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Effects of ferric citrate hydrate in patients o
with chronic kidney disease and heart failure:
subgroup analysis of a long-term, real-world,
post-marketing surveillance study
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Abstract

Background: Iron deficiency is widely present in patients with heart failure (HF) and is associated with an increased
risk of mortality and poor clinical outcomes regardless of anemia. HF is highly prevalent in patients with chronic kid-
ney disease (CKD). However, existing oral iron preparations have failed to improve iron-related parameters in patients
with HF, and intravenous iron preparations are recommended. Ferric citrate hydrate (FC) is an oral iron-based phos-
phate binder for CKD that is also approved for the treatment of patients with iron-deficiency anemia in Japan. In this
subgroup analysis, we evaluated the effect of oral FC on iron-related parameters in CKD patients with and without HF.

Methods: We examined iron- and phosphate-related parameters and adverse drug reactions in subpopulations of
CKD patients with and without HF enrolled in a previously reported 104-week, real-world, post-marketing surveillance
study of FCin Japan.

Results: Among 2811 enrolled CKD patients, 348 patients had HF and 2352 did not have HF, including 166 and

1401 undergoing hemodialysis (HD), 36 and 173 undergoing peritoneal dialysis (PD), and 146 and 778 non-dialysis-
dependent (ND) patients, respectively. The mean changes (95% confidence interval (Cl)) in serum ferritin from base-
line to week 36 were 90.98 (62.99-118.97) and 81.86 (72.68-91.03) ng/mL in HD, 158.64 (108.91-208.36) and 132.91
(98.59-167.23) ng/mL in PD, and 68.06 (40.40-95.73) and 99.75 (81.10-118.40) ng/mL in ND group, respectively. The
mean changes (95% Cl) in transferrin saturation (TSAT) (%) from baseline to week 12 in patients with and without HF
were 12.79 (9.15-16.44) % and 9.57 (8.46-10.68) % in HD, 9.55 (1.31-17.78) % and 4.96 (1.44-8.48) % in PD, and 5.85
(2.02-9.69) % and 5.21 (3.34-7.09) in ND patients, respectively. Levels of these parameters were well maintained there-
after. Mean serum phosphate levels decreased after FC treatment initiation and were well maintained in all groups.

Conclusions: This study demonstrated that oral FC had a tendency to increase serum ferritin and TSAT, and con-
trolled serum phosphate in CKD patients regardless of the presence of HF.

Trial registration This surveillance was conducted in accordance with the Good Post-marketing Study Practice of Minis-
try of Health, Labour, and Welfare in Japan.
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Background

Patients with heart failure (HF) often have iron defi-
ciency with or without anemia [1, 2]. Previous stud-
ies showed a high prevalence of these conditions in
patients with acute and chronic HE. Iron deficiency,
defined as ferritin < 100 ng/mL or 100-299 ng/mL with
transferrin saturation (TSAT) <20%, was found in 50%
of patients with chronic HF [3] and 69-75% of patients
with acute HF [4], whereas anemia (defined by the
World Health Organization as hemoglobin<13 g/dL
in men and<12 g/dL in women) was found in 30% of
patients with advanced HF [5] and 57-58% of patients
with chronic or acute HF [6, 7]. Anemia and iron defi-
ciency are associated with mortality and poor outcomes
in HF patients with reduced or preserved left ventricu-
lar ejection fraction (HFrEF or HFpEF) [3, 5-8]. The
2021 European Society of Cardiology (ESC) guidelines
recommend periodical screening for anemia and iron
deficiency, and the use of intravenous iron preparations
with ferric carboxymaltose to treat this condition [1].
Intravenous iron was shown to increase iron-related
parameters and improve the exercise capacity and
quality of life of patients with chronic HF [9, 10] and
to reduce the risk of re-hospitalization in patients who
have recovered from acute HF [11]. However, there is
currently no evidence to indicate that oral iron prepa-
rations can improve outcomes in patients with HE. In
the IRONOUT HF randomized trial, oral iron (iron
polysaccharide, 150 mg, twice daily for 16 weeks) failed
to increase iron absorption (median changes (95% con-
fidence interval (CI)) of serum ferritin and TSAT after
16 weeks of treatment were 18 (— 8 to 38) ng/mL and
2 (—3 to 7) %, respectively) or improve the exercise
capacity or quality of life of patients with HFrEF and
iron deficiency [12]. In another randomized study, the
erythropoiesis-stimulating agent (ESA) darbepoetin
alfa failed to improve mortality and increased the risks
of embolic and thrombotic events in patients with sys-
tolic HF and mild-to-moderate anemia [13]. ESC guide-
lines accordingly do not recommend the use of ESAs
to treat anemia in patients with HF, and the Japanese
Circulation Society guidelines for the treatment of HF
state that there is currently no established evidence on
how to treat anemia in patients with acute and chronic
HF [14, 15].

Ferric citrate hydrate (FC; Riona® Torii Pharma-
ceutical Co., Ltd., Tokyo, Japan) has been approved
in Japan as an oral iron-based phosphate binder that
effectively controls serum phosphate concentrations
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in patients with chronic kidney disease (CKD), includ-
ing dialysis- and non-dialysis-dependent patients [16—
18]. Furthermore, FC increased hemoglobin levels in
patients with iron-deficiency anemia with or without
CKD [19, 20] and has been approved to treat iron-defi-
ciency anemia in Japan. Ferric citrate (Auryxia®; Ake-
bia Therapeutics, Inc., Cambridge, MA, USA) has the
same active ingredient as that of Riona® although the
formulation provides different amounts of elemental
iron (Riona® has approximately 60 mg elemental iron
per 250 mg tablet, whereas Auryxia® has 210 mg ele-
mental iron per 1 g tablet), and it has been approved
to treat hyperphosphatemia in patients with dialy-
sis-dependent CKD and iron-deficiency anemia in
patients with non-dialysis-dependent CKD in the USA
[21, 22]. A previous post hoc analysis compared the
iron-related parameters of ferric citrate (Auryxia®) in
non-dialysis-dependent patients with CKD and iron-
deficiency anemia with or without HF from phase 2
and 3 trials in the USA. They found mean (standard
deviation (SD)) increases from baseline to week 12
in serum ferritin of 201.6 (172.3) pmol/L [89.7 (76.7)
ng/mL] and TSAT of 10.9 (13.7) % in patients with
HF, which were comparable with changes in patients
without HF. However, the previous analysis was con-
ducted only in non-dialysis-dependent patients with
CKD and iron-deficiency anemia, and the mean fer-
ric citrate (Auryxia®) dose was 5000 mg/day (1050 mg
iron/day) [23]. The dose of ferric citrate (Auryxia®)
provided a higher dose of elemental iron than the dose
used in the IRONOUT HF randomized trial, oral iron
polysaccharide (150 mg, twice daily, 300 mg iron/day)
[12].

We previously conducted a 104-week, real-world,
post-marketing surveillance study of FC in dialysis-
and non-dialysis-dependent patients with CKD [24]
and showed that FC improved iron-related parameters,
with no new safety concerns. In the current study, we
analyzed the association of FC on iron- and erythro-
cyte-related parameters, and CKD-mineral and bone
disorder (MBD)-related parameters in CKD patients
with and without HF using data from this previous
post-marketing surveillance study [24]. The study pop-
ulation was expected to include a large subpopulation
of patients with HF, given that CKD and HF frequently
coexist [1] and the prevalence of CKD in patients with
HF in Japan was reported to be 23% [25].

Methods

Study design

This post-marketing surveillance study was conducted
in Japan as part of a risk management plan to ensure the
long-term safety of a newly approved drug in a real-world
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setting. Patients were registered centrally from January
30, 2015. Case report forms were collected from partici-
pating institutions for up to a maximum of 2 years. Data
collection was terminated on April 30, 2020 [24].

Patients

Patients included in the surveillance study have been
described in detail in a previous report [24]. Briefly, CKD
patients, including patients undergoing hemodialysis
(HD group), peritoneal dialysis (PD group), or no dialy-
sis (ND group), were registered within 14 days from the
initiation of FC treatment and followed up prospectively.
Patients undergoing combined dialysis (HD plus PD)
were excluded from the analyses. Among these registered
patients, patients diagnosed with comorbid HF by a phy-
sician at baseline were defined as patients with HF, and
the other patients were defined as patients without HF
in the current analyses. All patients whose case report
forms were returned at least once after their first visit
were analyzed for safety (safety-analysis set) and patients
within this set with available effectiveness data were ana-
lyzed for effectiveness (effectiveness-analysis set).

