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Ferric carboxymaltose: a breakthrough
treatment for iron deficiency anaemia

Introduction

Iron is an essential element that is crucial
to all major metabolic pathways. Among
others, it plays a central role in the pro-
teins that transport oxygen in the blood
and muscles, i.e. haemoglobin and
myoglobin, respectively. The metabo-
lism of iron is highly regulated with
efficient recycling of iron but no active
excretion of iron. Homeostasis is typi-
cally maintained at the level of intesti-
nal absorption; however, iron deficiency
may arise from blood loss, impaired
uptake, dietary deficiency and develop-
mental demands such as pregnancy [1].
Iron deficiency is one of the most com-
mon nutrient deficiencies affecting an
estimated two billion people world-
wide (WHO health report 2002). If
untreated, iron deficiency may lead to
iron deficiency anaemia, whereas anae-
mia affects almost 25% of the world’s
population [2]. Iron deficiency anaemia
has been linked to impaired physical and
mental development, fatigue, weakened
immunity, poor work performance and a
decreased quality of life [3-5].

Therapeutic options for iron deficiency
Oral iron

Treatment ultimately involves identify-
ing the underlying cause of the iron defi-
ciency and replenishing the iron stores.
Currently, oral supplementation is the
first-line treatment though a significant
number of patients do not tolerate or do
not respond to oral iron therapy [6, 7].
In some studies, as many as 40% of
patients reported side effects secondary
to oral iron intake. Reported side effects
usually occur within an hour after inges-
tion and include nausea, epigastric pain,
vomiting, diarrhoea or constipation. Fur-
ther limitations of oral iron treatment are
impaired absorption, prolonged iron store
repletion times and, particularly with
concomitant ery-thropoiesis-stimulating
agent (ESA) treatment, increased iron
demands that cannot be matched by oral
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iron supplementation [1, 8]. Accordingly,

a significant number of patients discon-

tinue oral therapy despite substantial

iron deficiency and require IV iron as an

alternative approach. Intravenous iron

therapy is suitable in the following clini-

cal situations [1]:

¢ intolerance to oral iron preparations

e severe iron deficiency where a rapid
therapeutic effect is needed

e functional iron deficiency where the
iron demand for haemoglobin syn-
thesis exceeds the amount that can be
mobilised from filled iron stores, e.g.
in anaemia of inflammation or while
using ESAs

e iron deficiency, where oral iron ther-
apy is insufficient because of chronic
blood loss

» malabsorption of iron due to intestinal
disorders

e poor compliance to oral iron treatment

e risk of drug-drug interactions between
oral iron and concomitant medication.

IV iron

Until recently, the most commonly used
IV iron preparations comprised iron dex-
tran, iron gluconate, and iron sucrose.
Although effective in replenishing iron

stores, each of these formulations has
distinct limitations. Iron dextran is asso-
ciated with reactivity to anti-dextran anti-
bodies that can induce hypersensitivity
reactions and anaphylactic shock [9, 10].
On the other hand, less robust iron com-
plexes such as iron gluconate and to
a lower extent iron sucrose release
larger amounts of iron into the plasma
[9, 10]. This can cause oxidative stress
and loss of administered iron via renal
excretion rather than incorporation into
iron-binding proteins for utilisation in
erythropoiesis. In an attempt to over-
come these limitations, ferric carboxy-
maltose has been developed as a novel
IV iron repletion therapy [1].

Ferric carboxymaltose

Ferric carboxymaltose represents a new
generation of parenteral iron prepara-
tions that is currently approved in 17
EU countries (Austria, Czech Republic,
Denmark, Estonia, Finland, Germany,
Greece, Ireland, Latvia, Lithuania, The
Netherlands, Poland, Portugal, Slovak
Republic, Spain, Sweden and UK) as
well as in Liechtenstein and Switzer-
land. During development the aim was
to create a product that addresses the

Figure 1: Structure of ferric carboxymaltose [11]
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limitations of currently available IV iron

products. In particular, the goal was to

develop a formulation with the following

properties:

e dextran-free and thus not reactive with
anti-dextran antibodies

* safe to be administered in a high dose

* administered over a shorter time than
current products

* heat sterilisable

* pH-neutral and nearly isotonic.

