
provided below in Table 17:

Table 17. Methods for Chromatographic Conditions

Mobile Phase | DI H;O

Flow Rate 1.2 mL/min
Eluent T =0 Run
Generator

=0 5.0 mM

T = 10min 42.0 mM

£ = 10.1min 5.0 mM

© = 13min 5.0 mM

€ = 1bmin Stop run
Conductivity | Suppressor, Cell Temp. 35°C

Detector

Type: ASR3_4mm
Current: 125mA
Column Temp. | 30°C

Autosampler 25°C

Temp.
Injection 10uL
Volume
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Calculations

[0185] Calculations to determine the phosphorus content are
provided below:

[0186] Step 1: Phosphorus content (mg/L) R= [A-B] x C + D;
where A = IC reading (mg/L);B = IC reading (mg/L) for time
zero (blank); C = Dilution (mL); and D = Aliguot (mL).

[0187] Step 2: Percent Reaction Completion (RxN) at T = 30
min = {(Ry—Rszp) <+ (1000 x 30.974)} x 100 + M; where Ry = “I=0"
sample results (mg/L); Rsg = “T=30"” sample results (mg/L); 1000
= Reaction Volume (mL) ; 30.974 = Molecular welight of
Phosphorus; M = moles of La initially present in the reaction;

amount of La taken in (g)/138.91 molecular weight for La.

[0188] Example (with theoretical numbers):
{(248.0 — 29.3) + (1000 x 30.974)} x 100 + 0.0072 = 98%
[0189] Step 3: Percent Reaction Completion (RxN) at T=60,

90 and 120 min. Substitute the T=30 reading with T=60, T=90

and T=120, and use the same equation as that for T=30.

[0190] Step 4:Phosphate Bound per gram Lanthanum at T=30
min = {(Rp—Rzg) x V x (94.974 + 30.974)} + L; where Ry = “T=0"
sample results (mg/L); R3; = “T=30” sample results (mg/L);V

Volume (L) of reaction solution; 94.974 = Molecular weight of

Phosphate (P04); 30.974 = Molecular weight of Phosphorus; and
L = gram of La initially presenrt in the reaction.

[0191] Step 5: Phosphate Bound per gram Lanthanum at T= 60,
90 and 120 min. Substitute the T=30 reading with T=60, T=90
and T=120, and use the same equation as that for T=30.

EXAMPLE 5

[0192] Phosphate binding data for lanthanum formulations of
the present invention were determined acccrding to the Ion
Chromatography method described in Example 4. Results of such

experiments are provided herein as Tables 18 and 19.
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(IC method)

FOSRENOL Chewable Tablet, Lot#
A, A46193B
Tire (min) % reaction mg PO,/g La
0 0.0 0.0
30 16.5 112.9
60 26.1 178.5
90 40.2 274.7
Formulated Chewable Tablet,
B. Lot# FS31
Tire (min) % reaction mg PO,/g La
0 0.0 0.0
30 28.4 194.4
60 32.9 224 .8
90 46.6 318.6
Formulated Sprinkle
C. Capsule, Lot# SP12
Time (min) % reaction mg PO./g La
0 0.0 0.0
30 84.7 578.9
60 93.4 638.6
90 94.4 645.6
Formulated Suspension,
D. Lot# S7
Time (mwin) % reaction mg PO,/g La
0 0.0 0.0
30 38.8 265.3
60 40.0 273.2
90 35.5 243.0
Fermulated Suspension,
E. Lot# S2, prep.l
Time (min) © . mg PO./g
reaction La
0 0.0 0.0
30 107.2 732.7
60 106.6 728.7
90 107.1 732.5
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Fcrumulated Suspension,

PCT/US2011/036317

Lot# S2, prep.2
Time (min) 5 , mg PO:/g
reaction La
0 0.0 0.0
30 104.7 716.1
60 104.2 712.7
90 104.8 716.5

