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ABSTRACT

Introduction: Intravenous (IV) iron is the pre-
ferred treatment for patients with iron defi-
ciency anemia (IDA) who require rapid
replenishment of iron stores or in whom oral
iron is not tolerated or effective. Data from two

large-scale randomized controlled trials (RCTs)
have recently been published reporting the
incidence of adjudicated cardiovascular events
after ferric derisomaltose (FDI) and iron sucrose
(IS). The objective was to calculate the relative
incidence of cardiovascular events with FDI and
IS, and to conduct an indirect comparison with
ferric carboxymaltose (FCM) based on previ-
ously published studies of cardiovascular risk.
Methods: RCTs reporting the incidence of
blindly adjudicated cardiovascular events in
IDA patients treated with IV iron were identified
by systematic literature review (SLR). Pairwise
random effects meta-analyses of FDI versus IS,
and FCM versus IS were conducted for the pre-
specified adjudicated composite cardiovascular
endpoint of: death due to any cause, nonfatal
myocardial infarction, nonfatal stroke, unsta-
ble angina requiring hospitalization, congestive
heart failure, arrhythmia, and protocol-defined
hypertensive and hypotensive events. Analyses
were also conducted for the composite end-
point excluding blood pressure events. Meta-
analysis results were combined in an adjusted
indirect comparison to provide an indirect
estimate of cardiovascular risk with FDI versus
FCM.
Results: The SLR retrieved 694 unique articles,
of which four were RCTs reporting the inci-
dence of the composite cardiovascular end-
point; two studies comparing FCM (N = 1529)
with IS (N = 1505), and two studies comparing
FDI (N = 2008) with IS (N = 1000). The odds
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ratios of the composite CV endpoint were 0.59
(95% confidence interval: 0.39–0.90) for FDI
versus IS, 1.12 (95% CI 0.90–1.40) for FCM
versus IS, and the indirect OR for FDI versus
FCM was 0.53 (95% CI 0.33–0.85).
Conclusions: Pooling data from four large-scale
RCTs suggested that FDI was associated with
significantly lower incidence of cardiovascular
adverse events compared to both FCM and IS.

Keywords: Iron; Administration; Intravenous;
Iron deficiency anemia; Cardiovascular diseases

Key Summary Points

Different intravenous iron formulations
are associated with different amounts of
labile and free iron, which catalyzes the
generation of reactive oxygen species;
hydroxyl radicals in particular can cause
oxidative stress and cell damage, and play
a key role in the mechanisms
underpinning cardiovascular (CV)
diseases.

A PROSPERO-registered systematic
literature review identified four
randomized controlled trials (RCTs) of
intravenous irons reporting a composite
CV endpoint of death due to any cause,
nonfatal myocardial infarction, nonfatal
stroke, unstable angina requiring
hospitalization, congestive heart failure,
arrhythmia, and protocol-defined
hypertensive and hypotensive events.

Meta-analyses showed that the pooled
odds ratios of the composite CV endpoint
were 0.59 (95% confidence interval [CI]:
0.39–0.90) for ferric derisomaltose versus
iron sucrose and 1.12 (95% CI 0.90–1.40)
for ferric carboxymaltose versus iron
sucrose; indirect comparison showed that
the odds ratio of the composite CV
endpoint was 0.53 (95% CI 0.33–0.85)
with ferric derisomaltose versus ferric
carboxymaltose.

The present analysis showed significantly
lower incidence of cardiovascular events
with ferric derisomaltose versus iron
sucrose and ferric carboxymaltose, based
on four RCTs conducted in over 6000
patients with iron deficiency anemia of
various etiologies, representing the largest
and most robust effort to synthesize
evidence on the cardiovascular safety of
different IV iron formulations to date.

Further research in the form of a head-to-
head RCT of adjudicated cardiovascular
event incidence with FCM and FDI should
ideally be conducted to confirm the
findings of the present study.

