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OBJECTIVE: To estimate efficacy of rapid, large-dose
intravenous (IV) administration of ferric carboxymaltose
compared with oral iron therapy in anemic postpartum
women.

METHODS: In a randomized, controlled trial, we as-
signed anemic women (hemoglobin [Hb] less than or
equal to 10 g/dL) within 10 days postpartum to receive
either 1V ferric carboxymaltose (less than or equal to1,000
mg over 15 minutes, repeated weekly to achieve a total
calculated replacement dose) or ferrous sulfate (FeSO,)
325 mg orally thrice daily for 6 weeks.

RESULTS: One hundred seventy-four patients received
350 IV doses of ferric carboxymaltose (mean total dose
1,403.1 mg) in 3, 2, or 1 injection (10.9%, 79.3%, or 9.8%
of patients, respectively); 178 received FeSO,. Patients
assigned to IV ferric carboxymaltose compared with
those assigned to oral iron achieved a Hb rise greater
than or equal to 2.0 g/dL earlier (7.0 compared with 14.0
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days, P<.001), were more likely to achieve a Hb rise
greater than or equal to 3.0 g/dL at any time (86.3%
compared with 60.4%, P<.001), and were more likely to
achieve a Hb greater than 12.0 g/dL (90.5% compared
with 68.6%, P<.001). A similar proportion of patients
achieved a Hb rise greater than or equal to 2.0 g/dL
(96.4% compared with 94.1%, 1V compared with oral,
P=.443). There were no serious adverse drug reactions.
CONCLUSION: Large-dose IV ferric carboxymaltose ad-
ministration is a new iron agent that is effective for the
treatment of postpartum anemia. When compared with
oral ferrous sulfate, IV ferric carboxymaltose is better
tolerated, prompts a more rapid Hb response, and cor-
rects anemia more reliably.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov,
www.clinicaltrials.gov, NCT00396292

(Obstet Gynecol 2007;110:267-78)

LEVEL OF EVIDENCE: 1|

Postparturn anemia arises frequently,' affects low-
income and minority women disproportionately,’
imposes a substantial disease burden during a critical
period of maternal-infant interaction,” and may give
rise to lasting developmental deficits in infants of
affected mothers.” Twenty-one percent of low-income
women with a normal hemoglobin in the third trimes-
ter of pregnancy present with evidence of anemia at
their first postpartum visit.! As many as 40% of
Hispanic women and 48% of non-Hispanic African-
American women are afflicted.! Postpartum anemia
adversely affects maternal mood, cognition, and be-
havior and disrupts maternal-infant interactions.? In-
fants of mothers who are anemic at 10 weeks postpar-
tum show evidence of development delay; moreover,
these early deficits in infants are not reversed by
subsequent successful treatment of maternal anemia.?
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Iron deficiency is the most common cause of
anemia in the postpartum period.! Although iron
therapy is indicated in the anemic patient, both oral
iron agents and currently available intravenous (IV)
iron agents pose difficult challenges to effective iron
replacement. Efficacy of oral iron is limited by gas-
trointestinal (GI} complaints and patient nonadher-
ence,”” whereas treatment with IV iron either risks
anaphylaxis when using iron dextran’ or requires
multiple injections of low doses when using previ-
ously available non-dextran-containing agents.’’

Ferric carboxymaltose complex is a non-dextran-
containing investigational IV iron agent designed to
be administered in large doses by rapid IV injection.
The ability to safely inject a single dose as large as
1,000 mg in as little as 15 minutes and thereby reduce
the need for multiple IV iron infusions renders this
novel agent a potentially ideal candidate for the
treatment of postpartum anemia. To determine
whether large-dose TV iron administration is an effec-
tive iron therapy, we conducted a randomized, con-
trolled, noninferiority trial to compare the efficacy of
IV ferric carboxymaltose with that of oral ferrous
sulfate (FeSO,) in the management of patients with
early postpartum anemia.

