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ABSTRACT

Background. Iron-deficiency anemia in non-dialysis-depen-
dent chronic kidney disease (NDD-CKD) frequently requires
parenteral iron replacement, but existing therapies often
require multiple administrations. We evaluated the efficacy
and cardiovascular safety of ferric carboxymaltose (FCM), a
non-dextran parenteral iron permitting large single-dose infu-
sions, versus iron sucrose in patients with iron-deficiency
anemia and NDD-CKD.
Methods. A total of 2584 participants were randomized to two
doses of FCM 750 mg in one week, or iron sucrose 200 mg ad-
ministered in up to five infusions in 14 days. The primary effi-
cacy endpoint was the mean change to highest hemoglobin
from baseline to Day 56. The primary composite safety end-
point included all-cause mortality, nonfatal myocardial infarc-
tion, nonfatal stroke, unstable angina, congestive heart failure,
arrhythmias and hyper- and hypotensive events.
Results. The mean hemoglobin increase was 1.13 g/dL in the
FCM group and 0.92 g/dL in the iron sucrose group (95% CI,
0.13–0.28). Similar results were observed across all subgroups,

except Stage 2 CKD. More subjects in the FCM group achieved
a hemoglobin increase of ≥1.0 g/dL between baseline and Day
56 (48.6 versus 41.0%; 95% CI, 3.6–11.6%). There was no sig-
nificant difference between FCM and iron sucrose recipients
with respect to the primary composite safety endpoint, includ-
ing the major adverse cardiac events of death, myocardial in-
farction, or stroke. A significant difference in the number of
protocol-defined, predominantly transient hypertensive epi-
sodes was observed in the FCM group.
Conclusions. Two 750-mg infusions of FCM are a safe and ef-
fective alternative to multiple lower dose iron sucrose infusions
in NDD-CKD patients with iron-deficiency anemia.

Keywords: anemia, chronic, iron-deficiency, iron repletion,
renal insufficiency

INTRODUCTION

Iron-deficiency anemia affects more than 800 000 patients
with chronic kidney disease (CKD) in the USA and is associ-
ated with substantial mortality, morbidity and reduced quality
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of life [1]. Among patients with CKD, the prevalence and se-
verity of anemia are directly related to the degree of renal
failure [2]. Although decreased erythropoietin production
contributes to anemia in patients with CKD, iron deficiency
due to dietary restriction, occult blood loss from the gastroin-
testinal tract, frequent laboratory testing and accelerated he-
molysis also play significant roles [3, 4].

Intravenous (IV) iron therapy is an accepted treatment
regimen for the management of iron-deficiency anemia in
patients with CKD [5]. Parenteral iron therapies available in
the USA include iron dextran, sodium ferric gluconate
(SFG), iron sucrose and ferumoxytol. Typical therapeutic
courses of iron dextran, SFG or iron sucrose require 5–10 in-
jections of 100–200 mg doses of each. Ferumoxytol (Fera-
heme; AMAG Pharmaceuticals, Inc., Cambridge, MA), is an
iron oxide with a carbohydrate coating that was approved by
the Food and Drug Administration (FDA) for the treatment
of anemia in CKD in 2009 [6]. It is given as two 510-mg in-
jections 3–8 days apart [6] for a maximum treatment dose of
1020 mg. Thus, with the exception of ferumoxytol, most
available IV iron preparations require frequent adminis-
trations that increase costs and are more inconvenient to
patients and healthcare providers [7], and may thus reduce
compliance.

Ferric carboxymaltose (FCM) (Injectafer; Luitpold Phar-
maceuticals, Shirley, NY) is an IV iron preparation whose
properties permit administration of even larger single doses
(750 mg) over short periods of time [8] for a maximum treat-
ment dose of 1500 mg. Previous studies have shown that FCM
is efficacious and well tolerated in a variety of settings, includ-
ing CKD [9, 10], congestive heart failure [11], inflammatory
bowel disease [12], anemia related to the postpartum period
[13], heavy menstrual bleeding [14] and anemia associated
with cancer and chemotherapy [15].

In our study, the Randomized Evaluation of Efficacy and
Safety of FCM in Patients with Iron-Deficiency Anemia and
Impaired Renal Function (REPAIR-IDA), we sought to
evaluate the cardiovascular safety and efficacy of IV FCM
compared with IV iron sucrose in patients with iron-
deficiency anemia and non-dialysis-dependent CKD (NDD-
CKD).

