ORIGINAL ARTICLE

JBMR

Osteomalacia as a Complication of Intravenous Iron
Infusion: A Systematic Review of Case Reports

Tatiane Vilaca,' @ Nalini Velmurugan,? Christopher Smith,®> Bo Abrahamsen,>** © and Richard Eastell’

'Department of Oncology and Metabolism, University of Sheffield, Sheffield, UK

2Department of Medicine, Holbzak Hospital, Holbak, Denmark

3Open Patient Data Explorative Network, Department of Clinical Research, University of Southern Denmark, Odense, Denmark
“Denmark and NDORMS, University of Oxford, Oxford, UK

ABSTRACT

Randomized control trials (RCTs) have shown that certain intravenous iron preparations can induce high levels of fibroblast growth
factor 23 (FGF-23) and persistent hypophosphatemia. Repeated iron infusions may lead to prolonged hypophosphatemia and oste-
omalacia events not captured by RCTs. Several previous case reports have described skeletal adverse effects after repeated iron infu-
sions. To characterize these effects, we conducted a systematic review of case reports. MEDLINE, Embase, Web of Science, and
Cochrane databases were searched in March 2021. We selected case reports of patients >16 years old. Study quality was assessed
using the tool from Murad and colleagues. We report the results in a narrative summary. We identified 28 case reports, reporting
30 cases. Ages ranged from 28 to 80 years (median 50 years). Most patients (n = 18) received ferric carboxymaltose (FCM), whereas
8 received saccharated ferric oxide (SFO) and 3 received iron polymaltose (IPM). All but 2 cases had more than five infusions (range
2 to 198, median 17). The lowest phosphate levels ranged from 0.16 to 0.77 mmol/L (median 0.36 mmol/L). Intact FGF-23 (iFGF-23)
was high when measured. Serum 250H vitamin D was low in 10 of 21 cases measured and 1,25(0OH), vitamin D in 12 of 18. Alkaline
phosphatase was high in 18 of 22 cases. Bone or muscle pain was reported in 28 of the 30 cases. Twenty patients had pseudofractures,
9 had fractures, and 6 patients had both. All 15 available bone scans showed focal isotope uptake. Case reports tend to report severe
cases, so potential reporting bias should be considered. Osteomalacia is a potential complication of repeated iron infusion, especially
in patients with gastrointestinal disorders receiving prolonged therapy. Pain and fractures or pseudofractures are common clinical
findings, associated with low phosphate, high iFGF-23, high alkaline phosphatase, and abnormal isotope bone scan. Discontinuing
or switching the iron formulation was an effective intervention in most cases. © 2022 The Authors. Journal of Bone and Mineral
Research published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research (ASBMR).
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Introduction

hosphate is one of the main components of the mineral bone
compartment, and adequate serum levels are required for
normal mineralization. Severe malnutrition and increased renal
loss of phosphate are common causes of chronic phosphate
depletion. Persistent hypophosphatemia leads to osteomalacia,
a lack of mineralization of bone matrix."? Clinically, osteomalacia
presents as muscle weakness and bone pain, biochemically as ele-
vated alkaline phosphatase activity (ALP), and radiologically as
Looser’s zones (pseudofracture).?’
Physiologically, fibroblast growth factor 23 (FGF-23) is a key
positive regulator of renal phosphate excretion in response to

elevated phosphate levels. Inappropriately elevated intact FGF-
23 activity is associated with phosphate depletion and adverse
bone and neuromuscular outcomes.”” Hypophosphatemic dis-
eases, such as X-linked hypophosphatemia and tumor-induced
osteomalacia, are characterized by high levels of FGF-23. In
X-linked hypophosphatemia, FGF-23 is not properly regulated
because of a mutation on the PHEX gene, resulting in FGF-23
overactivity. Conversely, in the rare tumor-induced osteomala-
cia, FGF-23—and occasionally other phosphatonins—is pro-
duced by mesenchymal phosphaturic tumors. In recent
randomized controlled trials of up to 5 weeks duration, intrave-
nous iron therapy with ferric carboxymaltose (FCM) was shown
to increase the concentration of circulating intact FGF23 (iFGF-

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

Received in original form November 2, 2021; revised form March 18, 2022; accepted April 8, 2022.
Address correspondence to: Tatiane Vilaca, MD, PhD, Academic Unit Bone Metabolism, Metabolic Bone Centre, Northern General Hospital, Sheffield S5 7AU,

UK. E-mail: t.vilaca@sheffield.ac.uk

Additional Supporting Information may be found in the online version of this article.

Journal of Bone and Mineral Research, Vol. 37, No. 6, June 2022, pp 1188-1199.

DOI: 10.1002/jbmr.4558

© 2022 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research

(ASBMR).