INTRODUCTION

Intravenous (IV) iron is widely used to correct
iron deficiency in patients with iron deficiency
anemia (IDA) of various etiologies, especially in
those patients requiring rapid iron replenish-
ment, and in those either intolerant of or
unable to absorb oral iron [1, 2]. IV iron has
been shown to be superior to oral iron in
achieving a sustained hematological response in
patients with IDA associated with inflammatory
bowel disease, chronic heart failure (CHF),
chronic kidney disease (CKD), hemodialysis,
heavy uterine bleeding, pregnancy, and when
administered prior to surgery for a wide range of
indications [3–8].

Different IV iron formulations are associated
with different amounts of labile and free iron,
which is prone to catalyze the generation of
reactive oxygen species (ROS), which could
potentially overwhelm cellular antioxidant
defenses [9–11]. Hydroxyl radicals in particular
are extremely reactive and therefore toxic,
causing oxidative stress and cell damage, and
playing a key role in the mechanisms under-
pinning cardiovascular diseases [12, 13]. IV iron
formulations with tighter iron binding result in
slower iron release, and thereby allow much
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higher dosing. In theory this might mitigate, at
least in part, the proliferation of labile and free
iron and hence also the generation of poten-
tially toxic ROS. Furthermore, IV irons that can
be administered at higher doses, and thereby
require fewer infusions, will reduce the number
of discrete exposures to labile and free iron.

Cardiovascular risk with IV irons has been
studied previously, but is not well characterized,
particularly when considering the modern,
high-dose, rapid-infusion IV iron formulations
such as ferric derisomaltose/iron isomaltoside
1000 (Monofer�; Pharmacosmos A/S, Holbæk,
Denmark; FDI) and ferric carboxymaltose (Fer-
inject�; Vifor France, Paris, France; FCM)
[14–16]. To date, only two large-scale head-to-
head randomized controlled trials (RCTs) of the
high-dose, rapid infusion IV iron formulations
FDI and FCM have been published. The trials,
collectively named PHOSPHARE, had identical
study designs and showed a better safety profile
of FDI versus FCM with regard to hypophos-
phatemia, and a similar low risk of serious
hypersensitivity reactions [17]. The risk of
specific cardiovascular events was not examined
in PHOSPHARE, however, as the primary end-
points all pertained to incidence of hypophos-
phataemia [18].

While there is a paucity of data from studies
of high methodological quality comparing FDI
with FCM directly, there are data comparing the
two IV iron formulations with the longer-
established comparator of iron sucrose (Veno-
fer�; Vifor France, Paris, France; IS). The results
of the FERWONIDA and FERWONNEPHRO RCTs
were recently published, comparing FDI with IS
in subjects with IDA associated with multiple
etiologies, and with non-dialysis dependent
chronic kidney disease, respectively [19, 20].
The FERWON RCTs add to an evidence base
including the large-scale REPAIR-IDA and
1VIT09031 RCTs comparing FCM with IS
[21, 22]. All four RCTs report a common, adju-
dicated, cardiovascular endpoint of death due
to any cause, nonfatal myocardial infarction,
nonfatal stroke, unstable angina requiring hos-
pitalization, congestive heart failure, arrhyth-
mia, and protocol-defined hypertensive and
hypotensive events.

The objective of the present study was to
conduct a systematic literature review to iden-
tify any other RCTs of IV irons reporting the
incidence of the same composite cardiovascular
endpoint and, in the case where sufficient evi-
dence were identified, to conduct random
effects meta-analyses of the data and pool the
results to obtain estimates of the relative inci-
dence of cardiovascular outcomes with FDI, IS,
and FCM.

METHODS

Systematic Literature Review

A systematic literature review was conducted to
identify RCTs of FDI or FCM versus any other IV
iron comparator (including each other),
reporting a composite, blindly-adjudicated car-
diovascular endpoint of: death due to any
cause, nonfatal myocardial infarction, nonfatal
stroke, unstable angina requiring hospitaliza-
tion, congestive heart failure, arrhythmia, and
protocol-defined hypertensive and hypotensive
events (Supplementary Materials Table 1).
Blindly adjudicated in this context refers to the
confirmation and classification of all clinical
events specified in the trial protocol by a clinical
events committee without knowledge of the
trial arm in which the event occurred. The
selection of the composite endpoint, and the
requirement for it to be blindly adjudicated, was
based on the endpoint as defined in the FCM
pivotal trials as submitted to the US Food and
Drug Administration (FDA).