MATERIALS AND METHODS

Study design

The design of the REPAIR-IDA trial has been described
[16]. Briefly, REPAIR-IDA (NCT00981045) was a random-
ized, active-controlled, multicenter, noninferiority, open-label
trial comparing the safety and efficacy of IV FCM with IV iron
sucrose (Venofer; Luitpold Pharmaceuticals, Shirley, NY) in
subjects with iron-deficiency anemia and NDD-CKD.
REPAIR-IDA was conducted from September 2009 to June
2011 at 187 US centers in accordance with US federal regu-
lations, institutional review board requirements and the De-
claration of Helsinki. All participants provided written
informed consent.

Patient population

Consenting patients ≥18 years of age were eligible. Partici-
pants were required to have a hemoglobin value of ≤11.5 g/dL
and chronically impaired renal function as defined by (1) glo-
merular filtration rate (GFR) <60 mL/min/1.73 m2 [measured
using the modification of diet in renal disease (MDRD)
method] on two consecutive measurements during screening,
or (2) GFR <90 mL/min/1.73 m2 on two measurements during
screening and at least one of the following: kidney damage as in-
dicated by a documented history of urine composition abnorm-
alities and/or elevated risk of cardiovascular disease (Category 2
or 3) based on the FraminghamModel [17].

The diagnosis of iron-deficiency anemia for inclusion in
this trial was based on two screening hemoglobin concen-
trations measured in a central laboratory within 7 days that
were required to be within 0.7 mg/dL of each other and with
an average hemoglobin measurement of ≤11.5 g/dL. Eligibility
criteria also included a screening visit ferritin ≤100 ng/mL, or
ferritin ≤300 ng/mL when transferrin saturation (TSAT) was
≤30%, and a stable erythropoiesis-stimulating agent (ESA)
dose (±20%) for 4 weeks prior to randomization in partici-
pants taking an ESA. A complete list of study eligibility criteria
is available in Supplementary Appendix Table S1.

Treatment

Eligible participants were randomly allocated in a 1:1 ratio
to receive open-label FCM or iron sucrose and stratified ac-
cording to the baseline hemoglobin measurement (≤9, 9.1–
10.0 and ≥10.1 g/dL), baseline cardiovascular risk (history of
myocardial infarction, stroke or congestive heart failure),
region, ESA use and CKD stage. The randomization schedule
was generated prior to study start and the treatment group was
assigned using an interactive voice-response system.

For subjects assigned to receive FCM, the study drug was admi-
nistered at a dose of 15 mg iron/kg as an undiluted IV push at a
rate of 100 mg/min (maximum cumulative dose 750 mg) on Days
0 and 7, for a maximum total dose of 1500 mg. Subjects assigned
to IV iron sucrose received the study drug at a dose of 200 mg of
iron administered as an undiluted IV push over 2–5 min on Days
0, 7 and 14, with two additional doses given between Days 0 and 7
and between Days 7 and 14, for a total of five doses (1000 mg). All
subjects were monitored for serious acute reactions, including
hypotension, loss of consciousness, bronchospasm, shortness of
breath and seizures during and after infusions. In addition, based
on the previous observations of clinically insignificant and transi-
ent, self-limited hypophosphatemia associated with FCM, serum
phosphate levels were checked at multiple study visits and
subjects were monitored closely for the development of potentially
clinically significant changes in serum phosphate levels.

All open-label study drug (FCM and iron sucrose) was pro-
vided by the study sponsor (Luitpold). Inventories were con-
trolled by investigators and verified by study monitors
according to the protocol.

Study endpoints

The primary efficacy outcome was mean change from base-
line hemoglobin to highest observed hemoglobin at any time
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between the baseline and the end of treatment period (Day 56)
or the time of intervention. Secondary efficacy measures in-
cluded the proportion of subjects achieving an increase in
hemoglobin of ≥1 g/dL any time between baseline and Day 56
and the mean changes from baseline to highest observed ferri-
tin and TSAT between baseline and Day 56. The primary
safety endpoint was the proportion of study participants ex-
periencing at least one treatment-emergent adverse event in-
cluded in a primary composite safety endpoint, beginning on
or after the first dose of randomized treatment. The primary
composite safety endpoint included all-cause death, nonfatal
myocardial infarction, nonfatal stroke, unstable angina requir-
ing hospitalization, congestive heart failure requiring hospital-
ization or medical intervention, cardiac arrhythmia and
hypertensive or hypotensive events as defined by protocol
(Supplementary Appendix).

Events were adjudicated in a blinded fashion by an inde-
pendent clinical events classification committee at the Duke
Clinical Research Institute, Durham, NC. Secondary safety
endpoints included the proportion of study participants who
died, time to first event included in the composite safety end-
point, proportion of participants reporting treatment-emer-
gent adverse events, proportion of participants reporting
treatment-emergent serious adverse events and incidence of
treatment-emergent, potentially clinically significant labora-
tory and vital sign values.

