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Abstract

The intravenous iron formulations ferric carboxymaltose (FCM) and ferric derisomaltose (FDI) offer the possibility of admin-
istering a large amount of iron in one infusion. This results in faster correction of anemia and the formulations being better
tolerated than oral iron formulations. This triad of logistic advantages, improved patient convenience, and fast correction of
anemia explains the fact that intravenous iron formulations nowadays are frequently prescribed worldwide in the treatment
of iron deficiency anemia. However, these formulations may result in hypophosphatemia by inducing a strong increase in
active fibroblast growth factor-23 (FGF-23), a hormone that stimulates renal phosphate excretion. This effect is much more
pronounced with FCM than with FDI, and therefore the risk of developing hypophosphatemia is remarkably higher with
FCM than with FDI. Repeated use of FCM may result in severe osteomalacia, which is characterized by bone pain, Looser
zones (pseudofractures), and low-trauma fractures. Intravenous iron preparations are also associated with other adverse
effects, of which hypersensitivity reactions are the most important and are usually the result of a non-allergic complement
activation on nanoparticles of free labile iron—Complement Activation-Related Pseudo-Allergy (CARPA). The risk on these
hypersensitivity reactions can be reduced by choosing a slow infusion rate. Severe hypersensitivity reactions were reported
in < 1% of prospective trials and the incidence seems comparable between the two formulations. A practical guideline has
been developed based on baseline serum phosphate concentrations and predisposing risk factors, derived from published
cases and risk factor analyses from trials, in order to establish the safe use of these formulations.

1 Introduction Key Points
Iron deficiency anemia is a common medical disorder that
may be caused by, for instance, gastrointestinal or men-
strual blood losses. Besides analysis and treatment of the
underlying disorder, treatment with iron supplements is
often necessary; however, oral iron formulations are often

Hypophosphatemia, by increasing active FGF-23
concentrations, is an adverse effect of intravenous iron
formulations, especially ferric carboxymaltose (FCM).
Repeated use of FCM may result in severe osteomalacia.

poorly tolerated, mainly due to gastrointestinal adverse
effects. Therefore, 90 years ago, attempts were made to
administer iron intravenously but this was discouraged
due to its toxicity [1]. The toxicity of these initial iron
formulations was confirmed by others [2, 3]; however, in
the same report, Nissim reported that intravenous iron was
much better tolerated when a solution of saccharated iron
oxide was used, created by the dissolution of metallic iron
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Hypersensitivity reactions are mainly derived from Com-
plement Activation-Related Pseudo-Allergy (CARPA)
and may be prevented by a slower infusion rate. The risk
of severe hypersensitivity reactions is comparable for all
intravenous iron formulations.

A practical guideline has been developed, based on
serum phosphate concentrations and predisposing risk
factors, for the safe use of intravenous iron formulations.
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in sucrose [3]. Further experiments by the same group
identified that the amount of sugar in the solution, the pH
at which precipitation occurred, and the amount of iron
administered were critical to prevent toxicity [4]. Further
research was aimed at the imitation of ferritin, in which
iron oxide was safely encased and transported in the circu-
lation. The protein component of ferritin was replaced by a
carbohydrate component because the protein (apoferritin)
may have antigenic properties [5]. Indeed, it appeared that
the molecular structure of the developed high-molecular-
weight iron dextran formulation resembled the molecular
structure of ferritin [6].

Nowadays, it is clear that the development of iron salts
shielded in a carbohydrate shell had resolved the direct
toxicity of free labile iron in the circulation [7]. The first
representatives of these carbohydrate formulations on the
market were iron dextrans; however, clinical experience
with a high-molecular-weight iron dextran (Imferon®,
Fisons, UK) revealed life-threatening anaphylactoid reac-
tions [8]. The later-developed low-molecular-weight iron
dextran (Infed®, Allergan, USA; and Cosmofer®, Pharma-
cosmos, Denmark) had a much better safety profile and
was generally well tolerated [7, 9, 10] but is less frequently
prescribed, at least in Europe [11].

In the late 1990s, two new formulations with compa-
rable characteristics were introduced that were not based
on a dextran shell but a smaller carbohydrate core: ferric
gluconate (Ferrlecit®, Schein Pharmaceuticals, USA) and
iron sucrose (IS; Venofer®, Vifor Pharma, Switzerland;
Ferracin®, Acino Pharma AG, Switzerland, and nowadays,
also generic). Compared with historical controls, ferric
gluconate resulted in fewer allergic reactions than dextrans
[12-14], and with regard to an assumed safer risk profile,
these formulations replaced the use of dextrans [7].

However, in the smaller carbohydrate shell of IS (or
ferric gluconate), iron is less tightly bound compared with
low-molecular-weight iron dextran, and therefore only a
smaller amount of iron could be administered in one infu-
sion [15]. Hence, repeated administrations were necessary
for correction of anemia [16-19].

The introduction of ferric carboxymaltose (FCM;
maximum of 1000 mg iron per infusion; Ferinject®, Vifor
Pharma, Switzerland; Injectafer®, American Regent, USA)
made it possible to administer a significant amount of iron
in only one infusion [20-24]. Trials revealed that with FCM,
the anemia resolved earlier and that the drug was better tol-
erated than oral iron [21-23, 25-30]. In addition, the pos-
sibility of correcting iron deficiency anemia in only one to
two infusions offered great advantages in terms of logistics
and patient convenience.

In the same era, ferumoxytol (Feraheme®, AMAG
Pharma, USA) was introduced, which is a semi-syn-
thetic carbohydrate-coated superparamagnetic iron oxide
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nanoparticle [31] that was initially developed to serve as a
contrast-enhancing agent for magnetic resonance imaging
(MRI), but the fast infusion of this formulation in that setting
resulted in a large number of hypersensitivity reactions [7].
However, the release of free labile iron with this formulation
is less than with IS or ferric gluconate [31], and a slower
infusion rate prevented hypersensitivity reactions [7]. Feru-
moxytol is only registered in the US, and the maximum dose
per infusion is 510 mg of iron.

