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ABSTRACT
Objectives: The benefits of intravenous (IV) iron greatly outweigh the risks, but IV iron formulations
carry a small risk of hypersensitivity reactions (HSRs). The objective was to use standardized Medical
Dictionary for Regulatory Activities queries (SMQs) to compare the safety of ferric derisomaltose/iron
isomaltoside 1000 (FDI), iron sucrose (IS), and ferric carboxymaltose (FCM) using prospective trial data.
Methods: Prospective trials reporting the incidence of SMQ-coded serious or severe HSRs were
identified in the literature. Four SMQs were used: narrow hypersensitivity terms (A), and broad terms
pertaining to potential respiratory HSRs (B), skin HSRs (C), and cardiovascular HSRs (D). Bayesian
inference, naïve pooling, and adjusted indirect approaches were employed to compare HSR incidence.
Results: Twenty one prospective trials including over 8,000 patients receiving FDI, FCM or IS were
retrieved. Odds ratios of any serious or severe HSR (all groups) with FDI relative to FCM were 0.41, 0.39,
and 0.45 according to the Bayesian, naïve and adjusted approaches, respectively.
Conclusions: The risk of serious or severe HSRs was lower with FDI relative to FCM and IS. Using data
from prospective trials including over 8,000 patients coded using a well-defined standard (SMQs)
enabled a robust comparison of HSR incidence between the iron formulations.
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1. Introduction

Iron deficiency is the top-ranking cause of anemia worldwide
and intravenous (IV) iron has been shown to be superior to oral
iron in achieving a sustained hematological response in
patients with iron deficiency anemia (IDA) of various etiologies,
including inflammatory bowel disease, chronic heart failure,
chronic kidney disease and hemodialysis, heavy uterine bleed-
ing, pregnancy, and when administered in the perioperative
period as a part of a patient blood management strategy [1–6].

Specific IV irons have historically been associated with
unacceptably high anaphylaxis and anaphylactic-type reac-
tions, but these concerns arose overwhelmingly from events
occurring in patients treated with old products which are no
longer available in Europe and the US [7–10]. Newer IV iron
formulations have since been made available including ferric
derisomaltose/iron isomaltoside 1000 (Monofer®;
Pharmacosmos A/S, Holbaek, Denmark; FDI) and ferric carbox-
ymaltose (Ferinject®/Injectafer®; Vifor France, Paris, France;
FCM). These newer iron formulations are colloidal, consisting
of iron (III) hydroxide complexed with different carbohydrates,
and can be administered rapidly in high doses, differentiating
them from other products such as iron sucrose and iron
gluconate. Ferumoxytol (Feraheme®; AMAG Pharmaceuticals
Inc., Waltham, MA, USA) was also approved by the US Food
and Drug Administration (FDA) in 2009, although it can only
be dosed up to 510 mg per infusion and does not have
marketing authorization in the European Union.

High-quality head-to-head data comparing these higher-
dose, rapid-infusion IV iron formulations are limited, with
only two randomized controlled trials (RCTs) published to-
date in general IDA populations [11,12]. Alternative methods
of comparison have therefore recently been employed to
establish the relative safety of the two formulations of high-
dose IV iron. For instance, recent studies have relied on spon-
taneous reporting of adverse reactions and market share data
in an attempt to compare hypersensitivity reaction (HSR) rates
as recorded in pharmacovigilance (PV) databases [13]. Such
studies are fundamentally flawed, with the underreporting
and differential reporting of spontaneous adverse reactions
resulting in scientifically invalid and potentially misleading
conclusions [14]. Furthermore, the use of discrete data sources
for the numerator and denominator in rate, risk, hazard, or
odds derivations violates the foundational principles of quan-
titative epidemiology to the extent that it is almost guaran-
teed to result in erroneous outcomes.