The systematic literature review search terms
are documented in Supplementary Materials
Table 2 and the review protocol was registered
with PROSPERO with ID CRD42021190689.
References were retrieved from PubMed,
EMBASE, and the Cochrane Library using a
combination of free-text terms and Medical
Subject Heading (MeSH) terms, and imported
into Sourcerer for duplicate removal followed
by title and abstract screening against pre-
specified inclusion/exclusion criteria (Supple-
mentary Materials Table 3) by two independent
researchers [23]. Full-text copies of studies still
included after title and abstract screening were
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then retrieved and assessed against the same
inclusion/exclusion criteria. Data were extrac-
ted from the studies (and related documenta-
tion) by two independent researchers and
recorded in structured text files. For each study
identified, key population characteristics were
extracted, and the number of cardiovascular
events was taken from the safety analysis set in
each study. The risk of bias of the included
studies was assessed using version 2 of the
Cochrane Risk of Bias tool [24]. Note that, as a
systematic review, meta-analysis, and indirect
comparison, the present study is based on pre-
viously conducted studies and does not contain
any data from studies of human or animal par-
ticipants performed by any of the authors.

Statistical Analysis

Random effects meta-analyses of FDI versus IS
and FCM versus IS were conducted to establish
the pooled odds ratios and confidence intervals
of the adjudicated composite cardiovascular
event for FDI relative to IS, and FCM relative to
IS. Analyses were performed using the netmeta
package version 2.0-0 in version 4.1 of the R
statistical programming language [25]. Meta-
analyses were then also conducted for the
composite endpoint excluding the hyperten-
sion and hypotension events, in line with
analyses conducted by the FDA [26]. Random
effects meta-analysis models were selected over
fixed effects models on the grounds that the
RCTs included patients with different IDA eti-
ologies and that the true effect size would be
likely to differ between the studies. The
DerSimonian and Laird estimator was used to
calculate inter-study variance with the Man-
tel–Haenszel method used to calculate study
weights [27, 28]. Heterogeneity between the
studies included in each meta-analysis was
characterized using I2 and s2, the former of
which quantifies the proportion of the total
variance across studies that can be attributed to
heterogeneity, and the latter of which provides
a point estimate of the among-study variance of
true effects [29, 30]. I2 may therefore be inter-
preted as the proportion of variability in the
point estimates that is due to s2 as opposed to

within-study error [30]. An indirect treatment
comparison of FDI and FCM was then con-
ducted using the Bucher et al. methodology,
relying on the random effects meta-analyses to
inform the comparisons of FDI and IS, and FCM
and IS [31].

Given the differences in the number of
infusions required with IS, FCM, and FDI,
patient-level data were obtained from the FER-
WONNEPHRO study to ascertain if the relative
risk of cardiovascular events varied over time,
with a specific view to establishing if the num-
ber of iron infusions may be a significant effect
modifier. A Cox proportional hazards regression
model was fit to the time-to-event data and the
proportional hazards assumption was validated
by testing the time-independence of the
Schoenfeld residuals from the Cox model [32].

Sensitivity Analyses

A series of sensitivity analyses were conducted
to test the sensitivity of the results to changes in
the modeled data and statistical methodology;
the random effects models in the meta-analyses
were substituted for fixed effects models
(thereby assuming one true effect size common
to all studies in the analysis), each individual
trial was systematically dropped out of the
meta-analyses, and the meta-analyses and ITC
were re-run based on the data from N-1 trials.
Two further analyses were then conducted, one
in which the indirect comparison was based
exclusively on studies in patients with IDA of
any etiology, and one in which the indirect
comparison was based exclusively on studies
enrolling patients with IDA associated with
CKD.

