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Abstract

Background and \Whereas a beneficial effect of intravenous ferric carboxymaltose (FCM) on symptoms and exercise capacity among patients

Aims with iron deficiency and heart failure (HF) has been consistently demonstrated, the effects of treatment on clinical events
remain the subject of research. This meta-analysis aimed to characterize the effects of FCM therapy on hospitalizations
and mortality.

Methods Patient-level data from randomized, placebo-controlled FCM trials including adults with HF and iron deficiency with
>52 weeks follow-up were analysed. The co-primary efficacy endpoints were (i) composite of total/recurrent cardiovascular
hospitalizations and cardiovascular death and (ii) composite of total HF hospitalizations and cardiovascular death, through
52 weeks. Key secondary endpoints included individual composite endpoint components. Event rates were analysed using a
negative binomial model. Treatment-emergent adverse events were also examined.

Results Three FCM trials with a total of 4501 patients were included. Ferric carboxymaltose was associated with a significantly
reduced risk of co-primary endpoint 1 (rate ratio 0.86; 95% confidence interval 0.75-0.98; P =.029; Cochran Q: 0.008),
with a trend towards a reduction of co-primary endpoint 2 (rate ratio 0.87; 95% confidence interval 0.75-1.01; P =.076;
Cochran Q: 0.024). Treatment effects appeared to result from reduced hospitalization rates, not improved survival.
Treatment appeared to have a good safety profile and was well tolerated.

Conclusions In iron-deficient patients with HF with reduced left ventricular ejection fraction, intravenous FCM was associated with
significantly reduced risk of hospital admissions for HF and cardiovascular causes, with no apparent effect on mortality.
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Structured Graphical Abstract

Key Question
What are the effects of ferric carboxymaltose on clinical events—such as hospitalizations and mortality—over 52 weeks in patients with heart failure
and iron deficiency?

Key Finding
Intravenous ferric carboxymaltose was associated with a significantly reduced risk of the composite of cardiovascular death and total cardiovascular
hospitalizations and a trend towards a reduction of the composite of cardiovascular death and total heart failure hospitalizations.

Take Home Message
Ferric carboxymaltose reduces the risk of hospital admissions for heart failure and cardiovascular causes in iron-deficient patients with heart failure
with reduced left ventricular ejection fraction as shown in pooled analyses of patient-level data from randomized, placebo-controlled trials.

Patients: AFFIRM-AHF CONFIRM-AHF HEART-FID Selected inclusion criteria:
. v 4 Adult patients with heart failure and iron
: deficiency (ferritin <100 ng/mL or ferritin
4,475 patients
P i i 100300 ng/mL with TSAT <20%) treated
# 2,241 received ferric carboxymaltose (FCM) ; ;
3 A with ferric carboxymaltose or placebo for
2,234 received placebo (PBO) 52 el
Results:?
Oifigaria FCM PBO Rate/Hazard ratio vElias
N=2237 N=2233 (95% CI)b P
1
Primary Total CV hospitalizations and CV death ~ 27.6% 305%  RR0.86 (0.75-0.98) = 0.029
1
- 1
endpoints | gou we hospitalizations and CV death ~ 225%  252%  RR0.87 (0.75-1.01) —s 0.076
1
Total CV hospitalizations 22.9% 26.4% RR 0.83 (0.73-0.96) —— | 0.009
1
1
Total HF hospitalizations 17.0% 20.2% RR 0.84 (0.71-0.98) — . 0.025
1
1
Time to CV death 9.2% 9.8%  HR0.97 (0.80-1.17) — 0.724
|
1
Time to all-cause death 11.5% 12.7% HR 0.93 (0.78-1.10) —— 0393
1
0.5 1.0 1.5
RR (95% CI)
Favours FCM+——  —Favours PBO
Conclusion: FCM significantly reduced the rate of CV and HF hospitalization, but did not reduce mortality rates

?Data are full analysis set. "Rate ratios and P-values are estimated using a negative binomial model on the number of events, including (fixed covariate)
treatment, region, haemoglobin level at baseline, and (random covariate) study. Cl, confidence interval; CV, cardiovascular; FCM, ferric carboxymal-
tose; HF, heart failure; HR, hazard ratio; PBO, placebo, RR, rate ratio; TSAT, transferrin saturation.

Keywords Heart failure * Acute heart failure ¢ Chronic heart failure ¢ Ferric carboxymaltose * Iron deficiency

AFFIRM-AHF trial, in 1132 patients hospitalized with acute HF with
ejection fraction <50% and ID, treatment with ferric carboxymaltose

Introduction

Iron deficiency (ID) is common in heart failure (HF), with a prevalence
of 50%-80%." The presence of ID in HF is associated with reduced ex-
ercise capacity, impaired quality of life (QoL), increased hospitalization
and rehospitalization rates, and increased mortality.> Randomized,
placebo-controlled trials have consistently demonstrated a beneficial
effect of intravenous iron on exercise capacity and QoL in iron-
deficient patients with HF and reduced ejection fraction,”~® which led
to guideline recommendations of intravenous iron administration for
improvement of symptoms, exercise capacity, and QoL.'%™"

Given the size of prior studies and their primary objectives, there has
been uncertainty on whether therapy with intravenous iron also re-
duces the risk of clinical events in HF patients with ID. In the

(FCM) compared with placebo did not demonstrate a significant treat-
ment effect on the primary endpoint of total HF hospitalization and car-
diovascular (CV) death [rate ratio (RR) 0.79; 95% confidence interval
(Cl) 0.62-1.01; P=.059]."* However, FCM therapy was associated
with a significant reduction in the risk of total HF hospitalizations (RR
0.74; 95% Cl 0.58-0.94; P=.013)."* Similar results were reported in
the IRONMAN trial, in which intravenous ferric derisomaltose therapy
(used in an open-label fashion) did not significantly reduce the risk of CV
death and recurrent HF hospitalizations (RR 0.82; 95% Cl 0.66—1.02;
P=.070)." Both trials were affected by the COVID-19 pandemic,
and in the prespecified COVID-19 sensitivity analyses, the primary out-
come results became statistically significant in both the AFFIRM-AHF
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and IRONMAN trials.,"*"> Recently, Mentz'® published the results of
the HEART-FID trial, the largest randomized clinical trial of intravenous
iron therapy in the setting of HF to date (n = 3065). For the top second-
ary endpoint, the composite of time to CV death or HF hospitalization
over the duration of follow-up, there were fewer events in the FCM
group than the placebo group (16.0 vs. 17.3 events per 100 patient-
years; 96% Cl 0.81-1.06)."® Of note, there was no apparent statistical
difference in HF hospitalizations, but there was a hazard ratio (HR) of
0.86 (96% Cl 0.72-1.03) for CV death.

