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Background: Ferric citrate (FC) is a new phosphorus binder shown to increase serum iron
stores while reducing intravenous iron and erythropoiesis-stimulating agent usage. Such
reductions could lower hospitalization rates and associated costs. Methods: Hospitalizations
during a Phase III trial were compared between FC and active control (AC). Hospitalization
costs were estimated using the 2013 US Renal Data System Annual Data Report. Results:
34.6% of FC patients were hospitalized at least once versus 45.6% of the AC group (risk
reduction 24.2%; p = 0.02). There were 181 unique hospitalizations in the FC group versus
239 in the AC group, for a difference of 58 hospitalizations. Total potential savings was
US$ 867,622 in hospitalization costs in the FC group. If the hospitalization reduction in our
study was applied to the general end-stage renal disease population, this could translate into
a savings of US$ 3002/patient/year. Conclusions: Patients receiving FC experienced fewer
hospitalizations with the potential for significant savings.

KEYWORDS: costs . dialysis . end-stage renal disease . erythropoiesis-stimulating agent . ferric citrate . hospitalization
. iron

In a Phase III randomized trial designed to
explore the efficacy and safety of oral ferric cit-
rate (FC) as both a phosphorus binder and a
source of iron, 441 dialysis subjects with end-
stage renal disease (ESRD) were randomized
to receive FC or active control (AC) with cal-
cium acetate and/or sevelamer carbonate for
52 weeks [1,2]. In this trial, FC provided simi-
lar phosphorus control compared with AC [2].
In addition, over 52 weeks, subjects receiving
FC achieved higher mean iron parameters
(ferritin = 899 ± 488 ng/ml; transferrin satura-
tion [TSAT] = 39 ± 17%) versus subjects on
AC (ferritin = 628 ± 367 ng/ml; TSAT =
30 ± 12%: p < 0.0001 for both). A significant
reduction in the usage of intravenous (iv.) iron
(FC median 12.95 mg/week vs 26.88 mg/
week for AC; p < 0.001) and erythropoiesis-
stimulating agents (ESA; FC median epoetin
equivalent units/week of 5306 vs 6951 for
AC; p = 0.04) while maintaining hemoglobin
levels was also seen. As both iv. iron usage and
ESA dose have been linked to morbidity [3,4],

a reduction in the use of either of these two
agents could indicate a safety and economic
advantage of FC. One way to evaluate this
would be to compare hospitalizations and subse-
quent hospitalization costs between the FC and
AC study populations over the course of the
trial. Because all hospitalizations in the trial were
captured and recorded as serious adverse events,
we had the opportunity to compare this out-
come between the use of FC or AC and project
any cost savings associated with these findings.

The purpose of this analysis was to compare
hospitalization events and their attendant treat-
ment costs in subjects randomized to FC com-
pared with AC in the 52-week AC period of
this Phase III trial.

Methods
Setting & participants

The study design and principal results have been
described in detail elsewhere [1,2]. In brief, 60 sites
across the USA and Israel randomized 441
adult ESRD subjects undergoing thrice-weekly
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hemodialysis or peritoneal dialysis for at least 3 months in a
2:1 fashion to FC or AC. AC consisted of study-supplied
calcium acetate and/or sevelamer carbonate. Major inclusion
criteria relevant to these analyses included known tolerability
to AC drugs, a serum ferritin level <1000 ng/ml, serum
TSAT <50% and a life expectancy of at least 1 year. Major
exclusion criteria included parathyroidectomy in the last
6 months, malignancy in the past 5 years and actively symp-
tomatic gastrointestinal (GI) bleeding or inflammatory bowel
disease. Intravenous iron was forbidden for ferritin
>1000 ng/ml or TSAT >30%. The use of ESA was at the
discretion of the site. Adverse events, including hospitaliza-
tions, were routinely collected at each study visit. A hospitali-
zation >24-h duration was considered a serious adverse event.