PV databases serve a useful purpose, particularly in provid-
ing a centralized data set for the identification of safety sig-
nals, but are not appropriate for the derivation of estimates of
the relative safety or efficacy of medical intervention; both fall
low down in the hierarchy of medical evidence [15,16]. One
key area of improvement in evaluating the safety of IV irons
would therefore be to obtain data from studies with fewer
intrinsic sources of bias. A second potential area of improve-
ment would be the manner in which HSRs are classified; to
that end, an analysis of IV iron hypersensitivity risk was
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published in 2016 based on standardized MedDRA queries
(SMQs), with the aim of standardizing hypersensitivity adverse
reaction reporting [17].

The aim of the present study was to use more robust and
less biased data sources and statistical techniques than pre-
vious PV- and market share-based analyses of HSR risk by
utilizing standardized (SMQ-based) definitions of HSRs as cap-
tured in prospective clinical trials conducted in patients with
IDA of multiple etiologies. The analysis focused specifically on
the incidence of serious or severe HSRs in patients with IDA
treated with FDI, FCM and IS.

2. Methods

2.1. Data collection

Published, prospective studies of FDI, FCM and IS were identi-
fied by targeted literature searches of PubMed and Google
Scholar, with a view to identifying all prospective studies
reporting serious or severe HSRs categorized by SMQs. Data
on ferumoxytol were not included on the grounds that it does
not have marketing authorization in the European Union, and
that the largest ferumoxytol registration trial (comparing fer-
umoxytol with FCM) reported moderate-to-severe HSRs rather
than serious or severe HSRs, the latter of which being the
exclusive focus of the present analysis [18]. The searches
were designed to capture both RCTs and prospective non-
comparative studies; the former to facilitate comparisons of
safety using the highest quality evidence available and the
latter, where insufficient RCT data were available, to increase
the size of the sample population for the purposes of naïve
comparison. These data were combined with the SMQ data
published by the Center for Drug Evaluation and Research
(CDER; a division of the US FDA), which included pooled
data from two RCTs of FCM versus IS that reported serious
or severe HSRs using SMQs [17,19].

In line with the US FDA CDER report and the 2016 Kalra and
Bhandari publication, HSR SMQs were used to classify serious
or severe hypersensitivity reactions into four categories cover-
ing: anaphylactic reactions (group A), respiratory reactions
potentially related to hypersensitivity (group B), skin reactions
potentially related to hypersensitivity (group C), and cardio-
vascular reactions potentially related to hypersensitivity
(group D) (Appendix Table 1) [17]. In addition to the individual
groups, combinations of groups B and C; B and D; B, C and D;
and A, B, C, and D were also analyzed throughout.

Given that reporting of HSRs using SMQs would only be
available in a subset of studies, a variety of statistical techni-
ques were planned to compare the rates across studies and
between products: a Bayesian inference of proportions using
an uninformative prior to capture uncertainty around the
pooled treatment effect, a naïve pooled analysis, and an indir-
ect treatment comparison (ITC) using the Bucher et al.
approach. The Bayesian inference of proportions analysis was
selected as the primary analysis based on the a priori under-
standing that HSR data categorized by SMQs would not be
widely available and that the use of uninformative priors
would factor a level of uncertainty into the analysis, informed

by the challenges encountered in previous studies attempting
to compare the safety of the IV iron formulations.

2.2. Bayesian analysis

Bayesian inference techniques were employed to conduct an
analysis of the naïvely pooled serious or severe HSR data from
each of the IV iron formulations in SMQ groups: A, B, C, D, B + C,
B + D, B + C + D, and A + B + C + D. To capture the uncertainty
around the relative safety of the IV iron formulations, flat,
uninformative priors were employed, specifically based on
beta distributions with shape and scale parameters set to 1.

