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Abstract

Introduction and Objective Intravenous iron preparations rapidly correct iron deficiency anemia, with the notable drug class
effect of rare, yet potentially life-threatening, administration-related hypersensitivity or anaphylactic reactions. The objec-
tive of this comparative study was to assess adverse events associated with four intravenous iron preparations and estimated
medical costs, in the US Food and Drug Administration Adverse Event Reporting System (FAERS) database.

Methods Cases of hypersensitivity reactions and anaphylaxis/anaphylactic shock associated with iron dextran, iron sucrose,
ferumoxytol, and ferric carboxymaltose, spontaneously reported to FAERS (1 January, 2014 to 31 December, 2019), were
extracted. The reporting odds ratio lower bound 90% confidence interval (RORO0S5) > 1 and cases > 5 defined a likely signal
for a drug—adverse event association. Adverse event-associated medical costs were estimated using Agency for Healthcare
Research and Quality/Healthcare Cost and Utilization Project 2016 data.

Results For hypersensitivity reactions, ferumoxytol and iron dextran had the highest RORO0S values (5.00 and 4.35, respec-
tively) and greatest proportions of associated deaths (7.1% and 5.3%), followed by iron sucrose (RORO0S5 3.94, deaths 2.4%),
and ferric carboxymaltose (ROROS 3.03, deaths 0.2%). For anaphylaxis/anaphylactic shock, ROROS for cases/deaths were:
39.32/13.4%, ferumoxytol; 37.80/4.5%, iron dextran; 17.60/4.7%, iron sucrose; and 8.77/no deaths, ferric carboxymaltose.
Downstream medical costs per adverse event were highest with iron dextran (US$8615) and ferumoxytol (US$8164), fol-
lowed by iron sucrose (US$4212), and ferric carboxymaltose (US$1832).

Conclusions Reporting rates of hypersensitivity and anaphylaxis with intravenous iron preparations were highest with
ferumoxytol and lowest with ferric carboxymaltose in the US FAERS database. Adverse event-related medical costs were
highest for iron dextran and ferumoxytol, and lowest for ferric carboxymaltose.

1 Introduction

Iron deficiency is the most frequent cause of anemia, which
affects 32.9% of the global population [1], and of all nutri-
ent deficiencies, it is the only one that is also commonly
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detected in industrialized countries [2]. Both iron deficiency
and anemia have substantial socioeconomic consequences in
terms of reductions in school performance and work produc-
tivity [2]. There are numerous causes of iron deficiency ane-
mia [3], but usually the first step in managing iron deficiency
is to begin with oral iron supplementation [3—5] because an
improved diet alone may not address iron repletion needs
[5]. Intravenous (IV) iron preparations are reserved for the
treatment of patients who cannot tolerate oral iron, have not
responded well to oral iron, or for those patients who would
benefit from rapid restoration of iron stores [3-5].

The first IV iron preparation to be used was ferric hydrox-
ide, introduced in the early 1930s, but it was found to be
associated with serious toxic reactions related to the imme-
diate systemic release of iron [6]. Consequently, new iron
preparations were developed utilizing a carbohydrate shell
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Iron deficiency anemia can be rapidly corrected and
managed with intravenous iron products; however, rare
hypersensitivity or anaphylactic reactions associated
with their administration have occurred.

Reporting rates of hypersensitivity and anaphylactic
reactions with four intravenous iron preparations (iron
dextran, iron sucrose, ferumoxytol, and ferric car-
boxymaltose) were assessed based on the US Food and
Drug Administration Adverse Event Reporting System
database.

There were differential reporting rates of hypersensitivity
and anaphylactic reactions for intravenous iron products,
with ferric carboxymaltose exhibiting the lowest report-
ing rate and the lowest downstream medical costs per
adverse event.

enclosing an iron core, thereby preventing the immediate
release of iron and improving tolerability [6, 7]. The initial
iron saccharide preparations were replaced with high-molec-
ular-weight iron dextran preparations in the 1950s. These
latter preparations became the mainstay of IV iron therapy;
however, they were associated with rare but serious cases
of acute hypersensitivity reactions or anaphylaxis [8]. Since
the 1970s, a number of additional iron preparations have
become available to replace high-density molecular-weight
iron dextran: first low-molecular-weight iron dextran (US
approval April 1974), ferric gluconate (US approval Febru-
ary 1999), and iron sucrose (US approval June 2000), and
more recently ferumoxytol (US approval June 2009), ferric
carboxymaltose (US approval July 2013), and iron isomalto-
side (US approval January 2020) [6, 7].

All IV iron preparations share a common structure of an
Fe** hydroxide particle containing a polynuclear core sur-
rounded by a carbohydrate shell in a colloidal solution [7].
However, the chemistry of the carbohydrate moiety form-
ing the shell and the type and strength of the bonds with
the iron core vary, resulting in differences of iron stability
within the carbohydrate complex. The lower the stability of
the complexes, the faster the systemic release of ferric iron
and, in general, the greater the risk of infusion reactions,
including serious hypersensitivity and anaphylactoid reac-
tions. The three newest IV iron preparations (ferumoxytol,
iron isomaltoside, and ferric carboxymaltose) have more
stable carbohydrate shells than the earlier preparations [7].
It is important to determine whether this improved stability
has correspondingly reduced the risk of hypersensitivity and
anaphylactoid reactions. Although all IV iron preparations
are associated with the class risk of serious hypersensitivity
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reactions and anaphylaxis [4] and black-box warnings for
these events have been added to the prescribing information
for some IV iron preparations [9, 10], the risk is rare [7,
8]. Given the rarity of these serious reactions, randomized
controlled trial evidence and associated meta-analyses have
been unable to demonstrate meaningful differences between
IV iron preparations [11-13]. Large observational claims
database retrospective analyses have suggested these reac-
tions may be more frequent with iron dextran vs newer
preparations [4] and with ferumoxytol vs iron sucrose (see
Supplementary Table S5 in Wetmore et al. [14]), and phar-
macovigilance spontaneous reporting database analyses
have suggested higher reporting rates with iron dextran,
ferumoxytol, and iron isomaltoside than ferric gluconate or
ferric carboxymaltose [8, 15—-18]. However, methodologi-
cal concerns [19-23] and a paucity of longer term data on
newer IV iron preparations in many of these publications
limit the conclusions that can be reached. Thus, up-to-date
analyses are required to further explore signals for potential
IV iron—adverse event (AE) associations using established
methodologies for analysis of pharmacovigilance spontane-
ous reporting databases [24, 25].