Statistical analysis

The safety analysis population comprised all participants
who received a randomly assigned treatment dose. The
primary population for evaluating all efficacy endpoints was
the modified intent-to-treat population, defined as subjects
from the safety population who received at least one dose of
randomly assigned study medication, had at least one post-
baseline hemoglobin assessment and had a stable (±20%) dose
of ESA (including no ESA) for 4 weeks prior to randomiz-
ation. Summaries of efficacy and clinical laboratory results
include data from the treatment phase (through Day 56) only.
Summaries of the primary composite safety endpoint and
adverse events include all data through the treatment and
follow-up phases (to Day 120).

Noninferiority of FCM to iron sucrose for change from
baseline to highest hemoglobin between baseline and Day 56
was assessed with a two-sided 95% confidence interval (CI)
and a noninferiority margin of −0.2 g/dL. Noninferiority of
FCM to iron sucrose for the proportion of participants achiev-
ing an increase in hemoglobin of ≥1 g/dL any time between
baseline and Day 56 was assessed with a two-sided 95% CI
and a noninferiority margin of −7.5%. For safety analysis,
comparisons between FCM and IV iron sucrose in the pro-
portion of participants experiencing the primary composite
endpoint were assessed with a two-sided 95% CI constructed
with the normal approximation to the binomial with continu-
ity correction. Hazard ratios were assessed using a Cox pro-
portional model. All statistical tests were at the 0.05 alpha
level, two-tailed unless stated otherwise. No adjustments were
made for exploratory subgroup analyses. All analyses were per-
formed using SAS version 9 (SAS Institute, Cary, NC).

A sample size of 1250 patients per study arm was deemed to
be sufficient to provide evidence of equivalent cardiovascular
risk between the two groups if the 95% CI included zero. A
sample size of 2500 provided >95% power to demonstrate non-
inferiority with a 95% CI and a noninferiority margin of a −0.2
g/dL difference in mean increase in hemoglobin levels between
baseline and Day 56 for FCM versus iron sucrose [16].

RESULTS

A total of 2584 study participants were randomly allocated to
receive FCM (n = 1290) or iron sucrose (n = 1294). Of these,
14 participants allocated to FCM and 9 allocated to iron
sucrose were discontinued from the study prior to dosing.
Ultimately, 1276 participants were treated with FCM and 1285
were treated with iron sucrose (Figure 1). Baseline demo-
graphic and clinical characteristics of participants are provided
in Table 1. No clinically significant differences were observed
in patient demographics, iron indices, CKD status or baseline
laboratory values.

During the treatment phase, the mean [standard deviation
(SD)] total dose of iron received was 1464 (158) mg in the FCM
group and 963 (138) mg in the iron sucrose group. The
majority of participants in the FCM group (96.8%) received
two infusions, and the majority in the iron sucrose group
(91.6%) received five infusions. Adherence to treatment phase
as scheduled was similar between groups (82.1 versus 81.1%,
respectively).

Changes in mean (SD) hemoglobin from the baseline to the
highest value between baseline and Day 56 by treatment arm
stratified by baseline hemoglobin, ESA use and CKD stage are
shown in Table 2. Overall, the mean increase in hemoglobin
was 1.13 (1.04) in the FCM group and 0.92 (0.92) in the iron
sucrose group (95% CI, 0.13–0.28), thus demonstrating the
noninferiority (i.e. the lower limit of two-sided 95% CI of
treatment comparison was ≥−0.2) of FCM to iron sucrose.
Although this study was designed and powered for noninfer-
iority, the CI for the primary treatment comparison was en-
tirely above zero for the primary treatment comparison for
efficacy, thus achieving the pre-specified criterion for nonin-
feriority as well as the unplanned criterion for statistical super-
iority for the 1500-mg FCM regimen at the 5% confidence
level. When analyzed by baseline hemoglobin, ESA use, and
CKD stage, mean increases in hemoglobin were numerically
greater for FCM across all subgroups and demonstrated non-
inferiority to iron sucrose for all comparisons, except Stage 2
CKD. Using the lower limit of two-sided 95% CI >0 threshold,
FCM also demonstrated statistical superiority over iron
sucrose with respect to mean hemoglobin increases for partici-
pants with baseline hemoglobin ≥10.1 g/dL, CKD Stage 3–4,
and any or no ESA use.

