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Abstract
Iron deficiency is the primary cause of anaemia worldwide and is particularly common among children and adolescents. 
Intravenous (IV) iron therapy is recommended for paediatric patients with certain comorbidities or if oral iron treatment has 
been unsuccessful. IV ferric carboxymaltose (FCM) has recently been approved by the US Food and Drug Administration 
for use in children aged > 1 year. This narrative review provides an overview of the available publications on the efficacy and 
safety of IV FCM in children and adolescents. A literature search using PubMed and Embase yielded 153 publications; 33 
contained clinical data or reports on clinical experience relating to IV FCM in subjects < 18 years of age and were included 
in the review. No prospective, randomised controlled studies on the topic were found. Most publications were retrospective 
studies or case reports and included patients with various underlying conditions or patients with inflammatory bowel dis-
ease. Efficacy data were included in 27/33 publications and improvements in anaemia, and/or iron status parameters were 
reported in 26 of them. Safety data were included in 25/33 publications and were in line with the adverse events described 
in the prescribing information.

Conclusion: The available publications indicate that IV FCM, a nanomedicine with a unique and distinctive therapeutic 
profile, is an effective and generally well-tolerated treatment for iron deficiency or iron deficiency anaemia in children and 
adolescents. Despite the wealth of retrospective evidence, prospective, randomised controlled trials in the paediatric setting 
are still necessary.

What is Known:
• Iron deficiency and iron deficiency anaemia are usually managed using oral iron therapy, but intravenous iron therapy is recommended for 

certain paediatric patients.
• Intravenous ferric carboxymaltose (FCM) has recently been approved in the US for use in children aged > 1 year.
What is New:
• Despite evidence that FCM is effective and generally well tolerated in children and adolescents, so far, only retrospective studies, non- 

randomised uncontrolled prospective studies, or case reports have been published in full.
• There is a strong need for prospective, randomised controlled trials on FCM in the paediatric setting.
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Abbreviations
AE  Adverse event
CD  Crohn’s disease
CKD  Chronic kidney disease
ESR  Erythrocyte sedimentation rate
FCM  Ferric carboxymaltose
GI  Gastrointestinal
Ht  Haematocrit
Hb  Haemoglobin
IBD  Inflammatory bowel disease
ID  Iron deficiency
IDA  Iron deficiency anaemia
IRIDA  Iron-refractory iron deficiency anaemia
IV  Intravenous
MCH  Mean cell haemoglobin
MCV  Mean corpuscular volume
NBCD  Non-biological complex drug
TIBC  Total iron binding capacity
TSAT  Transferrin saturation

Introduction

Iron deficiency (ID) is the most common cause of anaemia 
worldwide [1] and particularly affects children and 
adolescents as well as pre-menopausal women, pregnant 
women and the elderly [2–4]. In 2019, ID was the leading 
risk factor for attributable disability-adjusted life years for 
the 10–24 years age group [5]. The reported prevalence of ID 
and iron deficiency anaemia (IDA) in children varies widely. 
A review of studies across Europe found that ID prevalence 
in young children varied depending on socioeconomic status 
and type of milk consumed (i.e. formula, human or cow’s 
milk) [6]. Prevalence of ID in pre-school-aged children 
ranged from 3 to 48%, while the prevalence of IDA was < 5% 
in Northern and Western Europe and 9–50% in Eastern 
Europe [6]. In the USA, the prevalence of ID and IDA in 
pre-school-aged children was estimated to be 7.1% and 
1.1%, respectively [7]. Among adolescents, the prevalence 
of IDA may be as high as 25–30% in low–middle social  
development index countries [8].

The first-line treatment for ID/IDA is generally correction 
of the iron deficiency with iron-rich foods and/or oral iron 
supplementation [4, 9]. Various oral iron preparations are 
available, but ferrous sulphate is the most commonly used 
worldwide [4]. Orally administered iron (liquid or tablet for-
mulations) is generally effective, but side effects, as well as 
difficulty swallowing tablets and poor taste, can lower adher-
ence to therapy, especially in children [4, 10]. Intravenous 
(IV) iron therapy provides an alternative option that can be 
considered as a second-line treatment when oral iron therapy 
has been unsuccessful [4, 9]. IV iron therapy can also be 

used as an appropriate first-line treatment for specific patient 
groups, including children with gastrointestinal disorders, 
chronic kidney disease (CKD) or restless legs syndrome, 
and children on long-term parenteral nutrition [9, 11–16].