Here, we analyzed real-world AEs associated with IV iron
products spontaneously reported to the US Food and Drug
Administration (FDA) Adverse Event Reporting System
(FAERS) database [26, 27] using established methodolo-
gies [28-31]. Estimated consequent medical costs associ-
ated with these AEs were calculated using 2016 Agency for
Healthcare Research and Quality (AHRQ)/Healthcare Cost
and Utilization Project (HCUP) data [32, 33]. For all analy-
ses, we evaluated I'V iron preparations currently approved in
the USA for the treatment of iron deficiency anemia, namely
iron dextran, iron sucrose, ferumoxytol, and ferric carboxy-
maltose. The approval date of iron isomaltoside in the USA
(January 2020) was too recent for this product to be mean-
ingfully included in the current analysis.

2 Methods
2.1 FAERS Analysis
2.1.1 Data Source, Extraction, and Processing

The FAERS is a nationally centralized and computerized
information database broadly used by the FDA and other
pharmacovigilance experts for post-marketing drug safety
surveillance. The FAERS data are made publicly available
as a quarterly download on the FDA’s website (FDA 2019)
[27], but to obtain accurate insight from the database, exten-
sive data cleansing and normalization was applied. Advera’s
Evidex® platform [28, 30], using RxFilter® data optimiza-
tion technology and based upon established algorithms [29],
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was utilized to create a clean, drug-mapped, de-duplicated
version of the FAERS data for analysis.

Post-marketing case reports of prespecified AEs associ-
ated with branded and generic formulations of four IV iron
products: iron dextran, iron sucrose, ferumoxytol, and fer-
ric carboxymaltose (a full list of included products is pro-
vided in Table S1 of the Electronic Supplementary Material
[ESM]) submitted to FAERS between 1 January, 2014 and
31 December, 2019 were extracted. The AEs of interest for
these analyses, defined according to the Medical Diction-
ary for Regulatory Activities (MedDRA®) version 22.0 pre-
ferred terms (PTs) [34] and Standardized Medical Queries
(SMQs) [35], were hypersensitivity reaction individual PTs
and the hypersensitivity SMQ and anaphylaxis/anaphylactic
shock individual PTs and the anaphylactic reaction SMQ.
For SMQ searches, “narrow” scope groupings of PT terms
were used. Data validation steps were run to verify that all
case reports had completed key identification fields, includ-
ing the patient identifier, case identifier (each patient could
have multiple AE case reports), drug sequence identifica-
tion, and MedDRA® AE terms [29]. Case reports containing
incorrectly completed or missing key identification fields
were discarded [29]. The proportion of reports with miss-
ing key identification fields was calculated to assess the fre-
quency of discarded reports. Among retained reports, the
proportion of missing data for the outcomes field (which
contains hospitalization and death information), and for age
and sex information, were also calculated. Drug mapping
steps were then undertaken before duplicate case reports
were removed [29].

Primary suspect cases were defined as case reports where
the reporter designated a particular drug as the most likely
cause of the given side effect; if the patient was taking other
drugs at the time of the AE, those drugs were listed as “con-
comitant” or “secondary” causes. Total suspect cases were
defined as all case reports where the specified drug was
mentioned in the case report, including: primary suspect,
secondary suspect, concomitant, interacting, or not specified
(the “suspect” field in FAERS was not filled in).

2.1.2 Data Analysis

Overall number of case reports and primary suspect case
counts associated with AEs of interest (hypersensitiv-
ity reactions and anaphylaxis/anaphylactic shock) and the
proportions of cases associated with hospitalization and/or
death related to these AEs were calculated, and dispropor-
tionality analyses were conducted for the US region. The
reporting odds ratio (ROR) [36] was used to identify the
strength of association between each iron preparation and
AE of interest and was chosen over the proportional report-
ing ratio because the latter measure produces biased esti-
mates of the rate or risk ratio whereas the ROR does not

[31]. The ROR is the pharmacovigilance equivalent of the
odds ratio and is defined here as the odds for the AE of inter-
est occurring among the group of case reports for patients
receiving the specific IV iron preparation under investigation
divided by the odds for the AE of interest occurring in the
comparison group of case reports for patients receiving any
other drug administered by any route, where the odds of the
event is the probability that the event will occur divided by
the probability that the event does not occur [37]. The limits
of the 90% CI of ROR were obtained via an approximation
of the normal distribution as described by Van Puijenbroek
et al. [38]. Based on the ROR distribution, the lower bound
(RORO5) of the CI was calculated, as it provided 95% cer-
tainty that the true mean of the population was at or above
the number reported. There is no universally accepted
benchmark regarding the numerical level/threshold at which
disproportionality analysis signal detection algorithms iden-
tify adverse drug reactions [39, 40], thus we defined values
of ROROS5 > 1 and cases > 5 as a signal of a likely drug—AE
association. Our main analysis used primary suspect case
counts, but we also performed a sensitivity analysis using
total suspect case counts. In addition, we performed further
analyses to support our primary analysis, notably stratified
analyses by age (< 65 vs > 65 years) and sex, and a cal-
culation of the masking ratio for the ROROS [41, 42]. A
disproportionate signal for a given drug—event pair can be
masked because of the presence of a disproportionate signal
for another drug with the same event of interest in the same
database [41]. According to Maignen et al., we calculated
the masking ratio for the ROR05 (MRCI) by dividing the
ROROS5 using the comparison group for the ROR without all
other IV iron preparations by the RORO05 calculated for the
main analysis (i.e., using the comparison group for the ROR
with all other IV iron preparations); an MRCI substantially
> 1 indicates masking [42].

