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Ferric Citrate Hydrate for the Treatment of
Hyperphosphatemia in Nondialysis-Dependent CKD
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Yuji Kumagai,** and Geoffrey A. Block††

Abstract
Background and objectives Ferric citrate hydrate is a novel iron-based phosphate binder being developed for
hyperphosphatemia in patients with CKD.

Design, setting, participants, & measurements A phase 3, multicenter, randomized, double blind, placebo-
controlled study investigated the efficacy and safety of ferric citrate hydrate in nondialysis-dependent patients
with CKD. Starting in April of 2011, 90 CKD patients (eGFR=9.2165.72 ml/min per 1.73 m2) with a serum
phosphate$5.0 mg/dl were randomized 2:1 to ferric citrate hydrate or placebo for 12 weeks. The primary end
point was change in serum phosphate from baseline to the end of treatment. Secondary end points included
the percentage of patients achieving target serum phosphate levels (2.5–4.5 mg/dl) and change in fibroblast
growth factor-23 at the end of treatment.

Results Themean change in serum phosphate was21.29 mg/dl (95% confidence interval,21.63 to20.96 mg/dl) in
the ferric citrate hydrate group and 0.06 mg/dl (95% confidence interval,20.20 to 0.31 mg/dl) in the placebo group
(P,0.001 for difference between groups). The percentage of patients achieving target serum phosphate levels was
64.9% in the ferric citrate hydrate group and 6.9% in the placebo group (P,0.001). Fibroblast growth factor-23
concentrations were significantly lower in patients treated with ferric citrate hydrate versus placebo (change from
baseline [median], 2142.0 versus 67.0 pg/ml; P,0.001). Ferric citrate hydrate significantly increased serum iron,
ferritin, and transferrin saturation compared with placebo (P=0.001 or P,0.001). Five patients discontinued active
treatment because of treatment-emergent adverse eventswith ferric citrate hydrate treatment versus onepatientwith
placebo. Overall, adverse drug reactions were similar in patients receiving ferric citrate hydrate or placebo, with
gastrointestinal disorders occurring in 30.0%of ferric citrate hydratepatients and26.7%ofpatients receivingplacebo.

Conclusion In patients with nondialysis-dependent CKD, 12-week treatment with ferric citrate hydrate resulted
in significant reductions in serum phosphate and fibroblast growth factor-23 while simultaneously increasing
serum iron parameters.

Clin J Am Soc Nephrol 9: 543–552, 2014. doi: 10.2215/CJN.05170513

Introduction
In early CKD, serum phosphate is maintained within the
normal range by a compensatory increase in parathyroid
hormone (PTH) and fibroblast growth factor-23 (FGF-23),
which inhibit reabsorption of phosphate by the proximal
renal tubules (1–3). However, as CKD progresses, the
risk of hyperphosphatemia increases, because the limit
of the ability of the kidney to excrete phosphate is
reached (4–6). In patients with CKD, elevated serum
phosphate is associated with vascular calcification (7,8),
progression of CKD, and increased mortality (4,9–12).
Consequently, the Kidney Disease Improving Global
Outcomes (KDIGO) Clinical Practice Guideline for
Chronic Kidney Disease–Mineral and Bone Disorder
(CKD-MBD) (13) and the Japanese Society for Dialysis
Therapy (14) recommend maintaining serum phosphate
of CKD patients within the normal range.

Several intestinal phosphate binders (calcium carbonate,
calcium acetate, sevelamer carbonate, and lanthanum

carbonate) are presently used to treat hyperphosphate-
mia in CKD. There is a concern that calcium prepara-
tions may induce hypercalcemia and accelerate ectopic
calcification, even in nondialysis-dependent CKD
(15,16). The efficacy of noncalcium-containing phos-
phate binders, such as sevelamer and lanthanum, has
been confirmed for this indication (17,18); however,
sevelamer must be taken in large quantities to achieve
adequate efficacy and is commonly associated with gas-
trointestinal side effects, such as constipation and bloat-
ing (19). Lanthanum accumulation in bone and other
tissues has also been observed, although no safety is-
sues related to tissue accumulation have been identified
so far (20). There remains an unmet need for a highly
efficacious and well tolerated phosphate binder that can
be used in patients with nondialysis-dependent CKD.
Ferric citrate hydrate (JTT-751) is a novel phosphate

binder containing ferric citrate as an active ingredient,
and it is being developed for hyperphosphatemia in
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patients with CKD, including those patients who are dialysis-
dependent (21). JTT-751 has a larger surface area and faster
dissolution rate than ferric citrate, a food additive. In patients
receiving hemodialysis, JTT-751 has been shown to be effi-
cacious and well tolerated (22).
This study was a phase 3 trial to evaluate the efficacy and

safety of JTT-751 in Japanese nondialysis CKD patients
with hyperphosphatemia.

