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Background: Iron deficiency anemia (IDA) is a prevalent yet underdiagnosed condition
with a significant impact on quality of life. Oral iron supplementation is often poorly
tolerated or yields inadequate response, requiring the use of intravenous iron (IVI) in some
patients. Administration of certain IVI preparations has been associated with decreases in
serum phosphate levels and clinically significant hypophosphatemia, which has been
reported to lead to adverse events including serious fatigue and osteomalacia.

Objective: The purpose of this study was to systematically assess the prevalence, clinical
consequences, and reporting of treatment-emergent hypophosphatemia within literature
investigating VI therapies marketed in the United States (US).

Methods: A systematic literature review (SLR) was conducted using the PubMed database
to identify publications reporting serum phosphate levels or rates of hypophosphatemia
within adult IDA patient populations receiving current US-marketed IVIs.

Results: The SLR yielded 511 unique publications, with 40 records meeting the final
inclusion criteria. Most studies did not report phosphate monitoring methodology or an
explicit definition of hypophosphatemia. Hypophosphatemia rates ranged from
0.0% to 92.1% for ferric carboxymaltose (FCM), 0.0% to 40.0% for iron sucrose, 0.4%
for ferumoxytol, and 0.0% for low-molecular-weight (LMW) iron dextran. Randomized
controlled studies described hypophosphatemia as “asymptomatic” or did not report on
other associated sequelae. Eleven case reports detailed treatment-emergent hypophosphate-
mia in patients treated with FCM. Patients with acute hypophosphatemia primarily developed
severe fatigue; those with repeated FCM dosing developed chronic hypophosphatemia
associated with osteomalacia and bone deformities.

Conclusion: Studies analyzed in this SLR reported a range of hypophosphatemia rates, with
the highest consistently seen in patients treated with FCM. Across the clinical literature,
there appeared to be minimal standardization of phosphate monitoring and definitions of
hypophosphatemia. Although multiple cases have documented serious clinical consequences
of hypophosphatemia associated with certain IVIs, current trials neither consistently nor
adequately assess the frequency and severity of treatment-emergent hypophosphatemia and
may underestimate its prevalence.
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Plain Language Summary

Iron deficiency anemia (IDA) is a common and debilitating condition that may negatively
impact a patient’s quality of life. Although oral iron supplementation is the most common
treatment for IDA, some patients may have poor tolerance, response, or compliance with
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oral iron. Intravenous iron (IVI) therapies have thus become
increasingly common and are becoming preferred treatments

for many patients with iron deficiency anemia (IDA).

Although newer generation [VIs are broadly effective and safe,
an increasing number of case reports and clinical trials have
recently associated certain IVIs with treatment-emergent hypo-
phosphatemia (abnormally low serum phosphate). This literature
review analyzed the prevalence, clinical consequences, and
reporting of treatment-emergent hypophosphatemia within the
clinical literature investigating US-marketed IVI therapies. This
review identifies significant inconsistency across the clinical
literature in the reporting of serum phosphate monitoring, defi-
nitions and rates of treatment-emergent hypophosphatemia.
Current IVI studies likely significantly underestimate the pre-
valence and consequences of hypophosphatemia due to lack of
trials designed to systematically identify and monitor changes in

serum phosphate.

Introduction

Iron deficiency anemia (IDA) is a prevalent, yet underdiag-
nosed condition with significant clinical and quality of life
impact on patients.' Symptoms of IDA include chronic
weakness, fatigue, difficulty concentrating and exercise
intolerance, resulting in decreased productivity.” IDA affects
an estimated five million adults in the United States (US),
and globally represents the fifth leading cause of years lived
with disability.** Common etiologies of IDA include chronic
inflammatory diseases or conditions leading to blood loss or
malabsorption of iron such as hypermenorrhea or abnormal
uterine bleeding (AUB), pregnancy, inflammatory bowel
disease (IBD), chronic kidney disease (CKD), chronic heart
failure, cancer, and bariatric surgery.”