The mean hemoglobin values at each scheduled visit are
shown in Figure 2A. Overall, the proportion of participants
achieving an increase in hemoglobin of ≥1.0 g/dL at any time
between baseline and Day 56 demonstrated noninferiority of
FCM to iron sucrose (Table 3). The proportion was signifi-
cantly greater in the FCM group [48.6% (607/1249) versus
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41.0% (510/1244); 95% CI, 3.6 to 11.6%]. When analyzed by
baseline hemoglobin, ESA use and CKD stage, noninferiority
of FCM was again demonstrated for all comparisons except
baseline hemoglobin levels of ≤9 g/dL and Stage 5 CKD. The
mean increases in ferritin, TSAT and serum iron from the
baseline to the highest value by Day 56 were also significantly
greater in the FCM group when compared with iron sucrose.
The mean ferritin and TSAT values at each scheduled visit are
shown in Figure 2B and C.

A total of 175/1276 participants (13.7%) in the FCM group
and 156/1285 subjects (12.1%) in the iron sucrose group met
the primary composite safety endpoint (95% CI, −1.10–
4.25%). Protocol-defined hypertensive events were signifi-
cantly more common in the FCM group compared with the
iron sucrose group (7.5 versus 4.4%; 95% CI, 1.19–4.99%). In

contrast, more subjects in the iron sucrose group experienced
protocol-defined hypotensive events than did subjects in the
FCM group (3.2 versus 1.8%; 95% CI, −2.67 to −0.10%).
When protocol-defined hyper- and hypotensive events were
excluded, 70 of 1276 participants (5.5%) in the FCM group
and 69 of 1285 (5.4%) in the iron sucrose group met the
primary composite safety endpoint (95% CI, −1.72–1.95%). A
total of 24 of 1276 (1.9%) participants in the FCM group and
35 of 1285 (2.7%) in the iron sucrose group had adjudicated
events of death due to any cause, nonfatal myocardial infarc-
tion or nonfatal stroke. A summary of the components of the
primary composite safety endpoint by treatment is presented
in Table 4. A time-to-first-event analysis for events comprising
the composite safety endpoint excluding protocol-defined hy-
pertensive and hypotensive events is shown in Figure 3.

F IGURE 1 : Study flow diagram for the REPAIR-IDA trial. FCM: ferric carboxymaltose; Hb: hemoglobin. *Denotes safety population.
†Denotes modified intent-to-treat population (includes all subjects in the safety population who had at least 1 post-baseline hemoglobin assess-
ment and had stable (within 20%) dosing with erythropoiesis-stimulating agent for 4 weeks (including a dose of 0) prior to randomization.
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During the study period, 33 participants died: 15 of 1276
(1.2%) in the FCM group and 18 of 1285 (1.4%) in the iron
sucrose group (95% CI, −1.18–0.73%). No death was con-
sidered by the investigator to be related to the study drug,
except for one death from cardiac arrhythmia in an 86-year-
old study participant with iron-deficiency anemia, CKD, dias-
tolic dysfunction, supraventricular/ventricular tachycardia,
bradycardia and type 2 diabetes who was found unresponsive
at home 1 day after receiving a dose of FCM. The event was
considered by the site investigator to be possibly related to the
study drug.

During the study, at least one drug-related treatment-emer-
gent adverse event occurred in 298 of 1276 (23.4%) subjects in

the FCM group and 202 of 1285 (15.7%) subjects in the iron
sucrose group. The most common events were nausea (8.6% in
the FCM group versus 1.6% for iron sucrose), hypertension
(4.6 versus 2.0%), flushing (3.0 versus 0.1%), dizziness (2.4
versus 1.2%) and dysgeusia (2.4 versus 1.2%). Most of the
drug-related treatment-emergent adverse events were severity
Grade 1 or 2.

The majority of drug-related treatment-emergent adverse
events were mild or moderate in severity. At least one serious
adverse event was experienced by 202 of 1276 (15.8%) partici-
pants receiving FCM and 197 of 1285 (15.3%) participants re-
ceiving iron sucrose (P = 0.74), with congestive heart failure
being the most common event reported (2.4 versus 2.3%; P =

Table 1. Patient characteristics

Characteristics Study group

Total (n = 2561) FCM (n = 1276) Iron sucrose (n = 1285)

Age, mean (SD), years 67.3 (13.0) 67.5 (13.0) 67.2 (13.0)
≤65 1036 (40.5%) 500 (39.2%) 536 (41.7%)
66–75 789 (30.8%) 395 (31.0%) 394 (30.7%)
≥76 736 (28.7%) 381 (29.9%) 355 (27.6%)

Female 1628 (63.6%) 810 (63.5%) 818 (63.7%)
Race
Black 659 (25.7%) 334 (26.2%) 325 (25.3%)
Asian 41 (1.6%) 20 (1.6%) 21 (1.6%)
White 1369 (53.5%) 676 (53.0%) 693 (53.9%)
Hispanic 470 (18.4%) 234 (18.3%) 236 (18.4%)
Other 22 (0.9%) 12 (0.9%) 10 (0.8%)