Ferric carboxymaltose is a dextran-free
iron complex consisting of a polynuclear
iron(Ill)-oxo-hydroxide core stabilised
with a carbohydrate shell (see Figure 1).
The core of ferric car-boxymaltose resem-
bles that of ferritin, the main intracellular
iron storage protein. Ferric carboxymal-
tose is taken up in the reticuloendothe-
lial system of the liver, spleen, and bone
marrow [12]. The complex is degraded
and the iron is made available for utilisa-
tion, i.e. incorporation in haemoglobin,
or storage, i.e. incorporation in ferritin
[1, 12]. As only very small amounts of
unbound, labile iron are released into the
circulation, the toxic effects of labile
iron are avoided.

Administration of ferric carboxymaltose
Ferric carboxymaltose is supplied as a
colloidal solution containing 5% iron in
a single-use vial to be administered by

IV bolus injection or by drip infusion.
Up to a maximal single dose of 1,000 mg
iron per week can be administered by
IV infusion within at least 15 minutes.
Alternatively, up to a maximal single
dose of 200 mg iron per day can be
administered by IV injection maxi-
mally three times a week. The individual
dose should not exceed 15 mg iron per
kilogram of body weight [10]. The total
therapeutic dose should be calculated
from the degree of anaemia using the
Ganzoni formula [13]:

Total iron deficit (mg) = Body weight
(kg) x (Target Hb - Actual Hb) (g/L) x
0.24 + storage iron (mg)

This formula determines the body iron
deficit by taking into account the haemo-
globin deficit and the amount required to
replenish the iron stores. As with all IV
ironprotocols, potentially life-threatening
anaphylactoid reaction can occur with
ferric carboxymaltose and life-saving
equipment should be available.

Tolerability

Ferric carboxymaltose is well toler-
ated with a low incidence of side effects
as demonstrated during several clini-
cal trials in patients with iron deficiency
anaemia in different clinical settings.
Most side effects were considered mild

to moderate with a low proportion of
patients discontinuing treatment [14].
The most commonly reported adverse
reactions were headaches, nausea, injec-
tion site reactions, decreased serum
phosphorus, and rash, all below 3% (see
Figure 2). Although deaths that occurred
during clinical trials were unlikely related
to the administration of ferric carboxy-
maltose, the FDA has requested further
safety data from additional clinical studies
[7, 15, 16]. In Europe, the product has
been registered and launched in several
countries and the use of ferric carboxy-
maltose has gained widespread accept-
ance. Further regulatory submissions
and reimbursement negotiations with the
national health authorities are ongoing to
improve patient access.

Ferric carboxymaltose in the
treatment of iron deficiency anaemia
Rapid Hb-response and increase in
ferritin levels

The effectiveness of IV ferric carboxy-
maltose has been demonstrated in several
randomised, multicentre, phase III trials
in patients with iron deficiency anaemia
as a consequence of inflammatory bowel
disease,heavyuterinebleeding, postpartum
iron deficiency, and chronic kidney dis-
ease, mostly with oral iron as active
comparator [17-21]. In general, ferric
carboxymaltose led to a faster increase

Figure 2: Tolerability of IV ferric carboxymaltose compared to oral iron in patients with iron deficiency anaemia [7]
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in haemoglobin levels compared to oral
iron treatment and also increased ferritin
levels, indicating successful replenish-
ment of iron stores and improved qual-
ity of life and fatigue scores as measured
by quantitative surveys. Patients who
received ferric carboxymaltose to treat
severe, absolute iron deficiency anae-
mia due to conditions such as abnormal
uterine bleeding showed more rapid cor-
rection of iron depletion, iron-deficient
erythropoiesis, and anaemia with fewer
adverse gastrointestinal symptoms, than
did patients assigned to oral ferrous sul-
phate treatment [21]. These data indicate
that ferric carboxymaltose, unlike ferrous
sulphate, corrects anaemia while also
serving as an efficient source to replete
physiological iron stores. Ferric carboxy-
maltose may also prove its value in the
treatment of functional iron deficiency
that is often associated with anaemia of
chronic disease [7].