RESULTS

The systematic literature review resulted in the
retrieval of 801 studies across PubMed, the
Cochrane Library, and EMBASE, of which 107
were duplicates. From the remaining 694
unique studies, 639 were excluded on the basis
of the titles and abstracts, leaving 55 RCTs
remaining in which the reporting of the com-
posite cardiovascular endpoint could not be
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definitively ascertained from the title and
abstract (Supplementary Materials Fig. 1). After
reviewing the full-text manuscripts of the 55
included studies, four large-scale RCTs were
ultimately identified reporting the incidence of
the blindly-adjudicated composite cardiovascu-
lar endpoint; two studies comparing FDI with IS
(FERWONIDA and FERWONNEPHRO; Table 1),
one study (1VIT09031) comparing FCM with IV
standard of care (IVSC), 89.8% of whom were
treated with IS, and one study comparing FCM
with IS (REPAIR-IDA; Table 2) [19, 21, 22]. A
total of 6042 patients were included in the
safety analysis populations across the four trials:
2008 receiving treatment with FDI, 1529
receiving treatment with FCM, and 2505
receiving treatment with IS (1000 versus FDI,
and 1505 versus FCM).

The Cochrane Risk of Bias 2 tool reported
low risk of bias across all four trials, with only
the 1VIT09031 trial having any concerns across
any of the five domains of the bias analysis,
specifically in the randomization domain (Sup-
plementary Materials Fig. 2). All four trials were
conducted as open label trials, primarily driven
by the need for patients to return for more fre-
quent infusions of iron sucrose; sham infusions
were not employed. While randomization was
conducted using interactive voice response sys-
tems across all four trials, 1VIT09031 was the
only trial to report significant differences
between any of the reported baseline charac-
teristics; bodyweight was 79.5 kg in the FCM
group versus 84.7 kg in the IVSC group.

The 1VIT09031 trial was a four-arm trial
including two cohorts: cohort 1, including
patients who had responded inadequately to
oral iron and cohort 2 including patients for
whom oral iron was not appropriate. Patients in
cohort 1 were randomly assigned to continue
on oral iron or receive FCM, while patients in
cohort 2 were assigned to receive either FCM or
IVSC. Only the cohort 2 comparison was
therefore relevant for the present analysis, and
specifically the sub-group of the IVSC arm of the
trial that was prescribed IS (89.8% of all
patients; n = 220/245). Event counts and the
number of exposed patients from the trial were
calculated in patients receiving IS in cohort 2 by
utilizing a combination of the data published in T
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the study manuscript and data published on the
IS subgroup in a report from the Center for Drug
Evaluation and Research (CDER; a division of
the US FDA) [22, 26]. Event counts and patients
exposed in the corresponding cohort 2 FCM
arm were taken directly from the manuscript
[22].

In each of the four individual trials, patient
characteristics were comparable between the
trial arms (Table 3). Across the trials, dosing
regimens for IS were also comparable, with
REPAIR-IDA, FERWONNEPHRO and FERWONIDA

specifying either exactly five infusions of IS at
200 mg per infusion or up to five infusions with
a total recommended dose of 1000 mg. In the
IVSC arm of the 1VIT09031 trial, 93.9% of all
IVSC patients received up to five doses of IV
iron with a median dose of 800 mg and mean
dose of 813 mg, suggesting that the prescribed
IS regimens were in close alignment with the
other studies. FCM was administered as two
doses of 750 mg 1 week apart in both the
REPAIR-IDA and 1VIT09031 studies, while FDI
was administered in a single 1000-mg dose in
both FERWON studies. Schoenfeld residuals
from the Cox proportional hazards regression
model fit to the patient-level time-to-event data
from FERWONNEPHRO showed no significant
time-dependency (p = 0.1936), indicating that
the cardiovascular event incidence data were
not inconsistent with a proportional hazards
model and that the different number of infu-
sions in the two trial arms was therefore unli-
kely to be an effect modifier, despite the
differences in overall dosing of the formula-
tions. The proportions of patients experiencing
events in the trials, and the trial durations, are
presented in Table 4.

The random effects meta-analysis of the
studies comparing FDI with IS yielded an odds
ratio of 0.59 (95% confidence interval [CI]:
0.39–0.90), corresponding to a 41% reduction
in the odds of the composite cardiovascular
endpoint with FDI relative to IS. The random
effects meta-analysis of the studies comparing
FCM with IS yielded an odds ratio of 1.12 (95%
CI 0.90–1.40), corresponding to a 12% non-
significant increase in the odds of the composite
cardiovascular endpoint with FCM relative to
IS. Combining the results of the two meta-T
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analyses using the Bucher et al. methodology
yielded an odds ratio of 0.53 (95% CI 0.33–0.84)
with FDI relative to FCM, corresponding to 47%
lower odds of the composite cardiovascular
endpoints with FDI relative to FCM (Table 5;
Fig. 1). Running the same indirect analysis for
the composite endpoint without hypotension
or hypertension yielded an odds ratio of 0.54
(95% CI 0.28–1.06) corresponding to a central
estimate of 46% lower odds of the endpoint
occurring with FDI versus FCM, but with the
difference not reaching statistical significance.