BMI, mean (SD), kg/m2 (n = 2558) 32.63 (8.644) (n = 1273) 32.60 (8.677) (n = 1285) 32.65 (8.614)
ESA use 458 (17.9%) 230 (18.0%) 228 (17.7%)
History of iron intolerance 130 (5.1%) 67 (5.3%) 63 (4.9%)
History of drug allergy 1158 (45.2%) 571 (44.7%) 587 (45.7%)
History of myocardial infarction 381 (14.9%) 197 (15.4%) 184 (14.3%)
History of stroke 322 (12.6%) 165 (12.9%) 157 (12.2%)
History of congestive heart failure 624 (24.4%) 315 (24.7%) 309 (24.0%)
Previous iron therapy 1389 (54.2%) 696 (54.5%) 693 (53.9%)
Days since last dose of iron, n (%)a

≤7 115 (8.3%) 58 (8.3%) 57 (8.2%)
8–14 635 (45.7%) 306 (44.0%) 329 (47.5%)
15–30 246 (17.7%) 134 (19.3%) 112 (16.2%)
31–90 116 (8.4%) 60 (8.6%) 56 (8.1%)
91–180 63 (4.5%) 33 (4.7%) 30 (4.3%)
181–365 64 (4.6%) 31 (4.5%) 33 (4.8%)
>365 133 (9.6%) 66 (9.5%) 67 (9.7%)
Missing 17 (1.2%) 8 (1.1%) 9 (1.3%)

CKD stage
2 146 (5.7%) 68 (5.3%) 78 (6.1%)
3–4 2218 (86.6%) 1113 (87.2%) 1105 (86.0%)
5 197 (7.7%) 95 (7.4%) 102 (7.9%)

Baseline Hb, mean (SD), g/dLb 10.31 (0.830) 10.31 (0.833) 10.32 (0.826)
Hb category
≤9.0 g/dL 205 (8.0%) 103 (8.1%) 102 (7.9%)
9.1–10.0 g/dL 578 (22.6%) 286 (22.4%) 292 (22.7%)
≥10.1 g/dL 1778 (69.4%) 887 (69.5%) 891 (69.3%)

Baseline TSAT, mean (SD), % 19.68 (7.588) 19.79 (7.777) 19.56 (7.397)
TSAT <20%, n (%) 1322 (51.6%) 660 (51.7%) 662 (51.5%)
Baseline ferritin, mean (SD), ng/mL 74.03 (64.365) 73.01 (64.624) 75.05 (64.116)
<100 ng/mL 1898 (74.1%) 955 (74.8%) 943 (73.4%)

Baseline GFR, mean (SD) 32.38 (14.809) 32.50 (14.722) 32.27 (14.900)

BMI, body mass index; CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agent; FCM, ferric carboxymaltose; GFR, glomerular filtration rate; Hb, hemoglobin; TSAT,
transferrin saturation.
aFor subjects with previous iron therapy.
bAverage of the last two central laboratory values prior to the first dose of study drug or single value if only one was available.
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0.90). With the exception of anemia requiring intervention
[14/1276 (1.1%) for FCM versus 4/1285 (0.3%) for iron
sucrose; P = 0.02], there were no significant differences
between groups in the occurrence of any serious adverse
events. Moreover, all cases of anemia in the FCM group were
considered unrelated to the study agent by the investigator.

A total of 11 participants (9 FCM, 2 iron sucrose) experi-
enced hypersensitivity events during the study. All of these
were Grade 1 or 2 in severity, with the exception of one Grade
3 reaction in the FCM group that occurred 33 days after the
first infusion and was considered unrelated to the study agent
by the investigator. The reactions prompted interruption or
discontinuation of therapy in two of the nine FCM subjects
and in one of the two iron sucrose subjects.

Although the mean phosphorus levels at baseline were the
same (4.11 mg/dL) for both the treatment groups, the pro-
portion of subjects with potentially clinically significant de-
creases in phosphorus was higher in the FCM group
compared with the iron sucrose group [213/1154 (18.5%)
versus 9/1131 (0.8%)]. In addition, greater mean decreases in
phosphorus from baseline to nadir (−1.28 versus −0.66 mg/
dL) and from baseline to Day 56 (−0.39 versus −0.09 mg/dL)
were observed in the FCM group versus the iron sucrose
group. Importantly, no hypophosphatemia was associated
with a serious adverse event.