The Bayesian analysis was then conducted using Just
Another Gibbs Sampler (JAGS) from R, using the RJAGS
package [20]. Gelman–Rubin statistics and Gelman plots
were employed to establish whether the chain had con-
verged [21]. The numbers of tuning and burn-in steps in
the reference case analysis were set to 500 and 1,000,
respectively, based on exploratory analyses showing stable
results with these iteration counts. Plots of the posterior
distributions were then generated, including a region of
practical equivalent (ROPE) covering an odds ratio of 1 ±
10%. Uncertainty around the mean odds ratio was summar-
ized using 95% highest posterior density intervals (HDI),
namely, the interval containing 95% of the posterior distri-
bution of odds ratios.

2.3. Frequentist naïve pooling

Serious or severe HSR data from all FDI studies were
pooled and compared with similarly pooled data from
the identified studies of FCM. Odds ratios were derived
directly from the pooled event counts and patient expo-
sure, while the significance of the results was estimated
using Fisher's exact tests, and confidence intervals around
the mean odds ratios were derived using the Clopper
Pearson methodology [22].

2.4. Random effects meta-analysis of ferric derisomaltose
versus iron sucrose and indirect treatment comparisonwith
ferric carboxymaltose

Serious or severe HSR data from RCTs of FDI versus IS were
pooled using a random effects meta-analysis for each SMQ
individually and for the aforementioned combinations of SMQ
groups. An ITC of FDI and FCM was then conducted using the
Bucher et al. methodology, relying on the random effects
meta-analysis to inform the comparison of FDI and IS, and
the naïve pooled odds ratios to inform the comparison of IS
and FCM.

3. Results

The literature searches identified a total of 21 prospective
studies of FDI, FCM, and IS for which SMQ-coded serious or
severe HSR data were available, with a total enrollment of
8,599. Of the 21 prospective studies, 19 published studies of
FDI for which HSR data categorized by SMQs were available
from the manufacturer and two published studies of FCM
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versus IS for which SMQ-categorized HSR data were avail-
able from a 2013 report from the US FDA CDER [11,12,23–
40]. The 19 studies of FDI (Table 1) had a total enrollment of
3,922 in the FDI arms, who experienced a total of 23 serious
or severe HSRs, corresponding to 0.59% or one event per
171 treatments. Of the 19 prospective studies of FDI identi-
fied, four were RCTs comparing FDI with IS [29,30,35,36],
and two were RCTs comparing FDI with FCM [11,12]. Three
of the included studies were extensions to other studies
identified in the review; in these instances, the HSR data
were obtained from the extension period only to avoid
double counting [24,31,33].

The only data source identified for which SMQ-coded HSR
data were available for FCM and IS was a 2013 report from the
US FDA CDER. The report included data that was pooled from
two studies: REPAIR-IDA, conducted in patients with chronic
renal failure, and VIT09031, a trial conducted in patients with
IDA associated with a broad range of etiologies [39,40]. Results
from both REPAIR-IDA and VIT09031 were reported in clinical-
trials.gov, including adverse events reported using Common
Terminology Criteria for Adverse Events (CTCAE) version 3.0
terminology, although the clinicaltrials.gov reporting was not
sufficiently comprehensive to unequivocally assign events to
each of the SMQ groups in either study. As such, the pooled
data from both studies as published in the CDER report were
utilized directly in the analyses. REPAIR-IDA and VIT09031
included a total of 1,775 patients treated with FCM, of whom
26 experienced at least one serious or severe HSR, correspond-
ing to 1.5% or one event per 68 patients treated. The REPAIR-
IDA and VIT09031 comparator arms included 1,503 patients
treated with IS, of whom 24 experienced at least one serious
or severe HSR, corresponding to 1.6% or one event per 63
patients treated.

