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ABSTRACT

Background. Currently available intravenous (IV) iron agents
vary in indication, dosing regimens and safety profiles. Ferric
carboxymaltose (FCM) is a stable, non-dextran-containing
iron formulation developed for rapid IV administration in
high doses with controlled delivery of iron into target tissues.
The objective of the present study was to evaluate the safety
of FCM compared with standard medical care (SMC) in
dialysis (HD) and non-dialysis-dependent (NDD) chronic
kidney disease (CKD) patients.
Methods. Adults 18–85 years of age with CKD were enrolled.
NDD-CKD (n = 204) patients received an undiluted IV dose
of FCM (15 mg/kg to a maximum of 1000 mg IV) and HD-
CKD (n = 50) patients received an undiluted IV push of 200
mg ∼30–60 min into the dialysis session. Subjects random-
ized to the SMC group (n = 259) received treatment deter-
mined by the investigator that could include oral iron, IV
iron or no iron.
Results. Single doses of FCM of 200 mg in HD-CKD patients
and up to 1000 mg in NDD-CKD patients were well toler-
ated. Incidences of treatment-emergent adverse events were
similar between the groups: 30.3% (77 of 254) in the FCM
group and 32.8% (85 of 259) in the SMC group. Incidences
of serious adverse events were higher in the SMC group
overall and in patients receiving iron sucrose or sodium ferric

gluconate. There were no clinically significant differences in
laboratory or clinical chemistry values or vital signs between
the groups. There were no statistically significant differences
between the FCM and SMC groups in indices of hemoglobin
(Hb) improvement, including proportions of patients achiev-
ing a ≥1 g/dL increase in Hb and proportions of patients
achieving Hb level of >12 g/dL.
Conclusion. FCM in doses of 200 mg for HD-CKD patients
and up to 1000 mg in NDD-CKD patients were well tolerated
and displayed comparable efficacy to other IV iron
formulations.

INTRODUCTION

Anemia management is an important component of reducing
morbidity and improving the quality of life for chronic
kidney disease (CKD) patients. Iron deficiency will develop in
many dialysis patients as a result of treatment-related blood
loss and the increased demand for iron induced by erythro-
poiesis-stimulating agent (ESA) therapy [1]. Iron deficiency
is also common in non-dialysis CKD patients [2, 3].

Iron replacement strategies include the use of oral or intra-
venous (IV) iron formulations. IV iron therapy is rec-
ommended for dialysis-dependent CKD (HD-CKD) patients
due to frequent blood losses associated with dialysis machine
use and inability to achieve optimum outcomes with oral iron
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[2, 4]. In non-dialysis CKD patients, The National Kidney
Foundation Kidney Disease Outcomes Quality Initiative (NKF
KDOQI) 2006 treatment guidelines recommends either oral or
IV iron for treatment of iron deficiency [4]. However, oral iron
therapy can be compromised by gastrointestinal (GI) side
effects in >35% of patients [5] that can result in poor patient
compliance and suboptimal iron absorption.

Currently available IV iron agents vary in indication,
dosing regimens and safety profiles. The maximum dose that
can be given in a single visit is limited by the stability of the
various iron–carbohydrate moieties. Most CKD patients with
iron parameters below NKF KDOQI goals will require a
minimum dose of 1000 mg of elemental iron for iron store
replenishment and to raise their hemoglobin (Hb) [4]. This
would necessitate numerous doses of sodium ferric gluconate
(Ferrlecit/Nulecit) [6] and iron sucrose (Venofer) depending
on indication [7]. There is an unmet need for an IV iron
agent that is safely and rapidly administered in larger single
doses resulting in less frequent clinic visits and fewer veni-
punctures. The use of IV iron can be limited by anaphylactic
reactions due to dextran-containing iron formulations. Fera-
heme (ferumoxytol) is a recently approved high-dose IV for-
mulation [8] with a modified dextran shell designed to
reduce immunogenic potential; however, anaphylaxis in the
setting of previous hypersensitivity to iron dextran has been
reported [9, 10].

Ferric carboxymaltose (FCM) is a stable, non-dextran-con-
taining iron formulation that is believed to allow iron uptake
by the reticuloendothelial system with minimal release of free
iron [11]. FCM was developed for rapid IV administration in
high doses with controlled delivery of iron into target tissues.
The pH of the FCM complex is nearly neutral (5.0–7.0) with
a physiologic osmolarity [12]. There is no cross-reactivity
with dextran and the iron–carbohydrate complex is more
stable than that of ferric gluconate or iron sucrose [13, 14].