IV iron preparations have been available for some time, 
and iron sucrose is a widely used IV iron for the treatment 
of ID/IDA. However, iron sucrose requires repeated dosing 
over alternate days [4]. More recently developed IV iron 
preparations, such as ferric carboxymaltose (FCM), feru-
moxytol and iron isomaltoside 1000, are optimised for dos-
ing and allow correction of ID with a single infusion [4]. 
FCM can be administered as a single dose in 15 min [17] 
and has recently been approved by the US Food and Drug 
Administration (FDA) for the treatment of IDA in paediat-
ric patients aged > 1 year who have either intolerance or an 
unsatisfactory response to oral iron [18]. In Europe, FCM is 
currently approved only for patients ≥ 14 years of age [17].

FCM belongs to a group of pharmaceutical compounds 
known as non-biological complex drugs (NBCDs). NBCDs 
are typically composed of large high-molecular weight mol-
ecules and, often, nanoparticular structures [19]. For nano-
medicines such as FCM, a strictly regulated manufacturing 
process is fundamental to the therapeutic properties of the 
final medicinal product. Given the complexity in the char-
acterisation of these nanomedicines, even minor changes  
in production, storage and handling can influence the  
safety and effectiveness of the final product [20]. Therefore, 
derived products or similar iron products cannot be assumed  
to be equivalent to FCM without clinical evidence [19].

This narrative review aims to summarise the available 
clinical evidence on FCM in the paediatric setting and to 
identify key data and knowledge gaps. We conducted a lit-
erature search to identify publications on the efficacy and 
safety of FCM in children and adolescents (including those 
aged < 14 years) and have presented our findings here.

Methods

A literature search was conducted on 16 February 2021 
using PubMed and Embase. The search terms used were as 
follows: (ferric carboxymaltose OR Ferinject) AND (chil-
dren OR paediatric OR infant OR child OR neonate OR 
newborn OR adolescent OR juvenile).

Search results were screened to remove duplicates, then 
the remaining publications were reviewed based on the 
abstracts to identify English language articles of potential 
relevance. Full-text articles were obtained for all potentially 
relevant publications and selected for inclusion in the nar-
rative review if they included novel clinical data or clinical 
experience on the use of FCM in patients aged < 18 years. 
Publications without novel clinical evidence (e.g. reviews, 
editorials and guidelines) were excluded. Congress abstracts 
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were excluded if the data were subsequently available in a 
full publication. Publications were excluded if they were 
related to the use of FCM in adults aged ≥ 18 years.

Efficacy and safety findings for FCM were reviewed 
and summarised. Outcomes considered as efficacy 
findings included (but were not limited to) change in iron 
status laboratory parameters from pre- to post-treatment, 
percentage of patients achieving target values for iron status 
parameters, resolution of anaemia and change in iron status 
parameters compared with the control group. Outcomes 
considered as safety findings included any treatment- 
emergent or treatment-related adverse events and incidence 
of hypophosphataemia.

Results

The literature search yielded 153 unique publications 
(Fig. 1). Of these, 33 were related to the use of FCM in 
children or adolescents < 18 years and were included in this 

narrative review (Table 1). The 33 publications evaluated in 
this analysis consisted of 19 retrospective studies [21–39], 
two prospective studies [40, 41], eight case reports [42–49], 
one case series (included three case reports [50]), one audit 
[51], one pharmacokinetic/pharmacodynamic modelling 
study [52] and one letter to the editor [53].

The patient groups included 10 studies on children with 
ID/IDA associated with different underlying conditions 
[23, 24, 28, 30, 33, 35, 36, 39, 52, 53]; in three of these, 
all the children were under 14 years of age [23, 28, 39]. 
There were also eight studies (including the audit and two 
prospective studies) on children with inflammatory bowel 
disease (IBD) [22, 27, 29, 31, 34, 40, 41, 51] and two studies 
on children with varying gastrointestinal disorders [32, 37]. 
Other patient groups included in the studies were restless 
legs syndrome (one study [25]), restless sleep disorder (one 
study [26]), heart failure (one study [38]) and intestinal 
failure (one study in children under 2 years of age [21]). 
Furthermore, there were case reports of adolescents with 
IBD (three cases [50]), children unable to receive blood 