Formulated Suspension,

Let# S2, prep.3
Time (min) © . mg PO4/g
reaction La
0 0.0 0.0
30 104.9 717.2
60 105.5 721.4
90 105.1 718.3
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Table 19. Phosphate binding study with
Renazorb-014 swallowable tablets Lot# FSPE-20110331-1

Tire (min) % reaction mg PO,/g La
0 0.0 0.0
30 89.9 614.8
60 96.4 659.2
90 97.8 668.7
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EXAMPLE 6

[0193] The porosity of the LDOC compound referred to herein
as RZB-014 was analyzed and compared to that of the LDH and
LDOC compounds of tThe 'Y/82 patent discussed above on a
Micromeritics TriStar 3000 static pressure surface area
analyzer using nitrogen as the adsorbate. The Barrett, Joyner,
and Halenda (BJH) method was used to calculate pore size.
This method uses the Kelvin model of pore filling and applies
only to the mesopore (internal width between approximately 2
and 50 nm) and small macropore gize range (internal width
between 50 nm and approximately 300 nm).

Results:

[0194] Data i1s provided hereinbelow as Table 20:

Table 20. Porosity Data

Lot Surface Area Pore volume
BET Adsorp- | Desorpt Total- Adsorption Desorption
Surfac | tion ion <6.4182 (cumul- (cumu’-
e area (cumul~ (cumul- nM ative) ative)
{(m?/g) | at_ve) ative) (cm3/g) (cm?/qg) (cm?/qg)
(m*/g) (n?/g)
RZB-14 | 25.303 | 28.7342 | 33.894% 0.02972%6 C.038915 0.040680
(26431 | 2
)
RZB-14 | 32.003 | 34.6533 | 35.5324 0.02723% C.049897 0.053462
(26431 9
4)
RzZB-12 6.9408 | 7..717 7.3477 0.005344 0.008331 0.008371
(26431
6)
RzB-11 13.607 14.2712 | 14.5752 0.011198 0.C1l9211 0.C01l%8513
(26431 | 2
5)
(cont.)
Fore Size
Lot Average Adsorptio Desorpt
pore width n ion
(nm) pore pore
diameter diamete
(nm) r
(nm)
RZB-14 4.69909 5.5584 4.8008
(264317)
RZB-14 3.40406 5.7595 5.0183
(264314)
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RZB~12 3.07991 4.6467 4.,5569
(264316)
RZB-11 3.29190 5.3566 5.3552
(264315)
[0195] Results indicate that:
a) the surface areas of the two lots of RZB-14 are greater

than the surface area of the LCH and LDOC compounds prepared
according to the methods disclosed in US 7,588,782 (RZB-11 &
12, respectively);

b} the 1IDOC compound produced according to the methods of
the instant invention (both lots of RZB-14} have much higher
pore volumes than RZB-12 and slightly bigger pore volume than
RZB-11;

c) there 1is not much difference in the wvalues of pore
diameter among the LCH and LDOC compounds studied in this
experiment (RZB-11, RZB-12 and both lots of RZB-14). Hence,
the number of pores must be much greater in RZB-14 compared to
RZB-12 and RzB-11.

[0196] With regard to phosphate binding kinetics, these
data suggest that the higher wvolume of RZB-14 may explain
higher phosphate binding of RZB-14 at 6.5 pH, as phosphate
binding at higher pH is most likely limited by diffusion of
phosphate into the pores.

EXZAMPLE 7

[0197] The morphology of LCH and LDOC compounds referred to
herein as RZB-011, RZB-012 and RZB-014 were analyzed using
scanning electron microscopy (SEM) according to conventional
methods. See Figures 11-20.

[0198] Results provided herein confirm previous data which
indicated that the morphologies of RZB-012 and RZB-14 are
significantly different, and particularly the distinguishing

spherical morphology of RZB-014 of the present invention.
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EXAMPLE 8

The following procedure may be used to determine the phosphate
binding kinetics/capacity in solutions at a buffered pH=4.5
for lanthanum dioxycarbonate.

