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Abstract
Background: Ferric citrate hydrate is a phosphate (P)-binder drug that is indicated for patients with chronic kidney disease (CKD) undergoing maintenance hemodialysis (MHD). Objectives: The objectives of this study were to
evaluate the changes in the serum mineral metabolism biomarker levels and
treatment status of anemia in MHD patients receiving ferric citrate hydrate.
Methods: A total of 132 adult dialysis patients were enrolled in this study.
Bone turnover marker levels, anemia status and iron biomarker levels over a
period of 18 months after the start of the ferric citrate hydrate treatment were
extracted from the medical records of the patients. Results: At enrollment, 14
(10.6%) patients were P-binder-naïve, and 118 (89.4%) patients were receiving other P-binders. The serum P level before the start of ferric citrate hydrate
treatment was ≤5.5 mg/dL in 18.8% of the patients. After 18 months of ferric
citrate hydrate treatment, the proportion of patients with serum P levels ≤ 5.5
mg/dL increased to 47.7%. The mean ± standard error of the mean (SEM) of
the serum P level was 7.05 ± 0.14 mg/dL at the baseline, and decreased to 5.83
± 0.17 mg/dL after 18 months of treatment with ferric citrate hydrate. The
mean ± SEM of the serum hemoglobin (Hb), ferritin, and transferrin saturation
(TSAT) levels were 11.96 ± 0.76 g/dL, 71.13 ± 6.09 ng/mL, and 25.19% ± 1.21%,
respectively, at the baseline, and 11.45 ± 0.13 g/dL, 124.94 ± 8.62 ng/mL, and
26.18% ± 0.99%, respectively, after 18 months of ferric citrate hydrate treatment. Conclusions: These results suggest that the serum P and anemia biomarker
levels observed in this study were similar to those reported in clinical trials.
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1. Introduction
Hyperphosphatemia is a common complication in patients with chronic kidney
disease (CKD), particularly in those requiring dialysis therapy [1]. If left untreated, hyperphosphatemia has been reported to be associated with an increase
in both the morbidity and mortality rates [2] [3]. Therefore, safe and effective
use of phosphate (P)-binders is essential in the treatment of CKD patients undergoing dialysis.
In Japan, ferric citrate hydrate (Riona®) was approved in 2014 for use as a
drug to reduce the serum P levels in dialysis patients [4]. The safety and efficacy
of ferric citrate hydrate in dialysis patients had been examined in a 12-week randomized phase III study, in which ferric citrate hydrate was compared with sevelamer hydrochloride [5]; the study revealed that ferric citrate hydrate treatment resulted in a sustained reduction of the serum P level, to a degree comparable to that observed with sevelamer hydrochloride treatment. In addition, ferric citrate hydrate also exhibited the same safety profile and indication as sevelamer hydrochloride.
The objectives of this study were to examine the impact of ferric citrate hydrate treatment on the serum levels of mineral metabolism biomarkers and anemia management status in maintenance hemodialysis (MHD) patients who were
started on ferric citrate hydrate treatment (P-binder-naïve) or were switched to
the treatment from another P-binder drug.

2. Methods
2.1. The Study Group
This study was a single-center, prospective cohort study conducted over 18 months
in Japan. The participants were MHD patients who had been undergoing hemodialysis (HD) via an arteriovenous fistula (AVF) at dialysis unit of Jyoban Hospital. The following patients were excluded at the time of enrollment: patients
who were receiving other iron supplements; patients with obvious hemorrhagic
symptoms, chronic inflammatory diseases or malignant tumors; patients with
serum ferritin levels of ≥500 ng/mL, in whom iron overload could not be ruled
out. This study protocol was in compliance with the Declaration of Helsinki and
was approved by the Institutional Review Board of Jyoban Hospital (No. 26-1).
All subjects gave informed consent to participate.