Clinical trials of FCM versus comparators conducted with
over 10 000 patients with iron deficiency anemia (IDA) associ-
ated with a variety of medical conditions have shown improve-
ments in Hb levels and replenishment of depleted iron stores
following FCM administration [15–21]. In patients with CKD,
FCM was more effective and better tolerated than oral iron for
treatment of iron deficiency [17, 18]. FCM is approved in
Europe for the treatment of iron deficiency when oral iron
preparations are ineffective or cannot be used. The primary
objective of the present study was to evaluate the safety of
FCM compared with standard medical care (SMC) in HD-
CKD and non-dialysis-dependent CKD (NDD-CKD) patients.

MATERIALS AND METHODS

This Phase 3, open-label, randomized, controlled, multi-
center trial (#NCT00548691) was conducted from October
2007–January 2009 in 56 centers. Protocol (1VIT07018) and
informed consent form were approved by the institutional
review boards of each centre. The trial complied with the De-
claration of Helsinki. All enrolled subjects provided informed
consent.

Men and women 18–85 years of age were eligible if they
had at least a 3-month history of NDD-CKD or at least a 6-
month history of HD-CKD. At the time of the conduct of
this study, acceptable screening laboratory values for NDD-
CKD subjects were Hb ≤11.5 g/dL, transferrin saturation
(TSAT) ≤30% and ferritin ≤300 ng/mL and Hb ≤12.5 g/dL,
TSAT ≤30% and ferritin ≤500 ng/mL for HD-CKD. NDD-
CKD patients were not to have used IV iron within 1 month
prior to the study. HD-CKD patients were eligible if they did
not anticipate needing repletion therapy (>200 mg of IV
iron) during the 30-day study period.

Exclusion criteria for both groups included recent hospi-
talization, use of investigational drugs, GI bleeding, alcohol
or drug abuse, known hypersensitivity to any component of
FCM, anemia other than that due to iron deficiency, current
treatment for asthma, evidence of ongoing infection (includ-
ing hepatitis B, hepatitis C or HIV), concomitant severe liver
or cardiovascular diseases, iron storage disorders, pregnancy
or lactation, not using approved birth control methods and
anticipated surgery during the study period.

Study design

Subjects underwent clinical evaluation and discontinued
any non-study iron therapy. Subjects meeting entry criteria
were randomized 1:1 to the FCM or SMC groups by a centra-
lized interactive voice-response system (IVRS). ESA treatment
remained stable post-randomization for FCM subjects unless
a dose reduction was required as per ESA product label for
safety reasons.

For patients randomized to the FCM group, NDD-CKD
patients received an undiluted dose (15 mg/kg up to a
maximum of 1000 mg IV) and HD-CKD patients received an
undiluted IV push of 200 mg directly into the venous line of
the dialyzer ∼30–60 min into the dialysis session. Subjects
randomized to the SMC group received treatment for IDA
determined by the investigator to be appropriate for the given
patient, and could include IV or oral iron or no iron treat-
ment. The total dose of any iron was recorded. Laboratory
and safety data were collected before and after study drug
administration. Additional safety data were also collected for
subjects randomized to SMC during a telephone follow-up 30
days following the last dose of study drug.

Statistical analyses

The primary objective of the study was to evaluate the
safety of the maximum administered dose of FCM compared
with SMC in NDD- and HD-CKD patients. The safety popu-
lation included all subjects randomized to the FCM group
that were administered study medication and all subjects ran-
domized to the SMC group that were prescribed SMC for
treatment of IDA (which could include IV or oral iron or no
iron, as deemed appropriate by the investigator). Adverse
events were reported from Day 0 to the completion of the
study.

Efficacy analyses were exploratory secondary objectives
because the study was not originally powered for efficacy.
Predefined efficacy endpoints included: (i) the proportion of
subjects achieving an increase in Hb of ≥1.0 g/dL anytime
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between baseline (Day 0) and Day 30, (ii) the proportion of
subjects achieving an Hb of >12.0 g/dL anytime between
baseline (Day 0) and Day 30 and (iii) the mean change from
baseline (Day 0) to Day 30 (or end of study for subjects who
prematurely discontinued) for Hb, ferritin and TSAT. Efficacy
analyses were based on a modified intent-to-treat (mITT)
population that consisted of all subjects receiving study drug
who had baseline Hb assessment and at least one post-ran-
domization Hb value. The proportion of subjects achieving
an Hb of >12.0 g/dL anytime between baseline (Day 0) and
Day 30 was chosen because at the time the protocol was
written in 2007, this was a target as per the Department of
Health and Human Services guidelines [22].

A maximum of 500 subjects were planned for randomiz-
ation. No formal sample size calculation was performed, but
the statistical precision of estimated parameters (as measured
by confidence interval width) was adequate with the planned
sample size.

For all endpoints, the FCM group was compared with the
following SMC subgroups.