Materials and Methods
Study Design
This study was a randomized, double blind, placebo-

controlled trial conducted in 36 centers in Japan. The study
consisted of a 2- to 4-week screening period followed by a
12-week treatment period. The methods were conducted in
accordance with the Declaration of Helsinki and the
Guidelines for Good Clinical Practice of the Japanese
Ministerial Ordinance. This trial was registered with the
Japan Pharmaceutical Information Center as CTI-111435.

Study Population
Patients ($20 years) with stable nondialysis CKD (stages

3–5) were recruited. All patients received standard

conservative therapy in Japan to prevent CKD progression
(e.g., protein restriction of 0.6–0.8 g/kg per day) for
$3 months before the initial screening date.
Inclusion criteria included a serum phosphate$5.0 and

,8.0 mg/dl during the screening period, and if patients
were receiving treatment with a phosphate-lowering drug
or vitamin D preparation, it was required that the dosage
remained constant for $4 weeks before the initial screening
date.
Exclusion criteria included patients scheduled for di-

alysis or renal transplantation#4 months after the initial
screening date; AKI#3 months before the initial screening
date; active gastrointestinal disease (e.g., peptic ulcer,
chronic ulcerative colitis, or regional enteritis); previous gastrec-
tomy or duodenectomy; hemochromatosis, ferritin.500 ng/ml,
or transferrin saturation.50%; corrected serum cal-
cium,8.0 or .11.0 mg/dl; and any significant comorbidity
that the investigators deemed would interfere with completion
of study procedures.

Treatment Protocol
Drugs for hyperphosphatemia were discontinued at the

initial screening visit. Patients were randomized (2:1 ratio)

Figure 1. | 90 patients were randomized in the ratio of 2:1 (JTT-751:placebo), and 69 patients completed the 12-week treatment. Four
patients were withdrawn from the study without assessment at week 2 and excluded from full analysis set population. IC, informed consent;
JTT-751, ferric citrate hydrate; P, serum phosphate.
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to receive either JTT-751 or placebo. The investigational
products, JTT-751 tablets containing 250 mg JTT-751 as an
anhydride and placebo tablets, were indistinguishable in
appearance and provided by Japan Tobacco, Inc.
The starting dose of the investigational product was

1.5 g/d (6 tablets per day of JTT-751 or placebo tablets)
administered orally three times daily immediately after a
meal. The dose was increased to 3.0 g/d at week 2. At week
4, the dose was adjusted between 1.5 and 6.0 g/d according
to the target range of serum phosphate (2.5–4.5 mg/dl).
When serum phosphate exceeded 4.5 mg/dl, the dose was
increased by two tablets per dose, and when serum phos-
phate fell below 2.5 mg/dl, the dose was reduced by two
tablets per dose. Decisions to change the dosage were made
on weeks 4, 6, and 8. Thereafter, the dose was maintained,
except in certain cases, such as when adverse events (AEs)
occurred.
During the study, concomitant use of drugswith phosphate-

binding properties (including oral iron, magnesium, calcium,

and aluminum preparations) and drugs that affect serum
phosphate (such as niceritrol and colestimide) were pro-
hibited. The doses of vitamin D preparations were kept
constant. Intravenous iron preparations as iron replacement
therapy for renal anemia were permitted. No change in
prescribed diet was allowed during the trial.
Discontinuation criteria included investigator decision to

introduce RRT; ferritin$800 ng/ml; two consecutive se-
rum phosphates,2.5 or $8.0 mg/dl; and corrected serum
calcium,7.5 mg/dl.