FC treatment

FC (250 mg tablet containing approximately 60 mg of
elemental ferric iron) was administered orally three times
per day immediately after a meal. The starting dose was
500 mg (1500 mg/day) as recommended in the package
insert. The dose was adjusted by physicians according to
serum phosphate concentrations or clinical status, with
a maximum allowed dose of 6000 mg/day. Concomitant
medications (e.g., phosphate binders and iron prepara-
tions) were allowed [24].

Evaluation of iron- and erythrocyte-related parameters
Iron- and erythrocyte-related parameters, including
serum ferritin, serum iron, TSAT, and hemoglobin, were
measured as parameters of special interest in the safety-
analysis set at baseline, 4, 12, 16, 24, 28, 36, 52, 76, and
104 weeks after the initiation of FC treatment, and at dis-
continuation of the treatment. The absolute value of each
parameter and the difference from baseline were sum-
marized in each group using descriptive statistics. Time-
course changes in serum ferritin, and TSAT were plotted
for each group throughout the observation period.

Evaluation of CKD-MBD-related parameters

CKD-MBD-related parameters, including serum phos-
phate, serum calcium, and intact parathyroid hor-
mone, were measured in the effectiveness-analysis set at
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baseline, 4, 12, 16, 24, 28, 36, 52, 76, and 104 weeks after
the initiation of FC treatment, and at treatment discon-
tinuation. Serum calcium was corrected when serum
albumin was <4.0 g/dL using the formula: corrected cal-
cium [mg/dL] = (absolute value of serum calcium [mg/
dL]) + [4 — (serum albumin [g/dL])]. When serum albu-
min was >4.0 g/dL, corrected calcium was equal to the
absolute serum calcium value. The absolute value of each
parameter and the difference from baseline were sum-
marized in each group using descriptive statistics. Time-
course changes in serum phosphate were plotted for each
group throughout the observation period.

Adverse drug reactions
Adverse drug reactions were recorded in the safety-
analysis set using preferred terms from MedDRA Ver.
23.0 and were summarized using descriptive statistics.
If a patient experienced an event multiple times, it was
recorded as one event.

Statistical analysis

Patient characteristics, iron- and erythrocyte-related
parameters and adverse drug reactions were analyzed in
the safety-analysis set, and CKD-MBD-related param-
eters were analyzed in the effectiveness-analysis set. On
the basis of data from all Japanese pre-approval clinical
studies, we planned to enroll 1000 patients in the HD
group, 100 in the PD group, and 500 in the ND group in
the post-marketing surveillance study to evaluate long-
term safety in the entire CKD population [24]. The cur-
rent study used the same data set. Mean changes from
baseline to each time point and the 95% CI were analyzed
for serum ferritin and TSAT at 12, 36, 52, and 104 weeks.
All statistical analyses were performed using SAS Ver. 9.4
(SAS Institute Inc., Cary, NC, USA).

Results

Patients

In this observational post-marketing surveillance study,
2811 patients with CKD were registered from 573 insti-
tutions [24]. Patients whose case report forms were not
returned (n=76) or who underwent combined dialysis
(HD and PD) or did not return after the first visit or did
not meet registration criteria were excluded. Among the
remaining patients, patients with and without comor-
bid HF were analyzed in this study (safety-analysis set,
n=348 and n=2352), comprising 166 and 1401 patients
in the HD group, 36 and 173 patients in the PD group,
and 146 and 778 patients in the ND group, respectively.
The effectiveness-analysis set (=303 and n=2041)
comprised 146 and 1232 patients in the HD group, 33 and
150 patients in the PD group, and 124 and 659 patients in
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the ND group, after excluding 45 and 309 patients from
the safety-analysis set, respectively (Fig. 1).

Patients with and without comorbid HF character-
istics are summarized in Table 1. The mean (stand-
ard deviation; SD) age of patients with and without
comorbid HF was 68.3 (12.3) and 65.3 (12.7) years in
the HD group, 66.4 (13.0) and 62.7 (12.6) years in the
PD group, and 68.4 (14.2) and 65.7 (13.5) years in the
ND group, respectively. There were more male than
female patients in all groups. At baseline, the use of
iron preparations (oral or intravenous) in patients with
and without comorbid HF was 48/166 patients (28.9%)
and 361/1401 patients (25.8%) in the HD group, 3/36
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patients (8.3%) and 15/173 patients (8.7%) in the PD
group and 12/146 patients (8.2%) and 68/778 patients
(8.7%) in the ND group, respectively.

The daily mean (SD) dose of FC during the study in
patients with and without comorbid HF was 1054.5
(516.3) mg and 1082.6 (510.7) mg in the HD group,
951.0 (456.6) mg and 976.4 (509.0) mg in the PD group,
and 896.9 (524.1) mg and 845.5 (417.3) in the ND
group, respectively.

Iron- and erythrocyte-related parameters
Median (interquartile range (IQR): first quartile, third
quartile) serum ferritin levels in patients with and

| Registration, n = 2811 |

| Case report returned, n = 2735 |

Patients with HF, n = 350

| | Patients without HF, n = 2385

Excluded, n =2
- Combined dialysis?,
n=2

Excluded, n = 33
— - No visit to the study site,
n=>5
- Violation of registration,
n=7
- Combined dialysis?,
n =21

Safety-analysis set, n
|

= 2700

Patients with HF, n = 348
- Hemodialysis, n = 166
- Peritoneal dialysis, n = 36
- Non-dialysis-dependent, n = 146

Patients without HF, n = 2352
- Hemodialysis, n = 1401
- Peritoneal dialysis, n = 173
- Non-dialysis-dependent, n = 778

Excluded, n =45
- Violation of registration,

n=1
- Efficacy analyses not
possible, n =44

Excluded, n = 311°
- Violation of registration,
n=2
- Efficacy analyses not
possible, n =310

Effectiveness-analysis set, n = 2344

Patients with HF, n = 303
- Hemodialysis, n = 146
- Peritoneal dialysis, n = 33

- Non-dialysis-dependent, n = 124

Patients without HF, n = 2041
- Hemodialysis, n = 1232
- Peritoneal dialysis, n = 150
- Non-dialysis-dependent, n = 659

Fig. 1 Patient flow: Hemodialysis plus peritoneal dialysis. There are duplicates
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Table 1 Patient characteristics (safety-analysis set)

Characteristic, n (%) unless otherwise noted Patients with heart failure Patients without heart failure

HD,n=166 PD,n=36 ND,n=146 HD,n=1401 PD,n=173 ND,n=778

Sex
Male 102 (61.45) 29 (80.56) 93 (63.70) 890 (63.53) 113 (65.32) 400 (51.41)
Female 64 (38.55) 7(19.44) 53(36.30) 511 (3647) 60 (34.68) 378 (48.59)

Age [years], mean = standard deviation
683+£123 664+£13.0 684+14.2 653+12.7 62.7£126 65.7£135

Hospital visit
Inpatient 10 (6.02) 5(13.89) 18(12.33) 29 (2.07) 15 (8.67) 47 (6.04)
Outpatient 156 (93.98) 31(86.11) 128 (87.67) 1372 (97.93) 158(91.33)  731(93.96)
Primary cause of kidney failure®
Diabetic nephropathy 72 (43.37) 19 (52.78) 78 (53.42) 578 (41.26) 61 (35.26) 299 (3843)
Chronic gIomerulonephritisID 31(18.67) 7 (19.44) 14 (9.59) 362 (25.84) 52 (30.06) 64 (21.08)
Nephrosclerosis 33(19.88) 9 (25.00) 42 (28.77) 210 (14.99) 39 (22.54) 155(19.92)
Polycystic kidney 2(1.20) 0 (0.00) 7 (4.79) 62 (4.43) 6(347) 48 (6.17)
Unknown 19 (11.45) 2 (5.56) 7(4.79) 149 (10.64) 13 (7.51) 92(11.83)
Others 15(9.04) 0(0.00) 10 (6.85) 85 (6.07) 6(347) 60 (7.71)
Dialysis vintage [year]
<0.5 20 (12.05) 8(22.22) 0 (0.00) 147 (10.49) 37 (21.39) 0(0.00)
05to<1 19 (11.45) 3(833) 0 (0.00) 173 (12.35) 29 (16.76) 0 (0.00)
1to<3 31(18.67) 17 (47.22) 0(0.00) 275 (19.63) 50 (28.90) 0(0.00)
3to<5 23(13.86) 3(8.33) 0(0.00) 91 (13.63) 37(21.39) 0(0.00)
5to<10 37(22.29) 5(13.89) 0 (0.00) 319(22.77) 9(10.98) 0(0.00)
10t0<20 23 (13.86) 0(0.00) 0 (0.00) 219 (15.63) 1 (O 58) 0(0.00)
>20 12 (7.23) 0 (0.00) 0(0.00) 77 (5.50) 0 (0.00) 0 (0.00)
Unknown 1(0.60) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
Never 0(0.00) 0(0.00) 146 (100.00)  0(0.00) 0(0.00) 778 (100.00)
Complications
Cardiovascular disease 166 (100.00) 36 (100.00) 146 (100.00) 1133 (80.87) 156 (90.17) 706 (90.75)
No comorbidities other than cardiovascular disease 3(1.81) 0 (0.00) 3(2.05) 100 (7.14) 11 (6.36) 39(5.01)

