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ABSTRACT

BACKGROUND Patients with heart failure and iron deficiency have diverse causes for hospitalization and death that
might be affected by iron repletion.

OBJECTIVES The purpose of this study was to explore causes of hospitalizations and deaths in a randomized trial
(IRONMAN) of heart failure comparing intravenous ferric derisomaltose (FDI) (n = 568) and usual care (n = 569).

METHODS Patients with heart failure, left ventricular ejection fraction =45%, and either transferrin saturation <20%
or serum ferritin <100 pg/L were enrolled. Median follow-up was 2.7 years (Q1-Q3: 1.8-3.6 years). A committee
adjudicated the main and contributory causes of unplanned hospitalizations and deaths. RRs (rate ratios) for selected
recurrent events with 95% Cls are also reported.

RESULTS Compared with usual care, patients randomized to FDI had fewer unplanned hospitalizations (RR: 0.83;
95% Cl: 0.71-0.97; P = 0.02), with similar reductions in cardiovascular (RR: 0.83; 95% Cl: 0.69-1.01) and noncardio-
vascular (RR: 0.83; 95% Cl: 0.67-1.03) hospitalizations, as well as hospitalizations for heart failure (RR: 0.78; 95% Cl:
0.60-1.00), respiratory disease (RR: 0.70; 95% Cl: 0.53-0.97), or infection (RR: 0.82; 95% Cl: 0.66-1.03). Heart failure
was the main cause for 26% of hospitalizations and contributed to or complicated a further 12%. Infection caused or
contributed to 38% of all hospitalizations, including 27% of heart failure hospitalizations. Patterns of cardiovascular and
all-cause mortality were similar for patients assigned to FDI or usual care.

CONCLUSIONS In IRONMAN, FDI exerted similar reductions in cardiovascular and noncardiovascular hospitalizations,
suggesting that correcting iron deficiency might increase resistance or resilience to a broad range of problems that
cause hospitalizations in patients with heart failure. (Intravenous Iron Treatment in Patients With Heart Failure and
Iron Deficiency; NCT02642562) (JACC. 2024;84:1704-1717) © 2024 The Authors. Published by Elsevier on behalf
of the American College of Cardiology Foundation. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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or patients with heart failure, reduced left

ventricular ejection fraction (HFrEF), and

iron deficiency, intravenous administration of
iron increases hemoglobin, improves symptoms, and
reduces hospitalizations for heart failure,'” though
evidence for a reduction in cardiovascular (CV) or
all-cause mortality remains elusive.'

But what constitutes a hospitalization for heart
failure?*® Most people would agree that an admission
for worsening breathlessness and peripheral edema
that responds to intensification of diuretic therapy
constitutes a hospitalization for heart failure; but
what if worsening heart failure is clearly precipitated
by atrial fibrillation, myocardial infarction, worsening
renal function, or infection? In clinical practice,
several problems often conspire to cause a hospitali-
zation or death,® but clinical endpoint adjudication
committees (CEACs) conventionally attribute hospi-
talizations or deaths to a single cause.'® Recognizing
that diverse problems often conspire to cause hospi-
talization or death better reflects clinicians’ experi-
ence and helps identify unmet needs and alternative
therapeutic targets that should be investigated in
future trials.

SEE PAGE 1718

The IRONMAN (Intravenous Iron Treatment in Pa-
tients With Heart Failure and Iron Deficiency;
NCT02642562) trial investigated the effects of intra-
venous ferric derisomaltose (FDI) compared with
usual care in patients with HFTEF and evidence of
iron deficiency.'»'> The primary endpoint, a com-
posite of recurrent hospital hospitalizations for heart
failure and CV death, was of borderline statistical
significance. A first-event analysis of all-cause hos-
pitalizations was reported in the primary report and
was not statistically significant (HR: 0.91; 95% CI:
0.79-1.05; P = 0.21)."" We now present an analysis of
the main and contributory causes of hospitalizations,
using a recurrent-events analysis, and deaths to pro-
vide further insights into the pattern of clinical ef-
fects of intravenous iron in patients with HFrEF.

METHODS

The IRONMAN trial was an investigator-initiated,
randomized, open-label, blinded-endpoint trial
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conducted in the United Kingdom comparing
intravenous FDI and usual care (Central
Illustration). The trial was funded by the
British Heart Foundation (grant award CS/15/
1/31175). Pharmacosmos supplied FDI and
gave additional financial support. The
trial protocol amendments were
approved by a national ethics committee in
the United Kingdom (Leicester South
Research Ethics Committee, Integrated
Research Application System no. 191168),
the Medicines and Healthcare Products
Regulatory Agency, and the UK Health
Research Authority." The trial was registered at
clinicaltrials.gov (NCT02642562). The design and
main results have been published previously.'-"?
Adults with new or established symptomatic heart
failure and LVEF =45% were invited to participate.
After written informed consent, patients were
screened for inclusion and exclusion criteria. Hemo-
globin had to be =9 g/dL, but <13 g/dL for women
and <14 g/dL for men. Serum ferritin had to
be <100 pg/L or transferrin saturation (TSAT) <20%;
those with a serum ferritin >400 pg/L were excluded.

and

Patients were required to have either a current or
recent (<6 mo) heart failure hospitalization or raised
plasma concentrations of natriuretic peptides.