End Points
The primary end point in this trial was the change in

serum phosphate from baseline to the end of treatment
(EOT). Secondary end points were percentage of patients
achieving target serum phosphate levels (defined as 2.5–
4.5 mg/dl), corrected serum calcium, calcium–phosphate
product, urinary phosphate excretion, intact PTH, and
FGF-23. Serum iron and ferritin concentrations, total

Table 1. Baseline demographic clinical characteristics (full analysis set analysis population)

Characteristic JTT-751 (n=57) Placebo (n=29) P Value

Sex, n (%) 0.95a

Men 33 (57.9) 17 (58.6)
Women 24 (42.1) 12 (41.4)

Age, yr (mean6SD) 65.3610.2 64.6613.5 0.78b

Primary disease of CKD, n (%) 0.63a

Chronic GN 15 (26.3) 10 (34.5)
Diabetic nephropathy 16 (28.1) 10 (34.5)
Nephrosclerosis 7 (12.3) 3 (10.3)
Polycystic kidney disease 3 (5.3) 3 (10.3)
Chronic GN and diabetic nephropathy 1 (1.8) 0 (0.0)
Unknown 11 (19.3) 2 (6.9)
Otherc 4 (7.0) 1 (3.4)

KDOQI CKD classification, n (%) 0.30a

Stage 3 0 (0.0) 1 (3.4)
Stage 4 4 (7.0) 1 (3.4)
Stage 5 53 (93.0) 27 (93.1)

eGFR in CKD stage 5 (ml/min per 1.73 m2), n (%) 0.68a

10 to ,15 12 (22.6) 6 (22.2)
5 to ,10 38 (71.7) 18 (66.7)
,5 3 (5.7) 3 (11.1)

Prior phosphate binder therapy, n (%) 0.66a

Calcium carbonate 10 (17.5) 4 (13.8)
Prior vitamin D therapy, n (%) 0.95a

Oral preparations 22 (38.6) 11 (37.9)
Efficacy parameters (mean6SD)
Serum phosphate (mg/dl) 5.6660.75 5.5760.63 0.56b

Corrected serum calcium (mg/dl) 8.6160.52 8.5760.44 0.72b

Calcium–phosphate product (mg2/dl2) 48.7566.90 47.6865.28 0.47b

Urinary phosphate (mg/d)d 380.6 (289.8, 520) 341.9 (273.6, 492.7) 0.82e

Intact PTH (pg/ml)d 246 (129, 364) 236 (156, 331) 0.95e

FGF-23 (pg/ml)d 453 (215, 800) 358 (237, 656) 0.47e

JTT-751, ferric citrate hydrate; KDOQI, Kidney Disease Outcomes Quality Initiative; PTH, parathyroid hormone; FGF-23, fibroblast
growth factor-23.
aChi-squared test.
bt test.
cOther includes gouty kidney, obesity-related nephropathy, abdominal aortic aneurysm, FSGS in the JTT-751 group, and Alport’s
syndrome in the placebo group.
dData are expressed as median (25th, 75th percentile interval).
eWilcoxon rank-sum test.
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iron-binding capacity, and transferring saturation were
also measured throughout the study duration.
Safety end points were clinically significant AEs determined

by symptoms, physical findings, and abnormal changes in
physiologic tests (i.e., vital signs and electrocardiogram) and
laboratory results (i.e., blood hematology and biochemistry).
All AEs were coded using Medical Dictionary for Regulatory
Activities version 13.1.
All blood and urine samples were tested centrally at SRL,

Inc. (Tokyo, Japan), including measurements for evaluating
efficacy end points. FGF-23 was determined by measuring
biologically active full-length intact FGF-23 (Kainos Lab-
oratories, Inc., Tokyo, Japan). eGFR was calculated before
and after treatment (23), and estimated protein intake (24)
was calculated using urine urea nitrogen to ascertain di-
etary therapy (protein intake).

Statistical Analyses
Patients who had an efficacy assessment at week 2 were

included in the full analysis set (FAS), whereas all patients
who received any investigational drug and were assessed for
safety end points were included in the safety analysis set.
Changes at the EOT in serum phosphate, corrected

serum calcium, and calcium–phosphate product between
groups were assessed by analysis of covariance using the
treatment group as the factor and the baseline value as the
covariate. With respect to the percentage of patients
achieving target serum phosphate levels at the EOT, com-
parison between groups was assessed using Fisher’s exact
test. Differences in changes at the EOT in urinary phos-
phate excretion, intact PTH, and FGF-23 were assessed
using the nonparametric Wilcoxon rank-sum test.
For the sample size determination, it was assumed that

the change in serum phosphate would be 20.7560.75
mg/dl in the JTT-751 group and 20.1860.75 mg/dl in the
placebo group. The sample size (assignment ratio; 2:1) to
provide a 90% probability of showing that the upper limit
of the 95% confidence interval for the least squares mean of
the difference between groups in change in serum phosphate
is lower than 0 mg/dl was calculated using SAS software
(SAS System for Windows Release 9.2).