3 Costs Analysis

The methods of Hoffman et al. [43] were used to estimate
direct downstream medical costs associated with hypersen-
sitivity reactions and anaphylaxis/anaphylactic shock, and
unfavorable patient outcomes for each IV iron preparation.
The AE and patient outcome data obtained from FAERS
case reports were mapped to AE-specific and associated
outcome costs based on the most recently available national
inpatient hospitalization and aggregate costs for specific
diagnoses and procedures obtained from AHRQ/HCUP
2016 data [32, 33]. The cost of hospital death was based on
the average cost of a hospital stay ending in death in 2007, as
reported in the analyses of Zhao and Encinosa [44]. No dis-
counting was performed and costs were not adjusted by year.
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Data from HCUP were coded to the International Clas-
sification of Diseases, Tenth Revision, Clinical Modification
(ICD-10-CM) using BioPortal [45], a repository of biomedi-
cal ontologies, and an ICD-10 mapping resource was used to
assign ICD-10-CM codes to MedDRA® PTs (Table S2 of the
ESM). Preferred Terms that could not be directly assigned
by the use of BioPortal were manually mapped using the
ICD-10-CM coding manual.

To determine medical cost estimates, the frequency of
AEs resulting in hospitalization or death were multiplied by
the average hospitalization costs and average cost of a hospi-
tal stay ending in death, respectively, for each iron prepara-
tion. All costs were inflation adjusted on a yearly basis using
the medical care services component of the consumer price
index (not seasonally adjusted) for each month of Decem-
ber obtained from the US Bureau of Labor Statistics [46].
These costs were aggregated to determine the total medical
costs for each drug. Average costs per AE were calculated by
dividing the total medical costs for each preparation by the
total number of AEs with available cost mapping reported
for each IV iron preparation. Average costs per patient
for each preparation were calculated by dividing the total
medical costs by the total number of patients receiving each
IV iron preparation (the total number was estimated from
IQVIA [Durham, NC, USA] IV Iron Landscape Claims Data
2019).

4 Results
4.1 AEs Reported for IV Iron Preparations

Of a total of 5,027,033 FAERS case reports during the
period of study (1 January, 2014 to 31 December, 2019), 95
had missing MedDRA® AE terms, meaning that our primary
suspect and total suspect case count analysis had a coverage
of 99.998% of case reports for the overall ROR0S estimates.
However, missing data were present to a much greater extent
for the outcome field in FAERS (57.2%), meaning that per-
centages and ROROS values for hospitalization and death
were based upon a 42.8% coverage. For our stratified analy-
ses, age was not specified in 47.2% of cases and sex was not
specified in 11.1% of cases.

Primary suspect case counts and disproportionality asso-
ciated with each reported AE of interest are summarized in
Table 1 and Fig. 1. Each of the four iron preparations had
an ROROS for overall SMQ hypersensitivity reactions that
was considered a signal of a likely drug—AE association.
The ROROS5 was highest for ferumoxytol, followed by iron
dextran, iron sucrose, and ferric carboxymaltose (Table 1;
Fig. 1). For primary suspect cases resulting in death asso-
ciated with SMQ hypersensitivity reactions, ferumoxytol
and iron sucrose had 14 and 5 deaths, respectively, and
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had ROROS5 values (18.53 and 3.77, respectively) that were
considered signals for a likely drug—death association; fer-
ric carboxymaltose had only one reported death (Table 1;
Fig. 1). Although the RORO5 for death associated with SMQ
hypersensitivity reactions indicated a signal for iron dextran
(ROROS5 8.01), the absolute number of cases (n = 3) fell
below the signal detection threshold, likely owing to the low
number of overall reports with iron dextran during the time-
frame of the study. For primary suspect cases resulting in
hospitalization associated with SMQ hypersensitivity reac-
tions, ferric carboxymaltose had the lowest ROROS value
(RORO5 1.2 vs 5.98-9.81 for other IV iron preparations:
Table 1; Fig. 1).

All IV iron preparations had an ROROS for an overall
SMQ anaphylactic reaction that was considered a signal of
a likely drug—AE association. The RORO05 was highest for
ferumoxytol, followed by iron dextran, iron sucrose, and
ferric carboxymaltose (Table 1; Fig. 1). For primary sus-
pect cases resulting in death associated with an SMQ ana-
phylactic reaction, no deaths were reported with ferric car-
boxymaltose, whereas ferumoxytol had nine deaths and the
ROROS (41.88) represented a signal for a likely drug—death
association (Table 1; Fig. 1). Although ROROS values for
death associated with an SMQ anaphylactic reaction were
elevated for iron dextran (5.20) and iron sucrose (3.85), the
absolute number of cases (n = 1 and 2, respectively) fell
below the signal detection threshold. For primary suspect
cases resulting in hospitalization associated with an SMQ
anaphylactic reaction, ferric carboxymaltose had the lowest
ROROS5 value (RORO5 1.79 vs 17.21-42.47 for other IV iron
preparations: Table 1; Fig. 1).