Eligible patients were randomly assigned (1:1) to
receive FDI or usual care. Up to 20 mg/kg of iron, to a
maximum of 2,000 mg, could be administered as a
single infusion, depending on hemoglobin concen-
tration and patient’s weight. The protocol requested
that participants be reviewed 4 weeks after random-
ization and every 4 months thereafter until trial
completion. For those assigned to FDI, investigators
were asked to give further doses of FDI at trial visits if
ferritin was <100 pg/L or, if ferritin was =400 pg/L,
TSAT was <25%.

The primary endpoint was hospitalization for heart
failure and CV death analyzed using a recurrent
events analysis. Analysis of cause-specific hospitali-
zations or deaths was not prespecified and the trial
was not powered to show such differences. This
report should be considered mainly descriptive rather
than hypothesis testing.

A CEAC, blind to treatment allocation, adjudicated
all unplanned hospitalizations and all deaths. The

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’
institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,

visit the Author Center.
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AKI = acute kidney injury

CEAC = clinical endpoint
adjudication committee

CV = cardiovascular

LVEF = left ventricular
ejection fraction

1705

ABBREVIATIONS
AND ACRONYMS

FDI = ferric derisomaltose
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LVEF <45%

CENTRAL ILLUSTRATION IRONMAN Trial Design and the Effects of FDI on Hospitalizations

The

TSAT <20%
or ferritin  Conducted 6688
<100 pg/L inthe UK 550 JRR: 0.83 (95% CI: 0.67-1.03)

P =0.086

All endpoints adjudicated by
committee for main and
contributory causes

Cleland JGF, et al. JACC. 2024;84(18):1704-1717.

Randomized Trial
Effect of Intravenous Ferric Derisomaltose (FDI) on Causes of Hospitalization and
Death in Patients With Heart Failure and Iron Deficiency

Compared to Usual Care, IV FDI Reduced All-Cause Hospitalizations:
RR: 0.83, (95% CI: 0.71-0.97), P = 0.02

But Had No Significant Effect on Mortality

RR: 0.83 (95% Cl: 0.69-1.01)

Main Reason  Main Reason CV Main Reason HF HF Main or
Non-CV Contributing to
CV or Non-CV

Admissions

P=0.059

RR: 0.78 (95% Cl: 0.60-1.00)
P =0.046

RR: 0.77 (95% Cl: 0.59-1.01)
P =0.062

W Usual Care m FDI

Design of the IRONMAN trial and effect of FDI on all-cause and cause-specific hospitalizations (recurrent events analysis) for patients with chronic heart failure with a
reduced left ventricular ejection fraction (LVEF) and markers of iron deficiency. CV = cardiovascular; IV = intravenous; RR = rate ratio; TSAT = transferrin saturation.

CEAC comprised 3 cardiologists, F.J.G., P.P., and
J.G.F.C., who reviewed case report forms, discharge
letters, and death certificates. Initially, all events were
reviewed by all 3 members to gain experience and
ensure consistency. Thereafter, events were evalu-
ated by a single CEAC member, who could request re-
view by the whole committee in cases of uncertainty.
Planned hospitalizations from a waiting list that did
not result in serious disability or death (eg, uncom-
plicated cataract surgery) were not included in this
analysis. To avoid including hospitalizations that were
precautionary rather than for a major event, hospi-
talizations were required to be for >24 hours or to be

fatal to be considered as endpoints. Record linkage to
national databases of hospital discharges and deaths
was done to ensure identification of relevant events
that investigators might have missed.
Hospitalizations were classified as CV or non-CV.
The main cause of hospitalization was then classi-
fied as presented in Supplemental Table 1 and
contributory CV and non-CV causes recorded. A single
event could have many contributory causes. For
example, an admission for worsening congestion
due to recurrent atrial fibrillation and anemia with
evidence of gastrointestinal bleeding while on
an oral anticoagulant would be adjudicated as
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hospitalization mainly for heart failure with 3
contributory CV causes, that is, atrial fibrillation,
bleeding, and CV therapy. Hospitalization was
considered to be due to heart failure if worsening
symptoms or signs of congestion required intensified
diuretic therapy. When worsening heart failure was
the main cause of hospitalization or made an impor-
tant contribution to hospitalization for another CV
cause, such as atrial fibrillation, it was considered to
be a primary endpoint. However, when heart failure
was contributory to non-CV hospitalization, it was
not. Heart failure occurring late after hospital hospi-
talization was also recorded but did not count toward
the primary endpoint. For the primary endpoint,
hospitalizations for heart failure during which the
patient died from CV causes were counted as a single
event, but hospitalization and deaths are counted
separately in the present report.

