
Anemia is one of the most prevalent disorders in pa-
tients receiving hemodialysis (HD) treatment. The key 
pathophysiology of anemia in HD patients is decreased 
production of erythropoietin; regular hormonal replace-
ment with erythropoiesis-stimulating agents (ESAs) plays 
central role in anemia treatment. The use of ESAs has 
yielded several beneficial effects, including improved 
quality of life, reduced need for blood transfusions and 
decreased anemia-related morbidity and mortality in 
chronic kidney disease (CKD). However, epoetin-α treat-
ment with a target hemoglobin over 13.5 g/dL was as-
sociated with increased risk of death and hospitalization 
for congestive heart failure and no additional benefit 
compared with a target hemoglobin of 11.3 g/dL [1]. In 
the Trial to Reduce Cardiovascular Events with Aranesp 
Therapy (TREAT), darbepoetin-α treatment with a target 
Hb level of 13 g/dL was associated with a significantly 
higher incidence of stroke in patients with diabetes and 
CKD [2]. Consequently, safety concerns about stroke and 
vascular thrombosis at higher doses of ESAs has emerged, 
and the use of ESA without use of iron supplement for 
anemia faced the limitation for optimal management of 

anemia. 
ESA treatment can induce iron deficiency because of 

a massive transfer of stored iron in erythroid progenitor 
cells, which reduces the efficacy of ESA treatment. Most 
international treatment guidelines recommend monitor-
ing iron status in patients receiving ESA treatment and 
iron supply is considered a supportive therapy to ESA 
administration in anemia management. However, in a 
recent trial, the proactive use of high-dose intravenous 
(IV) iron resulted in a significantly lower risk of death or 
major nonfatal cardiovascular events compared with that 
observed in a reactive, low-dose regimen [3]. This dos-
ing strategy also resulted in a significantly lower dose of 
ESA and a lower incidence of blood transfusion, whereas 
the incidence of infection and hospitalization did not 
increase compared to a reactive regimen. These findings 
imply not only an active role of iron supplementation, 
but also suggest the compensational capacity against ESA 
treatment limitations. Therefore, it is necessary to iden-
tify an effective regimen for iron supplementation and to 
determine the efficacy and safety of current iron supple-
mentation protocols.

The iron supplementation route can be oral or IV. Oral 
iron compounds are generally safe and physiologic with 
fewer costs. However, oral iron supplementation fre-
quently causes gastrointestinal side effects, including 
constipation and bloating, which might reduce treatment 
adherence. In addition, owing to impaired intestinal 
absorption in patients receiving HD treatment, the ef-
fectiveness of oral iron treatment is decreased. While IV 
preparations are recognized as more effective, their use 
is associated with serious adverse events, including life-
threatening anaphylactic reactions in some individu-
als. Furthermore, IV iron preparations worsen oxidative 
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stress and systemic inflammation, which might increase 
the risk for infection, vascular calcification and cardio-
vascular disease. Therefore, oral and IV iron preparations 
both have advantages and disadvantages [4].

The current IV iron preparations include ferric gluco-
nate, iron sucrose, ferric carboxymaltose, ferumoxytol 
and iron isomaltoside. They all share a similar core shell 
structure, because rapid release of large amounts of free 
iron in the bloodstream causes severe toxicity (Fig. 1). 
The ferric hydroxide core is surrounded by a carbohy-
drate shell, which prevents rapid release of iron content 
and promotes uptake into the reticuloendothelial system. 
Therefore, the carbohydrate shell determines the phar-
macologic characteristics, efficacy of iron supplementa-
tion and drug bioactivity of the IV iron preparation. 

Ferric carboxymaltose is an IV colloidal solution that 
contains ferric hydroxide core stabilized with carboxy-
maltose. It is designed to provide controlled delivery of 
iron into the reticuloendothelial system and to transport 
protein transferrin, inhibiting ionic iron release into the 
serum. The stability of ferric carboxymaltose enables 
the administration of high doses of iron and reduces the 
risk of adverse events. Therefore, we expect effective iron 
supplementation with minimum adverse consequences 
after IV ferric carboxymaltose treatment.