The most recently introduced intravenous iron formula-
tion for administering a large amount of iron (up to 20 mg/
kg body weight) in one infusion is ferric derisomaltose (FDI
[former name iron-isomaltoside]; Monofer®, Pharmacosmos,
Denmark) [32-35], which has now been available for about a
decade. It was the end product of an ambitious development
program to create an efficacious parenteral iron formulation
with a favorable safety profile that did not require a test dose.
In addition, for the convenience of patients and physicians,
it should have optimal dosing flexibility without limitations
to correct the iron deficiency in one infusion [35].

Besides the use of these new intravenous iron formula-
tions in iron deficiency anemia, FCM has regained more
and more attention in the treatment of heart failure [36-39].

In contrast to the increasing use of intravenous iron for-
mulations, clinically relevant adverse effects are less known,
therefore the aim of this guideline was to increase awareness
of these adverse effects and to propose a pragmatic protocol
for safer use of these formulations.

2 Hypophosphatemia After Intravenous
Iron

2.1 Clinical Relevance, Mechanism of Action,
and Epidemiology

After the introduction of FCM, an unexpected adverse effect
emerged—hypophosphatemia. This adverse effect was ini-
tially considered mild, transient, and clinically irrelevant
[22, 25], but when this formulation was used more inten-
sively in clinical practice, several case reports showed that
hypophosphatemia could be severe, symptomatic, and could
persist for months [40—48]. Moreover, patients had to be
admitted to the hospital for correction of hypophosphatemia
[40, 41, 4547, 49]. Furthermore, the length of stay of those
patients who were admitted for correction of iron deficiency
anemia was prolonged by a mean of 7 days due to the occur-
rence and correction of hypophosphatemia [48].

The incidence of hypophosphatemia differed between the
studied populations [50, 51]. The incidence was low (3—4%)
in patients with renal insufficiency [20, 27] but increased to
more than 70% in patients with menstrual blood losses or in
women with iron deficiency and fatigue [25, 52].
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From the initial studies by Wolf et al. [53, 54], it appeared
that iron deficiency stimulates the production of fibroblast
growth factor-23 (FGF-23), a hormone produced and
secreted by osteocytes that is known to increase the renal
excretion of phosphate. However, recent experiments in mice
showed that bone marrow sinusoidal endothelial cells were a
site for FGF-23 upregulation during iron deficiency anemia
[55].

Parallel to the increased production of FGF-23, the deg-
radation of FGF-23 is also increased, which implies that the
active level of FGF-23 remains stable and that the phosphate
level is not affected. The effects of FGF-23 during iron defi-
ciency are presented in Fig. 1.

FGF-23 can be measured using different assays. One
assay measures the intact and active form and another fits
the C-terminal part, which is released from the active form

to become inactive. Therefore, the latter assay measures both
the active and inactive form of FGF-23. By combining both
assays, the exact level of inactivated FGF-23 can be deter-
mined by comparing the results of the C-terminal assay with
the results of the active assay [53]. In this way, it could be
demonstrated that after the administration of FCM, the intact
and active level of FGF-23 is markedly increased within
24 h [54, 56-58]. The mechanism behind this increase has
not yet been elucidated, however it has been proposed that
the carbohydrate shell of FCM might inhibit the cleavage
of full-length intact FGF-23, which is upregulated in iron
deficiency [53, 54, 56], but an alternative explanation may
be the interference with gene expression. The high level of
intact FGF-23 results in reduced expression of the sodium-
dependent phosphate cotransporter 2A (NPT2A) in the
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Fig. 1 The physiological effects of FGF-23 during iron deficiency.
During iron deficiency, the production of FGF-23 is increased.
Recent experiments in mice showed that bone marrow sinusoidal
endothelial cells were a site of FGF-23 upregulation [55]; however,
at the same time, the increase in active FGF-23 is counterbalanced by
the increase in the disintegration of intact (active) FGF-23 (1). This
results in normal physiology of FGF-23 and increased concentrations
of inactive FGF-23. FGF-23 results in diminished binding of P; to
NPT2A in the proximal tubule in the kidney, resulting in renal phos-
phate excretion (2). FGF-23 also interferes with vitamin D metabo-
lism. It stimulates the inactivation of active 1.25 (OH), vitamin D and

inhibits the activation of inactive 25 (OH)vitamin D (3). Less-active
vitamin D results in a decrease in intestinal calcium and phosphate
absorption. Lower calcium and phosphate concentrations stimulate
the release of PTH, and active vitamin D inhibits the production of
PTH. The increased production of PTH further stimulates phosphate
excretion in the kidney (4). FGF-23 has also a direct blocking effect
on the production of PTH by its co-receptor a-Klotho (5). FGF-23
fibroblast growth factor 23, P; inorganic phosphate, NPT2A sodium-
dependent phosphate cotransporter 2A, PTH parathyroid hormone,
Vit D vitamin D
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proximal tubule in the kidney, enhancing renal phosphate
excretion [59-63].

In addition, active FGF-23 inhibits the production of
active vitamin D [1.25(OH),D] and stimulates the inac-
tivation of active vitamin D. Due to the reduced level of
1.25(0OH),D, the production of parathyroid hormone (PTH)
is no longer impaired and the increased level of PTH con-
tributes to the severity and duration of hypophosphatemia
[42, 53, 54, 56, 57, 64—66]. The effects of FCM on FGF-23
are presented in Fig. 2.

In contrast, the risk of hypophosphatemia in the initial
studies with FDI appeared relatively low and clinically non-
significant [67, 68]. A retrospective analysis in Innsbruck
(Austria) showed that the risk of hypophosphatemia indeed
seemed lower with FDI than with FCM—4% versus 45%.
Severe hypophosphatemia (inorganic phosphate [P,] below

0.6 mmol/L [1.86 mg/dL]) was only observed in FCM-
treated patients (33% of the treated patients) [69].