M 1188 VILACAETAL

Journal of Bone and Mineral Research


https://orcid.org/0000-0002-9227-6076
https://orcid.org/0000-0002-2730-6080
https://orcid.org/0000-0002-0323-3366
http://creativecommons.org/licenses/by/4.0/
mailto:t.vilaca@sheffield.ac.uk

23),% but the long-term effects of repeated iron infusions and
prolonged hypophosphatemia have not been investigated.
These abnormalities could adversely affect the skeleton, but
the epidemiology and pathophysiology remain incompletely
understood. Several previous case reports have reported adverse
effects on the skeleton after repeated iron intravenous infusions.
To characterize these adverse effects, we conducted a systematic
review of case reports addressing the question: Is osteomalacia
observed in adults receiving iron infusions for anemia
treatment?

Materials and Methods

Search strategy and selection criteria

This review was conducted in line with the principles from the
Cochrane Handbook and the Centre for Reviews Dissemination
Handbook.®® This report followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA).”” The pro-
tocol was registered in PROSPERO CRD42021243237.

MEDLINE, Embase, Web of Science, and Cochrane databases
were searched on March 22, 2021 combining terms for iron
infusion and outcomes such as “hypophosphatemia,”
“osteomalacia,” “fractures,” and “pseudofractures” and other
bone-related features. We used relevant MeSH and free text terms
with no search limits. Reference lists of key articles,"® a list of ref-
erences on hypophosphatemia associated with iron infusions col-
lated by Pharmacosmos, and experts in the field were also
consulted. The full search strategy can be found in Supplemental
Material S1.

We included case reports or case report series of osteomalacia
associated with hypophosphatemia in people older than
16 years who received any form of intravenous iron infusion.
We excluded randomized controlled trials, conference abstracts,
studies not written in English, Danish, Norwegian, Spanish, Por-
tuguese, or French, studies that only reported abnormalities
not related to the skeletal system, and studies where bone
abnormalities were not associated with hypophosphatemia. We
conducted a narrative synthesis, including tabulation of study
characteristics, and a description of the available data. We
grouped studies by clinical criteria (presence of pseudofrac-
tures/fractures) because these are the main clinical outcomes
of osteomalacia.

We defined osteomalacia as musculoskeletal pain, frac-
tures, and/or pseudofractures associated with low phosphate.
Serum phosphate levels in mg/dL were converted in mmol/L;
serum 250H vitamin D levels on ng/mL were converted to
nmol/L, and serum calcium levels in mg/dL were converted
in mmol/L using standard formulas. Some articles reported
“insufficiency fractures.” In patients with biochemical changes
suggesting hypophosphatemic osteomalacia, such as bone
pain and low phosphate, if there were signs of a fracture
without displacement it was considered a pseudofracture. If
there was a displacement of the two ends of the fracture,
then we referred to it as a “fracture.”®

Data analysis

We uploaded retrieved records into Endnote and removed
duplicates. Two reviewers independently conducted the data
extraction, the quality assessment, and the data checking
using standardized and piloted forms (Supplemental Material
S2 and S3). For each study, we extracted the information

about the author, date, country, age, sex, clinical features of
the condition that led to iron deficiency, details about iron
infusion (iron formulation, dose, and frequency), phosphate
levels, clinical, imaging, and laboratory features after iron infu-
sion, details of hypophosphatemia management, and patient
outcome. Disagreements at any step were resolved through
discussion or involvement of a third reviewer.

There is no standard quality assessment tool to assess the
quality of case report studies. We used a tool proposed by Murad
and colleagues, which assesses eight items categorized in four
domains: selection, ascertainment, causality, and reporting.©®

Results

Study selection

The study selection process is shown in Fig. 1. The initial selection
process resulted in 4097 hits, and after duplicates were excluded,
3850 unique references were assessed, 128 underwent full-text
assessment, and 28 were included in this review.'>®

Case report characteristics

Twenty-eight case reports were included,”""3®  reporting

30 cases. The vast majority (n = 26) were single case
reports,111315-303238) and two manuscripts reported two
cases."**" The case reports were published between 1993 and
2020. Half of the case reports were from Europe
(n — 14 ,(1 1-13,15,17,20,21,23,25,26,28,30,32,34) eight from
Japan,(182227:2931.36:38) 304 three from both Australiat'*'%2%
and the United States."9*>3%) The main characteristics of the
patients in the case reports are shown in Table 1.