As would be anticipated in meta-analyses
based on two studies, sensitivity analysis
showed that the analysis was insensitive to the
use of a random effects versus a fixed effects
model. The ITC was also directionally insensi-
tive to the exclusion of individual studies from
the meta-analyses (Table 5; Figs. 2, 3) with odds
ratios ranging from 0.52 to 0.76; however,
removal of the two largest studies by enrollment
and event count resulted in odds ratios for FDI
versus FCM that were not significant: 0.59 (95%
confidence interval 0.20–1.74) when excluding
FERWONNEPHRO, and 0.76 (95% confidence
interval 0.29–1.99) when excluding REPAIR-
IDA. Including only studies conducted in

populations with IDA associated with CKD
resulted in an odds ratio for the composite car-
diovascular endpoint of 0.5 (95% confidence
interval 0.30–0.85) with FDI relative to FCM,
while including only studies conducted in
populations with IDA of any etiology resulted in
an odds ratio of 0.85 (95% confidence interval
0.22–3.34) with FDI relative to FCM.

DISCUSSION

The primary indirect treatment comparison
showed a significant 47% reduction in the odds
of the blindly-adjudicated composite cardio-
vascular endpoint with FDI versus FCM using IS
as an anchor. A scenario analysis excluding
hypotension and hypertension from the com-
posite cardiovascular endpoint showed that the
odds of experiencing an event with FDI versus
FCM would reduce by 46%, but the difference
did not reach statistical significance. The full
composite endpoint including hypotension and
hypertension was developed based on interac-
tions with the FDA during the design of the
included trials; however, blood pressure-related
adverse events are likely to be acute, peri-

Table 3 Patient characteristics in the intravenous iron arms of each of the included trials

Characteristic FERWONIDA FERWONNEPHRO 1VIT09031 REPAIR-IDA

FDI IS FDI IS FCM IVSCb FCM IS

Population ITT ITT ITT ITT Safety Safety Safety Safety

N 1009 503 1027 511 253 245 1276 1285

Age (years) 44.1 43.8 68.3 69.3 43.6 42.6 67.5 67.2

Female (%) 88.4 90.7 61.6 64.4 94.5 94.3 63.5 63.7

Hemoglobin (g/dl) 9.25 9.17 9.66 9.71 9.1 9.0 10.31 10.32

Baseline transferrin saturation (%) 7.43 6.69 18.51 17.44 11.5 10.3 19.79 19.56

Baseline ferritin (ng/ml) 14.4 11.9 82.4 86.2 25.9 14.9 73.01 75.05

Baseline eGFR (ml/min/1.73 m2) NR NR 35.7 35.2 NR NR 32.5 32.3

Erythropoiesis stimulating agents (%) 0.0a 0.0a 5.6 5.5 2.0 2.0 18.0 17.7

eGFR estimated glomerular filtration rate, FCM ferric carboxymaltose, FDI ferric derisomaltose, IS iron sucrose, ITT intent-
to-treat, IVSC intravenous standard of care, NR not reported
aErythropoiesis stimulating agents prohibited by trial protocol
bResults presented from all 245 patients in the IVSC arm, as opposed to the 89.8% of patients treated with iron sucrose
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infusional events and may not therefore be
considered as clinically relevant as the other
components of the endpoint.

While the mechanism driving differences in
cardiovascular event incidence following
administration of IV iron is not known, the
catalysis of ROS generation by labile and free
iron is one plausible underlying process, with
ROS causing oxidative stress and cell damage,
which are known mediators of cardiovascular
disease [12, 13]. An alternative potential mech-
anism is the depletion of adenosine triphos-
phate and 2,3-diphosphoglycerate (both critical
intermediate metabolites) arising from
hypophosphatemia, which has been proposed
specifically as a potential mechanism for car-
diomyopathy and arrhythmia; FCM has been
shown to result in significantly higher levels of
intact fibroblast growth factor-23 and higher
incidence of post-infusion hypophosphatemia
versus FDI, but further research would be
required to definitively demonstrate that this
also drives differences in the incidence of car-
diovascular events [17, 18].