Outcomes & measurements

All serious adverse events were evaluated for hospitalizations.
Hospitalization events were compared between subjects

randomized to FC or AC. The proportion of subjects hospital-
ized in each study group was compared using a chi-squared
test statistic. The actual trial randomization ratio was computed
using the subject numbers randomized (FC 289: AC 149,
1.94:1). This achieved randomization ratio was applied to the
number of hospitalizations in the AC group to estimate hospi-
talizations expected in the FC group. The difference was then
determined between actual hospitalizations and expected hospi-
talizations in the FC group. An analysis of variance model
was then used to calculate average hospitalizations per subject
in each study group. Hospitalization costs were estimated
using data from 2013 USA Renal Data System Annual Data
Report (USRDS). The average inpatient cost reported was
US$ 26,642 per year, or US$ 14,959 per hospitalization because
of an average of 1.781 hospitalizations per patient per year [5].

Results
Of the 441 subjects enrolled in the trial, 438 took at least one
dose of FC or AC. Approximately, 35% (100 of 289) of study
subjects who received FC and 46% (68 of 149) of subjects
who received AC were hospitalized at least once during the
52-week AC period of the trial, a relative risk reduction of
24.2% (FIGURE 1; p = 0.02).

Two-thirds of the total study population was hospitalized for
one of the three specific organ classifications represented
in FIGURE 2. Infections were the most common cause of hospitali-
zation, leading to 12% of hospitalizations in the FC group and
16.1% in the AC group (a 25% relative decrease). Although
not the most common cause, the largest relative difference in
hospitalizations between the FC and AC groups was because of
GI disorders (49% relative difference, AC: 12.1%, FC: 6.2%).

There were a total of 181 unique hospitalizations in the FC
group of 289 subjects (0.63 hospitalizations per subject) and
123 hospitalizations in the AC group of 149 study subjects
(0.83 hospitalizations per subject), p = 0.08. To further com-
pare hospitalizations between subjects receiving FC and AC, we

estimated that 239 hospitalizations were
expected in the FC group (1.94 � 123
AC hospitalizations). The difference be-
tween expected FC hospitalizations (239)
and actual FC hospitalizations (181) gives
a difference of 58 fewer hospitalizations in
subjects receiving FC (FIGURE 3, a decrease
of 24.1%, p = 0.08). At a USRDS aver-
age admission cost per hospitalization of
US$ 14,959, this lower number of hospi-
talization events translates into a total sav-
ings of US$ 867,622 (58 � US$ 14,959)
in hospitalization costs in the FC group.
If this relative hospitalization sparing
effect from FC was applied to the general
ESRD population, the potential cost sav-
ings would be an estimated US$ 3002 per
patient (US$ 867,622/289) over the
52-week study period (FIGURE 4).
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Figure 1. Proportion of subjects hospitalized at least once
during the 52-week study period.
*p = 0.024; chi-square test statistic to determine risk reduction.
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Figure 2. Top three reasons for hospitalization during the 52-week study period.
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Discussion
We conclude that the use of FC as a phosphorus binder was
associated with reduced hospitalization events among patients
with ESRD compared with the use of calcium acetate and/or
sevelamer carbonate. The FC-treated group had fewer subjects
with one or more hospitalizations (a 24.2% improvement) and
less hospitalizations per subject (a 24.1% improvement). The
hospitalization advantage for FC is particularly noteworthy,
given that a requirement for being enrolled into the trial was
having already demonstrated the ability to tolerate the binders
that were used in the AC subjects. Thus, although the potential
corresponding cost savings of the reduced hospitalization events
seem to be substantial, they may represent conservative
estimates.

Given the presence of phosphorus in food and its dependent
excretion by the kidney in addition to relatively poor removal
with dialysis treatments, well-nourished patients with ESRD
typically require oral phosphorus binders to achieve desired
serum phosphorus levels. Iron deficiency is likewise a well-
recognized clinical problem in the dialysis population, interfer-
ing with the response to ESAs. In light of dose-limiting GI
tolerance to ferrous salts given in the fasting state [6–8], the
majority of dialysis patients receive iron supplementation via
the iv. route [9].

FC is effective as both a phosphate binder and a source of
iron, and its use is associated with significant reductions in the
usage of both iv. iron and ESAs [2]. This is consistent with the
Dialysis Patients’ Response to IV Iron with Elevated Ferritin
(DRIVE) study, which found an association between higher
iron storage levels and reduced ESA use [10]. Such effects alone
could be expected to confer cost benefits, not only related to
the direct cost of these drugs [11,12] but also potentially through
a reduction in the ancillary services (nursing and pharmacy)
associated with the preparation and administration of these
medications.

