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Abstract. Ferric citrate is an approved
phosphate binder for use in patients with
chronic kidney disease on dialysis. Clini-
cal trials demonstrated that ferric citrate
controlled serum phosphorus levels and
increased iron stores. The aim of this retro-
spective chart review was to evaluate real-
world bone mineral and anemia parameter
data from patients treated with ferric citrate.
92 adult dialysis patients taking ferric ci-
trate (average starting dose of 6 tablets/
day) for at least 6 months were included.
Bone mineral, anemia, and iron biomarker
levels were extracted from patient medical
records before and during the first 6 months
of ferric citrate treatment; 21 (23%) patients
were phosphate binder naive, and 71 (77%)
patients had been on other phosphate bind-
ers. Before starting ferric citrate, 22% of
patients had serum phosphorus < 5.5 mg/dL,
increasing to 65% of patients at 6 months
of treatment (month 6). Mean (standard er-
ror of the mean (SEM)) baseline serum
phosphorus was 6.55 + 0.17 mg/dL decreas-
ing to 5.40 = 0.17 mg/dL at month 6. Mean
(SEM) baseline hemoglobin, ferritin, and
transferrin saturation were 10.6 + 0.2 g/dL,
734 £ 65 ng/mL, and 27.1 + 1.6%, respec-
tively, and 11.1 + 0.2 g/dL, 947 + 66 ng/mL,
and 37 + 1.9%, respectively, at month 6. The
serum phosphorus and anemia biomarker lev-
els observed in this retrospective chart review
were similar to those seen in clinical trials.

Introduction

Hyperphosphatemia is a common prob-
lem among adults with chronic kidney dis-
ease (CKD) on dialysis that, without inter-
vention, has been associated with increased

morbidity and mortality [1]. As a result, the
use of safe and effective phosphate binders
has been an essential component of treat-
ment plans for CKD patients on dialysis to
reduce the amount of phosphorus absorbed
from the diet and, thus, reduce serum phos-
phorus levels.

Ferric citrate (Auryxia®, Boston, MA,
USA) was approved in the United States
(US) in 2014 for the control of serum phos-
phorus levels in patients with CKD on dialy-
sis [2]. The long-term safety and efficacy of
ferric citrate in CKD patients on dialysis was
studied in a phase 3 clinical trial with a 52-
week, randomized, active-controlled period
comparing ferric citrate to sevelamer car-
bonate and/or calcium acetate, followed by a
4-week randomized, placebo-controlled pe-
riod (NCT01191255) [3]. In this study, ferric
citrate reduced and maintained serum phos-
phorus levels similarly to the active control
and significantly better than placebo and had
a similar safety profile to that of the active
control group.

Given the dynamic change of treatment
practices for patients on dialysis in the US,
there is a need to understand how ferric ci-
trate is used in real-world practice and how
outcomes of patients taking ferric citrate
compare to the published clinical trial data.

Materials and methods

A retrospective chart review was per-
formed by 7 clinicians at clinics across the
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Table 1. Demographics and baseline characteristics.

Gender, n (%)

Male 58 (63)
Female 34 (37)
Age (years), mean (range) 57 (25 -91)

Race, n (%)
Caucasian 48 (52)
African-American 21 (23)
Asian 4 (4)
Other 11 (12)
Weight (kg), mean (range) 82 (49 — 162)
Diabetes, n (%)
Insulin-dependent 17 (18)
Non-insulin-dependent 20 (22)
Hypertension, n (%) 84 (91)
Previous phosphate binder, n (%)
Binder-naive 21 (23)
Binder-experienced? 71 (77)
Type of dialysis, n (%)
In-center hemodialysis 62 (67)
Home hemodialysis 5 (5)
Peritoneal dialysis 25 (27)
Time on dialysis (months), mean (range)
By type of dialysis
All dialysis patients 38 (0 —204)
In-center hemodialysis 45 (0 —204)
Home hemodialysis 25 (3 - 25)
Peritoneal dialysis 16 (0 — 108)
By previous binder use
Binder-naive 6 (0—29)
Binder-experienced 47 (0 —204)

aSee Table 2 for summary of types of previous phosphate binders used.