• All SMC subjects.

• Subjects who received IV iron (iron sucrose or sodium
ferric gluconate).

For baseline characteristics, treatment group differences for
categorical characteristics (e.g. sex, race) were assessed with
Fisher’s exact test and changes in quantitative characteristics
(e.g. age, weight) were assessed using the t-test for indepen-
dent groups. For safety assessments, comparison of incidence
rates was performed with the two-sided Fisher’s exact test.
Comparison of continuous endpoints, such as the mean
change in clinical laboratory findings, was performed using
the one-way analysis of variance (ANOVA) with a factor for
the randomized treatment group. The number of subjects
with missing data was tabulated but excluded from Fisher’s
exact test. No formal statistical tests were performed for the
incidence of abnormal laboratory values or vital signs. For
efficacy analyses, a 95% two-sided confidence interval for the
treatment group difference was calculated. The normal
approximation to the binomial distribution was used for
differences in proportions. Fisher’s exact test was used to test
for differences in proportions. Testing and confidence inter-
vals for differences in means were calculated with the one-
way ANOVA.

RESULTS

Patient disposition and reasons for not completing the study
are shown in Figure 1. Out of 1009 patients screened, 513
(50.8%) comprised the safety population (n = 254 in the FCM
group and n = 259 in the SMC group) and 498 were included
in the mITT population (n = 249 in both groups). Screen fail-
ures occurred because of failure to meet entry criteria or
withdrawn consent. The majority of subjects (98%) com-
pleted the study.

The mean subject age was 62.5 ± 12.8 years in the FCM
group and 63.1 ± 12.1 years in the SMC group. Both groups
included more women (FCM: 62.6%; SMC: 59.1%) and the
majority of subjects were Caucasian (FCM: 50.8%; SMC:
49.4%). Demographics and baseline characteristics for FCM
and SMC groups by CKD patient subtype are shown in
Table 1.

HD-CKD patients (n = 97)

Fifty subjects were in the FCM group and 47 in the SMC
group. There were significantly more women in the FCM
group than the SMC group as shown in Table 1. No other
statistically significant differences between the group demo-
graphics were observed. The mean Hb, TSAT and ferritin
values at screening were similar between the FCM and SMC
groups (Table 1). The majority of subjects were current ESA
users, had received previous iron therapy and had no history
of iron intolerance. The median number of days since last
dose of iron in patients with a recent history of iron therapy
was >40 days in both groups.

NDD-CKD patients (n = 416)

No statistically significant differences were observed
between the FCM (n = 204) and SMC (n = 212) groups for
any demographic characteristic. Subjects were most com-
monly female and Caucasian. The mean Hb, TSAT and ferri-
tin values at screening were similar between the groups; 6.9%
of subjects in the FCM group and 8.5% in the SMC group
had baseline Hb <9.0 g/dL. The majority of subjects were not
current ESA users, had received previous iron therapy and
had no history of iron intolerance. Among subjects with a
recent history of iron therapy, the median number of days
since last dose of iron was 8 in both groups (NDD-CKD sub-
jects had received oral iron, since IV iron was prohibited 30
days prior to Day 0).

Iron therapy

The type of therapy received by patients in the SMC
group is shown in Table 1. Overall, the majority of subjects
(163/259; 62.9%) received IV iron, most commonly iron
sucrose (127/259; 49.0%). More NDD-CKD patients were ad-
ministered oral iron (77/212, 36.3%) and iron sucrose (112/
212, 85.5%) than HD-CKD patients (0/47 and 15/47, 46.8%,
respectively).

Total doses of IV iron (mg) are shown in Figure 2. Total
dose of FCM administered per subject during the study was
975.7 ± 74.5 mg for NDD patients and 200.0 ± 0.0 mg for
HD-CKD patients. The mean dose of IV iron administered
in the SMC group was 698.7 ± 341.7 mg for NDD patients
and 561.1 ± 327.0 mg for HD patients. Thus, within the HD-
CDK cohort, subjects in the SMC group received almost
three times the amount of iron as those in the FCM group. In
the SMC group, iron sucrose maximum individual doses
were 200 mg (NDD-CKD patients; 1000 mg total dose), or
100 mg (HD-CKD patients; 100–500 mg total dose). The
most common maximum individual dose among all patients
receiving sodium ferric gluconate was 125 mg (500–812.5 mg
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total dose). The individual dose of iron dextran was 100 mg
for HD-CKD patients and 1000 mg for NDD-CKD patients.