The Bayesian inference approach of comparing HSR inci-
dence showed that the mean odds of experiencing any HSR in
SMQ groups A + B + C + D were 59% lower with FDI relative to
FCM (odds ratio 0.41; Figure 1A) and 49% lower with FDI
relative to IS (odds ratio 0.51; Figure 1B). In the comparison
of FDI and FCM, the 95% HDI spanned 0.21–0.64, and 0% of
the posterior distribution fell within the ROPE, illustrating that
the probability of ‘practical equivalence’ between FCM and FDI
was extremely low and therefore that the likelihood of FDI
being associated with lower risk of serious or severe HSRs than
FCM was extremely high. In analyses of the individual SMQ
groups, the group with the highest (i.e. least favorable to FDI)
mean odds ratio comparing FDI with FCM was group
B (Respiratory HSRs), in which the odds of an event were
45% lower with FDI than FCM, with 4% of the posterior
distribution falling within the ROPE. In SMQ group A, which
most closely matches the HSR definitions adopted by Ehlken
et al., the Bayesian inference approach reported a 52% reduc-
tion in the odds (i.e. an odds ratio of 0.48) of an event with FDI
versus FCM [13].

The naïve pooling approach, with the addition of odds
ratios derived directly from the event counts, binomial con-
fidence intervals derived using the Clopper Pearson methodol-
ogy, and p values derived using Fisher's exact test showed
that the odds of experiencing any HSR in SMQ groups A + B +
C + D with FDI were 61% lower than with FCM (odds ratio
0.39, 95% confidence interval 0.23–0.68, p = 0.001; Figure 2),
and 51% lower than with IS (odds ratio 0.49, 95% confidence
interval 0.29–0.84, p = 0.009; Figure 2).

The random effects meta-analysis of four RCTs of FDI versus
IS reported an odds ratio of 0.56 (95% confidence interval
0.23–1.37) across SMQ groups A + B + C + D (Table 2). The
ITC conducted by combining the results of the random effects

Table 1. Summary of studies of ferric derisomaltose included in the Bayesian inference and naïve pooled analyses.

Study Name Reference Study ID
Clinicaltrials.gov

ID
Patients assigned to

FDI Etiology of iron deficiency Treatments

PROCESS [23] BD-02 NCT01895231 41 Blood donation FDI vs placebo
PROTECT [24] CABG-01 NCT01563367 30 Elective or subacute CABG and/or valve replacement FDI vs placebo
PROTECT [24] CABG-

01B
NCT01563367 6 Elective or subacute CABG and/or valve replacement FDI vs placebo

Hildebrandt [25] CHF-01 NCT00537186 20 CHF FDI
PROFOUND [26] CIA-01 NCT01145638 229 Nonmyeloid malignancies and anemia receiving

chemotherapy
FDI vs oral iron
sulfate

Wikström et al. [27] CKD-01 NCT00536666 182 CKD FDI
PROGRESS [28] CKD-02 NCT01102413 228 NDD CKD FDI vs oral iron

sulfate
PROPOSE [29] CKD-03 NCT01222884 230 HD CKD FDI vs IS
FERWONNEPHRO [30] CKD-04 NCT02940860 1019 NDD CKD FDI vs IS
FERWONExt [31] EXT-01 NCT02962648 102 Completed either of the lead-in trials FDI
PROCEED [32] IBD-01 NCT01410435 223 IBD FDI vs oral iron

sulfate
PROCEED [33] IBD-01-

Ext
NCT01410435 39 IBD FDI

PROMISE [34] IBD-02 NCT01213680 21 IBD FDI
PROVIDE [35] IDA-01 NCT02130063 333 IDA of mixed etiologies FDI vs IS
FERWONIDA [36] IDA-03 NCT02940886 989 IDA of mixed etiologies FDI vs IS
PHOSPHARE [11] IDA-04 NCT03238911 63 IDA of mixed etiologies FDI vs FCM
PHOSPHARE [12] IDA-05 NCT03237065 62 IDA of mixed etiologies FDI vs FCM
PROACTIVE [37] PP-01 NCT01895218 98 Postpartum hemorrhage FDI vs standard care
PROACT [38] PP-02 NCT01895205 7 Postpartum hemorrhage FDI vs blood
Total 3,922