In recent years, prospective data have been published that
compared both formulations. In a study in the US, one dose
of 1000 mg FDI was compared with two doses of 750 mg
FCM, with an interval of 1 week in two comparable published
trials (Phosphare-IDA Study), which included 245 patients
in total [56]. The FCM dose was the registered FCM dose in
the US. It may be debated that two separate doses or a higher
total dose will have influenced the incidence of hypophos-
phatemia. Nevertheless, hypophosphatemia (P; < 2 mg/dL
[0.65 mmol/L]) occurred in 8% of the FDI-treated patients
versus almost 75% of the FCM-treated patients. The lowest
level was observed around 14 days after the first infusion. The
phosphate concentration decreased remarkably more in the
FCM group: mean 1.5 mg/dL (0.48 mmol/L) versus 0.3 mg/
dL (0.1 mmol/L) in the FDI group. Severe hypophosphatemia
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Fig.2 The effects of FGF-23 after infusion of ferric carboxymaltose.
Although the iron deficiency-driven stimulus for increased FGF-23
production and the simultaneous inactivation is diminished after iron
repletion, the active FGF-23 level is remarkably increased following
ferric carboxymaltose infusion. The exact mechanism behind this
increase is currently unknown (1). This strongly results in diminished
binding to NPT2A in the proximal tubule in the kidney and induces
renal phosphate losses (2). In addition, vitamin D metabolism is dis-
turbed by blocking the activation of 25 (OH) vitamin D and stimulat-
ing the inactivation of active 1.25 (OH), vitamin D (3). The mark-
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edly reduced active vitamin D concentrations result in lower intestinal
calcium and phosphate absorption. By lower calcium and phosphate
concentrations, the secretion of PTH is stimulated. In addition, active
vitamin D no longer blocks the secretion of PTH. The substantial
increase in PTH further stimulates renal phosphate losses (4). The
ongoing stimulus of FGF-23 downregulates the blockade of FGF-23
on PTH secretion, which results in a further increase in PTH concen-
trations and renal phosphate losses (5). FGF-23 fibroblast growth fac-
tor 23, P; inorganic phosphate, NPT2A sodium-dependent phosphate
cotransporter 2A, PTH parathyroid hormone, Vit D vitamin D
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(P; < 1 mg/dL [0.32 mmol/L]) was exclusively observed in the
FCM group (11% of patients). Five weeks after the infusion,
hypophosphatemia was still present in 4% of the FCM-treated
patients versus 1% of the FDI-treated patients [56].

Another randomized trial in the US that included almost
2000 patients compared two doses of ferumoxytol 510 mg
with two doses of FCM 750 mg, both administered on days
1 and 8 [58]. The incidence of hypophosphatemia (P; < 2
mg/dL [0.65 mmol/L]) with ferumoxytol was 0.9% versus
50.8% with FCM. Severe hypophosphatemia (P; < 1.3 mg/
dL [0.42 mmol/L]) occurred in 0% of patients taking feru-
moxytol versus 10% taking FCM. After 5 weeks, at the end
of the study period, hypophosphatemia persisted in none of
the ferumoxytol-treated patients versus 29% of the FCM-
treated patients [58].

In Europe, two prospective studies have been published.
The small HOMe aFERs Study compared 26 women with
iron deficiency anemia who received one dose of either FCM
or FDI 20 mg/kg to a maximum of 1000 mg. Hypophos-
phatemia (P; < 2 mg/dL [0.65 mmol/L]) was observed in 75%
of the women treated with FCM versus 8% of the women
treated with FDI [65]. In 106 evaluable patients with inflam-
matory bowel disease, a standard dose of 1000 mg, as is com-
mon in daily practice, of both drugs was compared. Moderate
to severe hypophosphatemia (P; < 0.65 mmol/L [2 mg/dL])
was observed in 57% of the FCM-treated patients versus 6%
of the FDI-treated patients [70]. Comparable results were
retrieved from a preliminary analysis of the Phosphare-IBD
trial, in which both groups also received 1000 mg of either
FCM or FDI. In almost 50 patients in each group, hypophos-
phatemia occurred in 51% of patients in the FCM group
versus 8% in the FDI group [71]. In a recent meta-analysis,
hypophosphatemia occurred in 47% of the FCM-treated
patients versus 4% of the FDI-treated patients [72].

Prospectively, one single dose of 1000 mg FDI was also
compared in over 1500 patients with five consecutive doses
of 200 mg IS (Ferwon-IDA trial). Hypophosphatemia was
observed in 4% of patients in the FDI group versus 1.5%
in the IS group [16]. A smaller comparable trial studying
just over 450 patients revealed an incidence of hypophos-
phatemia of 1.5% with FDI versus 0% with IS [73].

Noteworthy, low-molecular-weight iron dextran is also
registered for the correction of total iron deficit in a single
infusion (up to 20 mg iron/kg body weight). Nevertheless,
in daily practice, at least in Europe, low-molecular-weight
iron dextran is less frequently used than FCM or FDI, pos-
sibly due to previous reports claiming a substantially higher
risk of severe infusion reactions, although these results may
be biased due to the combined analysis of high- and low-
molecular-weight dextran-based iron formulations [7]. In the
initial paper of Wolf et al., low-molecular-weight dextran
was compared with FCM [54]. In contrast to FCM, low-
molecular-weight dextran did not increase intact FGF-23,

and hypophosphatemia did not occur [54]. Another study
confirmed the absence of developing hypophosphatemia
with low-molecular-weight iron dextran [74].

2.2 Risk of Hypophosphatemia

As outlined above, it clearly appears that the risk of
hypophosphatemia differs between the different formula-
tions. The risk with FCM is remarkably higher than with
FDI, which in turn has a small higher risk than IS or feru-
moxytol. A recently published subanalysis of the Phosphare-
IDA trial revealed FCM as the strongest risk factor for the
development of hypophosphatemia [75], with an odds ratio
of 38 versus FDI. The incidences of hypophosphatemia with
the different iron formulations are presented in Table 1.

Repeated doses may increase the risk. The American trial
with two administrations of FCM [56] revealed a higher
incidence than one single dose in the European trial [70].
Repeated doses also increased the duration of hypophos-
phatemia [76]. In the Phosphare-IBD trial, a second dose
was administered after 35 days. The phosphate level after
70 days was lower than the phosphate level after 35 days
[71]. Frazier et al. and Wolf et al. showed that intact FGF-
23 increased further after administration of a second dose
of FCM, and that the P;-concentration decreased further
accordingly [56, 57]. The administered dose also corre-
lates with the nadir of hypophosphatemia—the higher the
dose, the lower the nadir [72, 76]. A pooled analysis from
45 trials confirmed that repeated infusions result in deeper
and longer-existing hypophosphatemia, and that a higher
dose is also associated with an increased risk of developing
hypophosphatemia [77].