Greater mean increases in alkaline phosphatase and
gamma-glutamyl transpeptidase from baseline to Day 56 were
observed in the FCM group compared with the iron sucrose
group. These changes were not associated with significant
changes in bilirubin in either group. One participant assigned
to iron sucrose had elevations of aspartate transaminase,
alanine transaminase and alkaline phosphatase ≥3 × upper
limit of normal (ULN) and a total bilirubin of >2 × ULN on
Day 56 (earlier liver panel results had been normal). A
serious event of cholestatic jaundice and a non-serious event
of “gallbladder disorder” were also reported for this partici-
pant and were considered by the investigator to be unrelated

to the study drug. Transaminases returned to normal levels
on Day 59.

DISCUSSION

The REPAIR-IDA trial is the first and largest head-to-head
comparison of two IV iron therapies for treatment of iron-
deficiency anemia in patients with NDD-CKD. FCM delivered
as two 750-mg doses given 1 week apart was demonstrated to
be noninferior to a typical dosing strategy of iron sucrose with
regard to the primary efficacy endpoint of mean change from
baseline hemoglobin to highest observed hemoglobin at any
time between the baseline and the end of treatment period
(Day 56) or the time of intervention. Although this study was
designed and powered for noninferiority, the CI for the
primary treatment comparison was entirely above zero for the
primary treatment comparison for efficacy, thus achieving the
pre-specified criterion for noninferiority as well as the un-
planned criterion for statistical superiority of the FCM
regimen at the 5% confidence level. In addition, the proportion
of subjects with an increase in hemoglobin of ≥1.0 g/dL over
the baseline value was significantly greater in the FCM group
compared with the iron sucrose group. The significant mean
increases in ferritin, TSAT, and serum iron were also observed
in the FCM group, and analysis by the baseline hemoglobin
value, use of ESA and CKD stage demonstrated noninferiority
of FCM versus iron sucrose for nearly all prespecified sub-
group comparisons.

Both FCM and iron sucrose treatments were well toler-
ated, and no significant differences in the number of adjudi-
cated events meeting the primary composite safety endpoint
were observed between treatment groups. Protocol-specified
hypertensive and hypotensive events were the most com-
monly occurring components of the composite safety end-
point in either group. Although hypertensive events were
more common in the FCM group than in the iron sucrose

Table 2. Mean change in hemoglobin from the baseline to the highest value between baseline and Day 56 or time of intervention (modified intent-to-treat
population)

FCM (n = 1249) Iron sucrose (n = 1244)

Baseline Highest Change to highest Baseline Highest Change to highest 95% CI for difference

Overall, mean (SD) 10.31 (0.831) 11.44 (1.185) 1.13 (1.044) 10.33 (0.825) 11.25 (1.078) 0.92 (0.917) 0.13 to 0.28
Baseline Hb, mean (SD)
≤9.0 g/dL n = 100

8.43 (0.518)
n = 100
10.13 (1.678)

n = 100
1.70 (1.649)

n = 96
8.48 (0.565)

n = 96
9.92 (1.253)

n = 96
1.43 (1.252)

−0.15 to 0.68

9.1–10.0 g/dL n = 280
9.60 (0.289)

n = 280
10.89 (1.126)

n = 280
1.29 (1.119)

n = 279
9.60 (0.311)

n = 279
10.74 (1.054)

n = 279
1.14 (1.010)

−0.02 to 0.33

≥10.1 g/dL n = 869
10.75 (0.414)

n = 869
11.76 (0.945)

n = 869
1.01 (0.891)

n = 869
10.76 (0.415)

n = 869
11.56 (0.872)

n = 869
0.80 (0.804)

0.14 to 0.30

ESA use, mean (SD)
No 10.32 (0.823) 11.43 (1.147) 1.11 (1.014) 10.34 (0.811) 11.27 (1.058) 0.93 (0.927) 0.10 to 0.27
Yes 10.27 (0.868) 11.47 (1.350) 1.21 (1.169) 10.24 (0.888) 11.15 (1.167) 0.90 (0.872) 0.11 to 0.50
CKD stage, mean (SD)
2 10.41 (0.783) 12.04 (1.269) 1.63 (1.347) 10.53 (0.911) 11.96 (1.097) 1.43 (1.122) −0.21 to 0.60
3–4 10.33 (0.822) 11.45 (1.149) 1.13 (1.017) 10.35 (0.798) 11.25 (1.026) 0.91 (0.887) 0.14 to 0.30
5 10.02 (0.924) 10.78 (1.265) 0.76 (0.960) 9.94 (0.928) 10.63 (1.236) 0.69 (0.935) −0.20 to 0.34

CI, confidence interval; CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agent; FCM, ferric carboxymaltose; Hb, hemoglobin.
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group, the vast majority of these events in the FCM group
occurred on the day of an iron infusion and were transient,
resolving within 30 min of infusion. In contrast, nearly
twice as many hypertensive events in the iron sucrose
group occurred on non-dosing days, necessitating unsched-
uled visits, hospital admission or a change in medical treat-
ment. Hypotensive events were also more common in the
iron sucrose group than in the FCM group. When the
hyper- and hypotensive events were excluded from analysis,
the two groups were virtually identical with respect to the

number of subjects with one or more composite safety end-
point events.

