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METHOD OF TREATING CHRONIC KIDNEY DISEASE

[0001]
[0002]
FIEILD OF THE INVENTION
[0003] This invention relates to the uses of pharmaceutical-

grade ferric organic compounds to treat chronic kidney disease.

BACKGROUND OF THE INVENTION

[0004] Chronic kidney disease 1s a gradual aﬁd progressive
loss of the ability of the kidneys to excrete wastes, concentrate
urine, and conserve electrolytes. Unlike acute kidney failure
with 1its abrupt but reversible of kidney functicn, the kidney
functions in chronic kidney disease prcgress and deteriorate
irreversibly towards end stage renal disease (ESRD). Patients
suffering from ESRD cannot survive without dialysis or kidney

transplantation.

[0005] The U.S. National Kidney Foundation defines chronic
kidney disease according to the presence or absence of kidney
damage and the level of kidney function, regardless of the type
{clinical diagnosis) of kidney disease. The primary measure of
kidney function is glomerular filtration rate (GFR), which is
coften estimated as creatinine c¢learance from serum and urine
creatinine concentrations. Chronic kidney disease or failure is

defined as having glomerular filtration rate less than 60 ml/min
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for three months or more. The U.S. National Kidney Foundation
has suggested a five-stage classification of renal dysfunction

based on glomerular filtration rate:

Stages of renal dysfunction {adapted from National Kidney Foundation—K/DOQI )

Stage Description Creatinine Clearance Metabolic consequences
(~GFR: ml/min/1.73 m?)
1 Normal orincreased GFR—  >90 -

People atincreased risk or
with early renal damage

2 Early renal insufficiency 60-89 Concentration of parathyroid hormone
starts to rise (GFR~60-80)
3 Moderate renal failure 30-59 Decrease in calcium absorption {(GFR<50)
{chronic renal failure) Lipoprotein activity falls
Malnutrition
Onset of left ventricular hypertrophy
Onset of anaemia
4 Severe renal failure 15-29 Triglyceride concentrations start to rise
Hypemhosphatemia
Metabolic acidosis
Tendency 1o hyperkalemia
5 End stage renal disease <15 Azotaemia develops
{Uremia)
[0006] According to the U.S. National Kidney Foundation, there
are 1in excess of 20 million U.S. <citizens, representing

approximately 11 percent of the population, suffering from
chronic kidney disease, with a further 20 millicn at increased
risk. The high prevalence rate of chronic kidney disease poses a
significant burden on the healthcare system. One of the most
apparent economic costs associated with chronic kidney disease is
the development of end stage renal disease which, in the U.S.
alone, costs approximately U.S. $23 Dbillion in 2001 and 1is
estimated to increase to U.S. $35 billion a year in 2010. For
patients 1in earlier stage of chronic kidney disease, a review
article has reported overall increased costs of U.S. 814,000 to
U.S. $22,000 per patient per year compared to age-matched general

population.

[0007] Pathogenesis of progressive renal injury is complex and
multi-factorial, and the current understanding is mainly based on
experimental animal models. Chronic kidney disease often

progresses by "common pathway” mechanisms, irrespective ol the

- 2 -
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initiating insult. FEarly studies of renal dysfunction focused on
functional and structural glomerular changes. Recently, there
has been increased interest in tubulcinterstitial changes as a
major determinant ¢f progressive renal injury, and one of the key
factors 1s the generation of calcium phosphate precipitation in
urinary space and interstitum. Progression of chronic kidney
disease occurs from chronic tubulointerstitial inflammation
caused by increases in single nephron filtered load of phosphate,
absclute tubular re-absorption of phosphate, calcium phosphate
product in the tubular lumen and by precipitation of calcium
phosphate in the tubules and interstitium, which is facilitated
by reduced concentration of <citrate in the tubular fluid

(precipitation-calcification hypothesis).

[0008] The precipitation—calcification hypothesis is supported
in experimental animals showing that a high phosphate diet
aggravates chronic kidney disease, whereas a low-phosphate diet,
administration of phosphate binders, and 3-phosphocitrate (an
inhibitor of calcium phosphate precipitation) slows progression
of chronic kidney disease. Based on these results, lowering
serum phosphate and calcium phosphate product levels as well as
increasing serum citrate and 3-phosphocitrate levels may decrease
the damage of the nephron and subsequently delay the progress of
chronic kidney disease. It has been reported that by slowing
down the progression rate o¢f chronic kidney disease by 30% (as
defined as decreasing the rate of decline in glomerular
filtration rate by 30%) between 2000 and 2010, the estimated
potential cumulative direct healthcare savings would be US $60.61

billion.

[0009] Hyperparathyroidism is one of the earliest
manifestations of impaired renal function, and minor changes in
bone have been found in patients with a glomerular filtration
rate of 60 ml/min (chronic kidney disease stage 2 to 3). With
the worsening of kidney condition and phosphorus accumulation,

parathyroid will continucusly increase the release of parathyroid
_3_
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hormone (PTH) and lead to the development of hyperparathyroidism.
High PTH will increase calcium release from bone to serum. The
result is abnormal serum concentrations of calcium and phosphorus
and lead to bone disease and extraskeletal calcification.
Precipitation of calcium phosphate in renal tissue begins early.
This may influence the rate of progression of renal disease, and
is closely related to hyperphosphatemia and calcium phosphate
(CaxP) product.

[0010] Acid-base balance 1is normally maintained by renal
excretion of the daily acid load. As renal function declines,
the acid-base balance 1s maintained by various compensatory
mechanisms, of which an increase in the synthesis of ammonia by
proximal tubule is the most important. A defective trapping of
ammonia in the medulla poses further demands on proximal tubules
to increase synthesis of ammonia and results 1in an enhanced
concentration of ammonia in renal cortex. High concentration of
free-base ammcnia 1in renal cortex can result in cocmplement
activation and interstitial inflammation which has been reported

to be one of the major determinant of progressive renal injury.

Renal acidosis result in bone demineralization,
hyperparathyroidism, increase protein catabolism, insulin
resistance and stunted growth. Recent observations suggest that

acidosis triggers inflammation and accelerates progression of

chronic kidney disease.

[0011] Chronic metabolic acidosis can result in protein
metabolism and thus increased excretion of urate and formation of
kidney stones. If not treated, kidney stone could cause urine
obstruction, urinary  tract infection and may result in

development of chronic kidney disease.

[0012] Once the degeneration process of kidney begins, there
is no cure for chronic renal failure to date. As a preventive
measure at the early stage, it has been suggested to identify and

treat the underlying condition as urinary track infection,
_4__
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obstruction, kidney stone or stop taking drugs with nephrotoxic

effects (i.e.,

NSAIDs)

before

chronic

kidney disease

developed. Tt is also suggested to change diet plans (i.e.,

prctein diet)

in the early stage.

In addition, hypertension

can be

low

and

diabetes have been identified as the most common risk factors of

the disease.

The benefits of using antihypertensive therapy on

the progression of chronic kidney disease have been extensively

examined. Us

es of angiotension

converting

(ACEIs) and anglotension receptor blockers

(ARBs)

enzyme inhibi

tors

have shown to

be beneficial among patients with or without diabetes as well as

those with or without proteinuria.

[0013] However,

in reality many physicians fail to use these

drug classes in patients with renal insufficiency because these

two classes of drug may potentially increase the level of either

serum creatinine (an

indication

of rena

1

deterioration)

or

potassium (most common 1ife-threatening emergency in patient with

end stage renal disease).

not to be used in patients with advanced renal failure,

renal artery stenosis,

It has been suggested that these drugs
bilateral

and renal artery stenosis in a soclitary

kidney. Therefore, these drugs appear not to be commonly used on

patients who already developed renal disease,

and these drugs are

not expected to delay the progression of chronic kidney disease.

[0014] In additional to treating or preventing progression of

chronic kidney disease,

erythropoietin

supplements ar

other

e

chronic kidney disease patients.

one of the uremic syndromes

medications

needed to

C

such as iron

ontrol anemia

and

in

NaHCO3 is used_to ameliorate

such as metabolic acidosis which

leads to osteopenia and urinary calcium excretion.

[0015] Ferric diron

containing

treatment of a number of disorders,

compounds

includin

hyperphosphatemia and metabolic acidosis.

Phosphate Binding Agents:

10:1274-1280

(1999).

Previo

us
5

Ferric Compounds,

studies

are useful in

Iy

See

and

but not limite

Hsu et al.,

inventions

the
d to,

New

J Am Soc Nephrol.
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reported the wuse of ferric compounds 1in binding dietary
phosphates, and such ferric compounds are potentially useful for
the treatment of hyperphosphatemia in renal failure patients (U.S.
Patent No. 5,753,706; U.S. Patent No. 6,903,235; CN 1315174; Yang
et al., Nephrol. Dial. Transplant 17:265-270 (2002)). Elevated
amounts of phosphate in the blood can be removed by administering
compounds such as ferric citrate. Once in soclution, the ferric
iron binds phosphate, and the ferric phosphate compounds
precipitate in the gastrointestinal tract, resulting in effective
removal of dietary phosphate from the body. It is also believed
that the absorbed citrate from ferric citrate is converted to
bicarbonate which corrects metabolic acidosis, a condition common

in renal failure patients.