Safety

Table 2 summarizes the adverse event reporting in FCM
and SMC groups, and the iron sucrose/sodium ferric gluco-
nate subgroup for the safety population (HD-CKD and
NDD-CKD data combined). Incidences of treatment-emer-
gent adverse events were similar in the FCM and SMC
groups. At least one treatment-emergent adverse event oc-
curred in 30.3% (77/254) of subjects in the FCM group and
32.8% (85/259) of the subjects in the SMC group.

The majority of treatment-emergent adverse events were
mild (Grade 1) or moderate (Grade 2) in intensity. Grade 3
or greater events were more common in the SMC group. Six
(6) subjects (2.4%) in the FCM group and 16 subjects (6.2%)
in the SMC group had Grade 3 treatment-emergent adverse
events. Two subjects (0.8%) in the FCM group (1 HD-CKD
and 1 NDD-CKD subject) and five subjects (1.9%) in the
SMC group experienced events classified as Grade 4. None of
the Grade 3 events was considered study drug-related.

Nine (3.5%) subjects in the FCM group (3 HD-CKD and
6 NDD-CKD subjects) and 23 (8.9%) in the SMC group (3
HD-CKD and 20 NDD-CKD subjects) experienced at least
one serious adverse event. The incidence was significantly
lower in the FCM group compared with the SMC group
overall as shown in Table 2. None of the events was con-
sidered related to study medication.

Two HD-CKD patients in the SMC group died during the
study because of a presumed myocardial infarction and ven-
tricular fibrillation. Both deaths were considered unrelated to
study drug. No subject in the FCM group died during the
study.

The most common (≥2%) adverse events were nausea
(3.9%), vomiting (2.8%), arthralgia, muscle spasms and hy-
pertension (2.4% each) in the FCM group, and hyperten-
sion (2.7%), edema and peripheral edema (2.3% each) in
the SMC group. Significantly more subjects (P = 0.015) in
the SMC group (11.2%) experienced adverse events associ-
ated with General Disorders and Administration Site Con-
ditions (i.e. catheter complications, injection site issues,
fatigue, chills, edema and peripheral edema) compared
with the FCM group (5.1%), and more subjects in the
FCM group (2.4%) experienced muscle spasms compared
with subjects in the SMC group (0%) (P = 0.014). Drug-
related treatment-emergent adverse events in the FCM
group were nausea (6/254 2.4%), hypertension (4/254
1.6%), vomiting, dizziness, flushing (3/254; 1.2%) and dys-
geusia (2/254 0.8%). Drug-related treatment-emergent
adverse events experienced in the SMC group were nausea
and dizziness (2/259 0.8%).

Treatment-emergent adverse events are shown in
Table 3 for the FCM and SMC groups and SMC sub-
groups of IV iron and iron sucrose/sodium ferric gluconate
use by patient group (HD-CKD or NDD-CKD patients).
The incidence of adverse events was similar across the
groups for HD-CKD patients. The most common adverse
events in the FCM group were muscle spasms (10.0%), hy-
potension (6.0%), arthralgia, cough, dyspnea and hyperten-
sion (4.0% each). The most common events in the SMC
group were pain, back pain, hypertension and hypotension
(4.3% each) and in the SMC group receiving iron sucrose
or sodium ferric gluconate SMC subgroup, hypotension
(6.1%). None of the cases of hypotension in the FCM
group was considered drug-related. All events of hypoten-
sion were assessed for temporal proximity to the FCM in-
fusion as well as association with other adverse events that

F IGURE 1 : Disposition of subjects in the study.
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are components of bioactive (free) iron reactions (i.e. hy-
potension associated with nausea, vomiting, dizziness,
malaise, fatigue, weakness, paresthesias, dyspnea, anxiety,

pain in the chest, abdominal and muscles, peripheral
edema and syncope).The analysis indicated that there were
no bioactive iron reactions.

Table 1. Demographics and baseline characteristics for study subjects (safety population) stratified
by HD

HD-CKD patients NDD-CKD patients

FCM (n = 50) SMC (n = 47) FCM (n = 204) SMC (n = 212)

Age (years) 54.8 ± 14.4 57.1 ± 12.6 64.4 ± 11.7 64.5 ± 11.6

Sex

Female 22 (44.0)a 10 (21.3) 137 (67.2) 143 (67.5)

Male 28 (56.0) 37 (78.7) 67 (32.8) 69 (32.5)

Race/Ethnicity

Caucasian 8 (16.0) 12 (25.5) 121 (59.3) 116 (54.7)

African American 27 (54.0) 16 (34.0) 57 (27.9) 60 (28.3)

Hispanic 14 (28.0) 16 (34.0) 17 (8.3) 27 (12.7)

Asian 0 3 (6.4) 4 (2.0) 2 (0.9)

Other 1 (2.0) 0 5 (2.5) 7 (3.3)