Results
Patient Demographics and Disposition
Written informed consent was obtained from 157 patients.

Of these patients, 90 patients were randomly assigned 2:1 to
the JTT-751 (n=60) or placebo group (n=30) in a double blind
fashion. In total, 46 patients in the JTT-751 group and 23 pa-
tients in the placebo group completed the 12-week treat-
ment (Figure 1); 4 patients did not return for the week 2
visit, and 86 patients were included in the FAS population
(JTT-751, n=57; placebo, n=29).
There were no significant differences between groups in

the FAS population, and 93.0% of patients were classified
as having CKD stage 5 (Table 1). The percentage of patients
who had been receiving vitamin D preparations before
study entry was similar across groups (38.6%, JTT-751;
37.9%, placebo).
The mean dose of JTT-751 prescribed over the trial period

was 3.50 g/d. The mean number of tablets for the JTT-751
and placebo groups were 14.0 and 15.0 tablets/d, and
treatment compliance rateswere 95.7% and 94.4%, respectively.

Efficacy
The efficacy parameters values at baseline and EOT are

presented in Table 2. At baseline, serum phosphate concen-
trations in the JTT-751 and placebo groups were similar.
Serum phosphate at the EOT was significantly reduced
from baseline by 21.29 mg/dl in the JTT-751 group
(P,0.001) and unchanged in the placebo group (0.06
mg/dl; P=0.66) (Figure 2). The least squares mean of the dif-
ference between groups was 21.31 mg/dl (95% confidence,
21.80 to 20.82 mg/dl, P,0.001). Estimates of protein intake
were approximately equal between groups at baseline (Table
3). Change in estimated protein intake in the JTT-751 group
was similar to change in estimated protein intake in the pla-
cebo group (P=0.75). The percentage of patients achieving
target serum phosphate levels at the EOT was 64.9% in the
JTT-751 group and 6.9% in the placebo group (P,0.001).
The change (median) in urinary phosphate excretion

from baseline to the EOT was2192.76 mg/d in the JTT-751
group (P,0.001), with significant differences between
groups (P,0.001) (Figure 3). FGF-23 at the EOT was sig-
nificantly reduced from baseline by 2142.0 pg/ml (me-
dian) in the JTT-751 group (P,0.001), whereas it
significantly increased by 67.0 pg/ml in the placebo group
(P=0.002), with significant intergroup differences
(P,0.001) (Figure 4). In the JTT-751 group, intact PTH
and corrected serum calcium were significantly reduced
and increased, respectively, compared with the levels in
the placebo group (P=0.03 and P=0.02, respectively). The
change in calcium–phosphate product was consistent with
the change in serum phosphate.

Change in Iron Parameters and Hemoglobin
Treatment with JTT-751 resulted in significant increases

in serum iron, ferritin, and transferrin saturation and a decrease

Figure 2. | Serum phosphate levels decreased during 12-week treat-
mentwith JTT-751, butwere unchanged in the placebogroup.Dataare
expressed as mean6SD. EOT, end of treatment (week 12 or the obser-
vation day at the time of discontinuation); Scr, the initial screening date.
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in total iron-binding capacity (Table 3) (P=0.001 or P,0.001
for difference between groups). In addition, although there
was no significant difference between groups, hemoglobin
concentration increased from 10.3 to 10.7 g/dl (P=0.04) in
the JTT-751 group.

Safety
In total, 90 patients (JTT-751, n=60; placebo, n=30) were

included in the safety analysis set. Nine severe AEs oc-
curred in eight patients (13.3%) in the JTT-751 group,
and four severe AEs occurred in three patients (10.0%) in
the placebo group (Table 4). There was one death caused
by hyponatremia (JTT-751), which was deemed unrelated
to the study medication. Overall, 70% of patients treated
with JTT-751 and 60% of patients treated with placebo
experienced an AE. Five patients discontinued participation
because of AEs in the JTT-751 group versus one patient in
the placebo group.
In total, 35 adverse drug reactions (ADRs) occurred in 19

patients (31.7%) in the JTT-751 group, whereas 12 ADRs
occurred in 8 patients (26.7%) in the placebo group. In both
groups, the most common ADRwas gastrointestinal disorder.
In the JTT-751 group, the frequencies of diarrhea (13.3%),
constipation (11.7%), and abdominal distension (5.0%) were
higher than in the placebo group (6.7%, 6.7%, and 0%,
respectively).