[0016] U.S. Patent No. 5,753,706 discloses the use of ferric
containing compcunds, including ferric citrate and ferric acetate
in the crystalline form, in an orally effective 1 gram dosage
form to bind to scluble dietary phosphate, thus causing
precipitation of phosphate as ferric or ferrous phdsphates in the
gastrointestinal tract and preventing oral absorption of soluble
phosphates from dietary sources. Since binding of ferric ions to
soluble phosphate in the gastrointestinal tract would require
dissolution of the crally administered ferric citrate, and since
the rate of dissolution of crystalline ferric citrate is slow
(over 10-12 hours at 37°C), oral administration of a
substantially large dose of 1 g of ferric citrate is required. A
related Chinese patent application (CN 1315174) alsc discloses a
similar use of ferric citrate and related compounds in an oral
sclution dosage form for the treatment of hyperphosphatemia in

renal failure patients.

[0017] Fe (III) is a Lewis acid and is chemically less scluble
in the stomach at pH below 5 than at intestinal pH normally above
7. The stomach is, however, believed to be an important site of
action for the dissolution of Fe (III) compounds. It is believed

that the stomach is an important site of action for Fe (III) to
_6_
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mediate its action in binding to dietary phosphates, preventing
phosphate from reaching the 1intestine and thus reducing

absorption of phosphates from the intestine.

[0018] Int’l App. No. PCT/US2004/004646, filed February 18,
2004, published under Int’l Publication No. W02004/074444 on
September 2, 2004, discloses a method of preparing novel ferric
organic compounds, including ferric citrate that has a large
active surface area, and remains soluble over a wider range of pH
than previously described preparations. This publicaticon also
teaches wusing these novel ferric organic compounds in the
treatment of variocus disorders such as hyperphosphatemia and
metabolic acidosis. Because they are more soluble, these novel
forms of ferric organic compounds can be used toc more effectively
deliver ferric organic compounds by the route of oral
administration to patients. However, this publication did not
provide any data to show whether these novel forms of ferric
organic ccmpounds would be useful in providing ftreatment for

patients with chronic kidney disease.

[0019] The present invention discloses these novel forms of
ferric organic compounds possess several characteristics
beneficial for the treatment or modification of chronic kidney

disease.

SUMMARY OF THE INVENTION

[0020] In accordance with these and other objects of the
invention, a brief summary of the present invention is presented.
Some simplifications and omission may be made in. the following
summary, which is intended to highlight and introduce some
aspects of the present invention, but not to limit its scope.
Detailed descriptions of a preferred exemplary embodiment
adequate to allow those of ordinary skill in the art to make and

use the invention concepts will follow in later sections.
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[0021] The present invention provides a method of treating a
subject having chronic kidney disease, comprising administering
to said subject an effective amount ¢f a ferric organic compound
that has a dissclution rate of at least approximately 2
mg/cm’/min. An example of ferric organic compound 1is ferric
citrate. Representative ranges of the dissolution rate include,
but are not limited to, from about 2.5 mg/cm’/min to about 3.0
mg/cm?/min., or from about 3.0 mg/cm®/min to about 3.5 mg/cm’/min.,

or from about 3.5 mg/cm®/min to about 4.0 mg/cm?/min.

[0022] In one embodiment, the ferric organic compound 1is
prepared according a method comprising the steps of: (a)
obtaining a ferric diron salt; (b) adding an alkaline metal

hydroxide to the ferric iron salt under conditions effective to
produce a mixture comprising polyiron oxide; (c) 1isolating a
precipitate from the mixture; (d) adding an organic acid to the
precipitate; (e) forming a ferric organic acid sclution by
heating the organic acid and the precipitate; and (f£)
precipitating the ferric organic compound from the ferric organic

acid solution by adding an organic solvent to the solution.

[0023] In general, a subject is a human or an animal. The
subject may have any stage of chronic kidney disease (e.g. end
stage renal disease), or 1is undergoing .renal dialysis. The
ferric organic compound may be administered orally or any other
appropriate route generally known in the art and the ferric
organic compound can be formulated into a number of formats
generally known in the art. Representative formats include, but
are not limited to, a tablet, a powder, a suspension, an emnulsion,
a capsule, a lozenge, a granule, a troche, a pill, a liquid, a

spirit, or a syrup.

[0024] In one embodiment, treatment with the ferric organic
compound results in decreased serum creatinine and BUN level in

the subject. In another embodiment, treatment with the ferric



10

15

20

25

30

35

CA 02640974 2015-12-17

organic compound results in decreased phosphorus and calcium and

phosphorus product (CaxP) levels in serum.

[0025] In one embodiment, treatment with the ferric organic
compound would prevent, reverse, maintain, or delay progression
of chronic kidney disease. In another embodiment, development of
hyperparathyroidism, bone disorder, or cardiovascular disease in
the subject is prevented, reversed, maintained or delayed. In
yet another embodiment, calcium phosphate precipitation in the
subject’s renal tissue 1is prevented, reversed, maintained or
delayed. In yet another embodiment, kidney stone formation is
prevented, reversed, maintained or delayed. 1In still yet another
embodiment, development of metabolic acidosis in the subject is

prevented, reversed, maintained or delavyed.

[0026] The present invention also provides uses of a ferric
organic compound described herein for preparation of a medicament

for treating a subject having chronic kidney disease.

[0027] The present invention also provides a method of
treating a subject having chronic kidney disease, comprising
administering to said subject an effective amount of a ferric
organic compound. An example of the ferric organic compound is
ferric citrate. In one embodiment, the ferric organic compound

has a dissolution rate of at least approximately 2 mg/cn@/min.

[0028] The present invention also provides a therapeutic
regimen for treating a subject having chronic kidney disease; the
regiment comprises a pharmaceutical composition comprising an
acceptable carrier and an effective amount of ferric organic
compound having a dissclution rate cf at least 2 mg/cn@/min.,
wherein the pharmaceutical composition is administered in single

or multiple doses regimens.

[0029] The present invention also provides a pharmaceutical

composition for treating a subject having chronic kidney disease,
— 9_
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the composition comprising an effective amount of a ferric
organic compound having a dissolution rate of at least

approximately 2 mg/cm’/min.

[0030] The present invention also provides a use of the above
pharmaceutical composition in preparation of a medicament for

treating a subject having chronic kidney disease.
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DETAILED DESCRIPTION OF THE FIGURES

[0031] In drawings which illustrate specific embodiments of

the invention:

[0032] Figure 1 is a schematic diagram outlining the method of
making novel forms of ferric organic compounds according to the

present invention.

[0033] Figure 2 is a comparison of the safety profiles of

chemical grade and pharmaceutical grade ferric citrates

[0034] Figure 3 i1s a comparison of the efficacy profiles of

chemical grade and pharmaceutical grade ferric citrates

[0035] Figure 4 shows a bar graph of the relationship between

the rate of dialysis patient mortality and hyperphosphatemnia

[0036] Figure 5 shows the serum creatinine levels of a patient

(patient code: 2-01-1-029) treated with 6g/day of ferric citrate.

[0037] Figure 6 shows the serum creatinine levels of a patient

(patient code: 2-01-1-032) treated with 6g/day cf ferric citrate.
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DETAILED DESCRIPTION OF THE INVENTION

[0038] In drawings which illustrate specific embodiments of
the inventien, the specification and drawings are to be regarded

in an 1llustrative, rather than a restrictive, sense.

[0039] Results presented below indicate that treatment with
ferric citrate, an example of ferric organic compounds produced
according to the methods described herein, would reduce serum
concentrations of creatinine, phosphorus, calcium, and phosphorus
product (CaxP) in patients with chronic kidney disease. Hence,
ferric organic compounds of the present invention, including but
not limited to ferric c¢itrate, <can be wused toc medify the
progression of chronic kidney disease (CKD) in a subject; for
example, the progression of CKD can be prevented, reversed,

maintained, or delayed.

[0040] The present invention 1s not limited to wusing the
ferric citrate disclosed herein. Other ferric citrate compounds,
or their salts, derivatives, analogs, metabolites, or

preparations that are suitable for use in the methods of the
present invention will be readily apparent tc a person of
ordinary skill in the art by following the teaching of this
application. Furthermore, methods of the present invention also
encompass using other ferric organic compounds synthesized
according tc the methcds described herein. These ferric organic

compounds preferably have or include the following properties:

[0041] high affinity for binding phosphorous;
[0042] scluble over a wide range of pH;

[0043] rapid binding independent of pH;

[0044] high solubility;

[0045] low absorption throughout the entire body;
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[0046] lack of toxicity;

[0047] can be administered orally; and/or

[0048] inexpensive to produce.

[0049] In view of the data presented herein, one of ordinary

skill in the art would alsc readily realize that the present

invention is not limited to

using

ferric

organic compounds

produced according to the method disclosed herein. Hence,

it

will be readily apparent to a person of ordinary skill in the art

that the present invention encompasses methods of using ferric

organic compounds to treat chronic kidney disease,

ferric organic compounds possess

described herein.