Comorbidities present in addition to cardiovascular 163 (98.19) 36 (100.00) 143 (97.95) 1298 (92.65) 162 (93.64) 739 (94.99)
disease

Gastrointestinal disease 112 (67.47) 21(58.33) 56 (38.36) 719(51.32) 72 (41.62) 225(28.92)

Hepatic disease 20 (12.05) 4011.01) 9(6.16) 81(5.78) 10 (5.78) 50 (6.43)

Metabolic disease 131(78.92) 34 (94.44) 135(9247) 979 (69.88) 145(83.82) 690 (88.69)

Other disease 155(93.37) 36 (100.00) 133 (91.10) 1181 (84.30) 146 (84.39) 607 (78.02)
Concomitant medication

No 0(0.00) 0(0.00) 1(0.68) 4(0.29) 0(0.00) 8(1.03)

Yes 166 (100.00) 36 (100.00) 145 (99.32) 1397 (99.71) 173 (100.00) 770 (98.97)
Hyperphosphatemia agent

No 61 (36.75) 11 (30.56) 113 (77.40) 476 (33.98) 71(41.04) 566 (72.75)

Yes 105 (63.25) 25 (69.44) 33(22.60) 925 (66.02) 102 (5896) 212 (27.25)
Hyperparathyroidism secondary agent

No 29 (17.47) 6(16.67) 90 (61.64) 268 (19.13) 35(20.23) 407 (52.31)

Yes 137 (82.53) 30(83.33) 56 (38.36) 1133(80.87)  138(79.77)  371(47.69)
Erythropoiesis-stimulating agent

No 17 (10.24) 1(2.78) 23(15.75) 100 (7.14) 3(1.73) 102 (13.11)

Yes 149 (89.76) 35(97.22) 123 (84.25) 1301 (92.86) 170 (98.27) 676 (86.89)

Gastric acid secretion inhibitor
No 43 (25.90) 13(36.11) 76 (52.05) 570 (40.69) 91 (52.60) 481 (61.83)
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Table 1 (continued)
Characteristic, n (%) unless otherwise noted Patients with heart failure Patients without heart failure
HD,n=166 PD,n=36 ND,n=146 HD,n=1401 PD,n=173 ND,n=778
Yes 123 (74.10) 23 (63.89) 70 (47.95) 831(59.31) 82 (47.40) 297 (38.17)
Iron preparation
No 118 (71.08) 33(91.67) 134 (91.78) 1040 (74.23) 158 (91.33) 710 (91.26)
Yes 48 (28.92) 3(8.33) 12 (8.22) 361 (25.77) 15 (8.67) 68 (8.74)
Others
No 7(4.22) 2 (5.56) 4(2.74) 132(942) 26 (15.03) 65 (8.35)
Yes 159 (95.78) 34 (94.44) 142 (97.26) 1269 (90.58) 147 (84.97) 713(91.65)

Dose of FC [mg/day], mean = standard deviation

1054.5+£5163 951.0£456.6 896.94524.1

1082.6£510.7 976445090 845544173

@ Multiple answers possible
® Including IgA nephropathy

HD, hemodialysis group; PD, peritoneal dialysis group; ND, non-dialysis-dependent group; FC. Ferric citrate hydrate

without comorbid HF at baseline were 44.50 (23.70,
94.60) ng/mL and 44.50 (21.10, 88.10) ng/mL in the HD
group, 146.00 (58.40, 223.60) ng/mL and 85.60 (51.00,
158.00) ng/mL in the PD group, and 91.00 (53.50, 122.30)
and 80.65 (41.00, 154.40) in the ND group, respectively
(Table 2). Median serum ferritin levels showed a gradu-
ally increasing trend in all groups until around 36 weeks
after treatment initiation: the mean changes (95% CI)
in serum ferritin in patients with and without comorbid
HF from baseline to week 36 were 90.98 (62.99-118.97)
ng/mL and 81.86 (72.68—91.03) ng/mL in the HD group,
158.64:(108.91-208.36) ng/mL and 132.91 (98.59-167.23)
ng/mL in the PD group, and 68.06 ( 40.40-95.73) and
99.75 (81.10-118.40) ng/mL in the ND group, respec-
tively. The levels became stable thereafter (Tables 2, 3 and
Fig. 2).

Mean (SD) TSAT levels in patients with and with-
out comorbid HF at baseline were 21.34 (13.30) % and
22.04 (11.95) % in the HD group, 28.47 (11.01) % and
30.76 (14.37) % in the PD group, and 23.26 (13.55) % and
28.55 (12.08) % in the ND group, respectively (Table 2),
and these also showed an increasing trend until around
12 weeks after treatment initiation and then remained
stable in all groups: mean changes (95% CI) in TSAT in
patients with and without comorbid HF from baseline to
week 12 were 12.79 (9.15-16.44) % and 9.57 (8.46-10.68)
% in the HD group, 9.55 (1.31, 17.78) % and 4.96 (1.44,
8.48) % in the PD group, and 5.85 (2.02, 9.69) % and 5.21
(3.34, 7.09) % in the ND group, respectively (Table 2,
Table 3 and Fig. 3). Hemoglobin levels were well con-
trolled in all groups (Table 2).

CKD-MBD-related parameters

Mean (SD) serum phosphate levels in patients with and
without comorbid HF at baseline were 6.73 (1.45) mg/dL
and 6.56 (1.38) mg/dL in the HD group, 6.62 (1.36) mg/
dL and 6.06 (1.35) mg/dL in the PD group, and 5.33 (1.09)
mg/dL and 5.34 (1.03) mg/dL in the ND group (Table 4).
Mean serum phosphate levels decreased after FC treat-
ment initiation and were then maintained, and the levels
in patients with and without comorbid HF at 104 weeks
were 5.09 (1.22) mg/dL and 5.40 (1.31) mg/dL in the HD
group, 5.34 (1.95) mg/dL and 5.10 (1.16) mg/dL in the
PD group, and 4.70 (1.05) mg/dL and 4.90 (1.19) mg/dL
in the ND group, respectively. Mean serum phosphate
levels were well controlled throughout the study (Table 4
and Fig. 4).

Adverse drug reactions

Adverse drug reactions in patients with and without
comorbid HF occurred in 34/166 patients (20.48%) and
289/1401 patients (20.63%) in the HD group, 16/36
patients (44.44%) and 35/173 patients (20.23%) in the PD
group, and 20/146 patients (13.70%) and 131/778 patients
(16.84%) in the ND group, respectively. All adverse drug
reactions observed in at least two patients in either
group are summarized in Table 5. The most frequently
observed events in patients with and without comorbid
HF were diarrhea in 2/166 patients (1.20%) and 54/1401
patients (3.85%) in the HD group, 3/36 patients (8.33%)
and 10/173 patients (5.78%) in the PD group, and 6/146
patients (4.11%) and 36/778 patients (4.63%) in the ND
group, followed by serum ferritin increased, which was
observed in 6/166 patients (3.61%) and 43/1401 patients
(3.07%) in the HD group, 4/36 patients (11.11%) and
10/173 patients (5.78%) in the PD group, and 2/146
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Table 2 Changes in iron- and erythrocyte-related parameters (safety-analysis set)

Time after treatment initiation

Baseline 4 weeks 12 weeks 24 weeks 36 weeks 52 weeks 76 weeks 104 weeks

Serum ferritin [ng/mL]
Patients with heart failure

HD n 135 93 82 56 71 63 57 50
Absolute 4450 (23.70, 63.30(3540, 8345(44.00, 107.50(81.55, 115.00(75.80, 112.00(71.30, 121.80(81.10, 133.30(81.80,
value, median  94.60) 110.10) 122.00) 166.00) 187.00) 178.00) 187.00) 217.00)
(IQR)
n 80 75 50 59 56 46 40
Change from 7.05(—6.60, 22.00 (4.00, 52.70(25.00, 61.00(30.90, 66.10(12.25  62.35(25.00, 7145 (22.80,
baseline, 26.75) 71.10) 97.00) 130.00) 107.05) 159.50) 157.80)
median (IQR)