Hospitalizations due to complications of CV ther-
apy, including bleeding or acute kidney injury (AKI),
were considered to be CV. Bleeding was considered to
be CV because the CV system is designed to contain
blood and bleeding is usually caused or exacerbated
by antithrombotic therapies in patients with heart
failure. Gastrointestinal bleeding was included in this
definition. Bleeding due to minor trauma also was
considered to be CV, but when due to major trauma
was not. AKI was considered to be a cardiorenal event
because worsening cardiac function and treatment
with diuretics and renin-angiotensin-aldosterone
system inhibitors can all cause reversible deteriora-
tion in renal function. However, hospitalizations for
persistent severe renal dysfunction were considered
to be non-CV. Arrhythmias as the main cause for
hospitalization were classified as either ventricular or
supraventricular, but when contributing to another
cause of hospitalization were simply classified as an
arrhythmia, without distinguishing between atrial
and ventricular. Admissions due to Covid-19 were
classified as non-CV due to respiratory infection, but
they could have heart failure or other CV complica-
tions as contributory reasons.

Deaths were adjudicated similarly but including a
category for sudden death (Supplemental Table 1).
Deaths preceded by recurrent hospitalizations for
heart failure or severe and persistent symptoms were
classified as due to heart failure even if the final event
was sudden. Deaths could be recorded as sudden in
the setting of worsening heart failure where the pa-
tient was not yet considered as end-stage. Deaths
were classified also according to whether they
occurred in hospital, at home, or elsewhere.'*'> Local
investigators, rather than the CEAC, reported
whether they considered the death to be unexpected.

Cleland et al
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STATISTICAL ANALYSIS. Categoric data are shown
as percentages and continuous data as median
(Q1-Q3). Cause-specific hospitalizations and deaths
are reported as both number of events and patients
with an event; statistical testing was done only
selectively for more frequent events. Recurrent event
rates for all-cause, CV, and non-CV hospitalizations
between treatment arms were compared by means of
semiparametric regression of mean functions for the
recurrent events, as described by Lin et al,'® with the
treatment effect expressed as an RR (rate ratio) with
95% CI.'” Graphic presentations of the estimated
mean numbers of recurrent events over time are
plotted based on the method of Ghosh and Lin."”
Time-to-first event outcomes were analyzed in a
similar manner with the use of Cox proportional
hazard models and treatment effects were estimated
as HRs with 95% CIs. All analyses were adjusted for
the randomization stratification variable, which had 3
categories (in hospital, recent discharge from hospi-
tal, and outpatient with high plasma concentrations
of natriuretic peptides). All cited P values are 2-sided.
Data were analyzed with the use of SAS version 9.4,
R version 4.3.2, and Minitab version 21.4.2.

RESULTS

Over a median follow-up of 2.7 years (Q1-Q3: 1.8-3.6
years), of 1,137 patients enrolled, 721 (63%) had at
least 1 adjudicated hospitalization and 377 (33%) died.

HOSPITALIZATIONS. Table 1 presents the number of
hospitalizations (recurrent events) classified by main
or contributory causes and the number of patients
who experienced such events. Of the 569 patients
assigned to usual care, 198 (35%) had no adjudicated
hospitalization for the duration of the trial, of whom
27 died during follow-up, 118 (21%) had only 1 hos-
pitalization, 99 (17%) had 2 hospitalizations, and 153
(27%) had 3 or more hospitalizations. For the 568
patients assigned to FDI, 219 (38%) had no adjudi-
cated hospitalization, of whom 21 died during follow-
up, 139 (25%) had only 1 hospitalization, 89 (16%) had
2 hospitalizations, and 122 (21%) had 3 or
more hospitalizations.