[0050] In one embodiment,

certain

the ferric

characteristics

wherein the

as

organic compounds

produced according to the methods described herein are useful in

the treatment of hyperphosphatemia,

metabolic acidosis,

and any

other disorders responsive to ferric organic compound therapy.

Because the ferric organic compounds of the present invention are

more soluble than commercially available ferric organic compounds,

smaller amounts of the ferric organic compounds of the present

invention can be used to effectively treat patients

from such disorders.

[0051] In one embodiment of the invention,

suffering

the ferric citrate

of the present invention has a significantly higher rate of

agueous solubility under

physiclogical

conditions than

commercially available forms of ferric citrate, and therefore the

ferric citrate of the present invention is believed to provide a

significant improvement in the orally effective use of ferric

citrate at a reduced dosage.

By reducing the orally effective

dose of ferric citrate, it is believed that the ferric citrate of

of

the present invention will ©provide a lower incidence
ulcerative gastrointestinal adverse effects associated with
commercially available ferric citrate compounds. In addition,

it

is believed that the increased rate of dissoclution cf the ferric

13 -
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citrate of the present invention will provide a more rapid onset
of action in binding to dietary phosphate. Furthermore, the
ferric organic compounds of the present inventicn are more
soluble cover a wider pH range than commercially available ferric
organic compounds; therefore, the ferric organic compounds cf the
present invention can be more effective by being soluble in the

small intestine.

[0052] The ferric organic compcunds of the present invention
can be administered in a number of forms generally known in the
art. Pharmaceutical compositions comprising the ferric organic
compounds of the present inventicn include, but are not limited
to solids, liquids, or semi-solid forms, such asvgels, syrups,
chewables or pastes. The ferric organic compounds of the present
invention can be administered alone or in combination with a
pharmaceutically acceptable carrier. Orally administrable forms
include, but are not limited to, a tablet, a powder, a suspension,
an emulsion, a capsule, a granule, a troche, a pill, a liquid, a
spirit, or a syrup. The composition can be administered tc human
beings or other animals suffering from i1llnesses responsive to

ferric organic compound therapy.

[0053] An effective amount of pharmaceutical-grade ferric
citrate can be readily determined by one of ordinary skill in the
art. For example, an effective dose may be from 2 to 100 grams
per day, preferakbly between 2 and 60 grams per day.
Alternatively, a daily effective amount may be 2, 4, 6, or 8

grams.

[0054] Compositions comprising pharmaceutical grade ferric
organic compounds of the present invention, such as <ferric
citrate, are suitable for treating hyperphosphatemia, or other
disorders characterized by high serum phosphate levels.
Therefore, the invention encompasses treating subjects or
patients with various renal diseases; e.g., End Stage Renal

Diseases (ESRD), Chronic Kidney Disease (CKD) or other relate
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kidney diseases, or subjects and patients who are on dialysis but

not limited to hemodialysis.

[0055] In one enbodiment, compositions comprising
pharmaceutical grade ferric organic compounds of the present
invention, such as ferric citrate, may be used to treat subjects
or patients with metabolic acidosis. Other disorders that may be
ameliorated by the conversion of citrate to bicarbonate are also

encompassed by the invention described.

[0056] In one embodiment, a method for using the
pharmaceutical compeosition encompasses treating a human or non-—
human subject or patient with chronic kidney disease. There are
generally five «c¢linical stages of chronic kidney disease,
numbered 1 to 5, wherein stage 1 is the least severe and stage 5
the most severe. In the early stages, e.g., stages 1 and 2,
dialysis 1s not required. As chronic kidney disease progresses
to stage 5, a patient may require dialysis treatment three times
per week. It should be noted that elevated phosphate levels are
observed at all stages ¢of chronic kidney disease. Therefore, an
embodiment of the invention is a method of treating a subject or
person with early or mnid-stage chronic kidney disease, with a
composition comprising pharmaceutical-grade <ferric citrate in

order to achieve a lower serum phosphate level.

[0057] In another embodiment, there is provided a method of
treating a human or non-human subject or patient with late-stage
chronic kidney disease who is undergoing hemeodialysis, by
administering a composition comprising pharmaceutical-grade
ferric citrate of the present invention. It is generally known
that hemodialysis is not sufficiently effective in reducing serum
phosphate level. The treatment of a subject or person with late
stage kidney disease i1s applicable whether or not the subject or

person is currently undergeing hemodialysis treatment.
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[0058] An additional embodiment of the invention is a method
of treating a subject or perscn with chronic kidney disease and
undergoing peritoneal dialysis with the pharmaceutical-grade
ferric citrate-containing compositions described herein. It is
known that peritoneal dialysis is not sufficiently effective in

reducing serum phosphate levels.

[0059] The present invention provides a method of treating a
subject having chronic kidney disease. In general, the subject
is a human or an animal. The subject may have end stage renal
disease, or is undergoing renal dialysis. The method comprises
the steps of administering to said subject an effective amcunt of
a ferric organic compound that has a dissolution rate of at least
approximately 2 mg/cnf/min. Representative ranges of the
dissclution rate include, but are not limited to, from about 2.5
mg/cm?/min to about 3.0 mg/cm?/min., or from about 3.0 mg/cm’/min
to about 3.5 mg/cm?’/min., or from about 3.5 mg/cm’/min to about

4.0 mg/cn@/min.

[0060] In one embodiment, the ferric organic compound is
prepared according a method comprising the steps of: (a)
obtaining a ferric iron salt; (b) adding an alkaline metal

hydroxide to the ferric iron salt under conditions effective to
produce a mixture comprising polyiron oxide; (c¢) isolating a
precipitate from the mixture; (d) adding an organic acid to the
precipitate; (e) forming a ferric organic acid solution by
heating the organic acid and the precipitate; and (£)
precipitating the ferric organic compound from the ferric organic

acid soluticon by adding an organic solvent to the solution.

[0061] In one embodiment, the alkaline metal hydroxide 1s
sodium hydroxide, the ferric iron salt 1is ferric chloride

hexahydrate, and the organic acid is crystalline citric acid.

[0062] In general, the alkaline metal hydroxide (e.g. sodium

hydroxide cor potassium hydroxide) 1s added at a rate of less than
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20 ml/min, preferably between about 10 ml/min to about 20 ml/min.,
and the alkaline metal hydroxide is added to the ferric iron salt
at a temperature of less than 40°C, preferably between about 10°C
to about 40°C. The organic acid and the precipitate are heated
to a temperature of Dbetween about 80°C to about 30°C.
Precipitating the ferric organic compound from the ferric organic
acid solution by an organic solvent comprises cooling the ferric
organic acid solution to less than 30°C before adding the organic
solvent, preferably the ferric organic acid sclution is cooled to

a temperature between about 10°C to about 30 °C.

[0063] A number of organic acids, such as citric acid, acetic
acid, isocitric acid, succinic acid, fumaric acid, and tartaric

acid can be used in the method of synthesizing the ferric organic

compound. In one embodiment, the organic acid is in crystalline
form. Moreover, a number of organic solvent, such as ethanol,
methanol, butanol, isopropyl alcohol, acetone, and

tetrahydrofuran can be used in synthesizing the ferric organic

compound described herein.

[0064] The ferric organic ccompound can be administered at an
effective dose determined by one of ordinary skill in the art,
for example 2-20 gm/day. The ferric organic compound can be
administered orally or any other appropriate route readily
determined by one of ordinary skill in the art. In general, the
ferric organic compound can be formulated as a tablet, a powder,
a suspension, an emulsion, a capsule, a lozenge, a granule, a

troche, a pill, a liquid, a spirit, or a syrup.

[0065] In one embodiment, treatment with the ferric organic
compound results in decreased serum creatinine and BUN level in
the subject. In another embodiment, treatment with the ferric
organic compound results in decreased phosphorus, calcium, and

phosphorus product (CaxP) levels in serum.
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[0066] In one embodiment, treatment with the ferric organic
compound would prevent, reverse, maintain, or delay progressiocn
of chronic kidney disease. In another embodiment, development of
hyperparathyroidism, bone discorder, or cardiovascular disease in
the subject 1is prevented, reversed, maintained or delayed. In
yet another embodiment, calcium phosphate precipitation 1in the
subject’s renal tissue 1s prevented, reversed, maintained or
delayed. In yet another embodiment, kidney stone formation 1is
prevented, reversed, maintained or delayed. In still yet another
embodiment, development of metabolic acidosis in the subject is

prevented, reversed, maintained or delayed.

[0067] The present invention also provides a method of
treating a subject having chronic kidney disease, comprising
administering to said subject an effective amount of a ferric
organic compound, wherein the ferric organic compound is prepared
according a method comprising the steps of: (a) obtaining a
ferric iron salt; (b) adding an alkaline metal hydroxide to the
ferric iron salt under conditions effective to produce a mixture
comprising polyiron oxide; (c) 1isolating a precipitate £from the
mixture; (d) adding an organic acid to the precipitate; (e)
forming a ferric organic acid soclution by heating the organic
acid and the precipitate; and (£f) precipitating the ferric
organic compound from the ferric organic acid sclution by an
organic solvent. This method of synthesis has been described
herein to produce ferric organic compound (e.g. ferric citrate)
that has enhanced dissolution rate (e.g. a dissolution rate of at
least about 2 mg/cm®/min.). This method of treatment would

produce therapeutic effects described above.