PD n 33 24 21 15 19 15 9 7
Absolute 146.00 (5840, 130.00 (67.00, 194.00 140.00 (87.00, 219.20 240.00 306.00 285.00 (264.20,
value, median 223.60) 280.60) (109.00, 324.10) (124.90, (174.00, (234.00, 396.00)
(IQR) 266.00) 366.00) 416.00) 351.00)
n 24 20 13 17 13 8 6
Change from 14.00 (—3.65, 8825(30.75 84.00(—7.00, 153.00(9340, 187.00 265.00 219.50 (169.90,
baseline, 63.05) 126.50) 116.40) 216.00) (159.00, (190.60, 273.00)
median (IQR) 206.30) 402.50)

ND n 108 76 69 56 53 40 22 36
Absolute 91.00 (53.50, 107.00(63.65, 124.50(83.00, 130.00(92.00, 138.00(90.00, 146.10(91.25, 16550 141.35 (75.20,
value, median 122.30) 138.35) 176.90) 195.50) 200.00) 227.35) (105.70, 246.00)
(IQR) 220.00)
n 63 62 47 47 37 16 31
Change from 13.00 27.40 (6.00, 44,00 (10.60, 48.90 (9.80, 57.60(23.00, 53.75(45.45, 62.00(24.50,
baseline, (—11.00, 58.00) 97.00) 113.50) 157.20) 192.60) 187.10)
median (IQR) 29.40)

Patients without heart failure

HD n 1079 658 702 557 650 622 538 504
Absolute 4450(21.10, 57.95(33.50, 8520(46.00, 114.00(66.00, 120.75(71.40, 124.00(73.50, 118.00 (69.00, 122.65 (69.80,
value, median 88.10) 111.00) 145.90) 183.00) 202.00) 202.20) 210.00) 231.60)
(IQR)
n 542 636 519 568 551 487 442
Change from 12.55(=3.20, 26.90 (3.50, 52.50(13.80, 63.00(20.75, 6590 (18.00, 61.00(20.50, 65.85(15.20,
baseline, 35.00) 67.00) 116.20) 130.25) 132.80) 139.50) 141.00)
median (IQR)

PD n 139 90 81 72 73 68 53 41
Absolute 85.60(51.00, 100.30 (65.00, 137.70(67.70, 162.95 (96.50, 225.00 216.00 217.30 259.00 (209.00,
value, median  158.00) 163.10) 193.00) 284.50) (130.70, (108.05, (146.00, 415.20)
(IQR) 296.00) 345.00) 340.50)
n 83 76 62 63 61 47 37
Change from 15.00 (—4.00, 34.25(—250, 7260 (27.00, 99.00(51.00, 12540(51.60, 132.10(63.40, 172.00(112.70,
baseline, 43.00) 85.90) 166.00) 192.00) 212.00) 271.00) 231.40)
median (IQR)

ND n 490 328 271 192 208 156 110 85
Absolute 80.65(41.00, 108.50(61.35, 123.20 (75.00, 155.00 (80.70, 170.05(95.60, 178.40(91.10, 167.20(88.70, 196.80 (85.00,
value, median  154.40) 181.50) 194.00) 217.20) 27245) 262.00) 302.70) 292.00)
(IQR)
n 262 229 149 171 129 85 65
Change from 16.00 (—2.00, 30.30(2.70, 49.00 (21.60, 87.00(29.00, 90.00(31.00, 98.20(48.00, 113.00 (50.00,
baseline, 33.80) 66.90) 112.10) 157.00) 165.00) 205.6) 188.10)
median (IQR)

TSAT [%]

Patients with heart failure
HD n 128 96 78 50 67 62 52 43
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Table 2 (continued)
Time after treatment initiation
Baseline 4 weeks 12 weeks 24 weeks 36 weeks 52 weeks 76 weeks 104 weeks
Absolute 21.34(1330) 31.26(1658) 33.82(16.68) 3545(14.17) 3149(11.28) 2968 (12.04) 31.59(15.21) 2852(13.53)
value, mean
(SD)
n 84 70 46 57 53 41 33
Change from 9.57 (16.38) 12.79(1529) 1133(1667) 11.17(14.71) 827 (15.39) 9.80 (16.11) 824 (17.36)
baseline,
mean (SD)

PD n 33 25 21 14 18 15 8 6
Absolute 2847 (11.01) 3162 (10.74) 3796 (1697) 3588 (1131) 4141(12.83) 4099 (18.06) 4189 (1255 39.40(12.32)
value, mean
(SD)

n 25 20 13 17 14 7 5
Change from 4.16 (14.27) 9.55 (17.60) 492 (12.92) 15.01 (14.77) 1655(13.82) 21.64(1231) 19.10(7.85)
baseline,

mean (SD)

ND n 9% 66 61 50 49 38 21 35
Absolute 2326 (13.55) 2751(1487) 2858(13.99) 2933(11.73) 31.24(12.26) 3242(11.02) 3397(1281) 2887(11.75)
value, mean
(SD)

n 55 53 40 41 33 14 29
Change from 7.27 (14.71) 5.85(13.90) 8.22 (13.05) 11.52(12.32) 1558 (11.25) 15.76(1249) 12.29(12.02)
baseline,

mean (SD)

Patients without heart failure

HD n 1100 697 737 587 686 653 554 513
Absolute 22.04(1195) 30.22(13.84) 3139(13.10) 3253(13.63) 31.61(11.89) 31.84(12.85 31.59(13.00) 31.66(13.32)
value, mean
(SD)

n 640 696 553 629 605 515 469
Change from 8.35(15.01) 9.57 (14.96) 940 (16.01)  9.04(14.13) 9.50(15.18) 9.12 (14.68) 9.36 (15.80)
baseline,

mean (SD)

PD n 133 94 85 73 72 62 52 41
Absolute 30.76 (1437) 35.72(14.70) 3502 (14.86) 37.51(13.38) 39.50(1239) 36.78(1640) 41.01(1461) 36.92(18.54)
value, mean
(SD)

n 87 78 65 62 55 47 36
Change from 5.37(13.66) 4.96 (15.61) 768(1291) 967 (13.71) 7.85(16.87) 12.28 (15.73)  8.19(22.73)
baseline,

mean (SD)

ND n 426 284 230 166 177 127 96 80
Absolute 2855(12.08) 3236(12.74) 3498 (13.05) 3522(15.17) 3745(15.12) 36.64(1550) 36.54(15.74) 35.68 (14.25)
value, mean
(SD)

n 228 192 126 142 103 73 60
Change from 252 (12.75) 521(13.16) 6.77 (13.91) 8.27 (15.50) 8.06 (14.39) 8.93(17.26) 8.01(15.59)
baseline,
mean (SD)

Serum iron [ug/dL]

Patients with heart failure

HD n 133 101 82 50 69 63 52 46
Absolute 5427 (2950) 76.12(37.89) 79.22(3439) 81.18(30.22) 7254 (25.60) 6808 (24.80) 71.46(28.76) 64.22 (26.87)
value, mean
(SD)

n 89 76 48 62 58 45 40
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Table 2 (continued)
Time after treatment initiation
Baseline 4 weeks 12 weeks 24 weeks 36 weeks 52 weeks 76 weeks 104 weeks
Change from 23.29(4342) 2634(3578) 22.67(3348) 1792(33.55) 1219(32.16) 16.96(35.16)  10.70 (32.55)
baseline,
mean (SD)

PD n 33 26 21 15 18 15 8 6
Absolute 7255 (2698) 7850(25.33) 9248(36.99) 97.53(48.78) 105.56 (42.69) 102.13 (41.68) 99.00 (2833) 88.33(20.70)
value, mean
(SD)

n 26 20 13 17 14 7 5

Change from 7.12(38.78) 18.90 (4043) 14.23(5148) 36.82(41.13) 36.00(26.03) 3886(33.83) 33.00(10.07)
baseline,

mean (SD)

ND n 107 71 64 53 52 40 22 36
Absolute 62.59(33.44) 7394 (38.07) 83.34(35.33) 75.60(20.16) 81.46(26.46) 83.00(29.24) 7823(33.47) 74.36(25.95)
value, mean
(SD)

n 62 58 45 45 35 16 32
Change from 1842 (41.51) 2041(38.13) 1964 (31.15) 27.04(30.52) 31.40(38.88) 32.88(36.70) 22.59 (34.60)
baseline,

mean (SD)