Our sensitivity analysis using total suspect case counts
showed very similar ROROS5 patterns across the IV iron
preparations to those using only primary suspect case counts
(Table S3 of the ESM); and RORO05 values for the SMQ
anaphylactic reaction, and associated deaths and hospitali-
zations were lowest with ferric carboxymaltose. The strati-
fied analysis of primary suspect case counts by age showed
ROROS5 values (with at least five cases in each age group)
indicating a likely drug—AE association for an SMQ anaphy-
lactic reaction in both age groups, but RORO0S5 values were
higher among patients aged > 65 vs < 65 years across all
IV iron preparations; RORO0S5 values were lowest with ferric
carboxymaltose in both age groups (Table S4 of the ESM).
ROROS values for hospitalization due to SMQ hypersensi-
tivity were higher among patients aged > 65 vs < 65 years
for iron dextran, iron sucrose, and ferumoxytol, and RORO0S5
values for hospitalization due to an SMQ anaphylactic reac-
tion were higher among patients aged > 65 vs < 65 years
for iron sucrose and ferumoxytol. The stratified analysis of
primary suspect case counts by sex showed that RORO5 val-
ues (with at least five cases in both male and female patients)
for SMQ hypersensitivity or an SMQ anaphylactic reaction
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Hosp.,

Ferric carboxymaltose
Cases RORO5 Deaths,

Hosp.,

Cases RORO5 Deaths,

Ferumoxytol
Hosp.,

RORO5 Deaths,

Iron sucrose

Cases

Hosp.,

Cases RORO5 Deaths,

Iron dextran

Table 1 (continued)
AE

>
>
(="
=
»

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

0(0.0)

0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

4.69

1
1

0(0.0)
1(100.0) 1(100.0) O

0(0.0)

0(0.0)
0(0.0)

0
0

1

1(100.0) 0O

0(0.0)
0(0.0)
0(0.0)

0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

0
0

1

0 (0.0)
0 (0.0)
0 (0.0)
1(100.0) 1

0(0.0)
0(0.0)
0(0.0)

12.07

Scrotal edema

1 (100.0)
0(0.0)
0(0.0)
0(0.0)

1.16

1

Serum sickness

Shock

0.82

0.64
0.

0
8
8
1
0
0

1

0(0.0)

0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

62

1 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

2.73
1.18
0.81

Stevens—Johnson syndrome

0.81
1.82
2.89

1 (25.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1(7.7)

0.97

4
0
0
0
0
0

0(0.0)
0 (0.0
0 (0.0
0(0.0)
0(0.0)
0(0.0)
5(8.6)

0.76
3.64

4
7
0

1 (50.0)
1(100.0) 1(100.0) 0O

0(0.0)
0(0.0)

Swelling face

2 (25.0)
0 (0.0)
0 (0.0)
0 (0.0)

Swollen tongue

6.7

Tongue edema

Toxic epidermal necrolysis

9.14

1

0

0 (0.0
0 (0.0

0(0.0)
0(0.0)
0(0.0)

Type I hypersensitivity

1 (100.0)
42.8)

2.29
9.47

Type IV hypersensitivity reaction 0

143

1.79

13

8.35

58

2 (20.0)

4.51

10

Urticaria

AEs adverse events, Hosp. hospitalization, ROR05 reporting odds ratio lower bound, SMQ Standardized Medical Query

2All individual Preferred Terms listed fell within the hypersensitivity narrow SMQ; Preferred Terms falling within the anaphylactic reaction narrow SMQ were anaphylactic reaction, anaphylac-

tic shock, anaphylactoid reaction, circulatory collapse, shock, and Type I hypersensitivity

Bold values show cases > 5 and ROR05 > 1

, which was considered as a signal of a likely drug—AE association

were similarly elevated between male and female patients
within each IV iron preparation, but were lowest with ferric
carboxymaltose in both male and female patients (Table S4
of the ESM). ROROS values for hospitalization due to SMQ
hypersensitivity or an SMQ anaphylactic reaction were
higher among male vs female patients for iron sucrose and
ferumoxytol. There were too few deaths in each subgroup
to make any meaningful comparison between ROROS val-
ues for deaths by age group or sex. We did not identify any
evidence of masking: all MRCI values were close to unity
(Table S5 of the ESM).

5 Medical Costs Associated with Managing
AEs of IV Iron Preparations

A breakdown of costs for each iron preparation is summa-
rized in Table 2 (a breakdown of costs applied to each AE
is summarized in Table S6 of the ESM) and total medi-
cal cost estimates associated with AEs of iron preparations
are summarized in Table 3. For the time period examined,
ferumoxytol had the highest total downstream medical costs
associated with anaphylaxis and manifestations of hypersen-
sitivity reactions (US$1,240,963), followed by iron sucrose
(US$724,544), ferric carboxymaltose (US$650,431), and
iron dextran (US$422,137).

When expressed as average costs for each iron prepara-
tion per AE, which accounts for differing reporting rates
among the preparations, the highest medical costs per AE
(all hypersensitivity reactions) occurred with iron dextran
(US$8615) and ferumoxytol (US$8164), followed by iron
sucrose (US$4212) and ferric carboxymaltose (US$1832).
Medical cost estimates associated with anaphylaxis were
higher than those associated with hypersensitivity reac-
tions without anaphylaxis (Table 3), with the highest medi-
cal costs per anaphylaxis AE occurring with ferumoxytol
(US$9896).

When expressed as average costs for each iron preparation
per the estimated total number of patients treated with these
preparations, ferumoxytol had the highest average costs (all
hypersensitivity reactions) per treated patient (US$1.24),
followed by iron dextran (US$0.61), ferric carboxymaltose
(US$0.55), and iron sucrose (US$0.17). The same pattern
was evident for average costs per treated patient for hyper-
sensitivity reactions without anaphylaxis and for anaphylaxis
(Table 3).