[0068] The present invention also provides a method of
treating a subject having chronic kidney disease, comprising

administering to said subject an effective amount of a ferric

organic compound. Examples of ferric organic compound include,
but are not limited to, ferric citrate. 1In general, the subject
is a human or an animal. The subject may have end stage renal
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disease, or is undergoing renal dialysis. In one embodiment, the
ferric organic compound has a dissoluticn rate of at least

approximately 2 mg/cn@/min.

[0069] The present 1invention also provides a therapeutic
regimen for treating a subject having chronic kidney disease, the
regiment comprises a pharmaceutical composition comprising an
acceptable carrier and an effective amount of ferric organic
compound having a dissclution rate of at least 2 mg/cmz/min.,
wherein the pharmaceutical compositicn is administered in single
or multiple doses regimens. An example of ferric organic compound
is ferric citrate. As shown in Table 1, a ferric organic compound
such as ferric citrate having a disscluticn rate of at least 2
mg/cn@/min. would be useful in the present method. For example,
the dissolution rate of the ferric organic compound can be from
approximately 2.5 mg/cm’/min to approximately 3.0 mg/cm®/min., or

from approximately 3.0 mg/cm?/min to approximately 3.5

mg/cm’/min., or from approximately 3.5 mg/cm?/min to
approximately 4.0 mg/cn@/min. In general, at least a portion of
the pharmaceutical composition is administered orally. In c¢ne

embodiment, the subject 1is having end stage renal disease, and
the method may optionally comprise renal dialysis or peritoneal

dialysis.

[0070] The present 1inventicon also provides a pharmaceutical
composition for treating a subject having chronic kidney disease,
the composition comprising an effective amount of a ferric
organic coﬁpound (e.g. ferric citrate) having a dissolution rate
of at least approximately 2 mg/cm®/min. In one embodiment, the
dissolution rate is from about 2 mg/cm’/min to about 4 mg/cm?/min.
In general, the composition 1s in a form suitable for oral
administration, e.g. as a tablet, a powder, a suspension, an
emulsion, a capsule, a lozenge, a granule, a troche, a pill, a

liguid, a spirit, or a syrup.
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[0071] The present invention also provides a use of the above
prharmaceutical composition in preparation of a medicament for
treating a subject having chronic kidney disease. In one
embodiment, the subject 1s having end stage renal disease or

undergoing renal dialysis.

[0072] The following examples are intended to illustrate
embodiments of the invention but which are not intended to limit
the scope of the invention.

EXAMPLE 1

General Method for Synthesis of a Pharmaceutical-Grade Ferric

Organic Compound

[0073] General methods for the synthesis of ferric organic
compounds have been disclosed in PCT/US2006/032585, and U.S.
provisional application No. 60/763,253. Representative ferric

organic compounds include, but are not limited to, ferric citrate.

[0074] Referring toc Figure 1, the flowchart 10 is a general
process for synthesizing a form of ferric organic compound or
ferric citrate compound which <c¢an be wused in the present
invention. The starting materials, as indicated in box 20,
comprise soluble ferric iron salts. The soluble ferric iron
salts can comprise ferric chloride hexahydrate (FeCls;6H0), as
indicated in box 21, or any other suitabkle solubie ferric iron
salt. Next, an alkaline metal hydroxide (box 30) is added at a
specific rate and temperature to the soluble ferric iron salt.
The addition of the alkaline metal hydroxide at a specific rate,
preferably between about 10 ml/min and about 20 ml/min, and
temperature range, preferably below 40°C, results 1in the
formation of a uniform polyiron oxc colloidal suspension. The
alkaline metal hydroxide can comprise sodium hydroxide, potassium

hydroxide, or any other suitable alkaline metal hydroxide as

indicated in box 31.
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[0075] The colloidal suspension precipitate is collected and
rinsed (box 40) with distilled water to remove any soluble
impurities. After rinsing, the precipitate is re-suspended and,
as indicated in box 50, crystalline organic acid is added to the
precipitate and heated to a particular temperature range,
preferably between about 80°C tc about 90°C. The organic acid
can comprise any suitable organic acid. Box 51 lists some of the
possible organic acids which can be used, including, but not
limited to, citric acid, acetic acid, isocitric acid, succinic
acid, fumaric acid, and tartaric acid. The addition of the
organic acid allows the acid to form complexes with the
precipitate in solution. At box 60, the ferric organic compound
is precipitated out of scolution with an organic solvent to form a
novel form of ferric organic compound (box 70). Various organic
solvents can be used, including, but not limited to, the solvents
described in box 61, such as ethancl, methanol, butanol, acetone,
isopropyl alcohol, tetrahydrofuran, or any other suitable organic

solvent.

Synthesis of Ferric Citrate

[0076] In one embodiment of the invention, the ferric organic
compound is ferric citrate. The starting materials for making a
ferric citrate comprise a 1.85M solution of ferric <chloride
hexahydrate (FeClsz6H0) . A volume of 5M sodium hydroxide
necessary to produce a 1:3 ratio of ferric iron tco hydroxide ion
is added to the ferric chloride hexahydrate solution at a rate of
less than 20 ml per minute, preferably between about 10 ml per
ninute and about 20 ml per minute. The temperature of the
mixture is maintained below 40°C, preferably between about 10°C
to about 40°C, while the sodium hydroxide 1is added to form a
polyiron oxide colloidal suspension of ferric hydroxide. The pH
of the suspension is measured while the sodium hydroxide 1s added.
Once the pH is above 7.0, the suspension 1s cooled until it is
less than 30°C, preferably between about 10°C to about 30°C. The
suspension is then filtered through a 1 mm pore fiiter to breakup

aggregates and large particles of ferric hydroxide precipitate
_21_
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are then removed. The filtered ferric hydroxide suspension is
then centrifuged. The  supernatant is discarded, and the
precipitated ferric hydroxide is centrifuged again to remove any
remaining supernatant. The ferric hydroxide precipitate 1s then
resuspended with distilled water. The centrifugation-resuspension
steps are repeated two more times to wash the ferric hydroxide
precipitate and remove water soluble impurities. The resulting

ferric hydroxide precipitate is then homogenized.

[0077] An amount of citric aclid necessary to produce a 1:1
ratio of ferric iron to citrate is added to the precipitate. The
mixture is heated to between about 80°C to about 90°C in an oil
bath until the color of the mixture changes from orange-brown to
a clear black-brown, or until all o¢f the ferric hydroxide
precipitate is dissolved. The reaction is cooled until it is
less than 30°C, preferably between about 10°C to about 30°C, and
the pH 1s measured to determine that it is within 0.8 and 1.5.
The reaction is centrifuged, and the supernatant is collected.
Ferric citrate is precipitated from the supernatant by adding 5

volumes of organic solvent.

[0078] Various organic solvents can be used, including ethanol,
methanol, butanol, acetone, isopropyl alcohol, or tetrahydrofuran.
Once the solvent is added, the mixture is stirred until a light
beige precipitate forms. The suspension is centrifuged and the
supernatant 1is discarded. The precipitate is washed and
centrifuged with the solvent two more times. The precipitate 1is
then dried in a wvacuum oven for 8 to 16 hours at ambient
temperature or by any other suitable industrial processes such as
fluidized-bed drying. The dried precipitate is ground with a
mortar and pestle and dried for another 8 to 24 hours at ambient
temperature. The fine precipitate is finely ground by milling
again and screened through a 45 mesh size (35 micron) sieve. The
novel form of ferric citrate powder is dried in the vacuum oven

again or fluidized-bed drying again and dried at ambient
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temperature until 1 hour of drying leads to less than 0.25% loss

in weight.

EXAMPLE 2

Solubility Profile of Ferric Organic Compounds According to the

Invention

[0079] The ferric organic compounds produced according to the
methods described above are more soluble than commercially
available ferric organic compcounds, over a wider range of pH
levels. This increase 1in solubility of the ferric c¢rganic
compounds of the present invention i1s believed to be a result of
the uniqgue significantly large active surface area of the ferric
organic compounds of the present invention. For example, at pH
8.0, the dintrinsic dissolution rate of ferric citrate of the
present inventicn 1is 3.32 times greater than the commercially

available ferric citrate. See Table 1.

[0080] The intrinsic dissolution rates of commercially
available ferric citrate were compared with the ferric citrate of
the present invention. The intrinsic dissolution rate is defined
as the dissclution rate of pure substances under the condition of
constant surface area. The dissolution rate and bkiocavailability
of a drug substance is influence by its solid state properties:
crystallinity, amorphism, polymorphism, hydration, sclvation,
particle size and particle surface area. The measured intrinsic
dissolution rate 1s dependent on these solid-state properties and
is typically determined by exposing a constant surface area of a
material to an appropriate dissclution medium while maintaining
constant temperature, stirring rate, and pH. The intrinsic

dissolution rates are presented in Table 1.
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TABLE 1

Solutions of pH 8

Sample Rate of Intrinsic Mean Intrinsic
Acetone Dissolution Dissolution
Addition Rates Rates
(ml/min) (mg/cm2 /min) {mg/cm2 /min)

RFS-12 (sigma /

commercially

available) 10.0 0.83 .0.83

STM-134

(reference

material) 16.0 1.88 1.88

PANO31203A

(experimental 10.0 3.82

batch 1)

PAN(O31203B

(experimental 106.0 4.00

batch 2)

PAN0O31203C 3,32

(experimental 9.5 2.68

batch 3)

PAN031203D

{(experimental 40 2.95

batch 4)

PAN0O31203E

(experimental 4.4 3.13

batch 5)

[0081] The BET active surface area cof the ferric citrate of

the present

commercially available ferric citrate.