Patients without heart failure

HD n 1176 780 806 628 733 697 586 540
Absolute 5640 (27.36) 7608 (37.65) 74.56(30.88) 7469 (30.63) 7290(2832) 72.55(3030) 72.54(31.69) 72.24(36.90)
value, mean
(SD)

n 710 763 593 677 653 544 499
Change from 2039(3822) 1899(34.83) 16.96(37.05 16.09(34.09) 1533(35.84) 16.01(37.40) 1544 (42.28)
baseline,

mean (SD)

PD n 134 98 87 77 78 64 53 41
Absolute 76.69(32.23) 9053 (37.55) 86.72(37.43) 8936(30.35) 89.54(30.88) 84.17(39.38) 9249(31.95) 81.29(42.38)
value, mean
(SD)

n 92 80 71 68 56 47 35
Change from 13.15(36.94)  9.71 (38.99) 1461 (3047) 1521(33.83) 1148(41.26) 20.55(34.79) 8.09 (49.58)
baseline,

mean (SD)

ND n 472 313 255 185 203 147 109 90
Absolute 7365(31.92) 7979(29.95) 84.14(29.38) 86.34(33.74) 90.05(35.07) 86.84(33.98) 87.00(34.17) 85.77(33.02)
value, mean
(SD)

n 258 221 142 163 119 77 66
Change from 242 (36.99) 8.79(32.04) 1327 (36.64) 16.06(40.93) 13.08(34.70) 10.86(3846) 12.92(39.73)
baseline,
mean (SD)
Hemoglobin [g/dL]

Patients with heart failure

HD n 166 142 117 82 88 82 67 59
Absolute 10.60 (1.35) 10.99 (1.33) 11.60(1.47) 11.07 (1.25) 11.28 (1.33) 11.32(1.34) 11.15(1.37) 11.16 (1.26)
value, mean
(SD)
n 142 117 82 88 82 67 59
Change from 0.38(1.27) 0.88 (2.00) 0.21(147) 0.56 (1.75) 0.57 (1.69) 044 (1.59) 047 (1.63)
baseline,
mean (SD)

PD n 36 32 28 17 22 18 12 9
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Table 2 (continued)
Time after treatment initiation
Baseline 4 weeks 12 weeks 24 weeks 36 weeks 52 weeks 76 weeks 104 weeks
Absolute 10.63 (1.39) 11.05 (1.33) 11.54 (1.19) 11.16 (0.75)  10.89(0.96) 11.24 (141) 11.33(1.06) 10.98 (1.16)
value, mean
(SD)
n 32 28 17 22 18 12 9
Change from 0.39(1.31) 0.90 (1.86) 0.46 (1.10) 0.33(1.49) 0.62 (1.66) 0.97 (1.74) 0.77 (1.58)
baseline,
mean (SD)

ND n 145 118 94 77 78 61 32 43
Absolute 10.24 (1.37) 10.78 (1.51) 11.15(1.52) 11.19(1.67) 11.13(1.35) 11.35(1.47) 11.33(1.48) 11.13(141)
value, mean
(SD)

n 118 94 76 77 61 32 43
Change from 044 (1.26) 0.83(1.61) 0.72 (1.61) 0.64 (1.50) 0.80(1.79) 0.99 (1.63) 0.60 (1.65)
baseline,
mean (SD)

Patients without heart failure

HD n 1384 1115 1026 861 903 838 692 635
Absolute 10.68 (1.20) 11.21(1.24) 11.50(1.37) 11.19(1.28) 11.18 (1.31) 11.20(1.17) 11.13(1.25) 11.21(1.23)
value, mean
(SD)

n 1115 1021 855 898 831 688 630
Change from 0.52 (1.05) 0.81(1.71) 048 (1.44) 046 (1.62) 0.47 (1.46) 0.38(1.43) 047 (142)
baseline,

mean (SD)

PD n 164 138 116 93 99 84 66 55
Absolute 10.52 (1.24) 10.98 (1.23) 11.35(1.50) 11.30(1.42) 11.07 (1.26) 11.13(1.30) 11.38(1.27) 11.24(1.29)
value, mean
(SD)

n 137 116 93 98 84 66 55
Change from 048 (1.17) 0.90 (1.57) 0.56 (1.57) 0.49 (1.35) 042 (1.50) 0.75 (1.59) 0.53(1.58)
baseline,

mean (SD)

ND n 774 579 450 341 332 258 185 149
Absolute 10.39 (1.31) 10.72 (1.30) 11.02 (147) 10.96 (1.37) 11.05 (1.36) 11.15(1.39) 11.33(1.38) 11.49 (1.48)
value, mean
(SD)

n 579 449 340 331 257 185

Change from 0.33(1.01) 0.55(1.43) 0.50 (1.41) 0.61 (1.45) 0.52 (1.54) 0.66 (1.54) 0.77 (1.79)
baseline,

mean (SD)

HD, hemodialysis group; PD, peritoneal dialysis group; ND, non-dialysis-dependent group; IQR, interquartile range (1st quartile, 3rd quartile); SD, standard deviation;

TSAT, transferrin saturation

patients (1.37%) and 29/778 patients (3.73%) in the ND
group.

Discussion

Because existing oral iron preparations have failed to
improve iron-related parameters in patients with HF
[12] and HF is highly prevalent in patients with CKD
[1], this study evaluated the effects of FC in subgroups
of CKD patients with and without comorbid HF. Regard-
less of the presence of comorbid HF, levels of iron- and

erythrocyte-related parameters, including serum ferritin,
TSAT, and hemoglobin, showed an increasing trend after
the initiation of FC treatment and were then maintained
during the 104-week study period. Levels of CKD-MBD-
related parameters, including serum phosphate, were
also well controlled. The overall time-course changes in
these parameters in patients with and without comorbid
HF subpopulations were similar. In particular, median
changes in serum ferritin from baseline to week 36 in the
PD groups were greater than those in the HD and ND
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Table 3 Changes in serum ferritin and TSAT (safety-analysis set)
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Patients with heart failure

Patients without heart failure

Time after treatment initiation

Time after treatment initiation

12 weeks 36 weeks 52 weeks 104 weeks 12 weeks 36 weeks 52 weeks 104 weeks
Serum ferritin [ng/mL]
HD n 75 59 56 40 636 568 551 442
Change from  33.01 (62.11)  90.98 (107.40) 67.17(89.50)  97.16(117.34) 39.32(80.57) 81.86(111.33) 89.47(120.88) 90.70 (134.59)
baseline,
mean (SD)
95% Cl 18.72-47.30 62.99-118.97 43.20-91.14 50.63-134.68 33.05-45.59 72.68-91.03 79.36-99.59 78.11-103.28
PD n 20 17 13 6 76 63 61 37
Change from  80.09 (120.73) 158.64(96.72) 194.21(82.88) 221.82 35.22(83.44) 13291 128.82 194.46 (179.09)
baseline, (145.40) (136.26) (125.62)
mean (SD)
95% Cl 23.59-136.59 10891-208.36 144.12-244.29 69.23-37441 16.15-54.29 98.59-167.23 96.65-161.00 134.75-254.17
ND n 62 47 37 31 229 171 129 65
Change from  43.10(81.54) 68.06(94.23) 9747 (143.11) 104.88 40.95 (84.50) 99.75(123.56) 102.23 140.21 (153.34)
baseline, (113.48) (105.22)
mean (SD)
95% Cl 2239-6380  4040-9573  49.75-14518 63.25-146.50 29.95-51.95 81.10-11840 83.90-12056 102.21-178.20
TSAT [%]
HD n 70 57 53 33 696 629 605 469
Change from  12.79(1529) 11.17(14.71) 827 (15.39) 824 (17.36) 9.57(1496) 9.04(14.13) 9.50 (15.18) 9.36 (15.80)
baseline,
mean (SD)
95% Cl 9.15-16.44 7.27-15.07 4.02-12.51 2.08-14.39 8.46-10.68 7.93-10.15 8.29-10.71 7.93-10.80
PD n 20 17 14 5 78 62 55 36
Change from  9.55(17.60) 15.01 (14.77) 16.55(13.82) 19.10 (7.85) 496 (1561) 967 (13.71) 7.85(16.87) 8.19 (22.73)
baseline,
mean (SD)
95% Cl 1.31-17.78 7.42-22.60 8.57-24.53 9.36-28.84 1.44-8.48 6.19-13.15 3.29-1241 0.50-15.88
ND n 53 41 33 29 192 142 103 60
Change from  5.85 (13.90) 11.52(12.32) 15.58 (11.25) 1229(1202) 521(13.16) 8.27(15.50) 8.06 (14.39) 8.01(15.59)
baseline,
mean (SD)
95% Cl 2.02-9.69 7.63-1541 11.59-19.57  7.72-16.86 3.34-7.09 5.70-10.84 5.24-10.87 3.98-12.03

HD, hemodialysis group; PD, peritoneal dialysis group; ND, non-dialysis-dependent group; SD, standard deviation; Cl, confidence interval

groups. Regular monitoring of serum ferritin would be
necessary to prevent iron overload in patients undergo-
ing peritoneal dialysis. There was no obvious difference
in the frequency of adverse drug reactions in the HF sub-
population compared with the without HF population. In
addition, the mean treatment doses of FC in patients with
and without comorbid HF were comparable: 1054.5 mg/
day (approximately 253.1 mg iron/day) versus 1082.6 mg/
day (approximately 259.8 mg iron/day) in the HD group,
951.0 mg/day (approximately 228.2 mg iron/day) versus
976.4 mg/day (approximately 234.3 mg iron/day) in the
PD group, and 896.9 mg/day (approximately 215.3 mg
iron/day) versus 845.5 mg/day (approximately 202.9 mg
iron)/day in the ND group, respectively.