Briefly, a heated, acetate buffered acidic solution, adjusted
to a known pH and containing a known amount of phosphate is
stirred constantly throughout the test in a dissolution unit.
To this stirred solution is added a known amount of lanthanum
compound at time=0. At pre-specified intervals (T=30, 60
minutes) samples of the stirred slurry are taken and
immediately filtered. All samples are diluted in the proper
matrix and analyzed for phosphorus wusing an Inductively
Coupled Plasma instrument equipped with an Optical Emission

spectrophotometer detector (ICP-0OES).

Apparatus / Eguipment

® Calibrated USP approved Dissolution Apparatus

® Calibrated four-place analytical balance

e Calibrated timer

®¢ Calibrated/Traceable thermometer (capable of 37°C)

® pH meter w/temperature compensation and appropriate

probes
® Magnetic stir plate
® Magnetic stir bar (17 & 3”7 long)

e (Class A glass volumetric flask (10, 50, 100, 500,
1000, 2000mL)

®¢ (Class A graduated cylinders (100 to 1000mL)

® (Class A volumetric glass pipettes (1 to 20mL)
e Pyrex Beakers (100, 250, 1500mL, anrd 210L)

¢ 10mL & 50mL sample tube rack

¢ 10mL & 50mL plastic sample tubes w/caps
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e 20mL plastic syringes w/ plunger
e (0.Z2yum syringe filter (20 to 25mm diameter)

® Qualified ICP-OES

Reagents

1.1 Deionized water to USP <1Z31> (D.I.)

1.2 Certified Phosphate calibration standard (1,000mg/L)

1.3 Secondary Solid Standard - To be taken through the entire

disintegration test

1.4 Reference Standard - Same chemical as being tested with

historical data

1.5 Quality Control (QC}) standard - to be either

independent 1,000 or 10,000mg/L certified AAS standard or

a multi-element certified standard containing phosphorus

1.6 pH buffers (4, 4.62 or a buffer close to 4.5, 7) - Follow

the manufacturers’ standardization instructions.

Standardize daily using pH 4 & 7 buffers and check

standardization prior to beginning a new series of tests

using PpH 4.62 buffer. Re-standardize when

standardization check is greater than + 0.05 pH units

buffer value. Report standardization & check information

to the pd log book

1.7 Hydrochloric Acid (10% v/v) — In a 2L vessel add 200mL
concentrated HCl to 1500mL of D.I.. Dilute to mark with
D.I., cap and shake. Store for up to 6 months in

sealed container

1.8 Glacial Acetic Acid (5.0M HOAc)

1.8.1 In a 1500mL beaker add a 3” magnetic stirring bar and 1L

of D.T.

1.8.2 Using a class A graduated cylinder add 572.0mL of Glacial

Acetic Acid and stir.
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1.8.3

1.10

1.10.1

Quantitatively transfer <contents to a class A 2L

volumetric flask and add D.I. to 2.0L mark.

Cap and shake well to mix.

Transfer to a clean, labeled sealable 2L glass vessel.
Store up to 1 year.

Sodium Hydroxide (50% NaOE or 12.5N NaOH)

In a 500mL Pyrex beaker add a 1”7 magnetic stirring bar
and 250mL of D.I. Begin stirring.

Weigh 250g of NaOH pellets and transfer to the stirring
beaker. CAUTION: Do not splash! Solution will heat up!
Stir until pellets have dissolved and the solution has
come back down to room temperature.

Quantitatively transfer to a 500mL volumetric flask and
add enough D.I. s0 that the meniscus 1is approximately
one inch below the 500mL mark.

Cap and shake gently to mix. CAUTION: Solution will heat
up! Let stand until the solution has come back down to
room temperature.

Fill to 500mL mark with D.TI.

Cap and shake well to mix.

Transfer to a cleen, labeled sealable 500mL plastic
container. Store up to 6 months.