2.2. Assessment of Laboratory Data
Baseline data included the gender, age, weight, comorbidities (diabetes, hypertension), dialysis vintage, and types of P-binders received. Clinicians collected the
data on ferric citrate hydrate treatment, including the treatment period, mean
number of tablets taken per day in each month and concomitant use of other
P-binders, from the patients’ medical records. Laboratory data on the serum P,
calcium (Ca) and intact parathyroid hormone (iPTH) levels measured every 3
DOI: 10.4236/ijcm.2020.1111053
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months from the start of the ferric citrate hydrate treatment were collected (baseline: 0 month). In addition, data on the serum ferritin, transferrin saturation (TSAT)
and hemoglobin (Hb) levels measured every 3 months from the start of ferric citrate hydrate treatment were also collected.
Whether the collected test data might indicate the possible development of
adverse events (AEs) or serious AEs was determined based on the normal ranges
of serum ferritin, TSAT and Hb proposed by the Kidney Disease Improving
Global Outcomes (KDIGO) guideline [6], and the normal ranges of serum P, Ca
and iPTH proposed by the National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (KDQOI) [6].

2.3. Statistical Analysis
The descriptive data and test values are expressed as the means ±SEM. Data were
examined by one-way analysis of variance, followed by Bonferroni’s multiple
comparison test. The statistical significance level was set at P < 0.05.

3. Results
A total of 139 patients were enrolled in the study, and with 7 dropping out during the course of the study, the remaining 132 patients were included in the analyses. Demographic and baseline characteristics are shown in Table 1. Male patients accounted for 59.8%, and the mean age was 63.3 years. The dialysis vintage
varied from 0 to 381 months, with a mean of 63.8 months. Before receiving the
ferric citrate hydrate treatment, most patients (89.4%) were already on treatment
with other P-binders (prior P-binder therapy(+) subgroup), and the proportion
of previously untreated patients (prior P-binder therapy(−) subgroup) was as
low as 10.6%.
Table 2 shows the P-binder drugs that had been used in the patients before
the start of ferric citrate hydrate treatment. Patients who were using other P-binder
drugs during the ferric citrate hydrate treatment were also counted. Of the patients, 10.6% (14 patients) had no previous history of treatment with P-binders
patients (prior P-binder therapy(−) subgroup). In the prior P-binder therapy(+)
subgroup (118 patients), 48.3% of patients were receiving calcium carbonate monotherapy, and 19.5% were receiving a combination of calcium carbonate and
lanthanum carbonate as prior P-binder therapy.
The mean number of tablets of ferric citrate hydrate prescribed to the patients
was 6/day at the baseline, but increased to 7/day at 3 months and 6 months after
the start. Examined separately in the prior P-binder therapy(+) and prior Pbinder therapy(−) subgroups, the mean numbers of ferric citrate hydrate tablets
prescribed were 6/day and 5/day, respectively, at the baseline, and 7/day and
6/day, respectively, at 6 months after the start of treatment. In 17 patients (18%),
ferric citrate hydrate was started as add-on treatment to the ongoing P-binder
therapy.
Data on the serum P, Ca and iPTH levels were collected as the bone turnover
DOI: 10.4236/ijcm.2020.1111053
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Table 1. Demographic and baseline characteristics.
Gender, n (%)

Male

79 (59.8%)

Female

53 (40.2%)

Age (years), mean (range)

63.3 (20 - 86)

Body mass index (kg/m2), mean (range)

23.3 (15.8 - 37.7)

Previous phosphate binder, n (%)
Binder-naïve (prior P-binder therapy(−))

14 (10.6%)

Binder-experienced (prior P-binder therapy(+))

118 (89.4%)

Underlying disease, n (%)
Chronic glomerulonephritis

18 (13.6%)

Diabetic nephropathy

72 (54.5%)

Polycystic kidney disease

3 (2.3%)

Nephrosclerosis

29 (22.0%)

Unknown

10 (7.6%)

Time on dialysis (months), mean (range)
All dialysis patients

63.8 (0 - 381)

Binder-naïve

46.8 (1 - 187)

Binder-experienceda

65.8 (0 - 381)

Table 2. History of phosphate binder use.
Type of previous phosphate binder

Binder-experienced n = 118
n (%)

DOI: 10.4236/ijcm.2020.1111053

Calcium only

57 (48.3%)

Lanthanum + Calcium

23 (19.5%)

Bixalomer + Calcium

9 (7.6%)

Lanthanum

8 (6.8%)

Lanthanum + Sevelamer + Calcium

6 (5.1%)

Bixalomer + Lanthanum + Calcium

6 (5.1%)