In the IRONOUT HF study, oral polysaccharide iron
was administered to patients with HF with reduced ejec-
tion fraction and iron deficiency for 16 weeks, and the
median increases (95% CI) from baseline were 18 (—8,
38) ng/mL for serum ferritin and 2 (—3, 7) % for TSAT
[12]. The polysaccharide iron administered in the IRO-
NOUT HF study (150 mg twice daily; 300 mg iron/day)
was comparable to the elemental iron dose administered
in our study. However, the increases in the iron-related
parameters from baseline to 12 weeks after FC treat-
ment were greater in this study compared with the IRO-
NOUT HF study. These data suggest that oral FC might
be absorbed in CKD patients regardless of the presence
of comorbid HF.
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Fig. 2 Time-course changes in serum ferritin (safety-analysis set).
Time-course changes in median serum ferritin. Error bars indicate the
first to third quartiles. HD, hemodialysis group; PD, peritoneal dialysis
group; ND, non-dialysis-dependent group
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Fig. 3 Time-course changes in transferrin saturation (safety-analysis
set). Time-course changes in mean transferrin saturation. Error

bars indicate the standard deviation. HD, hemodialysis group; PD,
peritoneal dialysis group; ND, non-dialysis-dependent group
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Fig. 4 Time-course changes in mean serum phosphate
(effectiveness-analysis set). Time-course changes in mean serum
phosphate. Error bars indicate standard deviations. HD, hemodialysis
group; PD, peritoneal dialysis group; ND, non-dialysis-dependent
group

A previous post hoc analysis compared the iron-
related parameters of ferric citrate (Auryxia®) in
non-dialysis-dependent patients with CKD and iron-
deficiency anemia with or without HF [23]. They found
mean (SD) increases from baseline to week 12 in serum
ferritin of 201.6 (172.3) pmol/L [89.7 (76.7) ng/mL] and
TSAT of 10.9 (13.7) % in patients with HF, which were
comparable with changes in patients without HFE. Our
results in the ND group were in line with this previous
report; however, the mean FC (Riona®) dose in the ND
group of 896.9 mg/day (approximately 215.3 mg iron/
day) was lower compared with the mean ferric citrate
(Auryxia®) dose of 5000 mg/day (1050 mg iron/day)
in the previous study. The difference between studies
might be related to the levels of inflammation between
CKD patients in the USA and Japan. Compared with
the previous study, we evaluated the iron- and eryth-
roid-related parameters based on real-world data in
CKD patients with HF in Japan in the ND group as well
as the HD and PD groups and obtained data related to
long-term (104 weeks) FC (Riona®) treatment.

Anemia or iron deficiency is associated with an
increased risk of mortality in patients with CKD and
patients with HF [3, 5-8, 26]. The CKDopps study [26]
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Table 4 Changes in chronic kidney disease—mineral and bone disorder-related parameters (effectiveness-analysis set)

Time after treatment initiation

Baseline 4 weeks 12 weeks 24 weeks 36 weeks 52 weeks 76 weeks 104 weeks

Serum phosphate [mg/dL]
Patients with heart failure
HD n 146 127 112 77 83 77 64 59

Absolute 6.73 (1.45) 5.69(1.52) 5.34(1.36) 5.16(1.32) 5.19(1.27) 5.09(1.17) 5.04 (1.27) 5.09(1.22)
value, mean
(SD)
n 127 112 77 83 77 64 59
Change from —110(138) —136(147) —155(1.51) —140(155 —146(1.56) —1.55(1.90) —155(1.62)
baseline,
mean (SD)
PD n 33 31 27 17 22 18 12 9

Absolute 6.62 (1.36) 5.96 (1.42) 5.53(1.49) 5.21(0.72) 5.62 (1.54) 5.71(1.58) 5.03(1.42) 5.34(1.95)
value, mean
(SD)

31 27 17 22 18 12 9

Change from —061(1.13) —1.09(142) —124(131) —103(143) —084(1.15 —147(140) —1.31(1.13)
baseline,
mean (SD)

ND n 124 103 85 71 74 59 32 44

Absolute 533 (1.09) 492 (1.18) 4.74(1.03) 460 (1.09) 4.74 (1.26) 479 (1.13) 491 (1.25) 4.70 (1.05)
value, mean

(SD)

n 103 85 71 74 59 32 44

Change from —044(1.000 —049(091) —049(1.26) —034(124) —022(1.16) —0.07(1.34) —0.23(1.09)
baseline,
mean (SD)

Patients without heart failure
HD n 1223 1012 945 810 850 798 674 631

Absolute 6.56 (1.38) 5.82(1.45) 5.57 (145) 531(1.35) 539 (141) 535(1.34) 543 (1.27) 540 (1.31)
value, mean

(SD)

n 1011 940 806 847 793 671 627

Change from —076(148) —096(1.54) —1.17(0161) —114(1.700 —1.18(1.63) —1.13(1.62) —1.17(1.62)
baseline,
mean (SD)

PD n 144 125 106 88 89 77 63 53

Absolute 6.06 (1.35) 551(1.16) 539(1.43) 542 (1.52) 527 (1.17) 527 (1.02) 526 (1.10) 5.10(1.16)
value, mean

(SD)

n 125 106 88 89 77 63 53

Change from —058(132) —072(1400 —074(153) —069(1.46) —0.77(1.48 —0.80(1.49) —1.06(1.72)
baseline,
mean (SD)

ND n 657 499 399 308 312 249 181 149

Absolute 5.34(1.03) 495(1.13) 478(1.12) 484 (1.21) 490 (1.26) 4.82(1.22) 488 (1.27) 490 (1.19)
value, mean
(SD)

n 499 398 307 312 248 181 149

Change from —044(099 —051(1.100 —037(1.16) —023(1.27) —027(1.19) —0.16(1.22) —0.16(1.22)
baseline,
mean (SD)

Corrected Ca [mg/dL]
Patients with heart failure
HD n 146 127 112 77 83 77 64 59
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Table 4 (continued)
Time after treatment initiation
Baseline 4 weeks 12 weeks 24 weeks 36 weeks 52 weeks 76 weeks 104 weeks
Absolute 8.55(0.77) 8.66 (0.68) 8.68 (0.75) 8.65(0.73) 8.57(0.79) 8.69 (0.64) 8.64 (0.66) 8.66 (0.72)
value, mean
(SD)
n 127 112 77 83 77 64 59
Change from 0.12 (0.63) 0.14 (0.78) 0.10(0.81) 0.02 (0.91) 0.23(0.80) 0.14(0.81) 0.15 (0.75)
baseline,
mean (SD)

PD n 33 31 27 17 22 18 12 9
Absolute 8.25(0.80) 8.37 (0.66) 8.61(0.66) 8.49 (0.67) 8.54 (0.70) 8.23(0.73) 8.51(0.86) 8.46 (0.68)
value, mean
(SD)

n 31 27 17 22 18 12

Change from 0.05 (0.65) 0.25 (0.70) 0.09 (0.87) 0.20 (0.96) —0.25(0.88) 0.27(1.22) 0.17 (1.21)
baseline,

mean (SD)

ND n 122 103 84 70 73 59 32 44
Absolute 8.38(0.69) 849 (0.69) 8.57(0.67) 849 (0.74) 848 (0.72) 8.61(0.81) 8.72(0.61) 8.63(0.72)
value, mean
(SD)

n 102 84 69 72 59 32 44
Change from 0.12 (0.46) 0.16 (0.53) 0.04 (0.62) —0.02(0.60) 0.13(0.70) 0.25 (0.67) 0.02 (0.70)
baseline,
mean (SD)