Because of these uncertainties, we conducted a pooled analyses
using individual participant data (IPD) from three long-term (with at
least 12-month follow-up), placebo-controlled, double-blind rando-
mized clinical trials of FCM therapy in patients with HF and ID.”"*1
The use of IPD offers clinical and statistical advantages over a study-
level approach to meta-analysis.'”"'®

Methods

We performed a pooled analysis of patient-level data from trials which met
the following criteria: (i) adult patients with HF and ID [with the same def-
inition across all three trials: ferritin <100 ng/mL or ferritin 100-300 ng/mL
with a transferrin saturation (TSAT) <20%]; (ii) used FCM as an active treat-
ment for ID; (iii) were randomized, double-blind, placebo-controlled trials;
(iv) had at least 52 weeks of follow-up; and (v) prospectively recorded clin-
ical outcomes: first and recurrent HF and CV hospitalizations, CV death,
and all-cause death. We did not include trials with shorter follow-up peri-
ods because they provide limited information on the outcomes of interest.
Three randomized controlled trials met these prespecified criteria:
CONFIRM-HF, AFFIRM-AHF, and HEART-FID. The primary results of
these studies were published elsewhere.”'*"® Individual participant data
from all three trials were compiled and provided by CSL Vifor
(CONFIRM-HF and AFFIRM-AHF) and American Regent (HEART-FID).
The key characteristics of the prespecified clinical trials are presented in
Table 1. In brief, the CONFIRM-HF trial included ambulatory HF patients, in
New York Heart Association (NYHA) classes Il and Il and with left ven-
tricular ejection fraction (LVEF) <45% and elevated natriuretic peptides’;
the AFFIRM-AHF trial recruited patients hospitalized for acute HF with
LVEF <50%14; and the HEART-FID trial enrolled patients with HF and
LVEF <40% who had recent (within 12 months) hospitalization for HF

Table 1

Key characteristics of ferric carboxymaltose trials

and/or elevated natriuretic peptides.’® In each trial, ethics committees ap-
proved the trial, and patients provided written informed consent.

To ensure other important trials were not missed, we performed a sys-
tematic review of the literature via PubMed (including MEDLINE articles) of
randomized controlled clinical trials of FCM therapy in patients with HF and
ID published between 19 July 2013 and 18 July 2023 (10 years preceding
search date; see online supplementary material). We limited our selection
to trials that examined clinical outcomes over at least 52 weeks of follow-
up. Although no additional trials of FCM were identified, the IRONMAN
trial, a study of ferric derisomaltose therapy, meets some of the above cri-
teria (see Supplementary data online, Table S7)." To allow for a compre-
hensive assessment of the long-term effects of intravenous iron therapy
on clinical outcomes in patients with HF and ID, we included the results
of the IRONMAN trial as a sensitivity analysis (Figure 7). Because IPD
were not available for this study, it was not included in the primary analysis
set. The IRONMAN trial studied patients with HF and LVEF <45% who ei-
ther had current or recent (within 6 months) admission for HF or elevated
natriuretic peptides (see Supplementary data online, Table $2)."* Of note,
the IRONMAN trial applied a different definition of ID than the FCM trials,
namely, serum ferritin <100 ng/mL or TSAT <20%."*

Outcomes

The prespecified co-primary efficacy endpoints were (i) a composite of re-
current (total) CV hospitalizations and death for any CV reason (CV death)
and (i) a composite of recurrent (total) HF hospitalizations and CV death.
Both endpoints were examined through 52 weeks of follow-up (set with a
time window up to 408 days) and based on events adjudicated independ-
ently by blinded event committees (see Supplementary data online,
Appendix). The criteria used for adjudication were prespecified and detailed
in an adjudication charter developed for each trial. All three FCM trials used
consistent criteria. There is substantial evidence demonstrating that ID is
directly involved in multiple pathophysiological pathways across the spec-
trum of CV disease. Iron deficiency has been previously linked with a risk
of thromboatherogenic events.' Iron repletion has been shown to im-
prove energy metabolism within skeletal muscles and cardiomyocytes,
and, in the PIVOTAL trial, more intense iron supplementation was asso-
ciated with a reduced risk of both HF hospitalizations and (fatal and non-
fatal) myocardial infarctions.>*? In order to provide a holistic view of
the impact of FCM, we prespecified two equally relevant endpoints, namely,
all CV hospitalizations and CV death, and HF hospitalizations and CV
death,'~?

CONFIRM-HF

Randomization 1:1 (FCM:placebo)

AFFIRM-AHF

1:1 (FCM:placebo)

HEART-FID

1:1 (FCM:placebo)

Patients, n 150/151 558/550 1532/1533
Centres Multicentre Multicentre Multicentre
Study duration 52 weeks 52 weeks 1.9 years (median)

HF diagnosis and its Ambulatory, optimally treated,

Hospitalization for acute HF, treatment

Ambulatory, optimally treated, CHF, NYHA classes

severity systolic CHF with ID, NYHA class  with IV furosemide at a dose of 40 mg, -1V, LVEF <40% within 24 months or <30% within
I/ LVEF <50% 36 months of screening
Haemoglobin, g/dL <15 <15 >9.0 and <13.5 (females) or <15.0 (males)

Primary endpoint Change in 6MWT from baseline to

Week 24

Composite of recurrent events of HF
hospitalization and cardiovascular death

Composite of death and hospitalization for HF
(12 months) and change in 6MWT distance
(6 months)

6MWT, 6-min walk test; CHF, chronic heart failure; FCM, ferric carboxymaltose; HF, heart failure; ID, iron deficiency; IV, intravenous; LVEF, left ventricular ejection fraction; NYHA,

New York Heart Association.
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Three prespecified FCM trials meeting

inclusion criteria: CONFIRM-HF,
AFFIRM-AHF and HEART-FID

39 papers reporting potentially
eligible trials, identified by
search terms? via PubMed

Sensitivity analysis
of IV iron trials:
CONFIRM-HF,
AFFIRM-AHF,
HEART-FID and

39 screened

11 excluded as not the patient
population of interest (HF and ID)

28 assressed

3 excluded as not the treatment of
interest (IV iron)

25 assessed

20 excluded as no prospectively
recorded relevant clinical outcomes®
with 52 weeks of follow-up

5 papers referencing 3 trials eligible
for inclusion in the meta-analysis

4 reporting on 2 trials already
prespecified (CONFIRM-HF and
AFFIRM-AHF)

1 paper reporting 1 additional trial
(IRONMAN) eligible for inclusion in
IV iron sensitivity analysis

IRONMAN

Main analysis of

1 reporting on trial with IV iron
compound other than FCM

FCM trials:
CONFIRM-HF,
AFFIRM-AHF and

0 additional trials eligible for inclusion
in FCM main analysis

HEART-FID

Figure 1 Trial selection. *Heart failure AND iron deficiency AND (intravenous iron OR ferric carboxymaltose). ®First and recurrent heart failure and
cardiovascular hospitalizations, cardiovascular death, and all-cause death. CV, cardiovascular; FCM, ferric carboxymaltose; HF, heart failure; ID, iron

deficiency; IV, intravenous.