MATERIALS AND METHODS

This was an open-label, phase 3, randomized, active
control, noninferiority, multi-center trial conducted
with institutional review board approval at each of 43
sites, including 40 in the United States and three in
Mexico. In short, we screened patients for potential
eligibility within 5 weeks before expected delivery
date or early after delivery and, within 10 days after
delivery, enrolled and randomly assigned eligible
patients to receive either IV ferric carboxymaltose
(Injectafer; American Regent, Inc, Shirley, NY) or
oral iron therapy, then examined elements of efficacy
and safety at intervals for the following 42 days.

We enrolled patients within 10 days after delivery
who demonstrated a hemoglobin (Hb) of 10.0 g/dL or
less, were using acceptable contraception or absti-
nence, and were able to give informed consent. The
first patient was enrolled February 8, 2005, and the
last patient completed, November 11, 2005.

We excluded patients who demonstrated previ-
ous nonadherence to prescribed oral iron therapy,
history of anemia due to causes other than iron
deficiency or blood loss secondary to pregnancy or
delivery, estimated vaginal bleeding more than 100
mL in the 24 hours before randomization, active
severe infection, serum transferrin saturation more
than 50%, serum ferritin more than 500 ng/mL,
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serum creatinine more than 2.0 mg/dL, serum
transaminases more than 1.5 times upper limit of
normal, or evidence of untreated B12 or folate defi-
ciency; had received erythropoiesis-stimulating
agents (eg, recombinant erythropoietin) within 3
months before screening; or showed a historv of
myelosuppressive therapy, asthma under treatment,
hepatitis, human immunodeficiency virus, or hema-
tologic disorder other than iron deficiency.

Premature withdrawal was required if an inter-
vention for management of anemia was given. We
defined an anemia intervention as either a red blood
cell transfusion, initiation of erythropoiesis-stimulat-
ing agents or iron administration not included in the
study protocol. Intervention decisions, including the
decision to transfuse, were made by physician discre-
tion. Patients who wished to withdraw from the study
could do so at any time without the need to justify the
decision, and investigators could withdraw a patient at
any time if withdrawal was felt to be in the best
interest of the patient. In the analysis of efficacy and
safety, we included data in each patient up to the time
of withdrawal.

For patients assigned to IV ferric carboxymaltose,
we calculated the total iron dose needed to correct
anemia and replenish iron stores using the Ganzoni
formula,” modified to include adjustment for baseline
iron status:

Prepregnancy weight in kilogramsx{15-baseline
Hb) X 2.4+500.

Fifteen is the target Hb in g/dL, 2.4 is a unitless
conversion constant and 500 is the target iron stores
in mg. Baseline Hb reflects the average of two Hb
determinations (g/dL) obtained 12 hours or more
apart and 18 hours or more postpartum, determined
by local or point-of-care laboratory testing. If trans-
ferrin saturation was more than 20% and ferritin more
than 50 ng/mL, 500 mg was subtracted.

Within 32 hours after determining baseline Hb,
we initiated administration of the total calculated
dose. The maximal dose administered in a single day
was 15 mg/kg, not to exceed 1,000 mg. If the total
calculated dose exceeded 1,000 mg, subsequent doses
were administered weekly until the total dose was
received, up to a maximal total dose of 2,500 mg.
Intravenous iron was supplied as ferric carboxymal-
tose complex (American Regent, Inc., Shirley, NY),
500 mg elemental iron in 10 mL water. We adjusted
injection volume and rate of administration by dose
range as follows: 200 mg or less undiluted over 1-2
minutes; 300-400 mg in 100 mL normal saline over
6 minutes; 500-1,000 mg in 250 mL normal saline
over 15 minutes.
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For patients assigned to oral ferrous sulfate, we
dispensed ferrous sulfate as 325-mg tablets (65 mg
elemental iron) with instructions to take one tablet by
mouth three times daily with 8 ounces of tap water, 1
hour before meals from day 0 until day 42. We
dispensed tablets in blister packs of 25 tablets each,
including one blister pack on days 0 and 7, and 2
blister packs on days 14 and 28. Used blister packs
were returned to assess adherence to prescribed
therapy.

Our hypothesis was that IV iron administration
using ferric carboxymaltose complex is at least as
effective as administration of oral iron in the correc-
tion of postpartum anemia. We chose ferrous sulfate
as the comparator because administration of a ferrous
salt is the accepted standard of care for treatment of
postpartum anemia.