Compared with usual care, patients randomized to
FDI had fewer unplanned all-cause hospitalizations
(904 vs 1,086; RR: 0.83; 95% CI: 0.71-0.97; P = 0.02),
with similar reductions in CV (RR: 0.83; 95% CI: 0.69-
1.01) and non-CV (RR: 0.83; 95% CI: 0.67-1.03) hos-
pitalizations (Figure 1, Table 1, Central Illustration).
This was also true for heart failure as the main cause
of hospitalization (RR: 0.77; 95% CI: 0.59-1.01), when
it also contributed to another CV cause (RR: 0.80;
95% CI: 0.62-1.03), and when it contributed to
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TABLE 1 Causes of Hospitalizations
Usual Care Ferric Derisomaltose
(n = 568) (n = 569)
Deaths after randomization 27 Deaths 21 Deaths
without preceding hospitalization
All Main Cause Main or Contributory Main Cause Main or Contributory
Hospitalizations Events Patients Events Patients Events Patients Events Patients
All causes 1,086 370 (65) ? ? 904 351 (62) ? :
cv 589 (54) 273 (48) é @ 491 (54) 254 (45) @ ¢
Heart failure 286 152 345 179 222 130 269 152
VT/VF 47 29 a a 26 22 a a
AF/SVT 15 14 68° 53° 20 19 57° 43°
ACS/MI 38 25 46 33 23 18 30 23
Stroke 10 10 12 12 24 21 29 24
AKI 28 24 193 144 21 19 165 14
Hemorrhage 34 26 68 53 48 39 82 62
Complications of CV therapy 42 37 205 147 36 35 202 142
PTE 3 3 3 3 2 2 2 2
Other 86 69 ? ? 69 63 ? ?
Non-CV 497 (46) 249 (44) é @ 413 (46) 214 (38) @ ¢
Cancer 18 14 37 21 15 14 47 30
Respiratory 45 31 196 124 29 21 137 93
Infection 213 140 420 221 175 m 345 189
Respiratory and infection® B B 174 15 NA NA 130 88
Renal 17 16 88 67 21 19 78 61
Trauma and non-CV procedures 63 54 95 73 48 42 92 76
Other 141 96 é ¢ 125 94 ? B
Values are n or n (%). >Not appropriate or not calculated. *Arrhythmias complicating other hospitalizations were not further adjudicated as SVT or VT but were considered to be
predominantly SVT. “Respiratory and infection includes patients with a respiratory admission with infection as contributory or admission for infection with respiratory disease as
contributory. This includes patients in the 2 previous rows who had both as either main or contributory causes.
ACS = acute coronary syndrome; AF = atrial fibrillation; AKI = acute kidney injury (see text for explanation of cardiorenal); CV = cardiovascular; MI = myocardial infarction;
PTE = pulmonary thromboembolism; SVT = supraventricular tachycardia; VF = ventricular fibrillation; VT = ventricular tachycardia.

hospitalizations for any other cause (RR: 0.78; 95% CI:
0.60-1.00) (Figure 2). For hospitalizations ascribed
mainly to heart failure, AKI, infection, respiratory
disease, and arrhythmia were often contributory
causes (Table 2).

Apart from heart failure, the most common main
and contributory CV causes for hospitalizations were
complications of CV therapy, arrhythmias (including
cardiac arrest), and bleeding (Figure 3). AKI was rarely
considered to be the main cause of hospitalization but
was a common contributory cause. Those randomized
to FDI tended to have fewer hospitalizations for ar-
rhythmias, acute coronary syndromes, or AKI, but
more hospitalizations for bleeding. Hospitalizations
for stroke were not common, but they occurred more
often among patients assigned to FDI.

The main non-CV causes for hospitalizations were
infections or trauma and non-CV surgery, often for
fractures due to falls (Figure 4). When both main and
contributory non-CV causes for hospitalization were
considered, the picture was dominated by infections

and respiratory hospitalizations. Those randomized
to FDI had fewer hospitalizations for respiratory dis-
ease (RR: 0.70; 95% CI: 0.53-0.97) or infection (RR:
0.82; 95% CI: 0.66-1.03).

DEATHS. The median age at death was 76 years
(Q1-Q3: 69-82 years). Similar numbers of patients died
among those assigned to FDI and those to usual care
(Figure 5), although there were numerically fewer CV
deaths for those randomized to FDI.

The most common causes for CV death were
heart failure and sudden death (Table 3). Heart failure
was a main or contributory cause for most CV deaths
and for more than one-half of all deaths. AKI, respi-
ratory disease, and infection frequently contributed
to heart failure deaths. The main causes for non-CV
deaths in both randomized groups were infections
and cancer.

COMPOSITE OUTCOMES OF RECURRENT HOSPITALIZATIONS
AND CV DEATH. There were 336 primary endpoints in
those assigned to FDI and 411 in those assigned to
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FIGURE 1 Cumulative Incidence Curves for All-Cause, Cardiovascular, and Noncardiovascular Hospitalizations (Recurrent Events)
A B
@ 250 @ 250 -
S RR: 0.83 (95% Cl: 0.71-0.97) S RR: 0.83 (95% Cl: 0.69-1.01)
£ 2001 p=0.020 = 2001 P=0.059
[-% [-¥%
© 150 - © 150 -
e e
@ 100 - g 100 -
o o
£ 50 £ 50
g g
a O T T T 1 m O T T T 1
0 1 2 3 4 o 1 2 3 4
Years Years
Number at risk Number at risk
— FDI: 569 485 406 237 86 — FDI: 569 485 405 236 86
Usual cee 483 406 227 88 Usual 5ge 482 406 227 88
Care: Care:
C
) 250 -
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=200 P=0.086
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=
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£ 504
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>
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Care:
Graphic presentations of cumulative events for patients assigned to usual care or ferric derisomaltose (FDI), including (A) all-cause hospitalizations and
hospitalizations where the main cause was (B) cardiovascular or (C) noncardiovascular based on the method of Ghosh and Lin,"” adjusting for the
competing risk of death. Reductions in event rates were similar for each type of hospitalization.

usual care (RR: 0.82; 95% CI: 0.66-1.02; P = 0.070). If
the primary endpoint had included non-CV hospital-
izations with heart failure as a contributory cause,
there would have been, respectively, 353 and 440
events (RR: 0.80; 95% CI: 0.65-0.99; P = 0.044).

