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CASE BASED REVIEWS

Ferric carboxymaltose-induced
hypophosphatemia - a case series

Campinho Ferreira C'®’, Pereira P!, Correira M', Costa E', Esperanca Almeida D', Redondo Costa J',
Roxo Ribeiro A, Leite Silva J!

ABSTRACT

Hypophosphatemia may cause serious complications. Depending on its severity and duration, signs and symptoms
range from fatigue to life-threatening events, like severe rhabdomyolysis and mental status changes. Long-term
consequences include osteomalacia. Hypophosphatemia may be secondary to the use of parental iron, mostly
associated with ferric carboxymaltose (FCM), with an incidence of around 45% to 70%. We describe three cases of
hypophosphatemia in patients with chronic iron deficiency anemia, requiring repeated FCM infusions. The patients’
presentation to the Rheumatology department included musculoskeletal symptoms of severe hypophosphatemia
and long-term hypophosphatemic osteomalacia, with fractures. We aim to raise awareness for ferric carboxymaltose-
induced hypophosphatemia, an entity increasingly described in the literature that can be responsible for severe
disability or potentially life-threatening adverse events.
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INTRODUCTION

Phosphorus plays an essential role in human metabo-
lism, acting as an enzyme cofactor, and being part of
many cellular processes. It is also indispensable for hy-
droxyapatite crystals formation, which is fundamental
for the mechanical strength of mineralized tissues. Nor-
mal phosphorus plasma levels range between 2.5 and
4.5 mg/dl with tight regulation occurring in the renal
proximal tubule, where 85 to 90% of filtered phospho-
rus is reabsorbed. The key regulators of phosphorus
homeostasis are fibroblast growth factor 23 (FGF23),
parathormone (PTH), and vitamin D'~. Disturbances in
phosphorus levels may have deleterious effects in both
the short and long term*.

Iron deficiency is the main cause of anemia’. Even
though oral iron supplementation is the first-line treat-
ment choice for iron deficiency anemia it may not be
effective due to poor gastrointestinal tolerability or
absorption'®. Parental iron formulations have been in-
creasingly used, promoting a quicker and better correc-
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tion of the iron deficit®’. Despite its good tolerability
and safety, some adverse events have been described,
namely the emergence of hypophosphatemia*®. Hypo-
phosphatemia secondary to parental iron is mostly as-
sociated with ferric carboxymaltose (FCM)*®, with an
incidence of around 45%° to 70%'°. The mechanism
responsible for FCM-associated hypophosphatemia
is not fully understood. It is thought that FCM leads
to an increase in FGF23 levels'® and consequently to
an increase in renal phosphorus excretion. Besides its
phosphaturic effects, FGF23 also causes inhibition of
vitamin D activation, hypocalcemia, and secondary
hyperparathyroidism, which perpetuates the phospha-
turic effect®. Interestingly, the rate of hypophosphate-
mia after FCM treatment is significantly decreased in
chronic kidney disease patients, with an incidence of
about 27%. The reduction in glomerular filtration rate
impairs urinary phosphate excretion and may partial-
ly protect against the development of hypophosphate-
mia'"'?. When symptoms occur, patients with FCM-as-
sociated hypophosphatemia may experience bone pain,
fatigue, and weakness and they can develop rhabdomy-
olysis and osteomalacia®®'.

Our work describes 3 patients with hypophospha-
temia associated with long-term treatment with FCM,
presenting musculoskeletal symptoms and atraumatic
fractures. All of them improved after supplementation
with calcium, phosphorus, and vitamin D and switch-
ing of the iron formulation to saccharated ferric oxide.
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CASE REPORT

Case 1: A 57-year-old female was admitted to the out-
patient clinic for sudden atraumatic disabling foot
pain evolving for 2 weeks, refractory to treatment with
nonsteroidal anti-inflammatory drugs. She had a diag-
nosis of Rendu-Osler-Weber syndrome conditioning
chronic iron-deficiency anemia and requiring multiple
infusions of FCM (cumulative dose of 12g) and red
blood cell transfusions in the previous 3 years. Right
foot plain X-ray revealed a 2nd metatarsal bone fracture
(Figure 1). Hypophosphatemia (1,2 mg/dL), vitamin D
deficiency (2.3 pg/dD), increased alkaline phosphatase

Figure 1. Right foot plain X-ray revealing a 2nd metatarsal
bone fracture (white arrow).

