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Abstract

Aims Iron deficiency is a common finding among patients with heart failure (HF) and is associated with adverse outcomes,
including decreased quality of life, increased risk of hospitalization, and decreased survival. Intravenous ferric carboxymaltose
(FCM) has been shown to improve outcomes among patients with HF and concomitant iron deficiency, but FCM is associated
with an increased risk of hypophosphataemia. We aimed to better characterize this risk among HF populations.
Methods and results This pooled analysis examined data from 41 studies of adults with iron deficiency across disease states
and therapeutic areas. Among the 7931 patients treated with FCM available for analysis, 14% made up the HF subgroup. Ad-
ditional subgroups included women’s health (36%), non–dialysis-dependent chronic kidney disease (NDD-CKD; 27%),
haemodialysis-dependent chronic kidney disease (HD-CKD; 1%), gastrointestinal (10%), neurology (3%), and other (10%).
The incidence of post-baseline moderate or severe hypophosphataemia (i.e. serum phosphate [PO4

3�] level<2.0 mg/dL) varied
across the therapeutic areas, with the lowest incidences observed in the HD-CKD (0%), HF (8.1%), and NDD-CKD (12.8%) sub-
groups. The prevalence of moderate or severe hypophosphataemia among the women’s health, other, gastrointestinal, and
neurology subgroups was 30.1%, 40.6%, 51.0%, and 55.6%, respectively. In the HF subgroup, one patient (<0.1%) had a serum
PO4

3� of <1.0 mg/dL recorded, compared with 4.8% and 4.0% of the subjects in the neurology and gastrointestinal groups,
respectively. With the exception of the HD-CKD subgroup, mean serum PO4

3� levels decreased through weeks 2 to 4, and then
returned toward baseline and plateaued by week 8. The strongest predictor of hypophosphataemia was preserved kidney
function (estimated glomerular filtration rate: >60 mL/min/1.73 m2 vs. <30 mL/min/1.73 m2; odds ratio: 12.2). Among pa-
tients in the HF subgroup, the incidence of treatment-emergent adverse events potentially related to hypophosphataemia
(e.g. cardiac failure, ventricular tachyarrhythmias, fatigue, muscle weakness, bone pain, neurological symptoms, and muscle
pain) was lower among FCM-treated patients than among those receiving placebo, and lower among patients with a
post-baseline PO4

3� <2 mg/dL vs. those not meeting such criteria.
Conclusions The risk of laboratory-assessed hypophosphataemia in HF patients treated with FCM was lower than that seen
in patients in other therapeutic areas treated with FCM, and clinical events associated with hypophosphataemia are uncom-
mon with FCM therapy in this population. Appropriate monitoring, particularly soon after administration, will allow for further
refinement of management strategies.
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Introduction

Iron deficiency is a common complication of numerous un-
derlying pathologies and is encountered across a spectrum
of specialties.1 Functional or absolute iron deficiency occurs
frequently among patients with chronic kidney disease
(CKD), cancer, and systemic inflammatory conditions, includ-
ing inflammatory bowel disease.2 Iron deficiency is also ob-
served among patients with restless leg syndrome and among
women with a history of heavy menstrual bleeding or during
the peripartum period.3–5

Iron deficiency is also a common finding among patients
with heart failure (HF).6–10 The presence of iron deficiency
in the setting of HF, independent of anaemia, is associated
with adverse outcomes, including reduced exercise capacity,
decreased quality of life, increased risk of hospitalization,
and increased cardiovascular and all-cause mortality.9,11–16

Current guidelines recommend that periodic screening for
iron deficiency be conducted and that ferric carboxymaltose
(FCM) be considered for symptomatic patients with HFrEF
and documented iron deficiency (i.e. serum ferritin
<100 ng/mL or serum ferritin 100–299 ng/mL with transfer-
rin saturation [TSAT] < 20%) and for patients recently hospi-
talized for HF with iron deficiency to alleviate HF symptoms,
improve exercise capacity and quality of life, and reduce
hospitalizations.10 Although multiple intravenous iron prepa-
rations are available to clinicians,17 FCM is the most studied
in patients with HF, and the only preparation included in
the European Society of Cardiology HF guidelines.10 The rec-
ommendation to consider FCM was based, in part, on the ef-
ficacy and safety results of numerous randomized controlled
trials of FCM in HF populations.18–21