US. Clinicians included community health-
care professionals (e.g., nephrologists, di-
etitians) who routinely treat patients with
CKD on dialysis. To be included in the
study, patients on dialysis were required to
have been prescribed ferric citrate (alone or
in combination with another binder) for the
control of serum phosphorus, based on the
provider’s clinical decision, for a minimum
of 6 months. Clinicians reviewed the charts
from their practices and selected patients
who met the inclusion criteria (decision was
at the clinical level, not the facility level).
Data were collected and captured from
routine clinical care that was documented
in patient medical records. Laboratory val-
ues were not collected every month for all
parameters but rather as directed by routine
clinical care (i.e., intact parathyroid hormone
(iPTH), transferrin saturation (TSAT)).
Demographic and baseline health data in-
cluded gender, age, race, baseline weight, co-

morbidities (diabetes, hypertension), dialysis
status (time since initiation, type of dialysis),
and previous phosphate binder information
(type and number of pills/day). Clinicians
collected data from patient medical records
regarding treatment with ferric citrate, in-
cluding duration of treatment, average pill
count per day for each month of treatment,
and concomitant use of additional phosphate
binders. Laboratory data were collected fol-
lowing initiation of treatment with ferric ci-
trate at baseline (month 0) and monthly, if
available, which included serum phospho-
rus, serum calcium, and iPTH. Serum ferri-
tin, TSAT, and hemoglobin (Hgb), as well as
intravenous (IV) iron dosing, were collected
for 3 months before starting ferric citrate
treatment and monthly following initiation
of treatment with ferric citrate. All available
laboratory data from patient charts for these
parameters are included in the analysis.

The clinicians determined whether any of
the collected laboratory data were considered
to be adverse events or serious adverse events
using Kidney Disease Improving Global Out-
comes (KDIGO) targets as reference ranges
for ferritin, TSAT, and Hgb, and the National
Kidney Foundation’s Kidney Disease Out-
comes Quality Initiative (KDOQI) targets as
reference ranges for phosphorus, calcium, and
iPTH [4, 5, 6]. Descriptive data are presented,
and laboratory values are presented in the text
as mean * standard error of the mean (SEM).

Results

The demographics and baseline charac-
teristics of the 92 patients are presented in
Table 1. The majority were male (63%) and
Caucasian (52%). The mean time on dialy-
sis was 38 months with a range of 0 — 204
months, indicating that both incident and
prevalent dialysis patients were included in
the study. The distribution of types of dialy-
sis of patients in the study included 67% of
patients that received in-center hemodialysis
(HD), 27% on peritoneal dialysis (PD), and
5% that received home HD. Data for home
HD and in-center HD patients are presented
together. Most patients (77%) had previously
used a phosphate binder before switching to
ferric citrate. Patients that were phosphate bind-
er naive before initiating ferric citrate (binder-
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Table 2. History of phosphate binder use and pill burden.

Type of previous Binder-experienced subgroup n = 71
phosphate binder n (%) Mean pill count per day
Sevelamer? 37 (52) 11

Calcium® 20 (28) 9
Sevelamer + Calcium 10 (14) 16

Other 4 (6) 9

aSevelamer carbonate is available in 800-mg tablets. °Calcium acetate is avail-

able in 667-mg capsules.
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Figure 1. Serum phosphorus levels overall and
by subgroup. Data presented are mean + standard
error of the mean (n = 92). A: Percent of patients
within KDOQI target serum phosphorus range of
<5.5mg/dL (n =92 at month 0 and n = 81 at month
6); B: Serum phosphorus levels over time for all
patients (n = 92 at month 0 and n = 81 at month 6);
C: Serum phosphorus levels for binder experience
subgroups (binder-experienced subgroup: n = 71
at month 0 and n = 64 at month 6; binder-naive
subgroup n =21 at month 0 and n = 17 at month 6);
D: Serum phosphorus levels for dialysis subgroups
(HD: n =67 at month 0 and n = 62 at month 6; PD:
n = 25 at month 0 and n = 19 at month 6).

naive subgroup) had been on dialysis for an
average of 6 months compared to 48 months
for those patients that switched from a differ-
ent phosphate binder (binder-experienced
subgroup).