To examine efficacy, we defined the primary
efficacy endpoint as the proportion of patients with a
Hb increase 2 g/dL or more after treatment. Second-
ary measures of efficacy included the proportion of
patients attaining a hemoglobin more than 12.0 g/dL
(correction of anemia); the proportion achieving an
increase in hemoglobin 3 g/dL or more; time to
achieve the primary outcome; peak Hb increase from
baseline; time to peak Hb increase; maximal increase
in ferritin, transferrin saturation, reticulocyte count, or
reticulocyte hemoglobin content; number of patients
requiring intervention; time to intervention; propor-
tion of patients with a Hb increase 2 g/dL or more
and ferritin increase 160 ng/mL or more; and propor-
tion of patients with improved quality of life. We used
a central laboratory for all analyses of outcomes and
local laboratories and point-of-care testing to deter-
mine Hb values needed to qualify for randomization
or to calculate total iron dose.

We assessed health-related quality of life using
normalized data from the Medical Outcomes Study
Short Form 36 (SF-36) instrument, version 2% and the
Fatigue Linear Analog Scale Assessment.!” To nor-
malize results, we first transformed item scores so that
large values represented positive outcomes; trans-
formed item scores were then summed to obtain
dimension scores; and, finally, dimension scores were
transformed to a 0-100 scale (worst-best) to obtain
component scores. We defined a change from base-
line that exceeded 0.5 standard deviation of the
baseline mean as a minimally important difference.!!
The reference population for reporting normative
SF-36 results for Physical Component Summary and
Mental Component Summary scales were those ob-
tained from a population survey of randomly se-
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lected, community-dwelling, 25- to 34-year-old U.S.
females.”

To assess safety, we monitored blood pressure
and recorded adverse events in all patients before,
during, and after administration of IV iron and asked
all patients to report any untoward medical event at
its onset. We recorded adverse events from the day of
consent through the completion of the study (day 42)
or 30 days after the last dose of study drug, whichever
was later. Investigators provided the onset and reso-
lution date, severity, relationship to study drug, action
taken, and outcome of the adverse event. We did not
consider worsening anemia or iron deficiency to be
adverse events, because these developments became
study endpoints if an anemia intervention was re-
quired, as defined above.

To estimate sample size, we assumed that 80% of
patients in each treatment group would be compliant
with dosing and achieve the primary endpoint. Based
on this assumption, a sample size of 160 patients per
treatment group provided 85% power to achieve a
97.5% two-tailed confidence bound —15% or more for
the treatment difference {IV iron minus oral iron} in
success rate. The study was not powered for safety
considerations.

Patients who had met all of the inclusion and
exclusion criteria were stratified by Hb levels (9.1-
10.0 g/dL, 8.1-9.0 g/dL, 8.0 g/dL or less) and require-
ment for cesarean delivery and screening iron indices
(transferrin saturation more than 20% and ferritin
more than 50 ng/mL, transferrin saturation 20% or
less or ferritin 50 ng/mL or less). Stratified random
treatment assignments were prepared using comput-
erized random number generation, blocked random-
ization, and an interactive voice response system.

In the analysis of the primary efficacy endpoint,
noninferiority was demonstrated if the one-tailed
97.5% confidence bound for the treatment difference
in success rate (IV iron results minus oral iron results)
was 15% or more. If the bound exceeded zero,
superiority of IV iron to oral iron was demonstrated.
The confidence bound was based on the normal
approximation to the binomial distribution without
stratification.

We determined the effect of baseline characteris-
tics on the primary efficacy endpoint by logistic
regression. Baseline covariates included Hb, ferritin,
transferrin saturation, age, race, method of delivery
(vaginal, cesarean delivery), estimated blood loss
from delivery, and number of neonates delivered.

In the analysis of secondary efficacy endpoints,
treatment differences in proportions were assessed
with Fisher exact test. We estimated time-to-event
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curves using the Kaplan-Meier method and examined
for treatment group differences using the log rank test.
We used repeated measures analysis to compare
changes from baseline between groups.