Fig. 1  PRISMA flow diagram 
summarising the literature 
search steps for the identifica-
tion of publications on the 
efficacy and safety of FCM 
in children and adolescents 
aged < 18 years
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transfusions (one case of a 5-year-old undergoing cardiac 
surgery [48] and one case of a 17-year-old with post-
traumatic anaemia following a road accident [46]), extreme 
IDA (one case in a 13-year-old [43]), Crohn’s disease (one 
case of a 17-year-old [45]), anaemic retinopathy (one case of 
a 16-year-old [49]), lymphocytopenia (one case of a 17-year-
old [42]), Burkitt’s lymphoma (one case of a 16-year-old 
[44]) and iron-refractory iron deficiency anaemia (IRIDA) 
with prior anaphylaxis to IV iron (one case of an adolescent 
whose age was not reported [47]).

Efficacy of FCM in children and adolescents

Findings on the efficacy of FCM in children and/or adoles-
cents were reported in 27 of the 33 publications (Table 1) 
[21–28, 30–33, 36–44, 46–48, 50, 51, 53]. In 26 of the 27 
publications that included efficacy results, FCM treatment 
(in most cases a single dose) was associated with improve-
ment in anaemia and/or different iron status parameters, 
including improvements in levels of haemoglobin (22 pub-
lications), ferritin (12 publications), mean corpuscular vol-
ume (10 publications), iron (six publications) and transfer-
rin saturation (five publications) (Table 1). Only one of the 
publications that included efficacy results (a case report) 
reported no improvement following FCM treatment (anae-
mia persisted), and the patient was eventually diagnosed 
with Burkitt’s lymphoma [44].

The efficacy of FCM in the < 14 years age group has been 
investigated in three single-centre retrospective studies in 
children with IDA associated with different underlying con-
ditions [23, 28, 39]. In the largest of these studies, involving 
176 children, FCM treatment was associated with improve-
ments in haemoglobin, iron and ferritin levels [28]. In 
another study in 60 children, there were significant improve-
ments in haemoglobin and mean corpuscular volume follow-
ing FCM treatment, although the change in ferritin levels did 
not reach statistical significance [23]. In addition, a study 
of 51 children reported improvements in haemoglobin, iron 
and TSAT following FCM treatment [39]. The use of FCM 
has also been reviewed retrospectively in children < 2 years 
old with intestinal failure and ID [21]. All 14 children who 
received one or two doses of FCM responded with complete 
or partial normalisation of markers for ID.

The largest study of FCM in the paediatric age range was 
a single-centre retrospective study that included 225 patients 
aged 2 months–20.3 years with IDA of various aetiologies 
[30]. While the primary objective of this study was to assess 
phosphate levels in children treated with FCM, iron parame-
ters were also recorded, showing significant improvements in 
haemoglobin, mean corpuscular volume and ferritin values 
[30]. Another large study to report the efficacy of FCM in 
patients up to 18 years old was a single-centre retrospective 

study that included 144 patients with ID/IDA due to vari-
ous causes and poor response to oral iron, receiving a single 
dose of FCM [33]. Of the 117 patients with complete data, 
85% achieved the target ferritin level of ≥ 30 µg/L; of the 
82 patients with IDA and complete data, 83% achieved a 
complete or partial haematological response. Other large 
studies were a retrospective study in two centres involving 
128 patients aged 3–18 years with IBD and IDA [22] and a 
single-centre prospective study including 101 patients aged 
6–18 years with IBD and ID/IDA [40]. In both studies, iron 
status parameters improved following FCM treatment (most 
patients received one dose). In the prospective study, 81% of 
patients with ID without anaemia showed resolution of ID 
after IV FCM treatment [40].

Only three small studies compared FCM with another 
therapy. In a prospective study of 19 children aged 
6–18  years with Crohn’s disease and IDA, 10 children 
(all aged ≥ 14 years) received FCM and nine received iron 
sucrose [41]. The two therapies were not directly compared 
but both groups showed similar improvements in median 
haemoglobin levels (10.4 to 13.1 g/dL with FCM, 10.6 to 
12.3 g/dL with iron sucrose). In a retrospective case series, 
28 children (mean age 11.5 years) with restless legs syn-
drome and ferritin levels < 50 µg/L were treated with a single 
dose of FCM and compared with 24 controls (age- and sex-
matched children with restless legs syndrome treated with 
oral iron) [25]. Ferritin levels were significantly higher in 
the FCM group 8 weeks after the infusion compared with 
the control group, and restless legs syndrome had resolved 
or improved in all children treated with FCM (vs 62.5% of 
controls). Finally, in another retrospective study in which 
children aged 5–18 years with a restless sleep disorder were 
treated with FCM (n = 15) or ferrous sulphate (n = 15), all 
iron parameters tested were found to be significantly higher 
after FCM treatment compared with ferrous sulphate [26].