Weight (kg) 93.1 ± 24.5 88.4 ± 21.1) 91.8 ± 25.8 89.6 ± 24.5

Height (cm) 168.5 ± 8.9 170.9 ± 9.0 165.5 ± 9.1 165.2 ± 10.2

Hb (g/dL) 11.2 ± 0.7 11.3 ± 0.7 10.4 ± 0.8 10.2 ± 0.9

Hb category (g/dL)

≤9.0 1 (2.0) 0 14 (6.9) 18 (8.5)

9.1–11.0 13 (26.0) 15 (31.9) 148 (72.5) 151 (71.2)

≥11.1 36 (72.0) 32 (68.1) 42 (20.6) 43 (20.3)

TSAT (%) 22.6 ± 4.9 24.6 ± 4.8 19.1 ± 5.8 18.5 ± 6.3

Ferritin (ng/mL) 273.2 ± 112.3 247.9 ± 135.6 89.3 ± 71.8 91.8 ± 87.0

Current ESA use 49 (98.0) 45 (95.7) 57 (27.9) 66 (31.1)

Iron intolerance 1 (2.0) 0 18 (8.8) 13 (6.1)

Previous iron therapyc 48 (96.0) 42 (89.4) 113 (55.4) 114 (53.8)

Days since last iron therapy median (range) 54 (2–776) 42 (4–259) 8 (1–1190) 8 (−29, 1757)

Type of SMC NA NA

No treatment 15 (31.9) 7 (3.3)

Oral iron 0 77 (36.3)

IV iron 32 (68.1) 131 (61.8)

Iron sucroseb 15 (46.8) 112 (85.5)

Sodium ferric gluconateb 16 (50.0) 16 (12.2)

Iron dextranb 1 (3.1) 3 (9.7)

Values are expressed as mean ± standard deviation or number (percentage) unless otherwise stated.
CKD, chronic kidney disease; ESA, erythropoiesis-stimulating agent; FCM, ferric carboxymaltose; Hb, hemoglobin; IV, intravenous;
TSAT, transferring saturation.
aSignificantly different from SMC group, P = 0.019 by Fisher’s exact test.
bPercent within IV Iron group. Patients may have been administered more than one iron therapy.
cOral or IV for HD-CKD patients, oral for NDD-CKD patients.
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Table 3 shows that for NDD-CKD patients, the inci-
dence of treatment-emergent adverse events was 27.5% (56/
204) in the FCM group, 31.1% (66/212) in the SMC group
and 37.9% (47/124) in the iron sucrose or sodium ferric
gluconate subgroup. There was a significant difference in
the incidence of serious adverse events between the SMC
and FCM groups, and between the iron sucrose/sodium
ferric gluconate subgroup and the FCM group. The most
common treatment-emergent adverse events in the FCM
group were nausea (4.4%), vomiting (2.9%), peripheral
edema, arthralgia, dizziness and hypertension (2.0% each)
and in the SMC group, edema (2.8%), peripheral edema
and hypertension (2.4% each). For subjects receiving iron
sucrose or sodium ferric gluconate, the most common
events were edema (4.0%), hypertension (3.2%), congestive
heart failure, nausea, fatigue, peripheral edema and hypo-
volemia (2.4% each).

There were no clinically meaningful differences in vital
signs and physical examinations between subjects in either
the FCM or SMC groups and no clinically significant
changes from baseline in laboratory or clinical chemistry
values. The most notable differences between the FCM and
SMC groups were a greater proportion of subjects with low
phosphate and high glucose in the FCM group (8/186,
4.3% and 4/98, 4.1%, respectively) compared with the SMC
group (2/195, l% and 1/107, 0.9%, respectively). The
median changes from baseline at Day 30 in phosphate
levels for the 10 patients was −1.5 mg/dL with individual
values ranging from −0.3 to −2.2. For elevated glucose
levels, the median change from baseline was 140 mg/dL.
These changes were transient, asymptomatic and not
associated with any clinical outcomes.

No hypersensitivity reactions were reported during the
study. Seven subjects in the FCM group (l HD- and 6 NDD-
CKD patients) and three NDD-CKD patients in the SMC
group experienced treatment-emergent adverse events of
Grade 1 (mild) or 2 (moderate) of blister, rash, urticaria, skin
ulcer, rash pruritic, pruritus generalized or face swelling. Two
events in the FCM group were considered related to study
treatment (blister and rash pruritic) and both resolved
without sequelae.

Efficacy

Table 4 shows the proportion of subjects with an in-
crease in Hb of ≥1 g/dL anytime between baseline and
Day 30 and the proportion of subjects with an Hb level of
>12.0 g/dL anytime between baseline and Day 30 for HD-
CKD and NDD-CKD patients combined, and individually
by the FCM and SMC groups and SMC subgroups of IV
iron and iron sucrose/sodium ferric gluconate. No statisti-
cally significant differences were observed between any of
the groups.