Phosphate binder use and pill
burden

Average daily prescribed pill count was
collected for phosphate binders taken be-

fore starting ferric citrate treatment and, if
concomitant binders were taken, during fer-
ric citrate treatment. 23% of patients had
not previously been treated with a phos-
phate binder. Among the 71 patients in the
binder-experienced subgroup, 52% were on
sevelamer only, and their average pill count
was 11 pills/day. For the 28% of patients
in the binder-experienced subgroup that re-
ceived a calcium-based binder, their average
pill count was 9 pills/day. Those on combina-
tion of sevelamer and calcium-based binders
(14%) averaged 16 pills/day (Table 2).

Ferric citrate use

The mean starting dose of ferric citrate
was 6 pills/day, which increased to 7 pills/
day at months 3 and 6. The type of dialysis
a patient received did not influence the mean
starting dose of ferric citrate; both the HD
and PD subgroups started at 6 pills/day. The
binder-naive subgroup started at a mean dose
of 5 pills/day vs. 6 pills/day for the binder-ex-
perienced subgroup. Following 6 months of
ferric citrate treatment, the average pill count
for the HD subgroup was 7 pills/day vs. 6
pills/day for the PD subgroup. At 6 months
of treatment, the average pill count for the
binder-naive subgroup was 6 pills/day vs.
7 pills/day for the binder-experienced sub-
group. 17 (18%) patients began ferric citrate
treatment in addition to continuing to take a
previously prescribed phosphate binder.

Mineral bone biomarkers

Mineral bone biomarkers collected in-
cluded serum phosphorus, serum calcium,
and iPTH. Figure 1A shows the percentage
of patients within the KDOQI target range
of < 5.5 mg/dL for serum phosphorus be-
fore and during ferric citrate treatment. Be-
fore starting treatment, 22% of patients were
within the serum phosphorus target range,
while 48% and 65% of patients were within
the target range at months 1 and 6, respec-
tively. For all patients, mean serum phospho-
rus levels decreased from 6.55 + 0.17 mg/dL
before starting ferric citrate to 5.90 = 0.18
mg/dL at month 1 and 5.41 + 0.17 mg/dL at
month 6 (Figure 1B) (Table 3). The binder-
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Table 3. Mean (standard error of the mean) mineral bone biomarkers over time.

Month Serum phosphorus (mg/dL) | Serum calcium (mg/dL) iPTH (pg/mL)

N Mean SEM N Mean SEM N2 Mean SEM
0 (Baseline) 92 6.55 0.17 92 9.00 0.08 81 480.5 46.4
1 92 5.90 0.18 92 8.97 0.08 56 469.6 46.0
2 90 5.74 0.16 90 8.96 0.08 63 477.5 445
3 90 B.0B 0.15 90 9.03 0.08 56 466.3 414
4 89 5.63 0.16 89 9.07 0.06 69 475.2 45.0
5] 86 5.38 0.15 87 8.99 0.08 58 502.0 46.3
6 81 5.41 0.17 82 9.08 0.08 59 488.0 43.0

aLaboratory values were collected per routine clinical care. iPTH was not typically measured on a month-
ly basis. iPTH = intact parathyroid hormone; SEM = standard error of the mean.
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Figure 2. Mean (standard error of the mean) iron
biomarker measurements over time. Data present-
ed are mean * standard error of the mean (n = 92).
A: Mean hemoglobin for all patients (n = 76 at
month =3 and n = 76 at month 6); B: Mean TSAT for
all patients (n = 62 at month —3 and n = 70 at month
6); C: Mean serum ferritin for all patients (n = 59 at
month =3 and n = 65 at month 6); D: Mean serum
ferritin for dialysis subgroups (HD subgroup: n =43
at month -3 and n = 49 at month 6; PD subgroup:
n = 16 at month -3 and n = 16 at month 6).