RESULTS

Three hundred sixty-one (361) patients were ran-
domly allocated at 43 centers to receive IV iron (as
ferric carboxymaltose; 182 patients) or oral iron (fer-
rous sulfate; 179 patients). Of these 361 patients, eight
assigned to IV ferric carboxymaltose and one as-
signed to oral iron discontinued from the study before
dosing and were excluded from the evaluated popu-
lation. The safety population included 352 patients
who received at least one dose of treatment medica-
tion: 174 patients in the IV ferric carboxymaltose
group and 178 in the oral iron group (Fig. 1). The
intent-to-treat population, which formed the basis for
efficacy analysis, included all safety patients except
those who lacked at least one Hb determination after
baseline (five IV ferric carboxymaltose patients;
seven oral iron patients) and those who on review
lacked Hb less than 11 g/dL at baseline (one IV ferric
carboxymaltose patient, two oral iron patients). Ac-
cordingly, the intent-to-treat population consisted of
168 TV ferric carboxymaltose patients and 169 oral
iron patients.

Of the safety population, 165 (94.8%) of the 174

patients in the IV ferric carboxymaltose group and
162 (91.0%) of the 178 patients in the oral iron group
completed the study. The nine patients in the IV
ferric carboxymaltose group who did not complete
the study included four due to patient request, two
due to adverse events, two lost to follow-up, and one
received intervention (nonstudy iron).

The 16 patients in the oral iron group who did not
complete the study included seven lost to follow-up,
four discontinued due to adverse events, three found
after randomization not to have met the selection or
study compliance criteria and two discontinued due
to patient request.

Among patients in the intent-to-treat population,
there were no significant differences at baseline be-
tween patients in the IV ferric carboxymaltose group
and those in the oral iron group in demographic
descriptors, iron status, or severity of anemia (Table
1). Adherence to prescribed therapy was greater
among patients in the IV ferric carboxymaltose group
compared with those in the oral iron group (mean
percent adherence 98.0% compared with 83.9%; 95%
CI: 95.8-100.2 compared with 80.1-87.7). Five pa-
tients assigned to IV ferric carboxymaltose and 19
assigned to oral iron received less than 67% of the
prescribed dose.

In the IV ferric carboxymaltose group compared
with the oral iron group, there was no between-group

Screened
N=660

Randomized
n=361

{

Intravenous iron group
n=182

Discontinued Received at least 1 dose
prior to dosing (safety evaluable)
n=8 n=174

il !

}

Qral iron group
n=179

|

Received at least 1 dose Discontinued
(safety evaluable) prior to dosing
n=178 n=1

' {

No hemoglobin after Hemoglobin not less than
baseline 11 g/dL at baseline
n=5 n=1

Intent to treat
n=169

Hemoglobin not less than | | No hemoglobin after
11 g/dL at baseline baseline
n=1 n=7

Intent to treat
n=168

Fig. 1. Disposition of study participants by treatment assignment.
Van Wyck. IV Ferric Carboxymaltose for Postpartum Anemia. Obstet Gynecol 2007.
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difference in the proportion of patients who achieved
the primary endpoint, a rise in Hb 2.0 g/dL or more
within 42 days after baseline (96.4% compared with
94.1%, 95% CI -2.19 to 6.88, P=.443, Fig. 2). The CI
for the differences in success rates demonstrated the
noninferiority of ferric carboxymaltose relative to oral
iron. However, the median time to achieve the pri-
mary endpoint (Hb rise 2.0 g/dL or more) was shorter
in patients assigned to IV ferric carboxymaltose com-
pared with oral iron treatment (7.0 compared with
14.0 days, P<.001). The proportion of patients who
achieved a rise in Hb 3.0 g/dL or more was greater at
each treatment interval after day 7 (Fig. 2), and the
proportion of patients who experienced correction of
anemia (achieving Hb mor than 12.0 g/dL) was
higher both overall (90.5% compared with 68.6%,
P<.001) and at each treatment interval in the I'V ferric
carboxymaltose group. Among patients assigned to
oral iron, but not among those assigned to IV ferric
carboxymaltose, the percentage of patients achieving
Hb 12 g/dL or more decreased as the baseline Hb
decreased. Between-group differences in efficacy
were therefore greatest in those patients with the most
severe anemia (Fig. 3). Moreover, among patients
assigned to IV ferric carboxymaltose compared with
those assigned to oral iron, the overall erythropoietic
response (Hb, hematocrit [Het], reticulocytes, mean
corpuscular volume, mean corpuscular hemoglobin
and reticulocyte hemoglobin content) was more ro-
bust at most treatment intervals (Fig. 4).