Abbreviations: CABG, coronary artery bypass graft; CHF, congestive heart failure; CKD, chronic kidney disease; FCM ferric carboxymaltose; FDI, ferric derisomaltose;
HD, hemodialysis; IBD inflammatory bowel disease; IDA, iron deficiency anemia; IS iron sucrose; NDD, non-dialysis dependent.
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meta-analysis of FDI versus IS with the pooled odds ratios
from the naïve comparison of FCM with IS yielded an overall
odds ratio of 0.45 (95% confidence interval: 0.16–1.25), corre-
sponding to a 55% reduction in the odds of any HSR in SMQ
groups A + B + C + D with FDI relative to FCM.

A comparison of the findings of the three different
approaches to comparing FDI with FCM, and FDI with IS
showed a high level of agreement, particularly for the com-
bined A + B + C + D SMQ group (Table 3 and Table 4). The two
approaches to comparing FCM with IS similarly showed a high

Figure 1. Posterior distributions from a Bayesian comparison of the odds of hypersensitivity reactions in SMQ groups A + B + C + D with A) ferric derisomaltose
versus ferric carboxymaltose, B) ferric derisomaltose versus iron sucrose, and C) ferric carboxymaltose versus iron sucrose.
Abbreviations: FCM, ferric carboxymaltose; FDI, ferric derisomaltose; HDI, highest posterior density interval; IS, iron sucrose; ROPE, region of practical equivalence.
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level of agreement for the combined A + B + C + D SMQ
group (Table 5).

4. Discussion

The primary analysis using a Bayesian inference of proportions
indicated that FDI would reduce the odds of experiencing
serious or severe HSRs in SMQ groups A + B + C + D by 59%
relative to FCM (mean odds ratio of 0.41), and by 49% relative
to IS (mean odds ratio of 0.51). The analysis represents the
most comprehensive effort to synthesize prospectively gath-
ered evidence on the incidence of serious or severe HSRs in
patients treated with modern IV iron formulations conducted
to-date, including studies that collectively enrolled over 8,000
patients.

In addition to the Bayesian analysis, the present study also
explored two frequentist statistical frameworks for the analysis:
a naïve pooling of event counts with each of the three iron
formulations, and an ITC. In the ITC, the comparison of FDI and
IS was informed by a random effects meta-analysis of four trials,
and the comparison of IS and FCM was informed by the same
naïve pooling of HSR event counts based on data from the US
FDA CDER report on FCM. Results from the three techniques
were closely aligned with the Bayesian, ITC, and naïve pooling

approaches yielding odds ratios of 0.41, 0.45 and 0.39, respec-
tively, in favor of FDI. The measures of uncertainty across the
three analysis techniques cannot be directly compared as they
span Bayesian and frequentist statistical frameworks, but their
implications for the purposes of driving clinical practice should
be considered. The Bayesian inference of proportions approach
showed that, based on 23 serious or severe HSR events occur-
ring across a total enrollment of 3,922, and 28 serious or severe
HSR events occurring in 1,892 patients treated with FCM, the
mean odds ratio for HSR was 0.41 with FDI relative to FCM, with
an HDI spanning from 0.20 to 0.64 and 0% of the posterior
distribution falling above 1, reflecting an infinitesimally small
probability that FCM would be associated with reduced odds of
serious or severe HSRs relative to FDI. The frequentist ITC, in
which the FDI versus IS comparison was driven by a random
effects meta-analysis and the FCM versus IS comparison was
driven by naïve pooling, yielded a similar mean estimated odds
ratio of 0.45, with 95% confidence intervals spanning 0.16–1.25,
which would not be considered statistically significant by
a conventional p < 0.05 interpretation.