naive subgroup had slightly lower baseline
mean serum phosphorus (6.49 £ 0.29 mg/
dL) compared to the binder-experienced
subgroup (6.56 + 0.20 mg/dL); however,
both subgroups showed a similar decrease
and maintenance of serum phosphorus from
months 1 through 6 (Figure 1C). Patients
in the PD and HD subgroups had similar

baseline mean serum phosphorus levels
(6.64 + 0.22 mg/dL and 6.51 + 0.22 mg/dL,
respectively), but the PD subgroup had low-
er mean serum phosphorus beginning at
month 2, which was maintained through
month 6 (PD subgroup: 5.18 + 0.22 mg/dL;
HD subgroup: 5.49 + 0.21 mg/dL) (Figure
1D). Mean serum calcium and iPTH levels
were both maintained from baseline through
month 6 for all patients (Table 3).

Iron biomarkers

Measurements of iron included Hgb
(g/dL), TSAT (%), and serum ferritin (ng/
mL) and are presented from 3 months be-
fore starting ferric citrate treatment through
month 6 after starting ferric citrate treatment
in Figure 2. Iron biomarker levels increased
from baseline within the first 3 months of
treatment, and these levels were maintained
through month 6.

There was high variability in both the val-
ues and availability of iron biomarker levels
prior to initiating treatment with ferric citrate.
Baseline values (month 0) for Hgb, TSAT, and
ferritin were 10.6 £ 0.2 g/dL, 27.1 £ 1.6%,
and 734 + 65 ng/mL, respectively. Follow-
ing 3 months of ferric citrate treatment,
mean Hgb was 11.2 = 0.1 g/dL, which was
maintained through month 6 (11.1 £ 0.2 g/
dL). Similarly, mean TSAT and serum fer-
ritin were 34.4 + 1.5% and 995 £ 61 ng/mL,
respectively, at month 3 and 37.0 + 1.9% and
947 £+ 66 ng/mL, respectively, at month 6.

The PD subgroup had similar mean Hgb
and TSAT both at baseline (10.8 + 0.3 g/
dL and 279 + 2.0%, respectively) and
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throughout the study (11.4 + 0.3 g/dL and
37.8 + 2.5%, respectively, at month 6)
compared to those in the HD subgroup
(10.6 £ 0.2 g/dL and 24.9 + 1.8% at base-
line, and 11.1 £ 0.2 g/dL and 35.1 + 2.1% at
month 6). Mean ferritin was lower in the PD
subgroup (401 + 70 ng/mL at baseline and
735 + 78 ng/mL at month 6) compared to the
HD subgroup (831 + 76 ng/mL at baseline and
1,016 + 81 ng/mL at month 6) (Figure 2D).

The binder-naive subgroup had lower
mean Hgb at baseline (9.9 + 0.3 g/dL) com-
pared to the binder-experienced subgroup
(109 + 0.2 g/dL), but similar mean Hgb
levels were observed between subgroups
following 6 months of treatment with ferric
citrate (10.9 £ 0.3 g/dL for the binder-naive
subgroup, 11.2 £ 0.2 g/dL for the binder-ex-
perienced subgroup, at month 6). The bind-
er-naive subgroup had higher mean TSAT
at baseline (28.8 + 1.8%) compared to the
binder-experienced subgroup (22.2 + 3.1%),
but similar mean TSAT levels were observed
between subgroups following 6 months of
treatment with ferric citrate (36.8 = 2.3% for
the binder-naive subgroup, 37.8 + 3.1% for
the binder-experienced subgroup). Similarly,
the binder-naive subgroup had a lower mean
baseline serum ferritin (414 + 94 ng/mL)
compared to the binder-experienced sub-
group (857 = 75 ng/mL), but the two sub-
groups had similar levels at the end of 6
months of treatment (905 £+ 154 ng/mL for
the binder-naive subgroup, 959 + 73 ng/mL
for the binder-experienced subgroup).