MODE OF DEATH. Of 377 deaths, only 116 were
considered unexpected by local investigators, of
which the CEAC considered 46 (41%) were sudden
(Table 4). Of 65 deaths that the CEAC considered
sudden, 45 occurred at home and 11 within 24 hours
after hospitalization. Mode of death was similar for
patients assigned to usual care and to FDI.

PLACE OF DEATH. Of 377 deaths, 190 (50%) occurred
in hospital >24 hours after hospitalization, 34 (9%)
within 24 hours of hospitalization, 29 in hospice or
residential care, 107 (28%) at home, and 17 in other
places, such as a street, park, or shop (Table 4). The
distribution of place of death was similar for patients
assigned to FDI and to usual care.

CANCER. The protocol excluded patients with can-
cer and a life expectancy of <2 years. Six patients
had a record of cancer within 5 years before
randomization. During the trial, 60 patients (12
women) had cancer hospitalizations or death, of
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FIGURE 2 Causes of Hospitalizations

P =0.059

| RR: 0.83 (95% CI: 0.67-1.03)
350 P =0.086

Main Cause Non-CV

Adjudicated All-Cause Hospitalization

RR: 0.83 (95% CI: 0.69-1.01)

Main Cause CV

M Usual Care m FDI

Usual Care: 1,086 / FDI: 904
RR: 0.83 (95% Cl: 0.71-0.97), P = 0.02

RR: 0.78 (95% CI: 0.60-1.00)
P =0.046

RR: 0.77 (95% Cl: 0.59-1.01)
P =0.062

Main Cause HF HF Main Cause or
Contributing to CV or

Non-CV Admissions

Numbers of hospitalizations for noncardiovascular (non-CV) and cardiovascular (CV) causes and for heart failure (HF) as the main cause or as a
main cause or contributory to another CV or non-CV cause according to randomized group, ie, usual care or ferric derisomaltose (FDI).
Recurrent event rates between treatment arms were compared according to the method of Lin et a

L16

which 9 occurred in the first year, 18 in the second;
15 in the third, and 18 thereafter. The most frequent
cancers were gastrointestinal (n = 9 in each group),
including gastroesophageal (n = 2), pancreas and
bile duct (n = 5), small bowel (n = 1), and colorectal
(n = 10), followed by lung (n = 11), bladder (n = 6),
and prostate (n = 6). Values for TSAT, ferritin, and
hemoglobin for those who did or did not develop
cancer were similar except for cancer of the pancreas
or bile duct, 3 of whom had a serum ferritin
>100 pg/L. Similar numbers of patients randomized
to usual care (n = 24) and to FDI (n = 36) had cancer
events during follow-up.

DISCUSSION

For patients with HFTEF and iron deficiency enrolled
in IRONMAN, a recurrent-events analysis found that
FDI reduced unplanned hospitalizations with similar
effects on CV and non-CV events. Patients assigned to
FDI had slightly fewer CV deaths, but that did not
attain statistical significance and the trial was not
powered for that outcome.

Correcting iron deficiency might improve the
function of many organs, reducing the incidence of a
variety of problems that cause hospitalizations. For
example, improved cardiac function might reduce the
risk of atrial fibrillation, and improved immune
function might reduce the risk of infection. Alterna-
tively, correcting iron deficiency might increase a
patient’s general resilience, so that even if a problem
develops, they are less likely to need hospitalization
(Central Illustration). For example, frailer patients
who develop atrial fibrillation or an infection might
not respond to simple measures and therefore require
hospitalization, whereas those who are more resilient
might not. The principal mechanism of benefit of iron
therapy is likely to vary among patients, as well as
over time and by context, for example, whether or not
they were exposed to an infection.

Conventionally, CEACs report only the main cause
of events.” A different approach was adopted in
IRONMAN, recognizing that patients with multiple
medical conditions often have several problems that
conspire to cause an event.'” For example, a chest
infection may cause atrial fibrillation leading to