Other differences between the iron formula-
tions have recently been reported based on
indirect comparison; for instance, recent evi-
dence synthesized from prospective clinical trial
data suggests that FDI is associated with a sig-
nificantly lower incidence of serious or severe
hypersensitivity reactions (HSRs) than FCM
[33]. Collectively, these studies show that,
beyond the cost and posological differences,
multiple clinical differences may also exist
between the high-dose, rapid-administration
iron formulations including incidence of
hypophosphatemia, HSRs and cardiovascular
events.

The analysis had several key strengths,
including the large number of patients enrolled
in the included trials and the transparent sta-
tistical methodology employed to conduct the
ITC. Based on data from RCTs enrolling over
6000 patients, the present study represents the
largest and most robust comparison of cardio-
vascular risk in patients with IDA treated with
FDI, FCM, and IS conducted to date. Owing to
its exclusive reliance on odds ratios (as opposed

Table 4 Proportion of patients experiencing cardiovascular events in the intravenous iron arms of each of the included
trials

Follow-up time (days)

FERWONIDA FERWONNEPHRO 1VIT09031 REPAIR-IDA

56 56 120 120

FDI IS FDI IS FCM IVSCa FCM IS

N 989 494 1019 506 253 220 1276 1285

Death due to any cause 0.10% 0.00% 0.30% 0.60% 0.40% 0.50% 1.20% 1.40%

Composite cardiovascular event 0.80% 1.20% 4.10% 6.90% 4.00% 5.00% 13.70% 12.10%

Composite excluding hypertension and

hypotension (%)

0.20% 0.00% 2.40% 4.30% 0.80% 0.50% 5.50% 5.40%

Arrhythmia 0.10% 0.00% 0.70% 1.60% 0.00% 0.00% 1.40% 1.00%

Hospitalization for heart failure 0.00% 0.00% 1.20% 2.60% 0.00% 0.00% 3.00% 2.60%

Hypertension 0.20% 0.80% 1.70% 2.00% 2.80% 2.70% 7.40% 4.40%

Hypotension 0.30% 0.40% 0.20% 0.40% 0.40% 2.30% 1.80% 3.20%

Non-fatal hosp. for unstable angina 0.00% 0.00% 0.00% 0.20% 0.00% 0.00% 0.90% 0.20%

Non-fatal myocardial infarction 0.00% 0.00% 0.40% 0.00% 0.40% 0.00% 0.60% 1.10%

Non-fatal stroke 0.00% 0.00% 0.30% 0.20% 0.00% 0.00% 0.20% 0.20%

Bold denotes incidence rates greater than 1%
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to pooled individual treatment effect estimates),
the Bucher et al. model used to conduct the ITC
has the advantage of maintaining the benefits
of randomization in each pairwise comparison,
minimizing the risk that reported differences
between treatments were due to differences in
patient risk factors unrelated to the treatment.

The two head-to-head PHOSPHARE RCTs of
FDI and FCM, represented the first direct com-
parisons of the two IV iron formulations in an
RCT; however, while the studies showed a
reduced incidence of hypophosphatemia and
serious or severe HSRs with FDI relative to FCM,
cardiovascular outcomes were not reported.