[00B2]
theory

interaction and phase changes during gas adsorption onto solid

surfaces and

measurement,

allows the surface area of the sample to be determined using the

which describes

pore

invention 1is

at least

the phencmenon

spaces. In BET

16 times

active

larger

See Table 2.

The analysis of active surface area 1is based on BET

mass and

surface

the volume of a monolayer of gas i1s determined which

area occupled by a single layer of adscrbed gas molecule.

2 1is

a comparison of the

active

surface

area of the

than
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citrate of the present invention compared toc the active surface

area of commercially available ferric citrate compounds.

TABLE 2

BET Active Surface Areas of Various Forms of Ferric Citrate

Sample Mean BET
Dissolution Active
Rates Surface
(mg/cm2 /min) Area
RFS-12-1 (sigma / commercially
available)
0.76 0.61
RFS-12-2 (sigma / commercially
available)
STM-134-1 (reference material 1)
.47 .17
STM-134-2 (reference material 2) 2.4 16.1
STM-182-1 (lab-scale 500 g batch 1) 5 61 19.85
STM-182-2 (lab-scale 500 g batch 2)

EXAMPLE 3

Methods of Using and Testing the Pharmaceutical-Grade Ferric

Citrate in Patients

Handling and Forms of Test Compositions

[0083] Ferric citrate is supplied in 500 mg capsules, whereas
the placebo will be provided in identical-looking capsules
(indistinguishable from those containing the active drug); the
placebe capsules will contain sorbitol and colorant to match the
powder color of the active capsules. The placebo capsule shells

will be identical to the active capsule shells.

Storage

[0084] All study drug supplies must be stored under secure
conditions and are not to be used after their expiration date,
which is imprinted on the study drug container. The study drugs
should be kept under contreolled conditions (15 fo 30°C; 59 to

86°F) in a tightly closed container, protected from light.
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Dosage

[0085] A recent pilot study compared ferric citrate (3 g daily)
to calcium carbonate (3g daily) for reducing serum PO, in
patients with End Stage Renal Disease (ESRD). This dose of

ferric citrate was associated with mild, but tolerable GI

symptoms.

[0086] The doses of ferric «citrate chosen for study or
treatment may be from 1 to 30 grams of ferric citrate per day.
In part, this may depend on the nature of the formulation
provided. For example, ferric <citrate capsules may be
administered up to a daily dose of about 15 grams/day, whereas
the tablet form may be administered up to 30 grams/day. Thus,
there is a very brcad range of dosing regimens encompassed by the

invention.

Titration of Optimal Dosage for a Subject

[0087] In the context of this inventicn, the term “subject”
refers to either a human or non-human animal. The optimal dosage
of an individual subject or groups may be determined as follows.
A dose of approximately one or two grams per day 1is merely
suggested as an i1llustrative starting dose. The daily dose may

be increased as needed until the desired result 1is observed.

[0088] The intent of the invention 1is to not limit the dose
range employed. Therefore, depending on the subject(s) the daily
dose administered may approximate thirty, forty, fifty, sixty,
seventy, eighty, ninety or one hundred grams per day. The safety
profile of the pharmaceutical-grade ferric citrate allows the

implementation of a broad range of doses.

[0089] Further, i1t is the intent of the invention to noct be
limited to capsules and tablets as oral formulations. It 1is
knewn in the art that a wide variety of oral formulations may be

adapted for use with the invention.
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Illustrative Example of a Dosage Regimen

[0090] An non-limiting example of a dosing regimen is provided
below. This is not meant to limit the invention as to how an
effective amount of ferric citrate is selected, or the form in

which it 1is provided or the frequency of administering the

composition per day. The following merely illustrates how
ferric citrate and placebo may be administered; e.g., as 500 mg
capsules of identical appearance. All patients may receive (in a

blinded fashion) 4 capsules with each of three meals, on a daily
basis, for 28 days. Patients will be instructed to take the study
medication within 10 minutes of finishing their meals (breakfast,

lunch, and dinner).

[0090] The number of placebo, and active capsules to be taken

at each meal, are as follows:

[0021] Placebo arm of the study

[0092] 4 placebo capsules, with breakfast

[0093] 4 placebo capsules, with lunch

[0094] 4 placebo capsules with dinner

[0095] Ferric citrate 2 g per day arm of the study

[0096] 1 ferric citrate capsule and 3 placebo capsules with
breakfast

[0097] 1 ferric citrate capsule and 3 placebo capsules with
lunch

[0088] 2 ferric citrate capsules and 2 placebo capsules with
dinner

[0099] Ferric citrate 4 g per day arm

[0100] 2 ferric citrate capsules and 2 placebo capsules with
breakfast

[0101] 3 ferric citrate capsule and 1 placebo capsule with
lunch

[0102] 3 ferric citrate capsules and 1 placebc capsule with
dinner
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[0103] Ferric citrate 6 g per day arm

[0104] 4 ferric citrate capsules with breakfast
[0105] 4 ferric citrate capsules with lunch
[0106] 4 ferric citrate capsules with dinner

Clinical Schedule and Assessments

[0107] FEach patient's participation in the trial lasts for up
to 8 weeks: the screening period (approximately 1-2 weeks), a 1-2

week washout, and 4 weeks of treatment with study medication.

Screening Visit 1 (Study Days -30 to -15)

[0108] The following procedures will be performed at the first

screening visit:

[0102] 1. Medical history, including concomitant medications.
[0110] 2. Demographic data.
[0111] 3. Physical examination, including height, weight, and

vital signs.

[0112] 4. Dietary interview, using 24 hour recall methed, to
assess dietary intake of calcium and phosphorous, three times
during screening periocd, to include one dialysis day, one non-
dialysis day, and one weekend day. Note: Dietary interview may be
also performed, in part or in whole, during the washout period.
[0113] 5. Laboratory assessment:

[0114] a. Hematology: complete blood count (CBRC) with
differential, platelets.

[0115] b. Chemistries: sodium, potassium, chloride,
bicarbonate, blood wurea nitrogen (BUN), creatinine, glucose
(random), aspartate transaminase (AST), @alanine transaminase

(ALT), alkaline phosphatase (ALP), total bilirubin, total protein,

albumin, serum calcium, serum phosphate, magnesium

[0116] c. Total and LDL cholesterol levels
[0117] d. Serum (3-HCG for women of childbearing potential
[0118] e. Iron panel: serum 1liron, ferritin, transferrin

saturation percentage, and total iron binding capacity.

[0119] 6. 1l2-lead ECG.
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[0120] 7. Patients will be given instructions for the Washout

Period (Study Days - 14 to -1):

[0121] a. All phosphate-kbinding agents will be discontinued at
Day - 14
[0122] b. Any iron therapy (oral or intravenous) will be

discontinued at Day - 14

[0123] c. Patients who have been receiving a stable dose of
vitamin D or calcitricl for I month prior to enrollment will be
instructed to maintain their current dose throughout the study
[0124] d. Patients will be advised to avoid changes in diet,

calcium or magnesium containing antacids (other medications).

Screening Visit 2 (Study Days -7 +/- 1 day)

[0125] Laboratory Assessment of serum PO, Patients with a Day
- 7 serum POy 2 5.5 mg/dL and <10 mg/dL may be randomized before
the 2-week washout 1s complete. The day of randomization will
automatically become Day O. Patients with a Day - 7 phosphate
level of 2 10 mg/dL will be removed from the study and instructed

to resume their pre-study medications.

Study Day 0 (Randomization And Dosing)

[0126] 1. Physical examination, including weight and vital
signs.

[0127] 2. Adverse event guery.

[0128] 3. Concomitant medication guery.

[0129] 4. Baseline Laboratory assessments:

[0130] a. Serum PQ04;

[0131] b. Serum Ca;

[0132] cC. Iron panel: serum iron, ferritin, transferrin
saturation percentage, and total iron binding capacity. The

Baseline Laboratory Assessments may be done up to 3 days prior to
Day O.

[0133] 5. Patients with a P04 level 2 .5 mg/dL and £ 10 mg/dL
will be randomized and a 15-day supply of study medication will

be dispensed. Patients should be instructed to begin taking
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study medication within 10 minutes of completing their next meal

on Day O.

Study Day 14 (Midpoint Evaluation)

[0134] The following procedures will be performed at Study Day
14 +/- 1 day.

[0135] 1. Physical examination including weight and vital
signs.

[0136] 2. Adverse event guery.

[0137] 3. Concomitant medication query.

[0138] 4. Dispense an additional 15-day supply of study

medication. All returned capsules should be counted and recorded

in the Case Report Form.