[AF (23 U/dD)] and PTH (9.45 ng/dl) levels, and normal
calcium levels were revealed in the blood tests. Sup-
plementation with calcifediol 2.266mg every 3 weeks,
and a multivitamin with phosphorus was started and
the patient was instructed to increase daily milk inges-
tion by up to one liter. Due to suspicion of hypophos-
phatemic osteomalacia associated with FCM treatment,
the iron formulation was replaced by saccharated ferric
oxide. After 1-year follow-up, the patient was no longer
on phosphorus supplementation, had no new fractures,
and exhibited normal values of calcium, phosphorus,
and vitamin D (Figure 2).

Case 2: A 73-year-old male was admitted to the rheu-
matology outpatient clinic due to muscle aches and
lower limb weakness for 18 months, requiring the use
of a wheelchair. Previous history was relevant for the
presence of Rendu-Osler-Weber syndrome treated with
octreotide, and several infusions of FCM (cumulative
dose of 27g) in the previous 10 years. A CT scan ruled
out lumbar spinal stenosis or radiculopathy. Blood tests
revealed severe hypophosphatemia (0.9 mg/dl), vita-
min D deficiency (2.8 ug/dD), increased AF (23.6 U/dD)
and PTH (18.717 ng/dl) levels, and normal calcium lev-
els. Bone densitometry revealed a lumbar spine T-score
of -3.0 and a femoral neck T-score of -4.4. Phosphorus
(maximum dose 515.7 mg daily), calcium (2000 mg
daily), and calcitriol (0.25 ug daily) supplementation
were started, and the iron formulation was switched to
saccharated ferric oxide. After 4 months, phosphorus
and vitamin D levels normalized (Figure 2), and the pa-
tient gradually recovered. He is currently on 2000 mg
of calcium, 0.25 ug of calcitriol, and 345 mg of phos-
phorus per day.

Case 3: A 74-year-old man was assessed in the rheu-
matology outpatient clinic for generalized arthralgias,
joint stiffness, pleuritic chest pain, and inability to
walk independently, for 6 months. He had a history of
Crohn’s disease, idiopathic chronic liver disease com-
plicated with portal hypertension and esophageal var-
ices, and multifactorial anemia requiring multiple red
blood cell transfusions (total of 130 units) and FCM
supplementation (cumulative dose of 23 g) in the pre-
vious 7 years. Physical examination was unremarkable
for the presence of arthritis or muscle strength deficit.
Blood samples revealed microcytic hypochromic ane-
mia (hemoglobin 7.6 g/dl), hypophosphatemia (1.3
mg/dl), and normal calcium, vitamin D, PTH, and AF
levels. A positron emission tomography was performed
which revealed a slight uptake in the 5th to 8th right
costal arches and in the 6th to 8th left costal arches, fa-
voring the diagnosis of fractures. There was no history
of trauma. Bone densitometry revealed a lumbar spine
T-score of -3.2 and a femoral neck T-score of -3.3. The
diagnosis of hypophosphatemic osteomalacia was made
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Figure 2. Serial changes in phosphorus plasma levels. The
arrows below indicate the timing of the increase in milk
ingestion for case 1 (orange) and phosphorus supplementation
for cases 2 and 3 (yellow and blue).

and the patient was started on phosphorus supplemen-
tation (maximum dose of 343.8 mg daily), maintained
vitamin D supplementation (22 400 Ul every 2 weeks),
and the iron formulation was switched to saccharated
ferric oxide. After six months, the patient regained his
autonomy and now can walk without assistance and
drive. He is now on 115 mg of phosphorus per day and
0.266 mg of calcifediol monthly.

DISCUSSION

FCM-associated hypophosphatemia has been increas-
ingly recognized as an important adverse event of this
treatment.

Hypophosphatemia is usually transient and asymp-
tomatic, so its prevalence is difficult to estimate'. How-
ever, in some cases, it can be severe, symptomatic, and
persistent'"". Initial symptoms are usually nonspecific,
such as generalized weakness and fatigue, leading to a
significant delay in diagnosis'®. Cases 2 and 3 provide
examples of this presentation, with patients complain-
ing of muscle weakness with inability to perform activ-
ities of daily living for several months. Awareness and
specific investigation of this condition allowed diagno-
sis of severe hypophosphatemia.

All three patients had a history of multiple previ-
ous treatments with FCM. This is the iron formulation
most commonly associated with hypophosphatemia®®.
Clinical presentations and incidence rates described in
the literature are heterogeneous. This fact may be ex-
plained by differences in (1) the patients’ underlying
conditions and comorbidities, including renal function;
(2) the severity of the iron deficiency; (3) the cumu-
lative dose of FCM administered, and (4) the timing
of phosphorus measurement. Most studies have few
weeks of follow-up and the consequence of repeated
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FCM doses on serum phosphorus levels is not com-
monly assessed?. FCM-associated hypophosphatemia
may persist beyond 5 weeks after the infusion in about
29% of patients'®!!. Phosphorus levels may not return
to the normal range before the next infusion and lead
to a progressive worsening of hypophosphatemia when
repeated doses of FCM are administered*. Further-
more, a randomized clinical trial showed that most of
the patients treated with FCM had recovered from hy-
pophosphatemia by day 70 of follow-up, but bone AF
remained elevated. These results suggest that the cas-
cade of biochemical changes associated with increased
FGF23 can persist longer®.

