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BACKGROUND: Iron deficiency, with or without anemia, is an adverse prognostic factor in heart failure (HF). In AFFIRM-AHF
(a randomized, double-blind placebo-controlled trial comparing the effect of intravenous ferric carboxymaltose on
hospitalizations and mortality in iron-deficient subjects admitted for acute heart failure), intravenous ferric carboxymaltose
(FCM), although having no significant effect on the primary end point, reduced the risk of HF hospitalization (hHF) and
improved quality of life versus placebo in iron-deficient patients stabilized after an acute HF (AHF) episode. These prespecified
AFFIRM-AHF subanalyses explored the association between hemoglobin levels and FCM treatment effects.

METHODS: AFFIRM-AHF was a multicenter, double-blind, randomized, placebo-controlled trial of FCM in hospitalized AHF
patients with iron deficiency. Patients were stratified by baseline hemoglobin level (<12 versus >12 g/dL). In each subgroup,
the primary composite (total hHF and cardiovascular death) and secondary (total hHF; total cardiovascular hospitalizations
and cardiovascular death; time to cardiovascular death, and time to first/days lost due to hHF or cardiovascular death)
outcomes were assessed with FCM versus placebo at week 52. Sensitivity analyses using the World Health Organization
anemia definition (hemoglobin level <12 g/dL [women] or <13 g/dL [men]) were performed, among others.

RESULTS: Of 1108 AFFIRM-AHF patients, 1107 were included in these subanalyses: 464 (FCM group, 228; placebo group,
236) had a hemoglobin level <12 g/dL, and 643 (FCM, 329; placebo, 314) had a hemoglobin level 212 g/dL. Patients with
a hemoglobin level <12 g/dL were older (mean, 73.7 versus 69.1 years), with more frequent previous HF (75.0% versus
68.7%), serum ferritin <100 pg/L (75.4% versus 68.1%), and transferrin saturation <20% (87.9% versus 81.4%). For the
primary outcome, annualized event rates per 100 patient-years with FCM versus placebo were 71.1 and 73.6 (rate ratio,
0.97 [95% ClI, 0.66-1.41]), respectively, and 48.5 versus 72.9 (RR, 0.67 [95% Cl, 0.48-0.93]) in the hemoglobin levels
<12 and 212 g/dL subgroups, respectively. No significant interactions between hemoglobin subgroup and treatment effect
were observed for primary (P =0.15) or secondary outcomes. Changes from baseline in hemoglobin, serum ferritin
and transferrin saturation were significantly greater with FCM versus placebo in both subgroups between weeks 6 and 2.
Findings were similar using the World Health Organization definition for anemia.

CONCLUSIONS: The effects of intravenous FCM on outcomes in iron-deficient patients stabilized after an AHF episode, including
improvements in iron parameters over time, did not differ between patients with hemoglobin levels <12 and >12 g/dL.
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Clinical Perspective

What Is New?

* In patients with iron deficiency and who have sta-
bilized after an acute heart failure episode, the
effect of intravenous ferric carboxymaltose versus
placebo on clinical outcomes, including heart fail-
ure hospitalization and cardiovascular death, was
irrespective of baseline hemoglobin levels.

What Are the Clinical Implications?

* Results from the present prespecified subgroup
analyses suggest that the effects of ferric carboxy-
maltose versus placebo observed in AFFIRM-AHF
(randomized, double-blind placebo-controlled trial
comparing the effect of intravenous ferric car-
boxymaltose on hospitalizations and mortality in
iron-deficient subjects admitted for acute heart
failure) were independent of hemoglobin level,
with improved iron parameters and quality of life
observed in both hemoglobin levels <12 g/dL and
>12 g/dL subgroups.

Nonstandard Abbreviations and Acronyms

AFFIRM-AHF  randomized, double-blind pla-
cebo-controlled trial comparing
the effect of intravenous ferric
carboxymaltose on hospitaliza-
tions and mortality in iron-deficient
subjects admitted for acute heart
failure

AHF acute heart failure

CSss clinical summary score

FCM ferric carboxymaltose

HF heart failure

KCCQ-12 12-item Kansas City Cardiomy-
opathy Questionnaire

miTT modified intention-to-treat

(0331 overall summary score

QoL quality of life

essential for maintaining homeostasis and, as such, it

appears to have a role that extends far beyond erythro-
poiesis." Iron deficiency is common in patients with heart
failure (HF), affecting up to 50% of those with stable
disease.'”® In this context, iron deficiency has been asso-
ciated with reduced physical well-being and a consider-
able impairment of quality of life (QoL),*® and has been
shown to be an independent predictor of worse func-
tional capacity and survival2® Studies have shown that
iron deficiency is an adverse prognostic factor in both