Patient characteristics

Ages ranged from 28 to 80 years (median 50 years), with
6 patients younger than 40 years,1"122932343% 20 patients
between 40 and 70 years,(131>171921-28303133.36.38) 514 3 older
than 70 years old."®'®3") |n one case report, the age of the

patient was not reported.?”? Sixteen patients were
females(14,16»18,21—23,25,26,33,35,36,38) and

14 males (11-13,15,19,20,24,27-30,32,34,37)

Gastrointestinal diseases were by far the most common cause
of iron deficiency (23 cases); 9 patients had inflammatory bowel
disease (IBD),!'""319222428293% 5 phad intestinal vascular
ectasia,"*'>?%?® 4 had short bowel (including one Roux-en-Y
gastric bypass [RYGB]),*>%>3237) 3 patients had bleeding associ-
ated with cirrhosis,"?”33 1 had gastritis,*® 1 had a duodenal
ulcer,"™ and 1 patient had celiac disease.'” Five patients
received intravenous iron for gynecological bleeding?®3'3>3¢
and 2 for unknown reasons.?'>®

In 10 patients, no previous identifiable condition harmful to
the skeleton was reported,(*18:20212631.333538)  \yhareas
9 patients had IBD,"""3192224.282934) aqsqciated with malab-
sorption and/or glucocorticoid use, 4 patients had short
bowel,?*?>3237) 3 had diabetes,""*'>*% and 1 had malabsorp-
tion associated with celiac disease."'”” In 10 patients, vitamin D
was reported to be low.(1%1516:19.2223.27.303436) | thase, 6 also
had high parathyroid hormone (PTH),('>61927:3936) 4 3ls0 had
low calcium levels,"®?%%3% and 6 also had high
ALP,(1516.19:22.27.30) ;g qasting vitamin D deficiency in 8 of them.
In the remaining 2 patients, low vitamin D was associated with
normal calcium.">%® In one of them, PTH was also normal, but
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Fig. 1. Study selection flow chart.

ALP was not measured.”*® In the remaining patient, neither PTH
nor ALP were reported.“z)

Besides iron, the most common medication in use was anti-TNF,
used by 6 patients,'%'32224283% followed by mesalazine (used by
4),13222428) 3nd current use of glucocorticoids (in 2 patients) 242
Two patients have previously received bisphosphonates'*'® and
one denosumab.’® Six patients were using calcium supple-
ments('315192529 and 6 took cholecalciferol.('3152528)

Infusions characteristics

The majority of patients received ferric carboximaltose (FCM)
(n = 18),(11713.15°17.19-21,23-2628,32:35) \yhereas 8 received saccha-
rated ferric oxide (SFO),('8%227313638) 3 received iron polyma-
tose (IPM),"*?? and in 1 patient the iron therapy was not
reported.®? All case reports related to SFO were from Japan.
Two case reports related to IPM were from Australia, and the
remaining one from Japan.('82%%7313638) Almost all patients
recovered after discontinuing or switching iron therapy, but in
Amarnani and colleagues, the patient remained hypophosphate-
mic after switching iron preparation and was treated with buro-
sumab."" When the number of infusions was available, it varied
between 2" and approximately 198.%” However, SFO is a
low-dose iron preparation, leading to more frequent infusions,
whereas FCM and IPM are high-dose preparations. The number
of doses including only FCM and IPM varied from 2 to 60, median
of 17. The great majority of reported cases was in patients receiv-
ing at least five infusions, with only two case reports associated
with only two infusions of FCM.'73*) The interval between infu-
sions also varied greatly from three times a week®” to once a
year"”) (median 1 month). The cumulative dose, when reported,
varied from as little as 500 mg in 5 months®® to 40 grams®”

(median 11g), but 13 articles did not report this
information (12,15,20-25,30,32,33,36,38)

Laboratory tests

The lowest phosphate level reported in each case ranged from
0.16*” to 0.77 mmol/L""? (median 0.36 mmol/L) or 035 to
2.39 mg/L (median 1.10 mg/L). Only 11 case reports reported
enough data for some estimation of hypophosphatemia
duration,1317:20:23-25.28.29.32:34) 31 it varied from 42 days!'” to
5 years©? (median 36 months). In all the 15 cases where iFGF23
level was measured, it was high.(111%142224282931-343637) £ GE)3
levels varied from 1.6%" to 7.8 times?? the upper limit of the
reference range, median 3.75 times. Three articles reported high
C-terminal FGF-23,'*1929 and one reported normal cFGF23
level.®® Twelve case reports reported fractional P urinary
excretion,1#1°23:28-30.343538) g it was high in all of them, rang-
ing from 5.9%" to 50%?? (median 31%).