Due to poor tolerability, efficacy and compliance with
oral iron supplementation, intravenous iron (IVI) has
become an increasingly utilized therapeutic option in the
treatment of IDA.>® Research suggests that IVIs are better
tolerated than oral iron and provide a faster onset of action
due to the much more rapid correction of body iron stores.
Certain IV formulations also allow the administration of an
entire therapeutic iron dose in a single sitting, which may be
more convenient and improve patient compliance.”
Although older IVI preparations such as high-molecular-
weight (HMW) iron dextran have been associated with
potentially serious adverse events such as hypersensitivity
reactions, newer IVI formulations including iron sucrose,
ferric gluconate, low-molecular-weight (LMW) iron dex-
tran, ferric carboxymaltose (FCM), and ferumoxytol have

been generally shown to be safer.'> "’

A growing number of case reports have described
treatment-emergent hypophosphatemia (abnormally low
serum phosphate) following IVI administration as
a safety consideration.'®'® In the acute setting, hypopho-
sphatemia may cause rhabdomyolysis, arrhythmias, and
respiratory failure; chronic hypophosphatemia has been
associated with osteomalacia, bone deformities, and
increased inpatient mortality.'>** Although hypophospha-
temia may have serious clinical consequences, its diagno-
sis may be commonly missed in the clinic due to initial
nonspecific symptomatic presentation as generalized
weakness and fatigue.”’

To the best of our knowledge, a systematic investiga-
tion of hypophosphatemia and its downstream clinical
consequences across all US-marketed intravenous iron
therapies has not been conducted to date.”** This systema-
tic literature review (SLR) was hence designed to analyze
the prevalence, clinical consequences, and reporting of
treatment-emergent hypophosphatemia within the clinical

literature investigating IVI therapies marketed in the US.

Methods

Literature Search Methodology

An SLR was conducted in PubMed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to identify publications
reporting on current US-marketed IVIs within adult IDA
patient populations of any etiology. English-language articles
published within 10 years of the search date (2/28/2019)
were included in the literature review. Search terms
(Appendix A) for IDA, as well as generic and trade names
of all US-marketed IVIs, were used to index all possible
literature for subsequent screening by reviewers. At the
time of the literature search, US-marketed IVIs included
LMW iron dextran (INFeD®, CosmoFer®™), ferric gluconate
(Ferrlecit™), ferric carboxymaltose (Injectafer®, Ferinject®),
ferumoxytol (Feraheme™), and iron sucrose (Venofer™).

Study Selection

Two reviewers independently screened all studies identi-
fied in the initial literature search based on previously
established inclusion and exclusion criteria. Studies were
included if they represented original research, investigated
US-marketed IVI therapies, and reported serum phosphate
levels (even if not classified as hypophosphatemia expli-
citly) and/or hypophosphatemia rates (including literature
citing 0.0% rates, if reported). If studies met these
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requirements, they were included, regardless of the fre-
quency with which phosphate levels were collected.
Studies that did not report either of these endpoints were
excluded. Studies were also excluded if they met any of
the following criteria: (a) duplicates, letters, commen-
taries, or reviews; (b) investigated non-US marketed VI
therapies exclusively; (c) focused on pediatric populations;
or (d) included only hemodialysis patients (excluded due
to these patients’ inability to excrete phosphate and poten-
tial confounding use of phosphate binders). Study sub-
groups or treatment arms that fulfilled the screening
criteria were included even if other treatment arms or
subgroups within that same study did not. For example,
studies reporting separately on patients with non-dialysis
and dialysis-dependent chronic kidney disease (CKD)
were broken out to only include the non-dialysis depen-
dent CKD (NDD-CKD) patient arm of the study.

Publications meeting all screening criteria were strati-
fied by level of evidence (Figure 1). Level I evidence
included randomized controlled trials (RCTs), Level II
evidence included observational, retrospective, or post hoc
studies, and Level III evidence included case reports.