I ron is involved in several biological processes that are
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chronic HF and acute HF (AHF), conferring an increased
risk of hospitalization and death.'>"~1°

Anemia (defined as a lower-than-normal hemoglo-
bin level) is also a common comorbidity in patients
with HF and has been associated with an increased
risk of hospitalization and death.'" Although iron defi-
ciency is a primary cause of low hemoglobin in HF'™
both the prognostic role of iron deficiency and the
beneficial effects of treating it with ferric carboxy-
maltose (FCM) have been shown to be independent
of baseline hemoglobin level in patients with chronic
HF.181314 Correction of hemoglobin levels alone (ie,
using erythropoiesis-stimulating agents) has not been
shown to improve cardiovascular outcomes in patients
with HE'8'6 Therefore, it is important to understand the
role of iron deficiency and its treatment in relation to
hemoglobin levels in patients with recent AHF, a pop-
ulation with higher morbidity and mortality compared
with a chronic HF population.

AFFIRM-AHF (a randomized, double-blind placebo-
controlled trial comparing the effect of intravenous ferric
carboxymaltose on hospitalizations and mortality in iron-
deficient subjects admitted for acute heart failure) dem-
onstrated that treatment with intravenous FCM, although
having no significant effect on the composite primary
end point of total HF hospitalizations and cardiovascu-
lar death, reduced the risk of HF hospitalizations and
improved QoL in patients with iron deficiency who had
stabilized after an episode of AHF.'” These prespecified,
exploratory subgroup analyses of the AFFIRM-AHF trial
aimed to investigate the effects of FCM versus placebo
on clinical and QoL outcomes in iron-deficient patients
with hemoglobin values <12 g/dL versus >12 g/dL
after stabilization from an AHF episode.

METHODS

AFFIRM-AHF Trial Design

The AFFIRM-AHF trial design has been previously pub-
lished."'® Briefly, AFFIRM-AHF was an international, multi-
center, double-blind, placebo-controlled, phase-IV, randomized
trial comparing outcomes with FCM versus placebo in patients
stabilized after an AHF episode and who experienced concomi-
tant iron deficiency. The trial was conducted in accordance with
the Declaration of Helsinki, the International Conference on
Harmonization Good Clinical Practice guidelines, and local and
national regulations. The study was approved by an institutional
review board, and all patients provided their written informed
consent to participate. The data that support the findings of
this study are available from the corresponding author upon
reasonable request.

AFFIRM-AHF Patient Population and Treatment

AFFIRM-AHF included patients >18 years of age who had
been hospitalized with signs and symptoms typical of AHF
(eg, elevated natriuretic peptides), treated with a minimum of
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40 mg of IV furosemide (or equivalent intravenous diuretic),
and had concomitant iron deficiency (defined as serum ferritin
<100 pg/L or serum ferritin 100-299 ug/L with transferrin
saturation [TSAT] <200%) and a left ventricular ejection fraction
(LVEF) <500%. Patients with symptoms related to other medical
conditions (eg, hemoglobin level <8 g/dL [<10 g/dL for sites
in the Netherlands, Spain, and Singapore] or hemoglobin level
>15 g/dL) were excluded. Patients were randomly assigned
(1:1) to receive intravenous FCM or placebo before discharge
from hospital, with the first dose administered shortly before
discharge. Patients were assessed over 52 weeks.

Study End Points and Clinical Assessments

The primary end point was a composite of total HF hospital-
izations and cardiovascular death during up to 52 weeks of
follow-up. Secondary end points included a composite of total
cardiovascular hospitalizations and cardiovascular death; car-
diovascular death; total HF hospitalizations; time to first HF
hospitalization or cardiovascular death; and days lost due to HF
hospitalizations or cardiovascular death, which were all evalu-
ated up to 52 weeks after randomization. Other end points
included changes in disease-specific QoL (assessed using
the self-administered 12-item Kansas City Cardiomyopathy
Questionnaire [KCCQ-12] overall summary score [0SS] and
clinical summary score [CSS]) from baseline to weeks 2, 4, 6,
12, 24, 36, and 52, and laboratory values (hemoglobin, serum
ferritin, and TSAT) from baseline to weeks 6, 12, 24, and 52.
The proportion of patients who had iron deficiency defined as
serum ferritin <100 pg/L versus serum ferritin 100-299 pg/L
with TSAT <20% at baseline was assessed, as was the number
of study treatment doses administered during the study. Safety
end points included a summary of adverse events (AEs).