In 10 patients, vitamin D levels were reported to be
low,(1%1%:1619.22,23,27,3034.36) \yharaas it was reported as normal
in 11 patients13142021:242528293233) 3nd not reported in
9(11.17.18,2631,35.37.38)) Flaven case reports reported low levels of
1,250HD,(1314:202224.27.29:313437) \yhereas 6 reported normal
levels.'#21:2331:3236) | 1 patient taking calcitriol 0.25 pg twice a
day, 1,250HD was high, calcium was normal, vitamin D low,
and PTH high™ PTH was high in 13 case
reports!!41619:2024-27.30323637)  3nd  npormal in 13 case
reports.(131418:21-23.28,293133.3438) Tha remaining 4 cases did not
report PTH levels.""'2173% |n 10 case reports, serum calcium
levels were low,1617:202224.27.28323437) \y hareas in 16 it was nor-
mal(121518.19.21,23,25,2931.33.38) 3 4 case reports did not report

calcium levels.(11:26:35:36)
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hereditary hemorrhagic telangiectasia or Rendu-Osler-Weber syndrome.

gastrointestinal; HHT

Serum phosphate levels in mg/dL were converted in mmol/L; serum 250H vitamin D levels on ng/mL were converted to nmol/L, and serum calcium levels in mg/dL were converted in mmol/L using standard

formulas.
“Several reference ranges reported (30-110; 30-120; 30-130; 35-110; 38-126; 39-117; 40-129; 40-150; 115-359).

PThere are not enough data to exclude the occurrence of either fracture or pseudofracture.
dpseudofractures diagnosed by MRI.

@Vitamin D levels were reported to be normal, but the values were not reported.

Calculated based on dose and periodicity.

fFollowed by iron isomaltoside.
9Followed by iron dextrose.

ferric oxide; IPM = iron polymaltose; gi
PFollowed by iron sucrose.

In 18 case reports, ALP was high,(1316:18222627,29-31,33,37.38) ;

4 it was normal"#**3239 and it was not reported in
8 cases!!"1217:23:25:283433) p| p ranged from 71%% to 977 1U/L,5®
median 229 IU/L. Bone ALP was high in 5 cases®*?>3*'37) and nor-
mal in 2.%%% Osteocalcin was measured in 2 cases">*? and was
normal in both. PINP was also measured in 2 cases, and it was nor-
mal in 1%? and elevated in the other."® CTX was also measured
twice and was normal in both."**? Only 1 case report reported
TRACP-5b level and it was high.?? Urine NTX was measured twice
and was high in 1 case®” and normal in the other.®® Normal
levels of urine pyridinoline and deoxypyridinoline were also
reported once.?”

Osteomalacia signs and symptoms

Bone or muscle pain was reported in 28 of the
30 cases."""1321:2338) |n 21 cases, the pain was associated with
fl’aCtUreS or pseudofracturesr('l1,13*16,18,19,21,23,24,26,28*30,32*34,36*38)
in 7 cases there was pain despite no fractures or pseudofractures
reported,!'72%25273135) and in 2 cases pain was not reported
despite pseudofractures.’>?? The most common site for pain
was the |0WGI’ |ImbS (n _ 19)(11,14,15,17-20,23,24,26,27,29,31,33-35,37,38)

followed by the chest (n = 11),(141>17:19.24.2627,.29.34,3638) tha pal-
Vis(15,16,21,23,26,28,34,36,38) and the backﬂ 7,21,23,24,27,29,31,34,38) (n — 9

each), and finally the upper limbs%1%17.1926)

pain{1314253032) i 5 case reports each.

Twenty patients had pseudofractures (14 of the
CheSt,“ 2,14,15,19,21,22,24,26,29,30,32,36-38) 14 Of the Iower

|imbs'(11,15,18,21,22,24,26,28—30,32,33,37,38) 7 of the pelvis(15,16,21,22,24,26,29)’

and 1 of the upper limb®®). Nine patients had fractures (7 of the
lower limbs, 1133430 6 of the pelvis,'"'*'*19 4 of the
ribs, %1% and 3 of the vertebra'*'%3"). Six patients had both
fractures and pseudofractures.!’1216193337) Myscular symptoms
were present in 13 cases,(121416:1723252831,3235) gait disturbances
in 6,13141619.2330) fatigue and malaise in 3,"'”%*?> and hyperexcit-
ability linked to hypocalcemia in 3.2%263%)

or generalized

Bone imaging

Bone mineral density was reported in 16 patients; in 5 it was
normal (1820393637 3 had osteopenia,' #**?* and 8 had osteopo-
rosis.(13716193239 | 2 cases, bone mineral density (BMD) was also
available after hypophosphatemia recovery and both showed
increases; an 8% increase in femoral neck BMD and 19% increase
in lumbar spine (LS) after 12 months was reported by Tournis®?
and a substantial 63% increase in femoral neck (FN) BMD after
30 months was reported by Nomoto.®? An isotope bone scan
was available in 15 cases, all abnormal. The most common areas
affected were the ribs (in 12 patients),{'%141%19:21:22,24.29,3036,37)
the pelvis (in 8 patients),'>21-24262939 and the femur115:24:26:28)
11:15.242628) and the feet (in 5 patients each).'>24262939 Bone
biopsy was performed in 4 cases!'>2%242%) and showed osteoma-
lacia in 3.032%28 Six patients underwent PET-FDG(1%19:20:23.2434)
and 2 octreotide®®># scans looking for tumors as a source of
FGF23 but all were negative.