Sevelamer + Calcium

3 (2.5%)

Bixalomer + Lanthanum

2 (1.7%)

Sevelamer + Calcium

2 (1.7%)

Bixalomer + Lanthanum + Sevelamer + Calcium

1 (0.8%)

Bixalomer + Sevelamer + Calcium

1 (0.8%)
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markers. Figure 1(a) shows the proportions of patients in whom the KDOQI
target value of P (P ≤ 5.5 mg/dL) was reached before and during the ferric citrate
hydrate treatment. The proportion of patients with serum P levels within the
above target range was 18.8 % at baseline, 44% at 3 months and 60% at 9 months
after the start of ferric citrate hydrate treatment. The mean serum P value in the
patients at the baseline was 7.05 ± 0.14 mg/dL, decreasing to 5.61 ± 0.15 mg/dL
after 6 months of treatment, and 5.83 ± 0.17 mg/dL after 18 months of treatment
(Figure 1(b), Table 3). The baseline mean serum P level was 6.80 ± 0.56 mg/dL
in the prior P-binder therapy(−) subgroup and 7.08 ± 0.14 mg/dL in the prior
P-binder therapy(+) subgroup, being slightly lower in the prior P-binder therapy(−) subgroup (Table 3). However, serum P levels in both groups decreased by
the same extent from 1 month to 6 months after the start of ferric citrate hydrate treatment, with the levels remaining sustained at the reduced levels thereafter (Figure 1(c)). The mean serum Ca level showed no change from the
baseline in the patients, whereas the serum iPTH level tended to decrease gradu-

(Percent of patients within KDOQI
target serum P range of ≤5.5 (%)
% Percent

ally (Table 4).
≤5.5 mg/dL

100%

>5.5㎎/dL

80%

60%

40%
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0%
0

3

6

9

12

15

18

12

15

18

Time (months)

(a)
7.5

Serum phosphorus (mg/dL)

7.0
6.5
6.0
5.5
5.0
4.5
4.0
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9

Time (months)

(b)
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Binder-naïve

Binder-experienceda

7.5

Serum phosphorus (mg/dL)

7.0
6.5
6.0
5.5
5.0
4.5
4.0
0

3

6

9

12

15

18

Time (months)

(c)

Figure 1. Serum phosphorus levels overall and by subgroup. Data presented are mean +
SEM. (a) Percent of patients within KDOQI target serum phosphorus range of ≤5.5
mg/dL. (b) Serum phosphorus levels over time for all patients. (c) Serum phosphorus
levels for binder-experienced subgroup.
Table 3. Mean values of biomarkers at the start and end of the study.
Time (months)
0

18

P ≤ 5.5 mg/dL

18.8%

47.7%

P > 5.5 mg/dL

81.3%

52.3%

P mean ± SEM

7.05 ± 0.14 mg/dL

5.83 ± 0.17 mg/dL

Binder-naïve

6.80 ± 0.56 mg/dL

5.45 ± 0.44 mg/dL

Binder-experienced

7.08 ± 0.14 mg/dL

5.88 ± 0.18 mg/dL

Hemoglobin

11.96 ± 0.76 g/dL

11.45 ± 0.13 g/dL

TSAT

25.19 ± 1.21%

26.18 ± 0.99%

Ferritin

71.13 ± 6.09 ng/mL

124.94 ± 8.62 ng/mL

ERI

54.55 ± 3.88 IU/kg/week

52.90 ± 5.79 IU/kg/week

ESA

8411.36 ± 561.05 IU/week

7873.66 ± 740.88 IU/week

Table 4. Changes in mineral bone biomarkers during the study period.
Serum phosphorus (mg/dL)

DOI: 10.4236/ijcm.2020.1111053

Serum calcium (mg/dL)

iPTH

(pg/mL)

Month

N

Mean

SEM

N

Mean

SEM

N

Mean

SEM

0 (Baseline)