6 Discussion
The major finding from this FAERS database study is that

there are differential reporting rates of hypersensitivity and
anaphylactic reactions for the four studied IV iron products;
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SMQ Adverse Events Cases (% Overall) RORO05 RORO05 — ROR - ROR95
Hypersensitivity Reactions
Iron dextran
Overall 57 4.35 -
Death 3(5.3) 8.01 —_——
Hospitalization 19 (33.3) 9.81 L |
Iron sucrose
Overall 212 3.94 |
Death 5(2.4) 3.77 ——
Hospitalization 46 (21.7) 5.98 2 2
Ferumoxytol
Overall 196 5.00 [ _|
Death 14 (7.1) 18.53 —Q—i
Hospitalization 50 (25.5) 8.64 L
Ferric carboxymaltose
Overall 401 3.03 o
Death 1(0.2) 0.13 @
Hospitalization 25 (6.2) 1.20 =@
Anaphylaxis/Anaphylactic Shock
Iron dextran
Overall 22 37.80 ==
Death 1(4.5) 5.20 @
Hospitalization 11 (50.0) 42.47 ——i
Iron sucrose
Overall 43 17.60 Q-
Death 2(4.7) 3.85 ——]
Hospitalization 18 (41.9) 17.21 =@l
Ferumoxytol
Overall 67 39.32 HH
Death 9 (13.4) 41.88 ——i
Hospitalization 26 (38.8) 34.80 o=
Ferric carboxymaltose
Overall 51 8.77 4
Death 0 NE
Hospitalization 6(11.8) 1.79 [——@——1
0.1 05 1 2 4 8 16 32 64 128

Fig. 1 Primary suspect case counts and disproportionality associated
with adverse events (AEs) of interest (Standardized Medical Query
[SMQ] terms) and death and hospitalizations associated with those
AEs reported in the USA from 1 January, 2014 to 31 December,
2019. Data shown are primary suspect case counts and dispropor-

reporting rates were highest for ferumoxytol and iron dex-
tran, intermediate for iron sucrose, and lowest for ferric car-
boxymaltose. This finding from the national US spontaneous
reporting system, FAERS, is consistent with prior real-world
studies, both using spontaneous reporting databases and
claims databases [4, 8, 15, 16]. In addition, our analysis
used the ROR, which is less likely to result in biased esti-
mates than other disproportionality measures [31], as well
as providing new cost estimates associated with these AEs.
This type of assessment differs from clinical trials, which

tionality (reporting odds ratio [ROR] with upper [ROR95] and lower
bounds [RORO05] of the 90% confidence interval) associated with AEs
of interest. Events with cases > 5 and RORO05 > 1 were considered as
a signal for a likely drug—AE association

are designed to increase the likelihood that drug efficacy
signals can be detected. Specifically, most inclusion and
exclusion criteria of clinical trials are designed to include a
relatively homogenous study population, that may comprise
individuals at lower risk of AEs. For example, a head-to-
head clinical trial whose primary endpoint was evaluation
of safety, and specifically hypersensitivity and anaphylactic
reactions, among patients treated with either ferumoxytol
or ferric carboxymaltose, excluded patients with a prior his-
tory of allergies to drugs that did not include those under
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investigation [12]. This, together with the small sample sizes
in most clinical trials, means that uncommon yet clinically
important AEs may not be detected before drug approval.
Therefore, careful post-approval monitoring is vital to the
ongoing safety evaluation of approved therapies. The FDA
professionals and pharmacovigilance experts routinely look
to the FAERS data for post-marketing drug safety surveil-
lance and as a guide to and signal generator of drug safety
issues [43].

Approved 1V iron preparations are an important com-
ponent of current therapeutic armamentariums [2], but are
known to be associated with rare and/or serious hypersen-
sitivity reactions and anaphylaxis [4, 5]. Using a dispropor-
tionality analysis of FAERS primary suspect cases, we found
that all IV iron preparations were associated with signals
for overall hypersensitivity and anaphylactic reactions, but
ROROS5 values were highest for ferumoxytol and iron dex-
tran followed by iron sucrose, with ferric carboxymaltose
having the lowest ROROS5 values. Signals for death associ-
ated with hypersensitivity and anaphylactic reactions were
present for ferumoxytol, whereas only one death associated
with a hypersensitivity reaction occurred with ferric car-
boxymaltose. Signals for hospitalization associated with
hypersensitivity and anaphylactic reactions were present
for ferumoxytol, iron dextran, and iron sucrose, with ferric
carboxymaltose having the lowest ROR0S5 value. Reporting
rates were also lowest with ferric carboxymaltose in vari-
ous supplementary analyses, including an analysis of total
suspect case counts and analyses of primary case counts
stratified by age group and sex. In addition, these lower
reporting rates with ferric carboxymaltose results could not
be explained by masking owing to the presence of other IV
iron preparations reporting similar AEs in the same data-
base; MRCI values were all very close to unity.

An alternative assessment of a drug’s potential safety risk
can be achieved by estimating the magnitude of downstream
direct medical costs based on AE and outcome costing data
using the methods of Hoffman et al. [43]. These methods
provide an accessible reference point regarding real-world
differences in post-marketing drug safety [43]. The results
obtained can be used to improve patient safety by identify-
ing therapies that cause an undue burden on patients and
healthcare providers. The current analyses showed that
over the time period examined, total downstream medical
costs associated with anaphylaxis and manifestations of
hypersensitivity reactions were highest with ferumoxytol
(US$1,240,963). Total costs were about 42—-66% lower with
the three other IV iron preparations. When average costs per
AE were considered, which accounts for differences in AE
reporting rates, iron dextran and ferumoxytol were associ-
ated with the highest costs per AE (US$8615 and US$8164,
respectively). When average costs per treated patient associ-
ated with these AEs were considered, ferumoxytol again had
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the highest cost, followed by iron dextran, ferric carboxy-
maltose, and iron sucrose. Thus, using the system of Hoff-
man et al. [43], results suggest that ferumoxytol is associated
with the greatest burden of anaphylaxis and manifestations
of hypersensitivity reactions, and that ferric carboxymaltose
and iron sucrose are associated with the lowest burden of
these events. The low burden of events with ferric carboxy-
maltose is not unexpected because this preparation is char-
acterized by a tight binding of elemental iron to the carbo-
hydrate polymer shell [7] and has the lowest labile-free iron
release of the IV iron preparations considered [47].