Table 2. Treatment-emergent adverse event summary in the safety population (HD-CKD and
NDD-CKD patients combined)

Adverse eventcategory (≥1 event) FCM
(n = 254)

SMC
(n = 259)

Iron sucrose orsodium ferricgluconate
(n = 157)

# Subjects (%)

All events 77 (30.3) 85 (32.8) 62 (39.5)

All serious events 9 (3.5) 23 (8.9)* 15 (9.6)*

Drug-related events 17 (6.7) 8 (3.1) 5 (3.2)

Interruption oftreatment due to anadverse
event

0 4 (1.5) 3 (1.9)

Discontinuation dueto an adverse event 3 (1.2) 1 (0.4) 1 (0.6)

Deaths 0 2 (0.8) 0

*Significantly different from the FCM group, P < 0.02.

F IGURE 2 : Extent of exposure to IV iron during the study for HD
and NDD patients with CKD receiving FCM or SMC.
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The mean changes from baseline to Day 30 in Hb, ferritin
and TSAT are shown in Table 5 and Figure 3. For the mITT
population (HD-CDK and NDD-CDK patients combined),
the mean increases from baseline to Day 30 (and end of
study, not shown) in ferritin and TSAT in the FCM group
and iron sucrose/sodium ferric gluconate subgroup were stat-
istically significantly greater than those observed in the SMC
group. No statistically significant differences between the
FCM and SMC groups were observed for changes from base-
line in Hb.

For HD-CDK patients, the mean increases from base-
line for ferritin in the SMC group and the SMC group

subjects receiving iron sucrose or sodium ferric gluconate
were statistically significantly greater than those observed
in the FCM group, likely due to the higher total iron re-
ceived in the iron sucrose and sodium ferric gluconate
group. No statistically significant differences between the
FCM and SMC or SMC subgroups were observed for Hb
or TSAT.

For NDD-CKD patients, the mean increases from baseline
for ferritin, and TSAT in the FCM group were statistically
significantly greater than those observed in the SMC group
and SMC group subjects receiving iron sucrose or sodium
ferric gluconate.

Table 3. Incidence of treatment-emergent adverse events occurring in ≥4% (HD-CKD patients) or
≥2% (NDD-CKD patients) of subjectsa

HD-CKD patients (n = 97)

FCM (n = 50) All SMC (n = 47) Iron sucrose or sodium ferricgluconate (n = 32)

≥1 event 21 (42.0) 19 (40.4) 15 (45.5)

Serious events 3 (6.0) 3 (6.4) 1 (3.0)

Muscle spasm 5 (10.0) 0 0

Hypotension 3 (6.0) 2 (4.3) 2 (6.1)

Hypertension 2 (4.0) 2 (4.3) 1 (3.0)

Arthralgia 2 (4.0) 0 0

Dyspnea 2 (4.0) 1 (2.1) 1 (3.0)

Cough 2 (4.0) 0 0

Pain 1 (2.0) 2 (4.3) 1 (3.0)

Back pain 0 2 (4.3) 0

NDD-CKD patients (n = 416)

FCM (n = 204) All SMC (n = 212) Iron sucrose or sodium ferricgluconate (n = 124)

≥1 event 56 (27.5) 66 (31.1) 47 (37.9)

Serious events 6 (2.9) 20 (9.4)* 14 (11.3)*

Nausea 9 (4.4) 4 (1.9) 3 (2.4)

Vomiting 6 (2.9) 2 (0.9) 1 (0.8)

Peripheral edema 4 (2.0) 5 (2.4) 3 (2.4)

Arthralgia 4 (2.0) 2 (0.9) 2 (1.6)

Dizziness 4 (2.0) 3 (1.4) 1 (0.8)

Hypertension 4 (2.0) 5 (2.4) 4 (3.2)

Edema 3 (1.5) 6 (2.8) 5 (4.0)

Congestive heart failure 4 (0.5) 3 (1.4) 3 (2.4)

Fatigue 1 (0.5) 4 (1.9) 3 (2.4)

Hypovolemia 0 3 (1.4) 3 (2.4)
aIn order to limit the size of these tables, adverse events are listed only if the proportion of subjects with the adverse event is at least 4%
in one of the three columns for HD-CKD patients or at least 2% in one of the three columns for NDD-CKD patients.
*P < 0.01.
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DISCUSSION

In this study designed to assess FCM safety and tolerability,
FCM was well tolerated and there were no clinically significant
differences between FCM and SMC group in incidences of
adverse events. The profile of common adverse events was
different between NDD-CKD and HD-CKD patients, but in
general, the events seen were not unexpected for this popu-
lation of chronically ill patients. There were no deaths in the
FCM group, no anaphylactic reactions and no bioactive (free)
iron reactions. While the majority of adverse events in both
groups and all cohorts were of Grade 1 or 2 severity, there were
greater incidences of serious events in the SMC group overall,
and in the subset of patients receiving iron sucrose or sodium
ferric gluconate. While the reasons for these differences in the
CKD patients are not known, recent non-clinical studies in
animal models have shown that oxidative stress parameters and
inflammatory markers in various tissues such as liver, heart
and kidney were often less prevalent in rats receiving FCM
than in those receiving other IV iron products [23, 24].