Moreover, patients who had a relatively low serum
phosphate concentration prior to the administration of

Table 1 Incidences of hypophosphatemia

Intravenous iron formulation Incidence of References
hypophosphatemia
(%)
Ferric carboxymaltose 47-57 [70, 72]
Ferric derisomaltose 4-8 [16, 72]
Iron sucrose 1.5 [16]
Ferumoxytol 0.9 [58]
Low-molecular-weight iron dextran 0 [54, 74]

The reported incidences of ferric carboxymaltose and ferric deriso-
maltose are the highest reported in the main prospective trials, tak-
ing into account the fact that one dose of the formulation has been
administered. The incidence with iron sucrose implies five con-
secutive administrations and two for ferumoxytol. The total dose of
all formulations consists of about 1000 mg of elementary iron. In a
meta-analysis, the incidence of hypophosphatemia with either fer-
ric carboxymaltose or ferric derisomaltose was somewhat lower and
these incidence rates are also presented [72].
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intravenous iron also had a higher risk of achieving moder-
ate to severe hypophosphatemia [40, 43, 48, 75].

Several other risk factors have been recognized in a vari-
ety of case reports and from post hoc analysis of trials. A
low level of vitamin D may impair the resorption of phos-
phate in the gut [40, 46, 47]. In addition, subgroups with a
low baseline serum vitamin D concentration had an increase
in FGF-23 concentrations [78]. Hyperparathyroidism [40,
46, 75] also increases renal phosphate excretion. Bariatric
surgery [40, 79], especially a Roux-Y gastric bypass, may
also impair gastrointestinal phosphate resorption or lead to
vitamin D deficiency. Patients with gastrointestinal malab-
sorption or malnutrition, or who have a relatively low body
weight [45, 48, 77], may suffer from a phosphate-deficient
state. In addition, when intravenous iron is administered
with a fixed dose, patients with a low body weight receive
a relatively higher dose. Renal transplant recipients [40, 41,
80] often have persistent hyperparathyroidism.

Drugs to treat osteoporosis, such as bisphosphonates or
denosumab [81], impair the resolution of phosphate from the
bone. Furthermore, denosumab may result in hypocalcemia,
which in turn results in secondary hyperparathyroidism [82],
increasing renal phosphate losses [81]. In the initial paper
about denosumab, hypocalcemia did not occur [83] but data
from clinical practice showed incidences of between 4 and
14% [84-87]. Risk factors for developing hypocalcemia
were a lower baseline serum calcium concentration [84—86],
renal insufficiency [84—-87], the use of loop diuretics [86],
and a prior high bone turnover state [88].

The risk also increases with increasing age [43, 77], how-
ever it may also occur in children [§9-92]. The high inci-
dence of vitamin D deficiency in the elderly [93-95], as well
as protein-energy malnutrition, which is also a problem in
the elderly [96, 97], may lead to a phosphate-deficient state
and explain the risk with increasing age. One post hoc analy-
sis also showed an increased risk in Black people [77]. This
may perhaps also be influenced by vitamin D, since Black
people may have lower vitamin D concentrations when they
live at a higher latitude [98].

The lower the ferritin level, as a representation of the
severity of the iron deficiency, the higher the risk of devel-
oping hypophosphatemia [43, 72, 75, 77]. This may be
explained by the fact that iron deficiency upregulates FGF-
23 [53, 54, 56]. The increase in active FGF-23, which occurs
after the administration of intravenous iron, especially
FCM [54, 56-58], may then be more pronounced. This is in
concordance with the fact that in patients with autosomal-
dominant hypophosphatemic rickets (ADHR), who have a
congenital genetic defect that impairs the degradation of
intact FGF-23, iron deficiency results in an increase in renal
phosphate losses [99, 100]. The predisposing risk factors are
summarized in Table 2.
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On the other hand, renal insufficiency relatively protects
against the development of hypophosphatemia [20, 27,
64, 72, 77] because patients with renal insufficiency deal
with disturbed renal phosphate clearance and have a pre-
existing increased level of FGF-23. However, FGF-23 also
increases further in patients with renal insufficiency [64],
and even in patients receiving hemodialysis [101]. Which
level of renal insufficiency definitely protects against the
risk of hypophosphatemia is currently unknown. Although
the risk of hypophosphatemia is reduced in conditions with
impaired phosphate excretion (i.e. mainly renal insuffi-
ciency), the other biological actions of high FGF-23 levels
may be harmful. For instance, FGF-23 has been associated
with the development of left ventricular hypertrophy [102]
and worse cardiac outcome [103, 104]. In addition, also in
renal insufficiency, FGF-23 is associated with worse cardiac
outcome [105-108] and mortality [109] and is associated
with the progression of renal failure [109, 110]. Further-
more, in hemodialysis, FGF-23 is associated with left ven-
tricular diastolic dysfunction [111], incidence of cardiovas-
cular events [112—115], and mortality [112, 116]. There are
indications that not only intact FGF-23 but also the sepa-
rated C-terminal part is associated with an increased risk of
mortality [117].

2.3 Osteomalacia

To date, several cases have been published that showed that
repeated use of FCM leads to a severe form of osteomalacia,
characterized by bone pain, Looser zones (pseudofractures)
and low-trauma fractures [66, 118—125]. Similar results have
been reported for another intravenous iron formulation, iron-
polymaltose (Maltofer®, Vifor Pharma, Switzerland), the use
of which is less common [126, 127]. In addition, in Japan,

Table 2 Factors that predispose to, or protect against, the develop-
ment of hypophosphatemia

Predisposing factors for the development of hypophosphatemia
Dose and number of doses of intravenous iron
Severity of iron deficiency, expressed by lower ferritin
Pre-existing low serum phosphate concentration
Vitamin D deficiency
Hyperparathyroidism
Bariatric surgery: Roux-Y gastric bypass
Malabsorption
Malnourishment or relatively low body weight
Increasing age
Renal transplant
Drugs for osteoporosis: denosumab and bisphosphonates
Black race

Factors for protection against the development of hypophosphatemia
Increasing renal insufficiency
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osteomalacia is reported from the use of maltose-enriched
ferric oxide, a formulation comparable with IS [128-130].
To date, no cases of osteomalacia have been published with
repeated use of FDI. A small study was performed adminis-
tering FDI every 3 months for up to 1 year to prevent relapse
of iron-deficiency anemia in patients with inflammatory
bowel disease. The authors reported that hypophosphatemia
was not observed [131]; however, since osteomalacia has
been reported with a comparable formulation to IS and
hypophosphatemia may also occur with FDI, it seems likely
that repeated use of FDI may also lead to osteomalacia. One
case of osteomalacia induced by FCM has been published, in
which FCM was changed to FDI. Unfortunately, no improve-
ment in bone mineral status was observed and even new
fractures occurred [66].