While real-world studies, both using spontaneous report-
ing databases and claims databases have shown results con-
sistent with our analysis [4, 8, 15, 16], other analyses have
not [11]. In a meta-analysis of randomized controlled trials
examining AEs across trials comparing ferumoxytol with
other pooled IV iron preparations (iron sucrose and ferric
carboxymaltose), oral iron, and placebo, an elevated rate
of hypersensitivity reactions and hypotension was noted
with ferumoxytol vs oral iron, but not vs the pooled IV iron
group. However, only three studies contributed to this lat-
ter comparison and all three studies specifically excluded
patients with a prior history of allergies to drugs that did
not include those under investigation [11]. In an earlier,
but much larger, meta-analysis of 103 clinical trials, infu-
sion reactions were increased with all IV iron preparations
examined (iron sucrose, ferric gluconate, and ferric carboxy-
maltose) compared with placebo, oral iron, or no iron, and
ferric carboxymaltose was associated with a reduced rate
of cardiovascular AEs and AEs leading to discontinuation
[13]. However, this analysis did not include ferumoxytol
and made no comparisons among the IV iron preparations
examined.

6.1 Limitations

A number of limitations of our analyses must be acknowl-
edged. These analyses used FAERS data that have well-
recognized limitations: the FDA does not require a causal
relationship for an event to be reported; the “primary sus-
pect” designation in FAERS is subjective; many AEs are not
reported to FAERS; and reporting rates to FAERS are likely
to be low in general, may not be similar across the included
drugs, and may vary as a function of drug approval dates.
Estimates of the impact of FAERS underreporting vary in
the literature, but one study found that roughly 20-33% of
the expected serious events were reported to FAERS for
selected biologics and narrow therapeutics index drugs
examined [48]. In addition, although reports lodged in
FAERS are evaluated by clinical reviewers to monitor the
safety of products after they are approved by the FDA, there
is no certainty that the reported event was caused by a named
product or that all AEs relating to a product are reported



115

Hypersensitivity-Related Adverse Events

Intravenous Iron

pazt
0$ 0$ 0$ 0$ 0 0% 0$ 0$ 0$ 0 0% 0$ 0$ 0$ 0 0$ 0$ 0$ 0% 0 -[eI1ouds ysey
snojewt
1€2$ 1€T$ 0% 0$ 4 0$ 0$ 0$ 0$ 0 0$ 0$ 0$ 0$ 0 YE€T'S$ 0$ €TSS 0% I -opkie ysey
909°€T$ 676'S$  LS9'LIS 0% €01 969°9$ 868% 6€8°C$ 0$ ST 8LE9SS 118 L96'7S$ 0$ 1 811$ 811$ 0$ 0% 4 ysey
wnsopou
0$ 0% 0% 0$ 0 0% 0$ 0$ 0$ 0 685°9$ 0$ 685°9$ 0$ I 0$ 0$ 0$ 0% 0 ewoylArg
sI1sAJo109u
rewrroprdo
0$ 0$ 0$ 0$ 0 0$ 0$ 0$ 0$ 0 0$ 0$ 0$ 0$ 0 958°19¢ 0$ 0$  958°19% 1 dxoL,
QWOIPUAS
uosuyof
0$ 0$ 0$ 0$ 0 0$ 0$ 0$ 0$ 0 LT9°6$ 0$ LT9°6$ 0$ I 906°'1€$ 0$ 0%  906°1¢$ I —SUdAS
uonoeax
pajerar
YPO'ETES  1LTISTS  vPT'8TS  8TS'EES Ov  8S9°TSS$  €IYITTS  SI9'T8I$  0€9'8YI$ TS 9€1T8TE  6E1°891$  L66EITS 0% ¥€  SIT'0ET$  08T'9¥$  TS8TS$  ¥8O°IES cl -uotsnjug
suonoear A1
-AnisuasradAH
0$ 0$ 0% 0$ 0 8TS'EES 0$ 0$ 8TSEES I (3248 £VECS 0$ 0$ I 0% 0$ 0% 0$ 0 }oys
uonoeal
proyef
LEIYTS LEIYTS 0$ 0$ S €€8 VIS €8IS 0$ 0$ € 1S6°¢TS 99y v1$ S8Y°6$ 0$ 14 0$ 0$ 0$ 0$ 0 -Aydeuy
Yooys
YECYTS rS6'v$S  08€°61$ 0$ € 0€€°8TS$ ¥95°6$ S9L8I$ 0$ ¥ L99°1P$ YLETTS  €6T°0TS$ 0% 9 S09°€r$ 069'7$  S16°8€$ 0$ ¢ onoekydeuy
uonoear
Shr'zeTs  SSI'V6I$  16T°8¢$ 0$ €V PET96SS  661°1918  €¥PI6I$  16S°EVTS 09  +¥9TYLTS 001°SL$  YLI'9EI$  686T9$ 1€ TOEOvI$S  TOL'6FS  9S¥6SS  ¥80'IES L1 onoejkydeuy
Yooys
onoejAydeue
/sxejAydeuy
qv qVv v qav
jo Jo Jo [CISN jo
(SNSIA saseo (SUSIA sas8D (SMSIA sasBD H) dsoy S95BD
yd) ‘dsoy Jo yd) ‘dsoy Jo yg) ‘dsoy Jjo ‘yresp Jo
[0, ‘yIedp-uoN ‘dsoyq yeaq ‘ON [BIOL,  ‘YIBSP-UON ‘dso yeaq ‘ON 18101, ‘Yreap-uoN ‘dsoq preaq ‘ON e, -UON ‘dsoyq qreaq ‘ON
9S0)[eWAX0QIED OLLId] [01Ax0WnIa] 95010NS UOI] UeI)X9p UOI] qv

610C “19quId0a(] [¢ 01 $10T ‘Arenuef
[ woly yS( 93 ut pajiodar gy Yoea Jo sased Jo 1quInu pue (Swid} pardjaId o vHPSIA) 1SI9UL JO SHY 10§ UOII SNOUIABIIUL Y} PIJBIOOSSE SISO [BOIPAW WERINSUMOP JO UMOPYEald Z 3]qeL