Phosphoric Acid (1.62ZM H3EPO4 or 50.1g/L P)

Place a 3” magnetic stir bar in the bottom of a 1.0L

Pyrex beaker and add ~¢00mL of D.I. Place on a magnetic

stir plate and begin stirring

1.10.2 Determine the weight of phosphoric acid recuired by

obtaining the percent H:PO, from the CoA and following

this calculation:

1.10.2.1 HsPOs to be weighed(g) = 50.1 x 3.164 x 100 + % H:PO4

according to CoA

Example: The CoA for the Hi;POs reads 85.5%. Therefore

50.1 x 3.164 x 100 + 85.5 = 185.4 cgrams H:POy
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1.1¢.3 Weigh the required amount of concentrated phosphoric

acid into & clean Pyrex beaker.

1.10.4 Slowly and quantitetively transfer the phosphoric acid
to the stirred 1.0L Pyrex Dbeaker contalining the 600mL
D.I. Rinse the H3;PO, beaker with D.I. and add washings
to the 1.0L beaker. CAUTION: Do not splash.

1.10.5 Stir and allow solution to cool to room temperature.

1.10.6 Quantitatively transfer the solution to a 1.0L

volumetric flask.
1.1¢.7 Fill to 1L mark with D.I.
1.10.8 Cap and shake well to mix.

1.1C.9 Analyze this stock solution to verify phosphorus

concentration:

1.10.9.1 Dilute stock 1:100 followed by a 5:100 dilution in
10% HC1 matrix. The total dilution will be 1:2000 and

expected concentration is 25mg/L P.

1.1C.9.2 Prepare a 10% HC1l matrix standard curve of 0 and
30mg/L, P, Matrix blank, and a 20mg/L P QC check standard using

the third party certified phosphorus solution.

1.10.9.3 Analyze diluted sample, QC Standard, and Matrix
Blank for phosphorus using the 213.617nm wavelength. The
standard curve of 0, 30mg/L is linear for ICP at the 213.617nm

wavelength.
1.1C0.9.4 Acceptance Criteria:
1.10.9.4.1 Stock phosphate solution = 50.1+1.3g/L P.

1.10.9.4.2 Phosphorus QC check = 100+£2% recovery

1.10.10 Transfer approved stock phosphate solution to a
clean, labeled sealable 1L glass container. Store up to 1
year.

2.0 Procedure

DISSOLUTION UNIT & WORKING PHOSPHATE SOLUTION PREPARATION:
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2.1 Sampling will occur at T=0, 30 and 60 minutes. Determine
the number of plastic sample tubes required. 3 tubes per
test.

2.2 Pre-label the plastic sample tubes and place them iIn a
rack. Cover to keep clean and set aside.

2.3 Fill adiabatic bath on the Dissolution apparatus to mark
using tap water. Ready this test unit.

2.4 Set adiabatic bath temperature to 37°C.

2.5 Working Phosphate Solution (9 Liters)

2.5.1 Place a 3” stir bar at the bottom of a 10L Pyrex beaker.
2.5.2 Using class A graduated cylinders add exactly 7000mL of
D.I., 900mL of 5.0M HOAc and 45mL of 1.6Z2M H3PO, to the 10L
Pyrex beaker. Place on a magnetic stirrer and begin stirring.
2.5.3 Carefully add 155mL of 50% NaCH. Stir for 10 minutes
before continuing to next step.

2.5.4 While stirring, with a standardized pH meter monitor the
pH of the solution in the 10L Pyrex beaker. Adjust solution
to pH=4.5 + 0.05 using the 50% NaOH. Continue stirring for 10
minutes. If the pH=4.5 = 0.05 continue to next step. If not
continue adjusting pH.

2.5.4.% Record the total volume of the additional 50% NaOH

additions.
2.5.5 Add the appropriate wvolume of D.I. using a class A
graduated cylinder so thet the total volume equals 9 Liters.