A clear strength of the present study is that it represents
the largest collation of well-defined serious or severe HSR data
from prospective trials of IV irons conducted to-date.
Furthermore, there was a high level of agreement between

Figure 2. Naïve pooled analysis of the safety of ferric derisomaltose (FDI) versus ferric carboxymaltose (FCM), ferric derisomaltose versus iron sucrose (IS), and ferric
carboxymaltose versus iron sucrose with odds ratios and confidence intervals derived using the Clopper Pearson method, and p values derived using the Fishers
exact test.
Abbreviations: FCM, ferric carboxymaltose; FDI, ferric derisomaltose; IS, iron sucrose; MedDRA, Medical Dictionary for Regulatory Activities; OR, odds ratio.
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the results generated using the most rigorous methodological
approaches and those constrained by the lack of data avail-
ability which used less robust statistical techniques. For
instance, the random effects meta-analysis of FDI versus IS
based on four large-scale RCTs produced a mean pooled
odds ratio of 0.56 for all serious or severe HSRs in SMQ groups
A + B + C + D. The naïve pooled approach produced
a corresponding estimate of 0.49, which is very closely aligned
given the differences in data sources and the lack of random
effects weighting in the pooled approach.

Despite the high levels of agreement between the var-
ious techniques, the primary limitation of the analysis was
the loss of randomization arising from the naïve pooling of
the SMQ data reported in the CDER report. REPAIR-IDA and
VIT09031 were conducted in different trial populations and
the crude pooling of data from both trials in the CDER
report resulted in a loss of anchoring via a matched IS
population [39,40]. This randomization loss provided the
justification for capturing a high degree of uncertainty
around the pooled odds ratios by using uninformative
priors in a Bayesian framework in the primary analysis.
Comparing the Bayesian approaches with the frequentist
naïve pooling and ITC approaches showed that, especially
for the SMQ groups with low event counts (e.g. SMQ group
A), the contribution of the uninformative prior in the
Bayesian resulted in much more conservative estimates of
the mean odds ratios than the frequentist techniques.
Regardless of the agreement between different statistical
approaches, the issues around randomization loss should
not be overlooked when interpreting the findings of the
present analysis.

Two head-to-head studies of FDI and FCM have recently
completed, which included HSR incidence as a pre-defined sec-
ondary endpoint. Based ona pooled analysis of data from the two
head-to-head studies, serious or severe HSRs occurred in 0.8% in
the FDI group and 1.7% in the FCM group, corresponding to
a crude overall odds ratio of 0.47 [41]. As the only available head-
to-head data source comparing FDI with FCM, the agreement
between the odds ratio of 0.47 from the pooled analysis, and the
naïve pooled odds ratio in the present study of 0.45 is notable.

We acknowledge the challenges faced by previous inves-
tigators in attempting to establish the comparative safety of
the current IV iron formulations in the absence of RCT data
and further acknowledge the limitations of our own analysis
arising from the prior pooling of the two studies of FCM
and IS included in the CDER report. We would note, how-
ever, that we consider the objectives of the present analysis
to represent the most robust approach to analyzing the
comparative safety of IV iron formulations with regards to
serious or severe HSR risk; namely the use of data from RCTs
that use precise definitions of HSRs. The comparison
between FDI and IS in the random effects meta-analysis
managed to meet this high methodological standard
based on four large-scale RCTs, but the comparison with
FCM was confounded by the prior pooling of data from the
trials comparing FCM with IS. Given this pooling, the
Bayesian and naïve approaches to pooling were conducted
by applying a lower requirement for the standard of

Table 2. Results of random effects meta-analyses comparing ferric derisomal-
tose with iron sucrose for each of the standardized MedDRA query groups for
serious or severe hypersensitivity reactions.

SMQ Odds ratio 95% CI I2 Studies with events

A + B + C + D 0.56 0.23–1.37 0% 4
A 0.13 0.01–1.16 0% 2
B 1.05 0.24–4.61 0% 4
C 0.50 0.05–4.83 0% 2
D 0.47 0.10–2.27 0% 2
B + C 0.92 0.23–3.61 0% 4
B + C + D 0.73 0.26–2.02 0% 4
B + D 0.87 0.30–2.54 0% 4

Abbreviations: CI, confidence interval; SMQ, standardized Medical Dictionary
for Regulatory Activities query.