The key secondary efficacy endpoints were as follows: (i) time to first CV
hospitalization or CV death; (ii) time to first HF hospitalization or CV death;
(iii) rate of total HF hospitalizations; (iv) time to first HF hospitalization;
(v) time to CV death; (vi) time to all-cause death; (vii) total CV hospitaliza-
tions; (viii) time to first CV hospitalization; and (ix) total all-cause hospital-
ization. All secondary endpoints were examined through 52 weeks of
follow-up. To characterize the safety of FCM, we examined
treatment-emergent adverse events (TEAEs), those events starting or wor-
sening after the first administration of study treatment.

Data analysis
Individual participant data were used for all primary analyses (for the three
FCM trials). Efficacy analyses were conducted on the full analysis population
defined as all randomly assigned patients who received at least one dose of
study medication and had at least one post-baseline efficacy assessment.
This mirrors the efficacy populations defined in CONFIRM-HF and
AFFIRM-AHF.”"* The safety population comprised all randomly assigned pa-
tients who received at least one dose of study medication and was used to
assess baseline characteristics and analyse the frequency of adverse events.
A negative binomial regression model was used to analyse event rates (in-
cluding recurrent hospitalizations). The models were adjusted for baseline
haemoglobin and region as fixed effects. Study was included as a random
effect. The between-trial heterogeneity in the treatment effect was

explored by including a treatment by study interaction and a Cochrane
Q test. Length of observation plus follow-up was logged and included as
an offset variable. Rate ratios, associated 95% Cls, and P-values were ob-
tained from the model. Forest plots were created for key outcomes to visu-
ally explore the heterogeneity of RRs across the trials and to present the
summary effect.

The results of time-to-event analyses are presented as HR with 95% ClI
and associated P-values from Cox proportional hazard analyses. The mod-
els were adjusted for haemoglobin at baseline and region. To explore
between-trial heterogeneity, the study effect was included as a fixed effect.

Subgroup analyses were performed on the primary endpoints of (i) total
CV hospitalizations and CV death and (i) total HF hospitalizations and CV
death. Subgroups were created by stratifying patients based on a number of
baseline characteristics, including age, sex, HF aetiology, haemoglobin at
baseline, serum ferritin at baseline, TSAT at baseline, estimated glomerular
filtration rate value at baseline [calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula], and NYHA class. For a
post hoc subgroup analysis, anaemia was defined as haemoglobin <12 g/dL
in women and <13 g/dL in men. Estimates of treatment effect are pre-
sented for each subgroup from a model that includes a subgroup by treat-
ment interaction covariate. The P-value associated with the test of
difference to zero for the coefficient associated with this interaction covari-
ate is also presented. Treatment-emergent adverse events are presented as
total number of events and the event rate per 100 patient-years.
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We conducted an exploratory analysis to examine the impact of cumu-
lative dose and re-dosing on the treatment effect of FCM. A landmark ana-
lysis was run to assess the effect of a re-dosing at 6 months. The landmark
time was set at study Day 200 (Day 180 + 2-week window) when the re-
dosing of all the subjects who were supposed to be re-dosed should have
been completed. For the analysis, subjects who discontinued the study be-
fore the landmark time were excluded, and only the events that occurred
after study Day 201 were considered. The re-dosing effect was tested be-
tween the subjects who received a cumulative dose up to 200 days 1500 mg
or less (likely did not receive additional doses) and those with cumulative
dose above 1500 mg (re-dosed) and placebo subjects. For the above ana-
lyses, a two-sided P < .05 was prespecified for overall statistical significance
without adjustment for multiple comparisons, and analyses were per-
formed using SAS Version 9.4 (SAS Institute, Inc., Cary, NC, USA). The stat-
istical analysis plan (SAP) is included as Supplementary data online, Appendix.

For the sensitivity analyses, we evaluated the effect of intravenous iron
therapy (with either FCM or ferric derisomaltose) vs. placebo/usual care
on the composite of total HF hospitalizations and CV death. The results
of the IRONMAN trial (extracted from the primary publication)' were
censored at 12 months for consistency with the primary FCM
meta-analysis. An additional sensitivity analysis that included the totality
of follow-up data available for each of the four trials (median of 2.7 and
1.9 years for RONMAN"® and HEART-FID,'® respectively) was also per-
formed. Reported RRs were converted to the logarithmic scale. Standard
errors of the log RR were derived from the reported Cls for the RRs.
Following the example of the IRONMAN trial, standardized trial level ana-
lyses for the CONFIRM-HF, AFFIRM-AHF, and HEART-FID trials were per-
formed with the semiparametric Lin-Wei-Yang—Ying (LWYY) model?*
including treatment and region as factors. Whereas analyses of
IRONMAN trial data were adjusted for recruitment context (hospital ad-
mission or outpatient), such adjustment is not applicable to the FCM trials.
Data were combined using the normal—normal hierarchical model for ran-
dom effects meta-analysis in the Bayesian framework.”* A uniform prior
was used for the treatment effect and a half-normal prior with scale 0.5
for the between-trial heterogeneity tau. The results are summarized by
marginal posterior means of the log RR and by marginal posterior medians
for tau; both are reported with 95% credible intervals. The Bayesian
meta-analyses were performed using the R package bayesmeta.

Results

Study and baseline characteristics

Overall, in the three FCM trials, 4501 patients were randomized to re-
ceive either FCM (n=2251) or placebo (n=2250). Study treatment
was started in 4475 patients (FCM, n = 2241; placebo, n =2234), and
at least one post-randomization follow-up data point was available
for 4470 patients (FCM, n =2237; placebo, n =2233). Patient charac-
teristics and medication use at baseline appeared balanced between
treatment groups (Table 2). The total population included 63% males,
with mean (SD) age of 69.2 (11.0) years, mean (SD) LVEF of 31.6%
(8.1%), and mean (SD) haemoglobin 12.5 (1.5) g/dL. Characteristics
were well balanced between the FCM and placebo arms.

Recurrent event efficacy endpoints

Ferric carboxymaltose therapy compared with placebo significantly re-
duced the co-primary composite endpoint of CV death and total CV
hospitalizations (RR 0.86; 95% Cl 0.75-0.98; P =.029), without evi-
dence of heterogeneity by trial (Figure 2A). Similarly, there was a trend
towards reduction of the co-primary composite endpoint of CV death
and total HF hospitalizations (RR 0.87; 95% CI 0.75-1.01; P =.076),
without evidence of heterogeneity by trial (Figure 2B). A summary of

the underlying causes of CV hospitalizations is presented in
Supplementary data online, Table S3.

Ferric carboxymaltose was associated with a 17% relative rate reduc-
tion in total CV hospitalizations (RR 0.83; 95% Cl 0.73-0.96; P =.009;
Figure 2C) and a 16% relative rate reduction in total HF hospitalizations
(RR 0.84;95% C1 0.71-0.98; P = .025; Figure 2D). Ferric carboxymaltose
did not impact time to CV death (HR 0.97; 95% Cl 0.80-1.17; P =.72;
Figure 2E).