Treatment of osteomalacia

The most common treatments initiated were phosphate
supplementation and active forms of vitamin D. Oral phosphate

was prescribed in 18 cases!!!137161920.23-303335) 3 intrave-
nous phosphate in 4.171%1739) |n 2 patients, milk was
recommended as a source of phosphate.®>3® Active

vitamin D (oral alphacalcidol or calcitriol) was prescribed for
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17 patients(l 1,13,14,16,19,20,22-24,27,29-32,34,35) and in 1 case intrave-

nous calcitriol.®> However, there was little information avail-
able about the dose; Bishay and colleagues reported the use
of 0.25 mcg/d of oral calcitriol,"” whereas Reyes and col-
leagues reported the use of calcitriol 0.25 mcg t.i.d.??
Vasquez-Rios reported the use of 1 to 3 mcg/d calcitriol intrave-
nously.®> Alphacalcidol dose was reported in 2 case reports
and varied from 1 to 2 mcg/d.?’3? Five patients received cho-
lecalciferol'#1%26:27.29) and 5 received calcium supplementa-
tion.1#15202632  Three patients did not receive any
treatment,'>3%3”) whereas one with a non-healing fracture
was treated with teriparatide® and another one with persis-
tent symptomatic hypophosphatemia despite the change in
iron intravenous formulation and intravenous phosphate infu-
sion was treated with burosumab.""" All patients recovered
from hypophosphatemia and osteomalacia, but the time to
recovery varied substantially. For hypophosphatemia, recovery
was observed from 2 weeks®'*>) to several months?® and for
symptoms between 1%’ and 6 months."® Fracture healing
was reported in 9 to 12 months in 4 case reports''>1821:36)
and bone scan improvement in 6'% to 124 months.

Quality assessment

To assess the quality of the case reports, we used a tool proposed
by Murad and colleagues, which assesses eight items categorized
in four domains: selection, ascertainment, causality, and report-
ing.“o) Results are reported in Table 2.For the selection, the tool
asks if the patient represents the whole experience of the center
on the disease. None of the case reports included in this review
reported that this was their whole experience on bone adverse
outcomes associated with hypophosphatemia. In regard to the
ascertainment of the exposure and the outcome, all the case
reports were based on clinical records, which is the highest possi-
ble quality of ascertainment.''>® Alternative causes that could
explain the observation were clearly ruled out in 22 of the case
reports.11/131518:2022:323436) |y 5 case reports reported a
re-challenge with the same iron infusion, resulting in hypopho-
sphatemia again.''72°323% Because the bone adverse events
seem to be associated with chronic hypophosphatemia, we
considered the worsening of signs and symptoms with cumulative
dose as a dose-response effect. This was reported in 21 of the
30 case reports.“1'13'14’16'18'20’23’24’26'32'34’36’38) Because we only
included case reports that reported signs or symptoms of
osteomalacia associated with hypophosphatemia, the follow-up
was long enough in all cases!'">® Finally, we considered that

enough details were reported in 21 of the 30
cases (12-16,18-20,22-24,26-29,32,34,36-38)

Discussion

This is the first systematic review of case reports of osteomalacia
as a complication of intravenous iron infusion. We found 30 cases
of ostemalacia associated with repeated iron infusions. In the
vast majority of the patients, gastrointestinal diseases were the
cause of iron deficiency, and in a few cases, iron deficiency was
caused by gynecological bleeding. We observed osteomalacia
in patients who received certain iron formulations (FCM, SFO,
IPM) that have previously been linked to hypophosphatemia in
randomized controlled trials and observational studies."*® The
mechanism seems to be an increase in FGF-23.°) FGF-23 leads
to renal phosphate loss and decreased activation of vitamin
D. The clinical picture was bone pain, fractures, and

pseudofractures.>*” Most of the cases had an increase in ALP,
and all isotope bone scans reported were abnormal. Treatment
with phosphate and active forms of vitamin D seems to be of lim-
ited benefit, while discontinuing or switching iron preparation
was the most effective intervention.