JACC VOL. 84, NO. 18, 2024
OCTOBER 29, 2024:1704-1717

Cleland et al

IRONMAN Adjudicated Hospitalizations and Deaths

TABLE 2 Main and Contributory Causes of Hospitalizations Associated With Worsening Heart Failure
Usual Care Ferric Derisomaltose
HF Main Cause HF Contributory HF late Complication® HF Main Cause HF Contributory HF late Complication®
Main cause CV: 286 CV: 34 Cv: 29° CV: 222 CV: 35 Cv: 32°
Non-CV: 31 Non-CV: 40 Non-CV: 17 Non-CV: 34
Cause for Admission Contributory Main Cause Main Cause Contributory Main Cause Main Cause
Cause When Not HF Cause When Not HF

cv

HF NA NA 60° NA NA 63°

VT/VF d 9 2 . 6 3

AF/SVT 29 3 3 16 3 3

ACS/MI 3 2 6 1 3 4

Stroke 1 0 0 0 1 1

AKI 89 6 1 66 7 4

Hemorrhage 12 1 4 10 3 7

Complications of CV therapy 23 1 5 25 3 3

PTE 0 1 1 0 0 0

Other CV € 6 7 € 4 7
Non-CV

Cancer 2 0 3 0 1

Respiratory 40 3 3 32 2 3

Infection 78 19 25 60 8 19

Renal 5 0 1 1

Trauma 0 2 4 5 1 6

Other non-CV € 6 8 5
Values are n. *Heart failure occurring as a late complication during an admission, including in-hospital worsening of heart failure admissions. "Where heart failure was considered
the main or contributory cause for admission, late exacerbations are not included in this figure, to avoid double-counting. “Exacerbation of heart failure as a late complication of
hospitalizations with heart failure as a main or contributory cause. YArrhythmias complicating other hospitalizations were not further adjudicated as SVT or VT but were
considered to be predominantly SVT. ®Not included in adjudication algorithm.

NA = not applicable; other abbreviations as in Table 1.

worsening heart failure. Should the primary event be
considered the initial trigger, the final consequence,
or the best therapeutic target? Decisions may be
biased by the specialties of the adjudicators, which
may partly account for the high proportion of heart
failure events reported by the IRONMAN CEAC.
Reporting main and contributory causes of hospital-
izations might make it easier to reach a consensus and
avoids assumptions about what might be an effective
intervention to prevent an event. For example, one-
third of sudden deaths occurred in the context of
worsening heart failure, which is not surprising,
because increasing atrial and ventricular pressures
and volumes leading to congestion are a major stim-
ulus to arrhythmias.'® Treating congestion with
mineralocorticoid receptor antagonists, sodium-
glucose cotransporter 2 inhibitors, diuretics, and
other guideline-recommended medicines might
reduce the risk of sudden death and increase
longevity, whereas implanting a defibrillator might be
inappropriate for patients with worsening heart fail-
ure.” Only 4% of patients died suddenly without

worsening heart failure as a contributory factor dur-
ing the course of the IRONMAN trial.

Worsening heart failure caused or contributed to
38% of hospitalizations and clearly remains an
important therapeutic target for HFrEF despite im-
provements in therapy. Managing congestion is one
of the most difficult tasks facing heart failure spe-
cialists, to ensure sufficient diuresis but avoid intra-
vascular volume depletion and worsening renal
function.?® AKI reflects increasing venous congestion,
low arterial treatment with renin-
and

pressure,
angiotensin-aldosterone inhibitors, intensive
diuretic therapy. It usually occurs on a background of
chronically impaired renal function but may also be
exacerbated by infection. Fear of renal injury, leading
to lower diuretic doses and inadequate diuresis, may
prolong hospitalizations and increase mortality.”"*”
Sodium-glucose cotransporter 2 inhibitors might
improve control of congestion and reduce the inci-
dence of AKI, leading to better diuretic manage-
ment.”®> Also, congested lungs are more prone
to infection. Prompt treatment of infection might

mnm
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FIGURE 3 Main or Contributory Causes for Cardiovascular Hospitalizations

VT/VF AF/SVT ACS

Stroke

Usual Care - Main ® FDI - Main

AKI Bleeding CV Therapy Heart
Failure

Usual Care - Any = FDI - Any

Number of cardiovascular hospitalizations as a main or contributory cause according to randomized group, ie, usual care or ferric deriso-

maltose (FDI). "The algorithm did not classify the type of arrhythmia when contributory, but most arrhythmias as a contributory cause were
considered to be AF/SVT. Any = main or contributory cause for admission. ACS = acute coronary syndrome; AF/SVT = atrial fibrillation or
supraventricular tachycardia; AKI = acute kidney injury; VT/VF = ventricular tachycardia or ventricular fibrillation or cardiac arrest. The y-axis

scale is the same as in Figures 2 and 3 to allow comparisons.

reduce the risk of hospitalization for heart failure.
Many treatments that reduce hospitalizations for
heart failure, perhaps now including correction of
iron deficiency, also reduce hospitalizations for res-
piratory infections.**