Iron-induced hypophosphataemia was first reported
40 years ago,22 and, while not uniquely associated with
FCM, the risk is greater with FCM than other intravenous iron
formulations.23–26 FCM induces a temporary increase in in-
tact fibroblast growth factor 23 (iFGF23), supressing phos-
phate (PO4

3�) reabsorption and vitamin D activity, and ulti-
mately causing increased PO4

3� excretion and reduced
serum PO4

3� levels.27,28 Hypophosphataemia is frequently
asymptomatic unless patients develop severe or rapid reduc-
tions in serum PO4

3�, but it can impact the musculoskeletal
system (e.g. muscle weakness, rhabdomyolysis, impaired dia-
phragm function, and acute respiratory failure), present as
neurological disturbances (e.g. paraesthesia, confusion, dys-
arthria, seizures, or coma), and have haematologic conse-
quences (e.g. haemolysis, leukocyte dysfunction, defective
clot retraction, and thrombocytopaenia).29 Cardiac manifes-
tations, including ventricular arrhythmias and myocardial
dysfunction, have also been described as potential conse-
quences of hypophosphataemia.30–32

Although the risk of hypophosphataemia associated
with FCM has been examined in numerous cohorts,23–26 the
risk of this complication among patients with HF—a

population with unique FCM dosing needs, underlying patho-
physiology, and co-morbidities—has been incompletely
characterized.33,34 The aim of this analysis was to evaluate
the incidence of laboratory-defined hypophosphataemia in
studies of FCM conducted in HF populations compared with
patients with other underlying disorders.

Methods

This retrospective analysis was based on pooled data from all
FCM studies—across all disease states—sponsored by
Vifor Pharma and its licensing partners, through a data
lock point of 28 April 2021. Studies were included if they
were conducted in adult populations and post-baseline
serum PO4

3� levels were available. Included study
populations were classified based on the primary therapeutic
area examined: HF, gastrointestinal (largely inflammatory
bowel disease), non–dialysis-dependent CKD (NDD-CKD),
haemodialysis-dependent CKD (HD-CKD), neurology (i.e. rest-
less leg syndrome), women’s health (i.e. peripartum and
heavy menstrual bleeding), and other (i.e. iron deficiency
anaemia, oncology, peritoneal dialysis–dependent CKD,
surgery, other bleeding disorder, and unknown or multifacto-
rial reasons for iron deficiency).

Serum PO4
3� levels were defined according to Common

Terminology Criteria for Adverse Events (CTCAE) thresholds
(v4.0) and severity definitions (v5.0).35,36 Serum PO4

3� con-
centrations of at least 2.5 mg/dL (and <4.5 mg/dL) were con-
sidered normal. Hypophosphataemia was defined as serum
PO4

3� levels below 2.5 mg/dL and was further categorized
as mild (2.0 to <2.5 mg/dL), moderate (1 to <2.0 mg/dL),
and severe (<1 mg/dL).

Analyses were performed on two distinct data sets. The
pooled FCM analysis set was defined as all subjects who re-
ceived at least one FCM administration and had at least one
post-baseline serum PO4

3� assessment available for analysis.
To further characterize the safety of FCM in HF, a pooled
HF analysis set included all subjects from HF studies who re-
ceived at least one administration of FCM, placebo, or com-
parator (i.e. intravenous iron sucrose or standard medical
care) and had at least one post-baseline serum PO4

3� mea-
surement. All statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Serum PO4
3� levels and change from baseline (i.e. the last

non-missing result on or before treatment start) were
summarized by study therapeutic area. For each patient,
the lowest post-baseline serum PO4

3� level (i.e. nadir) was
categorized and summarized. A stepwise logistic regression
of post-baseline moderate or severe hypophosphataemia
(serum PO4