Subgroup analyses

Subgroup analyses examined the effects of FCM therapy on the co-
primary endpoints across a number of prespecified subgroups and
are summarized in Figure 3A (total CV hospitalizations and CV death)
and Figure 3B (total HF hospitalizations and CV death). Subgroup ana-
lyses examining the effects of FCM therapy on CV mortality and all-
cause mortality are shown in Supplementary data online, Figure STA
and B, respectively.

There was evidence of a significant interaction between TSAT and
the composite of CV hospitalization and CV death (interaction
P =.019) and for CV death (interaction P=.035), such that patients
in the lowest TSAT tertile (<15%) exhibited a greater treatment effect
than those patients with higher baseline TSAT. A similar pattern was
observed for the effect of TSAT on total HF hospitalizations and CV
death (interaction P=.095). Numerically greater treatment effects
(i.e. lower RRs) were observed for both co-primary endpoints among
patients in the lower haemoglobin tertiles (interaction P =.099 for total
CV hospitalizations and CV death and interaction P =.23 for total HF
hospitalizations and CV death). There was also some indication of a po-
tential difference by HF aetiology, indicating more favourable effect of
FCM on HF hospitalization and CV death in patients with ischaemic
HF aetiology (interaction P=.08). Apart from these, the effects of
FCM therapy on both primary efficacy endpoints, CV death, and all-
cause death were similar across other subgroups examined (Figure 3;
Supplementary data online, Figure S1), and results were generally similar
across studies (see Supplementary data online, Tables $4 and S5).

Time-to-event efficacy endpoints

Ferric carboxymaltose therapy reduced the time to first CV death or
HF hospitalization by 12% (HR 0.88; 95% CI 0.78-0.99; P =.039) and
the time to first of CV death or CV hospitalization by 11% (HR 0.89;
95% Cl 0.80-0.99; P =.033). Statistically significant treatment benefits
of FCM compared with placebo were also seen for the time to first
CV hospitalization (HR 0.85; 95% CI 0.75-0.96; P =.007) and time to
first HF hospitalization (HR 0.83; 95% CI 0.72-0.95; P =.006). There
was no significant difference between FCM therapy and placebo for
the time to CV death (HR 0.97; 95% Cl 0.80-1.17; P=.724) and
time to all-cause death (HR 0.93; 95% Cl1 0.78-1.10; P = .393) (Table 3).

Exploratory analysis

A total of 4089 patients were alive and remained in the trials 6 months
after randomization. Of the 2047 patients in the FCM arm, 17% (n=
357) received 6-month cumulative FCM doses >1500 mg and had
therefore likely received doses beyond the initial dose administered
in each trial. Those patients receiving a cumulative FCM dose of no
>1500 mg had a risk of CV death or CV hospitalization similar
to that of patients receiving placebo (RR 0.95; 95% CI 0.80-1.13;
P =.571); however, although not reaching statistical significance, the
magnitude of treatment effect was greater among those patients
who received higher FCM doses and presumably had been re-dosed
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Efficacy of ferric carboxymaltose in heart failure with iron deficiency: an individual patient data meta-analysis
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A Total CV hospitalizations and CV death
Stud FCM PBO Rate ratio
v n/N (%) niN (%) (95% Cl)
[
CONFIRM-HF 28/150 (18.7) 38/151 (25.2) 0.65 (0.37-1.14) = :
AFFIRM-AHF 218/558 (39.1) 252/550 (45.8) 0.85 (0.66-1.10) ———
1
i
HEART-FID 371/1529 (24.3) 391/1532 (25.5) 0.88 (0.75-1.05) -—l—:—
Overall 617/2237 (27.6) 681/2233 (30.5) 0.86 (0.75-0.98) ’:
1
Overall P-value = 0.029° ' ' ' '
0.25 0.5 1.0 2.50
Heterogeneity: Cochran Q: 0.008; P=0.996 RR (95% CI)
o
Favours FCM +—— —— Favours PBO
B Total HF hospitalizations and CV death
Stud FCM PBO Rate ratio
Y n/N (%) n/N (%) (95% Cl)2
CONFIRM-HF 18/150 (12.0) 31/151 (20.5) 0.54 (0.28-1.07) L :
i
1
AFFIRM-AHF 189/558 (33.9) 216/550 (39.3) 0.85 (0.64-1.12) ———
HEART-FID 296/1529 (19.4) 316/1532 (20.6) 0.92 (0.76-1.10) 4%
1
|
Overall 503/2237 (22.5) 563/2233 (25.2) 0.87 (0.75-1.01) ‘
Overall P-value = 0.076 ' ' ' ‘
0.25 0.5 1.0 2.50
Heterogeneity: Cochran Q: 0.024; P=0.988 RR (35% CI)
(]
Favours FCM +—— — Favours PBO
C Total CV hospitalizations
Stud FCM PBO Rate ratio
v niN (%) niN (%) (95% Cl)2
[
CONFIRM-HF 21/150 (14.0) 33/151 (21.9) 0.53 (0.29-0.96) = E
i
AFFIRM-AHF 186/558 (33.3) 225/550 (40.9) 0.83 (0.65-1.06) —a—
i
HEART-FID 306/1529 (20.0) 332/1532 (21.7) 0.87 (0.73-1.03) —.—E-
i
Overall 513/2237 (22.9) 590/2233 (26.4) 0.83 (0.73-0.96) ‘ i
1
Overall P-value = 0.009° .08 0.5 10 2.50

Heterogeneity: Cochran Q: 0.021; P=0.989

RR (95% CI)
Favours FCM ¢——— ——— Favours PBO

Figure 2 Effect of ferric carboxymaltose vs. placebo on (A) total cardiovascular hospitalizations and cardiovascular death, (B) total heart failure hos-
pitalizations and cardiovascular death, (C) total cardiovascular hospitalizations, (D) total heart failure hospitalizations, and (E) time to cardiovascular
death. *Rate ratios and P-values are estimated using a negative binomial model on the number of events, including (fixed covariates) treatment, region,
haemoglobin level at baseline, and (random covariate) study. ®The hazard ratio, associated 95% confidence interval, and adjusted Wald P-value are from
a Cox model fitted with fixed effects of treatment, subgroup, treatment by subgroup, haemoglobin at baseline, region, and a random effect of study,
assuming proportional hazards. Cl, confidence interval; CV, cardiovascular; FCM, ferric carboxymaltose; HF, heart failure; PBO, placebo; RR, rate ratio.
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D Total HF hospitalizations
Stud FCM PBO Rate ratio
Y niN (%) niN (%) (95% Cl)
1
1
CONFIRM-HF 10/150 (6.7) 25/151 (16.6) 0.33 (0.15-0.76) ~—— '
:
1
AFFIRM-AHF 145/558 (26.0) 181/550 (32.9)  0.80 (0.61-1.06) ——
1
|
1
HEART-FID 226/1529 (14.8) 246/1532 (16.1) 0.90 (0.74-1.10) —I—:—
1
|
Overall 381/2237 (17.0)  452/2233(20.2)  0.84 (0.71-0.98) ’:
1
Overall P-value = 0.025% 0.95 05 10 250