Patients randomized to FDI were less likely to be
hospitalized for heart failure. Correcting iron defi-
ciency increases hemoglobin, which enhances sys-
temic oxygen delivery for any given cardiac output.
This could both improve myocardial oxygen delivery
and reduce myocardial workload. Iron is an essential
element for skeletal and cardiac myoglobin, which are
important for oxygen uptake. Large amounts of
adenosine triphosphate (ATP) are required for normal
function of the heart, exercising skeletal muscle,
kidney, and brain. Correcting iron deficiency may
improve mitochondrial biogenesis and the efficiency
of the electron transport chain, reducing free-radical
production and improving synthetic capacity for
ATP. For the heart, this may improve contractile
function and reduce arrhythmias.”® For the kidney,

this may improve water and salt excretion and reduce
the risk of AKI.>®

Patients randomized to FDI tended to have more
hospitalizations associated with bleeding. Iron defi-
ciency is associated with increased platelet produc-
tion, which might be reversed by iron supplements,
leading to an increased risk of bleeding but, poten-
tially, a reduction of acute coronary syndrome
events.”” However, for those assigned to FDI, there
was a small increase in hospitalizations for stroke,
which was not further adjudicated as hemorrhagic or
ischemic. A randomized trial comparing different
doses of iron sucrose for patients on hemodialysis
found no difference in fatal or nonfatal strokes.?®
Mendelian randomization studies have reported
conflicting evidence on stroke risk for people geneti-
cally predisposed to having higher body iron.??-3°
However, cohort studies suggest a doubling in the
risk of stroke for those aged =65 years with iron
deficiency.?' Data on strokes from other randomized
trials of intravenous iron should be reported.
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FIGURE 4 Main or Contributory Causes for Noncardiovascular Hospitalizations
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Legend: Numbers of noncardiovascular hospitalizations as a main or contributory cause according to randomized group, ie, usual care or ferric
derisomaltose (FDI). Any = main or contributory cause for admission. The y-axis scale is the same as in Figures 2 and 3 to allow comparisons.

Infection contributed to even more hospitaliza- FIGURE 5 All-Cause Mortality
tions than did worsening heart failure. Most in-
fections were respiratory, urinary, or due to cellulitis. 0.6 -
Patients assigned to FDI had fewer hospitalizations HR: 0.95 (95% Cl: 0.78-1.17),
for respiratory infection. This could reflect fewer in- = 054 P=0.64
fections. Alternatively, fewer hospitalizations may g
reflect greater resilience to infection, resulting in a _": 0.4 4 =
less severe clinical course, better response to antibi- g
otics, or a lower risk of complications, such as atrial g 0.3 4
fibrillation or AKI, allowing the patient to recover B
without being hospitalized. In 2 small randomized 2 0.2
trials of patients with chronic lung disease, intrave- g 0.1-
nous iron improved symptoms and exercise capac- )
ity,>>*3 although this might not translate into a 0.0 4 - i i i |
reduction in hospitalizations. Correcting iron defi- 0 1 2 3 4
ciency might improve immune responses to vaccina- Time (Years)
t10§ as szll as to 111"t’at=,ct10n.34"35 Prompt @anage@ent Number at Risk
of infection for patients with heart failure might
reduce hospitalizations for both infection and heart — FDI: 569 488 408 243 26
failure. g::’:l 568 484 409 229 92
No difference in all-cause mortality was observed
for patients assigned to FDI or usual care. A larger ] ] . ]
il unconfounded by the Covid19 response and | AT e s e
focusing on patients with TSAT <20% would be stratification variable of recruitment context (current or recent hospital
required to confirm or refute the trends in CV and all- hospitalization for heart failure or as an outpatient with increased plasma
cause mortality observed in IRONMAN.? About 70% of concentrations of natriuretic peptides).
deaths were CV and were predominantly due to
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TABLE 3 Main and Contributory Causes of Death
Deaths Usual Care Ferric Derisomaltose
All-cause 192 184
Main Cause Main or Contributory Contributory to  Main Cause Main or Contributory to  Contributory to
Contributory  to HF Deaths Sudden Death Contributory HF Deaths Sudden Death
cv 138 (72) 119 (65)
HF 82 10 NA 10 71 107 NA 12
Sudden cardiac 33 35 1 NA 32 40 6 NA
ACS/MI 1 4 2 1 1 4 1
Stroke 2 2 0 7 0 0
AKI 7 53 37 0 1 42 25 0
Hemorrhage 7 10 0 0 2 8 0 0
Complications of CV therapy 0 8 1 0 2 12 1 0
PTE 0 (0] 0 0 1 1 0 1
Other CV 6 ? ¢ ? 2 ? é @
Non-CV 55 (28) 65 (35)
Cancer 16 17 0 0 16 24 2 1
Respiratory 5 49 19 2 5 39 7 2
End-stage kidney disease 0 1 6 0 0
Trauma/non-CV procedures 2 6 2 0 0 5 3 0
Infection 28 7 26 1 34 63 13 3
Other non-CV 4 d B : 9 ? B B
Values are n (%) or n. Not included in adjudication algorithm.
Abbreviations as in Tables 1 and 2.
TABLE 4 Place and Mode of Death by Main Cause of Death
Control Ferric Derisomaltose
Main Reason In Hospital In Hospital Main Reason In Hospital In Hospital
Deaths for Death  Unexpected® At Home <24 h >24 h Other for Death  Unexpected” At Home <24 h >24 h Other
All cause 193 68 49 20 101 23 184 48 58 14 89 23
Cardiovascular 138 53 4 16 63 18 19 40 47 n 50 12
Heart failure 82 23 15 7 47 13 7 13 27 5 34 5
Sudden cardiac 33 24 23 6 1 4 32 22 19 5 3 5
ACS/MI 1 1 1 o] 0 0 1 1 1 (] 0 0
Stroke 2 1 1 (o] 1 0 7 1 0 ] 7 0
AKI 7 1 0 3 4 0 1 0 0 0 0 1
Hemorrhage 7 2 0 0 6 1 2 0 0 0 2 0
latrogenic 6] ] 0 0] 0 0 2 1 0 0 2 0
PTE 0 0 0 0 0 0 1 0 0 0 1 0
Other CV 6 1 6] 1 4 1 2 2 0 1 1 0
Non-CV 55 15 8 4 38 5 65 ] n 3 39 12
Cancer 16 4 7 1 6 2 16 1 6 0 3 7
Respiratory 5 3 0 1 4 0 5 1 0 1 4 0
Renal 0 0 0 0 0 1 0 0 1 0 0
Trauma/non-CV 2 1 1 0 1 0 0 0 0 0 0 0
procedures
Infection 28 5 0 1 25 2 34 4 3 1 28 2
Other non-CV 4 2 0 1 2 9 2 2 0 4 3
Values are n (%) or n. *Investigator opinion taken from adjudication forms—this is different from adjudicated sudden death.
Abbreviations as in Table 1.
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worsening heart failure. More than one-half of all
deaths occurred in hospital. Although investigators
reported that about one-half of CV deaths were un-
expected, only one-half of unexpected deaths were
classified as sudden by the CEAC, with many others
classified as due to heart failure. This suggests that a
fairly low proportion of deaths were likely to be pre-
vented by implantable defibrillators and further
highlights the complexity of ascribing single causes to
hospitalizations and deaths.