3� < 2.0 mg/dL) was performed. Variables consid-
ered to be potential confounders or effect modifiers of the
possible relationship between FCM and hypophosphataemia
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included: sex; race; age group (≤60, >60 to ≤70, >70 to ≤80,
>80 years); baseline body mass index category (underweight
[<18.5 kg/m2], normal [18.5–24.9 kg/m2], overweight [25–
29.9 kg/m2], or obese [≥30 kg/m2]); baseline haemoglobin
category (i.e. anaemic [<12 g/dL] or non-anaemic [≥12 g/
dL]); baseline ferritin category (<30, 30 to <100, or ≥100
mcg/L); baseline TSAT (<20% or ≥20%); and baseline esti-
mated glomerular filtration rate (eGFR) based on the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tion (≤30, >30 to ≤45, >45 to ≤60, or >60 mL/min/
1.73 m2). The impact of exposure to FCM treatment was also
examined as assessed by: cumulative FCM dose (<1000,
1000 to <1500, or ≥1500 mg iron), maximal single dose
(≤500, >500 to ≤750, or >750 mg iron), and the number of
FCM administrations.

Reported TEAEs were analysed to identify safety signals
potentially related to hypophosphataemia. Cardiology TEAEs
that could be related to hypophosphataemia were captured
with Standardized Medical Dictionary for Regulatory Activi-
ties [MedDRA] Queries (SMQ) for ‘cardiac failure’ and ‘ven-
tricular tachyarrhythmias’. We also examined the rates of
general symptoms that could be related to
hypophosphataemia, including the following MedDRA Pre-
ferred Terms: fatigue, muscle weakness, bone pain, neurolog-
ical symptoms, muscle pain, white cell dysfunction,
haemolysis, cardiac failure, and ventricular tachyarrhythmias.

Results

A total of 52 studies were identified in the clinical database;
41 of these studies enrolled adults and had post-baseline
PO4

3� data available, and therefore were included in the pres-
ent analyses (Table S1). Assessment of PO4

3� levels was dic-
tated by study protocol but approximately one-quarter of
the studies (containing approximately one-third of the total
patients) did not have an assessment at week 1 and/or week
2. Among the six HF studies, the earliest post-baseline assess-
ment of serum of PO4

3� levels occurred at week 4 in two stud-
ies and at week 6 in three studies.

Pooled FCM analysis

In total, 7931 patients from 41 clinical trials were included in
the pooled FCM analysis set. Patients included in the
women’s health, NDD-CKD, and HF subgroups accounted for
approximately 36%, 27%, and 14% of the FCM analysis set,
respectively. At baseline, 85% of patients were anaemic, with
mean serum ferritin of 49.4 mcg/L and mean TSAT of 14.3%,
and all but 2% had serum PO4

3� values of 2.5 mg/dL or
greater. Additional baseline characteristics are summarized
in Table 1.

Across the FCM analysis set, the mean (SD) cumulative
FCM dose received by patients was 1333 (532) mg. Overall,
38% of patients received a single dose of FCM, ranging from
19% of the NDD-CKD subgroup to 100% of the HD-CKD sub-
group. Additional information regarding FCM dosing is sum-
marized in Table S2.

Changes in mean serum PO4
3� are plotted by disease state/

therapeutic area in Figure 1. With the exception of the
HD-CKD subgroup, mean serum PO4

3� levels decreased
through weeks 2 to 4, and subsequently returned toward
baseline and plateaued by week 8. Mean PO4

3� levels reached
their nadir at week 2 for most subgroups, but decreased until
week 4 among the HF population. The nadir mean (SD) PO4

3�

levels were similar between NDD-CKD (week 2: 3.14 [1.14]
mg/dL) and HF populations (week 4: 3.15 [0.91] mg/dL),
and were higher than those observed for the gastrointestinal,
neurology, women’s health, and other subgroups. Patients in
the neurology subgroup exhibited the lowest mean (SD) PO4

3�

level during follow-up (1.79 [0.61] mg/dL).
The incidence of post-treatment moderate or severe

hypophosphataemia (i.e. serum PO4
3� level <2.0 mg/dL) var-

ied across the therapeutic areas, with the lowest incidences
observed in the HD-CKD (0%), HF (8.1%), and NDD-CKD
(12.8%) subgroups. The prevalence of moderate or severe
hypophosphataemia among the women’s health, other, gas-
trointestinal, and neurology subgroups was 30.1%, 40.6,
51.0%, and 55.6% respectively (Figure 2). Based on the step-
wise multiple regression analysis, normal or mildly impaired
kidney disease (i.e. eGFR >60 mL/min/1.73 m2) was the
strongest predictor for severe or moderate
hypophosphataemia (Table 2). The incidence of moderate
or severe hypophosphataemia was significantly lower in the
HF subgroup compared with the women’s health, gastroin-
testinal, neurology, and other subgroups (odds ratios [95%
confidence interval]: 4.01 [2.89, 5.57], 11.68 [8.44, 16.17],
28.61 [16.40, 49.90], and 9.65 [6.82, 13.65], respectively).