Heterogeneity: Cochran Q: 0.101; P=0.951

RR (95% CI)
Favours FCM +—— ——— Favours PBO

E Time to CV death
Stud FCM PBO Hazard ratio
v n/N (%) niN (%) (95% Clye
1
CONFIRM-HF 12/150 (8.0) 12/151 (7.9) 1.04 (0.47-2.32) 'p
i
AFFIRM-AHF 85/558 (15.2) 83/550 (15.1) 1.05 (0.77-1.42) ——
i
HEART-FID 108/1529 (7.1) 124/1532 (8.1) 0.90 (0.70-1.17) —I—E—
Overall 205/2237 (9.2) 219/2233 (9.8) 0.97 (0.80-1.17) ‘
1
Overall P-value = 0.724 ' : : :
0.25 0.5 1.0 2.50
Heterogeneity: Cochran Q: 0.005; P=0.997 RR (95% CI)
o

Figure 2 Continued

(RR 0.89; 95% Cl 0.64-1.23; P = .485) (Figure 4). A similar pattern was
observed for the endpoint of CV death and HF hospitalization
(Figure 4).

Safety data

The overall incidences (through Week 52) of investigator-reported ser-
ious TEAEs, serious TEAEs leading to death, and serious TEAEs leading
to study drug discontinuation were similar in both treatment groups
(Table 4). No deaths were judged to be the cause of serious
treatment-related TEAEs. The rates of serious treatment-emergent in-
fections were 9.9 per 100 patient-years and 9.6 per 100 patient-years in
the FCM and placebo groups, respectively.

Sensitivity analyses

Data from the IRONMAN trial (n = 1063) were censored at 12 months
and incorporated into the FCM data set described above for the com-
posite endpoint of CV death and total hospitalizations for HF.
Compared with control (placebo or standard of care), intravenous
iron significantly reduced the rates of recurrent HF hospitalizations
and CV death at 12 months (RR 0.755; 95% Cl 0.529-0.998; tau =
0.16). The forest plot in Figure 5A depicts the contribution of each trial
as well as the overall estimate for this outcome.

Favours FCM ¢——— ——— Favours PBO

Because both HEART-FID and IRONMAN trials included follow-up
periods that extended beyond 1 year, an additional sensitivity analysis
was performed to include all available follow-up data. As depicted in
Figure 5B, the treatment effect associated with intravenous iron was at-
tenuated over the longer follow-up period. Compared with control
(placebo or standard of care), intravenous iron reduced the rates of re-
current HF hospitalizations and CV death by 18% (RR 0.822; 95% Cl
0.577-1.073; tau = 0.16), although this effect did not reach statistical
significance.

Discussion

This study represents the largest pooled analyses using IPD to examine
the effects of FCM therapy on clinical outcomes and the first to include
the results of the HEART-FID trial. We found that in patients with HF
with reduced LVEF and concomitant ID, treatment with intravenous
FCM significantly reduced the rate of the composite of CV death and
CV hospitalization during 12-month follow-up. There was also a trend
towards reduction of the rate of composite of CV death and total HF
hospitalizations during 12-month follow-up, which narrowly missed the
prespecified level of statistical significance (Structured Graphical
Abstract). Rate reductions in the primary composite endpoints were
mainly driven by treatment effect on HF hospitalizations and CV
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A Total CV hospitalizations and CV death