Serum ferritin increased promptly in the IV ferric
carboxymaltose treatment group but failed to increase
in the oral iron group. Differences between groups
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were significant at each study interval (Fig. 5). trans-
ferrin saturation increased significantly at every inter-
val in both groups, related to a rise in serum iron and
fall in total iron-binding capacity (TIBC); however,
IV iron-treated patients showed higher transferrin
saturation at each interval after the first week, associ-
ated with a more pronounced rise in serum iron and
fall in TIBC (Fig. 5).

The completion rates for the health-related quality-
of-life assessments in the IV ferric carboxymaltose and
oral iron groups were 94.8% and 91.0%, respectively. In
both treatment groups, baseline scores were lower than
the expected normal values for the SF-36 physical
component summary but above normal values for the
mental component summary (Fig. 6). Patients assigned
to IV ferric carboxymaltose or oral iron experienced
similar increases in SF-36 scores and decreases in Fa-
tigue Linear Analog Scale Assessment scores. Between-
group differences were not significant at any study
interval. The within-group change from baseline to day
42 met or exceeded criteria for minimum important
difference for every health-related quality-of-life scale
except SI-36 Role-Emotional.

The mean cumulative per patient dose of IV
ferric carboxymaltose administered was 1,403.1 mg
(95% CI of the mean 1,344.6-1,461.6) and the mean
cumulative dose of oral iron was 6,764.0 mg (6,383.0 -
7,145.0). There were 350 total injections of IV ferric
carboxymaltose administered: 17 patients (9.8%) re-
ceived only one injection, 138 (79.3%) received two
injections, and 19 (10.9%) received three injections.
Of the 174 patients assigned to receive IV ferric
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Fig. 2. Percentage of study participants achieving anemia endpoints according to treatment assignment (IV ferric
carboxymaltose given on days 0, 7, or 14 or oral ferrous sulfate thrice daily on days 0-42). A. Primary study endpoint, Hb
increase 2 g/dL or more. B. Secondary endpoint, Hb increase 3.0 g/dL or more. C. Secondary endpoint, achieved Hb 12.0
g/dL or more. Between-group comparisons: *P<.05; **P<.01; **P<.001. Solid line with circle, intravenous ferric
carboxymaltose; solid line with triangle, oral ferrous sulfate.
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Percent achieving hemoglobin greater than or equal to 12.0 g/dL
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Overall 168
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Hemoglobin less than 8.1 gldL 5
Hemoglobin 8.1-9.0 g/dL ig

82

Hemoglobin 9.1-10.0 g/dL 80
Hemoglobin greater than 10.0 g/dL 13

WS ntravenous ferric carboxymaltose group
)

Oral ferrous sulfate group

Fig. 3. Relationship between severity of anemia at baseline a d probability of achieving a Hb 12.0 g/dL or more after iron
therapy. Intravenous ferric carboxymaltose was given on days 0, 7, or 14 or oral ferrous sulfate thrice daily on days 0—42.
Between-group comparisons: *Pp<2,05; **P<.01.
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Fig. 4. Change in markers of hematologic response from baseline according to treatment assignment. A. Hematocrit (HCT).
B. Mean corpuscular volume (MCV). C. Hemoglobin (Hb). D. Mean corpuscular hemoglobin (MCH). E. Reticulocytes. F.
Content of hemoglobin in reticulocytes. Intravenous ferric carboxymaltose was given on days 0, 7, or 14 or oral ferrous
sulfate thrice daily on days 0—42. Solid line with circle, intravenous ferric carboxymaltose; solid line with triangle, oral
ferrous sulfate. Between-group comparisons: *P< 05; ¥*P<.01; ***P<.001.
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