128

7.05

0.14

128

8.76

0.07

132

238.0

22.4

3

127

5.79

0.15

127

8.79

0.07

130

208.8

21.7

6

125

5.61

0.15

125

8.82

0.07

127

201.1

21.3

9

126

5.48

0.16

126

8.76

0.06

126

201.6

22.3

12

119

5.71

0.15

119

8.77

0.05

125

200.7

25.4

15

116

5.71

0.16

116

8.76

0.06

121

200.1

23.4

18

111

5.83

0.17

111

8.68

0.06

120

196.9

25.8
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The serum Hb (g/dL), TSAT (%) and ferritin (ng/mL) levels were measured as
the iron biomarkers. Changes in the levels of these biomarkers after 3 to 18
months of ferric citrate hydrate treatment are shown in Figure 2. The level of
each of the iron biomarkers tended to increase during the first 3 months of
treatment, with the levels remaining sustained at the elevated levels until the end
of the study period, that is, 18 months of treatment.
The level of each of the iron biomarkers and the utilization of iron showed a
significant change immediately after the start of the ferric citrate hydrate treatment. The serum Hb, TSAT, and ferritin levels were 11.96 ± 0.76 g/dL, 25.19 ±
1.21%, and 71.13 ± 6.09 ng/mL, respectively, at the baseline, and tended to decrease slightly after the start of the ferric citrate hydrate treatment; thereafter,
they were sustained at the same levels until 18 months of treatment (11.45 ± 0.13
g/dL) (Figure 2(a)). Similarly, the mean TSAT and serum ferritin levels were
maintained at 26.18% ± 0.99% (Figure 2(b)) and and 124.94 ± 8.62 ng/mL
(Figure 2(c)), respectively, until 18 months (Table 3).
Data on the monthly dose of erythropoietin stimulating agent (ESA) were
collected at the same time points as the test data. The dose of ESA decreased after 3 months of ferric citrate hydrate treatment, but tended to increase slightly
thereafter, and did not return to the baseline level until the end of the study period (Figure 3). The ESA resistance index (ERI) was determined as the weekly
weight-adjusted dose of epoetin (IU/kg/week) devided by Hb concentration
(g/dL), as previously described [7]. The changes in ERI are shown in Figure 4.
Seven patients dropped out of the study due to adverse drug reaction, such as
diarrhea, but there were no AEs and serious AEs.

4. Discussion
In this prospective study of dialysis patients treated with ferric citrate hydrate,
treatment with ferric citrate hydrate resulted in a sustained reduction of the serum P level until the end of the study period of 18 months, and also a gradual
reduction of the serum iPTH level, with no change of the serum Ca level. The
number of patients in whom the serum P level reached the target range doubled
(23% vs. 48%) by 3 months after the start of the ferric citrate hydrate treatment,
and became two-thirds of the total by 18 months of treatment. The effects of ferric citrate hydrate on the serum P level were comparable in the prior P-binder
therapy(-) and prior P-binder therapy(+) subgroups.
Ferric citrate hydrate has been shown to increase the iron stores in CKD patients [8]. In this study, we analyzed the impact of ferric citrate hydrate treatment on the serum levels of iron biomarkers (Hb, TSAT and serum ferritin).
The measured levels of these markers were maintained for 18 months, with an
increase in the iron stores over time. As compared to the prior P-binder therapy(+) patients, the serum iron biomarker levels before the start of ferric citrate
hydrate treatment were lower in the prior P-binder therapy(-) patients. However, after 18 months of treatment with ferric citrate hydrate, the iron biomarker
levels were similar between the two subgroups.
DOI: 10.4236/ijcm.2020.1111053
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The data from this study were similar to those reported from the Phase III
study of ferric citrate hydrate (Riona®). Fifty-two weeks after the start of the
13.0

Hemoglobin (g/dL)
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0

3

6

9

12

15

18

12

15

18

12

15

18
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(a)
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30.0

TSAT (%)
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0
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6

9

Time (months)

(b)
150.0

Serum ferritin (ng/mL)

125.0

100.0

75.0

50.0
0

3

6

9

Time (months)

(c)

Figure 2. Mean (standard error of the mean) iron biomarker measurements over time.
Data presented are mean + standard error of the mean. (a) Mean hemoglobin for all
patients. (b) Mean TSAT for all patients. (c) Mean serum ferritin for all patients.
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Figure 3. Changes in doses of erythropoiesis-stimulating agents over time.
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Figure 4. Changes in erythropoiesis resistance index over time.