Intravenous iron use

IV iron monthly dosing was collected
during the same timeframe as the laboratory
data. The number of patients that were pre-
scribed IV iron and the amount of IV iron
administered per patient was highly variable
over time. Participating clinicians followed
their own clinic-specific protocols for IV
iron and erythropoiesis-stimulating agent
(ESA) dosage and use with varying formula-
tions and dosing schedules (reflective of real-
world treatment). Overall, 26 patients were
prescribed IV iron treatment 3 months before
starting ferric citrate, 43 patients at the time
of starting ferric citrate, and 35 patients after
6 months of ferric citrate treatment.

Safety

Using KDIGO reference ranges, 392 lab-
oratory values that were outside of the target
ranges were identified in 83 patients [3, 5].
None of the out-of-range laboratory values
was assessed by clinicians to be adverse
events or serious adverse events. There were
3 serious adverse events reported spontane-
ously during data collection (gastrointestinal
hemorrhage, renal transplant, and E. coli
sepsis with liver abscess), but none were sus-
pected to be drug related, as identified by the
clinicians. Five patients stopped ferric citrate
after 3 months of treatment. Three of these
patients received kidney transplants, 1 discon-
tinued dialysis, and 1 was lost to follow-up.

Discussion

In this retrospective analysis of CKD pa-
tients on dialysis treated with ferric citrate
in real-world practice settings, ferric citrate
was shown to reduce and maintain serum
phosphorus levels over the 6 months of the
analysis, with no changes in serum calcium
and iPTH levels. Following only 1 month of
treatment with ferric citrate, the number of
patients within the target serum phosphorus
range doubled (23% vs. 48%), and nearly 2/3
of the patients studied were within the target
range by month 6. The effect of ferric citrate
on serum phosphorus levels was similar re-
gardless of whether a patient was phosphate
binder naive before initiating ferric citrate
treatment (binder-naive subgroup) or had
switched from a different phosphate binder
(binder-experienced subgroup). However,
following 2 months of treatment with ferric
citrate, overall lower mean serum phospho-
rus values were observed among patients
receiving PD compared to patients receiving
HD.

Although not specifically indicated for
the maintenance of iron levels, ferric citrate
has been shown to increase iron stores in
CKD patients [2, 7]. Therefore, we analyzed
the effect of ferric citrate on biomarkers of
iron (Hgb, TSAT, and serum ferritin). These
iron biomarker measurements indicated an
increase of iron stores over time that was
maintained through month 6. As with the
serum phosphorus values, a difference was
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observed in the iron biomarkers between
patients receiving PD vs. patients receiv-
ing HD. Patients receiving PD had similar
Hgb values at baseline and throughout the
6-month treatment period compared to pa-
tients receiving HD; however, mean ferri-
tin levels were higher for the HD subgroup.
Those patients who were not on a phosphate
binder before initiating ferric citrate had
lower iron biomarker levels compared to
patients who previously took a phosphate
binder, but these iron indicator levels were
similar across the two subgroups following
6 months of ferric citrate treatment.

Data from this analysis were similar to
the data observed in the phase 3 trial and re-
ported in the ferric citrate (Auryxia®) label
[2, 3]. Following the 52-week, active-con-
trolled period of the phase 3 study, patients
randomized to ferric citrate had a mean se-
rum phosphorus measurement of 5.36 mg/
dL, which was similar to the mean observed
in our study of 5.42 mg/dL after 6 months of
treatment. Measurements of iron stores were
also similar, including mean Hgb, ferritin,
and TSAT values between the phase 3 trial
(11.7 g/dL, 899 ng/mL, and 39%, respective-
ly) and our analysis (11.1 g/dL, 947 ng/mL,
and 37%, respectively, at month 6).