A recent meta-analysis of FCM clinical trial data reported
similar incidences of serious adverse events and deaths
between FCM and comparator groups [15]. A clinical trial
(the REPAIR-IDA trial) in high-risk CKD patients is under-
way. Initial data indicate no differences in the safety profiles
for CKD patients up to 4 months after treatment with either
FCM or iron sucrose [25].

Transient, asymptomatic hypophosphatemia was observed
infrequently in the FCM group and has been previously re-
ported [17, 19, 20]. Hypophosphatemia in these instances is
likely related to treatment with FCM, but does not appear to
be associated with other adverse events or clinical outcomes.
Decreased blood phosphate levels may be a reflection of cel-
lular uptake of extracellular phosphate associated with rapid

expansion of erythropoiesis [19]. Decreased blood phosphate
has been reported in acute hemolytic anemia, following he-
matopoietic reconstitution after allogeneic peripheral blood
stem cell transplantation, and after iron administration [26–
28]. A single case study [29] reported severe and sympto-
matic hypophosphatemia after IV FCM administration in a
renal transplant patient on long-term tacrolimus therapy. The
complications in this transplant recipient may have resulted
from renal tubule toxicity subsequent to tacrolimus treat-
ment. In general, FCM is well tolerated in patients with IDA
due to CKD [30] and hypophosphatemia does not appear to
alter the risk/benefit profile for FCM use.

Although there were four laboratory values of increased
glucose reported after FCM treatment (versus 1 for the SMC
group) with the median change from baseline of 140 mg/dL,
the mean change in glucose from baseline to either Day 30 or
end of study for the entire study population was ∼1 mg/dL
for the FCM group and ∼5 mg/dL for the SMC group. In
addition, the number of subjects with treatment emergent
adverse events of hyperglycemia [2 (0.8%) in the FCM group
versus 0 in the SMC group; P = 0.245] was not significantly
different. Furthermore, imbalances in the number of subjects
with increases in glucose have not been observed in other
trials of FCM in patients with IDA either in the setting of
CKD or other etiologies. For these reasons, the elevations in
glucose were not felt to be clinically significant.

FCM is well suited to outpatient use as it can be adminis-
tered in a single dose in only 15 min, thereby requiring fewer
clinic visits and venipunctures. There were no statistically sig-
nificant differences between the FCM and SMC groups with
respect to indices of Hb improvement, including the pro-
portion of patients achieving a ≥1 g/dL increase in Hb
anytime between baseline and Day 30 and the proportion of
patients achieving Hb level of >12 g/dL. Statistically signifi-
cant differences were observed in Day 30 ferritin and TSAT

Table 4. Subjects with changes in Hb indices anytime between baseline and Day 30

Hb change Number (%) of subjects

mITT Population (HD and NDD patients combined) (n = 458)

FCM (n = 249) SMC (n = 249) Iron sucrose or sodiumferric gluconate (n = 157)

Increase of ≥1 g/dL 64 (25.7) 55 (22.1) 40 (26.5)

>12 g/dL 36 (14.5) 32 (12.9) 22 (14.6)

HD-CKD patients (n = 93)

FCM (n = 47) SMC (n = 46) Iron sucrose or sodiumferric gluconate (n = 32)

Increase of ≥1 g/dL 9 (19.1) 14 (30.4) 10 (31.3)

>12 g/dL 16 (34.0) 18 (39.1) 13 (40.6)

NDD-CKD patients (n = 405)

FCM (n = 202) SMC (n = 203) Iron sucrose or sodiumferric gluconate (n = 124)

Increase of ≥1 g/dL 55 (27.2) 41 (20.2) 30 (25.2)

>12 g/dL 20 (9.9) 14 (6.9) 9 (7.6)
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Table 5. Mean baseline and change to Day 30 Hb, ferritin and TSAT values for all patients (mITT
group) and HD and NDD patients receiving FCM, SMC or the subgroup of medical patients
receiving iron sucrose or sodium ferric gluconate