Phase III active-controlled study, the mean serum P level in the patients randomized to ferric citrate hydrate became 5.36 mg/dL, similar to the serum P level
(5.42 mg/dL) seen in this study after 6 months of treatment. In addition, a similar trend was observed in the serum iron biomarker levels (Hb, ferritin and
TSAT) between the Phase III study (11.7 g/dL, 899 ng/mL and 39%, respectively)
and this study (11.1 g/dL, 947 ng/mL and 37%, respectively, after 6 months of
treatment).
Moreover, the results of this study were also consistent with the results from
the national sampling based on the “Dialysis Outcomes and Practice Patterns
Study (DOPPS)” database [9]. The DOPPS Practice Monitor reports clinical follow-up data over time, using samples collected from more than 11,000 HD patients in more than 200 HD facilities. Sixty-two percent to 72% of patients followed up by the DOPPS Practice Monitor from 2010 to 2015 showed serum P
levels within the target range (≤5.5 mg/dL). After 6 months of treatment in this
study, 65% of patients showed serum P levels within the target range. The
slightly lower value of 65% in this study may be related to the patient selection
DOI: 10.4236/ijcm.2020.1111053
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criteria for this study: Many patients enrolled in this study were switched from
their previous P-binder drug(s), because these were less effective or caused adverse drug reactions (only 22% of the patients had a serum P level within the
target value at the baseline); some patients still showed poor compliance with the
newly started P-binder treatment after the treatment switch; there may have
been a persistent increase in the P levels as a result of unhealthy eating habits.
In regard to the iron markers, the DOPPS Practice Monitor reported that
during the period from 2010 to 2015, the TSAT was ≤29% in 50% to 60% of patients across the US, the serum ferritin level was ≤799 ng/mL in 55% to 70% of
patients, and the serum Hb was ≥11.0 g/dL in 41% to 72% of patients. Interestingly, these levels were similar to the mean values observed in our present
study. The data were difficult to interpret because of the large variations in the
dose of intravenous iron. However, the Phase III study in patients with end-stage
renal failure demonstrated a reduction in both the intravenous iron dose and
ESA use over the 52-week trial period.
Although this study had limitations, as mentioned below, we believe that use
of real-world clinical data can provide valuable clinical information to physicians prescribing drugs. The limitations of this study were: 1) The sample size of
the study was 132, which is relatively small. However, this is the largest clinical
study to date conducted on the use of ferric citrate hydrate in clinical practice; 2)
the patients analyzed were limited to those who took ferric citrate hydrate for at
least 3 months (data collected for 18 months). As a result, patients who could
not tolerate ferric citrate hydrate and those who discontinued ferric citrate hydrate treatment for other reasons were excluded from the analysis. Despite this
limitation, there were few selection criteria; therefore, we would like to add that
there was almost no obvious selection bias in this study; 3) both patients who
were already on hemodialysis and patients who were close to initiation of hemodialysis were included in the study; notwithstanding, the sample used in this
study may represent the diversity of patients who receive ferric citrate hydrate in
actual clinical settings; 4) as expected from the retrospective design of this study,
the data collected were limited to the data obtained from the patients’ medical
records, and no specific compliance rates were included in the analysis. However, a post hoc analysis of the extremely important Phase III study comparing
ferrate citrate hydrate with an active drug showed a mean treatment compliance
rate of 81% for both the study drug and the active drug. Therefore, it is reasonable to assume that the compliance rate in this study was similar to that in the
phase III study; 5) The limited data on the use and doses of the prescribed ESA
and intravenous iron are due to the discrepancies in the ESA administration protocol among the medical institutions that participated in this study for 18 months.
It may be worth investigating the association between ESA and intravenous iron
use in patients receiving ferric citrate hydrate, as previously described [10]; 6)
finally, it should be noted that no new safety concerns were identified in this
study and there were no serious AEs.
DOI: 10.4236/ijcm.2020.1111053
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5. Conclusion
The clinical practice data used in this study showed that the target serum P level
was reached in 65% of patients by 6 months after the start of ferric citrate hydrate treatment, demonstrating that ferric citrate hydrate is a P-binder that also
contributes to increasing the iron stores, in general, and maintenance of the serum Hb level. In this study, no new safety concerns were identified.
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