There were numerically more (difference not statistically
significant) patients with unstable angina and arrhythmias in
the FCM group. Despite the higher number of potentially
clinically unstable patients in the FCM group, there was no
difference in the primary composite safety endpoint between
these two groups. Furthermore, no event of unstable angina,
heart failure, stroke or myocardial infarction occurred within
14 days of the iron infusion (and hypertensive event). More

F IGURE 2 : (A) Mean hemoglobin values at each scheduled visit. (B) Mean ferritin values at each scheduled visit (modified intent-to-treat
population; n = 2493). (C) Mean TSAT values at each scheduled visit (modified intent-to-treat population; n = 2493).
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specifically, the onset dates for the composite safety endpoint
event in patients who also experienced a protocol-defined hy-
pertensive event were heart failure (FCM: 17 and 106 days;
iron sucrose: 31 and 62 days); unstable angina (FCM: 25, 64
and 85 days); stroke (FCM: 22 days); myocardial infarction
and hypertensive crisis (iron sucrose: 15 days). Thus, the hy-
pertensive events related to the respective iron infusions did
not appear to be associated with the development of another
(delayed) safety event, further underscoring the safety of FCM.

The only laboratory finding of note was the higher pro-
portion of potentially clinically significant low phosphorus in
the FCM group compared with the iron sucrose group. The
hypophosphatemia observed in the FCM group was transient
and not associated with the development of a serious adverse
event. Similar non-clinically significant decreases in phosphate
levels have been observed in trials of FCM under other long-
term conditions such as inflammatory bowel disease [12] and

heavy uterine bleeding [14]. One proposed explanation is that
FCM transiently increases the levels of the full-length (intact)
form of fibroblast growth factor 23, a hormone that reduces
renal tubular reabsorption of phosphate, leading to temporary
reductions in plasma phosphate levels [18].

We note that participants assigned to FCM received a
higher cumulative dose of iron than did participants assigned
to iron sucrose (1500 mg versus 1000 mg). The iron sucrose
regimen of 200 mg × 5 infusions was chosen for this study
because it is the current FDA-approved dose for this compara-
tor. While we cannot, therefore, conclude with certainty that
the observed benefits of FCM over iron sucrose are solely the
result of improved efficacy of FCM, this study has demon-
strated that FCM allows more iron to be administered safely in
fewer infusions and over a shorter period of time than iron
sucrose. Additionally, early and sustained increases in hemo-
globin, ferritin and TSAT in the FCM group compared with

Table 3. Proportion of subjects with an increase in hemoglobin ≥1.0 g/dL between baseline and Day 56 or time of intervention (modified intent-to-treat
population)

Study group

FCM (n = 1249)n/N (%) Iron sucrose (n = 1244)n/N (%) Treatment difference (95% CI)a

Overall 607/1249 (48.60%) 510/1244 (41.00%) 7.60% (3.63 to 11.57%)
Baseline Hb, g/dL
≤9.0 63/100 (63.00%) 57/96 (59.38%) 3.63% (−11.04 to 18.29%)
9.1–10.0 152/280 (54.29%) 144/279 (51.61%) 2.67% (−5.96 to 11.30%)
≥10.1 392/869 (45.11%) 309/869 (35.56%) 9.55% (4.85 to 14.26%)

Use of ESA
No 491/1024 (47.95%) 411/1034 (39.75%) 8.20% (3.83 to 12.57%)
Yes 116/225 (51.56%) 99/210 (47.14%) 4.41% (−5.44 to 14.27%)

CKD stage
2 43/68 (63.24%) 41/77 (53.25%) 9.99% (−7.38 to 27.36%)
3–4 533/1091 (48.85%) 433/1067 (40.58%) 8.27% (4.00 to 12.55%)
5 31/90 (34.44%) 36/100 (36.00%) −1.56% (−16.21 to 13.10%)

CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agent; FCM, ferric carboxymaltose; Hb, hemoglobin.
aConfidence interval based on the normal approximation to the binomial with Wald continuity correction.