An extensive literature review identified several previ-
ous studies of IV ferric carboxymaltose treatment (Table 
1) [5-10]. The Ferinject® assessment in patients with Iron 
deficiency anemia and Non-Dialysis-dependent Chronic 

Kidney Disease (FIND-CKD) study was an open-label, 
multicenter, prospective, randomized study comparing 
IV ferric carboxymaltose and oral ferrous sulfate treat-
ment in patients with nondialysis-dependent CKD who 
did not receive ESAs. This study found that IV ferric car-
boxymaltose corrected hemoglobin levels quickly and 
delayed the need for ESAs [5]. In an open-label trial ran-
domized study of nondialysis-dependent CKD patients 
receiving ESA treatment, ferric carboxymaltose was more 
effective and better tolerated than oral ferrous sulfate for 
iron deficiency treatment [6]. Therefore, the superior ef-
ficacy of IV ferric carboxymaltose over oral iron therapy is 
supported by the integrated results of these two analyses.

Ferric gluconate and iron sucrose have nearly identical 
characteristics and show valuable efficacy and safety for 
iron supplementation; they have been used widely for 
the past two decades in HD patients. REPAIR-IDA was 
a randomized, active-controlled study of nondialysis-
dependent CKD patients who were or were not receiv-
ing ESA treatment that compared ferric carboxymaltose 
and iron sucrose IV treatment. The study concluded 
that ferric carboxymaltose was not inferior in terms of 
treatment efficacy or safety and allowed more iron to be 
administered in fewer infusions [7]. In another study of 
nondialysis-dependent CKD or HD patients, IV ferric 
carboxymaltose was compared with standard medical 
care including IV, oral iron or ESA treatment. There was a 
significant increase in serum ferritin level and transferrin 
saturation, suggesting the superior performance of ferric 
carboxymaltose over standard medical care [8].

While several previous studies showed the positive 
results on ferric carboxymaltose, most studies enrolled 
nondialysis-dependent CKD or iron deficiency anemia. 
HD patients are most prone to iron deficiency through 
impaired iron absorption in the gastrointestinal tract and 
loss of blood during dialysis. Therefore, IV iron supple-
mentation is important in HD patients and comparative 
studies of different IV iron formulations are needed. 
However, clinical studies on ferric carboxymaltose are 
sparse in HD patients despite its clinical usefulness. Lac-
quaniti and their colleagues published results on this 
topic in this issue of Kidney Research and Clinical Prac-
tice [10]. The authors demonstrated that ferric carboxy-
maltose treatment reduced the ESA dose and improved 
control of anemia with high levels of ferritin and trans-
ferrin saturation compared to ferric gluconate therapy. 
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Carbohydrate shell

Ferric hydroxide core

Figure 1. Structure of intravenous iron preparations. The ferric 
hydroxide core is surrounded by a carbohydrate shell, which stabilizes 
and determines the pharmacologic characteristics of iron supple-
ments.
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These findings are important, because the efficacy of 
ferric carboxymaltose has been validated in a suscep-
tible population. In addition, the greater efficacy of ferric 
carboxymaltose was demonstrated compared with other 
IV preparations. Most previous comparative studies on 
ferric carboxymaltose focused on non-inferiority and did 
not directly compare effectiveness. 

HD patients are exposed to oxidative stress, endothelial 
dysfunction and inflammation, which can be aggravated 
after IV iron supplementation. In this study by Lacquaniti 
et al [10], a decrease in erythropoietin resistance index 
was observed in the ferric carboxmaltose group, sug-
gesting mediation of inflammatory processes. Based on 
this finding, we expect reduced inflammation-triggering 
effects and lower oxidative stress in ferric carboxymalt-
ose treatment compared to ferric gluconate. However, 
biomarkers of inflammation such as C-reactive protein 
were not measured, and oxidative stress and endothelial 
dysfunction were not evaluated in this study. This limited 
our ability to assess adverse effects between ferric car-
boxymaltose and ferric gluconate.

Oxidative stress and inflammation are linked to in-
creased risk of infection and cardiovascular disease in a 
clinical setting. Safety concerns about the adverse conse-
quences of IV iron treatment require evaluation of major 
clinical end points. However, most clinical trials with IV 
iron preparations have focused on the efficacy of iron 
and hemoglobin correction and did not evaluate car-
diovascular event or infection. To obtain better clinical 
outcomes, clinical studies on the safety profile of IV iron 
and ferric carboxymaltose are needed, including adverse 
clinical endpoints, in order to establish their superiority 
over other IV preparations. 

IV iron treatment has become a popular anemia treat-
ment due to recent prospective studies in patients with 
CKD and receiving HD treatment. As the role of iron ther-
apy increases, several IV iron preparations have gained 
clinical importance. Ferric carboxymaltose shows better 
efficacy for treating anemia and iron deficiency in these 
populations and further studies are needed to compare 
the safety profiles of IV iron therapy. 
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