A\ Adis



l.
boeta
um
H. Tr tal
to
of in
1ysis~ty e
ana sali esult
ivity Ca“,larr the
sitiv ted imi from ich
en ibu d si r hi
s ttr n ffe w he
ted aof"1 fou s sul ble, int
duc less andbase vaila re, ula-
con ard SIS, data iSa I'efolpop lth
we reg na‘y-ng ator The eral dw-ty
r7 S’ a 1 T . . : te 1
Weveeportt Casereportnume bias the O\;Oclationaling
Ho aSerspeC ous ly a ting on k as por tify ly
[26]. cte ysu tane ton cpor ationc s ‘Spquuan uently
e r n ha r ifi di q
sp.ao tto rmcl. bere on
su rim Sp . n. t info e lle_ n S
he p ver, itatlobjec or in he sp Whtatlonmore y ca ence
¢ oreol limbe U inat &t ate. limi ing s thediffer nta-
Mraf mdr“ im's I g’1 O.n
€ 1 no st hi cu ru a sp 0
en~se e he ¢ t oc ld tu S cti
“ & ay I(t:e Ofccli to tult tocomes are vs Zlnot a]c Thtll deteignal
@ mnse,fﬁc erEug 9'a Sly
601 vAdran4nf0rtc
3 . g 5 abs Xp'sd 00 d.c es 5, Slgd ua
2 g 2 tion erug laim teporte;ecl_ﬁ grat[24, 21 fOre use adeq fr?r(:
R P § he d res nt I" has Ortlnent sefu 1d b rge, ase o die
& A t Su xte 1t ep eV u ou la c stu
2 g8 ea te dW-lr e re sh lly the al
’Gg 2 o 5 mha te tlafth sa s.ea -n.n .
16 3 3 “ P = w cC ren 0 ase rce id ori1 atio aly
1 9 ] o E to nedeiffe ence atab Soufety_.als’ bserv iy anl for
o o g ha te T d ta a tr1 11 a
= 23 ” g g & 5 t dica occu ting er daiVeS lled ed 0s~ tiona sign res-
E = a8 S g in the epors oth arat ntro esign tion opor nate the p the
. o . ) a : .
E g ’ z 8 2 neous herea cOm.I;ed? ely doPul dispr oftlose of Wlthver’
3 g7 2 3 ] ne lLw n or omi ectiv ive p ofa. pfopeca1u drug owe sk-
& 3 7 E [25'dat10 rand r0Sp ntat tion a dis edbther 1]. Hf ma a-
2 < - Sl vali red, ge p rese.mita here ask ano e[4 ceo rep t
< g LI = owe 1ar.n rep al li w benifor bas idenc on p tha
s s s ) 2 Té, p ents’tedl ener Skin-gr’can iena datay evi v lljon 1S1 his-
R = = g eVducrgaal S ene.tl.a.
2 ~ g e.m te amath_ ta ic ng
é E .. § 2 2 COIIIAHOt?entlaleVentrgona the i ShO\:;/y Ofa] llnjgl med mak;ex
>s i 001noarnSd
gomg 2 2 g Spugopstnrnctl sen-
2 g . @ = = is i dlf.r re id fo € 15 ba a 0
£ 208 I b2 % is n lsp.te d 1 lg -ex tal e em
8 = 4 o & 9} S ive n 1 iona g. d e
2 Zs 28z £ o E gy fadofl RC slgn-tionad pre.ng dalt- Athls Yy ag
i s s 3 a ceo ent ofMthe ddl~ an orti ifficu ile esb dto
2 - g en ee\;ysis. n of An aphlcs rep S dld wh alys ende all
E g2 8 - 5 sam naly tio d. gra ou to an dan is t for
E 2 o € _ . a 1u.ne 0 efaC,‘e X s ion
- 22 s 2 g g our r di mi dem ntan g ERS atifi hyla ear izati
:’%A - - = g 0 exa on po din A Str. ap Sy itali iron
5%_9:: 2 = g ing; ns ion in s undi F ur an 6 p1 ith i d
S 27 2 3] o io tio di fo in d. o of < hos i e
gg = 2 &“ < g rat ma. lte COr{ ble 1te ] es VS r i S W S ag .
“ g 23 2 % infor.s llmt for Vallés 1im gl'at> 65tes fo Ctlontienttients
. - e 2 o, b vl ortin ed._g cic rea e pa ting
N 2 g o S & 2 to .ustmtion ati rep ts ag rtin ctic ong alej dica,1 nts
2 z - & 2 dj a rm at ien po yla am fem in tie t
: T " | = . omen e o e am one e ha
& o 2 S o in ic (S p an an. hlg le v ign ng_ g
< Er: 2 E % I'aph showmon'gons y or ere ma hat Sd amo anlnd SEX.
g - 3 5 2 gup ra atl,-vit 1w ng t e ¢ n ing
- : 0 e i 0 te Ir , M and n
3 a 5 <2 3 s % % gz highprepznsltoxytod arrt1 to no ()(;CutientlS age§y mlssses,
53 2 < A oboncfumannlsoﬁll cal-
g S5 z < g2 = s 1r yp fer rs rea alepfa~ed f 0
5| s = = ] 5] \Y h a ortar n a oL it 0 c
5 > &> Q 1 to nd € . p iatio m S m 1% Ire b-
g 2 = e a 5y. m cia fe ient li L. a su
- g 8 g s g = % dllllcroseS < 2 it IES: assomong patl(: werznd le datain a death
g Z s ) e E s VeS’A at0 se% m-ng ita-
[—m - g g 3 s S 65rthel g_s andvant naly 479 utco iss% nancllimltas
% ii.}/ = 2 2 % :0 1:Ievely druyear rele fied a in gh (0] as I;.lzatlothis ratet
3 g7 2 S £ ike 5 is ti exX ou W. 1 ing n
2% 23 22 = 3 lik 6 is i tra ds Ith ion ita hus, Ttn va
2 282 5 s - o - ed <a1yS se s ¢ an n, a mati hosp%);t repo rrele ber
2 - 2= 4 ag' an the ag ditlo- for for 2.8 ing the um of
s E 3 é = his er, on d.ln g 4 ss.'O W n e
8 2 = g t ev ion In a his (e n]y sse sis lo ram
) 2 ) - s g H()“I’.matlely_ RS. tports as Ohenanal);ie thetimef
- - ) . w isa
o = = < info t1v E fre (] W 1S lu e
= = S s : = in CFAO ag ed.th-C th
§ - N A g 'g resped in mber cover ledgth n sis in ring
3 gégg< 2 2 e 2 cte 1nu sis, know dea naly n du
5 o 2 s Y 3, le tia ly ac nd is a tra
moo 28 2% :9913 an nae ah1 ex
E| s 23 S gﬁmm st ra db ion t d
= & = =) =} u 1 t1 to iron
= 2 - g~ g in o hou liza -ﬁc.hlro
- - 2 = 8 = 1 ns ita eci it
E| 2 2 ‘fzg ™ 3 = tiohosp SsPrtSW
& 8 _ 22 Z b E ® for ation epo
23 g 2 5 < s imit all r
5557 s = s zgg llovef
O'U & o 0 L 8 of
z s 2 g - & é 3
& > =]
. =) SRS 2 = <
:l'-‘%- 2 % ” =] '% ‘g %% L::l <
= e , 4 % g 2
s o = = 3} 2 —
fa) g 5 2 2 Eﬁ =)
3 - 2% E E &
Z|E g
= &~
g
o
Q
(o]
) m
= <
(]
[