A systematic review of reported cases has recently been
published [132] in which the authors evaluated 28 case
reports, considering 30 cases, of which 18 reported on FCM,
8 reported on saccharated iron oxide, and three reported on
iron-polymaltose. In one report, the iron formulation was not
mentioned. All but two cases received at least five infusions
(median 17, range 2—-198). Osteomalacia was characterized
by bone pain in almost all cases (Looser zones [pseudof-
ractures] and fractures). Looser zones are the radiological
hallmark of osteomalacia. When performed, all cases had an
abnormal nuclear bone scan. Alkaline phosphatase was usu-
ally, but not always, elevated. The lower limbs, followed by
the chest, pelvis, and back, were most frequently affected but
osteomalacia may occur in the whole body. Inflammatory
bowel disease was the most common underlying disease.
Contributing factors in those cases could be malabsorption
of calcium and phosphate, vitamin D deficiency, and the use
of corticosteroids [132].

The etiology of osteomalacia can be understood from the
fact that activation of vitamin D is blocked by FGF-23, and
active 1.25(OH),D gets more rapidly inactivated by FGF-
23 [63, 133]. Indirectly, PTH will increase as a result of the
loss of active 1.25(OH),D. Furthermore, FGF-23 may have
a direct effect on the bone, where it acts as a mineralization
inhibitor by controlling calcium and phosphate metabolism
in the bone [59]. Hence, FGF-23 creates severe mineraliza-
tion disorder of the bone.

A safe time interval between repeated doses of FCM is
currently unknown. Biochemically, bone markers have been
reported to be normalized approximately 6 months after the
administration of FCM [124], suggesting that administration
of a second dose of intravenous iron after 6 months seems
reasonable. However, FCM-induced hypophosphatemia has
been reported to persist up to 48 weeks after the infusion
[77], although it is not clear from that study whether this
small subset of patients with prolonged hypophosphatemia
received either one or more infusions [77].

3 Hypersensitivity Reactions

Another important factor in deciding which iron formulation
will be prescribed is the risk of hypersensitivity reactions.
Hypersensitivity may include a broad range of symptoms
such as cardiovascular (hypotension, tachycardia), respira-
tory (dyspnea, bronchospasm), gastrointestinal (abdominal
pain, nausea and vomiting), and skin (erythema, urticaria
and flushing). Since hypersensitivity reactions are not
uncommon, a warning statement has been published in the
Summary of Product Characteristics (SmPC) of all intrave-
nous iron formulations.

The etiology of these hypersensitivity reactions is still
not fully clarified but cumulative evidence points to the
direction of non-allergic, complement-mediated activation
by nanoparticles of iron (free or labile iron, which does not
bind quickly enough to transferrin)—Complement Activa-
tion-Related Pseudo-Allergy (CARPA) [134-136]. Activa-
tion of the complement triggers other inflammatory cells,
including mast cells and basophils, which produce hista-
mine, among other proinflammatory products [137, 138].
Hence, the clinical picture of CARPA resembles the true
immunoglobulin (Ig) E-mediated allergy [137]. CARPA has
already been recognized with the use of some monoclonal
antibodies, liposomal medication, and chemotherapy [134].
In rare cases, the classical IgE-mediated form of hypersen-
sitivity or anaphylaxis also occurs [134].

A frequently occurring, relatively innocent and relatively
quick resolving hypersensitivity reaction, characterized by
flushing, pain, or pressure in the chest and/or back, arthralgia
and/or myalgia, is known as a Fishbane reaction [137, 139].
The precise pathophysiologic mechanism of a Fishbane
reaction has not been resolved but it may be provoked by
the release of free labile iron itself and not by complement
activation [139].

Hypersensitivity reactions due to CARPA have two
important consequences for daily practice. At first, prior sen-
sitization is not required and therefore may occur at the first
administration. Second, the complement-mediated reaction
is dependent on the infusion rate. Repeated administration
of the same drug at a lower infusion rate is usually possible
without provoking hypersensitivity reactions [140].

Based on high-quality prospective evidence and meta-
analyses, all the formulations appear equal with respect
to serious adverse events (SAEs), with incidence rates of
approximately 0.2-1.7% [9, 141].

Previous concerns regarding higher SAEs with the use
of iron dextran have been questioned and are probably
biased by the high-molecular-weight iron dextran formula-
tions, which are no longer available [7]. True anaphylaxis
is rare and occurs in approximately 1:250,000 administra-
tions [9, 142].
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However, adverse events are usually a secondary outcome
parameter and the trials were not powered on infrequent
adverse events. Mild to moderate hypersensitivity reactions
or other mild adverse events (excluding hypophosphatemia)
occur more frequently but the incidence rates vary widely,
depending on terminology and the type of intravenous iron
formulation [135]. A universal approach with a standard-
ized method grading hypersensitivity reactions in adequately
powered prospective studies could provide a more definite
answer as to whether the different intravenous iron formula-
tions truly differ in the incidence of adverse events.

In the prospective trials, mild to moderate hypersensi-
tivity reactions were reported in up to 11% of FCM cases,
22% of FDI cases, and 17% of IS cases [56, 73]. In the US
trial, severe hypersensitivity reactions were reported in one
patient in the FDI group (0.8%) versus two patients in the
FCM group (1.7%) [56]. In another trial, skin lesions, which
may be classified as hypersensitivity reactions, occurred in
7.5% of cases in the FDI group versus 3.0% of cases in the
IS group. Severe hypersensitivity reactions were reported in
0.6% of cases in both groups in that study [73]. A third trial
reported severe hypersensitivity reactions of 0.3% in the FDI
group versus 0.4% in the IS group [16]. Taken together, from
these trials, adverse events, except hypophosphatemia, seem
to occur somewhat more often with FDI and IS, but the risk
of severe hypersensitivity reactions seems comparable. This
risk seems to be approximately, or even below, 1%.

