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FERRIC CITRATE FOR REDUCING CARDIAC FAILURE IN CHRONIC
KIDNEY DISEASE PATIENTS

This application claims priority to U.S. provisional application Serial No. 61/899,866,

filed November 4, 2013, which 1s incorporated herein in 1ts entirety.

FIELD
Methods and compositions disclosed herein relate generally to the use of ferric citrate to

treat chronic kidney disease (CKD) patients and related complications.

BACKGROUND

Chronic kidney disease (CKD) 1s a gradual and progressive loss of the ability of the
kidneys to excrete wastes, concentrate urine, and conserve electrolytes. 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 1s glomerular filtration rate (GFR),
which 1s often estimated as creatinine clearance from serum and urine creatinine concentrations.
Chronic kidney discase or failure 1s defined as having a GFR less than 60 ml/min for three
months or more. The U.S. National Kidney Foundation has suggested a five stage classification

of renal dysfunction based on GFR:

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

Stage  Description Creatinine Metabolic consequences
Clearance
(~GFR: ml/min/1.73
m?)

1 Normal or increased >90 -

GFR—People at
increased risk or with
early renal damage

2 Early renal 00-89 Concentration of parathyroid
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Stage  Description Creatinine Metabolic consequences
Clearance
(~GFR: ml/min/1.73
m?)
insufficiency hormone starts to rise (GFR~60-80)
3 Moderate renal failure  30-59 Decrease In calcium absorption
(chronic renal failure) (GFR<30)
Lipoprotein activity falls
Malnutrition
Onset of left ventricular hypertrophy
Onset of anemia
4 Severe renal failure 15-29 Triglyceride concentrations start to
rise
Hyperphosphatemia

Metabolic acidosis
Tendency to hyperkalemia
5 End stage renal <15 Azotaemia develops
disease (Uremia

As 1ndicated 1n the table above, stage 1 1s the least severe and stage 5, or ESRD, the most
severe. In the early stages of CKD, e.g. stages 1-4, dialysis 1s typically not required. Therefore,
patients experiencing the carlier stages of CKD are described as having non-dialysis dependent
chronic kidney disease. Such patients are also commonly referred to as non-dialysis chronic
kidney disease (ND-CKD) patients. Anemia typically first appears in CKD Stage 3 when the
GFR 1s less than 60 cc/min, long before dialysis 1s necessary, although anemia may appear at any
stage of CKD. At stage 5, a patient may require dialysis treatment several times per week. Once
the degeneration process of the kidney begins, the kidney functions in CKD deteriorate
irreversibly toward end stage renal disease (ESRD, stage 5). Patients suffering from ESRD
cannot survive without dialysis or kidney transplantation.

According to the U.S. National Kidney Foundation, approximately 26 million American
adults have CKD and millions of others are at increased risk. Patients experiencing the earlier
stages of CKD typically incur increased medical costs of U.S. $14,000 to U.S. $22,000 per
patient per year, compared to the age-matched, non-CKD general population. However, there 1s
orowing cvidence that some of the increased costs and adverse outcomes associated with CKD

can be prevented or delayed by preventive measures, early detection, and early treatment.

.
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Iron deficiency and anemia are common complications of CKD, including ESRD.
Anemia 18 the clinical manifestation of a decrease 1n circulating red blood cell mass and usually
1s detected by low blood hemoglobin concentration. The properly functioning kidney produces
erythropoictin, a hormone that stimulates proliferation and differentiation of red blood cell
precursors, which ultimately leads to erythropoiesis (red blood cell production). In the CKD
kidney, erythropoietin production 1s often impaired, leading to erythropoietin deficiency and the
concomitant deficiency in erythropoiesis. Anemia 1s associated with adverse cardiovascular
outcomes, ESRD, mortality and diminished quality of life (Macdougall, Curr Med Res Opin
(2010) 26:473-482). The prevalence of anemia 1n CKD increases as kidney function decreases.
Approximately 50% of non-dialysis chronic kidney disease patients are anemic, and by the time
CKD patients start dialysis, up to 70% are anemic (Macdougall, supra, and McClellan et al.,
Curr Med Res Opin (2004) 20:1501-1510). The leading cause of death 1in patients with chronic
kidney disease (CKD) 1s cardiovascular disease (accounting for approximately 50% of deaths).
(US Renal Data System. Atlas of End-Stage Renal Disease in the United States. National
Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, (2000)).

Iron deficiency 1s a significant contributor to anemia in CKD patients. The estimated
prevalence ranges from 25 to 70% (Hsu, et al., J Am Soc Nephrol (2002) 13: 2783-2786; Gotloib
et al., J Nephrol (2006) 19: 161-167; Mafra, et al., J Ren Nutr (2002) 12: 38—41; Kalantar-
Zadeh, et al., Am J Kidney Dis (1995) 26: 292-299; and Post, et al., Int Urol Nephrol (2006) 38:
719—723). The causes include decreased intake or absorption of iron, iron sequestration as a
result of inflammation, blood loss, and increased 1ron use for red blood cell production in
response to erythropoiesis stimulating agents (ESAs) (Fishbane, et al., Am J Kidney Dis (1997)
29: 319-333; Kooistra, et al., Nephrol Dial Transplant (1998) 13: 82—88; and Akmal, et al., Clin
Nephrol (1994) 42: 198-202). Depending on CKD stage, 20-70% of CKD patients exhibit low
iron 1ndices (Quinbai ez al., Nephrol Dial Transplant (2011) 26:1599-1607). More than 1 million
CKD stage 3 or 4 patients 1n the U.S. are estimated to suffer from 1ron deficiency. The presence
of either low 1ron stores (“absolute” 1ron deficiency) or inadequate 1ron available to meet the
demand for erythropoiesis (“functional” 1ron deficiency) correlates significantly with reduced
hemoglobin levels in CKD patients. Iron deficiency can arise from any one or more factors

including, for example, insufficient iron from food intake, increased 1ron utilization, poor
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gastrointestinal iron absorption, and generalized malabsorption due to renal failure and bacterial
overgrowth, and gastrointestinal bleeding (Macdougall, supra).

The current standard of care for anemia and/or 1ron deficiency in CKD patients 1s
administration of erythropoiesis-stimulating agents (ESAs) and/or 1iron supplementation. The
National Kidney Foundation Kidney Discase Outcomes Quality Initiative guidelines recommend
cither oral or intravenous 1ron for patients who have CKD stages 1 to 5 and are not on dialysis
(see “Using 1ron agents: KDOQI clinical practice guidelines and clinical practice
recommendations for anemia in chronic kidney disease,” Am J Kidney Dis (2006) 47: S58—S70).
The ferric form of iron (also known as iron(IIT) or Fe’ ") has long been known to have poor
bioavailability when administered orally. Therefore, oral formulations for iron supplementation
in CKD patients typically contain the ferrous form of iron (also known as iron(II) or Fe*").
Several ferrous oral 1ron preparations are available for treatment including ferrous gluconate,
ferrous fumarate, and ferrous sulfate. The most common oral 1ron supplement 1s ferrous sulfate,
which can be given up to three times daily 1in order to provide an adequate dose for treating iron-
deficient CKD patients. However, in some CKD patients, oral 1iron 1s poorly tolerated because of
adverse side effects, or 1s ineffective in maintaining adequate body stores of iron. Side effects
typically include gastromtestinal problems, such as diarrhea, nausea, bloating and abdominal
discomfort. Additionally, because of the frequency 1n which they are typically given, oral
ferrous forms pose¢ a tablet burden on patients and have significant negative gastrointestinal side
cttects, which lead to non-compliance with oral treatment regimens (Mcehdi et al., supra).

An alternative 18 to administer intravenous iron to CKD patients. Some studies have
shown that intravenous 1ron formulations are more effective than either oral ferric iron
supplements or oral ferrous 1ron supplements for treating iron deficiency and/or anemia i CKD
patients (Mchdi et al., supra). Effective intravenous formulations for the treatment of CKD
patients include ferric carboxymaltose, ferumoxytol, ferric gluconate, 1ron sucrose, and 1ron
dextran. However, intravenous 1ron 1s associated with short-term risks such as anaphylaxis and
death, as well as with long-term toxicity, including the development of atherosclerosis, infection,
and increased mortality (Quinib1 Arzneimittelforschung (2010) 60:399-412). Further, many
CKD clinics, particularly community sites, are ill-equipped to administer intravenous iron
because they lack the infrastructure of a dialysis center. This has left a majority of CKD 1ron-

deficient patients without intravenous iron treatment.

-
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Thus, there 1s need to develop improved methods for treatment of CKD patients.

SUMMARY

Certain aspects of the disclosure provide clinically safe and effective phosphate binders
that can be used to reduce and/or control serum phosphorus levels, increase serum bicarbonate
levels, improve one or more 1ron storage parameters (€.g., increase serum ferritin levels, increase
transferrin saturation (TSAT), increase hemoglobin concentration) increase 1ron absorption,
maintain 1ron stores, treat iron deficiency, treat anemia, reduce the need for IV 1ron and/or reduce
the need for erythropoiesis-stimulating agents (ESAs) in CKD patients, including non-dialysis
CKD (ND-CKD) patients and end state renal disease (ESRD) patients. In certain aspects, the
phosphate binder 1s clinically safe and effective for long term administration to CKD patients,
for example up to and including at least 56 weeks of continuous administration.

In accordance with certain embodiments of the disclosure, a candidate for administrative
marketing approval as a phosphate binder 1s the ferric citrate disclosed herein (also known as
KRX-0502 (ferric citrate), see Example 1). Pre-clinical studies have demonstrated the ability of
the ferric citrate disclosed herein to bind dietary phosphorus, to decrease intestinal absorption of
dictary phosphorus and to reduce serum phosphate levels (Mathew, et al., J Am Soc Nephrol
(2006) 17: 357A; Voormolen, ¢t al., Nephrol Dial Transplant (2007) 22: 2909-2916; and Tonell1
et al., Circulation (2005) 112: 2627-2633). Four clinical studies of the ferric citrate disclosed
herein (e.g., KRX-0502 (ferric citrate)) in patients with ESRD have been conducted and reported
to the U.S. Food and Drug Administration as part of the KRX-0502 (ferric citrate)
Investigational New Drug (IND) submission. One of those studies, a Phase 3 long term study
(described herein), has confirmed that the ferric citrate disclosed herein (also known as KRX-
0502) demonstrates a highly statistically significant change in serum phosphorus versus placebo
over a four-week Efficacy Assessment Period and can increase ferritin and transferrin saturation
(TSAT) and reduce the use of intravenous 1ron and erythropoiesis-stimulating agents in ESRD
patients when compared to active control agents over a 52-week Safety Assessment Period.

In accordance with the present disclosure, 1t has been discovered that the ferric citrate
disclosed herein can be used as a clinically safe and effective phosphate binder to control and/or
reduce serum phosphorus levels, increase serum bicarbonate levels, improve one or more 1ron

storage parameters (€.g., increase serum ferritin levels, increase transferrin saturation (TSAT),

_5-



10

15

20

25

30

CA 02928200 2016-04-20

WO 2015/066593 PCT/US2014/063643

increase hemoglobin concentration, increase 1iron absorption), maintain iron stores, treat iron
deficiency, treat anemia, reduce the need for IV 1ron and/or reduce the need for erythropoiesis-
stimulating agents (ESAs) in CKD patients, including non-dialysis CKD (ND-CKD) patients and
end state renal disease (ESRD) patients.

In a one aspect, the present disclosure provides methods of reducing and/or controlling
serum phosphorus 1n a patient 1n need thercof. In some embodiments, the methods comprise
orally administering ferric citrate to a CKD patient, ¢.g., an end-stage renal disease patient, at a
dose of ferric 1ron ranging from 210 mg — 2,520 mg, wherein the ferric citrate provides a mean
reduction m serum phosphorus of 2.00 — 2.50 mg/dl. In some embodiments, the ferric citrate 1s
administered 1n a 1 gram tablet dosage form, cach dosage form comprising 210 mg of ferric iron.
In some embodiments, the patient 1s administered up to 18 tablet dosage forms per day. In some
embodiments, the patient 1s administered up to and including 12 tablet dosage forms per day. In
some embodiments, the patient 1s administered 6 tablet dosage forms per day. In some
embodiments, the patient 1s administered 6 to 12 tablet dosage forms per day. In some
embodiments, the ferric citrate 1s administered within 1 hour of the ingestion of a meal or snack
by the patient. In some embodiments, the patient was treated with thrice-weekly hemodialysis or
with peritoneal dialysis for at least 3 months prior to administration of the ferric citrate. In some
embodiments, the ferric citrate has a BET active surface area greater than about 16 m*/g. In
some embodiments, the BET active surface area ranges from about 16 m*/g to about 20 m*/g. In
some embodiments, the BET active surface area ranges from about 27.99 m*/g to about 32.34
m®/g. In some embodiments, the BET active surface area is selected from 27.99 m*/g, 28.87
m*/g and 32.34 m*/g. In some embodiments, the BET active surface area ranges from about 30
m°/g to about 40 m*/g. In some embodiments, the ferric citrate has an intrinsic dissolution rate
of 1.88 — 4.0 mg/cm”/min.

In another aspect, the present disclosure provides methods of reducing serum phosphorus
in a patient in need thereof. In some embodiments, the methods comprise orally administering
ferric citrate to a CKD patient, ¢.g., an end-stage renal discase patient, at a dose of ferric 1ron

ranging from 210 mg — 2,520 mg, wherein the ferric citrate provides: a mean reduction 1in serum

phosphorus selected from 1.90, 1.91, 1.92, 1.93, 1.94, 1.95, 1.96, 1.97, 1.98, 1.99, 2.00, 2.01,
2.02,2.03,2.04, 2.053, 2.06, 2.07, 2.08, 2.09 and 2.10 mg/dl when administered for a period of 12

weeks; a mean reduction 1n serum phosphorus selected from 2.10, 2.11, 2.12, 2.13, 2.14, 2.15,

_6-
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2.16,2.17,2.18, 2.19, 2.20, 2.21, 2.22, 2.23, 2.24 and 2.25 mg/dl when administered for a period
of 24 weeks; a mean reduction in serum phosphorus selected from 2.10, 2.11, 2.12, 2.13, 2.14,
2.15,2.16,2.17, 2.18, 2.19 and 2.20 mg/dl when administered for a period of 36 weeks; a mean
reduction 1n serum phosphorus selected from 1.95, 1.96, 1.97, 1.98, 1.99, 2.00, 2.01, 2.02, 2.03,
2.04,2.05, 2.06, 2.07, 2.08, 2.09, 2.10, 2.11, 2.12, 2.13, 2.14 and 2.15 mg/dl when administered
for a period of 48 weeks; and a mean reduction 1n serum phosphorus selected from 1.95, 1.96,
1.97, 198, 1.99, 2.00, 2.01, 2.02, 2.03, 2.04, 2.05, 2.06, 2.07, 2.08, 2.09, 2.10, 2.11, 2.12, 2.13,
2.14,2.15,2.16,2.17, 2.18, 2.19, 2.20, 2.21, 2.22, 2.23, 2.24, 2.25, 2.26, 2.27, 2.28, 2.29 and
2.30 mg/dl when administered for a period of 52 weeks. In some embodiments, the ferric citrate
provides a mean reduction 1n serum phosphorus of 2.00 mg/dl when administered for a period of
12 weeks. In some embodiments, the ferric citrate provides a mean reduction 1in serum
phosphorus of 2.20 mg/dl when administered for a period of 24 weeks. In some embodiments,
the ferric citrate provides a mean reduction in serum phosphorus of 2.20 mg/dl when
administered for a period of 36 weeks. In some embodiments, the ferric citrate provides a mean
reduction m serum phosphorus of 2.10 mg/dl when administered for a period of 48 weeks. In
some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus of 2.10
mg/dl when administered for a period of 52 weeks.