Population time
point

Mean (standard deviation) P-value: for FCM versus

FCM SMC Iron sucrose orsodium
ferric gluconate

SMC Iron sucrose orsodium
ferric gluconate

Hemoglobin (g/dL)

All n = 246 n = 240 n = 146

Baseline 10.59 (0.94) 10.45 (1.00) 10.43 (1.01)

Change to
Day 30

0.49 (0.92) 0.33 (0.88) 0.44 (0.86) 0.061 0.649

HD n = 47 n = 45 n = 31

Baseline 11.47 (0.80) 11.40 (0.79) 11.22 (0.73)

Change to
Day 30

0.22 (0.89) 0.42 (1.00) 0.53 (0.79) 0.299 0.116

NDD n = 199 n = 195 n = 115

Baseline 10.39 (0.85) 10.23 (0.91) 10.21 (0.96)

Change to
Day 30

0.55 (0.92) 0.31 (0.85) 0.42 (0.89) 0.008 0.225

Ferritin (ng/mL)

All n = 248 n = 241 n = 147

Baseline 122.87
(110.92)

121.82
(121.19)

120.11 (122.07)

Change to
Day 30

242.58
(180.53)

103.17
(145.99)

155.27 (151.36) ≤0.001 ≤0.001

HD n = 47 n = 46 n = 32

Baseline 267.01
(130.05)

239.82
(134.97)

151.31 (143.23)

Change to
Day 30

15.87
(106.60)

71.77
(105.57)

88.74 (104.67) 0.013 0.004

NDD n = 201 n = 195 n = 115

Baseline 89.17
(72.66)

93.99
(99.31)

83.60 (85.60)

Change to
Day 30

295.59
(150.78)

110.58
(153.27)

173.79 (157.39) ≤0.001 ≤0.001

TSAT (%)

All N = 248 N = 238 N = 144

Baseline 20.70 (8.76) 21.23 (9.04) 21.10 (10.21)

Change to
Day 30

8.61 (10.76) 5.10 (12.94) 5.47 (13.56) ≤0.001 0.012

HD n = 47 n = 46 n = 32

Baseline 25.04
(12.81)

25.04 (6.98) 25.38 (7.20)

Change to
Day 30

2.55 (15.26) 5.80 (13.84) 4.66 (10.25) 0.285 0.498

Continued
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levels from baseline in the FCM compared with SMC groups.
Ferritin is a reliable indicator of iron accumulation in cells in
CKD patients and a valuable index for optimizing iron
therapy [31].

The efficacy results were comparable with the total popu-
lation for Hb indices, ferritin and TSAT levels in NDD-CKD
patients. The NDD-CDK patients randomized to FCM re-
ceived ∼1000 mg on average as opposed to ∼700 mg in the

Table 5. Continued

Population time
point

Mean (standard deviation) P-value: for FCM versus

FCM SMC Iron sucrose orsodium
ferric gluconate

SMC Iron sucrose orsodium
ferric gluconate

NDD n = 201 n = 192 n = 112

Baseline 19.68
(7.17)

20.32
(9.26)

19.88 (10.63)

Change to Day
30

10.02
(8.87)

4.93
(12.74)

5.71 (14.40) ≤0.001 ≤0.001

P-values are from one-way ANOVA.

F IGURE 3 : Mean changes from baseline to Day 30 for Hb, ferritin and TSAT for patients in the mITT group and HD and NDD patients
receiving FCM, SMC or the subgroup of medical patients receiving iron sucrose or sodium ferric gluconate. Differences between groups were
determined by one-way ANOVA. Significantly different from FCM *P < 0.05, **P < 0.01, ***P < 0.001.
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SMC group (as shown in Figure 2). Improvements in Hb, fer-
ritin and TSAT also occurred in HD patients, but were
smaller than those observed in the SMC group. This is not
surprising given that HD-CKD patients in the FCM group
received substantially less iron (single 200 mg dose) than
those in the SMC group (on average receiving 561 mg iron)
who received multiple infusions (4–7) of iron sucrose and
sodium ferric gluconate to achieve target iron indices.

In summary, single doses of FCM of 200 mg in HD-CKD
patients and up to 1000 mg in NDD-CKD patients were safe
and well tolerated. While the dosing and time frames were not
optimized for efficacy analyses, a single dose of FCM up to
1000 mg in NDD-CKD patients showed comparable efficacy
with other IV iron formulations requiring multiple infusions.
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ABSTRACT

Background. Asymmetric dimethylarginine (ADMA) is an
endogenous inhibitor of nitric oxide synthase (NOS).

Increased levels of ADMA cause impaired vasodilation,
leading to endothelial dysfunction and a higher risk for cardi-
ovascular events. In patients with a chronic kidney disease,
increased ADMA levels are reported to play a role in the
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