Continue stirring for at least 10 minutes.

Example: DI = 7000mL
5.0M HOAc = 900mL » . ynchanging
1.62M H3P04 = 45mL volumes
50% NaOH = 155mL
50% NaOH = +5mL -
Variable Voliume
TOTAL = 8105mL
Therefore add: (9000mL - §105mL) = 895mL DI
2.5.5.1 Record the PH of this “working

rhosphate solution”.
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2.6 Using a class A graduated cylinder, transfer 1.0L

of the 9L solution to each of the dissolution reaction

vessels. Note that a maximum of eight tests can be performed
simultaneously.

2.7 Replace cover on reaction wvessel and begin
stirring the reaction vessels at a rate of 180 rpm. Allow

water bath and reaction wvessel solutions to rise in

temperature and achieve a steady 37x1°C. Verify temperature

using calibrated traceable thermometer. Record observatiors.
T=0 SAMPLE:

2.8 Using a 20mL syringe remove ~20mL aliquot from each of
the dissoclution vessels and dispense them into properly
labeled 50mL sample tubes - one tube for each vessel.
Cap tube.

2.9 Dispose of 20mL syringe.

2.10 Add 1.33+0.003 grams of the LDOC compound at T=0. Start
Cimer. Add LDOC at ~3minute intervals to ensure Lthat
samples from each vessel can be pulled at the required
times.

T=30 SAMPLE:

2.11 At T=30+£0.25 minutes take a grab sample from each vessel

using the following protocol:

2.11.1 Using a 20mL syringe remove ~20mL of slurry.

2.11.2 Place a 0.2um syringe filter firmly on the tip anrd

dispose of the initial 2mL.

2.11.3 With the 0.Zum syrince filter still in place

dispense remaining solution into the properly labeled 50mL

sample tube. Cap tube.

2.11.4 Dispose of syringe and 0.2um filter

T=60 SAMPLE:

2.12 At T=60£0.25 minutes take grab samples using the same
protocol for the T=30 sample.
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2.13 Determine pH of the slurry in each of the dissolution
vessels. Note pH.

2.14 When test is completed, clean all glassware thoroughly
and rinse with D.I. Lanthanum carbonate compounds are soltble
in acid. Clean residue from glassware using dilute acid.
Triple rinse with DI.

SAMPLE PREPARATION:

2.15 Dilute T=0, 30 and 60 samples 1:10 and add sufficient
concentrated HC1 to obtain a final concentration of 10% HC1
(v/v). {example: 5mL of sample + 5mL concentrated HCL
diluted with D.I. to 50mL in a volumetric flask}

2.16 Cap, shake, and submit for analysis.

SAMPLE ANALYSIS:

2.17 Allow for instrument warm-up as per manufacturers’
instructions

2.17.1 Prepare a ™Matrix Matching” Standard Curve of 0,

30mg/L, Matrix Blank, and QC standard (use class A volumetric

glassware):

2.17.1.1 ~0.5M HOAc - Using graduated cylinder add 57.2mL of
glacial acetic acid to a 2L wvolumetric flask. Dilute to
volume with D.I., cap, and shake. Store any unused solution in

a tightly sealed Nalgene™ container.

2.17.1.1.1 Omg/L - In a 200mL volumetric flask, add 10mL of
~0.5M HOAc and 10mL of concentrated HCl and dilute to mark
with D.I. Cap and shake.

2.17.1.1.2 30mg/L - In a 100mL volumetric flask, add 10mL of
~0.5M HOAc and 10mL of concentrated HC1l and 3ml. of 1000mg/L
certified phosphorous stendard and dilute to mark with D.TI.
Cap and shake.

2.17.1.1.3 Matrix Blank - In a 100mL volumetric flask, add 10mL
of ~0.5M HOAc and 10mL of concentrated HCl and dilute to mark
with D.I. Cap and shake.