Table 5 Results of pairwise and indirect comparisons in sensitivity analyses

Adjudicated composite CV event odds ratios (95% CI)

FDI relative to IS FCM relative to IS FDI relative to FCM (ITC)

Base case 0.59 (0.39–0.90) 1.12 (0.90–1.40) 0.53 (0.33–0.84)

Fixed effects model 0.59 (0.39–0.90) 1.12 (0.90–1.40) 0.53 (0.33–0.84)

Excluding FERWONIDA 0.58 (0.36–0.92) 1.12 (0.90–1.40) 0.52 (0.31–0.87)

Excluding FERWONNEPHRO 0.66 (0.23–1.92) 1.12 (0.90–1.40) 0.59 (0.20–1.74)

Excluding REPAIR-IDA 0.59 (0.39–0.90) 0.78 (0.33–1.88) 0.76 (0.29–1.99)

Excluding 1VIT09031 0.59 (0.39–0.90) 1.15 (0.91–1.45) 0.51 (0.32–0.83)

CKD studies only 0.58 (0.36–0.92) 1.15 (0.91–1.45) 0.50 (0.30–0.85)

Excluding CKD studies 0.66 (0.23–1.92) 0.78 (0.33–1.88) 0.85 (0.22–3.34)

CI confidence interval, CKD chronic kidney disease, FCM ferric carboxymaltose, FDI ferric derisomaltose, IS iron sucrose,
ITC indirect treatment comparison

Fig. 1 Fixed and random effects meta-analyses of data
from randomized controlled trials comparing the incidence
of the composite adjudicated cardiovascular endpoint with

A ferric derisomaltose versus iron sucrose, and B ferric
carboxymaltose versus iron sucrose
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Previous studies have shown numerically higher
risk of cardiovascular events with FCM relative
to ferumoxytol; in a trial that enrolled 1997
patients with IDA, six of 997 (0.6%) of patients
treated with ferumoxytol experienced a serious
cardiovascular event, none of which was treat-
ment-related, compared with 13 of 1000 (1.3%)

with FCM, three of which were considered to be
treatment related [34]. While the significance of
the difference in the serious cardiovascular
event endpoint was not reported, it formed part
of a composite secondary endpoint also cap-
turing moderate and severe HSRs, anaphylaxis,
and death, the incidence of which was

Fig. 2 Forest plot of results from sensitivity analyses around the indirect comparison. CI confidence interval, CKD chronic
kidney disease, FCM ferric carboxymaltose, FDI ferric derisomaltose, IS iron sucrose, OR odds ratio

A

B

Fig. 3 Summary of odds ratios from the random effects
meta-analyses of ferric derisomaltose and ferric carboxy-
maltose versus iron sucrose, and the indirect treatment
comparison of ferric derisomaltose and ferric carboxymal-
tose for A the composite cardiovascular endpoint and

B the composite cardiovascular endpoint excluding
hypotension and hypertension. CI confidence interval,
FCM ferric carboxymaltose, FDI ferric derisomaltose, IS
iron sucrose, OR odds ratio
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significantly higher with FCM than ferumoxy-
tol (2.0 vs. 1.3%, relative risk 0.7, 95% confi-
dence interval 0.3–1.3. p = 0.0001).

The present study also has a number of lim-
itations that should be acknowledged. The time
over which the cardiovascular events were
recorded differed between the included studies.
Both FERWONIDA and FERWONNEPHRO reported
cardiovascular event incidence at 8 weeks, while
REPAIR-IDA and 1VIT09031 had a longer fol-
low-up period of 120 days (approximately
17 weeks). Given the anchoring of the treat-
ment comparisons via IS and the exclusive use
of odds ratios throughout the analysis, the only
scenario in which different follow-up periods
would affect the overall odds ratio would be
that in which the hazards were not proportional
over time (and specifically only if they differed
between weeks 0 and 8 and weeks 8 and 17)
[35]. Had patient-level time of event data been
available from all included trials, this assump-
tion could have been validated by ensuring a
constant difference, but evidence from other
studies of IV iron formulations suggests that
proportional hazards for cardiovascular events
are indeed constant over time. For instance,
proportional hazards were observed in a large-
scale (N = 66,207) retrospective analysis of
patients treated with IV iron while on
hemodialysis, and there is a substantial body of
published literature on the safety of IV iron that
is based on statistical methodologies that
assume constant proportional hazards over time
[36].