Data Extraction

Two reviewers independently screened and extracted data
from each publication that met the inclusion criteria. Data
included study sample demographics, methodology (includ-
ing dosing schedule, serum phosphate measurement, and
follow-up protocol), as well as reported rates and clinical
consequences of hypophosphatemia. Relevant reporting
specifications, including definition of hypophosphatemia
(when indicated) and serum phosphate reference ranges
used were collected. We relied solely upon the publications
cited in our analysis; we did not contact the authors or
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Figure | PRISMA flow diagram detailing SLR record screening for hypophosphatemia in adult IDA patients receiving US-marketed IVI therapies.
Abbreviations: SLR, systematic literature review; IDA, iron deficiency anemia; US, United States; IVI, intravenous iron.
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journals to seek unpublished information. Rates of hypo-
phosphatemia were recorded using definitions of hypopho-
sphatemia presented within the individual study. All data
analysis was performed using Microsoft Excel. This review
was not considered appropriate for a meta-analysis due to
the heterogeneity of patient populations, IVI dosing regi-
mens, phosphate measurement methodologies, and incon-
sistent definitions of hypophosphatemia reported across
studies.

Results

The PubMed literature search yielded 511 unique publica-
tions. Additional searches in PubMed and bibliographies
of review articles yielded 6 case reports which were added
to our literature pool. After removing duplicates and mis-
indexed publications, 515 records remained for screening.
Abstract screening removed 358 records. Two independent
reviewers screened 157 full-text publications, excluding
117 additional records. Reasons for exclusion included
sole evaluation of IVI therapies marketed outside of the
US exclusively, lack of reporting of hypophosphatemia or
serum phosphate levels as an endpoint, and focus on
pediatric, non-hemodialysis or non-IDA patient popula-
tions (Appendix B presents a complete summary of the
excluded publications). A total of 40 records across the 3
final
A PRISMA-compliant summary of the literature search

evidence levels met the inclusion criteria.

and screening process is included in Figure 1.

Definitions and Reporting of
Hypophosphatemia

Within the literature reviewed, 13 of the 19 Level I and 4 of
the 10 Level II studies did not report a definition of
hypophosphatemia.®**=* Methodologies for serum phos-
phate measurement and clinical definition of hypophospha-
temia varied within and across Level I and Level II studies.
Of the 19 Level I studies, 15 did not explicitly report the
methodology or timing of serum phosphate measurement.
Three of the 10 Level II studies simply used any serum
phosphate measurement pre- and post-administration.'”-3¢-
Serum phosphate measurement in RCTs likely occurred
during hematological evaluations; however, only 5 studies
explicitly reported serum phosphate measurement.?®>%3%-4!
In 2 studies, only laboratory abnormalities deemed “clini-
cally significant” were recorded by study investigators.>>>°
One such study by Breymann et al (2017) reported phos-

phate levels below 0.6 mmol/L (2 mg/dL)—the Common

Terminology Criteria for Adverse Events (CTCAE) thresh-
old for “severe” hypophosphatemia—at week 3 in 11
women (10 from the FCM arm and 1 from the comparator
oral ferrous sulphate arm).>' However, this study did not
consider these depressed phosphate levels to be clinically
relevant as phosphate levels in patients recovered by the end
of the study. More importantly, this study did not record this
finding as a hypophosphatemic treatment-emergent adverse
event. In contrast, Prats et al (2013) classified NDD-CKD
patients enrolled in their study as either hypophosphatemic
or non-hypophosphatemic if phosphate levels decreased or
remained unchanged or even increased compared to base-
line levels at week 3 post-treatment.*? In others, the timing
of hematological evaluation was not explicitly reported by
investigators.”°

Standard guidelines advocated by the CTCAE desig-
nate hypophosphatemia as Grade 1 (mild) (SLLN-2.5 mg/
dl; <LLN-0.8 mmol/l), Grade 2 (moderate) (<2.5-2.0 mg/
dl; <0.8-0.6 mmol/l), Grade 3 (severe) (<2.0-1.0 mg/dl;
<0.6-0.3 mmol/l), Grade 4 (Life-threatening conse-
quences; urgent intervention indicated) (<1.0 mg/dl; <0.3
mmol/l) and Grade 5 (Death).*> One RCT adopted the
CTCAE “moderate” hypophosphatemia definition.>® Five
RCTs wused the CTCAE definition for
hypophosphatemia.'®***'** An additional study defined

“severe”

hypophosphatemia simply as any decrease in serum
phosphate.*?