Safety of FCM in children and adolescents

Safety findings in relation to the use of FCM in children and/
or adolescents were reported in 25 of the 33 publications 
(Table 1) [21–23, 25–28, 30–41, 43, 45, 46, 50, 51, 53]. 
The reported incidence and types of adverse events (AEs) 
varied between the publications (Table 1) but were in line 
with those described in the prescribing information [17, 18].

Among the studies in children < 14 years old with IDA 
due to various causes, one retrospective study in 176 chil-
dren reported hypotension (one patient), rash (four patients) 
and fever (two patients) [28]. In another retrospective study 
on 60 children, the authors identified three episodes associ-
ated with mild AEs (type of event not reported) and one 
episode of extravasation in a total of 65 episodes of FCM 
administration [23]. In a retrospective study in 51 children 
aged < 14 years with IDA of varying aetiologies [39], as well 
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as in a retrospective study in 14 children aged < 2 years with 
intestinal failure and ID [21], the authors stated that no AEs 
were observed.

In the largest study to report on the safety of FCM across 
the paediatric age range (up to 18 years), which included 
144 children with ID/IDA of varying aetiologies, 11 patients 
experienced in-hospital AEs and five patients reported AEs 
possibly related to FCM during the 96-h follow-up period 
after leaving the hospital [33]. In a study of 128 children 
with IBD and IDA, three patients reported an AE [22]. 
Twenty-five children had low serum phosphate, but only 
two children had severe hypophosphataemia requiring cor-
rection. There were no AEs in patients < 6 years old (n = 11). 
In another large study in children with IBD and ID/IDA, 
itch, urticarial rash and low-grade fever were reported in two 
of 101 patients [40]. In the studies that included FCM and 
other iron therapies, no notable differences were seen in the 
incidence of AEs between treatment groups [25, 26, 34, 41].

Two retrospective studies focused on the incidence of 
hypophosphataemia in children and adolescents following 
the administration of FCM for the treatment of IDA of vari-
ous causes. The first included 36 children (22 females, 14 
males; median age, 12.7 years) from a single centre, who 
had a total of 71 FCM infusions [35]. Hypophosphatae-
mia occurred in six patients after the first dose and over-
all, after eight out of 71 infusions. Of the six patients with 
hypophosphataemia, five were female (three had IBD and 
two had errors of metabolism/mitochondrial disease). Mul-
tiple regression analysis detected gender-specific differences, 
with girls more likely to experience a decrease in plasma 
phosphate after the first dose. The authors also noted that 
the retrospective design of the study meant that systematic 
information on signs and symptoms of hypophosphatemia 
was lacking [35]. In a second study, in 225 subjects aged 
2 months–20.3 years, hypophosphataemia occurred after 
44 out of 313 FCM infusions, in 40 patients [30]. Of the 
40 patients who developed hypophosphataemia, none had 
symptoms documented in the electronic health record, and 
seven were prescribed supplemental phosphate. It was found 
that a lower pre-infusion phosphate level was associated with 
the development of hypophosphataemia. In addition, a case 
series highlighted the occurrence of hypophosphataemia fol-
lowing FCM treatment in three adolescents with IBD [50].

Discussion

The publications identified in this literature review indicate 
that FCM is an effective and generally well-tolerated treat-
ment for ID or IDA of various aetiologies in children and 
adolescents. Although only three studies focused on chil-
dren and adolescents under 14 years old [23, 28, 39], most 
of the other studies also included this age group (together 

with older children). There were no notable differences in 
the overall efficacy or safety findings in the studies in chil-
dren < 14 years old as compared with the other studies in a 
wider age range.