2.17.1.1.4 20mg/L QC Standard In a 100mL wvolumetric flask,
add 10mL of ~0.5M HOAc and 10mL of concentrated HCl and 2mL of

_98_



WO 2011/143475 PCT/US2011/036317

INDEPENDENT 1000mg/L certified phosphorous standard and dilute
to mark with D.I.

2.17.2 Analyze diluted samples, QC Standards, and Matrix
Blank for phosphorus using the 213.617nm wavelength. The
standard curve of 0, 30mg/L is linear for ICP at the 213.617nm

wavelength.

2.17.3 Report the % Reaction Completion for T=30 and T=¢€0.
3.0 Calculations

3.1 R = [A - B] x C + D where: R = Result (mg/L)

A = ICP reading (mg/L)

B = ICP reading (mg/L) for matrix blank

C = Dilution (mL)

D = Aliguot (mL)

{(RO — Rt) = (1000 x 30.974)} x 100

3.2 RxN completion = (W x factor + 138.906)
where: RO = “T=0"” Result (mg/L)
Rt = “T=30” or “T=60"” Results (mg/L)

1000 = Reaction Volume (mL)

30.974 = Atomic Weight of phosphorous

W = Sample Weight (g)

factor = (%La in sample) + 100 (%La should be available
on the Certificate of Analysis for the LDOC. If it is

not, an acceptable value to use is: factor = 0.7512)

138.906 = Atomic Weight of Lanthanum

Example — % Reaction Completion for an LDOC sample:
{(248.0 - 29.3) =+ (1000 x 30.974)} x 100 0.7061 }
(1.3314 x 0.7512 + 138.906) 0.0072
= 9E%
3.3 Mean (m) — Describes the technique of taking an average.

Adding together the numerical wvalues (x, y, z, etc.) of an

analysis and dividing this sum by the number n of measurement
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vields the mean. Expressed in terms of the units of the

original data.

x=m= (x+y+2z) + n where:
X = m = Mean oOr average
xX,v,2 = Individual measurements
n = Total number of measurements
m = average(a:z) (Excel Calculation)
where: m = Mean or average
a:z = Represents the data range in the Excel spreadsheet
3.2 o = dgy = stdev(a:z) (Excel Calculation
where: o = dgy = Standard deviation
a:z = Represents the data range in the Excel spreadsheet
3.5 %RSD = 0 + m x 100 where: RSD = Relative standard

deviation

o = dy = Standard deviation

m = Mean

3.6 SR =R x 100 / V where: SR = Standard Recovery (%)
R = Calculated Result (%RxN Completion)

V = Accepted Value (%RxN Completion)

4.0 Quality Control

4.1 Replicates:

4.1.1 Include one repeat in the dissolution unit with every set
of samples (for non-release testing analyses).

4.1.2 Run triplicates for a Release Testing (i.e. Certificate
of Analysis).

4.2 Blanks:

4.2.1 Include a reagent blank 1in fthe dissolution unit with
every set of samples.

4.2.2 Include a matrix blank for ICP-OES analysis. Use the ICP
result obtained for this matrix blank when calculating sample
results (see Calculation section).

4.3 Standards:

4.3.1 Include an In House standard in the dissolution unit with

every set of samples
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4.3.2 Include a certified third party QC standard in the ICP-
OES analyses. Use this to verify standerd curves and
instrument operation.

4.4 Acceptance Criteria:

4.4.1 Replicates should be <6% RSD (see Calculation section)
4.4.2 In-House Standard: % recovery should be 90 to 110% of the
CoA value (see Calculation section)

4.,4.3 QC Standard: % recovery should be 98 to 102% of the
certified value (see Calculation section)

4.4.4 Stock Phosphate Solution must be 50.1#1.3 g/L as
phosphorous. This will ensure the T=0 sample is 250+6.3mg/L
as phosphorous.

4.5 Out of Specification (C0OS) - Follow in-house 0OOS SOP

5.0 References

5.1 See also US patent by Anormed Patent, #5,968,976:
"Pharmaceutical composition containing selected lanthanum
carbonate hydrates”.