In another aspect, the present disclosure provides a method for controlling serum
phosphorus levels 1n a patient with chronic kidney disease receiving intravenous 1ron,
comprising (a) orally administering ferric citrate to the patient; (b) assessing the patient for
changes 1n serum phosphorus levels and changes 1n one or more 1ron storage parameters, such as
serum ferritin levels, TSAT values and hemoglobin concentration; and (¢) reducing the
intravenous 1ron the patient 1s recerving by 1-100%, 10-50%, 10-25%, 30-60%, 25-50%, 50-
75%, 75-100%, 80-95%, or 90-95% based on the one or more 1ron storage parameters in the
patient. In a specific embodiment, the intravenous 1ron the patient 1s reduced if one or more 1ron
storage parameters 1n the patient exceeds levels found 1in non-CKD patients (e.g., healthy
humans). For example, if the TSAT wvalues are 50% or higher and/or the serum ferritin levels are
approximately 1000 micrograms/L or higher, approximately 1200 micrograms/L or higher,
approximately 1500 micrograms/L or higher, approximately 1800 or higher, or 2000
micrograms/L or higher, then the amount of ferric citrate the patient 1s recerving might be

reduced. In certain embodiments, one or more 1ron storage parameters are assessed in the patient
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prior to administering the ferric citrate. In certain embodiments, the ferric citrate 1s administered
to the patient as a tablet. In specific embodiments, the ferric citrate 1s administered to the patient
as a tablet, wherein each tablet contains approximately 210 mg of ferric iron. In some
embodiments, the patient 1s administered up to and including 12 tablets per day. In certain
embodiments, the patient 1s administered 6 to 12 tablets per day. In specific embodiments, the
chronic kidney disease patient 18 recerving dialysis. In some embodiments, the chronic kidney
disease patient 18 not receiving dialysis. In certain embodiments, the patient was diagnosed with
stage 1, 2, or 3 of chronic kidney disecase. In other embodiments, the patient was diagnosed with
stage 4 or 5 of chronic kidney discase.

In another aspect, the present disclosure provides a method for controlling serum
phosphorus levels 1n a patient with chronic kidney disease receiving intravenous 1ron,
comprising (a) assessing the serum ferritin levels and/or transferring saturation (TSAT) values 1n
the patient; (b) orally administering ferric citrate to a patient with serum ferritin levels of less
than 500 micrograms/L and/or TSAT values of less than 50% (in some embodiments, the patient
has serum ferritin levels between 500 micrograms/L and 300 micrograms/L, 450 micrograms/L
and 350 micrograms/L, or 400 micrograms/L to 300 micrograms/L, and/or TSAT values between
25% and 50%, 25% and 50%, 20% and 30%, 15% and 30%, or 25% and 15%); (c) assessing the
patient for changes in serum phosphorus levels, serum ferritin levels, and TSAT values; and (d)
reducing the intravenous iron the patient 1s receiving by 1-100%, 10-50%, 10-25%, 30-60%, 25-
50%, 50-75%., 75-100%, 80-95%, or 90-95% based on the serum ferritin levels and/or TSAT
values 1n the patient. In a specific embodiment, the intravenous 1ron the patient 1s reduced if the
serum ferritin levels 1n the patient are above 500 micrograms/L and/or the TSAT value 18
approximately 50% or higher (e.g., 55%, 60%, 65%, or higher) . In certain embodiments, one or
more 1ron storage parameters are assessed 1n the patient prior to administering the ferric citrate.
In certain embodiments, the ferric citrate 1s administered to the patient as a tablet. In specific
embodiments, the ferric citrate 1s administered to the patient as a tablet, wherein each tablet
contains approximately 210 mg of ferric irron. In some embodiments, the patient 18 administered
up to and mcluding 12 tablets per day. In certain embodiments, the patient 18 administered 6 to
12 tablets per day. In specific embodiments, the chronic kidney disease patient 1s receiving

dialysis. In some embodiments, the chronic kidney discase patient 1s not receiving dialysis. In
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certain embodiments, the patient was diagnosed with stage 1, 2, or 3 of chronic kidney disease.
In other embodiments, the patient was diagnosed with stage 4 or 5 of chronic kidney disease.

In another aspect, the present disclosure provides a method for controlling serum
phosphorus levels 1n a patient with chronic kidney disease receiving intravenous 1ron,
comprising (a) assessing the serum ferritin levels and/or transferring saturation (TSAT) values 1in
the patient; (b) orally administering ferric citrate to a patient with serum ferritin levels of less
than 800 micrograms/L and/or TSAT values of less than 50% (in some embodiments, the patient
has serum ferritin levels between 800 micrograms/L and 500 micrograms/L, 600 micrograms/L
and 350 micrograms/L or 500 micrograms/L to 300 micrograms/L, and/or TSAT wvalues between
25% and 50%, 20% and 30%, 15% and 30% or 25% and 15%); (¢) assessing the patient for
changes 1n serum phosphorus levels, serum ferritin levels, and TSAT values; and (d) reducing
the intravenous 1ron the patient 1s receiving by 1-100%, 10-50%, 10-25%, 30-60%, 25-50%, 50-
75%, 75-100%, 80-95%, or 90-95% based on the serum ferritin levels and/or TSAT values 1n the
patient. In a specific embodiment, the intravenous 1ron the patient 1s reduced 1f the serum ferritin
levels 1n the patient are above 800 micrograms/L and/or the TSAT value 18 approximately 50%
or higher (e.g., 55%, 60%, 65%, or higher). In certain embodiments, one or more 1ron storage
parameters are assessed 1n the patient prior to administering the ferric citrate. In certain
embodiments, the ferric citrate 1s administered to the patient as a tablet. In specific
embodiments, the ferric citrate 1s administered to the patient as a tablet, wherein each tablet
contains approximately 210 mg of ferric irron. In some embodiments, the patient 1s administered
up to and mcluding 12 tablets per day. In certain embodiments, the patient 1s administered 6 to
12 tablets per day. In specific embodiments, the chronic kidney disease patient 1s receiving
dialysis. In some embodiments, the chronic kidney disease patient 18 not receiving dialysis. In
certain embodiments, the patient was diagnosed with stage 1, 2, or 3 of chronic kidney disease.
In other embodiments, the patient was diagnosed with stage 4 or 5 of chronic kidney disease.

In another aspect, the present disclosure provides a method for controlling serum
phosphorus levels 1n a patient with chronic kidney disease receiving intravenous 1ron,
comprising (a) assessing the serum ferritin levels and/or transferring saturation (TSAT) values 1n
the patient; (b) orally administering ferric citrate to a patient with serum ferritin levels of less
than 1000 micrograms/L and/or TSAT values of less than 50% (1in some embodiments, the

patient has serum ferritin levels between 1000 micrograms/L and 500 micrograms/L, 1000
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micrograms/L and 800 micrograms/L or 1000 micrograms/L to 300 micrograms/L, and/or TSAT
values between 25% and 50%, 20% and 30%, 15% and 30% or 25% and 15%); (¢) assessing the
patient for changes 1n serum phosphorus levels, serum ferritin levels, and TSAT values; and (d)
reducing the mtravenous 1ron the patient 1s receiving by 1-100%, 10-50%, 10-25%, 30-60%, 25-
50%, 50-75%., 75-100%, 80-95%, or 90-95% based on the serum ferritin levels and/or TSAT
values 1n the patient. In a specific embodiment, the intravenous iron the patient 1s reduced if the
serum ferritin levels 1n the patient are above 1000 micrograms/L and/or the TSAT value 18
approximately 50% or higher (e.g., 55%, 60%, 65%, or higher). In certain embodiments, one or
more 1ron storage parameters are assessed 1n the patient prior to administering the ferric citrate.
In certain embodiments, the ferric citrate 1s administered to the patient as a tablet. In specific
embodiments, the ferric citrate 1s administered to the patient as a tablet, wherein each tablet
contains approximately 210 mg of ferric irron. In some embodiments, the patient 1s administered
up to and mcluding 12 tablets per day. In certain embodiments, the patient 1s administered 6 to
12 tablets per day. In specific embodiments, the chronic kidney disease patient 1s receiving
dialysis. In some embodiments, the chronic kidney disease patient 1s not receiving dialysis. In
certain embodiments, the patient was diagnosed with stage 1, 2, or 3 of chronic kidney disease.
In other embodiments, the patient was diagnosed with stage 4 or 5 of chronic kidney disease.

In another aspect, the present disclosure provides a method for controlling serum
phosphorus levels 1n a patient with chronic kidney disease, comprising: (a) orally administering
ferric citrate to the patient; (b) assessing the patient for changes 1n serum phosphorus levels and
changes 1n one or more 1ron storage parameters, such as serum ferritin levels, hemoglobin
concentration, and TSAT values; and (¢) increasing the number of ferric citrate tablets
administered to the patient to maintain serum phosphorous levels of 3.5 mg/dL to 5.5 mg/dL. In
certain embodiments, one or more 1ron storage parameters are assessed 1n the patient prior to
administering the ferric citrate. In some embodiments, the amount of ferric citrate the patient 1s
receiving 1s reduced 1f one or more 1ron storage parameters exceeds levels found 1n non-CKD
patients (e.g., healthy humans). For example, if the TSAT values are 50% or higher and/or the
serum ferritin levels are approximately 1000 micrograms/L or higher, approximately 1200
micrograms/L or higher, approximately 1500 micrograms/L or higher, approximately 1800 or
higher, or 2000 micrograms/L or higher, then the amount of ferric citrate the patient 1s recerving

might be reduced. In certain embodiments, the ferric citrate 18 administered to the patient as a

_10-



10

15

20

25

30

CA 02928200 2016-04-20

WO 2015/066593 PCT/US2014/063643

tablet. In specific embodiments, the ferric citrate 1s administered to the patient as a tablet,
wherein each tablet contains approximately 210 mg of ferric iron. In some embodiments, the
patient 1s administered up to and including 12 tablets per day. In certain embodiments, the
patient 1s administered 6 to 12 tablets per day. In specific embodiments, the chronic kidney
disecase patient 18 recerving dialysis. In some embodiments, the chronic kidney discase patient 1S
not recerving dialysis. In certain embodiments, the patient was diagnosed with stage 1, 2, or 3 of
chronic kidney disease. In other embodiments, the patient was diagnosed with stage 4 or 5 of
chronic kidney discase.

In another aspect, the present disclosure provides a method for controlling serum
phosphorus levels 1n a patient with chronic kidney disease, comprising: (a) assessing serum
ferritin levels and transferrin saturation (TSAT) values 1n the patient; (b) orally administering
ferric citrate to a chronic kidney disease patient with serum ferritin levels less than 2000
micrograms/L, less than 1800 micrograms/L, less than 1500 micrograms/L, less than 1000
micrograms/L, less than 800 micrograms/L, or less than 500 micrograms/L and TSAT values
less than 50%; (c¢) assessing the patient for changes in serum phosphorus levels, serum ferritin
levels and TSAT values while recerving the ferric citrate tablet; and (d) increasing the number of
ferric citrate tablets administered to the patient to maintain serum phosphorous levels of 3.5
mg/dL to 5.5 mg/dL. In some embodiments, the patient administered the ferric citrate has serum
ferritin levels between 2000 micrograms/L and 1500 micrograms/L, 1500 micrograms/L and
1000 micrograms/L, 1000 micrograms/L and 800 micrograms/L, 800 micrograms/L and 500
micrograms/L, 1500 micrograms/L and 500 micrograms/L, or 1000 micrograms/L and 500
micrograms/L, and/or TSAT values between 25% and 50%, 20% and 30%, 15% and 30% or
25% and 15%. In some embodiments, the patient administered the ferric citrate 1s not receiving
intravenous 1ron and/or erythropoiesis-stimulating agents. In certain embodiments, the ferric
citrate 1s administered to the patient as a tablet. In specific embodiments, the ferric citrate 1s
administered to the patient as a tablet, wherein cach tablet contains approximately 210 mg of
ferric iron. In some embodiments, the patient 1s administered up 12 tablets per day. In certain
embodiments, the patient 1s administered 6 to 12 tablets per day. In specific embodiments, the
chronic kidney disease patient 1s recerving dialysis. In some embodiments, the chronic kidney

discase patient 18 not receiving dialysis. In certain embodiments, the patient was diagnosed with

-11-



10

15

20

25

30

CA 02928200 2016-04-20

WO 2015/066593 PCT/US2014/063643

stage 1, 2, or 3 of chronic kidney discase. In other embodiments, the patient was diagnosed with
stage 4 or 5 of chronic kidney discase.

In another aspect, the present disclosure provides a method for controlling serum
phosphorus levels 1n a patient with chronic kidney disease receiving intravenous 1ron,
comprising: (a) assessing serum ferritin levels and transferrin saturation (TSAT) values 1n the
patient; (b) orally administering ferric citrate to a chronic kidney disecase patient with serum
ferritin levels less than 800 micrograms/L and/or TSAT values less than 50% (1in some
embodiments, the patient has serum ferritin levels between 800 micrograms/L and 500
micrograms/L, 600 micrograms/L and 350 micrograms/L or 500 micrograms/L to 300
micrograms/L, and/or TSAT values between 25% and 50%, 20% and 30%, 15% and 30% or
25% and 15%); (c) assessing the patient for changes in serum phosphorus levels, serum ferritin
levels and TSAT values while recerving the ferric citrate tablet; and (d) increasing the number of
ferric citrate tablets administered to the patient to maintain serum phosphorous levels of 3.5
mg/dL to 5.5 mg/dL if the patient’s serum ferritin levels are not above 800 micrograms/L and/or
TSAT values are not above 50% (e.g., the TSAT values are 25%, 30%, 35%, 40% or 45%). In
specific embodiments, 1n accordance with the methods the intravenous 1ron the chronic kidney
disease patient 1s recerving 18 reduced by 1-100%, 10-50%, 10-25%, 30-60%, 25-50%, 50-75%,
75-100%, 80-95%, or 90-95% based on the serum ferritin levels and/or TSAT values 1n the
patient. In a specific embodiment, the intravenous 1ron the patient 1s reduced 1f the serum ferritin
levels 1n the patient are above 800 micrograms/L and/or TSAT values 1n the patient are
approximately 50% or higher (e.g., 55%, 60%, 65%, or higher). In certain embodiments, the
ferric citrate 1s administered to the patient as a tablet. In specific embodiments, the ferric citrate
1s administered to the patient as a tablet, wherein each tablet contains approximately 210 mg of
ferric iron. In some embodiments, the patient 1s administered up 12 tablets per day. In certain
embodiments, the patient 1s administered 6 to 12 tablets per day. In specific embodiments, the
chronic kidney disease patient 18 receiving dialysis. In some embodiments, the chronic kidney
discase patient 18 not receiving dialysis. In certain embodiments, the patient was diagnosed with
stage 1, 2, or 3 of chronic kidney disecase. In other embodiments, the patient was diagnosed with
stage 4 or 5 of chronic kidney disease.

In another aspect, the present disclosure provides a method for controlling serum

phosphorus levels 1n a patient with chronic kidney disease receiving intravenous 1ron,
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comprising: (a) assessing serum ferritin levels and transferrin saturation (TSAT) values 1n the
patient; (b) orally administering ferric citrate to a chronic kidney disecase patient with serum
ferritin levels less than 500 micrograms/L and/or TSAT values less than 50% (in some
embodiments, the patient has serum ferritin levels between 500 micrograms/L and 300
micrograms/L, 450 micrograms/L and 350 micrograms/L, or 400 micrograms/L to 300
micrograms/L, and/or TSAT values between 25% and 50%, 25% and 50%, 20% and 30%, 15%
and 30%, or 25% and 15%); (c) assessing the patient for changes 1in serum phosphorus levels,
serum ferritin levels and TSAT values while receiving the ferric citrate tablet; and (d) increasing
the number of ferric citrate tablets administered to the patient to maintain serum phosphorous
levels of 3.5 mg/dL to 5.5 mg/dL if the patient’s serum ferritin levels are not above 500
micrograms/L and/or TSAT values are not above 50%. In specific embodiments, 1n accordance
with the methods the intravenous 1ron the chronic kidney disease patient 1s receiving 1s reduced
by 1-100%, 10-50%, 10-25%, 30-60%, 25-50%, 50-75%, 75-100%, 80-95%, or 90-95% based
on the serum ferritin levels and/or TSAT values 1n the patient. In a specific embodiment, the
intravenous 1ron the patient 1s reduced 1f the serum ferritin levels in the patient are above 800
micrograms/L and/or TSAT values 1n the patient are approximately 50% or higher (e.g., 55%,
60%, 65%, or higher). In certain embodiments, the ferric citrate 1s administered to the patient as
a tablet. In specific embodiments, the ferric citrate 1s administered to the patient as a tablet,
wherein each tablet contains approximately 210 mg of ferric iron. In some embodiments, the
patient 1s administered up 12 tablets per day. In certain embodiments, the patient 1s administered
6 to 12 tablets per day. In specific embodiments, the chronic kidney disease patient 1s receiving
dialysis. In some embodiments, the chronic kidney discase patient 1s not receiving dialysis. In
certain embodiments, the patient was diagnosed with stage 1, 2, or 3 of chronic kidney disease.
In other embodiments, the patient was diagnosed with stage 4 or 5 of chronic kidney disease.