Abnormalities in FGF-23 metabolism mediate hypophosphate-
mia associated with repeated iron infusions.*>*'*? Experimental
data suggest that iron deficiency increases FGF-23 expression
through action on hypoxia-inducible factors (HIFs), HIF1a and
HIF1b.*** The increase in the production of intact FGF-23 (iFGF-
23) is usually followed by an increase in the cleavage and genera-
tion of c-FGF23 and N-terminal fragments and has no impact on
phosphate levels. However, some iron preparations (FCM, SFO,
IPM) seem to decrease the physiological cleavage of iFGF-23,
resulting in high levels of iFGF-23 and hypophosphatemia.*”) The
resulting hypophosphatemia might last for weeks to months.®>4¢
) Some patients with severe iron deficiency require repeated infu-
sions, which could lead to prolonged hypophosphatemia. In this
review, most patients with osteomalacia had more than five infu-
sions, suggesting that persistent hypophosphatemia is likely
required for the development of osteomalacia.

Hypophosphatemia (mostly moderate or severe) was associ-
ated with other abnormalities in the phosphate homeostasis
axis. The cut-offs of 0.8, 0.6, and 0.3 mmol/L categorize mild,
moderate, or severe hypophosphatemia.*” In our case series,
the lowest phosphate levels reported were between 0.16 and
0.77 mmol/L, and 1 patient had mild, 20 had moderate, and
8 had severe hypophosphatemia (1 was not reported). RCTs that
investigated the effects of FCM in phosphate metabolism have
reported an increase in iFGF-23, renal phosphate wasting, and
PTH and a decrease in 1,250HD and calcium.””’ An observational
study reported similar findings after IPM, except for the decrease
in calcium levels.“?’ Case reports do not describe data systemat-
ically, but an increase in iFGF-23 and phosphate wasting was
found when measured. In addition, in 11 of 17 cases, 1,250HD
was decreased, in half of the cases when PTH was measured it
was high, and serum calcium levels were low in 10 of 26 cases.
Noteworthily, in the case reports, we were not able to capture
variations in the blood tests within the normal range. For exam-
ple, it is possible that PTH has increased in some patients, with-
out becoming high. Therefore, similar findings were reported in
RCTs, observational studies, and this review of case reports. The
consistency of the findings suggests a strong association
between the iron infusions and the phosphate homeostasis
abnormalities and the resulting osteomalacia.

Intravenous iron is indicated for the treatment of iron defi-
ciency (ID) and/or iron deficiency anemia (IDA). ID/IDA is com-
monly caused by gastrointestinal (Gl) blood loss, inflammatory
bowel disease (IBD), heavy uterine bleeding, and postpartum
hemorrhage.*” A systematic review and meta-analysis of pro-
spective studies with FCM and ferric derisomaltose (FDI) sug-
gested that the risk factors for hypophosphatemia are the type
of iron preparation (higher with FCM), the degree of iron defi-
ciency (more likely if ferritin or transferrin saturation are low),
and kidney function (more likely if renal function is normal).”

FCM, SFO, and IPM were prescribed in 18, 8, and 3 cases (62%,
28%, and 10%), respectively, three forms of iron preparation pre-
viously associated with hypophosphatemia.” Another system-
atic review reported increased rates of hypophosphatemia for
FCM and iron sucrose but not iron dextran or ferumoxytol.“®
The rising concerns in regard to osteomalacia associated with
intravenous iron preparations have led to the inclusion of a
warning on hypophosphatemic osteomalacia in FCM product

M 1194 VILACAET AL

Journal of Bone and Mineral Research



Table 2. Quality Assessment Following Murad Et Al.

1. Does the 4. Were other 7. Was
patient(s) alternative follow-up 8. Is the
represent(s) causes that 6. Was long case(s)
the whole 2. Was the 3. Was the may explain 5. Was there a there a enough described
experience exposure outcome the challenge/re- dose- for with
of the adequately adequately observation challenge response  outcomes  sufficient
Case report center? ascertained?  ascertained? ruled out? phenomenon? effect? to occur? details?
Amarnani No Yes Yes Yes No Yes Yes No
2020
Aubry- No Yes Yes No No No Yes Yes
Rozier
2017
Bartko No Yes Yes Yes Yes Yes Yes Yes
2018
Bishay No Yes Yes Yes No Yes Yes Yes
2017°
No Yes Yes Yes No Yes Yes Yes
Callejas- No Yes Yes Yes No No Yes Yes
Moraga
2020
Fang 2019 No Yes Yes No No Yes Yes Yes
Fisher 2020 No Yes Yes No Yes No Yes No
Ishimaru No Yes Yes Yes No Yes Yes Yes
2017
Klein 2017 No Yes Yes Yes No Yes Yes Yes
Lehmann No Yes Yes Yes No Yes Yes Yes
2018
Moore No Yes Yes No No No Yes No
2013
Nomoto No Yes Yes Yes No No Yes Yes
2017
Poursac No Yes Yes Yes No Yes Yes Yes
2015
Reyes 2017  No Yes Yes Yes No Yes Yes Yes
Rodriguez No Yes Yes Yes No No Yes No
2019
Sangrés No Yes Yes Yes No Yes Yes Yes
Sahun
2016
Sato 1997 No Yes Yes Yes No Yes Yes Yes
Schaefer No Yes Yes Yes No Yes Yes Yes
2017
Schouten No Yes Yes Yes No Yes Yes Yes
2009
Segura No Yes Yes Yes No Yes Yes No
2014
Shimizu No Yes Yes Yes No Yes Yes No
2009°
No Yes Yes Yes No Yes Yes No
Suzuki No Yes Yes No No Yes Yes Yes
1993
Tournis No Yes Yes Yes Yes Yes Yes Yes
2018
Tozzi 2020 No Yes Yes No No No Yes No
Urbina No Yes Yes Yes Yes Yes Yes Yes
2018
Vasquez- No Yes Yes No No No Yes No
Rios 2020
No Yes Yes Yes No Yes Yes Yes
(Continues)
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Table 2. Continued