In addition, data from this analysis were
consistent with national sampling in the US,
based on the Dialysis Outcomes & Practice
Patterns Study Program (DOPPS) database.
The DOPPS Practice Monitor tracks and
reports clinical data on HD practices in the
US over time using a sample of more than
11,000 patients from more than 200 HD fa-
cilities. From 2010 — 2015, 62 — 72% of pa-
tients tracked in the DOPPS Practice Moni-
tor had serum phosphorus levels within the
target range of < 5.5 mg/dL [8]. By month
6 of our study, 65% patients were within the
target phosphorus range. The slightly lower
number on target may be related to patient
selection for this analysis. It is likely that
most patients were switched because their
previous binder was not effective or was
causing side effects (only 22% of patients
were within the target serum phosphorus
level at baseline), but some patients may
have had persistently elevated phosphorus
resulting from poor compliance with binders
or poor diet that may have persisted after the
treatment switch.

In regards to anemia biomarkers, from
2010 — 2015, the DOPPS Practice Monitor
reported that ~ 50 — 60% of patients in the
national sample had TSAT values < 29%,
55 — 70% had serum ferritin values of
<799 ng/mL, and 41 — 72% had Hgb values
>11.0 g/dL. Interestingly, these reported val-
ues are similar to the mean values observed
in our study. The IV iron dosing in this data
set was highly variable and thus difficult to
interpret. However, the phase 3 clinical trial
in end-stage renal disease subjects demon-
strated a reduction in both IV iron and ESA
use over the 52-week period [3, 7].

Although there are limitations to this
study, having real-world data can provide
valuable clinical information for prescribing
clinicians. The following presents limitations
of the study: (1) The sample size in this study
is relatively small (92 patients), yet this is the
largest real-world data set for patients on fer-
ric citrate to date. (2) Patients were only in-
cluded in the analysis if they had been taking
ferric citrate for a minimum of 3 months (6
months of data were collected). As a result,
patients that could not tolerate ferric citrate
or those that discontinued treatment with fer-
ric citrate for any other reason were exclud-
ed. Despite this limitation, there was little
apparent selection bias in this study, as there
were few inclusion criteria. (3) A combina-
tion of both incident and prevalent dialysis
patients was included; however, the overall
population studied provides a representation
of the diversity of patients receiving ferric
citrate in current practice. (4) As expected
from a retrospective chart review, data col-
lected are limited to the available data from
the patients’ medical records. Pill count for
both ferric citrate and other phosphate bind-
ers used previously or concomitantly were
based on the prescribed pill counts obtained
from the medical records, and no specific
measures of adherence were used. However,
post-hoc analysis of the pivotal phase 3 clini-
cal trial of ferric citrate vs. an active control
revealed an average of 81% patient adher-
ence to both the study drug and active con-
trol [9]; thus, it is reasonable to assume simi-
lar adherence rates in this study. (5) Limited
data on prescribed ESA and IV iron use and
dosage may be due to alterations in the ESA
administration protocols over the 6-month
period studied in some of the participating
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clinics, as well as different clinic-specific
protocols for ESA prescription and use. A
future study of both ESA and IV iron use
among ferric citrate patients may be valu-
able. (6) Finally, although our safety data are
limited to reported laboratory values, no seri-
ous adverse events were reported.

In conclusion, real-world data from this
analysis have demonstrated that ferric citrate
is an effective phosphate binder with 65%
of the patients within the target phospho-
rus range and overall increased iron stores
and maintenance of Hgb levels following
6 months of treatment. No new safety signal
was identified in this study.
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