About 5% of patients had a cancer-related hospi-
talization or death, which, at 1.5% per year, is half
that expected in the general population of a similar
age.?° Some cancers would not have required hospi-
talization and others will have been missed, a prob-
lem exacerbated by the Covid-19 measures. Many
cancer-related events occurred in the first 2 years of
the trial, suggesting that some undiagnosed cancers
might have been present before randomization.
Screening for gastrointestinal cancers is done
routinely for the general population aged =60 years
in many countries.>” Testing of urine and feces for
blood would be a simple addition to the routine work-
up for patients with heart failure who are about to
receive intravenous iron. For those who require
frequent doses of iron, further investigation should
be considered.

STUDY LIMITATIONS. Planned research visits were
prohibited for long periods due to the Covid-19
response, restricting administration of further doses
of FDI. Few patients enrolled in IRONMAN were
hospitalized or died from Covid-19, possibly because
of effective shielding of this vulnerable population.
However, the rate of heart failure hospitalization in
the United Kingdom and elsewhere declined during
the Covid-19 period, either because patients were
reluctant to be hospitalized or because health care
staff made extra efforts to manage patients without
hospitalization,?® which may have affected our re-
sults. For many clinical trials, investigators, company
representatives or administrative staff filter nonfatal
events and present only those that might constitute
an event to the CEAC. In IRONMAN, the CEAC
reviewed all hospitalizations that constituted a
serious adverse event. To make this feasible with
limited resources, after an initial training period to
ensure consistency among CEAC members, most
endpoints were adjudicated by 1 reviewer, who
referred events to the entire committee only when
uncertain about adjudication. If all events had been

Cleland et al
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reviewed by 2 or more reviewers, the results might
have been slightly different. The endpoint categories
were decided before starting the adjudication pro-
cess. With greater experience, modification of the
classification system to include gastrointestinal
events or to classify the nature of infections better
should be considered. The trial was not powered for
secondary or subgroup analyses, and some statistical
differences may have occurred by chance owing to
multiple testing. Our results should be confirmed or
refuted in other data sets, but they are consistent
with the effects of intravenous iron on CV hospitali-
zations observed in other randomized trials."

CONCLUSIONS

For patients with HFTEF randomized in IRONMAN,
administration of FDI reduced the rate of unplanned
hospitalization for both CV (mainly heart failure) and
non-CV (mainly respiratory disease and infection)
causes. Correcting iron deficiency might increase
resistance or resilience to a broad range of problems
that might otherwise cause hospitalizations. Better
control of congestion and prompt treatment of
infection might have the greatest impact on reducing
hospitalization for patients similar to those enrolled
in IRONMAN. However, whether correcting iron
deficiency has an effect on mortality, or on its mode
Or cause, remains uncertain.
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