Stratification Into Subgroups by Baseline

Hemoglobin Level

In the prespecified hemoglobin subgroup analyses, patients
were stratified into 2 subgroups according to hemoglobin level
at baseline: hemoglobin level <12 g/dL (low hemoglobin level
subgroup) and hemoglobin level level >12 g/dL (normal hemo-
globin level subgroup; patients with a hemoglobin level >15 g/
dL were excluded from the AFFIRM-AHF trial population). For
completeness, post hoc sensitivity analyses were performed
with patients stratified into 2 subgroups according to the World
Health Organization (WHO) definition of anemia: hemoglobin
level <12 g/dL in women and hemoglobin level <13 g/dL in
men (low hemoglobin subgroup) and hemoglobin level >12 g/
dL in women and hemoglobin level >13 g/dL in men (normal
hemoglobin subgroup).’® Post hoc sensitivity analyses with
patients stratified by median hemoglobin value and hemoglobin
quartiles at baseline were also performed.

Statistical Methods for Subgroup Analyses
All analyses were conducted in patients from the AFFIRM-AHF
modified intention-to-treat (mITT) population who had an avail-
able hemoglobin value at baseline, except for safety and labora-
tory end points, which were assessed in patients in the safety
analysis set who had an available hemoglobin value at baseline.
The following analyses were performed for the prespecified
hemoglobin subgroup stratification (hemoglobin level <12 g/dL
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and hemoglobin level >12 g/dL), as well as for the subgroups
stratified by the WHO definition of anemia. Baseline charac-
teristics were descriptively summarized as mean (SD) for con-
tinuous variables and n (%) for discrete variables. Primary and
secondary outcomes with FCM versus placebo within each
subgroup were analyzed using a negative binomial model for
recurrent end points (presented as event rate ratios [RRs] with
95% CI) and time to first event end points were analyzed using
a Cox regression model (presented as hazard ratios [HRs] with
95% Cl); both models were adjusted for baseline sex, age, HF
etiology, HF duration, country, hemoglobin level, and interaction
between treatment arm and hemoglobin level (covariates cho-
sen a priori). Interaction Pvalues (P, . . 1 for the association
between hemoglobin subgroup and treatment outcomes were
also generated. To assess the association between hemoglobin
level and primary and secondary outcomes in patients who did
not receive iron treatment, results in the placebo arms of the
hemoglobin subgroups were also compared. The proportional
hazards assumption was not tested for subgroup analyses.

In each hemoglobin subgroup, mean (SE) changes from
baseline in KCCQ-12 OSS and CSS and in laboratory values
(hemoglobin, serum ferritin, and TSAT) with FCM versus pla-
cebo were compared at each time point using repeated-mea-
sures analysis of variance. In the low-hemoglobin subgroups
(defined according to prespecified cutoff and WHO anemia
cutoff), the proportions of patients who had low hemoglobin
levels according to the respective definition at weeks 24 and
52 were assessed in the FCM and placebo arms, as were the
proportions of these patients who had iron deficiency at the
respective time points. AEs were descriptively summarized in
each hemoglobin subgroup and treatment arm as number of
patients with events (%) and number of events.

An a priori—defined pre~COVID-19 pandemic sensitivity
analysis, which censored patients in each country at the date
when its first COVID-19 patient was reported, was performed
for each hemoglobin subgroup to account for the impact of
COVID-19 on primary and secondary outcomes; the methodol-
ogy for this analysis has been previously described.'”

Post hoc sensitivity analyses of the primary and secondary
outcomes with patients stratified by baseline median hemoglo-
bin and baseline hemoglobin quartiles were performed using
the methodology described. Given that the kidneys play a key
role in the generation of erythropoietin and erythropoietin defi-
ciency is a major driver of low hemoglobin level in chronic kid-
ney disease, 2! a further post hoc sensitivity analysis of the
primary outcome by estimated glomerular filtration rate (eGFR)
tertile plus hemoglobin level (<12 versus >12 g/dL) was per-
formed to explore the relationship between kidney function,
hemoglobin level, and effect of FCM versus placebo on clinical
end points.