4 Practical Guidelines

In the interests of patient safety, it is important to obtain
tools to support the clinician in making a proper risk—benefit
decision. The first step is to consider whether your patient
may have an increased risk of developing hypophosphatemia
(Table 2). It is also important to check whether previous use
of intravenous iron formulations has led to hypersensitivity
reactions and which formulation was used in that situation.

Since the mean decrease of phosphate by FCM is
about 0.4-0.5 mmol/L (1.24-1.55 mg/dL) [56, 72], a
baseline phosphate concentration above 1.0 mmol/L (3.1
mg/dL) is considered relatively safe to prevent severe
hypophosphatemia, but the occurrence of severe hypophos-
phatemia cannot be totally excluded. The best way to pre-
vent hypophosphatemia is the choice of iron formulation
(Table 1). A flowchart regarding the safe use of these for-
mulations is presented in Fig. 3.

The treatment schedule of intravenous iron is based on the
calculated iron deficiency and the body weight of the patient
using Ganzoni’s formula: total iron dose = [actual (lean or
ideal) body weight X (15 (or target hemoglobin (Hb) — actual
Hb in g/dL)] X 2.4 + iron stores [143]. For mmol/L, the
formula has to be changed to: [actual body weight X ((9.3
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(or target Hb) — actual Hb) X 1.61)] X 2.4 + iron stores.
Two-thirds of body iron is incorporated into Hb and one-
third in storage sites [144]. Calculation of the iron stores is
an assumption. Various approaches have been used to esti-
mate the iron stores, varying from body weight-dependent
calculations (10-15 mg/kg) to a fixed dose of 500—1000 mg
(Pharmacoeconomic review report: iron isomaltoside 1000
[Monoferric]; Canadian Agency for Drugs and Technolo-
gies in Health]. When a modification of the Ganzoni’s for-
mula with a fixed iron store replacement dose of 500 mg
iron was applied to participants from five clinical trials, a
mean iron deficit of 1531 mg was calculated [145]; how-
ever, when it was applied to two larger randomized trials,
the mean iron deficit was calculated to be 1392 mg [145].
Thus, the required dose to replace the iron deficit is usually
> 1000 mg. However, in clinical practice, the formula may
be considered impractical, and current dosing guidelines in
the SmPC for FCM do not refer to this formula. The sim-
plified dosing regimen for FCM resulted in better clinical
efficacy and compliance than dosing according to Ganzoni’s
formula for IS [146].

The SmPC of FCM advises a maximum dose of iron 1000
mg at a time, in 15 min infusions. When necessary, a sec-
ond dose may be administered after 1 week. The FDI SmPc
refers to a maximum single infusion dose of up to 20 mg/kg
body weight. The infusion rate is at least 15 min for doses to
1000 mg and 30 min for doses above 1000 mg. FDI should
not be diluted to an iron concentration below 1 mg/mL, or
more than 500 ml total volume. Low-molecular-weight iron
dextran requires a test dose of 25 mg of iron. Similar to FDI,
the maximum single infusion dose consists of up to 20 mg/
kg body weight of iron, but it has to be infused more slowly
over 4-6 h. The SmPCs can be found at http://www.medic
ines.org.uk, with the exception of ferumoxytol, which is only
licensed in the US.

If acute symptoms develop after an intravenous iron infu-
sion, the infusion should be stopped. Clinical judgment is
required to differentiate between true allergy/anaphylaxis
(rare) and CARPA (relatively common). If CARPA is con-
sidered as the most likely explanation and the symptoms
abate, a rechallenge with a slower rate of infusion is usually
possible, since CARPA is dependent on the rate of infusion
[137-140]. In patients with a history of an infusion reaction,
pretreatment with glucocorticosteroids and second- or third-
generation antihistamines has been mentioned, in addition
to a reduced infusion rate [138, 139]. Alternatively, a dif-
ferent preparation may be considered. To prevent CARPA
at the first infusion, it is proposed to use a much slower rate
of infusion than is reported in the SmPC, preferably 1-2 h
instead of 15-30 min. In the case of severe hypersensitivity
reactions or anaphylaxis, the use of the same drug or another
intravenous iron formulation is contraindicated [139].
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Step 4

Anaphylaxis % No intravenous iron

Mild/CARPA % Slower infusion rate
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Hemodynamic monitoring
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glucocorticosteroids and/or
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Fig.3 Flowchart for safe use of intravenous iron preparations. The
risk of developing hypophosphatemia can be determined by apply-
ing the predisposing risk factors from Table 2. When FCM is used,
the SmPC advices to measure the serum phosphate concentration
before administration and to repeat this after 14 days. However, when
only one dose of FCM is administered, the nadir usually occurs after
7 days. A predose serum phosphate concentration of 1 mmol/L is
used as a relatively safe border to prevent the development of severe
hypophosphatemia, since prospective trials revealed a mean decrease
in serum phosphate of 0.4-0.5 mmol/L with the use of FCM. For mg/
dL, P; must be multiplied by 3.1. *Even in low-risk patients, FCM
represents a risk of severe hypophosphatemia. The best way to pre-
vent hypophosphatemia is the choice of iron formulation. Local avail-
ability, costs, and the risk of other adverse effects will further con-
tribute to the physician’s final decision to choose either FCM or FDI.
When iron deficiency anemia cannot be restored by a maximum dose
of iron 1000 mg and multiple infusions are likely, FCM should defi-