[0139] 5. Laboratory assessment:
[0140] a. Hematology: CBC with differential, platelets.
[0141] b. Chemistries: sodium, potassium, chloride,

bicarbonate, BUN, creatinine, glucose (randem), AST, ALT, ALP,

total bilirubin, total protein, albumin, calcium, phosphate,
magnesium.
[0142] C. Iron panel: serum iron, ferritin, transferrin

saturation percentage, and total iron binding capacity.

[0143] d. Total and LDL cholesterol levels.

[0144] Note: Patients with a Day 14 phosphateblevel of > 10
mg/dL will be removed from the study and instructed to resume

their pre-study medications.

Study Day 28 (End Cf Study Evaluation)

[0145] The following procedures will be performed at Study Day

28 +/= 1 day or on the day of early termination.

[0146] 1. Physical examination including weight and vital
signs

[0147] 2. Adverse event query.

[0148] 3. Concomitant medication query.

[0149] 4. Laboratory assessment:

[0150] a. Hematology: CBC with differential, platelets
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[0151] b. Chemistries: sodium, potassium, chloride,
bicarbonate, BUN, creatinine, glucose (random), AST, ALT, ALP,

total Dbilirubin, total protein, albumin, calcium, phosphate,

magnesium.
[0152] c. Total and LDL cholestercl levels
[0153] d. Iron panel: serum iron, ferritin, transferrin

saturation percentage, and total iron binding capacity.
[0154] 5. 12-lead ECG
[0155] 6. Patients will be instructed toc resume their pre-

study medications after completing the study.

Data Management and Analysis

[0156] GloboMax will be the primary data management,
monitoring, and coordinating center. Case report forms (CRF) will
be provided for each subject. Subjects will not be identified by
name or initials on CRFs. The CRF will be monitored at the
clinical sites and collected by GloboMax's study monitor. Audited

CRFs will be used to create electronic data files.

[0157] Three major categories of endpoints reflect biochemical
and clinical issues being addressed at the outset. Additional
clinical and bkiochemical issues are addressed as they arise.
Therefeore, the endpoints are not meant to limit the totality of
relevant findings and measurements collected in these, or future

studies.

Primary Endpcints

[0158] The change in serum PO; concentration at Days 14 and 28

from baseline.

Secondary Endpoints

[0159] The change in serum calcium concentration at Days 14
and 28 from baseline.

[0160] The change in iron, ferritin, transferrin saturation
percentage, and total iron binding capacity at Days 14 and 28

from baseline.
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[0161] The change in the Ca'PO; product at Days 14 and 28 from

baseline.

Safety Endpoints

[0l1l62] Safety will be monitored by recording adverse events
and the results of physical examinations, vital signs and

laboratory tests at each study visit.

[0163] Specific rules for withdrawal from the study, bkased on
laboratory data, have also been set up to ensure patient safety.
A nonlimiting example of such criteria is illustrated by the

following:

[0164] If a patient's serum phosphate level increases to 210
mg/dL at any time during the study period, the patient will be

withdrawn from the study.

EXAMPLE 4

Randomized, Double-Blind, Placebo-Controlled, Dose-Ranging Study

of the Effects of Ferric Citrate on Serum Phosphate in Patients

with End Stage Renal Disease (ESRD)

[0165] Objectives: (1) To determine the effect of ferric
citrate at doses of 2, 4 and 6 g daily, administéred TID (three
times a day), for 28 days on serum phosphate (P04) levels in
patients with end stage renal disease (ESRD). (2) To evaluate the
safety of ferric «citrate at doses of 2, 4, ©6 g daily,
administered TID, for 28 days in patients with ESRD.

[0166] Study Drug: Ferric cltrate disclosed in U.S.
Publication No. 2006/0020026 and WO 2004/07444.

[0167] Study Design: Randomized, double-blind, placebo-
controlled, dose-ranging study to assess the effect of ferric

citrate on serum phosphate concentrations in patients with ESRD
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on hemodialysis. Patients are assessed at Study Days 14 and 28
for effectiveness as measured by serum phosphate concentrations.
Patients who received cne or more doses of study medication are

also assessed for safety.

[0168] Study Duration: 8 weeks (including the screening period,

2 weeks washout, 4 weeks treatment)

[0169] Results show a decrease in serum P04 and Ca*P0O4 at 0, 2,
4 and 6 gm/day (given as TID immediately after meals, i.e.,
within 10 minutes). Ferric citrate is administered orally, and

is given equally three times a day.

[0170] The ability of ferric citrate to lower the serum
phcsphate levels in patients with ESRD was demonstrated. No
significant change was observed in the serum calcium level during
the 28 days for placebo, 2, 4, and 6 gm/day. However, the Ca*P04
levels have decreased and were statistically significant for 6
gm/day dose at both 14 and 28 days. The results also indicate
that calcification may be reversed or stabilized following
treatment with ferric citrate. The Tables below summarize the

data the study.

TABLE 3

Summary of Results

Dose Response | Statistical Significant | Lincar Regression
Serum PO4 (mg/dL)
Day 14 No No P=0.0523
Day 28 Yes Yes (6g/day) P=0.0073
Serum Ca (mg/dL)
Day 14 No No N.S.
Day 28 No No N.S.
Ca x PO4 (mg/dL)*
Day 14 Yes No P=0.0401
Day 28 Yes Yes (6g/day) P=0.0158

* N.S.: Not Significant
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TABLE 4

Summary of Serum [PO4] (mg/dL)

Placebo 2 g/day 4 g/day | 6 g/day Dose

{N=16) (N=31) (N=32) (N=32) Response
Serum [PO4] (mg/dL) at | 7.2£1.43 | 7.2¢1.23 | 7.1x1.27 | 7.3+1.33 IN/A
Day 0
Serum [PO4] (mg/dl) at | 6.7£1.22 | 6.7£1.50 | 6.4+1.56 | 6.3<1.72 | No
Day 14 (P=0.0523)
Serum [PO4] (mg/dL) at | 7.2+1.19 | 6.9+2.22 | 6.0+£1.33 | Yes
Day 28

5 % P<0.05, Significant Difference Baseline Change as Compared to

Placebo

TABLE 5
10
Summary of Serum [Cal] (mg/dL)
Placebo 2 g/day 4 gfday 6 g/day Dose
(N=16) (N=31) (N=32) (N=32) Response
Serum [Ca] (mg/dL) at Day 0 | 8.71+0.779 | 8.78+0.981 | 9.02+0.913 | 8.99+0.812 | No
Serum [Ca] (mg/dL) at Day 14 | 8.91+0.782 | 9.01+1.232 | 9.47+0.990 | 9.13+0.909 | No
Serum [Ca] (mg/dL) at Day 28 | 8.74+0.830 | 9.00+0.953 i 9.29+0.960 | 9.26+0.865 | No
* P<0.05, Significant Difference Baseline Change as Compared to
Placebo '
15
TABLE 6
Summary of Serum [Ca]*[PO4] (mg/dL) 2
20
Placebo 2 g/day 4 g/day 6 g/day Dose
(N=16) (N=31) (N=32) (N=32) Response
[Ca]*[PO4] 62.8+13.91 62.9413.25 63.5+10.69 65.8+12.19 N/A
(mg/dL) at Day
0
[Ca]¥PO4] 59.9412.19 60.3+16.50 59.9+13.89 57.5+16.27 Yes
(mg/dLY at Day
14
[Ca]*[PO4] 63.2+12.55 61.7+£21.25 55.4+13.36
(mg/dL)* at Day
28
* P<0.05, Significant Difference Baseline Change as Compared to
Placebo
25
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TABLE 7

Treatment-Emergent Adverse Events

Placebo 2 g/day 4 g/day 6 g/day

(N=10) (N=33) (N=34) (N=33)

# Event (%) | # Event (%) | # Event (%) | # Event (%)
Total number of subjects with at 7 (43.8) 16 (48.5) 12 (35.3) 17 (51.5)
least one adverse event (T#at1AE)
Sorted by Preferred Term (PT)

Abdominal Pain 0(0.0) 0 (0.0) 4(11.8) 2(6.1)

Diarrhea 2(12.5) 3(9.1) 1(2.9): 1(3.0)
Sorted by System Organ Class/PT

GI Disorders (sce above PT) | 4(25.0) 8(24.2) 10 (29.49) 10 (30.3)

General Disorders 2 (12.5) 4 (12.1) 2(5.9) 4 (12.1)

Infections and Infestations 2(12.5 0(0.0) 3(8.8) 1(3.0)

Skin and SC Tissue Disorders | 0 (0,0) 3(9.1) 0(0.0) 4 (12.1)
Sorted by SOC/PT/Severity

T#atl AE, Mild 7 (43.8) 13 (39.4) 9(26.5) 14 (42.4)

T#atl AE, Moderate 0(0.0) 6 (18.2) 3(8.8) 2(6.1)

T#at1 AE, Severe 1(6.3) 0 (0.0) 2(59) 1(3.0)

GI Disorders, Mild 4 (25.0) 6(18.2) 8(23.5) 9(27.3)
Sorted by SOC/PT/Relationship

T#at1 AE, Definitely 0(0.0) 0 (0.0) 0(0.0) 0(0.0)

T#atl AE, Probably 1(6.3) 2(6.1) 2(5.9) 5(15.2)

T#at1 AE, Possibly 3 (18.8) 5(15.2) 6 (17.6) 2(6.1)

GI Disorder, Definitely 0(0.0) 0 (0.0) 0(0.0) 0(0.0)

GI Disorder, Probably 1(6.3) 2(6.1) 2(5.9) 5(15.2)

GI Disorder, Possibly 3(18.8) 3(9.1) 6 (17.6) 1(3.0)
[0171] As shown in Figures 2 and 3, treatments using
pharmaceutical-grade ferric citrate provide several advantages
over chemical grade ferric citrate. In general, while
pharmaceutical-grade ferric citrate demonstrates an efficacy

approximately equal to that of chemical grade ferric citrate, it
achieves this result with less adverse side effects than chemical

grade terric citrate.