Level | Evidence

Literature screening identified 19 RCTs reporting on
serum phosphate or hypophosphatemia,”'6-23-34.39-41.44.45
Key characteristics of the identified studies are presented
in Table 1. Of the 19 studies, 18 evaluated ferric carbox-
ymaltose (FCM), 5 evaluated iron sucrose, and 1 each
evaluated LMW iron dextran and ferumoxytol, respec-
tively. Fourteen studies had sample sizes greater than 100

patientsp,16,23-27,30—34,41,44,45

Study patient populations
spanned a variety of IDA etiologies and study timelines
ranged in duration from 2 to 52 weeks. In most studies,
FCM was administered as 1 or 2 doses of 750 mg or
1000 mg; ferumoxytol was dosed in 2 doses of 510 mg
each; iron sucrose was dosed in multiple doses of 200 mg,
and iron dextran was dosed via the Ganzoni formula:
weight in kg X (15-current hemoglobin g/dL) x 2.4 +
500 = total iron requirement in mg.

Rates of treatment-emergent hypophosphatemia varied
significantly across RCTs (Figure 2). Hypophosphatemia
rates ranged from 0.0% to 92.1% for FCM, 0.0% to 40.0%
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Figure 2 Hypophosphatemia rate (%) reported per RCT.

Notes: Reported hypophosphatemia rates are given as noted in Table |. Corresponding sample size of study treatment arm is shown below each study title. *Breymann

et al®'

report 0% hypophosphatemia treatment-emergent adverse events in patients; however, this study reports serum phosphate levels below the threshold of CTCAE

grade 3 hypophosphatemia in 8.1% of patients. Macdougall et al** report no “clinically significant hypophosphatemia”; however this study reports phosphate decrease in
supplemental figures but without detailed information on number or % of patients falling below CTCAE threshold.
Abbreviations: RCT, randomized controlled trial; IV, intravenous iron; FCM, ferric carboxymaltose; LMW, low-molecular-weight.

for iron sucrose, 0.4% for ferumoxytol, and 0.0% for
LMW iron dextran. All studies either described hypopho-
sphatemia as “asymptomatic” or did not report on other
symptoms caused by hypophosphatemia.

Across all studies reviewed, the highest hypophospha-
temia rates were observed in patients with IDA due to
abnormal uterine bleeding (AUB). Five studies of FCM
within AUB patients reported hypophosphatemia ranging
from 0.6% to 68.9% and a single study of iron sucrose
with IDA secondary to AUB reported a rate of
40.0%.'%*72%3240 The lowest rates of hypophosphatemia
were observed in IDA  (range
0.0-6.0%).2 728!

Reported mean cumulative IVI dosing (MCID) ranged
from 750 mg to 2.685 g across RCTs. Two studies did not

explicitly report MCID, giving only ranges.>"**> Out of 19

pregnancy-related

RCTs, 18 reported MCID below 1.75 g. Studies with
hypophosphatemia rates greater than 10.0% reported
MCID between 910 mg and 1.568 g. Cumulative dosing
across studies appeared largely determined by FDA-
approved labeling. Studies did not report a clear relation-
ship between cumulative IVI dose and treatment-emergent
hypophosphatemia. Figure 3 plots hypophosphatemia rates
against MCID by IVI treatment within each RCT study.