Table 3. Summary of results from the three approaches to analyzing serious or
severe hypersensitivity reaction data in ferric derisomaltose relative to ferric
carboxymaltose.

Bayesian Naïve pooling
Indirect treatment

comparison

SMQ group Mean OR 95% HDI OR 95% CI OR 95% CI

A + B + C + D 0.41 0.20–0.64 0.39 0.23–0.68 0.448 0.160–1.252
A 0.48 0.00–1.46 0.24 0.02–2.66 0.176 0.009–3.295
B 0.55 0.21–0.97 0.52 0.25–1.07 0.507 0.094–2.739
C 0.48 0.03–1.19 0.36 0.08–1.62 0.340 0.024–4.921
D 0.42 0.09–0.88 0.36 0.13–1.04 0.603 0.101–3.585
B + C 0.48 0.20–0.81 0.45 0.23–0.88 0.484 0.103–2.271
B + C + D 0.42 0.21–0.67 0.40 0.23–0.72 0.553 0.174–1.755
B + D 0.46 0.21–0.75 0.44 0.24–0.80 0.669 0.199–2.252

Abbreviations: CI, confidence interval; HDI, highest posterior density interval;
OR, odds ratio; SMQ, standardized Medical Dictionary for Regulatory Activities
query.

Table 4. Summary of results from the three approaches to analyzing serious or
severe hypersensitivity reaction data in ferric derisomaltose relative to iron
sucrose.

Bayesian Naïve pooling
Random effects
meta-analysis

SMQ group Mean OR 95% HDI OR 95% CI OR 95% CI

A + B + C + D 0.51 0.26–0.79 0.49 0.29–0.84 0.56 0.23–1.37
A 0.35 0.00–0.99 0.18 0.02–1.59 0.13 0.01–1.16
B 1.14 0.39–2.09 1.07 0.48–2.37 1.05 0.24–4.61
C 0.71 0.05–1.76 0.53 0.12–2.38 0.50 0.05–4.83
D 0.33 0.083–0.64 0.28 0.11–0.73 0.47 0.10–2.27
B + C 0.91 0.36–1.59 0.86 0.42–1.75 0.92 0.23–3.61
B + C + D 0.56 0.28–0.88 0.54 0.31–0.94 0.73 0.26–2.02
B + D 0.59 0.29–0.96 0.57 0.31–1.02 0.87 0.30–2.54

Abbreviations: CI, confidence interval; HDI, highest posterior density interval;
OR, odds ratio; SMQ, standardized Medical Dictionary for Regulatory Activities
query.

Table 5. Summary of results from the two approaches to analyzing serious or
severe hypersensitivity reaction data in ferric carboxymaltose relative to iron
sucrose.

Bayesian Naïve pooling

SMQ group Mean OR 95% HDI OR 95% CI

A + B + C + D 1.30 0.70–1.98 1.25 0.75–2.08
A 1.10 0.04–2.83 0.74 0.13–4.02
B 2.22 0.74–4.10 2.07 0.92–4.67
C 1.84 0.17–4.43 1.47 0.37–5.90
D 0.88 0.26–1.65 0.78 0.33–1.85
B + C 2.01 0.79–3.47 1.90 0.94–3.83
B + C + D 1.38 0.71–2.12 1.32 0.78–2.26
B + D 1.36 0.29–0.96 1.30 0.73–2.31

Abbreviations: CI, confidence interval; HDI, highest posterior density interval; OR,
odds ratio; SMQ, standardized Medical Dictionary for Regulatory Activities query.
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evidence (namely the inclusion of non-comparative studies)
in order to increase the sample sizes across all arms
analyzed.