>
>
&



Intravenous Iron: Hypersensitivity-Related Adverse Events

17

Table 3 Aggregated medical costs associated with managing AEs of interest for intravenous iron preparations reported in the USA from 1 Janu-

ary 2014 to 31 December, 2019

Death costs Hospital costs Non-death, Total costs Total AEs Average costs/AE Total patients Average
hospital costs costs/
(ER visit) patient
Hypersensitivity
reactions: including
anaphylaxis/anaphy-
lactic shock
Iron dextran $155,929  $164,983 $101,225 $422,137 49 $8,615 695,827 $0.61
Iron sucrose $62,989 $372,437 $289.119 $724,544 172 $4,212 4,268,967 $0.17
Ferumoxytol $425,749  $403,298 $411,915 $1,240,963 152 $8,164 1,004,275 $1.24
Ferric carboxymalt-  $33,528 $126,562 $490,341 $650,431 355 $1,832 1,183,784 $0.55
ose
Hypersensitivity
reactions: excluding
anaphylaxis/anaphy-
lactic shock
Iron dextran $124,845 $66,612 $46,773 $238,230 27 $8,823 695,827 $0.34
Iron sucrose $0 $206,484 $172,835 $379,319 130 $2,918 4,268,967 $0.09
Ferumoxytol $148,630  $193,090 $226,319 $568,038 84 $6,762 1,004,275 $0.57
Ferric carboxymalt-  $33,528 $68,891 $266,596 $369,015 304 $1,214 1,183,784 $0.31
ose
Anaphylaxis/anaphy-
lactic shock
Iron dextran $31,084 $98,371 $54,453 $183,907 22 $8,359 695,827 $0.26
Iron sucrose $62,989 $165,952 $116,283 $345225 42 $8,220 4,268,967 $0.08
Ferumoxytol $277,120  $210,208 $185,597 $672,925 68 $9,896 1,004,275 $0.67
Ferric carboxymalt-  $0 $57,671 $223,745 $281,.416 51 $5,518 1,183,784 $0.24
ose

AE adverse event, ER emergency room

All monetary values are US$

All costs were inflation adjusted on a yearly basis using the medical care services component of the consumer price index (not seasonally

adjusted) for each month of December

the study. It is well known that reporting frequency varies
as a function of time since approval, which should be con-
sidered when assessing iron dextran results (see Fig. S1 of
the ESM). It is also possible that FDA boxed warnings con-
cerning some IV iron preparations may have led to increased
reporting.

Findings for the cost estimates may not be comprehensive
because they were obtained by mapping AHRQ HCUP cost
survey data to MedDRA® terms found in FAERS; not all
FAERS hypersensitivity MedDRA® terms had an associated
cost mapping available. Thus, potential variations between
the FAERS patient population and those used for HCUP sur-
veys could influence estimates. In addition, the most recent
available data from the AHRQ HCUP cost survey data were
from the year 2016 [32, 33], and for hospital stays resulting
in death, the year 2007 [44]. Because of the limited available
costing data, we operated on the assumption that the esti-
mated hospitalization costs for the given AE remained the
same year to year; however, we adjusted these calculations

for inflation on a yearly basis using the medical care services
component of the consumer price index available from the
US Bureau of Labor Statistics. We specifically analyzed
downstream medical costs only as we wished to focus on
costs attributable to AEs not confounded by the acquisition
costs of the various IV iron preparations. Finally, patients
reporting AEs for each IV iron preparation were not matched
on baseline characteristics, thus differences in prescribing
patterns could account for some differences in AEs (e.g., one
preparation might be used more frequently for patients with
comorbidities or severe iron deficiency anemia).

7 Conclusions

We found that although all the IV iron formulations we con-
sidered had signals for likely drug—AE associations based
on ROROS for hypersensitivity reactions and anaphylaxis,
signals were highest for ferumoxytol and iron dextran,
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intermediate for iron sucrose, and lowest for ferric carboxy-
maltose. When hospitalization and deaths associated with
anaphylaxis or hypersensitivity reactions were considered,
we found that the signal was highest for ferumoxytol and
iron dextran, intermediate for iron sucrose, and lowest for
ferric carboxymaltose. Downstream direct medical costs
based on these AEs supported these findings. Results of
this real-world analysis of FAERS data suggest that report-
ing rates of anaphylaxis and other hypersensitivity reactions
among patients requiring an IV iron preparation are lowest
with ferric carboxymaltose.
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