Level Il Evidence

Ten observational, retrospective, or post hoc studies were
identified as a supplemental data source to RCT articles
(Figure 4).'73338:424649 A[] ten studies investigated FCM;
two also reported on iron sucrose treatment arms.'’®
Level II studies reported hypophosphatemia rates ranging

0.0-82.0% with FCM and 0.0-22.0% with iron sucrose.
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Many Level II studies lacked detailed summary statistics
for the analyzed sample, including 4 of ten that did not
explicitly report dosing of administered IVIs.'365%47
Seven of ten observational studies described hypophospha-
temia as “asymptomatic” or “transient” due to spontaneous
resolution after intervention cessation and no need for
further interventions.*> %47 A retrospective review of
patient medical records by Hardy et al (2015) reported that
some FCM-treated patients experienced persistent fatigue
despite anemia correction as a clinical consequence of
hypophosphatemia.'” Two other studies proposed further
investigation of potential clinical consequences of hypo-
phosphatemia such as bone disease development, osteo-
malacia and other long-term outcomes associated with

repeat [VI treatments. **#¢

Level Il Evidence
Eleven case reports evaluating treatment-emergent hypopho-

sphatemia after IVI administration in patients receiving FCM
were identified as Level III evidence (Appendix B).!8:49-58
Five cases reported treatment-emergent hypophosphatemia

with severe muscle weakness and fatigue.’%>>>**"-*® Four

18,53,55,56

The
described asymptomatic

reported hypophosphatemic osteomalacia.
remaining two case reports
hypophosphatemia.‘“’”5 !

Severe weakness and fatigue were reported in 5 patients
who received two doses of 500 mg FCM separated by
a l-week interval *°%*37% IDA etiology varied among
these cases: 2 patients presented with AUB,***’ 1 each
with IDA secondary to IBD*® and renal transplant,>* and 1
with severe iron deficiency without anemia.>* Patients
reported either no improvement of fatigue or complained
about worsening weakness after treatment with FCM. In
addition to generalized weakness, headache and respiratory
distress were also reported in 1 patient each.’”->®

Hypophosphatemic osteomalacia was detailed in 4
cases of patients receiving repeated FCM doses of either
750 or 1000 mg.'®>3>3° The duration of patients’
repeated FCM therapy regimen ranged from 8 months to
15 years. All patients had experienced severe bone pain
and recurrent fractures that persisted for months to years.

Clinical sequelae due to IVI-induced hypophosphatemia
were eventually reversed in all but 1 case.>® In patients with
severe weakness and fatigue, symptoms resolved on
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normalization of serum phosphate (range 2 weeks to 2
months). In patients with hypophosphatemic osteomalacia,
full resolution of osteomalacia took 5 to 12 months. In 1 case,
hypophosphatemic osteomalacia resolved, but severe bone
deformities were reported, which were considered likely to
be permanent.”> A search conducted in August 2019 identi-
fied 5 additional articles published since the inception of this
manuscript, but these were not included in the detailed ana-
lysis due to publication after the original search was
performed.

Discussion

Phosphate plays an essential role in the management of
metabolism, enzymatic function, bone mineralization, and
cellular structure.”® Depression of phosphate homeostasis
may therefore lead to serious short- and long-term clinical
consequences including fatigue, osteomalacia, rhabdomyo-
lysis, and even death depending on its severity and duration.
Although the precise mechanism by which IVIs may cause
hypophosphatemia remains incompletely understood, recent
literature suggests that certain parenteral iron preparations

may increase the urinary fractional excretion of phosphate
via modulation of the intracellular metabolism of fibroblast
growth factor 23 (FGF23).**°*6! Despite the suggestion of
older studies that hypophosphatemia may be due simply to
higher intracellular phosphate uptake coincident with
increased erythropoiesis, recent studies have demonstrated
no significant correlation between erythropoiesis (as mea-
sured by increase in Hgb) or total iron dose and rates of
hypophosphatemia.'®°