n;‘C:\:M nl:lﬂgﬁ) RR (95% CI)® P-value® P-int
Age, years <68 209/786 (27.3) 229/784 (29.2) 0.83 (0.66-1.05) — a1 0.114
266 and <75 187/737 (25.4) 219/706 (31.0) 0.77 (0.61-0.99) _._E 0.038 0.355
275 221/734 (30.1) 233/743(31.4) 0.99 (0.78-1.25) + 0.901
Nan-ischaemic 2221819 (27.1) 241/868 (27.8) 0.96 (0.77-1.20) e 0.745
HF aetiology ; : / 0.209
Ischaemic 37311325 (28.2) 418/1282 (32.6) 0.81 (0.68-0.96) —- 0.015°
T <20 38011140 (33.3) 45611183 (38.5) 0.80 (0.67-0.95) — E 0.0128 i
220 23201079 (21.5) 21511032 (20.8) 1.00 (0.81-1.23) [ — 0.989
<15 222/678 (32.7) 292/697 (41.9) 0.72 (0.57-0.91) PR — : 0.0062
TSAT, % 215and <24 216/739 (29.2) 2441790 (30.9) 0.87 (0.69-1.09) A 0.223 0,019
224 173/802 (21.8) 135/728 (18.5) 1.17 (0.91-1.50) _,l_._. 0.213
<47.5 251/723 (34.7) 261/677 (38.6) 0.81 (0.65-1,02) —- 0.071
eGFR, mL/min/1.73 m? =47.5 and <68.3 184/700 (26.3) 187/699 (26.8) 0.94 (0.74-1.20) — 0.619 0525
268.3 129/682 (18.9) 165/720 (22.9) 0.77 (0.60-1.00) — 0.053
<11.9 2171729 (29.8) 271/750 (36.1) 0.73 (0.58-0.92) —a 0.0075
Haemoglobin, g/dL.  >11.9 and <132 195/690 (28.3) 2211752 (29.4) 0.83 (0.65-1.05) — 0.122 0.099
213.2 2011803 (25.0) 185/720 (25.7) 1.04 (0.82-1.32) M S 0.729
Anaemia, Yes 333/1086 (30.7) 406/1147 (35.4) 0.77 (0.64-0.93) — 0.0074 b
WHO definition® No 280/1136 (24.6) 2711075 (25.2) 0.97 (0.78-1.18) e 0.725
NYHA <class Il 2861148 (25.0) 319/1160 (27.5) 0.83 (0.68-1.00) - 0.052 ato
functional class =class Il 331/1090 (30.4) 362/1070 (33.8) 0.84 (0.68-1.02) — 0.073
<100 513/1906 (26.9) 546/1866 (29.3) 0.84 (0.73-0.98) JE— 0.0250
Ferritin, ng/mL ) \ 0501
2100 100/318 (31.4) 132/361 (36.6) 0.96 (0.68-1.35) [ — 0.807
sox Male 42111420 (29.6) 4811379 (34.9) 0.85 (0.72-1.01) — 0.061 018
Female 196/817 (24.0) 200/854 (23.4) 0.88 (0.70-1,11) — . 0.293
Hospitalization for HF V&5 290/929 (31.2) 329/902 (36.5) 0.83 (0.68-1.01) —a 0.064 o
in the prior year Ne 256/1005 (25.5) 27511015 (27.1) 0.87 (0.71-1.06) - om 0.471
Overall 617/2237 (27.6) 681/2233 (30.5) 0.86 (0.75-0.98) ‘: 0.029*
0.25 s 10 2,50
RR (95% CI)
Favours FCM ¢——— — Favors PBO
B Total HF hospitalizations and CV death
n;‘cmﬂ n;ﬁ?m RR (95% Clj? P-values Pnt
Age, years <66 165/766 (21.5) 186/784 (23.7) 0.86 (0.66-1.11) — - 0.233
266 and <75 153/737 (20.8) 172/708 (24.4) 0.80 (0.61-1.04) —g—}. 0.099 0.589
275 185/734 (25.2) 205/743 (27 6) 0.97 (0.74-1.26) —-J— 0.807
Non-ischasmic 194/819 (23.7) 203/868 (23.4) 1.04 (0.81-1.32) [T 0.771
HF aetiology : 0.081
Ischaemic 2921325 (22.0) 342/1282 (26.7) 0.78 (0.64-0.96) —-—— 0.0162
—— <20 32011140 (28.1) 39011183 (33.0) 0.82 (0.67-1.00) —H 0.046° _—
220 1771079 (16.4) 165/1032 (16.0) 1.00 (0.79-1.26) e 0.980
<16 186/678 (27.4) 251/697 (36.0) 0.74 (0.57-0.96) [ 0.0212
TSAT, % 215 and <24 178/739 (24.1) 205/790 (25.9) 0.91(0.71-1.17) —.—l— 0.468 0.095
224 133/802 (16.6) 99/728 (13.6) 1.12 (0.85-1.49) _L._ 0.412
<47.5 2171723 (30.0) 231/677 (34.1) 0.84 (0.65-1.08) - 0.176
eGFR, mL/min/1.73 m? 247.5 and <68.3 135/700 (19.3) 149/699 (21.3) 0.86 (0.65-1.13) —_— 0.270 0.936
268.3 103/682 (15.1) 124/720 (17.2) 0.90 (0.67-1,21) —-— 0.493
<119 194/729 (26.6) 243/750 (32.4) 0.75 (0.58-0.97) — - 0.030¢
Haemoglobin, g/dL.  211.9 and <13.2 156/680 (22.8) 176/752 (23.4) 0.85 (0.65-1.11) — s 0.230 0232
2132 149/803 (18.6) 140/720 (19.4) 1.04 (0.79-1.37) e 0.770
Anaemia, Yes 291/1086 (26.8) 35211147 (30.7) 0.80 (0.65-0.98) o 0.0313 s
WHO definition® No 208/1136 (18.3) 207/1075 (19.3) 0.96 (0.77-1.21) — 0.741
NYHA <class Il 22601146 (19.7) 258/1160 (22.2) 0.83 (0.67-1.03) — 0.092 0846
functional class zclass Il 277/1090 (25.4) 305/1070 (28.5) 0.86 (0.69-1.06) — . 0.156
<100 4131806 (21.7) 440/1866 (23 6) 0.86 (0.73-1.01) J— 0.071
Eerifin;:ngmi: =100 86/318 (27.0) 120/361 (33.2) 0.96 (0.66-1.40) ‘1‘7 0.838 ol
Male 339/1420 (23.9) 39611379 (28.7) 0.88 (0.73-1.06) — - 0.167
8 Female 164/817 (20.1) 167/854 (19.6) 0.87 (0.67-1.12) i 0.281 080
Hospitalization for HF &5 253/929 (27.2) 285/902 (31.6) 0.88 (0.71-1.09) E—— 0.229 .
in the prior year No 198/1005 {19.7) 21711015 (21.4) 0.84 (0.66-1.05) —a— 0.126
Overall 503/2237 (22.5) 563/2233 (25.2) 0.87 (0.75-1.01) i 0.076
025 05 10 250
RR (35% CI)

Favours FCM #——— ~—— Favours PBO

Figure 3 Subgroup analyses for (A) total cardiovascular hospitalizations and cardiovascular death and (B) total heart failure hospitalizations and car-
diovascular death. Significant difference at 5% significance level. ®Rate ratio and P-value are estimated using a negative binomial model on the number of
events, including (fixed covariates) treatment, region, haemoglobin level at baseline (where applicable), interaction between subgroup and treatment,
and (random covariate) study. “Defined as <12 g/dL (female) and <13 g/dL (male). Cl, confidence interval; CV, cardiovascular; eGFR, estimated glom-
erular filtration rate; FCM, ferric carboxymaltose; HF, heart failure; int, interaction; NYHA, New York Heart Association; PBO, placebo; RR, rate ratio;
TSAT, transferrin saturation; WHO, World Health Organization.
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au:::::‘i::sdosing n;:‘: I;ﬂ%) " /P: ?%} Rate ratio (95% Cl)? P-value®
Total CV hospitalizations and CV death

<1500 mg FCM 267/1690 (15.8) 351/2042 (17.2) 0.95 (0.80-1.13) —li— 0.571
>1500 mg FCM 59/357 (16.5) 351/2042 (17.2)  0.89 (0.64-1.23) —I—E— 0.485
Total HF hospitalizations and CV death

<1500 mg FCM 218/1650 (12.9) 284/2042 (13.9) 0.98 (0.80-1.19) + 0.815
>1500 mg FCM 45/357 (12.6) 284/2042 (13.9)  0.87 (0.60-1.26) —IE— 0.465

O.IZS 1jD 2 I5[)

RR (95% Cl)
Favours FCM =~ 4—— ——» Favours PBO

Figure 4 Landmark analysis examining the impact of cumulative dosing during the first 6 months of follow-up on event rates after 6 months. “Rate
ratio and P-value are estimated using a negative binomial model on the number of events, including (fixed covariates) treatment, region, haemoglobin
level at baseline (where applicable), and interaction between subgroup and treatment. Population restricted to patients alive at 6 months. Landmark
time at 6 months was set to 200 days. Cl, confidence interval; CV, cardiovascular; FCM, ferric carboxymaltose; PBO, placebo; RR, rate ratio.

Table 3 Secondary endpoints from pooled ferric carboxymaltose studies (CONFIRM-HF, AFFIRM-AHF, and

HEART-FID)
FCM n=2237
Time to first CV death and HF hospitalization 503(225)
Time to first CV death and CV hospitalization 617 (27.6)
Total HF hospitalizations, n 604
Time to first HF hospitalization 381 (17.0)
Time to CV death 205 (9.2)
Time to all-cause death 257 (11.5)
Total CV hospitalizations, n 852
Time to first CV hospitalization 513 (22.9)
Total all-cause hospitalizations, n 997

PBO n=12233 HR or RR (95% CI) P-value
o 63252 HR 088 (078-099F . U

681 (30.5) HR 0.89 (0.80-0.99)" 033°

734 RR 0.84 (0.71-0.98)° 025°

452 (20.2) HR 0.83 (0.72-0.95)° 006

219 (9.8) HR 0.97 (0.80-1.17) 724

284 (12.7) HR 0.93 (0.78-1.10)° 3932

1015 RR 0.83 (0.73-0.96)° .009°

590 (26.4) HR 0.85 (0.75-0.96)° 007

1138 RR 0.87 (0.76-0.99)° 029°

Data are n (%) unless stated otherwise.