In another aspect, the present disclosure provides a method for controlling serum
phosphorus levels 1n a patient with chronic kidney disease receiving intravenous iron,
comprising: (a) assessing serum ferritin levels and transferrin saturation (TSAT) values 1n the
patient; (b) orally administering ferric citrate to a chronic kidney disease patient with serum
ferritin levels less than 1000 micrograms/L and/or TSAT values less than 50% (in some
embodiments, the patient has serum ferritin levels between 1000 micrograms/L and 500

micrograms/L, 800 micrograms/L and 500 micrograms/L, or 500 micrograms/L to 300

_13-



10

15

20

25

30

CA 02928200 2016-04-20

WO 2015/066593 PCT/US2014/063643

micrograms/L, and/or TSAT values between 25% and 50%, 25% and 50%, 20% and 30%, 15%
and 30%, or 25% and 15%); (c) assessing the patient for changes 1in serum phosphorus levels,
serum ferritin levels and TSAT values while receiving the ferric citrate tablet; and (d) increasing
the number of ferric citrate tablets administered to the patient to maintain serum phosphorous
levels of 3.5 mg/dL to 5.5 mg/dL 1f the patient’s serum ferritin levels are not above 1000
micrograms/L and/or TSAT values are not above 50%. In specific embodiments, 1n accordance
with the methods the intravenous 1ron the chronic kidney disease patient 1s receiving 1s reduced
by 1-100%, 10-50%, 10-25%, 30-60%, 25-50%, 50-75%, 75-100%, 80-95%, or 90-95% based
on the serum ferritin levels and/or TSAT values 1n the patient. In a specific embodiment, the
intravenous 1ron the patient 1s reduced 1f the serum ferritin levels m the patient are above 1000
micrograms/L (e.g., 1200 micrograms/L, 1500 micrograms/L, 1800 micrograms/L or 2000
micrograms/L) and/or TSAT values 1n the patient are approximately 50% or higher (e.g., 55%,
60%, 65%, or higher). In certain embodiments, the ferric citrate 1s administered to the patient as
a tablet. In specific embodiments, the ferric citrate 1s administered to the patient as a tablet,
wherein each tablet contains approximately 210 mg of ferric iron. In some embodiments, the
patient 1s administered up 12 tablets per day. In certain embodiments, the patient 1s administered
6 to 12 tablets per day. In specific embodiments, the chronic kidney disease patient 18 receiving
dialysis. In some embodiments, the chronic kidney disease patient 1s not receiving dialysis. In
certain embodiments, the patient was diagnosed with stage 1, 2, or 3 of chronic kidney disease.
In other embodiments, the patient was diagnosed with stage 4 or 5 of chronic kidney disease.

In yet another aspect, the present disclosure provides methods of mncreasing serum
bicarbonate 1n a patient 1n need thercof. In some embodiments, the methods comprise orally
administering ferric citrate to a CKD patient, ¢.g., an end-stage renal disease patient, at a dose of
ferric 1ron ranging from 210 mg — 2,520 mg, wherein the ferric citrate provides an increase 1n
serum bicarbonate selected from 0.70, 0.71, 0.72, 0.73, 0.74, 0.75, 0.76, 0.77, 0.78, 0.79 and 0.80
mEq/L when administered for a period of at least 52 weeks. In some embodiments, the ferric
citrate provides a mean increase 1n serum bicarbonate concentration of 0.71 mEqg/L. In some
embodiments, the ferric citrate 1s administered 1n a 1 gram tablet dosage form, cach dosage form
comprising 210 mg of ferric iron. In some embodiments, the patient 1s administered up to 18
tablet dosage forms per day. In some embodiments, the patient 18 administered up to and

including 12 tablet dosage forms per day. In some embodiments, the patient 1s administered 6
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tablet dosage forms per day. In some embodiments, the patient 1s administered 6 to 12 tablet
dosage forms per day. In some embodiments, the ferric citrate 1s administered within 1 hour of
the ingestion of a meal or snack by the patient. In some embodiments, the patient was treated
with thrice-weekly hemodialysis or with peritoneal dialysis for at least 3 months prior to
administration of the ferric citrate. In some embodiments, the ferric citrate has a BET active
surface area greater than about 16 m°/g. In some embodiments, the BET active surface area
ranges from about 16 m*/g to about 20 m*/g. In some embodiments, the BET active surface area
ranges from about 27.99 m*/g to about 32.34 m*/g. In some embodiments, the BET active
surface area is selected from 27.99 m*/g, 28.87 m*/g and 32.34 m*/g. In some embodiments, the
BET active surface area is from about 30 m*/g to about 40 m*/g. In some embodiments, the
ferric citrate has an intrinsic dissolution rate of 1.88 — 4.0 mg/cm*/min.

In yet another aspect, the present disclosure provides methods of maintaining iron stores
in a patient 1in need therecof. In some embodiments, the methods comprise orally administering
ferric citrate to a CKD patient, ¢.g., a non-dialysis chronic kidney disease patient or an end stage
renal disease patient, in an amount ranging from about 1 g to about 18 g per day. In some
embodiments, the ferric citrate in administered mn a 1 gram tablet dosage form. In some
embodiments, the patient 1s administered up to 18 tablet dosage forms per day. In some
embodiments, the patient 1s administered up to and including 12 tablet dosage forms per day. In
some embodiments, the patient 1s administered 6 to 12 tablet dosage forms per day. In some
embodiments, the ferric citrate has a BET active surface area greater than about 16 m*/g. In
some embodiments, the BET active surface area ranges from about 16 m*/g to about 20 m*/g. In
some embodiments, the BET active surface area ranges from about 27.99 m*/g to about 32.34
m°/g. In some embodiments, the BET active surface area is selected from 27.99 m*/g, 28.87
m*/g and 32.34 m*/g. In some embodiments, the BET active surface area ranges from about 30
m°/g to about 40 m*/g. In some embodiments, the ferric citrate has an intrinsic dissolution rate
of 1.88 — 4.0 mg/cm*/min.

In yet another aspect, the present disclosure provides methods of improving one or more
iron storage parameters 1n a patient 1in need thereof. In some embodiments, the methods
comprise orally administering ferric citrate to a CKD patient, ¢.g., a non-dialysis chronic kidney
discase patient or an end stage renal disease patient, in an amount ranging from about 1 g to

about 18 g per day. In some embodiments, the at least one 1ron storage parameter may be
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selected from serum ferritin levels, transferrin saturation (TSAT), hemoglobin concentration,
hematocrit, total iron-binding capacity, 1rron absorption levels, serum iron levels, liver 1ron levels,
spleen 1ron levels, and combinations thercof. In some embodiments, the ferric citrate in
administered 1n a 1 gram tablet dosage form. In some embodiments, the patient 1s administered
up to 18 tablet dosage forms per day. In some embodiments, the patient 1s administered up to
and 1ncluding 12 tablet dosage forms per day. In some embodiments, the ferric citrate has a BET
active surface area greater than about 16 m*/g. In some embodiments, the BET active surface
arca ranges from about 16 m”/g to about 20 m*/g. In some embodiments, the BET active surface
area ranges from about 27.99 m*/g to about 32.34 m*/g. In some embodiments, the BET active
surface area is selected from 27.99 m*/g, 28.87 m*/g and 32.34 m*/g. In some embodiments, the
BET active surface area ranges from about 30 m*/g to about 40 m*/g. In some embodiments, the
ferric citrate has an intrinsic dissolution rate of 1.88 — 4.0 mg/cm?*/min.

In another embodiment, the at least one 1ron storage parameter 1s hematocrit, and
Improving comprises increasing the hematocrit of the patient. In other embodiments, the at least
ong 1ron storage parameter 18 hemoglobin concentration, and improving comprises increasing the
hemoglobin concentration of the patient. In yet other embodiments, the at least one 1ron storage
parameter 1s total iron-binding capacity, and improving comprises decreasing the total iron-
binding capacity of the patient. In yet other embodiments, the at least one 1ron storage parameter
1s transferrin saturation, and improving comprises increasing the transferrin saturation of the
patient. In yet other embodiments, the at least one 1iron storage parameter 1s serum iron levels,
and 1mproving comprises increasing the serum iron levels of the patient. In yet other
embodiments, the at least one 1ron storage parameter 1s liver 1iron levels, and improving
comprises increasing the liver iron levels of the patient. In yet other embodiments, the at least
ong 1ron storage parameter 18 spleen 1ron levels, and improving comprises increasing the spleen
iron levels of the patient. In yet other embodiments, the at Ieast one 1ron storage parameter 1s
serum ferritin levels, and improving comprises increasing the serum ferritin levels of the patient.

In yet another embodiment, the at least one 1ron storage parameter 1s serum ferritin levels,
and the present disclosure provides methods of increasing serum ferritin 1in a patient in need
thercof. In some embodiments, the methods comprise orally administering ferric citrate to a
CKD patient, ¢.g., an end-stage renal disease patient at a dose of ferric iron ranging from 210 mg —

2,520 mg, wherein the ferric citrate provides a mean increase in serum ferritin in the patient
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selected from 150 — 310, 151 — 309, 152 — 308, 153 — 307, 154 — 306, 155 — 306, 155 — 305, 155
— 304, 155 - 303 and 155 — 302 ng/ml when administered for a period of at least 52 weeks. In
some embodiments, the ferric citrate provides a mean increase 1n serum ferritin of 150 — 305
ng/ml. In some embodiments, the ferric citrate 1s administered 1n a 1 gram tablet dosage form,
cach dosage form comprising 210 mg of ferric iron. In some embodiments, the patient 1S
administered up to 18 tablet dosage forms per day. In some embodiments, the patient 1S
administered up to and including 12 tablet dosage forms per day. In some embodiments, the
patient 1s administered 6 tablet dosage forms per day. In some embodiments, the ferric citrate 1s
administered within 1 hour of the ingestion of a meal or snack by the patient. In some
embodiments, the patient was treated with thrice-weekly hemodialysis or with peritoneal dialysis
for at least 3 months prior to administration of the ferric citrate. In some embodiments, the ferric
citrate has a BET active surface area greater than about 16 m*/g. In some embodiments, the BET
active surface area ranges from about 16 m”/g to about 20 m*/g. In some embodiments, the BET
active surface area ranges from about 27.99 m*/g to about 32.34 m*/g. In some embodiments,
the BET active surface area is selected from 27.99 m*/g, 28.87 m*/g and 32.34 m*/g. In some
embodiments, the BET active surface area ranges from about 30 m”/g to about 40 m*/g. In some
embodiments, the ferric citrate has an intrinsic dissolution rate of 1.88 — 4.0 mg/cm®/min.

In yet another embodiment, the at least one 1ron storage parameter 1s transferrin
saturation (TSAT), and the present disclosure provides methods of increasing transferrin
saturation (TSAT) 1n a patient in need thercof. In some embodiments, the methods comprise
orally administering ferric citrate to an a CKD patient, ¢.g., an end stage renal disease patient, at a
dose of ferric 1ron ranging from 210 mg — 2,520 mg, wherein the ferric citrate provides a mean
increase in TSAT of 5 — 10 % when administered for a period of at least 52 weeks. In some
embodiments, the ferric citrate provides a mean increase 1n transferrin saturation (TSAT) 1n the
patient of 6 — 9 %. In some embodiments, the ferric citrate provides a mean increase 1n
transferrin saturation (TSAT) 1n the patient of 8%. In some embodiments, the ferric citrate 1s
administered 1n a 1 gram tablet dosage form, each dosage form comprising 210 mg of ferric iron.
In some embodiments, the patient 1s administered up to 18 tablet dosage forms per day. In some
embodiments, the patient 18 administered up to and including 12 tablet dosage forms per day. In
some embodiments, the patient 1s administered 6 tablet dosage forms per day. In some

embodiments, the patient 1s administered 6 to 12 tablet dosage forms per day. In some
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embodiments, the ferric citrate 1s administered within 1 hour of the ingestion of a meal or snack
by the patient. In some embodiments, the ferric citrate has a BET active surface arca greater
than about 16 m*/g. In some embodiments, the BET active surface area ranges from about 16
m°/g to about 20 m*/g. In some embodiments, the BET active surface area ranges from about
27.99 m*/g to about 32.34 m*/g. In some embodiments, the BET active surface area is selected
from 27.99 m°/g, 28.87 m*/g and 32.34 m*/g. In some embodiments, the BET active surface area
ranges from about 30 m*/g to about 40 m*/g. In some embodiments, the ferric citrate has an
intrinsic dissolution rate of 1.88 — 4.0 mg/cm?/min.

In yet another embodiment, the at least one 1ron storage parameter 18 hemoglobin
concentration, and the present disclosure provides methods of increasing hemoglobin
concentration 1n a patient in need thereof. In some embodiments, the methods comprise orally
administering ferric citrate to a CKD patient, ¢.g., an end-stage renal disease patient, at a dose of
ferric 1ron ranging from 210 mg — 2,520 mg, wherein the ferric citrate provides a mean increase 1n
hemoglobin concentration 1n the patient of 0.3 — 0.6 g/dl when administered for a period of at
least 52 weeks. In some embodiments, the ferric citrate provides a mean increase in hemoglobin
concentration in the patient of 0.3 — 0.5 g/dl. In some embodiments, the ferric citrate provides a
mean 1ncrease 1n hemoglobin concentration of 0.4 g/dl. In some embodiments, the ferric citrate
1s administered 1n a 1 gram tablet dosage form, cach dosage form comprising 210 mg of ferric
iron. In some embodiments, the patient 1s administered up to 18 tablet dosage forms per day. In
some embodiments, the patient 1s administered up to and including 12 tablet dosage forms per
day. In some embodiments, the patient 1s administered 6 tablet dosage forms per day. In some
embodiments, the patient 1s administered 6 to 12 tablet dosage forms per day. In some
embodiments, the ferric citrate 1s administered within 1 hour of the ingestion of a meal or snack
by the patient. In some embodiments, the ferric citrate has a BET active surface arca greater
than about 16 m”/g. In some embodiments, the BET active surface area ranges from about 16
m°/g to about 20 m*/g. In some embodiments, the BET active surface area ranges from about
27.99 m*/g to about 32.34 m*/g. In some embodiments, the BET active surface area is selected
from 27.99 m*/g, 28.87 m*/g and 32.34 m*/g. In some embodiments, the BET active surface area
ranges from about 30 m*/g to about 40 m*/g. In some embodiments, the ferric citrate has an

intrinsic dissolution rate of 1.88 — 4.0 mg/cm?/min.
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In yet another aspect, the present disclosure provides methods of increasing 1ron
absorption 1n a patient in need thercof. In some embodiments, the methods comprise orally
administering ferric citrate to a CKD patient, €.g., a non-dialysis chronic kidney disease patient
or an end stage renal disease patient, 1n an amount ranging from about 1 g to about 18 g per day.
In some embodiments, the ferric citrate in administered in a 1 gram tablet dosage form. In some
embodiments, the patient 1s administered up to 18 tablet dosage forms per day. In some
embodiments, the patient 1s administered up to and including 12 tablet dosage forms per day. In
some embodiments, the ferric citrate has a BET active surface area greater than about 16 m”/g.
In some embodiments, the BET active surface area ranges from about 16 m*/g to about 20 m*/g.
In some embodiments, the BET active surface area ranges from about 27.99 m*/g to about 32.34
m®/g. In some embodiments, the BET active surface area is selected from 27.99 m*/g, 28.87
m°/g and 32.34 m*/g. In some embodiments, the BET active surface area ranges from about 30
m°/g to about 40 m*/g. In some embodiments, the ferric citrate has an intrinsic dissolution rate
of 1.88 — 4.0 mg/cm”/min.