All hemoglobin measurements from site visits throughout the
study were examined to explore the association between time-
updated hemoglobin and the effect of FCM versus placebo on
the time-to—first HF hospitalization and cardiovascular death out-
come. For this post hoc, time-updated, Cox regression analysis,
time of event was aligned with time of hemoglobin measurement:
the updated hemoglobin value was set to the most recent hemo-
globin measurement preceding the event of interest for patients
who experienced an event and to the most recent hemoglobin
measurement before the censor time for patients who did not
experience an event of interest. Only the value before the event
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or censor day was entered into the model. Time-updated HRs
with 95% Cls and P values were generated for the hemoglobin
level <12 g/dL and 212 g/dL subgroups, and the global effect
of each of the following variables was assessed: treatment;
sex, age, HF etiology, history of HF, and country at randomiza-
tion; hemoglobin subgroup (<12 versus =12 g/dL) at baseline;
time-updated hemoglobin value; interaction between treatment
arm and hemoglobin subgroup (<12 g/dL and >12 g/dL); and
interaction between treatment arm and time-updated hemoglo-
bin value. The frequency of each time-updated hemoglobin level
(stratified into 11 discrete levels ranging from 7-17 g/dL) and
the HR (95% Wald Cl) for the composite outcome of HF hos-
pitalizations or cardiovascular death with FCM versus placebo
associated with each time-updated hemoglobin level were also
calculated post hoc; time-updated hemoglobin levels with <20
patients in at least one treatment arm were excluded.

To explore the influence of intrapatient variation in hemoglo-
bin, serum ferritin, and TSAT levels over time on the time to first
HF hospitalization or cardiovascular death outcome with FCM
versus placebo, a Cox model adjusting for time-dependent
hemoglobin, time-dependent serum ferritin, or time-dependent
TSAT (in addition to baseline sex, age, HF etiology, history of
HF, country, treatment arm, hemoglobin subgroup [<12 g/dL
and >12 g/dL], and interaction between treatment arm and
hemoglobin subgroup [<12 g/dL and >12 g/dL]) was used.
For these 3 post hoc analyses, all hemoglobin, serum ferritin, or
TSAT values recorded for each patient between baseline and
the event or censor day were entered into the model.

For all analyses, SAS version 9.4 (SAS Institute, Inc, Cary,
NC; 2000-2004) was used, with P values <0.05 considered
statistically significant. Authors had full access to all the data in
the study and take responsibility for its integrity and analyses.

RESULTS

Prevalence of Low and Normal Hemoglobin at
Baseline

Of the 1108 patients in the AFFIRM-AHF mITT anal-
ysis set, 1107 (FCM, 557; placebo, 550) patients had
baseline hemoglobin data available and were included in
these subgroup analyses. Overall, 464 (FCM, 228; pla-
cebo, 236) patients (41.9%) had hemoglobin levels <12
g/dL (low) and 643 (FCM, 329; placebo, 314) patients
(58.1%) had hemoglobin levels >12 g/dL (normal) at
baseline (Table). After the WHO anemia definition of a
hemoglobin level <13 g/dL for men was applied to de-
fine low hemoglobin levels (sensitivity analysis), 140 of
the 613 men included in the analyses were reclassified
from having normal to low hemoglobin levels (Figure S1).
Accordingly, the proportion of men classified as having
low hemoglobin levels increased from 36.1% (=221
of 613) when defined as hemoglobin level <12 g/dL to
58.9% (n=361 of 613) using the hemoglobin level <13
g/dL WHO definition; overall, 604 (FCM, 292; placebo,
312) patients (54.6%) and 503 (FCM, 265; placebo,
238) patients (45.4%) were classified as having low and
normal hemoglobin levels at baseline according to the
WHO anemia definition (Table S1).
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Baseline Characteristics by Hemoglobin Level

Patients with a hemoglobin level <12 g/dL were, on
average, older (mean 73.7 versus 69.1 years of age;
P<0.0001), had a higher prevalence of previously
documented HF (75.0% versus 68.7%; P=0.023)
and comorbidities, a lower eGFR (mean, 48.9 versus
60.1 mL - min~" - 1.73 m™2; P<0.0001), LVEF <25%
(13.4% versus 25.5%; P<0.0001), and New York
Heart Association class <II (41.0% versus 51.1%;
P=0.001) compared with patients with a hemo-
globin level 212 g/dL (Table). Use of angiotensin-
converting enzyme inhibitors (47.6% versus 55.2%;
P=0.013) and asldosterone antagonists (61.4% ver-
sus 68.9%; P=0.010) was less frequent in patients
with a hemoglobin level <12 g/dL compared with
patients with a hemoglobin level 212 g/dL. Baseline
characteristics for patients with low and normal he-
moglobin levels, as defined by the WHO definition of
anemia, are shown in Table S1.