Discussion
The results of this study show, in patients with nondialysis-

dependent CKD and hyperphosphatemia, that treatment
with JTT-751 resulted in a clinically and statistically signif-
icant decrease in serum phosphate. Furthermore, nearly two
thirds of patients achieved a serum phosphate below the
upper limit of normal (4.5 mg/dl), a result consistent with
the KDIGO Clinical Practice Guidelines for CKD-MBD,
which recommend maintaining serum phosphate of non-
dialysis patients with CKD (stages 3–5) within the normal
range (13).
In contrast to patients on dialysis, nondialysis patients

with CKD still maintain some degree of residual kidney
function and therefore, retain the ability to excrete excess
phosphate into the urine. Although patients with CKD
absorb less phosphate (and thus, excrete less phosphate)
compared with normal healthy subjects, when in steady
state, the amount of phosphate that is excreted into the
urine reflects the amount of phosphate absorbed from the
intestine (6). Treatment with JTT-751 resulted in almost
50% reduction of urinary phosphate excretion, showing
potency in limiting intestinal phosphate absorption.
Increases in serum phosphate$4.0 mg/dl have been as-

sociated with a variety of important AEs, including pro-
gression of underlying CKD, development of ESRD,
attenuation of the protective effects of renin angiotensin
aldosterone inhibitors, cardiovascular events, and all-
cause mortality (12,25,26). However, no randomized trial
of phosphate lowering has yet shown any improvement in
these hard clinical end points. A recent 9-month double
blind, randomized, controlled trial of all three commer-
cially available phosphate binders in patients with
nondialysis-dependent CKD showed an approximate
reduction of urine phosphate by 20%–25%, which is
only a modest ability of these drugs to lower serum phos-
phate (a mean change of 0.3 mg/dl over 9 months) and
suggested the possibility of increased harm related to ex-
cessive calcium intake (16). Thus, the ability of this novel
noncalcium phosphate binder to effectively reduce urinary
phosphate excretion by 50% and reduce serum phosphate

Figure 3. | Urinary phosphate excretion reduced by 50% during
12-week treatment with JTT-751.Data are expressed as median (25th or
75th percentile interval). Pre, before treatment (week22 to the day of the
start of treatment).

Figure 4. | The levels of fibroblast growth factor-23 (FGF-23) decreased
during 12-week treatment with JTT-751, but increased in the placebo
group. Data are expressed as median (25th or 75th percentile interval).
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into the normal range is promising for the management of
CKD-MBD in patients with nondialysis-dependent CKD.
FGF-23 is an endocrine hormone that is secreted from

osteocytes and osteoblasts. Its main physiologic actions are
to increase urinary phosphate excretion by downregulating
the luminal expression of sodium–phosphate cotransporters
in the proximal renal tubules and decrease synthesis of 1,25
(OH)2 vitamin D by inhibiting 1-a-hydroxylase in the kidney
(27). In patients with CKD, PTH and FGF-23 are increased
as a compensatory response to maintain the phosphate bal-
ance from the early stages of CKD (2–5). It has recently been
suggested that hyperphosphatemia and FGF-23 are risks for
vascular calcification, CKD progression, and death (28–32).
In this 12-week study, treatment with JTT-751 gave a

statistically significant reduction of PTHwith a simultaneous
and noticeable (nearly 50%) reduction in FGF-23.
There are clinical studies that have investigated the effect

of administration of phosphate binders on FGF-23 in CKD
patients on hemodialysis who had hyperphosphatemia or
nondialysis patients with CKD who had normal or in-
creased serum phosphate (33–36). Block et al. (16), in a pilot
clinical trial conducted in nondialysis patients with CKD,
found that sevelamer carbonate significantly decreased
FGF-23, calcium acetate significantly increased FGF-23,
and lanthanum carbonate caused no significant change
compared with placebo. These findings suggest that, al-
though various phosphate binders may have similar effects
on binding phosphate in the gastrointestinal tract and uri-
nary excretion, the effect on FGF-23 differs by the type of
phosphate binder. The potency of JTT-751, shown by the
reduction of both serum phosphate and urinary phosphate
excretion, may underlie the more substantial effect of JTT-
751 on FGF-23 compared with previous trials. However, it
is also now recognized that iron deficiency anemia stimulates
FGF-23 synthesis and that administration of intravenous iron
preparations has an immediate effect on circulating levels of
FGF-23 (37–39). One intravenous iron preparation was found
to increase FGF-23—resulting in increased urinary phosphate