In yet another aspect, the present disclosure provides methods of treating iron deficiency
in a patient 1n need thercof. In some embodiments, the methods comprise orally administering
ferric citrate to a CKD patient, ¢.g., a non-dialysis chronic kidney disecase patient or an end stage
renal disease patient, in an amount ranging from about 1 g to about 18 g per day. In some
embodiments, the 1ron deficiency 1s anemia. In some embodiments, the treatment provides a
hemoglobin level 1n the patient that 1s at or above a level selected from 12.0 g/dl and 7.4
mmol/L. In other embodiments, the treatment provides a hemoglobin level 1n the patient that 1s
at or above a level selected from 13.0 g/dl and .1 mmol/L. In yet other embodiments, the
treatment provides a hemoglobin level in the patient that 1s at or above a level selected from 6.8
mmol/L, 7.1 mmol/L, 7.4 mmol/L, and 8.1 mmol/L. In yet other embodiments, the treatment
provides a hemoglobin level 1n the patient that 1s at or above a level selected from 11.0 g/dl, 11.5
o/dl, 12.0 g/dl, and 13.0 g/dl. In some embodiments, the treatment reduces at least one symptom
of 1ron deficiency selected from fatigue, dizziness, pallor, hair loss, 1rritability, weakness, pica,
brittle or grooved nails, Plummer-Vinson syndrome, impaired immune function, pagophagia,
restless legs syndrome and combinations thercof. In some embodiments, the ferric citrate in
administered 1n a 1 gram tablet dosage form. In some embodiments, the patient 1s administered

up to 18 tablet dosage forms per day. In some embodiments, the patient 1s administered up to
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and including 12 tablet dosage forms per day. In some embodiments, the ferric citrate has a BET
active surface area greater than about 16 m*/g. In some embodiments, the BET active surface
arca ranges from about 16 m”/g to about 20 m*/g. In some embodiments, the BET active surface
area ranges from about 27.99 m*/g to about 32.34 m*/g. In some embodiments, the BET active
surface area is selected from 27.99 m*/g, 28.87 m*/g and 32.34 m*/g. In some embodiments, the
BET active surface area ranges from about 30 m*/g to about 40 m*/g. In some embodiments, the
ferric citrate has an intrinsic dissolution rate of 1.88 — 4.0 mg/cm*/min.

In yet another aspect, the present disclosure provides methods of reducing intravenous
(IV) ron use 1n a CKD patient, ¢.g., an end-stage renal disease patient. In some embodiments,
the methods comprise orally administering ferric citrate to the patient at a dose of ferric iron
ranging from 210 mg — 2,520 mg, wherein the ferric citrate reduces the need for the end-stage
renal disease patient to be administered IV 1ron by an amount selected from 50, 51, 52, 53, 54,
55, 56, 57, 58, 59 and 60 % when administered for a period of at least 52 weeks. In some
embodiments, the ferric citrate provides a mean reduction 1 average cumulative IV 1ron itake
selected from 51.0, 51.1,51.2,51.3,51.4,51.5,51.6,51.7,51.9 and 52.0 %. In some
embodiments, the ferric citrate provides a mean reduction 1 average cumulative IV 1ron mtake
of 51.6 %. In some embodiments, the ferric citrate 1s administered in a 1 gram tablet dosage
form, each dosage form comprising 210 mg of ferric iron. In some embodiments, the patient 1S
administered up to 18 tablet dosage forms per day. In some embodiments, the patient 1S
administered up to and including 12 tablet dosage forms per day. In some embodiments, the
patient 18 administered 6 tablet dosage forms per day. In some embodiments, the patient 1s
administered 6 to 12 tablet dosage forms per day. In some embodiments, the ferric citrate 1s
administered within 1 hour of the ingestion of a meal or snack by the patient. In some
embodiments, the patient was treated with thrice-weekly hemodialysis or with peritoneal dialysis
for at least 3 months prior to administration of the ferric citrate. In some embodiments, the ferric
citrate has a BET active surface area greater than about 16 m*/g. In some embodiments, the BET
active surface area ranges from about 16 m”/g to about 20 m*/g. In some embodiments, the BET
active surface area ranges from about 27.99 m*/g to about 32.34 m*/g. In some embodiments,
the BET active surface area is selected from 27.99 m*/g, 28.87 m°/g and 32.34 m*/g. In some
embodiments, the BET active surface area ranges from about 30 m”/g to about 40 m*/g. In some

embodiments, the ferric citrate has an intrinsic dissolution rate of 1.88 — 4.0 mg/cm®/min.
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In yet another aspect, the present disclosure provides methods of reducing use of
crythropoiesis-stimulating agents (ESAs) mm a CKD patient, ¢.g., an end-stage renal disease
patient. In some embodiments, the methods comprise orally administering ferric citrate to the
patient at a dose of ferric 1ron ranging from 210 mg — 2,520 mg, wherein the ferric citrate reduces
the need for the patient to be administered one or more ESAs by an amount selected from 20, 21,
22,23, 24, 25, 26, 27, 28, 29 and 30 % when administered for a period of at least 52 weeks. In
some embodiments, the ferric citrate provides a decrease in median ESA intake selected from
27.0,27.1,27.2,27.3,27.4,27.5,27.6,27.7,27.9 and 28.0 %. In some embodiments, the ferric
citrate provides a mean reduction 1n average cumulative IV 1ron intake of 27.1 %. In some
embodiments, the ferric citrate 1s administered in a 1 gram tablet dosage form, each dosage form
comprising 210 mg of ferric iron. In some embodiments, the patient 1s administered up to 18
tablet dosage forms per day. In some embodiments, the patient 1s administered up to and
including 12 tablet dosage forms per day. In some embodiments, the patient 1s administered 6
tablet dosage forms per day. In some embodiments, the patient 1s administered 6 to 12 tablet
dosage forms per day. In some embodiments, the ferric citrate 1s administered within 1 hour of
the ingestion of a meal or snack by the patient. In some embodiments, the patient was treated
with thrice-weekly hemodialysis or with peritoneal dialysis for at Ieast 3 months prior to
administration of the ferric citrate. In some embodiments, the ferric citrate has a BET active
surface area greater than about 16 m°/g. In some embodiments, the BET active surface area
ranges from about 16 m”/g to about 20 m*/g. In some embodiments, the BET active surface area
ranges from about 27.99 m*/g to about 32.34 m*/g. In some embodiments, the BET active
surface area is selected from 27.99 m*/g, 28.87 m*/g and 32.34 m*/g. In some embodiments, the
BET active surface area ranges from about 30 m*/g to about 40 m*/g. In some embodiments, the
ferric citrate has an intrinsic dissolution rate of 1.88 — 4.0 mg/cm*/min.

In yet another aspect, the disclosure provides methods for the treatment of, or reduction
of the incidence or risk of, adverse cardiac events 1n subjects with chronic kidney disease. In
other embodiments, the disclosure provides methods of reducing mortality and morbidly related
to adverse cardiac events in subjects with chronic kidney disease. In other embodiments, the
disclosure provides methods for the reduction of the incidence or risk of hospitalizations related
to adverse cardiac events 1n subjects with chronic kidney disease. In some embodiments, the

methods comprise orally administering ferric citrate to a subject with CKD, ¢.g., a non-dialysis
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chronic kidney discase patient or an end stage renal disease patient, in an amount ranging from
about 1 g to about 18 g per day. In some embodiments, the method comprises raising the
hemoglobin level of the subject, €.g., to a level above 10 g/dL, above 11 g/dL, above 12 g/dL, or
above 13 g/dL. In other embodiments, the method comprises reducing FGF-23 levels of the
subject, ¢.g., by at least 30%, at least 32%, at least 35%, at least 37%.

Adverse cardiac events can include heart failure, ventricular arrhythmias, myocardial
infarction (MI), decreased left ventricular (LV) ejection fraction, sudden cardiac death, aortic
root dilation, cerebrovascular events (stroke), left ventricular hypertrophy (LVH), as measured,
¢.g., by echocardiography or ECG criteria such as the Sokolow-Lyon Amplitude, Cornell
Amplitude, Sokolow-Lyon Product or Cornell Product.

Again, 1n some embodiments, the ferric citrate 1s administered 1n a 1 gram tablet dosage
form, each dosage form comprising 210 mg of ferric iron. In some embodiments, the patient 1s
administered up to 18 tablet dosage forms per day. In some embodiments, the patient 1S
administered up to and including 12 tablet dosage forms per day. In some embodiments, the
patient 18 administered 6 tablet dosage forms per day. In some embodiments, the patient 1s
administered 6 to 12 tablet dosage forms per day. In some embodiments, the ferric citrate 1s
administered within 1 hour of the ingestion of a meal or snack by the patient. In some
embodiments, the patient was treated with thrice-weekly hemodialysis or with peritoneal dialysis
for at least 3 months prior to administration of the ferric citrate. In some embodiments, the ferric
citrate has a BET active surface area greater than about 16 m*/g. In some embodiments, the BET
active surface area ranges from about 16 m”/g to about 20 m*/g. In some embodiments, the BET
active surface area ranges from about 27.99 m*/g to about 32.34 m*/g. In some embodiments,
the BET active surface area is selected from 27.99 m*/g, 28.87 m*/g and 32.34 m*/g. In some
embodiments, the BET active surface area ranges from about 30 m”/g to about 40 m*/g. In some

embodiments, the ferric citrate has an intrinsic dissolution rate of 1.88 — 4.0 mg/cm*/min.

DETAILED DESCRIPTION
In some aspects, the present disclosure provides methods of using a ferric citrate to
reduce and/or control serum phosphorus levels, increase serum bicarbonate levels, improve one
Or more 1ron storage parameters (€.g., increase serum ferritin levels, increase transferrin

saturation (TSAT), increase hemoglobin concentration), increase 1ron absorption, maintain iron

D) -



10

15

20

25

30

CA 02928200 2016-04-20

WO 2015/066593 PCT/US2014/063643

stores, treat iron deficiency, treat anemia, reduce the need for IV 1ron and/or reduce the need for
crythropoiesis-stimulating agents (ESAS) in chronic kidney disease (CKD) patients. In other
aspects, the present disclosure provides methods of using ferric citrate for treating, or reducing
the incidence or risk of, adverse cardiac events, for reducing mortality and morbidly related to
adverse cardiac events, and for reducing the mcidence or risk of hospitalizations related to
adverse cardiac events in subjects with chronic kidney disease.

In each instance, the methods comprise administering ferric citrate to a CKD patient,
including a non-dialysis CKD (ND-CKD) patient as well as an end stage renal disease (ESRD)
patient. In some aspects, the administration of ferric citrate occurs over a long period of time
including, for example, up to and including 52 weeks. In some embodiments, the administration
of ferric citrate occurs over a period up to and including 56 weeks.

In each of these disclosed methods, ferric citrate may be administered to the CKD patient
over a period of time that 1s at least 52 weeks and, in some embodiments, up to and including 56
weeks or longer. Additionally, 1in each of these methods the ferric citrate may be administered to
the CKD patient orally, in a 1 g tablet, or caplet, dosage form that contains 210 mg of ferric 1ron.
In certain embodiments, up to 18 tablets, or caplets, may be administered over the course of a
day. In other embodiments, up to and including 12 tablets, or caplets, may be administered over
the course of a day.

The present disclosure also provides pharmaceutical compositions, which may also be an
iron supplement, which may be administered to CKD patients. The compositions/iron
supplements comprise ferric citrate as well as other pharmaceutically acceptable ingredients, as
described below. The compositions/iron supplements are formulated to provide 1ron to CKD
patients, and the amount of 1ron provided by the compositions/iron supplements 1s sufficient to
Increase 1ron absorption, improve one or more 1ron storage parameters, treat iron deficiency
and/or treat anemia in CKD patients. The compositions/iron supplements may be provided in
any number of forms, as described below. In particular, the compositions/iron supplements may
be provided as oral tablet dosage forms.

Reference 1s now made 1n detail to certain embodiments of ferric citrate, dosage forms,
compositions, methods of synthesis and methods of use. The disclosed embodiments are not
intended to be limiting of the claims. To the contrary, the claims are intended to cover all

alternatives, modifications, and equivalents.
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Therapeutic Uses of Ferric Citrate

As set forth 1n greater detail below, disclosed herein are methods and dosage forms that
can be used to reduce and/or control serum phosphorus levels, increase serum bicarbonate levels,
Improve one or more iron storage parameters (€.g., increase serum ferritin levels, mcrease
transferrin saturation (TSAT), increase hemoglobin concentration) increase 1ron absorption,
maintain 1ron stores, treat iron deficiency, treat anemia, reduce the need for IV 1ron and/or reduce
the need for erythropoiesis-stimulating agents (ESAs) in CKD patients, including non-dialysis
CKD (ND-CKD) patients and end state renal disease (ESRD) patients.

Therefore, 1n various aspects, the ferric citrate disclosed herein may be administered to
CKD patients to reduce and/or control serum phosphorus. In various aspects, the ferric citrate
disclosed herein may be administered to CKD patients to increase serum bicarbonate. In various
aspects, the ferric citrate disclosed herein may be administered to CKD patients to improve one
or more 1ron storage parameters, including to increase serum ferritin, to increase transferrin
saturation (TSAT), and to increase hemoglobin concentration. In various aspects, the ferric
citrate disclosed herein may be administered to CKD patients to increase iron absorption. In
various aspects, the ferric citrate disclosed herein may be administered to CKD patients to
maintain 1iron stores. In various aspects, the ferric citrate disclosed herein may be administered
to CKD patients to treat iron deficiency. In various aspects, the ferric citrate disclosed herein
may be administered to CKD patients to treat anemia. In various aspects, the ferric citrate
disclosed herein may be administered to CKD patients to reduce the need for IV iron and/or
erythropoiesis-stimulating agents (ESAs).

Methods of treating CKD patients are also disclosed. In various aspects, the present
disclosure provides methods of reducing and/or controlling serum phosphorus, the methods
comprising orally administering ferric citrate to a CKD patient, wherein the ferric citrate provides
a reduction 1n serum phosphorus. In various aspects, the present disclosure provides methods of
increasing serum bicarbonate, the methods comprising orally administering ferric citrate to a
CKD patient, wherein the ferric citrate provides an increase 1n serum bicarbonate. In various
aspects, the present disclosure provides methods of improving one or more 1ron storage
parameters, the methods comprising orally administering ferric citrate to a CKD patient, wherein

the ferric citrate provides improvement 1n one or more 1ron storage parameters. In various
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aspects, the present disclosure provides methods of increasing serum ferritin, the methods
comprising orally administering ferric citrate to a CKD patient, wherein the ferric citrate provides
an 1ncrease 1n serum ferritin. In various aspects, the present disclosure provides methods of
increasing transferrin saturation (TSAT), the methods comprising orally administering ferric
citrate to a CKD patient, wherein the ferric citrate provides an increase in TSAT. In various
aspects, the present disclosure provides methods of increasing hemoglobin concentration, the
methods comprising orally administering ferric citrate to a CKD patient, wherein the ferric citrate
provides an increase in hemoglobin concentration. In various aspects, the present disclosure
provides methods of increasing 1ron absorption, the methods comprising orally administering
ferric citrate to a CKD patient, wherein the ferric citrate provides an increase 1n 1ron absorption.
In various aspects, the present disclosure provides methods of maintaining iron stores, the
methods comprising orally administering ferric citrate to a CKD patient, wherein the ferric citrate
provides for maintenance of iron stores. In various aspects, the present disclosure provides
methods of treating iron deficiency, the methods comprising orally administering ferric citrate to
a CKD patient, wherein the ferric citrate provides treatment of 1ron deficiency. In various
aspects, the present disclosure provides methods of treating anemia, the methods comprising
orally administering ferric citrate to a CKD patient, wherein the ferric citrate provides for
treatment of anemia. In various aspects, the present disclosure provides methods of reducing
intravenous (IV) 1ron use m a CKD patient, the methods comprising orally administering ferric
citrate to CKD patient, wherein the ferric citrate reduces the need for the CKD to be administered
IV 1ron. In various aspects, the present disclosure provides methods of reducing use of
crythropoiesis-stimulating agents (ESAs) in CKD patient, the methods comprising orally
administering ferric citrate to the CKD patient, wherein the ferric citrate reduces the need for the
CKD patient to be administered one or more ESAs when administered. In each of the methods,
the ferric citrate may be administered for a period of time up to and imncluding 52 weeks,

including up to and including 56 weeks.