1. Does the 4. Were other 7. Was
patient(s) alternative follow-up 8.Is the
represent(s) causes that 6. Was long case(s)
the whole 2. Was the 3. Was the may explain 5. Was there a there a enough described
experience exposure outcome the challenge/re- dose- for with
of the adequately adequately observation challenge response  outcomes  sufficient
Case report center? ascertained?  ascertained? ruled out? phenomenon? effect? to occur? details?
Yamamoto
12012
Yamamoto  No Yes Yes No No No Yes Yes
22013

*Two cases reported.
Question 1: Selection method unclear.
Questions 2 and 3: All case reports were based on clinical records.

Question 6: Worsening of the symptoms with cumulative dose considered dose-response effect.

Patient treated with intravenous iron (FCM, SFO, IPM) ‘

I

t |
Bone p?m Monitor serum phosphate at
suggestive 2 and 5 weeks )
of osteomalacia
: l
X-ray Hypophosphatemia
¢—|; (phosphate <0.8 mmol/L)
‘ Fracture ‘ ‘ No fracture l
7 Y
Bone scan Assess Check 25‘D
or MRI hypophosphataemia Replace
| severity if levels low
; ‘ |
Fracture | | No fracture |
= 1
Stop or switch Fe v
consider oral P and |« Moderate im
T or severe
active vitamin D

Fig. 2. Proposed algorithm for diagnosis and management of osteomalacia associated with repeated iron infusions.

information and a safety update by the Medicines and Health-
care Products Regulatory Agency (MHRA) on the risk of osteoma-
lacia after FCM in the United Kingdom.“*)

In this review, there were no cases of osteomalacia associated
with chronic kidney disease (CKD). Because CKD prevents hypo-
phosphatemia, the increase in FGF-23 associated with iron infu-
sion is not followed by hypophosphatemia and osteomalacia
associated with hypophosphatemia after repeated iron infusion
is not observed.

Patients with comorbidities that could have detrimental
effects on bone homeostasis such as malabsorption, corticoste-
roid use, and vitamin D deficiency might be at higher risk of oste-
omalacia. In this review, osteomalacia was associated with
gastrointestinal disease in 23 of 30 cases. Low vitamin D status

was reported in 10 of 21 cases (48%). The definition of low was
left to the author; if we had used the threshold by the Institute
of Medicine of 50 nmol/L, then 8 of 19 would have been
low.®® This might have contributed to the low phosphate
through secondary hyperparathyroidism. Several of the patients
with low vitamin D had other biochemical features of vitamin D
deficiency, such as low serum calcium and high ALP and PTH.
ALP is usually high in osteomalacia, but osteomalacia with nor-
mal ALP have been previously reported in patients with malab-
sorption, often associated with low calcium.®” ALP was high in
18 of the 22 cases in which it was reported (82%). In the 4 cases
where ALP was normal, 2 had abnormal bone scans?*3® and the
other 2 had rib pseudofractures.**? Therefore, osteomalacia
might be present with normal ALP. Two of these cases had
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malabsorption and low calcium.***? We found IBD associated
with osteomalacia in 30% of cases; IBD is likely to be associated
with malabsorption of calcium and phosphate and vitamin D
deficiency, all of which would likely increase the risk of osteoma-
lacia. IBD is often treated with glucocorticoids, and 2 patients
were in use of corticosteroids when osteomalacia was reported,
which may have contributed to bone fragility, if not
osteomalacia.

Osteomalacia presented as pain, fractures, and pseudofrac-
tures. Pseudofractures (or Looser's zones) are the radiological
hallmark of osteomalacia, and these can go onto complete frac-
ture. As expected, a large proportion of patients had either pseu-
dofractures or fractures, and these were the likely sources of the
bone pain. Pseudofractures are best identified by the isotope
bone scan. This scan was performed in 15 cases and all of these
showed focal increased uptake that can be due to pseudofrac-
tures or fractures. There were 7 patients who had pain but no
fracture or pseudofractures. However, in every case, there was
no imaging to test for fractures, so non-diagnosed fractures can-
not be ruled out.