Although hypophosphatemia has been recognized as
a potential adverse event associated with IVIs, only
a small proportion of studies indexed in this literature
review reported hypophosphatemia rates or changes in
serum phosphate levels. Out of 62 US-based or global
RCTs investigating US-marketed IVIs for IDA treatment
included in this study, only 19 presented data on rates of
treatment-emergent hypophosphatemia or serum phosphate
changes. When reported, rates of treatment-emergent hypo-
phosphatemia within the literature varied extensively across
RCTs, observational, retrospective, and post hoc studies.
Differences in study designs and data analysis may account
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for this inconsistency. Within the literature reviewed, our
analysis found (1) inconsistent inclusion of serum phos-
phate and hypophosphatemia as end-points of interest in
studies of IVIs within IDA, (2) a lack of a standard
approach and timeline for measurement of phosphate levels,
and (3) significant variability in the reporting, definitions
and follow-up of any hypophosphatemia observed. These
findings indicate that there is a clear need for additional
rigorous and standardized research into hypophosphatemia
as a clinical consequence of IVI administration.

Furthermore, the majority of studies reviewed did not
explicitly report serum phosphate measurement methodol-
ogy or definitions of hypophosphatemia used for analysis.
Although serum phosphate may have been analyzed along-
side other hematological parameters recorded within stu-
dies, only a minority of publications actively described
phosphate measurement when reporting study methodolo-
gies. Importantly, timepoints of serum phosphate measure-
ment were not explicitly reported in most Level I and II
studies. Within the Level II cohort in particular, timepoints
of serum phosphate measurement were neither reported nor
consistent among patients, even within the same study. The
reported rates of hypophosphatemia may therefore vary
significantly as a result of the timing of post-treatment
measurement of serum phosphate levels in these studies.

In addition to inconsistent serum phosphate measurement
methodologies, reported definitions of hypophosphatemia
were either absent or highly variable across studies. Within
the minority of studies that did report hypophosphatemia
definitions, serum phosphate reference ranges and other qua-
lifying criteria differed significantly. Although CTCAE
guidelines for the classification of hypophosphatemia exist,
only a few publications explicitly stated the use of this
reference range in designating hypophosphatemia within
study populations.*> Moreover, even if the CTCAE sug-
gested reference ranges were used, an investigator’s choice
of units may have contributed to variations in reported rates
of hypophosphatemia. CTCAE guidelines suggest the upper
limit of Grade 3 (“severe”) hypophosphatemia to be either
0.6 mmol/L or 2.0 mg/dL; however, these figures are not
precisely equal, with 0.6 mmol/L actually corresponding to
slightly less than 1.9 mg/dL (requiring a lower serum phos-
phate level to be considered hypophosphatemic compared to
2.0 mg/dL). Therefore, it is also plausible that the use of
differing reference ranges and classification criteria for hypo-
phosphatemia could have contributed to the inconsistent
reporting.

Our review also identified several studies in which
hypophosphatemia rates appeared to be reported inconsis-
tently across trial arms or appeared to diverge from reported
changes in serum phosphate. For example, Barish et al
(2012) only reported rates of hypophosphatemia in 1 study
arm (multi-dose patients) despite citing statistically signifi-
cant changes in phosphorus levels within all study
subgroups.** Seid et al (2017) reported a cumulative FCM
of 0.6%
a statistically significant transient phosphate decrease in
9.0% of all patients dosed with FCM versus 0.0% of
patients given standard medical care (no explicit definition

hypophosphatemia rate despite reporting

of hypophosphatemia was mentioned). A subgroup analysis
within this study additionally cited a transient decrease in
serum phosphorus in 21.3% of AUB and 0.7% of preg-
nancy-related IDA patients, respectively. Ikuta et al (2019)
reported hypophosphatemia in 18.5% of patients despite
acknowledging that 65.0% of subjects dosed with FCM
had serum phosphorus levels “below the lower limit of
normal” at week 1.*° Until definitions and consistent mea-
surement of hypophosphatemia as well as detailed reporting
of serum phosphate are systematically included in all trials
and clinical practice, it may continue to be difficult to fully
understand the severity and magnitude of treatment-
emergent hypophosphatemia.