Chronic Kidney Disease Patients
In various aspects, the ferric citrate disclosed herein 1s administered to any chronic
kidney disease (CKD) patients to treat any of the conditions and disorders associated with CKD,

such as described herein. All individuals with a glomerular filtration rate (GFR) <60
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ml/min/1.73 m” for 3 months are classified as having CKD, irrespective of the presence or
absence of kidney damage. Those individuals with CKD who require either dialysis or kidney
transplantation are typically referred to as end-stage renal discase (ESRD) patients. Therefore, a
patient 1s traditionally classified as an ESRD patient when he or she reaches the conclusion of the
non-dialysis dependent, ecarlier stages, of CKD. Prior to then, those patients are referred to as
non-dialysis dependent CKD patients. However, patients with an advanced stage of CKD, such
as stage 5, who have not yet started dialysis or who have not been recommended for
transplantation are also typically referred to as non-dialysis dependent CKD patients.

Non-dialysis CKD (ND-CKD) patients are those who have been diagnosed with an early
stage of chronic kidney disease and who have not yet been medically directed to undergo
dialysis. As noted above, the U.S. National Kidney Foundation has defined 5 stages of chronic
kidney disease. Typically, patients progress through stages 1 through 4 before dialysis 1s
medically necessary.

As used herein, ND-CKD 1s intended to cover all patients who have been diagnosed with
chronic kidney discase but who are not undergoing dialysis during the administration of ferric
citrate. Such patients can include, for example, patients who have never been subjected to
dialysis and, in some embodiments, patients who have been subjected to dialysis but who are not
undergoing dialysis during the administration of ferric citrate.

In various aspects, ESRD patients are typically those who have been diagnosed with a
late stage of chronic kidney disease. In some instances the phrase “end-stage renal discase™ 18
used to mdicate the fifth stage of CKD. Therefore, as used herein, an ESRD patient 1s a patient
who has an advanced stage of CKD, such as stage 5, and who has begun either hemodialysis or
peritoneal dialysis and/or who has been recommended for kidney transplantation by a health care
provider.

In some embodiments, CKD patients display one or more of the following characteristics:
a serum phosphorus level between 2.5 mg/dL and 8.0 mg/dL; a serum phosphorus level greater
than or equal to 6.0 mg/dL. when removed from a phosphate binder; are taking 3 to 18 pills/day
of calcium acetate, calcium carbonate, lanthanum carbonate, sevelamer (carbonate or
hydrochloride or equivalent sevelamer powder), any other agent serving as a phosphate binder,

or a combination of any of the foregoing; have a serum ferritin level that 1s less than 1000 mg/L;
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have a transferrin saturation level (TSAT) that 1s less than 50% at screening; have a life
expectancy of more than 1 year; or a combination of any of the foregoing.

In addition, CKD patients may be taking phosphorus binding agents other than ferric
citrate, though this 1s not required. The CKD patients can be mammals and, 1n some
embodiments, arec humans. In some embodiments, CKD patients are female or male of any age
and/or weight. In some embodiments, CKD patients are males or non-pregnant, non-
breastfeeding females who are at least 18 years of age and have been on thrice-weekly

hemodialysis and/or peritoneal dialysis for at least 3 months.

Serum Phosphorus

Phosphate 1s critical for a vast array of cellular processes. It 1s one of the major
components of the skeleton and an integral component of the nucleic acids that make up DNA
and RNA. In addition, the phosphate bonds of adenosine triphosphate (ATP) carry the energy
required for all cellular functions. Phosphate functions as a buffer in bone, serum, and urine and
the addition and/or deletion of phosphate groups to/from enzymes and proteins are common
mechanisms for the regulation of their activity. Given the breadth of influence phosphate has, 1ts
homeostasis 1s understandably a highly regulated process.

Patients with CKD typically demonstrate elevated levels of serum phosphate. In non-
CKD patients, normal serum phosphate levels should be between 0.81 mmol/L and 1.45 mmol/L.
In a CKD patient, however, serum phosphate levels are typically markedly increased as kidney
function 1s lost and the body loses 1ts ability to excrete phosphate through the urine. This means
that CKD patients typically experience hyperphosphatemia, which 1s an electrolyte disturbance
in which there 1s an abnormally elevated level of phosphate 1n the blood. Hyperphosphatemia
develops 1n the majority of CKD patients and 1s typically associated with progression of
secondary hyperparathyroidism and renal osteodystrophy. In addition, hyperphosphatemia has
recently been associated with increased cardiovascular mortality among dialysis patients.
Adequate control of serum phosphorus 1s crucial in the clinical management of CKD patients to
attenuate the progression of secondary hyperparathyroidism and to reduce the risk of vascular
calcification and cardiovascular mortality. Typical measures taken to control serum phosphate
levels in CKD patients include dictary phosphorus restriction, dialysis, and oral phosphate

binders. Unfortunately, dictary restriction has limited effect in advanced stages of CKD, such as
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ESRD. Therefore, oral phosphate binders are necessary to limit dietary absorption of
phosphorus in CKD patients.

CKD patients treated according to the methods disclosed herein may experience an
improvement in serum phosphate levels. In some embodiments, CKD patients treated according
to the methods disclosed herein experience a decrease in serum phosphate levels. In some
embodiments, the present disclosure provides methods of reducing serum phosphorus in a CKD
patient, the methods comprising orally administering ferric citrate to CKD patient, ¢.g., an end-
stage renal disease patient or non-dialysis chronic kidney disease patient, wherein the ferric citrate
provides a reduction in serum phosphorus in the patient. In some embodiments, the present
disclosure provides methods for treatment of hyperphosphatemia in a CKD patient, the methods
comprising orally administering ferric citrate to CKD patient, ¢.g., an end-stage renal discase
patient or non-dialysis chronic kidney disease patient, wherein the ferric citrate provides a
reduction 1in serum phosphorus 1n the patient. In some embodiments, the present disclosure
provides methods of reducing serum phosphorus, the methods comprising orally administering
ferric citrate to an end-stage renal disease patient at a dose of ferric 1ron ranging from 210 mg —
2,520 mg, wherein the ferric citrate provides a reduction 1n serum phosphorus in the patient. In
some embodiments, the ferric citrate 1s administered for a period of 12 weeks. In some
embodiments for a period of 24 weeks, 1n some embodiments for a period of 36 weeks, 1n some
embodiments for a period of 48 weeks, 1n some embodiments for a period of 52 weeks, and 1n
some embodiments for a period of up to and including 56 weeks. In some embodiments for a
period of 53 weeks. In some embodiments for a period of 54 weeks, 1n some embodiments for a
period of 55 weeks. In some embodiments for a period of 56 weeks.

In some embodiments, the ferric citrate provides a mean reduction in serum phosphorus
from 1.00 — 3.00 mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n
serum phosphorus from 1.10 — 2.90 mg/dl. In some embodiments, the ferric citrate provides a
mean reduction 1n serum phosphorus from 1.20 — 2.80 mg/dl. In some embodiments, the ferric
citrate provides a mean reduction in serum phosphorus from 1.30 — 2.70 mg/dl. In some
embodiments, the ferric citrate provides a mean reduction in serum phosphorus from 1.40 —2.60
mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus
from 1.50 — 2.50 mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n

serum phosphorus from 1.60 — 2.40 mg/dl. In some embodiments, the ferric citrate provides a
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mean reduction 1n serum phosphorus from 1.70 — 2.30 mg/dl. In some embodiments, the ferric
citrate provides a mean reduction in serum phosphorus from 1.80 —2.20 mg/dl. In some
embodiments, the ferric citrate provides a mean reduction in serum phosphorus from 1.90 —2.10
mg/dl. The above ranges are disclosed 1n this format for purposes of efficiency, and any of the
above ranges can be combined with any method, formulation, or combination thereof.

In some embodiments, the ferric citrate provides a mean reduction mn serum phosphorus
of from 1.00 — 1.25 mg/dl, 1.00 — 1.50 mg/dl. In some embodiments, the ferric citrate provides a
mean reduction in serum phosphorus of from 1.00 — 1.75 mg/dl . In some embodiments, the
ferric citrate provides a mean reduction in serum phosphorus of from 1.00 —2.00 mg/dl. In some
embodiments, the ferric citrate provides a mean reduction 1in serum phosphorus selected from
2.00 - 2.25 mg/dl. In some embodiments, the ferric citrate provides a mean reduction in serum
phosphorus selected from 2.00 — 2.50 mg/dl. In some embodiments, the ferric citrate provides a
mean reduction 1n serum phosphorus selected from 2.00 — 2.75 mg/dl. In some embodiments,
the ferric citrate provides a mean reduction 1n serum phosphorus selected from 2.00 — 3.00
mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus
selected from 1.00 — 2.25 mg/dl. In some embodiments, the ferric citrate provides a mean
reduction in serum phosphorus selected from 1.00 — 2.50 mg/dl. In some embodiments, the
ferric citrate provides a mean reduction 1in serum phosphorus selected from 1.00 — 2.75 mg/dl. In
some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus selected
from 1.00 — 3.00 mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n
serum phosphorus of 2.00 — 2.50 mg/dl. The above ranges are disclosed in this format for
purposes of efficiency, and any of the above ranges can be combined with any method,
formulation, or combination therecof.

In some embodiments, the ferric citrate provides a mean reduction i serum phosphorus
that 1s greater than 1.00. In some embodiments, the ferric citrate provides a mean reduction 1n
serum phosphorus that 1s greater than 1.10. In some embodiments, the ferric citrate provides a
mean reduction 1in serum phosphorus that 1s selected from greater than greater than 1.20 . In
some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus that 1s
greater than 1.30. In some embodiments, the ferric citrate provides a mean reduction in serum
phosphorus that 1s greater than 1.40. In some embodiments, the ferric citrate provides a mean

reduction m serum phosphorus that i1s greater than 1.50. In some embodiments, the ferric citrate
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provides a mean reduction 1n serum phosphorus that 1s greater than 1.60. In some embodiments,
the ferric citrate provides a mean reduction m serum phosphorus that 1s greater than 1.70. In
some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus that 1s
greater than 1.80. In some embodiments, the ferric citrate provides a mean reduction in serum
phosphorus that 1s greater than 1.90. In some embodiments, the ferric citrate provides a mean
reduction m serum phosphorus that i1s greater than 2.00. In some embodiments, the ferric citrate
provides a mean reduction 1in serum phosphorus that 1s greater than 2.10. In some embodiments,
the ferric citrate provides a mean reduction mn serum phosphorus that 1s greater than 2.20. In
some embodiments, the ferric citrate provides a mean reduction in serum phosphorus that 1s
greater than 2.30. In some embodiments, the ferric citrate provides a mean reduction in serum
phosphorus that 1s greater than 2.40. In some embodiments, the ferric citrate provides a mean
reduction m serum phosphorus that i1s greater than 2.50. In some embodiments, the ferric citrate
provides a mean reduction 1in serum phosphorus that 1s greater than 2.60. In some embodiments,
the ferric citrate provides a mean reduction m serum phosphorus that 1s greater than 2.70. In
some embodiments, the ferric citrate provides a mean reduction in serum phosphorus that 1s
greater than 2.80. In some embodiments, the ferric citrate provides a mean reduction 1n serum
phosphorus that 1s greater than 2.90 mg/dl. The above boundaries are disclosed in this format for
purposes of efficiency, and any of the above boundaries can be combined with any method,
formulation, lower boundary as disclosed below, or combination thereof.

In some embodiments, the ferric citrate provides a mean reduction in serum phosphorus
that 1s less than 3.00 mg/dl. In some embodiments, the ferric citrate provides a mean reduction
in serum phosphorus that 1s less than 2.90 mg/dl. In some embodiments, the ferric citrate
provides a mean reduction 1in serum phosphorus that 1s less than 2.80 mg/dl. In some
embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus that 1s less than
2.70 mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n serum
phosphorus that 1s less than 2.60 mg/dl. In some embodiments, the ferric citrate provides a mean
reduction 1n serum phosphorus that 1s less than 2.50 mg/dl. In some embodiments, the ferric
citrate provides a mean reduction in serum phosphorus that 1s Iess than 2.40 mg/dl. In some
embodiments, the ferric citrate provides a mean reduction in serum phosphorus that 1s less than
2.30 mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n serum

phosphorus that 1s less than 2.20 mg/dl. In some embodiments, the ferric citrate provides a mean
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reduction 1n serum phosphorus that 1s less than 2.10 mg/dl. In some embodiments, the ferric
citrate provides a mean reduction in serum phosphorus that 1s less than 2.00 mg/dl. In some
embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus that 1s less than
1.90 mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n serum
phosphorus that 1s less than 1.80 mg/dl. In some embodiments, the ferric citrate provides a mean
reduction 1n serum phosphorus that 1s less than 1.70 mg/dl. In some embodiments, the ferric
citrate provides a mean reduction in serum phosphorus that 1s less than 1.60 mg/dl. In some
embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus that 1s less than
1.50 mg/dl. In some embodiments, the ferric citrate provides a mean reduction 1n serum
phosphorus that 1s less than 1.40 mg/dl. In some embodiments, the ferric citrate provides a mean
reduction 1n serum phosphorus that 1s less than 1.30 mg/dl. In some embodiments, the ferric
citrate provides a mean reduction in serum phosphorus that 1s Iess than 1.20 mg/dl. In some
embodiments, the ferric citrate provides a mean reduction in serum phosphorus that 1s less than
1.10 mg/dl. The above boundaries are disclosed 1n this format for purposes of efficiency, and
any of the above boundaries can be combined with any method, formulation, upper boundary
disclosed above, or combination thereof.

In some embodiments, the ferric citrate provides a mean reduction m serum phosphorus
of one of about 1.90, 1.91, 1.92, 1.93, 1.94, 1.95, 1.96, 1.97, 1.98, 1.99, 2.00, 2.01, 2.02, 2.03,
2.04, 2.05, 2.06, 2.07, 2.08, 2.09 and 2.10 mg/dl when administered for a period of 12 weeks. In
some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus of about
2.00 mg/dl when administered for a period of 12 weeks. In some embodiments, the ferric citrate
provides a mean reduction 1n serum phosphorus of one of about 2.10, 2.11, 2.12, 2.13, 2.14, 2.15,
2.16,2.17,2.18, 2.19, 2.20, 2.21, 2.22, 2.23, 2.24 and 2.25 mg/dl when administered for a period
of 24 weeks. In some embodiments, the ferric citrate provides a mean reduction 1n serum
phosphorus of about 2.20 mg/dl when administered for a period of 24 weeks. In some
embodiments, the ferric citrate provides a mean reduction in serum phosphorus of one of about
2.10,2.11,2.12,2.13, 2.14, 2.15, 2.16, 2.17, 2.18, 2.19 and 2.20 mg/dl when administered for a
period of 36 weeks. In some embodiments, the ferric citrate provides a mean reduction in serum
phosphorus of about 2.20 mg/dl when administered for a period of 36 weeks. In some

embodiments, the ferric citrate provides a mean reduction 1 serum phosphorus of one 1.95

mg/dl, 1.96, 1.97, 1.98, 1.99, 2.00, 2.01, 2.02, 2.03, 2.04, 2.05, 2.06, 2.07, 2.08, 2.09, 2.10, 2.11,
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2.12,2.13, 2.14 and 2.15 mg/dl when administered for a period of 48 weeks. In some
embodiments, the ferric citrate provides a mean reduction 1in serum phosphorus of about 2.10
mg/dl when administered for a period of 48 weeks. In some embodiments, the ferric citrate

provides a mean reduction 1n serum phosphorus of one of about 1.95 mg/dl. , 1.96, 1.97, 1.98,
1.99, 2.00, 2.01, 2.02, 2.03, 2.04, 2.05, 2.06, 2.07, 2.08, 2.09, 2.10, 2.11, 2.12, 2.13, 2.14, 2.15,
2.16,2.17,2.18, 2.19, 2.20, 2.21, 2.22,2.23, 2.24, 2.25,2.26, 2.27, 2.28, 2.29 and 2.30 mg/dl

when administered for a period of 52 weeks. In some embodiments, the ferric citrate provides a
mean reduction 1n serum phosphorus of about 2.10 mg/dl when administered for a period of 52
weeks. In some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus
of one of about .20, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26, 0.27, 0.28, 0.29, 0.30, 0.31, 0.32, 0.33,
0.34 and 0.35 mg/dl when administered for a period of 56 weeks, as measured from a baseline of
52 weeks. In some embodiments, the ferric citrate provides a mean reduction 1in serum
phosphorus of 0.30 mg/dl when administered for a period of 56 weeks, as measured from a
baseline of 52 weeks.