Table 4. Components of the primary composite safety endpoint (safety population)

Study group

FCM (n = 1276) n (%) Iron sucrose (n = 1285) n (%) Difference (95% CI)a

Any composite safety endpoint component 175 (13.71%) 156 (12.14%) 1.57% (−1.10 to 4.25%)
Components of the composite endpoint
Death due to any cause 15 (1.18%) 18 (1.40%) −0.23% (−1.18 to 0.73%)
Nonfatal myocardial infarction 8 (0.63%) 14 (1.09%) −0.46% (−1.25 to 0.33%)
Nonfatal stroke 3 (0.24%) 3 (0.23%) 0.00% (−0.45 to 0.45%)
Unstable angina requiring hospitalization 11 (0.86%) 3 (0.23%) 0.63% (−0.02 to 1.28%)
CHF requiring hosp./medical intervention 38 (2.98%) 34 (2.65%) 0.33% (−1.03 to 1.69%)
Arrhythmias 18 (1.41%) 13 (1.01%) 0.40% (−0.53 to 1.32%)
Protocol-defined hypertensive eventsb 95 (7.45%) 56 (4.36%) 3.09% (1.19 to 4.99%)
Protocol-defined hypotensive eventsc 23 (1.80%) 41 (3.19%) −1.39% (−2.67 to −0.10%)
Composite endpoint excluding hypertensive/hypotensive events 70 (5.49%) 69 (5.37%) 0.12% (−1.72 to 1.95%)
Death, myocardial infarction, or stroke 24 (1.88%) 35 (2.72%) −0.84% (−2.08 to 0.40%)

CI, confidence interval; CHF, congestive heart failure; FCM, ferric carboxymaltose.
aConfidence interval constructed with the normal approximation to the binomial with Wald continuity correction.
bDuring the observation period immediately following study drug administration, hypertension was defined as an increase in systolic blood pressure >20 mm Hg that resulted in a value
of >180 mm Hg or an increase in diastolic blood pressure >15 mm Hg that resulted in a value of >105 mm Hg.
cDuring the observation period immediately following study drug administration, hypotension was defined as a decrease in systolic blood pressure >20 mm Hg that resulted in a value of
<90 mm Hg or a decrease in diastolic blood pressure >15 mm Hg that resulted in a value of <50 mmHg.
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the iron sucrose group at each study point suggest enhanced
bioavailability of FCM relative to iron sucrose as was proposed
in a previous trial comparing FCM with iron sucrose in iron-
deficiency anemia patients undergoing hemodialysis [19].

As mentioned previously, these findings lead to the con-
clusion that FCM may have the potential to provide a cost
savings relative to iron sucrose, a current standard parenteral
iron formulation, as a result of fewer required office visits or
hospital admissions. Perhaps even more clinically relevant,
however, is the observation that up to 50% more iron in the
form of FCM can be administered rapidly to patients with
CKD while maintaining a safety profile comparable with that
of iron sucrose. A formal cost analysis was not performed as
part of this trial, but two non-US cost analyses comparing
FCM and iron sucrose in patients with anemia due to inflam-
matory bowel disease have both demonstrated FCM to be
more cost-effective than iron sucrose [12, 20], and a recent
Spanish analysis comparing FCM with iron sucrose for the
outpatient treatment of iron-deficiency anemia in patients
with gastrointestinal diseases [21] also suggests a favorable
cost-effectiveness profile for FCM. However, these studies
were small, single-center evaluations, and their findings may
not be generalizable to other healthcare settings and payment
systems.

An important limitation of this trial is its relatively short
follow-up period (120 days), which does not allow us to
characterize the long-term safety of FCM therapy in this popu-
lation with regard to the primary safety endpoint components
of death, nonfatal myocardial infarction, nonfatal stroke and
unstable angina. However, at the time the trial was designed,
all deaths subsequent to FCM use in the FCM clinical trial da-
tabase (none of which was considered related to the study
drug by the investigator) had occurred within 120 days of
study drug use [22]. We also note that patients receiving FCM

demonstrated a numerically higher incidence of treatment-
related adverse events other than those comprising the
primary safety endpoint, including nausea, flushing, dizziness
and hypersensitivity events. These differences were not statisti-
cally significant, although it is conceivable that some of the
events resulted from the higher dose of iron received in the
FCM arm. More importantly, however, the vast majority of
adverse events were mild or moderate in severity, and there
were no differences in serious adverse events between the two
treatment groups that were considered related to treatment.

In conclusion, our results indicate that when compared
with iron sucrose administered as five infusions of 200 mg
each, FCM administered as two infusions of 750 mg given 1
week apart is a safe and efficacious alternative for the treat-
ment of iron-deficiency anemia in the setting of CKD. FCM
has the advantage of allowing more iron to be administered in
fewer infusions in patients with CKD.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.oxford-
journals.org.
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