The studies analyzed within this review may have
underestimated the occurrence of hypophosphatemia and
its hypothesized clinical consequences due to the short
duration of dosing regimens and follow-up evaluation
used within study protocols. Only 1 trial among the Level
I evidence cohort, FIND-CKD, reported data on hypopho-
sphatemia rates in patients dosed for over 12 weeks.”’
Consequently, the long-term effects of hypophosphatemia
or repeat IVI dosing may not have been taken into consid-
eration in most RCTs.

Although trials reporting hypophosphatemia noted the
condition to be “asymptomatic” or “transient” in patients, it
is important to note that certain symptoms of hypopho-
sphatemia—namely fatigue—may present identically to
those of IDA and thus may not have been recognized by
trial investigators as treatment-emergent adverse events. In
contrast to the “asymptomatic” hypophosphatemia reported
in trials, case reports demonstrate that IVI-induced hypo-
phosphatemia may be a serious clinical consideration.
Patient cases in the literature detail short-term consequences
of severe muscle weakness and fatigue and long-term con-
cerns of fractures and bone deformities due to hypopho-
sphatemic osteomalacia in patients undergoing repeat IVI
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dosing. Although hypophosphatemia was reversed in all
cases reviewed, patients were forced to discontinue IVI
therapy and required weeks or months-long courses of
phosphate and calcitriol supplementation. These patients
additionally needed to undergo long-term evaluation by
their care teams to prevent further complications.

Similarly, although hypophosphatemia was reported as
“transient” in many of the Level I and II studies, evidence of
adverse events secondary to chronic hypophosphatemia in
case reports of patients undergoing repeat dosing with FCM
indicates that there may be long-term health effects not
captured in current trial designs. For instance, studies have
indicated that nadir serum phosphate in patients given certain
IVIs may occur approximately 2 to 3 weeks after [VI admin-
istration; however, research has shown that a significant per-
centage of patients continue to manifest severe
hypophosphatemia at 5 weeks.®” In addition, although
serum phosphate typically recovered to baseline by the end
of the study period for many patients described within trials,
there may be many patients in the real-world setting who
regularly receive repeat dosing of I'VIs as often as once every
4 weeks. In these patients, as with those detailed in the case
reports, there may be a potential “stacking” effect of hypo-
phosphatemia—with patients unable to recover serum phos-
phate to baseline by the time of their next infusion. Although
these populations have not been systematically studied
within the literature, they may be at risk of chronic hypopho-
sphatemia and thus susceptible to the serious consequences
of persistently depressed serum phosphate levels such as
hypophosphatemic osteomalacia.

Findings of this literature review suggest that patients
with normal renal function and higher iron dose per kg are
at highest risk of developing hypophosphatemia.®®®* These
findings are supported by a post hoc analysis of the FIRM
trial population conducted by Wolf et al (2018) demonstrat-
ing an increased risk of hypophosphatemia in patients with-
out CKD.%* Another clinical risk factor for the development
of hypophosphatemia reported in the literature was the pre-
sence of IDA due to AUB; CKD and pregnancy-related IDA
appeared to be associated with lower risk.'®®* The AUB
population may be a particularly at-risk subgroup of patients
who could potentially benefit from frequent and timely eva-
luations for hypophosphatemia symptoms.

Lastly, among all IVI therapies investigated within this
review, FCM displayed the highest rates of hypophosphate-
mia. This finding did not appear to differ for any subgroup of
IDA patients examined. Recent head-to-head studies of treat-
ment-emergent hypophosphatemia in IDA patients have

indicated that of all risk factors for the development of
hypophosphatemia, the use of FCM as opposed to another
treatment was the most predictive.®® There did not appear to
be a class-wide correlation between hypophosphatemia and
iron dose administered with IVI therapies. Furthermore, the
efficacy observed in IVI patients did not appear to be corre-
lated with hypophosphatemia development.