[0172] Figure 2 also indicates that adverse side effects

assocliated with administering pharmaceutical-grade ferric citrate
were not statistically different from those associated with the

placebo. An advantage of this safety profile 1is that an

individual patient may have his dosing of pharmaceutical-grade

ferric citrate titrated over a broad range of doses with less
- 35 —_
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concern about side effect. In this way, a patient’s individual
treatment may be tallored to suit his specific needs and

tolerances.

Decrease in Serum Creatinine Level

[0173] Glomerular filtration rate (GFR) level correlates with
structural kidney damage and 1is used as a golden standard to
measure kidney function. GFR can be estimated by the biomarkers
serum creatinine. As renal function deteriorates, kidney lost
its function to excrete creatinine effectively and lead to
creatinine retention in the body. Therefore, increase of serum
creatinine indicates lowering GFR and i1s an important sign of

kidney deterioration.

[0174] In an open—label extensicn of a Phase II clinical study:
“randecmized, double-blind, placebo-controlled, dose-ranging study
of the effects of ferric citrate on serum phosphate in patients
with end stage renal disease (ESRD)”, some of the patients were
administered 2~6g/day of ferric citrate and serum creatinine
level was monitored to assess kidney function. Several patients
who received 6g/day of ferric citrate appear to have a trend of
decreased serum creatinine level, which implies ferric citrate
may modify, delay, and arrest or prevent the progression chronic

kidney disease. Results from 2 patients are shown in Figures 5-6.
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What is claimed is:

1. Use of ferric citrate in the manufacture of a medicament
for reversing, maintaining or delaying progression of
chronic kidney disease, wherein the ferric citrate has a
BET active surface area of at least 16 m/g, wherein the
ferric citrate improves renal functions by decreasing serum

creatinine levels in a subject.

2. The use of claim 1, wherein the ferric c¢itrate has a
dissclution rate from 2 mg/cmi/min to 4 mg/cmi/min at 37°C
in soluticns of pH 8 as determined by USP intrinsic
dissolution assay in water,

3. The use of c¢laim 1, wherein the chronic kidney disease
includes any stage of chronic kidney disease and end stage
renal disease.

4. The use of c¢laim 1, further comprising the use of renal
dialysis.

5. The use of claim 1, wherein the medicament contains from 2
g to 20 g of ferric citrate.

G, The use of claim 1, wherein the ferric citrate is in a form
suitable for oral administration.

7. ~he use of c¢laim 6, wherein the form suitable for oral
administration is a tablet, a powder, a suspension, an
enulsion, & capsule, a lozenge, a granule, a troche, a
pill, a liguid, a spirit, or a syrup.

a. The use of claim 1, wherein administration of fthe ferric

citrate decreases the serum level of any one or mnore

CA 2640974 2019-05-17



substances in a subiect, sald substances comprising BUN,

phosphorus, and calcium and phosphorus product (Ca x Pj.

9. The use of claim 1, wherein the medicament contains 2 g of

ferric citrate and is in a form suitable for daily use.

10. The use of claim 1, wherein the medicament contains 4 g of

ferric citrate and is in a form suitable for daily use.

11. The use of claim 1, wherein the medicament contains 6 g of

ferric citrate and is in a form suitable for daily use.

12. The use of claim 1, wherein the medicament contains 8 g of

o

ferric citrate and ig in a form suitacle for daily use.

13. The use of claim 1, wherein the ferric citrate is in a form

suitable for administration at least cnce per day.

)

14, The use of claim 1, wherein the treatment is accompanied by

¢

fower adverse side coffects than treatment with chemical-

.
o+
=~
Q
s
0]

gracde ferric ci

15. The use of claim 14, wherein the side effects are selected
from the group consisting of diarrhea, loose stool,

constipation, bloating, and nausea.

16. Ferric citrate for use in a method of reversing,
maintaining or delaying progression of chronic kidney
disease by decreasing serum creatinine levels in a subject,
wherein the ferric citrate nas a BET active surface area of

at least 16 w/g.

17.  Ferric citrate of claim 16, wherein the ferric citrate has

a dissolution rate from 2 mg/cm’/min to 4 mg/cm’/min at 37°C

- 38 -
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in solutions of pHdH 8 as determined by USP intrinsic

dissolution assay in water.

18. TFerric citrate of c¢laim 16, wherein the ferric cltrate 1s

in a form suitable for oral administration.

19. Ferric citrate of claim 18, wherein the form suitable for
oral administration 1s a tablet, a powder, a suspension, an
emulsion, a capsule, & lozenge, a granule, a troche, a

pili, a liquid, a spirit, or a syrup.

20, An orally acministrable form of ferric citrate for
reversing, mainteaining or delayving orogression of chronic
kicney disease by decreasing serum creatinine levels, the
orally administrable form prepared from a pharmaceutical
composition comorising & form of ferric citrate having a

BET active surface area of at least 16 ni/qg.

21. The orally administrable form according to claim 20 wherein
the ferric citrate has a dissolution rate of 2 mg/cm?/min to
4 mg/cm®/min at 37°C in solutions of pH 8 as determined by

USP intrinsic disscolution assay in water.

22. The orally administrable form according to any one of
claims 20 and 21, wherein the orally administrable form is

a tablet.

[
w

The orally administrable form according to claim 20,
wherein the reduction in the serum creatinine level in the

subject is at least 1.9 mg/cl.
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24. The orally administrakle form according to claim 20,
wherein the reduction in the serum creatinine level in the

subject 1s at least 19%,

25. Use of ferric citrate in the manufacture of a mnedicament
for reversing, maintaining or delaying progression of
chronic kidney disease, wherein the ferric citrate has a
BET active surface area of at least 16 m‘/g, wherein the
ferric citrate has a dissolution rate from 2 mg/cm?/min to 4
mg/cn’/min at 37°C in solutions of pH B8 as determined by USP
intrinsic dissolution assay in water, wherein the ferric
citrate improves renal functions Dby decreasing serum

creatinine levels in a subject.

26. The use of claim 25, wherein the chronic kidney disease
includes any stage of chrornic kidney disease and end stage
renal diseacse.

27. The use of claim 25, further comprising the use of renal
dialysis.

28. The use of clainm 25, wherein the medicament contains from 2
g to 20 g of ferric citrate.

29. The use of claim 25, wherein the ferric citrate is 1in a
form suitanle for oral administration.

30, The use of c¢laim 29, wherein the ferric cltrate 1is

formulated as a tablet, a powder, a suspension, an
emulsion, a capsule, a lozenge, a granule, a troche, a

pill, a liguid, a spirit, or a syrup.
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21. The use of claim 25, wherein administration of the ferric
citrate decreases the serum level of any one cor more
substances in a subject, said substances comprising BUN,

phosphorus, and calcium and phosphorus product (Ca x P).

32. The use of claim 25, wherein the medicament contains 2 g of

ferric citrate and is in a form suitable for daily use.

98}
(]

The use of claim 25, wherein Lhe medicamenl conkains 4 g of

ferric citrate and is in a form suitable for daily use.

~
/

34, The use of claim 25, wherein the medicament contains © ¢

Q
h

ferric citrate and is in a form suitable for daily use.

35. The use of claim 25, wherein the medicament contains & g of
ferric citrate and is in a form suitable for caily use.
36. The use of claim 25, wherein the ferric citrate 1is in a

form suitaple for administration at least once per day.

(&8}
~J

. The use of claim 25, wherein the treatment is accompanied
by fewer adverse side effects than treatment with chemical-

grade ferric cltrate.

Z8. The use of claim 37, wherein the side effects are selected
from the group consisting of diarrhea, loose stool,
constipation, blcocating, and nausea.

39 Ferric c¢itrate for use 1in a method of reversing,

maintaining or delaying progression of chronic kidney
disease by decreasing serum creatinine levels in a subject,
wherein the ferric citrate has a BET active surface area of
at least 16 mi/g, wherein the ferric citrate has a

dissclution rate from 2 mg/cm’/min ©o 4 mg/cm’/min at 37°C

- 41 -
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in solutions of pH &8 as determined by USP intrinsic

dissolution assay in water.

40. Ferric citrate of claim 39, wherein the ferric citrate is

in a form suitable for oral administration.

41. Ferric citrate of claim 40, wherein the form suitable for
oral administration is a tablet, a powder, a suspension, an
emulsion, a capsule, a lozenge, a granule, a troche, a

pill, a liquid, a spirit, or a syrup.