Patients in 1VIT09031 treated with IS were
not a pre-specified sub-group and the derivation
of the event counts from the Onken et al. pub-
lication and the CDER report led to a small
(0.1%) discrepancy in the calculated number of
pooled patients at-risk in the present study
(n = 1505) and the CDER report (n = 1503). The
present derivation of 1505 is congruous with all
of the published data (1285 patients in REPAIR-
IDA plus 220 patients receiving IS in the
1VIT09031 study as reported in the CDER
report, and 89.8% of 245 patients receiving IS in
1VIT09031 as per Onken et al.) [21, 22]. Ideally,
the patients receiving IS would have been
rebalanced to match the FCM arm using a
technique such as propensity score matching,

but the patient-level data from the study were
not available. Given that the subgroup com-
prised 89.8% of the patients originally assigned
to the IVSC arm and the absolute event rates
were similar in the 89.8% (5%) and the 10.2%
(4%), this limitation would have been unlikely
to materially affect the findings of the analysis.

One final potential limitation, which may
have a bearing on the observed incidence car-
diovascular events, is the phenotype of the
patients with IDA in the included studies; FER-
WONNEPHRO and REPAIR-IDA both enrolled
patients with non-dialysis dependent (NDD)
CKD, while FERWONIDA and 1VIT09031 enrol-
led patients with IDA of mixed etiologies
[19, 21, 22]. In this regard, the two component
meta-analyses were similar, each including one
large-scale study of IDA in NDD-CKD and one
study of IDA associated with multiple non-CKD
etiologies. The patient populations of the
included studies should be taken into consid-
eration when interpreting the overall findings
of the analysis, particularly the inclusion of the
two NDD-CKD studies with mean ages across
the four trial arms of between 67.2 and
69.3 years. These populations would be expec-
ted to have a higher incidence of cardiovascular
events than the average IDA population, but the
exclusive use of odds ratios (as opposed to
absolute event rates) in the Bucher et al. model
goes some way to mitigating concerns of the
analysis being overly specific to patients with
NDD-CKD; if the relative incidence of CV
events between treatments would be antici-
pated to be the same across patients with IDA of
differing etiologies, the interpretation of the
analysis is unchanged by the absolute event
rates in the included studies. A qualitative
evaluation of key hematological parameters and
use of concomitant erythropoiesis stimulating
agents (ESAs) showed average values to be
comparable in the trial arms in all four of the
included studies (Table 3).

In interpreting the results of the present
study, it is also important to consider the rela-
tively short follow-up periods of the trials used
to inform the analysis, especially when com-
pared with the much longer follow-up periods
of, for instance, the cardiovascular outcomes
trials (CVOTs) now mandated by the FDA
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during the development of drugs for the treat-
ment of type 2 diabetes [37]. These trials are
often designed to follow patients until a specific
number of cardiovascular events have occurred
to ensure the findings are appropriately pow-
ered to draw conclusions around relative inci-
dence of a composite cardiovascular endpoint
such as major adverse cardiovascular events
(MACE), including myocardial infarction,
stroke, and cardiovascular death. Conversely,
the four RCTs included in the present study
were not specifically powered to detect differ-
ences in cardiovascular event incidence. FER-
WONIDA, for example, was powered to detect
differences in the co-primary endpoints of seri-
ous or severe hypersensitivity reactions and
change in Hb from baseline to week 8; cardio-
vascular adverse event incidence was a sec-
ondary safety endpoint. Relatedly, the absolute
incidence of the cardiovascular events com-
prising the composite endpoint should be con-
sidered when interpreting the overall odds ratio
from the indirect comparison; in the general
IDA trials, there were a total of 35 adjudicated
events in 1956 patients, corresponding to a
crude pooled incidence rate of 1.8% across all
three iron formulations. Rates in the CKD trials
were much higher, with a total of 408 events in
the 4086 patients enrolled, corresponding to a
crude pooled incidence of 10.0%; sensitivity
analyses in which the CKD trials were removed
either individually or together resulted in odds
ratios that still directionally favored FDI, but
not significantly so.

CONCLUSIONS

The present analysis showed significantly lower
incidence of cardiovascular events with FDI
relative to IS and FCM. The results were based
on four large-scale RCTs conducted in over 6000
patients with IDA of various etiologies, repre-
senting the largest and most robust effort to
synthesize evidence on the cardiovascular safety
of different IV iron formulations to date. Fur-
ther research in the form of a head-to-head RCT
of adjudicated cardiovascular event incidence
with FCM and FDI should ideally be conducted
to confirm the findings of the present study.
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