Adding to these direct drug-related cost savings, this analysis
predicts a reduction in hospitalization costs. When hospitali-
zations were categorized by key organ system classes, appro-
ximately two-thirds of hospitalizations were attributable to
infections, GI disorders and cardiac disorders. Infections were
the most common cause of hospitalization, accounting for
12% of hospitalizations in the FC group compared with
16.1% in the AC group – corresponding to a 25% reduction.
The ability to prevent infection-related hospitalizations is of
particular importance, given that there has been a 30% increase
in this specific outcome among patients with ESRD (45%
increase in those undergoing hemodialysis) since 1993 as well
as an increase in the infection-related hospital days per
patient per year, which has seen a 19.2% increase for hemo-
dialysis patients [5]. We found that corresponding reductions
in hospitalization rates for GI disorders and cardiac disorders
approached 50%.

The reasons behind the reduction in hospitalization rates in
subjects receiving FC are not known. However, there are data
to suggest that this is not because of random chance as both

iv. iron and ESA dose have been linked to morbidity and mor-
tality [3,4]. Although iron is critical for the ability to carry oxy-
gen in the blood, the iv. route for administration of iron leads
to elevated levels of free non-protein-bound (catalytic) iron that
induces oxidative stress. For example, 100 mg of iron sucrose
causes a fourfold increase of non-transferrin-bound iron and
increases superoxide generation by up to 70%. This oxidative
stress has been linked to cardiovascular disease in multiple ani-
mal models. In addition, iron is a key cofactor for many
microbes, and the human body normally sequesters iron in the
setting of infection [4]. The iv. injection of iron, as opposed to
the oral route of delivery, introduces the risk of transient bac-
teremia, as well. Also, the direct injection of iv. iron bypasses
the normal GI regulatory control of iron absorption. In addi-
tion, catalytic iron in the blood has been shown to be toxic to
lymphocytes. When iron is delivered through the GI tract, iron
absorption is highly regulated and nonbound iron in the blood
is prevented [13]. Because subjects receiving FC received less
iv. iron compared with AC subjects and higher percentages of
FC subjects received no iv. iron after 3 months in the study,
this may have accounted for some of the reduction in
hospitalizations.
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Figure 3. Unique hospitalizations during the 52-week study
period.
*p = 0.08, ANOVA model with treatment effects comparing FC
versus AC average hospitalizations per subject.
ANOVA: Analysis of variance.
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ESA dose has also been independently linked to morbidity
and mortality [3]. Although it is unclear whether it is the higher
hemoglobin levels that accompany higher ESA dosing or the
ESA itself that is potentially harmful, a recent meta-regression
analysis suggested the latter [14]. ESAs are known to induce
vasoconstriction and elevate blood pressure. ESA use and dose
has been linked to stroke and other cardiovascular events in
addition to its use being questioned in other non-ESRD popu-
lations of patients [15–17].

We used the USRDS figure of US$ 14,959/ESRD hospi-
talization for our calculations. We did not collect the true
costs for the hospitalizations in this trial. This number, how-
ever, does not seem unreasonable as this is an average of
costs associated with prolonged complicated hospitalizations
(not unusual for a patient with ESRD), in addition to the
costs associated with less complicated admissions for dialysis
access-related issues or for patients needing emergent dialysis
for fluid overload; hospitalizations that may last only a day
or two.

Although bearing many similarities to the US general
ESRD population, the Phase III trial population was younger
(44% of the subjects were <65 years of age) than the general
USRDS population (21% <65 years of age) to which we
applied the cost-saving data [2]. We cannot be sure that the
hospitalization sparing effect we found in subjects taking FC
would apply to the general dialysis population. However,
there is no reason to think that any of these binders would
be tolerated any differently in the moderately older general
ESRD patient population. In addition, our hospitalization
data are derived from the 52-week AC period of the trial,
thus we do not have data to allow us to predict whether this
hospitalization sparing effect would persist in subsequent
years.