Patients without heart failure

HD n 1222 1010 943 809 850 798 672 631
Absolute 8.73(0.81) 8.76 (0.75) 8.78 (0.72) 8.80 (0.70) 8.76 (0.75) 8.77 (0.73) 8.75(0.67) 8.74(0.70)
value, mean
(SD)

n 1009 938 806 847 793 669 627
Change from 0.04 (0.68) 0.09 (0.74) 0.11 (0.85) 0.05 (0.90) 0.07 (0.86) 0.05 (0.90) 0.01 (0.90)
baseline,

mean (SD)

PD n 142 123 106 88 89 77 63 55
Absolute 8.5(0.78) 8.57(0.67) 8.54 (0.69) 8.59(0.78) 86(0.72) 8.64 (0.77) 8.54 (0.63) 8.55(0.73)
value, mean
(SD)

n 123 106 88 88 77 63 55
Change from 0.10 (0.55) 0.04 (0.67) 0.09 (0.81) 0.09 (0.85) 0.14 (0.91) —0.03(0.85) 0.00(1.02)
baseline,

mean (SD)

ND n 656 500 399 309 312 249 181 148
Absolute 8.56 (0.80) 8.60(0.77) 8.62 (0.96) 8.62(0.72) 8.66 (0.79) 8.75(0.68) 8.73(0.77) 8.78 (0.71)
value, mean
(SD)

n 499 398 307 312 248 181 148
Change from 0.05 (0.60) 0.04 (0.79) —0.01(0.68) —0.01(0.75 0.02(0.70) —0.05(0.91) 0.02 (0.92)
baseline,
mean (SD)
Intact PTH [pg/mL]
Patients with heart failure

HD n 104 66 70 44 57 54 51 44
Absolute 158.00 149.50 134.00 179.50 142.00 136.50 119.00 (79.00, 108.50 (66.50,
value, (99.00, (98.00, (77.00, (90.50, (70.00, (86.00, 206.00) 177.00)
median (IQR) 269.50) 238.00) 216.00) 258.00) 237.00) 214.00)

n 54 63 40 51 48 42 37
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Time after treatment initiation

Baseline 4 weeks 12 weeks 24 weeks 36 weeks 52 weeks 76 weeks 104 weeks

Change from —17.00 —22.00 —1.00 —12.00 —17.00 —1500(—94.00, —26.00
baseline, (—69.00, (—82.00, (—56.50, (—127.00, (—116.00, 43.00) (—104.00,
median (IQR) 1.00) 14.00) 77.50) 40.00) 27.50) 17.00)

PD n 26 22 19 15 17 15 11 8
Absolute 171.00 199.50 163.00 107.00 194.00 194.00 137.00 (114.00, 164.50 (122.00,
value, (110.00, (89.00, (59.00, (52.00, (87.00, (89.00, 230.00) 194.50)
median (IQR) 339.00) 313.00) 228.00) 284.00) 259.00) 231.00)
n 20 18 13 16 14 9 6
Change from —12.00 —34.00 0.00 (—25.00, —12.00 —9.00 —13.00 29.50 (—79.00,
baseline, (—61.00, (—136.00, 11.00) (—171.00, (—89.00, (—315.00, 4.00) 73.00)
median (IQR) 30.00) 5.00) 53.50) 37.00)

ND n 63 41 46 44 46 38 17 32
Absolute 194.00 194.00 148.00 157.00 187.50 148.00 162.00 (96.00, 167.00 (99.50,
value, (106.00, (112.00, (106.00, (105.50, (122.00, (85.00, 198.00) 222.00)
median (SD)  296.00) 265.00) 219.00) 256.50) 290.00) 229.00)
n 30 40 31 32 26 7 22
Change from —11.50 — 1450 —26.00 —24.00 —550 —66.00 20.50 (—5.00,
baseline, (—85.00, (—47.50, (—76.00, (—57.00, (—59.00, (—89.00,—10.00) 39.00)
median (IQR) 30.00) 7.00) 14.00) 29.00) 32.00)

Patients without heart failure

HD n 878 555 579 480 544 552 512 487
Absolute 177.00 163.00 150.00 144.00 145.00 145.50 158.00 (92.00, 154.00 (90.00,
value, (106.00, (95.00, (92.00, (85.50, (92.50, (97.00, 233.00) 220.00)
median (IQR) 267.00) 245.00) 237.00) 214.00) 218.50) 222.50)
n 465 525 439 473 482 442 416
Change from —10.00 —13.00 —15.00 —12.00 —13.00 —9.50 (—=97.00, —11.50
baseline, (—58.00, (—66.00, (—81.00, (—95.00, (—88.00, 45.00) (—105.00,
median (IQR) 25.00) 29.00) 38.00) 40.00) 38.00) 50.50)

PD n 94 67 61 61 51 48 42 38
Absolute 193.50 186.00 177.00 199.00 167.00 164.00 195.00 (91.00, 143.00 (83.00,
value, (102.00, (86.00, (91.00, (102.00, (83.00, (80.00,277.5) 329.00) 213.00)
median (IQR) 371.00) 294.00) 318.00) 341.00) 249.00)
n 62 54 53 41 41 34 31
Change from —7.00 9.00 (—69.00, 13.00 2.00 —1.00 5.00 (—169.00, —180
baseline, (—60.00, 52.00) (—90.00, (—129.00, (—118.00, 145.00) (—234.00,
median (IQR) 29.00) 86.00) 90.00) 94.00) 106.00)

ND n 261 167 148 127 135 106 86 71
Absolute 228.00 215.00 210.00 233.00 211.00 201.00 193.50 (114.00, 154.00 (98.00,
value, (117.00, (121.00, (116.00, (122.00, (101.00, (100.00, 295.00) 290.00)
median (SD)  373.00) 350.00) 337.50) 363.00) 367.00) 330.00)
n 119 109 84 79 63 45 40
Change from —8.00 4.00 (—44.00, 18.00 1.00 (—43.00, 14.00 6.00 (— 56.00, —7.00
baseline, (—38.00, 38.00) (—42.00, 47.00) (—42.00, 63.00) (—92.00,
median (IQR) 31.00) 58.00) 76.00) 56.00)

HD, hemodialysis group; PD, peritoneal dialysis group; ND, non-dialysis-dependent group; SD, standard deviation; PTH, parathyroid hormone; IQR, interquartile range

(1st quartile, 3rd quartile)

and subgroup analyses of the CRIC study [27] reported
that a lower TSAT was associated with higher risks of
mortality and cardiovascular events in non-dialysis-
dependent CKD patients. In the current study, FC had a
tendency to increase the level of TSAT in CKD patients
with and without HF, which may reduce the risks of

mortality and cardiovascular events. In a mouse model
of CKD, the administration of ferric citrate (Auryxia®)
increased the TSAT and serum ferritin levels and
improved cardiac markers, including B-type natriuretic
peptide, atrial natriuretic peptide, and b-myosin heavy
chain, and prolonged survival [28].
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Table 5 Adverse drug reactions observed in at least two patients in either group (safety-analysis set)