Despite the inclusion of non-comparative studies, the pre-
sent analysis still represents a marked improvement on
approaches that rely on combining data from PV and market
share data, where agreement between events and exposure is
extremely tenuous, doubly so when relying on proprietary
market share data, which is not subject to any external scru-
tiny from peer reviewers, clinicians or marketing authorization
holders [13,42]. Even in the case where exposure estimates
could be derived from a source congruent with the event
incidence data, previous analyses of HSR incidence after IV
iron administration have also been confounded by highly
selective use of preferred terms for HSRs and misaligned
reporting periods, thereby conflating heightened post-launch
vigilance and genuinely elevated incidence of HSRs [13,14,43].
The present analysis is not affected by any of these issues,
utilizing only prospective data to ensure agreement between
exposure and event counts, and classifying all events using
SMQs to ensure that HSRs were recorded consistently using
validated and pre-specified definitions [44]. Given the pre-
viously documented challenges in accurately assessing the
safety of IV iron formulations, the use of SMQs for the record-
ing and publication of HSR data should be adopted across
future trials of IV iron and, given the rare nature of the serious
or severe HSRs with modern IV iron treatments, ideally the
SMQ-coded HSR data would originate from a large-scale head-
to-head trial of the modern IV iron formulations.

5. Conclusions

The risk of serious or severe HSRs was lower with FDI relative
to FCM and IS. Using safety data from more than 20 prospec-
tive trials including over 8,000 patients and coded using
a well-defined standard (SMQs) enabled a robust comparison
of HSR incidence between the three IV iron products.

We strongly recommend that future RCTs use the SMQ
framework for the reporting of HSRs to facilitate future evi-
dence synthesis efforts.
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Appendix

Appendix Table 1 Standardized MedDRA query terms17,44

Group A Group B Group C Group D

Narrow terms pertaining to
hypersensitivity
reactions

Broad terms pertaining to respiratory
reactions potentially related to
hypersensitivity

Broad terms pertaining to skin reactions
potentially related to hypersensitivity

Broad terms pertaining to cardiovascular
reactions potentially related to
hypersensitivity

● Anaphylactic reaction
● Anaphylactoid

reaction
● Anaphylactic shock
● Anaphylactic transfusion

reaction
● Anaphylactoid shock
● Circulatory collapse
● First-use syndrome
● Kounis syndrome
● Shock
● Type I hypersensitivity

● Acute respiratory failure
● Asthma
● Bronchospasm
● Cough
● Dyspnea
● Respiratory distress
● Respiratory failure
● Wheezing
● Bronchial edema
● Cardiorespiratory distress
● Chest discomfort
● Choking
● Choking sensation
● Circumoral edema
● Cyanosis
● Hyperventilation
● Laryngeal dyspnea
● Laryngeal edema
● Laryngospasm
● Laryngotracheal edema
● Mouth swelling
● Nasal obstruction
● Edema mouth
● Oropharyngeal spasm
● Oropharyngeal swelling
● Respiratory arrest
● Reversible airways obstruction
● Sensation of foreign body
● Sneezing
● Stridor
● Swollen tongue
● Tachypnea
● Throat tightness
● Throat edema
● Tracheal obstruction
● Tracheal edema
● Upper airway obstruction

● Angioedema
● Flushing
● Edema
● Pruritus
● Rash
● Allergic edema
● Erythema
● Eye edema
● Eye pruritus
● Eye swelling
● Eyelid edema
● Face edema
● Generalized erythema
● Injection site urticaria
● Lip edema
● Lip swelling
● Ocular hyperemia
● Edema
● Periorbital edema
● Pruritus allergic
● Pruritus generalized
● Rash erythematous
● Rash generalized
● Rash pruritic
● Skin swelling
● Swelling
● Swelling face
● Urticaria
● Urticaria popular

● Cardiac arrest
● Cardio-respiratory arrest
● Hypotension
● Blood pressure decreased
● DBP decreased
● SBP decreased
● Cardiovascular insufficiency
● Diastolic hypotension
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