[0199] Any and all literature references, patents, patent
applications or other publications disclosed herein are
incorporated by reference herein.

[0200] Although the invention herein has Dbeen described
with reference to particular embodiments, it 1s to Dbe
understood that these embodiments are merely illustrative of
the principles and applications of the present invention. It
is therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit
and scope of the present invention as defined by the appended

claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of producing & lanthanum carbonate compound comprising
reacting a sciuble sall of lanthanum ohloride with ammonium carbonate in a
solvent at & reaction tempserature from betwaen about 75 degrees © o about
Q0 degrees € at & pH of from about 8.0 {o 7.8 and precipiiating the reaction
product, whereiny the reaction praduct is lanthanum carbonats hydraxide which

includes about 0.8% by waight or less of sodium.

2 The method of claim 1 wherain the amount of lanthanun chioride
relative to the amount of ammonium carbonate in the reaction ranges from

hetwaen about 10,8 and about 124,

3. The maethod of olaim 1 wherein the lanthanum carbonate hydroxide

produced has a pattern maiching ICDD file 26-818.

4. & lanthanu hydroxycarbonate made according fo any one of claims
103
5, The method of claimt 1 further comprising calcining the reaction product

at & lemperature between about 400 and about 700 degraes C for at least two
howrs 1o produce lanthanum dioxycarbonats comprising ong or more
polvmorphs of formulae LapDe00: and LaC0s and which includes aboid

0.75% by weight or loss of sodium.

8. The method of claim § wherein the caloination tempearature is sbhout
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7. Tha method of olalm 8 wherain the resulting lanthanum dioxycarbonats
comprisgs no more han about 5% by weight of the polymorph of formula

L300,

8. The method of dlaim 5 whereln the resulting lanthanum dioxycarbonate
comprizses no more than abowt 1% by weight of the polwmorph of formula

L300,

8. A lanthanum dioxycarbonate mads according to any one of claims

1 A pharmaceutical compaosition comprising an effective amount of g
ianthanum dioxysarbonate manufactured according fo sy ons of claims S {0 8,
and at least one pharmaceutically accapisble excipient, wherein said
pharmaceutical composttion is a dosags form selected from the group
consisting of swallow tablets, swallow caplets, compressed dosage forms,
swatlow hard gelatin capsules, swallow soft gel capsules, orally dissolvabls
lablets, orally dissolvable caplels, orally dissolvable hard gelatin capsules,
arally dissolvable zoft gelalin capsules, chewable tablets, chewable caplels,
chawable capsules, powders, sprinkles, orally disintegrable fims, foods,

confections, gums, syrups, suspensions, simdsions and dispersions,

11, The pharmacsulical composition of claim 10 whersin the effective
amount of one or more lanthanum carbonate compounds rangss from bebwaen
aboud 125 my 1o about 20 000 mg and whersin said lanthanum carbonate

compaund comprises anthanum dioxycarbonate of formula L0000,
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1E. The phamaceutical composition of dlaim 10 whersin the sffsctive
armnount of ong o more Binthanum sarbonate compounds is setected from the

group consisting of frem about 108, 125,150, 280, 5006, 780, or 1000 mg.

13. The pharmacsulical composiion of any one of slaims 100 12 for the
freatment of & sondifion charactarizad by an sbnormally slevated lovel of

shusphals in the blood,

14, The pharmacsulical composition of clain 13 whersin the condifion &
selected from the group consisting of hyperphosphatemia, chvonio kidney
disnass, genaral kidney failure, end stage renal disease, and ohvonic renal

nsufficlency.

15 The pharmaceutical composition of ciaim 1 wherein the lanthanum
dixycarbonate has a BET surfsce area of shout 20 m%g to about 40 ¢ SRR
16, The pharmacautinal composition of claim 10 whersin the lanthanum

Howyoarbonale has a pore wiume of alpast 0018 oty

17 The pharmaceutical somposition of claim 10 wherein the lanthanum

gioxvearbonate has a pors volume of 8t least 0,020 om™ig.