In 2011, ESRD cost Medicare US$ 34.3 billion and
accounted for 6.3% of the Medicare budget [5]. The potential
total economic effect of using FC would require a formal phar-
macoeconomic evaluation that included the costs of ESAs and
iv. iron between the treatment groups, the costs of the study
drugs, and any survival data between the groups. Modeling
data from the Phase III trial demonstrated that after year one
of therapy, the FC study subjects would require 129,000 fewer
units of ESA/year and reduction in iv. iron/year dosage of
1960 mg while maintaining the same hemoglobin levels. Ap-
plying 2013 Medicare pricing, this would save approximately
US$ 2000/patient/year: US$ 1585 in ESAs and US$ 516 in iv.
iron. For managed care plans, these savings could be dou-
bled. [11,12]. The phosphorus levels were similar in both groups,
and the pill number necessary to achieve these goals was essen-
tially the same (7.7 for calcium acetate, 8.0 for FC and 9.0 for
sevelamer) [2]. This study does not have the long-term survival

data to determine whether life expectancy is changed and
thus determine the quality-adjusted life-years gained or cost/
life year gained, as is often the case when determining the
true cost–effectiveness of a new drug. These data would
require a much larger study cohort and a longer follow-up to
determine these factors. The sole purpose of this study was
to focus on any potential savings associated with hospitaliza-
tions. The results of this study predict a savings of appro-
ximately US$ 3000/patient in hospitalizations (for at least
1 year), that are in addition to the predicted approximately
US$ 2000/year savings that results from reductions in the use
of ESAs and iv. iron [11].

The findings of this study must be interpreted in the context
of its design-related limitations. This study was a post hoc analy-
sis of a Phase III randomized trial that was not designed or
powered to assess hospitalization events between cohorts. In
addition, costs were estimated using USRDS summary hospi-
talization cost information. These costs were not specific to the
study population and may be under- or overestimated. Extrap-
olation of the results may be limited to patients with similar
demographic and treatment characteristics. For instance, the
study population is about 10 years younger than the average
USRDS population, and hospitalizations in older patients may
be longer. However, this is not a cost to hospital evaluation,
but a cost to Medicare evaluation and because Medicare’s hos-
pitalization payments are diagnosis-related group based, length
of stay will not affect Medicare’s costs. On the contrary, the
cost/hospitalization that we use is USRDS derived and reflects
an older population with an average age of 65 years. Perhaps if
we had the average hospitalization cost/year for our 55-year-old
average age study subject, this number might be less and thus
we could be overestimating the savings. Regardless, even with
these limitations, any dollar savings even close to these estima-
tions are significant.

In conclusion, this study demonstrates that the use of FC as
a phosphorus binder is associated with fewer hospitalizations
that should result in significant savings. Results from this analy-
sis are important, given the high cost of treating patients
with ESRD.
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Key issues

. Ferric citrate (FC) is a new and unique phosphorus binder, which in a Phase III clinical trial of 441 dialysis subjects over a 52-week active

control (AC) period provided similar phosphorus control while increasing serum iron stores when compared with an AC group using sev-

elamer carbonate and/or calcium acetate.

. This effect of FC on iron stores led to a significant reduction in intravenous iron (median 1.85 mg/day FC, 3.84 mg/day AC, p < 0.001)

and erythropoiesis-stimulating agent (median epoetin equivalent units/day: FC, 758 vs AC, 993, p = 0.043) usage in the FC group while

maintaining hemoglobin levels.

. Because both intravenous iron usage and erythropoiesis-stimulating agent dose have been linked to morbidity, a reduction in either

agent could result in decreased hospitalization rates that would translate into subsequent cost savings.

. On the basis of our analysis, based on the aforementioned Phase III trial, we found that 34.6% of the FC patients were hospitalized at

least once during the trial compared with 45.6% of the AC group (risk reduction 24.1%, p = 0.02).

. Adjusting for the 2:1 FC to AC study subject randomization, there were 181 unique hospitalizations in the FC group compared with

239 in the AC group for a difference of 58 hospitalizations. At US$ 14,959/admission, this translates into a total potential savings of

US$ 867,622 in hospitalization costs in the FC group.

. If the reduction in hospitalization events seen in our study subjects taking FC was to be applied to the general ESRD population, and if

it was to persist beyond the 52-week study period, this could translate into a savings of US$ 3002/patient per year.

. Overall, patients receiving FC experienced fewer hospitalizations with the potential for significant savings. Results from this analysis are

important, given the high cost of treating patients with ESRD.
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