Cl, confidence interval; CV, cardiovascular; FCM, ferric carboxymaltose; HF, heart failure; HR, hazard ratio; PBO, placebo; RR, rate ratio.
*Hazard ratio, associated 95% Cl, and adjusted Wald P-value are from a Cox model fitted with fixed effects of treatment, haemoglobin at baseline, region, and a random effect of study,

assuming proportional hazards.

PRate ratio, associated 95% Cl, and P-value are estimated using a negative binomial model on the number of events, including (fixed covariates) treatment, region, haemoglobin level at

baseline, and (random covariate) study.

hospitalizations, with no apparent effect on CV or all-cause mortality.
Treatment appeared to be safe and well tolerated. With such a large
population (n > 4500) across a wide spectrum of CV risk and no evi-
dence of heterogeneity by trial for any of studied endpoints, intraven-
ous administration of FCM in iron-deficient patients with HF with
reduced LVEF should be considered to reduce the risk of hospital ad-
missions for HF and CV causes.

This analysis also addresses some previous controversies related to the
efficacy of FCM in specific patient subgroups. In brief, we found no evi-
dence for the heterogeneity of treatment effects by sex, age, and baseline
serum ferritin, all of which earlier remained controversial based on sub-
group analyses from either individual trials or previous
meta-analyses."*'>?>% Thus, we conclude that FCM exerts favourable ef-
fects on the clinical outcomes across a number of key subgroups, which is

in agreement with previous reports.””? It is worthy to note that we found
some indication of a potential heterogeneity by HF aetiology, indicating
that patients with ischaemic HF aetiology tended to demonstrate greater
benefits of FCM therapy regarding the reduction in HF hospitalization and
CV death. This intriguing observation has already been noted in the
AFFIRM-AHF study? and requires further investigations in prospectively
designed studies, with robust definition of HF underlying aetiology.

The use of ferritin and TSAT cut-offs (ferritin <100 ng/mL or ferritin
100-300 ng/mL with a TSAT <20%) to define ID has a long history® and
has generally predicted a positive response to FCM on symptomatic
measures. Their predictive value for treatment effects as assessed by hos-
pitalizations and mortality is less clear. In a meta-analysis of IPD that in-
cluded a smaller population and studies with shorter follow-up
duration, Anker et al.?® reported that lower baseline TSAT levels may
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Table 4 Safety data

FCM (n=2241) Placebo (n =2234)
n (%) [E] Per 100 PY n (%) [E] Per 100 PY
incidence [events] incidence [events]
Anyserious TEAE 678 303 [1410] 03617 706 (316)[1465] 3170659
Any serious treatment-related TEAE 6 (0.3) [11] 0.3 [0.5] 3(0.1) [3] 0.1 [0.1]
Any serious TEAE resulting in death 160 (7.1) [197] 7.2 [8.8] 168 (7.5) [211] 7.6 [9.5]
Any serious treatment-related TEAE resulting in death 0 (0) [0] 0[0] 0 (0) [0] 0[0]
Any serious TEAE resulting in withdrawal of study drug 102 (4.6) [125] 4.6 [5.6] 110 (4.9) [130] 4.9 [5.8]
Any non-serious TEAE resulting in withdrawal of study drug 18 (0.8) [21] 0.8 [0.9] 24 (1.1) [28] 1.1[1.3]
Any serious treatment-related TEAE resulting in 4(0.2) [7] 0.2 [0.3] 1(<0.1) [1] 0.0 [0.0]

withdrawal of study drug

Medical Dictionary for Regulatory Activities (version 26.0) was used for coding. Percentages are based on the number of subjects in the safety population per treatment group. Treatment
emergent is an AE that occurred or increased in severity on or after the first dose of study medication, up to the reference end date. For each category, n includes patients only once, even if
they experienced multiple AEs in that category. Incidence per 100 PY = 100 X (number of subjects affected)/(total observation time up to Day 408) per treatment group. Events per 100
PY =100 X (number of events)/(total observation time up to Day 408) per treatment group.

AE, adverse event; E, number of events; FCM, ferric carboxymaltose; n, number of patients with >1 occurrence of the event; PY, patient-years; TEAE, treatment-emergent adverse event.

A Total HF hospitalizations and CV death through 52 weeks

Rate ratio
Study (95% ClI)
;
]
CONFIRM-HF 0.51 (0.28-0.95) = '
:
‘
1
AFFIRM-AHF 0.76 (0.60-0.96) —
i
i
HEART-FID 0.89 (0.74-1.07) N B
i
i
i
IRONMAN 0.66 (0.48-0.91) —a—
|
Overall 0.76 (0.53-1.00) ‘
:
1
Tau=0.16 (95% CI: 0.00-0.53) 0.25 05 1.0 25

RR (95% CI)
Favours IV iron +—— — Favours control?

B Total HF hospitalizations and CV death across entire follow-up period

Rate ratio

Study (95% Cl)

T

i
CONFIRM-HF 0.51 (0.28-0.95) " '

i

i
AFFIRM-AHF 0.76 (0.60-0.96) ——

i
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i
HEART-FID 0.96 (0.82—1.11) ——
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.
IRONMAN 0.82 (0.66-1.02) ——
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T

i
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Figure 5 Sensitivity analysis of effect of intravenous iron vs. control (placebo or standard of care) on (A) total heart failure hospitalizations and car-

diovascular death through 52 weeks and (B) total heart failure hospitalizations and cardiovascular death across entire follow-up period. *Placebo or

standard of care. Standardized trial level analyses were performed using the semiparametric Lin—Wei—Yang—Ying model including treatment and region

as factors. Analysis used Bayesian random effects meta-analysis. Cl, credible interval; CV, cardiovascular; FCM, ferric carboxymaltose; HF, heart failure;