In some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus
selected from 20 — 35 %. In some embodiments, the ferric citrate provides a mean reduction 1n
serum phosphorus selected from 20 — 35 %, 22 — 33 % and 25 — 30 %. In some embodiments,
the ferric citrate provides a mean reduction 1n serum phosphorus of 27 — 28.5 %. In some
embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus of 27 — 28.4 %.
In some embodiments, the ferric citrate provides a mean reduction in serum phosphorus that 1s
selected from greater than 20, greater than 21, greater than 22, greater than 23, greater than 24,
greater than 25, greater than 26, greater than 27, greater than 28, greater than 29, greater than 30,
greater than 31, greater than 32, greater than 33 and greater than 34 %. In some embodiments,
the ferric citrate provides a mean reduction 1n serum phosphorus that 1s selected from less than
35, less than 34, less than 33, less than 32, less than 33, less than 32, less than 31, less than 30,
less than 29, less than 28, less than 27, less than 26, less than 25, less than 24, less than 23, less
than 22 and less than 21 %.

In some embodiments, the ferric citrate provides a mean reduction in serum phosphorus
selected from 1.90, 1.91, 1.92, 1.93, 1.94, 1.95, 1.96, 1.97, 1.98, 1.99, 2.00, 2.01, 2.02, 2.03,
2.04, 2.05, 2.06, 2.07, 2.08, 2.09 and 2.10 mg/dl when administered for a period of 12 weeks. In

some¢ embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus of 2.00
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mg/dl when administered for a period of 12 weeks. In some embodiments, the ferric citrate
provides a mean reduction 1n serum phosphorus selected from 2.10, 2.11, 2.12, 2.13, 2.14, 2.15,
2.16,2.17,2.18, 2.19, 2.20, 2.21, 2.22, 2.23, 2.24 and 2.25 mg/dl when administered for a period
of 24 weeks. In some embodiments, the ferric citrate provides a mean reduction 1in serum
phosphorus of 2.20 mg/dl when administered for a period of 24 weeks. In some embodiments,
the ferric citrate provides a mean reduction 1n serum phosphorus selected from 2.10, 2.11, 2.12,
2.13,2.14, 2.15,2.16,2.17, 2.18, 2.19 and 2.20 mg/dl when administered for a period of 36
weeks. In some embodiments, the ferric citrate provides a mean reduction 1n serum phosphorus
of 2.20 mg/dl when administered for a period of 36 weeks. In some embodiments, the ferric
citrate provides a mean reduction in serum phosphorus selected from 1.95, 1.96, 1.97, 1.98, 1.99,
2.00,2.01,2.02, 2.03, 2.04, 2.03, 2.06, 2.07, 2.08, 2.09, 2.10, 2.11, 2.12, 2.13, 2.14 and 2.15
mg/dl when administered for a period of 48 weeks. In some embodiments, the ferric citrate
provides a mean reduction in serum phosphorus of 2.10 mg/dl when administered for a period of
48 weeks. In some embodiments, the ferric citrate provides a mean reduction in serum
phosphorus selected from 1.95, 1.96, 1.97, 1.98, 1.99, 2.00, 2.01, 2.02, 2.03, 2.04, 2.05, 2.06,
2.07,2.08,2.09,2.10,2.11,2.12, 2.13, 2.14, 2.15, 2.16, 2.17, 2.18, 2.19, 2.20, 2.21, 2.22, 2.23,
2.24,2.25,2.26,2.27,2.28,2.29 and 2.30 mg/dl when administered for a period of 52 weeks. In
some embodiments, the ferric citrate provides a mean reduction in serum phosphorus of 2.10
mg/dl when administered for a period of 52 weeks. In some embodiments, the ferric citrate
provides a mean reduction 1n serum phosphorus selected from 0.20, 0.21, 0.22, 0.23, 0.24, 0.25,
0.26, 0.27, 0.28, 0.29, 0.30, 0.31, 0.32, 0.33, 0.34 and 0.35 mg/dl when administered for a period
of 56 weeks, as measured from a baseline ot 52 weeks. In some embodiments, the ferric citrate
provides a mean reduction in serum phosphorus of 0.30 mg/dl when administered for a period of
56 weeks, as measured from a baseline ot 52 weeks.

In some embodiments, the ferric citrate provides a mean reduction m serum phosphorus

as set forth in Table A:
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Table A:
Mean Serum Phosphorus (mg/dL) Placebo Ferric
(Nn=91) Citrate
(n=92)
Baseline (Week 52) 5.3 5.2
End of Treatment' (Week 56) 7.2 4.9
Change from Baseline at Week 56 1.9 -0.3
Least Squares (LS) Mean Difference from Placebo” -2.3
n-value® n<0.0001

" Last observation carried forward was used for missing data.

* The LS Mean treatment difference and p-value Is created via an ANCOVA model with treatment as the fixed effect
and baseline as the covariate.

In some embodiments, the ferric citrate provides a mean reduction i serum phosphorus

as set forth in Table B:

—

Table B:

Week
N=277 Baseline 12 24 36 48 52
Ferric Citrate Mean Serum
Phosphorus (mg/dL)1 7.4 5.4 5.2 5.2 5.3 5.3
Change from Baseline -2.0 -2.2 -2.2 2.1 -2.1
% Change from Baseline -27% -30% -30% -28% -28%
p-value <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001

Last observation carried forward was used for missing data.

In some embodiments, CKD patients, such as ESRD patients, treated according to the
methods disclosed herein experience maintenance of their serum phosphorus levels such that
their serum phosphorus levels remain substantially unchanged during administration of the ferric

citrate.

Serum Bicarbonate

Metabolic acidosis 1s a condition that occurs in CKD patients when the body produces
too much acid and/or when the kidneys are not removing enough acid from the body. If
unchecked, metabolic acidosis leads to acidemia, where the blood pH drops to less than 7.35, due
to increased production of hydrogen by the body and/or the 1nability of the body to form
bicarbonate (HCOs-) 1n the kidney. The consequences of metabolic acidosis in CKD patients

can be serious, including coma and death. It 1s therefore important that CKD patients maintain a

_34-



10

15

20

25

30

CA 02928200 2016-04-20

WO 2015/066593 PCT/US2014/063643

normal level of bicarbonate 1n their bloodstream. For non-CKD patients, a typical measure of
serum bicarbonate ranges from 22 mEq/L — 28 mEq/L, or from 22 mmol/L to 28 mmol/L,
respectively. In a CKD patient, however, the serum bicarbonate concentration can be greatly
reduced as the kidneys lose their ability to produce bicarbonate.

CKD patients treated according to the methods disclosed herein may experience an
increase 1n serum bicarbonate concentration. In some embodiments, CKD patients treated
according to the methods disclosed herein experience an increase in serum bicarbonate
concentration. In some embodiments, the present disclosure provides methods of increasing
serum bicarbonate concentration 1n a CKD patient, such as an ESRD patient or ND-CKD patient,
the methods comprising orally administering ferric citrate to a CKD patient, wherein the ferric
citrate provides an increase 1n serum bicarbonate concentration 1n the patient. In some
embodiments, the present disclosure provides methods of increasing serum bicarbonate
concentration, the methods comprising orally administering ferric citrate to a CKD patient at a
dose of ferric 1ron ranging from 210 mg — 2,520 mg, wherein the ferric citrate provides an increase
in serum bicarbonate concentration 1n the patient. In some embodiments, the patient 1s
administered up to 18 tablet dosage forms per day. In some embodiments, the ferric citrate 1S
administered for a period of 12 weeks, 1n some embodiments for a period of 36 weeks, 1n some
embodiments for a period of 52 weeks, and 1n some embodiments for a period of up to and
including 56 weeks.

In some embodiments, the ferric citrate provides a mean increase 1n serum bicarbonate
concentration 1n the patient of 0.1 — 1.0 mEg/L. In some embodiments, the ferric citrate provides
a mean increase 1in serum bicarbonate concentration 1n the patient selected from 0.70, 0.71, 0.72,
0.73,0.74,0.75,0.76, 0.77, 0.78, 0.79 and 0.80 mEq/L. In some¢ embodiments, the ferric citrate
provides a mean increase 1n serum bicarbonate concentration in the patient of 0.71 mEq/L.

In some embodiments, the ferric citrate provides a mean increase 1n serum bicarbonate
concentration greater than 0.70 mEq/L. In some embodiments, the ferric citrate provides a mean
increase 1n serum bicarbonate concentration greater than 0.71 mEq/L. In some embodiments, the
ferric citrate provides a mean increase 1n serum bicarbonate concentration greater than (.72
mEq/L. In some embodiments, the ferric citrate provides a mean increase in serum bicarbonate
concentration greater than 0.73 mEq/L. In some embodiments, the ferric citrate provides a mean

Increase 1n serum bicarbonate concentration greater than 0.74 mEg/L. In some embodiments, the
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ferric citrate provides a mean increase 1in serum bicarbonate concentration greater than 0.75
mEq/L. In some embodiments, the ferric citrate provides a mean increase in serum bicarbonate
concentration greater than 0.76 mEq/L. In some embodiments, the ferric citrate provides a mean
Increase 1n serum bicarbonate concentration greater than 0.77 mEg/L. In some embodiments, the
ferric citrate provides a mean increase 1in serum bicarbonate concentration greater than (.78
mEq/L. In some embodiments, the ferric citrate provides a mean increase 1n serum bicarbonate
concentration greater than 0.79 mEq/L. The above boundaries are disclosed 1n this format for
purposcs of efficiency, and any of the above boundaries can be combined with any method,
formulation, lower boundary as disclosed below, or combination thereof.

In some embodiments, the ferric citrate provides a mean increase 1in serum bicarbonate
concentration less than 0.80 mEqg/L. In some embodiments, the ferric citrate provides a mean
Increase 1n serum bicarbonate concentration less than 0.79 mEg/L. In some embodiments, the
ferric citrate provides a mean increase 1n serum bicarbonate concentration less than 0.78 mEq/L.
In some embodiments, the ferric citrate provides a mean increase 1n serum bicarbonate
concentration less than 0.77 mEq/L. In some embodiments, the ferric citrate provides a mean
Increase 1n serum bicarbonate concentration less than 0.76 mEq/L. In some embodiments, the
ferric citrate provides a mean increase 1n serum bicarbonate concentration less than 0.75 mEq/L.
In some embodiments, the ferric citrate provides a mean increase 1in serum bicarbonate
concentration less than 0.74 mEq/L. In some embodiments, the ferric citrate provides a mean
Increase 1n serum bicarbonate concentration less than 0.73 mEg/L. In some embodiments, the
ferric citrate provides a mean increase 1n serum bicarbonate concentration less than 0.72 mEq/L.
The above boundaries are disclosed 1n this format for purposes of efficiency, and any of the
above boundaries can be combined with any method, formulation, upper boundary disclosed
above, or combination thereof.

In some embodiments, the ferric citrate provides a mean increase 1n serum bicarbonate
concentration of 0.71 mEq/L when administered for a period of 52 weeks.

In some embodiments, CKD patients, such as ESRD patients, treated according to the
methods disclosed herein experience maintenance of their serum bicarbonate concentration such
that their serum bicarbonate level remains substantially unchanged during administration of the

ferric citrate.
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Iron Storage Parameters

Patients with CKD may demonstrate low or inadequate markers of systemic iron status.
This means that CKD patients may not have sufficient iron stored within their bodies to maintain
proper 1ron levels. Most well-nourished, non-CKD people living 1in industrialized countries have
approximately 4 to 5 grams of 1ron stored within their bodies. About 2.5 g of this 1ron 1s
contained 1n hemoglobin, which carries oxygen through the blood. Most of the remaining
approximately 1.5 to 2.5 grams of iron 1s contained 1n 1iron binding complexes that are present 1n
all cells, but that are more highly concentrated in bone marrow and organs such as the liver and
spleen. The liver’s stores of 1ron are the primary physiologic reserve of 1iron in the non-CKD
body. Of the body’s total iron content, about 400 mg 1s utilized i proteins that use iron for
cellular processes such as oxygen storage (myoglobin) or performing energy-producing redox
reactions (cytochrome protems). In addition to stored 1ron, a small amount of 1ron, typically
about 3 to 4 mg, circulates through the blood plasma bound to a protein called transferrin.
Because of its toxicity, free soluble ferrous iron (iron(I1) or Fe*") is typically kept at a low
concentration in the body.

Iron deficiency first depletes the stored 1ron 1n the body. Because most of the 1ron
utilized by the body 1s required for hemoglobin, iron-deficiency anemia 1s the primary clinical
manifestation of 1ron deficiency. Oxygen transport to the tissues 1s so important to human life
that severe anemia harms or kills people with CKD, inclusive of ND-CKD patients and ESRD
patients, by depriving their organs of oxygen. Iron-deficient CKD patients will suffer, and in
some 1nstances may die, from organ damage caused by oxygen depletion well before cells run
out of the 1ron needed for intracellular processes.

There are several markers of systemic 1ron status that may be measured to determine
whether a CKD patient has sufficient iron stores to maintain adequate health. These markers
may be of circulating 1ron stores, 1iron stored 1n 1ron-binding complexes, or both, and are also
typically referred to as 1iron storage parameters. Iron storage parameters can include, for
example, hematocrit, hemoglobin concentration (Hb), total iron-binding capacity (TIBC),
transferrin saturation (TSAT), serum 1ron levels, liver 1iron levels, spleen 1ron levels, and serum
ferritin levels. Of these, the hematocrit, hemoglobin concentration (Hb), total iron-binding

capacity (TIBC), transferrin saturation (TSAT) and serum iron levels are commonly known as
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circulating 1ron stores. The liver 1iron levels, spleen 1ron levels, and serum ferritin levels are
commonly referred to as stored 1ron or 1ron stored in 1ron-binding complexes.

In some embodiments, the present disclosure provides methods of improving one or more
iron storage parameters 1n a patient 1in need thereof. In some embodiments, the methods
comprise orally administering ferric citrate to a CKD patient, ¢.g., a non-dialysis chronic kidney
discase patient or an end stage renal disease patient, in an amount ranging from about 1 g to
about 18 g per day. In some embodiments, the at least one 1ron storage parameter may be
selected from serum ferritin levels, transferrin saturation (TSAT), hemoglobin concentration,
hematocrit, total iron-binding capacity, iron absorption levels, serum 1ron levels, liver 1ron levels,
spleen 1ron levels, and combinations thercof. In some embodiments, the ferric citrate 1n
administered 1n a 1 gram tablet dosage form. In some embodiments, the patient 1s administered
up to 18 tablet dosage forms per day. In some embodiments, the ferric citrate 1s administered for a
period of 12 weeks, 1n some embodiments for a period of 36 weeks, in some embodiments for a
period of 52 weeks, and 1n some embodiments for a period of up to and including 56 weeks.

In another embodiment, the at Ieast one 1ron storage parameter 1s hematocrit, and
improving comprises increasing the hematocrit of the patient. In other embodiments, the at least
ong 1ron storage parameter 18 hemoglobin concentration, and improving comprises increasing the
hemoglobin concentration of the patient. In yet other embodiments, the at least one 1ron storage
parameter 1s total iron-binding capacity, and improving comprises decreasing the total 1ron-
binding capacity of the patient. In yet other embodiments, the at least one 1ron storage parameter
1S transferrin saturation, and improving comprises increasing the transferrin saturation of the
patient. In yet other embodiments, the at least one 1ron storage parameter 1s serum 1ron levels,
and 1tmproving comprises increasing the serum iron levels of the patient. In yet other
embodiments, the at least one 1ron storage parameter 1s liver iron levels, and improving
comprises increasing the liver iron levels of the patient. In yet other embodiments, the at least
ong 1ron storage parameter 1s spleen 1ron levels, and improving comprises increasing the spleen
iron levels of the patient. In yet other embodiments, the at Ieast one 1ron storage parameter 1s
serum ferritin levels, and improving comprises increasing the serum ferritin levels of the patient.