When the risk of hypophosphatemia is increased, choose
the drug with the lowest risk of this adverse effect. As
learned from the published trials, FDI has a remarkably
lower risk than FCM. When using ferumoxytol or IS, the
risk is even lower but less iron can be administered in one
infusion. The SmPC of FCM has recently changed. Besides
a warning for the risk of hypersensitivity reactions, which is
true for all intravenous iron formulations, the SmPC of FCM
now also points to the risk of hypophosphatemia. In addi-
tion, it is strongly advised to measure the serum phosphate
concentration before administration and to repeat this after
2 weeks, when the nadir has usually been reached. In the US
trial, in which two doses of FCM were used with a 1-week
interval, the nadir was indeed reached after 2 weeks [56];
however, when only one dose was used, the nadir occurred

nitely not be used because repeated infusions increase the risk and
duration of hypophosphatemia, implying a risk of inducing osteoma-
lacia. An interval of 6 months between dosing may be safe to prevent
osteomalacia. **Ferumoxytol and IS have a lower risk of hypophos-
phatemia than FDI and can also be used, but less iron can be admin-
istered in one infusion. Ferumoxytol is only registered in the US.
LMWID has not been associated with the development of hypophos-
phatemia and can therefore also be used. Total correction of the iron
deficit is possible using LMWID, but requires a longer infusion rate
(4-6 h) and a test dose of 25 mg. ***The use of FCM in this situation
is not recommended. In a situation whereby FCM is the only treat-
ment option, use half the maximal dose (500 mg), realizing that iron
deficiency cannot be fully restored, and repeated doses are contraindi-
cated. CARPA Complement Activation-Related Pseudo-Allergy, FCM
ferric carboxymaltose, SmPC Summary of Product Characteristics,
FDI ferric derisomaltose, IS iron sucrose, LMWID low-molecular-
weight iron dextran, P; inorganic phosphate

earlier and commonly, after 7 days [65, 77]. Furthermore,
after one dose of FDI, the nadir was reached after 7 days
[56]. Dependent on the preparation used and the considered
risk, it is advisable to check the phosphate concentration
after 1-2 weeks (Fig. 3). In addition, it is advisable to con-
trol the vitamin D status before administration, as well to
have a better understanding of the risk of hypophosphatemia.
When the risk of hypophosphatemia is moderate, high, or
very high, the use of FCM is strongly discouraged (Fig. 3).
Considering the limited risk of hypophosphatemia and the
higher patient convenience (single infusion vs. multiple infu-
sions, no requirement for a test dose, and the infusion rate),
we prefer FDI over low-molecular-weight iron dextran, IS,
or ferumoxytol in moderate- and high-risk patients. When
the risk of hypophosphatemia is only moderately increased
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and no other intravenous iron formulation other than FCM
is possible, for instance due to adverse effects of alternative
formulations, it is advisable to use half the maximal dose
(500 mg) of FCM, realizing that this dose is usually insuf-
ficient to correct the iron deficit, and repeated doses must
be avoided because they increase the risk [147]. When the
risk is very high and no oral iron option is available, the use
of low-molecular-weight iron dextran is an option because
this formulation has no risk of hypophosphatemia [54, 74].
The assumed higher risk of hypersensitivity reactions with
dextrans might be biased by the combined analysis with
high-molecular-weight iron dextrans [7]. However, one pro-
spective trial did reveal a significantly higher incidence of
hypersensitivity reactions with low-molecular-weight iron
dextran compared with FCM [74].

Both FCM [148, 149] and FDI [150] have been used in
pregnancy with an acceptable safety profile. However, their
use is limited to the second and third trimesters, while data
on their safe use in the first trimester are lacking. Therefore,
to be safe, the use of FCM and FDI in early pregnancy is
not recommended.

FCM has been studied in children mostly retrospectively
[90-92, 151-153], but also prospectively [154]. FCM
appeared effective in correction of anemia, with an accept-
able risk profile comparable with adults. Three retrospec-
tive studies reported hypophosphatemia, with incidence
rates ranging from 14 to 20% [90-92]. To date, no studies
of FDI in children have been performed and the SmPC of
FDI advises it should not be used in subjects under the age
of 18 years because of lack of safety data. Very recently, a
prospective trial of FDI in children has been initiated [Clini-
calTrials.gov: NCT05179226].

Repeated use of FCM is also not recommended because
of the risk of severe bone disturbances. A safe interval for
repeated administration is currently unknown, but based
on recovery of bone markers, we suggest an interval of
at least 6 months [124]. However, in a small subset of
patients, hypophosphatemia has been reported to last for up
to 48 weeks [77]. Prolonged hypophosphatemia implies an
ongoing increased concentration of FGF-23 and ongoing
mineralization disorder of the bone, which ideally should
be restored before administrating a new dose.

In the case of chronic iron supplementation, consider an
oral option whenever possible. When this option is not suc-
cessful, ferric citrate (Auryxia®, Akebia Therapeutics, USA)
may be another option. This iron preparation was introduced
as a phosphate binder in patients with renal failure [155],
but it appeared to increase the iron stores and to diminish
the need for intravenous iron and the use of erythropoietin
analogs in patients receiving hemodialysis [156, 157]. Other
oral iron formulations usually have little effect on iron stores
in dialysis patients [158]. In patients with chronic renal fail-
ure, ferric citrate revealed a larger rise of iron parameters
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than iron sulphate [159]. One ferric citrate tablet contains
210 mg of elementary iron, which is much more than the
usual formulations. The precise way in which ferric cit-
rate increases gastrointestinal iron resorption is currently
unknown. The higher amount of elementary iron in the tab-
lets does not seem to be the whole explanation [158]. A very
recent study in mice showed that ferric citrate absorption
is dependent on conventional enterocyte iron transport by
ferroportin and that significant paracellular iron absorp-
tion does not occur [160]. The common adverse effects of
this drug are gastrointestinal disturbances and dark-colored
stools in concordance with other oral iron supplements.
Unfortunately, this drug is not available in all countries but
it may be administered on a compassionate use basis.