PBO, placebo; RR, rate ratio.
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identify patients who would benefit the most from FCM therapy, where-
as in those with TSAT above 20%, the effects of FCM therapy on the out-
comes appeared to be negligible. These data align with research from
Okonko et al.*° demonstrating that TSAT <20%, but not ferritin-based
criteria, predicted ‘true’ ID as assessed by soluble transferrin receptor
(sTFR) levels and TSAT being a more reliable marker of iron status in
the pro-inflammatory HF state. Recent meta-analyses that included
data from the IRONMAN and AFFIRM-AHF trials reported conflicting
results on the impact of TSAT on treatment response.”**'2 In our
meta-analysis, it appeared that patients in the lowest baseline TSAT
tertile (<15%) benefited from FCM therapy (with statistically significant
reduction of RR for both primary efficacy outcomes), whereas those
with highest TSAT values (i.e. >24%) did not. Additionally, there was
also an indication of a potential difference in the FCM effect on CV mor-
tality among subgroups split by baseline TSAT with statistically significant
reduction of the risk in patients with the lowest values (TSAT <15%) and
potentially unfavourable effects in patients with TSAT of 24% or greater.
Therapy with FCM tended to be associated with both reduced all-cause
and CV mortality in patients with HF and low TSAT. We consider these
findings supportive to challenge the current definition of ID in HF as the
main indication for intravenous iron therapy. This definition, applied in
most clinical trials, is based on serum levels of ferritin and TSAT, but there
is ample evidence that it rather poorly reflects depletion of iron in the
bone marrow and iron status in the peripheral target tissues, such as
myocardium or skeletal muscles.** In fact, only very low serum ferritin
(below 1015 ng/mL) is specific for an absolute ID, whereas higher fer-
ritin levels reflect a multifaceted milieu of pro-inflammatory activation
and cellular damage.?”*® It may explain the association between higher
ferritin and poor prognosis in HF but makes ferritin a rather poor bio-
marker of ID in HF and indicator for iron repletion therapy.
Interestingly, the traditional approach to ID, applied in haematology set-
tings, is based on an assumption that in any case of uncertainty regarding
diagnosis of ID, ‘genuine ID’ is considered post hoc only in the cases with
positive response to intravenous iron therapy. As ID has been typically
linked with anaemia, a favourable response to intravenous iron supple-
mentation has been defined as a certain increase in haemoglobin level.
In the HF setting, pathophysiological and clinical implications of ID tend
to occur irrespective of haemoglobin level; therefore, one needs to con-
sider different attempts to characterize a positive response to intraven-
ous iron supplementation. It seems that a clinical approach comprising
favourable outcomes of being alive and out of hospital due to HF worsen-
ing is a desirable concept here. In our meta-analysis including a broad
range of patients with HF exposed to intravenous FCM therapy, based
on subgroup analyses, baseline TSAT (but not serum ferritin) was the
only discriminator of the magnitude of such a response. Clinical benefit
from iron repletion was observed in those with low TSAT, whereas
those with higher TSAT levels (even if it coincided with low ferritin levels)
did not show any benefit because they may not have been ‘genuine’ ID
and therefore may not be appropriate candidates for intravenous iron
therapy. The level of TSAT that would be optimal for iron repletion ther-
apy in patients with HF needs to be further established.

In this context, it is also important to highlight the differences that
were observed in the effects of FCM on the endpoints across the trials
included in this meta-analysis. For instance, there were numerically few-
er CV deaths observed with FCM over the follow-up period of the
HEART-FID trial [HR (96% CI): 0.86 (0.72—1.03)] which was not ob-
served in prior trials. In AFFIRM-AHF, a significant reduction in HF hos-
pitalizations [RR (95% Cl): 0.74 (0.58-0.94)] was observed, but this was
not replicated in HEART-FID. These differences may have been due to
differences in baseline characteristics, including baseline TSAT levels.

The recommended dosing of FCM varies slightly as approved by re-
gional regulatory agencies, and maximal initial doses varied across stud-
ies (CONFIRM-HF and AFFIRM-AHF: 1000 mg Week 0; HEART-FID:
750 mg at Days 0 and 7). It appeared that higher cumulative dose of
FCM administered during first 6 months of therapy—Tlikely the result
of re-dosing—may be associated with a slightly greater treatment effect
after 6 months compared with a lower cumulative dose (although the
treatment effect did not reach significance in either dose group).
Notably, the treatment effect following a single course of FCM appears
to be absent >6 months after therapy. Although these data should be
considered as only hypothesis generating, we found them clinically rele-
vant. There are reports that in iron-deficient states, higher doses of
intravenous iron may further potentiate beneficial effects of iron reple-
tion. In the PIVOTAL trial in patients with chronic kidney disease under-
going haemodialysis, the use of a high-dose intravenous iron regimen
was superior to the use of a low dose and was associated with a lower
risk of death or major adverse CV events.>” Of note, those assigned to
receive high-dose iron therapy were less likely to have a myocardial in-
farction or be hospitalized for HF vs. those in the low-dose iron therapy
group.??*® Our findings have potential implications for the re-dosing of
intravenous iron in HF. Current recommendations (applied in rando-
mized controlled trials and in the HF guidelines) assume regular evalu-
ation of ID biomarkers (namely, ferritin/TSAT), and only if ID is present
(as defined by these biomarkers), re-dosing is advised.”'%*¢ |t may
well be that these biomarkers should not be used to predict efficacy
of iron repletion but, instead, to monitor safety (only if the level of fer-
ritin/ TSAT reaches predefined high levels should the next re-dosing not
be recommended). In this context, re-dosing using higher doses of
intravenous iron (in the regulatory approved ranges) may also poten-
tially augment favourable effects of correction of ID in HF.

In order to assess all the available data related to long-term effects of
intravenous iron therapy on clinical outcomes in patients with HF and
ID, we performed a sensitivity analysis that also included the results of
the IRONMAN trial. For this trial, IPD were not available, and we used
data extracted from the primary publication.” The results of the sen-
sitivity analysis including IRONMAN (with ferric derisomaltose) con-
firmed the findings from FCM trials. In brief, the pooled analysis of
5600 patients showed that therapy with intravenous iron (namely,
with FCM or ferric derisomaltose) significantly reduced the rates of re-
current HF hospitalizations and CV death at 12 months (vs. placebo/
standard of care). However, for the total follow-up duration, the mag-
nitude of the treatment effect (vs. placebo/standard of care) for the
composite of CV death and total HF hospitalizations was reduced,
and statistical significance was lost in the Bayesian analysis (with an
upper 95% CI of 1.073). We believe, however, that the totality of the
data and the results of our meta-analysis support the clinical benefit
of intravenous iron therapy in iron-deficient HF patients with reduced
LVEF and should inform clinical decision-making and guidelines.

The results of this meta-analysis should be viewed in the context of
some limitations. We did not have access to the IPD from
the IRONMAN trial; therefore, we could only use aggregated data in
the sensitivity analyses for the whole cohort, and data from the
IRONMAN trial could not be used for subgroup analyses. In the
main analyses, we limited the follow-up to 12 months, because it was
follow-up available for the CONFIRM-HF and
AFFIRM-AHF trials. However, in the sensitivity analyses, the totality
of evidence regarding the complete follow-up of all trials is presented.

The results of this large meta-analysis provide further support that
treatment with FCM significantly reduces recurrent HF and CV hospi-
talizations. No new safety concerns were raised by the present analysis.

a maximal
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Importantly, our findings support continued research to identify those
patients who are most likely to benefit from treatment with intraven-
ous iron, particularly as it relates to the criteria used to identify 1D
and eligibility for initial and repeat iron doses.
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