Chronic hypophosphatemia may also present with
bone pain and hypophosphatemic osteomalacia. Osteo-
malacia manifests with pseudo-fractures, which are the
radiological hallmark of the disease and may progress
to complete fractures, and bone pain'®. In cases 1 and
3, patients presented with atraumatic persistent bone
pain that ultimately led to the diagnosis of metatarsal
and rib fractures. A systematic review identified 30 clin-
ical cases of osteomalacia associated with repeated iron
infusions. Most patients (62%) had been treated with
FCM. In this review, 93% of the patients had received
more than 5 infusions. It may be hypothesized that per-
sistent and prolonged hypophosphatemia is probably
necessary for the development of osteomalacia'*.

Widespread recommendations on the treatment of
hypophosphatemia suggest supplementation with ac-
tive vitamin D and phosphorus*®. However, in most
cases of FCM-associated hypophosphatemia, supple-
mentation is not sufficient, and it is necessary to with-
draw or switch the iron formulation'*". In our cases,
both actions were taken simultaneously. All three pa-
tients switched their iron formulation to saccharated
ferric oxide and were on calcifediol and phosphorus
supplementation. In one case, the increase in phospho-
rus was reached by increasing dairy product intake,
which is rich in phosphorus. This therapeutic measure
was taken due to the sparse availability of supplements
containing phosphorus. . All patients had progressive
improvement in serum phosphorus levels, reaching
normal values, that coincided with the resolution of
weakness and fatigue symptoms. To date, there is not
enough data available on the effects of changing the
iron formulation on long-term outcomes. There are also
some reports of hypophosphatemia associated with sac-
charated ferric oxide infusions, although this is much
less frequent'®'.

Albeit bone densitometry performed in cases 2 and 3
was compatible with osteoporosis, anti-osteoporotic ther-
apy was not initiated in any of the cases. There are small
case reports describing the harmful effects of antiresorp-
tive agents (bisphosphonates'”*® and Denosumab?®®) in pa-
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tients with osteomalacia. These treatments were associated
with decreased calcium and phosphorus levels'”2° and in-
creased risk of fractures, disability, and weakness'"'®.

Some risk factors for the development of FCM-asso-
ciated hypophosphatemia have been already identified.
These included intestinal malabsorption, vitamin D de-
ficiency, and hyperparathyroidism'**'. In a systematic
review of case reports with hypophosphatemic osteo-
malacia, most of the patients had a history of gastro-
intestinal disease'*. Intestinal malabsorption resulting
from inflammatory bowel disease, as in case 3, causes a
decrease in phosphorus, calcium, and vitamin D intes-
tinal absorption, increasing the risk of hypophosphate-
mia. Reduced levels of calcium and vitamin D lead to
an increase in PTH (secondary hyperparathyroidism),
which has phosphaturic effects and can exacerbate hy-
pophosphatemia®.

Despite being a widely described adverse event that
was recently included in the FCM label, the diagnosis
of symptomatic hypophosphatemia may still be missed
or significantly delayed in many patients. Some authors
suggest that patients (1) presenting with musculoskeletal
symptoms?®; (2) having repeated infusions of FCM??, and;
(3) having pre-existing risk factors for hypophosphatemia
should be monitored for phosphorus levels before addi-
tional doses are administered®. Moreover, for patients with
chronic hypophosphatemia, the evaluation for repeated
FCM infusions should be reassessed*. A safe time interval
between FCM infusion is, to date, unknown.

The most common blood test abnormalities in hypo-
phosphatemic osteomalacia are a decrease in phospho-
rus and vitamin D levels and an increase in PTH and AE
However, there are some cases of patients with normal
AF levels, as in those with malabsorption'*.

Hypophosphatemia is a common consequence of
treatments with FCM. It can result in sudden major
symptoms and disability that require prompt thera-
peutic interventions. Hypophosphatemic osteomala-
cia is a somewhat chronic consequence of prolonged
hypophosphatemia and it presents with bone pain and
fractures. Awareness of these presentations in patients
receiving chronic intravenous iron supplementation is
crucial as an early diagnosis may avoid potentially se-
rious complications. More studies are needed to clarify
the long-term consequences of FCM-associated hypo-
phosphatemia (particularly in patients with multiple
infusions) and its best management.
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