Across all subgroups, severe hypophosphataemia (i.e. se-
rum PO4

3� < 1.0 mg/dL) was observed in 99 patients (1.2%)
at any point during follow-up. In the HF subgroup, one pa-
tient (<0.1%) met criteria for severe hypophosphataemia,
compared with 4.8% and 4.0% of the subjects in the neurol-
ogy and gastrointestinal groups, respectively.

Pooled HF analysis

Six clinical trials (FER-CARS-01, FER-CARS-02 [FAIR-HF], FER-
CARS-03 [EFFICACY-HF], FER-CARS-04 [EFFECT-HF], FER-
CARS-05 [CONFIRM-HF], and FER-CARS-06 [AFFIRM-AHF])
with a total of 1993 patients, were included in the pooled
HF analysis set. Of the included patients, 53.9% (n = 1074)
were treated with intravenous FCM, 40.6% (n = 809) received
placebo, and 5.5% (n = 110) received comparator therapy (i.e.
intravenous iron sucrose or standard medical care). At base-
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line, 40.3% of all subjects in this analysis set were anaemic,
and 95.7% had documented baseline serum PO4

3� levels of
2.5 mg/dL or greater (Table S3). More than half of the HF
analysis set had renal impairment as assessed by a baseline
eGFR of 60 mL/min/1.73 m2 or less.

As previously described, among FCM-treated patients with
HF, PO4

3� reduction was most pronounced at week 4, and

levels returned toward baseline values thereafter (Figure
3A). Whereas patients in the comparator group demon-
strated similar temporal reductions in PO4

3� levels, the magni-
tude of these changes was less than those observed with
FCM. At week 4, patients receiving placebo demonstrated vir-
tually no change in mean serum PO4

3� levels (Figure 3B). By
week 12, there was little numerical difference between

Figure 1 Mean serum PO4
3�

levels at baseline and during FCM treatment in the pooled FCM analysis set. BL, baseline; FCM, ferric carboxymaltose; GI,
gastrointestinal; HD-CKD, haemodialysis-dependent chronic kidney disease; HF, heart failure; NDD-CKD, non–dialysis-dependent chronic kidney dis-
ease; PO4

3�, phosphate.

Figure 2 Proportion of patients in the pooled FCM analysis set meeting criteria for moderate or severe hypophosphataemia during FCM treatment.
Serum PO4

3� levels were defined according to CTCAE thresholds (v4.0) and severity definitions (v5.0) as follows: normal, 2.5 to <4.5 mg/dL; mild de-
crease, 2.0 to <2.5 mg/dL; moderate, 1 to <2.0 mg/dL; severe, <1 mg/dL. CTCAE, Common Terminology Criteria for Adverse Events; FCM, ferric
carboxymaltose; GI, gastrointestinal; HD-CKD, haemodialysis-dependent chronic kidney disease; HF, heart failure; NDD-CKD, non–dialysis-dependent
chronic kidney disease; PO4

3�, phosphate.
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PO4
3� values across the treatment groups. As summarized in

Table S4, the studies utilized one of the two general dosing
schemes; in three studies, iron repletion was calculated with
the Ganzoni formula, and maintenance iron was administered
to all patients, and in three studies, iron repletion was based
on screening weight and haemoglobin, and maintenance iron
was administered only if iron deficiency reappeared or
persisted. In the two 52 week trials, more than 75% of pa-
tients received only one or two IV iron infusions.