Dated tds 18" Tday of Qotober 2014

Spectrum Phamacsuticals Ine
Fatent Atlorneys for the Applicant
PETER MAXWELL AND ASBO0IATES

A@adeyid
FORIURES



WO 2011/143475 ‘ PCT/US2011/036317

1/23

Batch 100808

FIGURE 1A




PCT/US2011/036317

WO 2011/143475

dl 3Nold
Yojeg

3550

806001

gsx u

wl

S0

¢ 4=l




PCT/US2011/036317

WO 2011/143475

3723

Ol 3UNOIS
(Bap) e3my1-0m]

SDXOIpAL slevsdiBy ey eT - HOPODET < 51809207007

ABojoydiop feonisyds
518-9¢
:aseydiobie) ys-ubiy

05

A toot

LosL

00T

092

+D0E

HOSE

2 4

-0SY

[mer({ezeLe-8826) HOT 808004 €10-a74]

oS

{sdD) Aysuazu|



PCT/US2011/036317

WO 2011/143475

4/23

dl 3unoid
(6ap) B30y 1-0Mm])

BpoIpAH Splodien whlelUeT - HOPODE) < 1860 670:00

ABojoydiopy sipasn/eleld
186-6¥
:aseyd ¥S-MoT]

+08

-00L

051

rooz

~05T

~00E

-05E

00

-05Y

Imes(yzese-6226) HO 808001 €10-g7x]

008

{sdD) Ausuaiuy



PCT/US2011/036317

WO 2011/143475

5/23

¢ 34NSId

{Bjz W) Y8 HOT |
0°0% 0°0¥ 008 00z 00l 00
| | | 1 - 00

HOA oS3l =

Ble( 00T [Hdy #

¥S-138 000740 uohoipald e seys-139 HOT

(Bjzyw) vs 20001




PCT/US2011/036317

WO 2011/143475

6/23

€ 3dnoId

{00/B) Aususg sing HOT
0zl 001 080 090 0¥ 0 0zZ'0

000

m.,,n_, ﬁmﬁu@ =

BleQg 800z |Hcly ¢

Alisusaiing 2047 Jo uondipaid B se Ajisuag Aing HO

000

gco

or 0

Qg0

08’0

[
-

Srans

(09/8) Ayisuaq ¥ing oA

AW




PCT/US2011/036317

WO 2011/143475

7{23

¥ 34NOId4

{(smeladwa ] uolioeasy Hogyg @)

0oL

05

9

00

Hd uonoe

a4 HOT

0g'g 00°G

00z
0oy
00e
008
0001
0oct
oori
oogl
008l
0ooc

(wn) xxq ‘peiesiuog ‘azig srebalbby H0Qq1




WO 2011/143475 PCT/US2011/036317

Altair 30KV 6. Amm x 100K SEU Brigos. L ] Allair 30KV 6.0 x90.1k SE(U) 8116105

FIGURE 5
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HY | det | W dwell | HFW
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5912011 l
1:21:21 PM|5.00 kV | TLD [ 3.8 mm | 200 000 x | 45 us |1.49 pm

FIGURE 11
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502011 | HV | det‘
1:14:28 PM | 5.00 kV | TLD | 3.8 mm | 200 000 x | 45 us | 1.49 um

WD mag | dwell | HFW

FIGURE 12
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5/0/2011 | HV | det| WD mag | dwell| HFW |~———— 400 nm
1:12220 PM [ 5.00 kV | TLD | 4.2 mm | 200 000 x | 45 ys [ 1.49 im

FIGURE 13
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5/9/2011 det WD dwell | HFW
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5/02011 | HV |det’ WD | mag |dwell| HFW
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FIGURE 16
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mag | dwell | HFW
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FIGURE 20
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