Limitations

This SLR had several limitations owing to the inherent
nature of literature review methodology, restricted structure
of our search, and the heterogeneity of available data
sources. This study was focused on US-marketed IVIs and
thus products not marketed in the US at the time of the
literature review were excluded from our analysis. Since the
time of our literature search, iron isomaltoside has been
approved by the US Food and Drug Administration (as
ferric derisomaltose). A newly published article by Wolf
et al (2020) has reported rates of hypophosphatemia from 2
randomized controlled trials comparing iron isomaltoside
and ferric carboxymaltose (7.9-8.1% and 73.7-75.0%,
respectively).®® Patient populations’ IDA etiology and base-
line anemia status differed significantly across the included
studies and case reports. The observed variability in IVI
dosing regimens, timing of phosphate measurement, serum
phosphate reference ranges and definitions of hypophospha-
temia may additionally confound reported hypophosphate-
mia rates. This heterogeneity of available sources precluded
a robust quantitative and statistical analysis of hypopho-
sphatemia and its associated clinical sequelae. Findings of
this study should thus be interpreted with these caveats in
mind. Despite these limitations, this study’s findings suggest
that there may be value in additional scientific and real-
world studies on this topic, designed to control for under-
lying patient conditions and etiologies which consistently
define, measure and report hypophosphatemia rates.

Conclusion

In summary, our analysis suggests that there is a significant
need for further research to elucidate the mechanism of
IVI-induced hypophosphatemia as well as for more consis-
tent inclusion, measurement, and reporting of serum phos-
phate levels as an endpoint in clinical trials. Moving
forward, research and guidelines should aim to standardize
the definitions of hypophosphatemia and suggest specific
timing for serum phosphate measurement within clinical
trials as well as real-world studies. Current CTCAE guide-
lines for hypophosphatemia may be a good reference point
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for future studies. Given the potential clinical impact of
IVI-induced hypophosphatemia, particularly with repeated
dosing of certain I'VIs, further research, will also be needed
to assess the effect of various dosing regimens on long-term
serum phosphate levels.

Current studies may be significantly underestimating
rates of treatment-emergent hypophosphatemia due to
inconsistent and infrequent measurement of serum phos-
phate, inconsistent definitions of hypophosphatemia, and
similarity between the symptoms of hypophosphatemia
and anemia. Across all studies, the highest rates of hypo-
phosphatemia were seen with FCM. All case reports pro-
filed severe weakness and fatigue or hypophosphatemic
osteomalacia in FCM patients who developed treatment-
induced hypophosphatemia.

Hypophosphatemia may not only impact patients’ clin-
ical outcomes and quality of life in the short- and long term,
but may also create a burden on the healthcare system due to
the need for additional medications and close monitoring of
patients. Until the true prevalence and clinical impact of IVI—
induced hypophosphatemia is more fully characterized and
quantified within the literature, findings of this SLR suggest
that physicians and researchers actively consider the possi-
bility of hypophosphatemia in all patients receiving [VIs,
particularly in those receiving therapies such as FCM,
which has been associated with elevated rates of treatment-
emergent hypophosphatemia in various clinical studies.
Given that the symptoms of hypophosphatemia may appear
almost identical to those of IDA, healthcare professionals
should remain aware of the possibility of hypophosphatemia
in their IDA patients, and carefully and consistently monitor
pre- and post-treatment serum phosphate levels in all patients
receiving [VIs.

Of note, during the finalization of this manuscript, the
US FDA revised the prescribing information for Injectafer
(ferric carboxymaltose), adding a warning that severe
symptomatic episodes of hypophosphatemia requiring
clinical intervention have occurred following Injectafer
administrations and recommending serum phosphate mon-
itoring in patients at risk for hypophosphatemia who
require a repeat course of treatment. These labeling
changes highlight both the relevance of the conclusions
of this analysis and the need for heightened awareness of
this phenomenon.
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