Serum Ferritin

The liver’s stores of ferritin are the primary source of stored 1ron 1n the body. Ferritin 1s

an intracellular protein that stores 1ron and releases 1t 1n a controlled fashion. Medically, the
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amount of ferritin present 1n a blood sample and/or 1n a sample of liver tissue reflects the amount
of 1ron that 1s stored 1n the liver (although ferritin 1s ubiquitous and can be found 1n many other
tissues within the body 1n addition to the liver). Ferritin serves to store iron in the liver 1n a non-
toxic form and to transport 1t to arcas where 1t 1s required. In non-CKD patients, a normal
ferritin blood serum level, sometimes referred to as the reference interval, 1s usually between 30—
300 ng/ml for males, and 15-200 ng/ml for females. In a CKD patient, however, serum ferritin
levels are typically markedly reduced as the amount of 1ron available to be bound by ferritin and
stored 1n the liver 1s decreased, which occurs as the body loses its ability to absorb and store 1ron.

In some embodiments, CKD patients treated according to the methods disclosed herein
experience an increase in serum ferritin levels. In some embodiments, the present disclosure
provides methods of increasing serum ferritin in a patient in need thereof, the methods
comprising orally administering ferric citrate to an CKD patient, ¢.g., an ESRD patient or ND-
CKD patient, wherein the ferric citrate provides an increase i serum ferritin. In some
embodiments, the present disclosure provides methods of increasing serum ferritin, the methods
comprising orally administering ferric citrate to a CKD patient at a dose of ferric iron ranging from
210 mg — 2,520 mg, wherein the ferric citrate provides an increase 1n serum ferritin i the patient.
In some embodiments, the ferric citrate 1s administered for a period of 12 weeks, 1n some
embodiments for a period of 24 weeks, 1n some embodiments for a period of 36 weeks, 1n some
embodiments for a period of 48 weeks, and 1n some embodiments for a period of 52 weeks.

In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin of 100
— 400 ng/ml. In some embodiments, the ferric citrate provides a mean increase in serum ferritin
of 110 — 390 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1in serum
ferritin of 120 — 380 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n
serum ferritin of 130 — 370 ng/ml. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin of about 140 — 360 ng/ml. In some embodiments, the ferric citrate
provides a mean increase in serum ferritin of 150 — 350 ng/ml. In some embodiments, the ferric
citrate provides a mean increase in serum ferritin of 160 — 340 ng/ml. In some embodiments, the
ferric citrate provides a mean increase in serum ferritin of 170 — 330 ng/ml. In some
embodiments, the ferric citrate provides a mean increase in serum ferritin of 180 — 320 ng/ml. In
some embodiments, the ferric citrate provides a mean increase in serum ferritin of 190 — 310

ng/ml. In some embodiments, the ferric citrate provides a mean increase 1in serum ferritin of 200
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— 300 ng/ml. In some embodiments, the ferric citrate provides a mean increase in serum ferritin
of 210 — 290 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum
ferritin of 220 — 280 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n
serum ferritin of 230 — 270 ng/ml. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin of 240 — 260 ng/ml. In some embodiments, the ferric citrate provides a
mean increase 1n serum ferritin of from 100 — 400 ng/ml. In some embodiments, the ferric citrate
provides a mean increase in serum ferritin of 100 — 375 ng/ml. In some embodiments, the ferric
citrate provides a mean increase in serum ferritin of from 100 — 350 ng/ml. In some
embodiments, the ferric citrate provides a mean icrease in serum ferritin of from 100 — 325
ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin of from
100 — 300 ng/ml. In some embodiments, the ferric citrate provides a mean increase in serum
ferritin of from 100 — 275 ng/ml. In some embodiments, the ferric citrate provides a mean
increase 1 serum ferritin of from 150 — 310 ng/ml. In some embodiments, the ferric citrate
provides a mean increase in serum ferritin of from 151 — 309 ng/ml In some embodiments, the
ferric citrate provides a mean increase in serum ferritin of from 152 — 308 ng/ml In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin of from 153 — 307
ng/ml In some embodiments, the ferric citrate provides a mean increase in serum ferritin of from
154 — 306 ng/ml In some embodiments, the ferric citrate provides a mean increase 1in serum
ferritin of from 155 — 306 ng/ml In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin of from 155 — 305 ng/ml In some embodiments, the ferric citrate
provides a mean increase 1n serum ferritin of from 155 — 304 ng/ml In some embodiments, the
ferric citrate provides a mean increase in serum ferritin of from 155 — 303 ng/ml In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin of from 155 — 302
ng/ml. In some embodiments, the ferric citrate provides a mean increase in serum ferritin of
from 150 — 305 ng/ml. The above ranges are disclosed 1n this format for purposes of etficiency,
and any of the above ranges can be combined with any method, formulation, or combination
thereof.

In some embodiments, the ferric citrate provides a mean increase in serum ferritin of 302
ng/ml when administered over a period of 52 weeks.

In some embodiments, the ferric citrate provides a mean increase 1in serum ferritin that 1s

greater than 100 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n
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serum ferritin that 1s greater than 110 ng/ml. In some embodiments, the ferric citrate provides a
mean increase 1n serum ferritin that 1s greater than 120 ng/ml. In some embodiments, the ferric
citrate provides a mean increase 1n serum ferritin that 1s greater than 130 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s greater than 140
ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s
greater than 150 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n
serum ferritin that 1s greater than 160 ng/ml. In some embodiments, the ferric citrate provides a
mean increase 1in serum ferritin that 1s greater than 170 ng/ml. In some embodiments, the ferric
citrate provides a mean increase 1n serum ferritin that 1s greater than 180 ng/ml. In some
embodiments, the ferric citrate provides a mean increase in serum ferritin that 1s greater than 190
ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s
greater than 200 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n
serum ferritin that 1s greater than 210 ng/ml. In some embodiments, the ferric citrate provides a
mean increase 1n serum ferritin that 1s greater than 220 ng/ml. In some embodiments, the ferric
citrate provides a mean increase 1n serum ferritin that 1s greater than 230 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s greater than 240
ng/ml. In some embodiments, the ferric citrate provides a mean increase in serum ferritin that 1s
greater than 250 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n
serum ferritin that 1s greater than 260 ng/ml. In some embodiments, the ferric citrate provides a
mean increase 1n serum ferritin that 1s greater than 270 ng/ml. In some embodiments, the ferric
citrate provides a mean increase 1in serum ferritin that 1s greater than 280 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s greater than 290
ng/ml. In some embodiments, the ferric citrate provides a mean increase in serum ferritin that 1s
grcater than 300 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n
serum ferritin that 1s greater than 310 ng/ml. In some embodiments, the ferric citrate provides a
mean increase 1in serum ferritin that 1s greater than 320 ng/ml. In some embodiments, the ferric
citrate provides a mean increase 1n serum ferritin that 1s greater than 330 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s greater than 340
ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s
greater than 350 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n

serum ferritin that 1s greater than 360 ng/ml. In some embodiments, the ferric citrate provides a
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mean increase 1in serum ferritin that 1s greater than 370 ng/ml. In some embodiments, the ferric
citrate provides a mean increase 1n serum ferritin that 1s greater than 380 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s greater than 390
ng/ml. The above boundaries are disclosed in this format for purposes of efficiency, and any of
the above boundaries can be combined with any method, formulation, lower boundary as
disclosed below, or combination thereof.

In some embodiments, the ferric citrate provides a mean increase in serum ferritin that 1s
selected from less than 400 ng/ml. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin that 1s less than 390 ng/ml. In some embodiments, the ferric citrate
provides a mean increase in serum ferritin that 1s less than 380 ng/ml. In some embodiments, the
ferric citrate provides a mean increase in serum ferritin that 1s less than 370 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s less than 360
ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s
less than 350 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum
ferritin that 1s less than 340 ng/ml. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin that 1s less than 330 ng/ml. In some embodiments, the ferric citrate
provides a mean increase 1n serum ferritin that 1s less than 320 ng/ml. In some embodiments, the
ferric citrate provides a mean increase 1n serum ferritin that 1s less than 310 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s less than 300
ng/ml. In some embodiments, the ferric citrate provides a mean increase in serum ferritin that 1s
less than 290 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1in serum
ferritin that 1s less than 280 ng/ml. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin that 1s less than 270 ng/ml. In some embodiments, the ferric citrate
provides a mean increase 1n serum ferritin that 1s less than 260 ng/ml. In some embodiments, the
ferric citrate provides a mean increase in serum ferritin that 1s less than 250 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1in serum ferritin that 1s less than 240
ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s
less than 230 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1in serum
ferritin that 1s less than 220 ng/ml. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin that 1s less than 210 ng/ml. In some embodiments, the ferric citrate

provides a mean increase 1n serum ferritin that 1s less than 200 ng/ml. In some embodiments, the
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ferric citrate provides a mean increase in serum ferritin that 1s less than 190 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1in serum ferritin that is less than 180
ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s
less than 170 ng/ml. In some embodiments, the ferric citrate provides a mean increase 1in serum
ferritin that 1s less than 160 ng/ml. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin that 1s less than 150 ng/ml. In some embodiments, the ferric citrate
provides a mean increase in serum ferritin that 1s less than 140 ng/ml. In some embodiments, the
ferric citrate provides a mean increase 1n serum ferritin that 1s less than 130 ng/ml. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s less than 120
ng/ml. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s
less than 110 ng/ml. The above boundaries are disclosed 1n this format for purposes of
cfficiency, and any of the above boundaries can be combined with any method, formulation,
upper boundary as disclosed above, or combination thercof.

In some embodiments, the ferric citrate provides a mean increase in serum ferritin
selected from about 280, 281, 282, 283, 284, 2835, 286, 287, 288, 289, 290, 291, 292, 293, 294,
2935, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309 and 310 mg/dl when
administered for a period of 52 weeks. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin of 302 mg/dl when administered for a period of 52 weeks.

In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin from
about 1 — 100 %. In some embodiments, the ferric citrate provides a mean increase 1in serum
ferritin from aboutl0 — 90 %. In some embodiments, the ferric citrate provides a mean increase
in serum ferritin from about 20 — 80 %. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin from about 30 — 70 %. In some embodiments, the ferric citrate provides
a mean increase 1n serum ferritin from about 40 — 60 %.

In some embodiments, the ferric citrate provides a mean increase in serum ferritin
selected from 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59 and 60
%. In some embodiments, the ferric citrate provides a mean increase in serum ferritin selected
from 48.0, 48.1, 48.2, 48.3, 48.4, 48.5, 48.6, 48.7, 48.9, 49.0, 49.1, 49.2, 49.3, 49.4, 49.5, 49.6,
49.7,49.8, 49.9, 50.0, 50.1, 50.2, 50.3, 50.4, 50.5, 50.6, 50.7, 50.8, 50.9 and 50.8 %. In some

embodiments, the ferric citrate provides a mean increase in serum ferritin of 50.8 %. In some
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embodiments, the ferric citrate provides a mean increase 1 serum ferritin of 50.8 % when
administered over a period of 52 weeks.

In some embodiments, the ferric citrate provides a mean increase 1in serum ferritin that 1s
greater than 1%. In some embodiments, the ferric citrate provides a mean increase 1in serum
ferritin that 1s greater than 10%. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin that 1s greater than 20%. In some embodiments, the ferric citrate
provides a mean increase in serum ferritin that 1s greater than 30%. In some embodiments, the
ferric citrate provides a mean increase 1n serum ferritin that 1s greater than 40%. In some
embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s greater than
50%. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin that 1s
greater than 60%. In some embodiments, the ferric citrate provides a mean increase in serum
ferritin that 1s greater than 70%. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin that 1s greater than 80%. In some embodiments, the ferric citrate
provides a mean increase 1n serum ferritin that 1s greater than 90%. The above boundaries are
disclosed 1n this format for purposes of efficiency, and any of the above boundaries can be
combined with any method, formulation, lower boundary as disclosed below, or combination
thereof.

In some embodiments, the ferric citrate provides a mean increase i serum ferritin that 1s
less than 100%. In some embodiments, the ferric citrate provides a mean increase 1n serum
ferritin that 1s less than 90%. In some embodiments, the ferric citrate provides a mean increase
in serum ferritin that 1s less than 80%. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin that 1s less than 70%. In some embodiments, the ferric citrate provides
a mean increase in serum ferritin that 1s less than 60%. In some embodiments, the ferric citrate
provides a mean increase 1n serum ferritin that 1s less than 50%. In some embodiments, the
ferric citrate provides a mean increase in serum ferritin that 1s less than 40%. In some
embodiments, the ferric citrate provides a mean increase 1in serum ferritin that 1s less than 30%.
In some embodiments, the ferric citrate provides a mean increase in serum ferritin that 1s less
than 20%. In some embodiments, the ferric citrate provides a mean increase 1n serum ferritin
that 1s less than 10 %. The above boundaries are disclosed in this format for purposes of
ctficiency, and any of the above boundaries can be combined with any method, formulation,

upper boundary disclosed above, or combination thercof.
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In some embodiments, the ferric citrate provides a mean increase in serum ferritin
selected from 49.0, 49.1, 49.2, 49.3, 49.4, 49.5, 49.6, 39.7, 49.8, 49.9 and 50.0 % when
administered for a period of 52 weeks. In some embodiments, the ferric citrate provides a mean
increase 1n serum ferritin of 49.2 % when administered for a period of 52 weeks.

In some embodiments, the ferric citrate provides a mean increase in serum ferritin shown
in Table C:

Table C:

Mean Ferritin (ng/mL)’ Active Controls | Ferric Citrate
(n=134) (n=249)
Baseline (Day 0) 616 595
Week 12 657 751
Week 24 658 3847
Week 36 636 863
Week 48 627 882
Week 52 625 897
Change from Baseline at Week 52 9 302
% Change from Baseline 1.5% 50.8%
LS Mean Difference from Active Control Group
at Week 52° 286
n-value® n<0.0001

" Last observation carried forward was used for missing data.

° The LS Mean treatment difference and p-value is created via an ANCOVA model with treatment as the fixed effect
and baseline as the covariate.

In some embodiments, CKD patients, such as ESRD patients, treated according to the
methods disclosed herein experience maintenance of their serum ferritin levels such that their

serum ferritin levels remain substantially unchanged during administration of the ferric citrate.

Transferrin Saturation (ISAT)

In addition to stored 1ron, a small amount of 1ron, typically about 3 to 4 mg, circulates
through the blood plasma bound to a protein called transferrin. Therefore, serum 1ron levels can
be represented by the amount of 1ron circulating in the blood that 1s bound to the protein
transferrin. Transferrin 1s a glycoprotein produced by the liver that can bind one or two ferric
iron (iron(I11) or Fe ") ions. It is the most prevalent and dynamic carrier of iron in the blood, and

therefore 1s an essential component of the body’s ability to transport stored 1iron for use
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throughout the body. Transferrin saturation (or TSAT) 1s measured as a percentage and 18
calculated as the ratio of serum 1ron and total iron-binding capacity, multiplied by 100. This
value tells a clinician how much serum 1ron 18 actually bound to the total amount of transferrin
that 1s available to bind 1ron. For instance, a TSAT value of 35% means that 35% of the
available 1ron-binding sites of transferrin in a blood sample 1s occupied by 1ron. In a non-CKD
patient, typical TSAT values are approximately 15-50% for males and 12-45% for females. In a
CKD patient, however, TSAT values are typically markedly reduced as the amount of 1iron
available to be bound by transferrin 1s decreased, which occurs as the body loses 1ts ability to
absorb and store 1ron.

In some embodiments, CKD patients treated according to the methods disclosed herein
experience an increase 1n TSAT values. In some embodiments, the present disclosure provides
methods of increasing transferrin saturation (TSAT) 1n a patient in need thereof, the methods
comprising orally administering ferric citrate to CKD patient, ¢.g., an ESRD patient or a ND-CKD
patient, wherein the ferric citrate provides an increase m TSAT 1n the patient. In some
embodiments, the present disclosure provides methods of increasing transferrin saturation
(TSAT), the methods comprising orally administering ferric citrate to an end-stage renal discase
patient at a dose of ferric 1ron ranging from 210 mg — 2,520 mg, wherein the ferric citrate provides
an 1ncrease in TSAT 1n the patient. In some embodiments, the ferric citrate 1s administered for a
period of 12 weeks, in some embodiments for a period of 24 weeks, in some embodiments for a
period of 36 weeks, in some embodiments for a period of 48 weeks, and 1n some embodiments
for a period of 52 weeks.