Functional iron deficiency (FID)

FID occurs when the demand for iron
exceeds the amount of iron that can
be effectively mobilised from macro-
phages and from iron stores [1]. FID
is common under chronic inflamma-
tory conditions such as inflammatory
bowel disease, chronic kidney disease,
and congestive heart failure. In patients
affected by these clinical conditions, the
release of iron from macrophages, from

the intra-cellular iron stores, and from the
intestinal mucosa is impaired, which may
result in anaemia in spite of filled iron
stores. FID is also a particular problem
when ESAs are used in conditions like
chemotherapy-induced anaemia. Treat-
ment with ESAs typically requires 50 mg
of iron per day (instead of 20-25 mg
under normal conditions) to keep up with
the increase in red blood cell production
[8, 22]. However, ESAs are often used in
clinical settings with underlying inflam-
matory conditions where iron is trapped
in the macrophages, cannot be released
from the stores and its dietary uptake is
impaired. Accordingly, the increased
iron demand often cannot be met, thus
leading to impaired red blood cell pro-
duction with an increased percentage of
hypochromic cells [1]. Accordingly, FID
may contribute to the high proportion of
patients, up to 50%, with chemotherapy-
induced anaemia who do not respond to
ESAs [23].

IV iron in combination with ESAs

Because of the efficient delivery of usa-
ble iron directly to the bone marrow,
IV iron can play a vital role in treating
chemotherapy-induced anaemia when
used in combination with ESAs. Sev-
eral randomised studies have shown that
ESAs were more effective when used
with IV iron than with oral iron formu-
lations alone [23, 24]. Based on these

Figure 3: Calculation of total administration costs for 1,000 mg iron by

individual IV iron products [25]
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promising results, further studies with
ferric carboxymaltose are scheduled to
investigate the optimal use of IV iron in
other conditions such as solid tumours
and lymphoproliferative diseases [7].

Ferric carboxymaltose — a cost-saving
treatment for anaemia

Total administration costs

In addition to its efficacy and improved
side effect profile over alternatives, the
reduced administration costs make ferric
carboxymaltose a cost-effective option [25].
Even though ferric carboxymaltose is the
IV iron with the highest drug cost, the
simplified handling procedure and short
infusion time yield substantial savings
(see Figure 3).

Single high-dose administration
Ferric carboxymaltose is a more stable
complex than iron gluconate and iron
sucrose and allows for administration
of high single doses of iron [1]. Despite
the improved stability of iron sucrose
compared to iron gluconate, both have
to be administered at lower dosages than
ferric carboxymaltose, requiring more
interventions for the patient and doctor.
Although the pharmacoeconomic studies
looking at cost-effectiveness were per-
formed in Switzerland, similar savings
may be possible in other countries due
to the decrease in costs to the health-care
system associated with fewer infusions
(see Figure 3) [25, 26].

ESA sparing potential

When ferric carboxymaltose is used with
ESAs for chronic kidney disease and
chemotherapy-induced anaemia, there
may be additional economic advantages.
Intravenous iron reduces the dose of ESAs
required to achieve the target haemoglobin
level. In patients with cancer-related
anaemia, a Swedish study showed that
total costs per patient over 16 weeks of
treatment were reduced by 11% when a
combined epoetin beta/iron sucrose pro-
tocol was used as compared with epoetin
beta alone [27, 28].

Conclusion

Ferric carboxymaltose, the next-generation
IV iron formulation, is currently indi-
cated for the treatment of iron deficiency
when oral iron preparations are not
tolerated, ineffective, or cannot be used.
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Compared to ferric gluconate and iron
succrose, it is a more stable complex
allowing for rapid administration of high
doses of iron. Given the rapid haemo-
globin response when used in conjunc-
tion with erythropoiesis-stimulating agents,
further indications may be on the horizon.
Additional studies are ongoing to further
investigate the role of ferric carboxymal-
tose in the treatment of chemotherapy-
induced anaemia and other chronic
conditions. Ferric carboxymaltose offers
the opportunity for single, high-dose IV
infusions with substantial cost saving
potential.
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