The rates of potential hypophosphataemia-related TEAEs
were examined in patients with and without at least one
post-baseline serum PO4

3� level below 2 mg/dL. Overall, 91
patients in the pooled HF analysis set (FCM: 83; placebo:
5; comparator: 3) had a post-baseline PO4

3� level <2 mg/
dL. Among those patients, cardiology-specific TEAEs poten-
tially associated with hypophosphataemia occurred in
14.5% of those receiving FCM (n = 12), compared with
20% receiving placebo (n = 1) and 0% receiving a comparator
(n = 0) (Figure 4, left). In the same population, TEAEs that
could be related to hypophosphataemia were reported by
16.9% of patients receiving FCM (n = 14), 20% of those re-
ceiving placebo (n = 1), and 0% of those receiving a compar-
ator (n = 0). Nearly 90% of patients in the pooled HF analysis
set (n = 1780) did not have a recorded PO4

3� concentration
<2 mg/dL. Among those patients, cardiology-specific
hypophosphataemia symptom TEAEs occurred in 22.2% re-
ceiving FCM (n = 207), 31.4% receiving placebo (n = 233),

and 16.8% receiving a comparator (n = 18; Figure 4, right).
TEAEs considered potential manifestations of hypophos-
phataemia occurred in 26.1% of those receiving FCM
(n = 243), 34.8% of those receiving placebo (n = 258), and
19.6% of those receiving a comparator (n = 21).

Discussion

It is well established that hypophosphataemia is a common
occurrence following the administration of FCM. As such, it
is recommended that serum PO4

3� levels be monitored in pa-
tients who receive multiple administrations and those with
existing risk factors for hypophosphataemia.36,37 The results
of the present analysis are consistent with these prior recom-
mendations. However, as observed in HF studies,18–21 fre-
quent dosing of FCM is generally not needed to replenish iron
levels. As we will further discuss, this is likely protective
against severe and prolonged hypophosphataemia. Approxi-
mately one-quarter of patients across all indications receiving
FCM experienced at least one serum PO4

3� level <2 mg/dL
during follow-up. Severe reductions in serum PO4

3� levels
were rare, observed in 1.2% of all patients in the analysis.
The observation that hypophosphataemia was predicted by
multiple doses of FCM and higher maximum doses of FCM
further supports current recommendations for monitoring.

Table 2 Risk factors for developing severe or moderate hypophosphataemia in the pooled FCM analysis set

Factor
Step 1
P value

Step 2
P value

Step 3
P value Odds ratio [95% CI]

Age (10 years increase) <0.0001 <0.0001 <.0001 1.111 [1.066, 1.158]
Sex: Female vs. male <0.0001 0.5681
BMI (overall effect) <0.0001 <0.0001 <.0001
BMI: Underweight vs. normal 1.440 [0.965, 2.148]
BMI: Overweight vs. normal 0.741 [0.635, 0.865]
BMI: Obese vs. normal 0.518 [0.445, 0.604]
Baseline haemoglobin (10 g/dL increase) <0.0001 0.0019 0.0012 0.523 [0.353, 0.774]
eGFR (overall effect) <0.0001 <0.0001 <.0001
eGFR: 30 to ≤45 mL/min/1.73 m2 vs. ≤30 mL/min/1.73 m2 2.529 [1.886, 3.392]
eGFR: 45 to ≤60 mL/min/1.73 m2 vs. ≤30 mL/min/1.73 m2 5.084 [3.743, 6.904]
eGFR: >60 mL/min/1.73 m2 vs. ≤30 mL/min/1.73 m2 12.233 [9.407, 15.909]
Baseline TSAT (10% increase)a <0.0001
Baseline ferritin (10 mcg/L increase) <0.0001 <0.0001 <0.0001 0.972 [0.962, 0.981]
FCM multiple dose vs. FCM single dose <0.0001 <0.0001 <0.0001 3.029 [2.203, 4.165]
FCM cumulative dose (mg) (overall effect) <0.0001 0.0196 0.0198
FCM cumulative dose: 1000 mg to ≤1500 mg vs. ≤1000 mg 1.496 [1.106, 2.024]
FCM cumulative dose: >1500 mg vs. ≤1000 mg 1.297 [0.952, 1.767]
FCM maximum single dose (mg) (overall effect) <0.0001 <0.0001 <0.0001
FCM maximum single dose: >500 mg to ≤750 mg vs. ≤500 mg 2.143 [1.742, 2.636]
FCM maximum single dose: >750 mg vs. ≤500 mg 1.178 [0.953, 1.456]