excretion and a decrease in serum phosphate (39). Given
the apparent efficacy with which JTT-751 reduces urinary
and serum phosphate as well as FGF-23, it will be compel-
ling to see if future long-term trials of JTT-751 in patients
with CKD show attenuated progression of kidney disease,
vascular calcification, or incidence of cardiovascular events.
Furthermore, additional studies in different ethnic popula-
tions might be required because of the difference in the
restriction therapy of dietary protein for CKD patients.
The most common ADRs with JTT-751 were gastroin-

testinal disorders, such as diarrhea and constipation. Most
symptoms were mild, and there was no substantial differ-
ence in the occurrence of ADRs between the JTT-751 and
placebo groups. Sevelamer frequently causes constipation
and abdominal distension, and lanthanum frequently causes
nausea and vomiting, whereas the occurrence of these ADRs
with JTT-751 treatment was infrequent.
The effect of JTT-751 on iron parameters is potentially a

clinically important ancillary effect. The KDIGO Clinical
Practice Guideline for Anemia in CKD recommends that
ferritin be #500 ng/ml (and transferrin saturation be
#30%) when intravenous iron preparations are used (40).
In the JTT-751 group, the ferritin concentration at the EOT
was 204.016106.54 ng/ml, significantly higher than base-
line (P,0.001). However, the ferritin concentration did not
exceed 500 ng/ml during the 12-week treatment period
with JTT-751, and there were no AEs or changes in liver
function test results that were thought to be caused by iron
overload. It has been presumed that iron overload is less
likely to occur in the setting of oral versus intravenous iron
administration because of the intact ability to regulate in-
testinal iron absorption through the action of hepcidin and
other factors (41,42). The absorption of some of the ingested
iron was clearly used for hematopoiesis—shown by the sig-
nificant increase in hemoglobin of 0.5 g/dl in the JTT-751–
treated group. The long-term administration of JTT-751
might reduce the need for intravenous iron or erythropoietin-
stimulating agents to support erythropoiesis. However, we

Table 4. Summary of adverse events in safety analysis population

AEsa
JTT-751 (n=60) Placebo (n=30)

Patients Percent Patients Percent

Any AE 41 68.3 18 10.0
Any serious AEb 8 13.3 3 10.0
Any adverse drug reaction 19 31.7 8 26.7
Adverse drug reactionsc

Diarrhea 8 13.3 2 6.7
Constipation 7 11.7 2 6.7
Abdominal discomfort 3 5.0 3 10.0
Abdominal distension 3 5.0 0
Duodenal ulcer 2 3.3 0
Nausea 1 1.7 2 6.7

AE, adverse event.
aMedical Dictionary for Regulatory Activities version 13.1 preferred terms.
bExcept death (one patient in the JTT-751 group), nine seriousAEs (duodenal ulcer, azotemia, congestive cardiac failure, shunt stenosis,
gouty arthritis, nephrogenic anemia, cellulitis, chronic renal failure, and bronchopneumonia) occurred in the JTT-751 group and four
serious AEs (bacterial gastroenteritis, contusion, chronic GN, and mycoplasma infection) occurred in the placebo group.
cAdverse drug reactions occurring in two or more patients in either treatment group are listed.
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recognize that, although there are theoretical advantages to
oral iron delivery (versus intravenous; such as reduced in-
flammatory and oxidative stress and intact intestinal regu-
lation of iron absorption), it will be critical to further assess
the long-term safety of iron-based phosphate binders with
regard to indices of iron overload (43). Therefore, iron sta-
tus in patients treated with JTT-751 should be regularly
monitored. Additionally, citrate, which is a component of
JTT-751, has been shown to markedly increase intestinal
absorption of aluminum (44,45). Use of aluminum is, in
general, contraindicated in the setting of CKD.
In conclusion, we have shown in this 12-week placebo

controlled trial that JTT-751 effectively reduces serum phos-
phate in nondialysis-dependent patients with CKD with
hyperphosphatemia, with a safety profile and tolerability
similar to placebo. Most patients were able to achieve normal
serum phosphate concentrations with simultaneous reduc-
tions in FGF-23, increases in serum iron, and improvements
in CKD-related anemia. Although additional studies are re-
quired to assess the longer-term safety, all of these bio-
chemical effects suggest that JTT-751 may be an important
addition to the current therapeutic options to treat CKD-
MBD at earlier stages of kidney dysfunction, and indeed, it
may offer an opportunity to test the role of CKD-MBD
on the exaggerated cardiovascular risk seen in this patient
population.
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