Patients with heart failure Patients without heart failure
HD PD ND HD PD ND
Safety-analysis set, n 166 36 146 1401 173 778
Patients with any adverse drug reaction, n (%) 34(2048) 16 (44.44) 20(13.70) 289 (20.63) 35(20.23) 131 (16.84)
Number of adverse drug reactions 49 23 25 396 44 163
Adverse drug reactions, n (%)
Diarrhea 2(1.20) 3(8.33) 6(4.11) 54 (3.85) 10 (5.78) 36 (4.63)
Serum ferritin increased 6(3.61) 4(011.11) 2(1.37) 43 (3.07) 10 (5.78) 29 (3.73)
Constipation 0(0.00) 2(5.56) 3(2.05) 28 (2.00) 1(0.58) 11(147)
Hemoglobin increased 2(1.20) 0 (0.00) 1(0.68) 31(2.21) 0 (0.00) 0 (0.00)
Nausea 1 (0.60) 0(0.00) 0(0.00) 18 (1.28) 1(0.58) 10 (1.29)
Hyperferritinemia 1 (0.60) 2 (5.56) 1(0.68) 10(0.71) 3(1.73) 8(1.03)
Hypertension 1(0.60) 1(2.78) 0(0.00) 11(0.79) 1(0.58) 3(0.39)
Abdominal discomfort 1(0.60) 0(0.00) 0(0.00) 11(0.79) 0(0.00) 3(0.39)
Abdominal distension 2(1.20) 0(0.00) 0(0.00) 7 (0.50) 0(0.00) 3(0.39)
Feces discolored 1 (0.60) 0(0.00) 0 (0.00) 11 (0.79) 0 (0.00) 0(0.00)
Polycythemia 2(1.20) 0 (0.00) 0 (0.00) 10 (0.71) 0 (0.00) 0(0.00)
Decreased appetite 0 (0.00) 0 (0.00) 1(0.68) 5(0.36) 1(0.58) 3(0.39)
Pruritus 0(0.00) 0(0.00) 0(0.00) 5(0.36) 0(0.00) 3(0.39)
Vomiting 0(0.00) 0(0.00) 0(0.00) 7 (0.50) 1(0.58) 0(0.00)
Feces soft 0(0.00) 0(0.00) 0 (0.00) 6(043) 0 (0.00) 2(0.26)
Abdominal pain 1 (0.60) 0 (0.00) 1(0.68) 3(0.21) 1(0.58) 1(0.13)
Hepatic function abnormal 0 (0.00) 0 (0.00) 0 (0.00) 1(0.07) 2(1.16) 3(0.39)
Blood iron increased 0(0.00) 0(0.00) 0(0.00) 2(0.14) 1(0.58) 2(0.26)
Gastroesophageal reflux disease 0 (0.00) 0 (0.00) 1(0.68) 3(0.21) 1(0.58) 0 (0.00)
Red blood cell count increased 1 (0.60) 0 (0.00) 0 (0.00) 4(0.29) 0 (0.00) 0 (0.00)
Renal impairment 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0(0.00) 5(0.64)
Hyperphosphatemia 0 (0.00) 0 (0.00) 0 (0.00) 2(0.14) 0 (0.00) 2(0.26)
Hypocalcemia 0(0.00) 0(0.00) 2(137) 1(0.07) 1(0.58) 0(0.00)
Abdominal pain upper 0 (0.00) 0 (0.00) 0 (0.00) 1(0.07) 1(0.58) 1(0.13)
Acute myocardial infarction 0 (0.00) 0 (0.00) 0 (0.00) 3(0.21) 0 (0.00) 0 (0.00)
Anemia 0 (0.00) 0(0.00) 0 (0.00) 2(0.14) 0 (0.00) 1(0.13)
Arrhythmia 0(0.00) 0 (0.00) 2(1.37) 1(0.07) 0(0.00) 0 (0.00)
Back pain 1(0.60) 0(0.00) 0(0.00) 2(0.14) 0 (0.00) 0(0.00)
Blood calcium decreased 1 (0.60) 1(2.78) 0 (0.00) 1(0.07) 0 (0.00) 0 (0.00)
Cardiac failure congestive 0 (0.00) 0 (0.00) 1(0.68) 2(0.14) 0 (0.00) 0 (0.00)
Cerebral infarction 0 (0.00) 0 (0.00) 0 (0.00) 3(0.21) 0 (0.00) 0 (0.00)
Death 0 (0.00) 1(2.78) 0(0.00) 1(0.07) 0(0.00) 1(0.13)
Feeling abnormal 1(0.60) 0 (0.00) 0(0.00) 1(0.07) 0(0.00) 1(0.13)
Hematocrit increased 1 (0.60) 0 (0.00) 0 (0.00) 2(0.14) 0 (0.00) 0 (0.00)
Hemoglobin decreased 2(1.20) 0 (0.00) 0 (0.00) 1(0.07) 0 (0.00) 0 (0.00)
Headache 1(0.60) 0(0.00) 0(0.00) 2(0.14) 0(0.00) 0(0.00)
Hyperuricemia 0 (0.00) 0(0.00) 0(0.00) 2(0.14) 0(0.00) 1(0.13)
Hypophosphatemia 1(0.60) 0(0.00) 0(0.00) 2(0.14) 0(0.00) 0(0.00)
Malaise 0(0.00) 1(2.78) 0(0.00) 1(0.07) 1(0.58) 0(0.00)
Shunt occlusion 1(0.60) 0 (0.00) 0(0.00) 1(0.07) 0(0.00) 1(0.13)
Blood phosphorus increased 0 (0.00) 0 (0.00) 0 (0.00) 2(0.14) 1(0.58) 0 (0.00)
Transferrin saturation increased 0 (0.00) 0 (0.00) 0 (0.00) 3(0.21) 0 (0.00) 0 (0.00)
Nephrogenic anemia 1 (0.60) 0(0.00) 0(0.00) 2(0.14) 0(0.00) 0 (0.00)
Abdominal pain lower 1(0.60) 0(0.00) 0(0.00) 1(0.07) 0(0.00) 0(0.00)
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Patients with heart failure

Patients without heart failure

HD PD ND HD PD ND
Angina pectoris 0(0.00) 0(0.00) 0(0.00) 2(0.14) 0 (0.00) 0(0.00)
Arthralgia 0(0.00) 0(0.00) 0(0.00) 1(0.07) 0(0.00) 1(0.13)
Blood parathyroid hormone increased 0 (0.00) 1(2.78) 0 (0.00) 0 (0.00) 0 (0.00) 1(0.13)
Blood pressure decreased 0 (0.00) 0(0.00) 0 (0.00) 2(0.14) 0 (0.00) 0 (0.00)
Blood pressure increased 0 (0.00) 0 (0.00) 0 (0.00) 1(0.07) 0 (0.00) 1(0.13)
Bronchitis 1(0.60) 0(0.00) 0(0.00) 1(0.07) 0 (0.00) 0(0.00)
Cerebellar infarction 0 (0.00) 0 (0.00) 0 (0.00) 1(0.07) 0 (0.00) 1(0.13)
Eosinophilia 0(0.00) 0(0.00) 0(0.00) 0 (0.00) 0(0.00) 2(0.26)
Frequent bowel movements 0 (0.00) 0 (0.00) 0 (0.00) 2(0.14) 0 (0.00) 0 (0.00)
Gastric ulcer 0 (0.00) 0(0.00) 0(0.00) 1(0.07) 0(0.00) 1(0.13)
Gastrointestinal disorder 0(0.00) 0(0.00) 0(0.00) 2(0.14) 0(0.00) 0(0.00)
Hypercholesterolemia 0 (0.00) 0 (0.00) 0 (0.00) 1(0.07) 0 (0.00) 1(0.13)
Insomnia 0 (0.00) 0(0.00) 0 (0.00) 2(0.14) 0 (0.00) 0(0.00)
Muscle spasms 0 (0.00) 0 (0.00) 0 (0.00) 1(0.07) 1(0.58) 0 (0.00)
Musculoskeletal pain 0 (0.00) 0 (0.00) 0 (0.00) 2(0.14) 0 (0.00) 0 (0.00)
Nasopharyngitis 0(0.00) 0(0.00) 0(0.00) 2(0.14) 0(0.00) 0(0.00)
Oedema 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 2(0.26)
Pain in extremity 0(0.00) 0(0.00) 0 (0.00) 2(0.14) 0 (0.00) 0(0.00)
Peritonitis 0 (0.00) 0 (0.00) 0 (0.00) 1(0.07) 1(0.58) 0 (0.00)
Stomatitis 0(0.00) 0(0.00) 0 (0.00) 2(0.14) 0 (0.00) 0(0.00)
Shunt stenosis 0(0.00) 0(0.00) 0 (0.00) 2(0.14) 0(0.00) 0 (0.00)
Peripheral arterial occlusive disease 2(1.20) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

HD, hemodialysis group; PD, peritoneal dialysis group; ND, non-dialysis-dependent group

This study had important limitations. The case report

forms used in this study lacked several important pieces
of information, including detailed information on HF
(e.g., HFrEF, HFpEF, and the severity of HF, such as
the New York Heart Association functional classifica-
tion, and were not adjusted by an independent commit-
tee), levels of hepcidin and CRP, and use of intravenous
iron preparations or ESA dosage. In addition, because
of an observational real-world study, missing data
were observed and approximately 13% of patients with
and without HF (#=45/348 (12.9%) and n=309/2352
(13.1%), respectively) were lost to follow-up and there-
fore we did not determine the reasons for dropping out
of the study. Thus, the excluded patients might have
been more likely to be resistant to iron replacement by
the oral iron therapy. Further prospective, randomized,
controlled studies are needed to confirm the iron
absorption effect of oral FC in patients with HF.

Conclusions

This long-term, real-world, post-marketing surveillance
study demonstrated that oral FC administration had a
tendency to increase iron-related parameters in CKD
patients regardless of the presence of HF.
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