Note: Results represent stepwise logistic regression of post-baseline moderate or severe hypophosphataemia (serum PO4
3� level <2.0 mg/

dL), including the factors listed in the table, unless stated otherwise. Analysis steps were as follows: Step 1: Univariate logistic regression
performed for each factor. Step 2: Multivariate logistic regression performed for all factors for which the P value in step 1 was ≤0.20. Step
≥3: Multivariate logistic regression performed excluding the factor that had the highest P value in the previous step if it was >0.10. Last
step: When the P values of all factors included in the model were ≤0.10. The odds ratio and its 95% CI for the selected significant factors
are provided.
Abbreviations: BMI, body mass index; CI, confidence interval; eGFR; estimated glomerular filtration rate; FCM, ferric carboxymaltose;
PO4

3�, phosphate; TSAT, transferrin saturation.
aTSAT was excluded from the stepwise logistic regression due to multicollinearity with baseline ferritin.
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Reductions in serum PO4
3� levels generally occurred soon af-

ter dosing and spontaneously returned toward baseline after
4 weeks.

We observed that serum PO4
3� levels consistent with

moderate to severe hypophosphataemia were less common
among patients with HF than among the other disease
states/therapeutic areas examined (with the exception of
HD-CKD). Fewer than 10% of FCM-treated patients in the
HF subgroup had serum PO4

3� levels of <2 mg/dL observed,
and only one patient (<0.1%) had a serum PO4

3� level
<1 mg/dL (at week 4). Moreover, when mean serum
PO4

3� levels were examined, the magnitude of reductions
in patients with HF were less than those observed in
patients with gastrointestinal, neurological, or women’s

health conditions leading to iron deficiency/iron deficiency
anaemia. The magnitude of serum PO4

3� decreases observed
in HF populations were similar to those seen in NDD-CKD
populations.

A number of factors may account for the lower risk of
hypophosphataemia observed in the HF subgroup relative
to most of the other subgroups examined. The dosing of
FCM differed across subgroups. Patients receiving FCM in
the HF subgroup received an average of 4.3 doses of FCM,
nearly twice the number given to other subgroups. The rela-
tively small (but frequent) doses of FCM in FAIR-HF (i.e.
200 mg weekly until iron repletion was achieved and then ev-
ery 4 weeks as needed) likely contributed to this finding.18 In
the 1-year AFFIRM-AHF trial, more than three-quarters of

Figure 3 (A) Mean serum PO4
3�

levels at baseline and during FCM treatment, and (B) mean changes in serum PO4
3�

levels across treatment groups in
the pooled HF analysis set. BL, baseline; FCM, ferric carboxymaltose; HF, heart failure; PO4

3�, phosphate.
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patients required only one to two doses of FCM during the
24 week treatment period.21 The highest FCM doses used
among patients in the HF group were marginally lower than
those administered to other subgroups (with the exception
of HD-CKD). Most notably, kidney function was impaired in
most patients with HF (mean [SD] eGFR: 60.0 [21.63] mL/
min/1.73 m2). In contrast, renal impairment was relatively
rare in the other non-CKD subgroups.

Our finding that many patients with HF have a reduced
eGFR is consistent with findings from prior studies.38–40 Al-
though traditionally considered a complication of end-stage
kidney disease, studies have demonstrated that patients with
earlier stages of CKD exhibit disordered phosphate metabo-
lism and are at increased risk of hyperphosphataemia.41–43

As such, patients with HF and concomitant renal impairment
may be less prone to the development of below-normal
serum PO4

3� levels. The relative ‘protection’ against
hypophosphataemia conferred by renal impairment was
demonstrated in our risk prediction models: patients with
an eGFR above 60 mL/min/1.73 m2 were 12-fold more likely
to develop hypophosphataemia than patients with an eGFR
below 30 mL/min/1.73 m2. In summary, although regularly
receiving higher cumulative FCM doses, often as a result of
higher doses administered less frequently, patients with HF
developed hypophosphataemia less frequently than most of
the non-HF subgroups examined.

Beyond laboratory measures of serum PO4
3� levels, our

analysis found no evidence of an increase in clinical manifes-
tations of hypophosphataemia. In fact, patients treated with
FCM reported lower rates of the specified TEAEs than pa-
tients who received placebo. Moreover, these events were
no more common among patients with documented moder-
ate or severe hypophosphataemia than among those patients
not meeting such laboratory criteria. Such comparisons
should be viewed in the context of the very low number of

patients treated with placebo meeting criteria for
laboratory-assessed hypophosphataemia (i.e. n = 5).