Some patients were reported to have osteopenia (n = 3) and
osteoporosis (n = 8). Although bone mineral density was
reported to be low, it is important to highlight that osteomalacia
could have contributed to these findings, due to the unminera-
lized osteoid matrix. This is confirmed by the increase in BMD
observed after the recovery from hypophosphatemia reported
in 2 cases.

Several strategies were used to treat hypophosphatemia and
its consequences. Oral or intravenous phosphate and active
metabolites of vitamin D (calcitriol or alfacalcidol) were often
prescribed, but they were not able to normalize serum phos-
phate. Care needs to be taken with the active metabolites of vita-
min D as they can cause hypercalcemia and hypercalciuria with
nephrocalcinosis and nephrolithiasis. The latter could be of clin-
ical importance in patients with IBD as they may have enteric
hyperoxaluria and so be prone to calcium oxalate kidney stones.
Vitamin D deficiency should be corrected by the administration
of vitamin D3.

The most efficient intervention for recovery was discontinuing
the intravenous iron infusions. That was not always possible, and
sometimes the iron preparation was switched. This was followed
by improvement in hypophosphatemia in most cases. In one
case, hypophosphatemia persisted and osteomalacia progressed
despite switching the iron preparation. That was a patient with
severe Crohn's disease who received FCM, FDI, and then burosu-
mab. There is not much data on the sequential use of iron prep-
arations. In an observational study, 32 patients received FCM and
FDI. FCM caused a greater reduction in serum phosphate than
FDI and the median of phosphate levels returned to baseline
after 5 weeks with FDI and 10 weeks after FCM.®? We do need
further research on the effect of switching between iron prepara-
tions on serum phosphate. Burosumab is an antibody to FGF-23
and when it was used, the symptoms improved along with
serum phosphate. However, this treatment is not licensed for this
indication. Finally, bisphosphonates are not indicated for
osteomalacia.”

MHRA UK recommends to monitor serum phosphate levels in
patients treated with multiple high-dose administrations or
those on long-term treatment and in those with preexisting risk
factors for hypophosphatemia, and reevaluate FCM treatment in
patients with persistent hypophosphatemia.”*? Based on these
recommendations and the findings of this review, we would pro-
pose the management algorithm shown in Fig. 2 for patients

receiving repeated iron infusions. Our recommendation is to
check phosphate levels at 2 and 5 weeks after infusion (based
on data from the RCTs) and perform skeletal imaging if bone pain
develops, also after the 5-week period. In those cases, also
recheck phosphate levels.

Recently, a review has discussed the iron-phosphate axis and
the complications of intravenous iron-induced hypophosphate-
mia, including osteomalacia.*" Differences in the results
between the two reviews are probably associated with differ-
ences in the methodology applied; the review by Schaefer and
colleagues is a narrative review;*" this is a PROSPERO registered
and prespecified systematic review, which included only peer-
reviewed manuscripts.

This study has limitations. Case reports are reported according
to local practice. Therefore, different teams might assess the
patients in different ways, using different tests and management.
There is no standardization of how the case is investigated, con-
ducted, or reported. Because there is no systematic approach, in
the absence of some information, it is impossible to know if this
was a negative finding not reported or if it was not investigated.
For example, in the many cases that did not report fractures, it is
impossible to know if there were no fractures or if fractures were
not investigated. In addition, case reports tend to describe severe
cases and mild forms are less likely to be reported, which might
lead to a publication bias. Case reports are considered low-grade
evidence. Because this is a systematic review of case reports, cau-
tion should be taken while interpreting the results. However, case
reports are the first line of information and can suggest associa-
tions. Moreover, consistent findings in multiple case reports might
suggest a pattern and help to understand the potential underlying
mechanisms. Finally, several case reports might help to draw a big-
ger picture and to plan further research steps using appropriate
methodology.

We conducted a systematic review of case reports of osteoma-
lacia after repeated iron infusion. We found 30 cases of osteoma-
lacia characterized by musculoskeletal pain, fractures, and
pseudofractures. Not all cases presented high alkaline phospha-
tase, but iFGF-23 and isotope bone scans were abnormal when-
ever reported. Osteomalacia was associated with FCM, SFO, and
IPM, iron formulations that have been shown to increase iFGF-23
and lead to significant hypophosphatemia. Phosphate supple-
mentation and active forms of vitamin D were used for treat-
ment, but the most effective intervention was discontinuing or
switching intravenous iron preparation. In patients receiving
repeated iron infusions, musculoskeletal pain can be a symptom
of osteomalacia and it should be investigated.
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