In some embodiments, the ferric citrate provides a mean increase 1n transferrin saturation
(TSAT)of 1 —20 %. In some embodiments, the ferric citrate provides a mean increase 1n
transferrin saturation (TSAT) of 1 — 15 %. In some embodiments, the ferric citrate provides a
mean increase 1n transferrin saturation (TSAT) of 1 — 12 %. In some embodiments, the ferric
citrate provides a mean increase in transferrin saturation (TSAT) of 5 — 12 %. In some
embodiments, the ferric citrate provides a mean increase in transferrin saturation (TSAT) of 5 —
10 %. In some embodiments, the ferric citrate provides a mean increase in transferrin saturation
(TSAT) of 6 — 9 %. In some embodiments, the ferric citrate provides a mean increase in

transferrin saturation (TSAT) of 8%.
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In some embodiments, the ferric citrate provides a mean increase in transferrin saturation
(TSAT) greater than 1%. In some embodiments, the ferric citrate provides a mean increase in
transferrin saturation (TSAT) greater than 2%. In some embodiments, the ferric citrate provides
a mean increase in transferrin saturation (TSAT) greater than 3%. In some embodiments, the
ferric citrate provides a mean increase 1n transferrin saturation (TSAT) greater than 4%. In some
embodiments, the ferric citrate provides a mean increase 1n transferrin saturation (TSAT) greater
than 5%. In some embodiments, the ferric citrate provides a mean increase 1n transferrin
saturation (TSAT) greater than 6%. In some embodiments, the ferric citrate provides a mean
increase 1n transferrin saturation (TSAT) greater than 7%. In some embodiments, the ferric
citrate provides a mean increase in transferrin saturation (TSAT) greater than 8%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 9%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 10%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 11%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 12%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 13%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 14%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 15%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 16%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 17%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 18%. In some
embodiments, the ferric citrate provides a mean increase in TSAT greater than 19%. The above
boundaries are disclosed 1n this format for purposes of efficiency, and any of the above ranges
can be combined with any method, formulation, lower boundary as disclosed below, or
combination thereof.

In some embodiments, the ferric citrate provides a mean increase in transferrin saturation
(TSAT) less than 20%. In some embodiments, the ferric citrate provides a mean increase 1n
TSAT less than 19%. In some embodiments, the ferric citrate provides a mean increase in TSAT
less than 18%. In some embodiments, the ferric citrate provides a mean increase in TSAT less
than 17%. In some embodiments, the ferric citrate provides a mean increase in TSAT less than
16%. In some embodiments, the ferric citrate provides a mean increase in TSAT less than 15%.

In some embodiments, the ferric citrate provides a mean increase in TSAT less than 14%. In
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some¢ embodiments, the ferric citrate provides a mean increase in TSAT less than 13%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 12%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 11%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 10%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 9%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 8%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 7%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 6%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 5%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 4%. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 3 %. In some
embodiments, the ferric citrate provides a mean increase in TSAT less than 2 %. The above
boundaries are disclosed 1n this format for purposes of efficiency, and any of the above ranges
can be combined with any method, formulation, upper boundary disclosed above, or combination
thereof.

In some embodiments, the ferric citrate provides a mean increase in transferrin saturation
(TSAT) selected from 5 %, 6 %, 7 %, 8 %, 9 %, 10 %, 11 %, 12 %, 13 %, 14 %, 15 %, 16 %, 17
% and 18 % when administered for a period of 52 weeks. In some embodiments, the ferric
citrate provides a mean increase in transferrin saturation (TSAT) of 8 % when administered for a

period of 52 weeks.
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In some embodiments, the ferric citrate provides a mean increase in transferrin saturation

(TSAT) shown 1n Table D:

lable D:

Mean TSAT (%)’ Active Controls | Ferric Citrate
(n=131) (n=244)

Baseline (Day 0) 31 31

Week 12 31 40

Week 24 32 40

Week 36 30 40

Week 48 29 41

Week 52 30 39

Change from Baseline at Week 52 -1 8

% Change from Baseline -3.2% 256.8%

LS Mean Difference from Active Control Group

at Week 52° 10

n-value’ n<0.0001

' Last observation carried forward was used for missing data.

* The LS Mean treatment difference and p-value Is created via an ANCOVA model with treatment as the fixed effect
and baseline as the covariate.

In some embodiments, CKD patients, such as ESRD patients, treated according to the
methods disclosed herein experience maintenance of their TSAT values such that their
transferrin saturation (TSAT) value remains substantially unchanged during administration of the

ferric citrate.

Hematocrit

The hematocrit, also referred to as packed cell volume or erythrocyte volume fraction, 1s
the volume percentage of red blood cells 1in the blood. For non-CKD patients, the hematocrit 1s
typically about 45% of blood volume for men and about 40% of blood volume for women. In
CKD patients, however, the hematocrit 1s often significantly depleted due to poor 1iron absorption
and/or poor 1ron storage capacity.

The ferric citrate disclosed herein may be administered to CKD patients to increase
hematocrit. The exact timing of administration will necessarily vary from patient to patient,
depending upon, for example, the severity of CKD experienced by the CKD patient, the level of

iron absorption the patient 18 or 18 not experiencing, and the judgment of the treating health care
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professional. In some embodiments, the present disclosure provides methods of increasing
hematocrit in a patient 1n need thereof, the methods comprising orally administering ferric citrate
to a CKD patient, ¢.g., an ESRD patient or ND-CKD patient, wherein the ferric citrate provides for
an 1ncrease 1n the hematocrit of the patient. In some embodiments, the present disclosure
provides methods of increasing hematocrit in a CKD patient, the methods comprising orally
administering ferric citrate to the patient at a dose of ferric iron ranging from 210 mg — 2,520 mg,
wherein the ferric citrate provides for an increase 1n the hematocrit of the patient. In some
embodiments, the ferric citrate 18 administered for a period of 52 weeks. In some embodiments,
the increase 18 from 1% to 30%. In some embodiments, the increase 1s from 1% to 20%. In
some embodiments, the increase 1s from 1% to 15%. 1n some embodiments the increase 1s from
1% to 12%, 1n some embodiments the increase 1s from 1% to 10%. 1n some embodiments the
Increase 1s from 1% to 9%, 1n some embodiments the increase 18 from 1% to 8%, 1n some
embodiments the increase 1s from 1% to 7%, 1n some embodiments the increase 18 from 1% to
6%, 1n some embodiments the increase 1s from 1% to 5%, 1n some embodiments the increase 1s
from 1% to 4%, 1n some embodiments the increase 1s from 1% to 3%, and 1n some embodiments
the increase 1s from 1% to 2%.

In some embodiments, CKD patients, such as ESRD patients, treated according to the
methods disclosed herein experience maintenance of their hematocrit level such that their overall
volume of red blood cells 1n the blood remains substantially unchanged during administration of

the ferric citrate.

Hemoglobin Concentration

Hemoglobin concentration, also referred to as the mean corpuscular hemoglobin
concentration or MCHC, 1s a measure of the concentration of hemoglobin protein 1n a given
volume of packed red blood cells. It 1s typically calculated by dividing the total amount of
hemoglobin protein by the hematocrit. Hemoglobin concentration may also be measured as a
mass or weight fraction and presented as a percentage (%). Numerically, however, the mass or
molar measure of hemoglobin concentration and the mass or weight fraction (%) are 1dentical,
assuming a red blood cell density of 1g/ml and negligible hemoglobin loss i the blood plasma.
For non-CKD patients, a typical mass or molar measure of hemoglobin concentration ranges

from 32 g/dl — 36 g/dl, or from 4.9 mmol/L to 5.5 mmol/L, respectively. In a CKD patient,
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however, the hemoglobin concentration can be greatly reduced as the body loses 1ts ability to
absorb and store 1ron.

In some embodiments, CKD patients treated according to the methods disclosed herein
experience an increase 1n hemoglobin concentration. In some embodiments, the present
disclosure provides methods of increasing hemoglobin concentration 1n a patient in need thereof,
the methods comprising orally administering ferric citrate to a CKD patient, ¢.g., an ESRD patient
or ND-CKD patient, wherein the ferric citrate provides an increase in hemoglobin concentration
in the patient. In some embodiments, the present disclosure provides methods of increasing
hemoglobin concentration, the methods comprising orally administering ferric citrate to a CKD
patient at a dose of ferric 1ron ranging from 210 mg — 2,520 mg, wherein the ferric citrate provides
an 1ncrease 1n hemoglobin concentration 1n the patient. In some embodiments, the ferric citrate 18
administered for a period of 12 weeks, 1n some embodiments for a period of 24 weeks, 1n some
embodiments for a period of 36 weeks, 1n some embodiments for a period of 48 weeks, and 1n
some embodiments for a period of 52 weeks.

In some embodiments, the ferric citrate provides a mean increase in hemoglobin
concentration of 0.1 — 5.0 g/dl. In some embodiments, the ferric citrate provides a mean increase
in hemoglobin concentration of 0.1 — 4.0 g/dl. In some embodiments, the ferric citrate provides a
mean 1increase 1 hemoglobin concentration of 0.1 — 3.0 g/dl. In some embodiments, the ferric
citrate provides a mean increase in hemoglobin concentration of 0.1 — 2.0 g/dl. In some
embodiments, the ferric citrate provides a mean icrease in hemoglobin concentration of 0.1 —
1.0 g/dl. In some embodiments, the ferric citrate provides a mean increase in hemoglobin
concentration of 0.2 — 0.9 g/dl. In some embodiments, the ferric citrate provides a mean increase
in hemoglobin concentration of 0.3 — 0.8 g/dl. In some embodiments, the ferric citrate provides a
mean 1ncrease 1n hemoglobin concentration of 0.3 — 0.7 g/dl. In some embodiments, the ferric
citrate provides a mean increase in hemoglobin concentration of 0.3 — 0.6 g/dl. In some
embodiments, the ferric citrate provides a mean increase in hemoglobin concentration of 0.3 —
0.5 g/dl. In some embodiments, the ferric citrate provides a mean increase 1n hemoglobin
concentration of 0.4 g/dl.

In some embodiments, the ferric citrate provides a mean increase in hemoglobin
concentration greater than 0.1 g/dl. In some embodiments, the ferric citrate provides a mean

increase 1n hemoglobin concentration greater than 0.2 g/dl. In some embodiments, the ferric
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citrate provides a mean increase 1n hemoglobin concentration greater than 0.3 g/dl. In some
embodiments, the ferric citrate provides a mean mcrease in hemoglobin concentration greater
than 0.4 g/dl. In some embodiments, the ferric citrate provides a mean increase 1n hemoglobin
concentration greater than 0.5 g/dl. In some embodiments, the ferric citrate provides a mean
increase 1n hemoglobin concentration greater than 0.6 g/dl. In some embodiments, the ferric
citrate provides a mean increase in hemoglobin concentration greater than 0.7 g/dl. In some
embodiments, the ferric citrate provides a mean mcrease in hemoglobin concentration greater
than 0.8 g/dl. In some embodiments, the ferric citrate provides a mean increase 1n hemoglobin
concentration greater than 0.9 g/dl. The above boundaries are disclosed 1n this format for
purposes of efficiency, and any of the above boundaries can be combined with any method,
formulation, lower boundary as disclosed below, or combination thereof.

In some embodiments, the ferric citrate provides a mean increase 1n hemoglobin
concentration of less than 1.0 g/dl. In some embodiments, the ferric citrate provides a mean
increase 1n hemoglobin concentration less than 0.9 g/dl. In some embodiments, the ferric citrate
provides a mean increase in hemoglobin concentration less than 0.8 g/dl. In some embodiments,
the ferric citrate provides a mean increase i hemoglobin concentration less than 0.7 g/dl. In
some embodiments, the ferric citrate provides a mean increase in hemoglobin concentration less
than 0.6 g/dl. In some embodiments, the ferric citrate provides a mean increase 1n hemoglobin
concentration less than 0.5 g/dl. In some embodiments, the ferric citrate provides a mean
increase 1n hemoglobin concentration less than 0.4 g/dl. In some embodiments, the ferric citrate
provides a mean increase 1n hemoglobin concentration less than 0.3 g/dl. In some embodiments,
the ferric citrate provides a mean increase m hemoglobin concentration less than 0.2 g/dl. The
above boundaries are disclosed in this format for purposes of efficiency, and any of the above
boundaries can be combined with any method, formulation, upper boundary disclosed above, or

combination thereof.
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In some embodiments, the ferric citrate provides a mean increase in hemoglobin

concentration shown 1n Table E:

Table E:

Mean Hemoglobin (g/dL)’ Active Controls | Ferric Citrate
(n=130) (n=244)

Baseline (Day 0) 11.7 11.6

Week 52 11.1 11.4

Change from Baseline at Week 52 -0.6 -0.2

LS Mean Difference from Active Control Group

at Week 52° 0.4

n-value® p=0.0105

" Last observation carried forward was used for missing data.

° The LS Mean treatment difference and p-value is created via an ANCOVA model with treatment as the fixed effect
and baseline as the covariate.

In some embodiments, CKD patients, such as ESRD patients, treated according to the
methods disclosed herein experience maintenance of their hemoglobin concentration such that
their hemoglobin level remains substantially unchanged during administration of the ferric

citrate.

Total Iron Binding Capacity (TIBC)

Total 1iron-binding capacity (TIBC) 1s a measure of the blood’s capacity to bind 1ron with
the protein transferrin. TIBC 1s typically measured by drawing a blood sample and measuring
the maximum amount of 1ron that the sample can carry. Thus, TIBC indirectly measures
transferrin, which 1s a protein that transports iron in the blood. For non-CKD patients, a typical
mass or molar measure of TIBC 1s 1n the range of 250-370 png/dL or 45-66 umol/L, respectively.
In CKD patients, however, the TIBC 1s typically increased above these levels, as the body must
produce more transferrin 1n an attempt to deliver 1ron to erythrocyte precursor cells to produce
hemoglobin.

In some embodiments, CKD patients treated according to the methods disclosed herein
experience a reduction in TIBC. In some embodiments, the present disclosure provides methods
of reducing TIBC 1n patient in need thereof, the methods comprising orally administering ferric
citrate to a CKD patient, ¢.g., an ESRD patient or ND-CKD patient, wherein the ferric citrate
provides for a reduction 1n the TIBC of the patient. In some embodiments, the present disclosure

provides methods of reducing TIBC 1 a CKD patient, the methods comprising orally
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administering ferric citrate to the patient at a dose of ferric 1ron ranging from 210 mg — 2,520 mg,
wherein the ferric citrate provides for a reduction 1n the TIBC of the patient. In some
embodiments, the ferric citrate 18 administered for a period of 52 weeks. In some embodiments,
the reduction 1s from 0.1% to 30%, 1n some embodiments the reduction 1s from 0.1% to 28%, 1n
some embodiments the reduction 1s from 0.1% to 26%, 1n some embodiments the reduction 1s
from 0.1% to 25%, 1n some embodiments the reduction 1s from 0.1% to 24%, in some
embodiments the reduction 18 from 0.1% to 23%. 1n some embodiments the reduction 1s from
0.1% to 22%, 1n some embodiments the reduction 1s from 0.1% to 21%, 1n some embodiments
the reduction 1s from 0.1% to 20%, 1n some embodiments the reduction 1s from 0.1% to 15%, 1n
some embodiments the reduction 1s from 0.1% to 10%, and 1n some embodiments the reduction
1S from 0.1% to 5%.

In some embodiments, CKD patients, such as ESRD patients, treated according to the
methods disclosed herein experience maintenance of their TIBC such that their TIBC level

remains substantially unchanged during administration of the ferric citrate.

Iron Absorption

CKD patients may suffer from low or inadequate 1ron absorption that can lead to other
health concerns such as 1ron depletion and anemia. For humans, the majority of iron absorbed
from food or supplements 1s absorbed 1 the small intestine, particularly in the duodenum, by
specialized enterocyte cells present 1n the duodenal lining. These cells have specialized
transporter molecules that allow them to move 1ron from the intestinal lumen into the body. To
be absorbed, dictary 1rron must be present as part of a protein, such as heme, or it must be 1n
ferrous (iron(11) or Fe*") form. Enterocytes express a ferric reductase enzyme, Dcytb, which
reduces ferric