42, An orally administrable form of ferric citrate for
reversing, maintaining or delaying progression of chronic
kidney disease by decreasing serum creatinine levels, the
orally administrable form prepared from a pharmaceutical
composition comprising a form of ferric citrate having a

~

dissolution race of 2 mg/cmi/min to 4 mg/cm’/min at 37°C in
solutions of pH 8 as determined by USP dissclution assay in

water, wherein the ferric citrate has a BET active surface

o]

area of at least 16 wmi/g.

43, The orally administrable form accerdin to claim 42,
g

wherein the orally acdministrable form 1s a Lablet.

44. The arally administrable form according to claim 42,
wherein the reduction in the serum creatinine level in the

subject is at least 1.9 mg/dL.

45. The orally administrable form according to claim 44,
wherein the reduction in the serum creatinine level in the

subject 1s at least 19%.

46. Use of ferric citrate for treating a subject having chronic

kidney disease, comprising an effective amount of a ferric

- 47 -
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citrate having a dissolution rate of at least 2 mg/cms/min
and a BET active surface area of at least 16 m*/g, wherein
the use results in decreased serum creatinine level,
wherein the effective amount of the ferric citrate 1s a
dose of 2 to 20 g/day and wherein the chronic kidney

disease 1s end-stage rznal disease (ESRD).

47. The use of claim 46, wherein the dissolution rate of the
ferric citrate is from approximately 2.5 mg/cm’/min to

acproximately 3.0 mg/cm’/min.

483, The use of claim 46, wherein the dissclution rate of the
ferric citrate is from approximately 3.0 mg/cm’/min  to
approximately 3.5 mg/cm®/min.

49. The use of claim 46, wherein the dissclution rate of the
ferric c¢itrate 1s from approximately 3.5 mg/cm/min to

approximately 4.0 mg/cm’/min.

50. The use of any one of claims 46 to 49, wherecin the ferric

citrate is prepared according to a method comprising the

steps of:
a obtaining a ferric iron salt;
b) adding an alkaline metal hydroxide to the ferric iron

salt under conditions suitable to produce a mixture

comprising polyiron oxlde;

c) isolating a precipitate from the mixture;
d; adding a citric acid to the precipitate;
e heating the citric acid and the precipitate, thereby

forming a ferric citrate solution; and
f) precipitating the ferric citrate from the ferric

s

citrate solutlion by an organic solvent.
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51. The use of claim 50, wherein the alkaline metal hydroxide

is sodium hydroxide or potassium hydroxide.

(62]
o

. The use cof claim 50 or claim 51, wherein the alkalline metal
hydroxide 1s added at a rate of less than 20 nL/min., and
the alkaline metal hydroxide 1is added to the ferric iron

salt at a temperature of less than 40°C.

n

3. The use of any one ¢f claims 50 to 52, wherein the citric
acid and the precipitzte are heated to a temperature of
80°C to 90°C, and precipitating the ferric citrate from the
ferric citrate solution by an organic solvent comprises
cooling the ferric citrate solution to less then 30°C

before adding the organic solvent.

8]
N

The use of any one of claims 50 to 53, wherein the citric

acid is in crvstalline form.

55. The use of any one of claims 50 to 54, wherein the organic

solvent 3L

w

selected from the group consisting of ethanol,
methanol, butancl, isopropyl alcohol, acetone, and

tetrahydrofuran.

56. The use of any one of claims 50 to 55, wherein the ferric
iron salt is ferric chloride hexahydrate, the alkeline
metal hydroxide is sodium hydroxide, and the citric acid is
crystalline ciltric acid.

57 The use of anv one of claims 50 te 56, wherein the subject
is a human or an animal.

58. The use of any one of claims 46 to 57, wherein the subject

is undergoing rena_ dialysis.

K1
5
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. The use of any one of claims 46 to 58, wherein the ferric

citrate i1s in a form suitable for coral administration.

0. The use of claim 59, wherein the form suitable for oral
adninistration is a tablet, a powder, a suspension, an
emtlsion, a capsule, a Zlczenge, =a granule, a troche, a

pill, a liquid, a sepirit, or a syrup.

6l. The use of any one of claims 46 to &0, wherein the use
results 1n prevernting, reversing, maintaining or delaying
one or more conditions in the subject, said conditions are
selected from the group consisting of progression of
chronic kidney disease, development of hyperparathyroidisn,
development of beone disorcer, development of cardiovascular
disease, calcium phosphate precipitation in renal -tissus,

and kidney stone formation.

7y
o

. The use of any one of claims 46 to 61, wherein the ferric
citrate 1s formulated as a pharmaceutical composition
comprising an acceptakble carrier and an effective amount of
ferric ciltrate having a BET active surface area of at least

16 m2/q.

3. The use of c¢laim 62, wherein at least a portion of the

charmaceutical composition is formulated for oral
consumotion.
b4. Ferric «citrate for use in a method of preventing,

reversing, maintaining or delaying progressicon of chronic
kidney disease, wherein the ferric citrate has a BET active
surface area of at least 16 m=/g, and 1is prepared by a
nethod comprising the steps of:

a) obtaining ferric chloride hexahydrate;
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b) adding sodium hydroxide to the ferric chloride
hexahydrate under conditions suitable to produce a
mixture comprising polviron oxide;

a) isoclating a preclpitate from the mixture;

d) adding crystalline citric acid to the precipitate;

&) heating crystalline citric acid and the precipitate
thereby forming a ferric citrate solution; and

f) precipitating ferric citrate from the ferric citrate

solution by an organic solvent.

65. Terric citrate for use according to c¢laim 64 having a
digsolution rate of at least 2 mg/cwm’/min.

66. Ferric citrate for use according to claim 64 having a
dissclution rate from 2 ng/cm’/min Lo 4 mg/cm’/min.

67. Ferric citrate for use according o c¢laim 65 or 66, wherein
the dissolution rate 1s determined at 37°C in solutions of
pH 2 as determined by USP intrinsic dissolution assay 1in
water.

8. Terric citrate for use according tc any of claims 64 to 67,
wherein the ferric c¢itrate 1s in a form suitable for oral
administration.

69. Ferric clirate for use according to claim 68, whereln Lhe

form suitable for ora: administration comprises between 2

to 2C of the ferric citrate.
g

70. Use of a pharmaceutical composition in the manufacture of a
medicament for preventing, reversing, malntaining or
delaving progression cf chronic kidney disease, wherein the

compasition comprises ferric citrate having a BET active

iES
[e)}
|
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surface area of at least 16 m*/g, and the Zferric citrate is

prepared by a method comprising the steps of:

a) obtaining ferric chloride hexahydrate;

b) adding sodium hydroxide to ferric chloride hexahydrate
under conditions suitable to produce a  mixture
comprising polyiron oxide;

c) 1lsolating a precipitate from the mixture;

d) adding crystalline citric acid to the precipitate;

e) heating c¢rystallire citric acid and the precipitate

thereby forming a ferric citrate solution; and

Hh
~—

precipitating ferric citrate from the ferric citrate

solution by an organic solvent.

71. Use according to claim 70, wherein the composition is in a

form suitable for oral administration.

-
o
g
]
@

ccording to claim 70 or Y1, wherein the ferric citrate

has a dissolution rate of at least 2 mg/cm’/min.

<1
(o8]
-
[6;)
e}

ccording to claim 70 or 71, wherein the ferric citrate

has a dissolution rate from 2 mg/cm®/min to 4 mg/cm?/min.

74. Use according te claim 72 or 73, wherein the dissolution

=

rate Iz determined at 37°C in solutions of ©H 8 as

determined by USP? intrinsic dissolution assay in water.

~J
o

An crally administrable form of ferric c¢itrate for use in
preventing, reversing, maintaining or delaying progression
of chronic kidney disease, the orally administrable form
prepared from a pharmaceutical composition comprising a
form of ferric citrate having a BET active surface area of
at least 16 m®/g, wherein the ferric citrate is prepared by
a method comprising the steps of:

a) obtaining ferric chloride hexahydrate;
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b) adding sodium hydroxide to ferric chloride hexahydrate
under conditions suitable to producs a mixture
comprising polyiron oxide;

c) ilsolating a precipitate from the mixture;

d) adding crystalline citric acid to the precipitate;

e) heating crystalline citric acid and the precipitate
thereby forming a ferric citrate solution; and

£} precipitating ferric citrate from the ferric citrate

soluticn by an organic solvent.

7¢. The orally acministrable form for use according to claim

5, wherein the orally administrable fcrm 1s a tablet.

77. The orally administrable form for use accerding to claim 75
or 76, wherein the ferric citrate has a dissclution rate of

at least 2 mg/cm®/min.

. The orally administrable form for use according to claim 75
or 76, wherein the ferric citrabe has a dissolution rate

from 2 mg/cm’/min o 4 mg/cem’/min.

im 7

o
N

79. The orally administrable form for use according to cl

— 0

or 78, wherein the dissoluticn rate is determined at 37°C

jup

in solutions of pHE § as determined by USP intrinsic

dissolution assay in water.
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Figure 6
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Changes of Serum Creatinine (2-01-1-032)
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