5 Treatment of Hypophosphatemia

In the case of severe hypophosphatemia (P; <0.35 mmol/L)
or sometimes moderate hypophosphatemia (P; > 0.35 and
< 0.65 mmol/L), hospital admission may be necessary to
administer phosphate, either intravenously or orally; how-
ever, in the case of severe hypophosphatemia, the intrave-
nous route may be preferable [161]. Continuous or repeated
supplementation of phosphate might be needed as long as
FGF-23 and PTH are high, and may last for up to more
than 3 months [48, 72, 162]. Therefore, repeated checks are
required. Oral solutions or tablets are safer but the resorption
may be unpredictable [161]. Even more so, oral phosphate
formulations may result in gastrointestinal disturbances,
especially diarrhea [40, 47, 161, 163]. The administration
of phosphate formulations, either orally or intravenously,
has a risk of more severe adverse effects, and may result in
hypocalcemia [161, 163], arrhythmias [161], ectopic cal-
cifications [161, 163], and acute phosphate nephropathy
[161, 164]. Therefore, prevention of hypophosphatemia is
preferable to treatment and phosphate formulations should
be restricted to clinically urgent situations only. In addition,
the administration of phosphate formulations stimulates the
release of PTH, which in turn may increase renal phosphate
losses [165]. Dietary phosphate supplementation increased
serum FGF-23 concentrations in healthy men [166, 167].
Whether this also happens in intravenous iron-induced
hypophosphatemia is currently unknown, but oral phos-
phate formulations increased FGF-23 further in patients with
X-linked hypophosphatemia (XLLH) who suffer from a loss-
of-function mutation in the PHEX gene and have increased
circulating levels of FGF-23 [165, 168].

Food components may be changed. Protein from dairy
products, for instance, is relatively rich in phosphate [161,
163], and P; compounds are often used for food conservation.
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An example of this phenomenon is cola. Mild hypophos-
phatemia may be treated with a phosphate-enriched diet [40,
161].

In addition, activation of vitamin D is disturbed and inac-
tivation of active vitamin D is increased [63, 133]. Hence, it
is important to administer active vitamin D compounds (alfa-
calcidol or calcitriol) to stimulate gastrointestinal phosphate
resorption and to control the additional hyperparathyroidism
[47, 124]. Howeyver, the additionally increased calcium resorp-
tion may increase the risk of acute phosphate nephropathy,
primarily when the administration of phosphate formulations
and active vitamin D compounds are combined [161].

In severe cases, burosumab (Crysvita®, Kyowa Kirin,
Japan) may be an option. Burosumab is a monoclonal
antibody against FGF-23 and has proven to be effective in
patients with XLH [169, 170]. Burosumab also appeared to
improve bone status in patients with tumor-induced oste-
omalacia [171, 172]. In patients with this disease, a mes-
enchymal tumor produces FGF-23. Recently, burosumab
(off-label) has been used successfully in FCM-induced
osteomalacia [66].

An alternative additional option may be dipyridamole,
which increased the renal phosphate resorption in patients
with increased renal phosphate losses [173]. Concordant
hyperparathyroidism can be treated with cinacalcet, which
lowers the renal phosphate losses by this phenomenon [165,
174]. Be aware that cinacalcet may result in hypocalcemia
[165]. Calcitonin may be another additional option; this
compound appeared to impair the release of FGF-23 in the
osteocyte in patients with XLH [175]. The treatment options
are summarized in Table 3.

6 Conclusion

The intravenous iron formulations FCM and FDI, which
have now been available for more than 10 years, offer the
possibility of administering a large amount of iron in one
infusion, resulting in faster resolution of anemia. Moreover,
FCM and FDI are better tolerated than the oral iron formu-
lations. The triad of logistic advantages, improved patient
convenience, and fast correction of anemia explains the fact
that intravenous iron formulations nowadays are frequently
prescribed worldwide in the treatment of iron deficiency
anemia.

An important adverse effect of these formulations is
the upregulation of intact active FGF-23, which results in
renal phosphate losses and hypophosphatemia. Hypophos-
phatemia is most frequently and most severely provoked by
FCM, but the other formulations, except low-molecular-
weight iron dextran, may also result in this adverse effect.
For FCM, it is advised nowadays, since the SmPC has been
adapted, to check the serum phosphate concentration before

Table 3 Treatment options when hypophosphatemia has occurred

Mild hypophosphatemia: P; > 0.65 and < 0.80 mmol/L
Adapt nutrition: phosphate-enriched diet: dairy products; cola
Consider active vitamin D compounds

Moderate hypophosphatemia: P; > 0.35 and < 0.65 mmol/L
Adapt nutrition: phosphate-enriched diet: dairy products; cola
Active vitamin D compounds
Oral phosphate solutions/tablets
When symptomatic: intravenous phosphate solutions

In the case of accompanying hyperparathyroidism: consider cina-
calcet

Probable additional alternative options: dipyridamole and calcitonin
Severe hypophosphatemia: P; < 0.35 mmol/L

Adapt nutrition: phosphate-enriched diet: dairy products; cola

Active vitamin D compounds

Intravenous phosphate solutions

In the case of accompanying hyperparathyroidism: cinacalcet

Insufficient response: burosumab

Probable additional alternative options: dipyridamole and calcitonin
Osteomalacia

Burosumab

Active vitamin D compounds

Oral phosphate solutions/tablets or intravenous phosphate solutions

Adapt nutrition: phosphate-enriched diet: dairy products; cola

Accompanying hyperparathyroidism: cinacalcet

Be aware that the etiologic factor for hypophosphatemia may persist
for a remarkable period of time, even more than 3 months. Prevention
is therefore preferable to cure.

P; inorganic phosphate
For mg/dL, P; must be multiplied by 3.1

and 1-2 weeks after the infusion. Several predisposing risk
factors have been recognized, as shown in Table 2. Patients
with renal impairment are relatively protected but the upreg-
ulation of FGF-23 in these patients may also be harmful.
Repeated use may result in severe osteomalacia with bone
pain, Looser zones (pseudofractures), and low-trauma frac-
tures. Therefore, repeated use must be prevented as much
as possible. When hypophosphatemia has been developed,
it may persist for a long time (more than 3 months) and the
treatment of hypophosphatemia is quite challenging. Buro-
sumab, a monoclonal antibody against FGF-23, seems a
robust compound for the treatment of induced osteomalacia.

Other important adverse effects are hypersensitivity reac-
tions; however, most hypersensitivity reactions are provoked
by non-allergic CARPA, induced by the release of free labile
iron, and these reactions can be limited by choosing a slow
infusion rate. Severe hypersensitivity reactions seem to
occur in fewer than 1% of treated patients. Furthermore, the
published prospective trials do not reveal remarkable differ-
ences between FCM and FDI.
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