The findings of the present analysis are largely consistent
with data examining the risk of hypophosphataemia in other
HF cohorts. In a single-centre trial of 23 patients with HFrEF, a
single 1000 mg dose of FCM resulted in significant reductions
in mean serum PO4

3� levels among patients with a preserved
eGFR (i.e. >60 mL/min/1.73 m2) of approximately 1 mg/dL.34

Mean serum PO4
3� levels reached their lowest levels 14 days

after infusion and returned to baseline by week 4. In contrast,
no significant reductions in serum PO4

3� were observed in pa-
tients with HF and concomitant CKD. Overall, serum PO4

3�

levels transiently below 2.5 mg/dL were observed in approx-
imately 60% of patients. The more frequent assessment of
serum PO4

3� levels by Stöhr and colleagues34 may have con-
tributed to the higher prevalence of hypophosphataemia
than that observed in the current analysis. In the present
analysis, fewer than 5% of patients had available laboratory
assessments at weeks 1 or 2; transient hypophosphataemia
that resolved by week 4 or 6 would not have been captured.

More recently, Dashwood et al. examined the risk of
hypophosphataemia among 173 inpatients with stabilized
HFrEF who were administered FCM for the management of
iron deficiency.33 With most patients receiving daily blood
draws while hospitalized and less frequently after discharge,
27% experienced hypophosphataemia (<2 mg/dL). The inci-
dence of ‘severe’ (~1.25 to 2 mg/dL) and ‘extreme’
(~ < 1.25 mg/dL) hypophosphataemia was 25% and 2%, re-
spectively. Serum PO4

3� levels reached their lowest level at
approximately 1 week and returned to normal at 6 weeks.
The authors reported that one of the patients with a serum
PO4

3 level <1.25 mg/dL experienced bone pain and muscle
weakness. As in the present analysis, impaired kidney
function was protective against the development of
hypophosphataemia.

Figure 4 Treatment-emergent adverse events that can be manifestations of hypophosphataemia (pooled HF analysis set). FCM, ferric carboxymaltose;
HF, heart failure; HP, hypophosphataemia; PO4

3�, phosphate; TEAE, treatment-emergent adverse event.
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The present analysis represents the largest assessment of
the risk of hypophosphataemia associated with FCM among
HF patients enrolled in randomized clinical trials. The retro-
spective design of the study must be considered when inter-
preting the results. Importantly, the heterogeneity across
study design and duration, patient characteristics, and lim-
ited data available at early time points should be considered
when evaluating the data. Because there was no standard-
ized approach to serum PO4

3� monitoring across the 41
studies, and most of the HF-specific studies did not include
early (i.e. before week 4) assessments, we likely missed the
‘true’ nadir of serum PO4

3� levels. In the HF trials, fewer than
7% of patients had a serum PO4

3� level reported within
2 weeks of their first FCM dose. Despite this shortcoming,
the available data strongly suggest that the risk of clinically
relevant hypophosphataemia is very low among HF
populations vs. that observed in other populations. The risk
for hypophosphataemia after FCM treatment appears to be
mitigated by decreased kidney function, a common
co-morbidity among patients with HF. It is expected that
large, ongoing trials of FCM including HEART-FID44 and
FAIR-HF245 will further clarify the risk of hypophosphataemia
in HF populations receiving FCM. Because the recently-
completed IRONMAN study, a randomized controlled trial
of ferric derisomaltose in patients with HF and iron defi-
ciency, did not include assessment of PO4

3� concentrations,
no comparison regarding the risk of hypophosphataemia in
HF populations treated with different iron preparation
can be made.46 It is worth noting that the use of ferric
derisomaltose is not without a risk for development of
hypophosphataemia.47,48

In summary, our analyses found that the incidence of
hypophosphataemia in HF patients treated with FCM was
lower than that seen in patients in other therapeutic areas.
This reduced risk is likely the result of suboptimal kidney
function and impaired renal excretion of phosphate, a com-
mon co-morbidity among patients with HF. When present,
laboratory-assessed hypophosphataemia was generally not
associated with clinical sequelae associated with severe
hypophosphataemia. Appropriate monitoring, particularly
soon after administration in the unlikely event of repeated
dosing in HF patients, will allow for further refinement of
management strategies.
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