The incidence of hypophosphataemia following FCM 
treatment in children [30, 35] appears to be lower than in 
adults [54, 55]. In one study, the authors also reported that 
girls were more likely to experience a decrease in plasma 
phosphate concentration after receiving FCM [35]; how-
ever, gender effects have not been observed in adults [54]. 
Although most clinical studies in adults report hypophos-
phataemia as “asymptomatic” or not associated with clini-
cal sequelae [56], serum phosphate levels begin to recover 
approximately 2 weeks after FCM treatment [54, 55, 57]. 
Hypophosphataemia is an identified risk of FCM treat-
ment that requires appropriate management, as elaborated 
in the prescribing information [17, 18]. The mechanism of 
hypophosphataemia following FCM administration is not 
well understood, but there is some evidence to suggest that 
it is caused by increased levels of intact fibroblast growth 
factor 23 (FGF23), leading to reduced serum phosphate [58, 
59].

Only one small study was identified that compared FCM 
with another intravenous iron therapy, iron sucrose, in the 
paediatric IBD setting [41]. Statistical comparisons were not 
made between the two treatment groups, but similar efficacy 
results were observed. Iron sucrose is the most commonly 
used intravenous iron therapy [4] but is not approved for use 
in children in Europe [60]. In addition, iron sucrose treat-
ment may involve repeated administration to achieve the 
desired dose [4]. In the aforementioned study, patients in the 
iron sucrose group received at least three administrations, 
and patients in the FCM group had a single administration 
[41].

This review highlights that most of the data currently 
available around the use of FCM in children or adolescents 
are from retrospective uncontrolled observational studies in 
single centres. Only two prospective studies were found [40, 
41], but neither were randomised nor controlled. The studies 
had different patient inclusion criteria and endpoints, mak-
ing them difficult to compare. Furthermore, only one study 
included long-term follow-up [41]. However, the literature 
search for this review was conducted using only two data-
bases, PubMed and Embase. Another limitation is that a 
formal systematic review was not conducted; therefore, the 
risk of bias or certainty of evidence was not assessed.

To validate the efficacy of FCM in the paediatric popu-
lation and to further investigate hypophosphataemia and 
other potential side effects, prospective, randomised con-
trolled studies, with predefined endpoints, are urgently 
needed. Given that IV iron complexes are nanomedicines 
[19], each endowed with its unique therapeutic character-
istics, the benefits of treatment with FCM in the paediatric 
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setting, cannot be readily extrapolated to similar outcomes 
with other IV iron complexes. This is yet another legitimate 
reason mandating the need for robust clinical studies of 
FCM or any other IV iron complex to showcase an equiva-
lent beneficial outcome in children, including toddlers and 
pre-schoolers, bearing in mind that FCM has also recently 
received FDA approval for > 1-year-olds. Recently, a ran-
domised controlled study in 64 children with IBD aged 
8–18 years (Prospective Open label study of Parenteral vs 
Enteral iron in Young IBD patients and Effect on physical 
fitness [POPEYE study]) was completed and found that 
FCM was superior to oral iron in terms of early improvement 
in physical fitness (based on 6-min walking distance) and 
that the increase in haemoglobin levels was similar for 
both groups [61]. There is also an ongoing randomised 
controlled study enrolling 76 children with IDA aged 
1–17 years (ClinicalTrials.gov Identifier: NCT03523117); 
patients in this study whose response to the control prep-
aration (oral iron) is unsatisfactory will be treated with 
FCM in a follow-on study (ClinicalTrials.gov Identifier: 
NCT04269707). The outcomes of the ongoing studies will 
help to build the evidence base for FCM in children and 
adolescents and have the potential to impact future clinical 
practice guidelines.

Conclusions

The published evidence indicates that treatment with FCM 
is associated with improvements in iron status parameters 
and iron deficiency anaemia in children and adolescents, 
including those aged < 14 years old. FCM appears to be 
well tolerated in the paediatric setting, and potential risks 
of hypophosphataemia, if any, can be adequately managed 
in accordance with the prescribing information [17, 18]. 
The majority of the publications were retrospective stud-
ies, and it is known that a true causal relationship can 
be better established by well-designed prospective stud-
ies where there are options to minimise different types 
of bias. Therefore, it is now time to acknowledge ID and 
IDA as common conditions in paediatric populations and 
design prospective, randomised controlled studies, par-
ticularly in children with underlying conditions for which 
guidelines already recommend IV iron therapy, such as 
CKD [13], restless legs syndrome [15] and children on 
long-term parenteral nutrition [16]. Furthermore, well-
designed prospective studies in children aged < 14 years 
will help to inform clinical and public health decisions on 
the use of FCM in this younger age group.
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