Regarding iron parameters, serum ferritin values
<100 pg/L (75.4% versus 68.1%; P=0.008) and TSAT
values <20% (879% versus 81.4%; P=0.004) were
more common in patients with a hemoglobin level <12
g/dL compared with >12 g/dL (Table); 75.6% and
68.3% of patients with hemoglobin levels <12 g/dL and
>12 g/dL, respectively, met the inclusion criteria for iron
deficiency defined as serum ferritin <100 pg/L, whereas
24.4% and 31.7%, respectively, met the inclusion criteria
for iron deficiency defined as serum ferritin 100 to 299
pg/L with TSAT <20% (Figure 1). Similar values were
observed when stratifying patients into low and normal
hemoglobin subgroups according to the WHO definition
of anemia (Table S1; Figure S2).

Treatment Exposure by Hemoglobin Level

In the hemoglobin level <12 g/dL subgroup, 27.5%
and 60.7% of patients in the FCM and placebo arms,
respectively, received >3 treatment doses, with cor-
responding values of 14.9% and 46.5% in the he-
moglobin level >12 g/dL subgroup (Figure S3). The
respective mean (SD) cumulative doses of FCM and
placebo administered were 1.6 (0.6) g and 1.9 (0.6) g
for patients with a hemoglobin level <12 g/dL, and 1.2
(0.5) g and 1.6 (0.7) g for patients with a hemoglobin
level 212 g/dL. Mean (SD) time on study drug (calcu-
lated from the first day of study drug administration to
the day after the last study drug administration) was
also greater in patients with hemoglobin levels <12 g/
dL (FCM, 67.4 [69.6] days; placebo, 120.3 [72.0] days)
than those with hemoglobin >12 g/dL (FCM, 48.6
[63.7] days; placebo, 95.9 [77.3] days). Similar obser-
vations were reported in patients stratified into low and
normal hemoglobin subgroups according to the WHO
definition of anemia (Figure S4).
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Table. Baseline Demographics and Clinical Characteristics by Baseline Hemoglobin Level

1644 May 30, 2023

Baseline characteristics Hb <12 g/dL (n=464) | Hb >12 g/dL (n=643) | P value
Age, y 73.7 (9.4) 69.1 (11.6) <0.0001
Sex, n (%)
Male 221 (47.6) 392 (61.0)
<0.0001
Female 243 (52.4) 251 (39.0)
Race, n (%)
White 451 (97.2) 599 (93.2)
Asian 13 (2.8) 35 (5.4) 008
Other 0 (0.0) 9(1.4)
Comorbidities, n (%)
Previous myocardial infarction 205 (44.2) 237 (36.9) 0.014
Previous stroke 50 (10.8) 68 (10.6) 0.92
Previous coronary revascularization 192 (41.4) 209 (32.5) 0.002
Hypertension 410 (88.4) 528 (82.1) 0.004
Atrial fibrillation 267 (57.5) 351 (54.6) 0.33
Diabetes 222 (47.8) 248 (38.6) 0.002
Dyslipidemia 257 (55.4) 334 (51.9) 0.26
Chronic kidney disease 220 (47.4) 228 (35.5) <0.0001
Smoking 30 (6.5) 76 (11.8) 0.010
Systolic blood pressure, mm Hg 120.7 (15.2) 119 (15.5) 0.071
Diastolic blood pressure, mm Hg 71.4 (10.1) 72.8 (10.1) 0.020
Heart rate, bpm 73.2 (12.7) 75.2 (13.1) 0.013
NYHA classification, n (%)
| 190 (41.0) 327 (51.1) 0.001
>l 273 (59.0) 313 (48.9)
Left ventricular ejection fraction, % 34.9 (9.2) 31.1 (9.9) <0.0001
Left ventricular ejection fraction, n (%)
<25% 62 (13.4) 164 (25.5)
>25% to <40% 219 (47.2) 311 (48.4) 00001
>40% to <50% 183 (39.4) 167 (26.0)
Ischemic HF, n (%) 232 (50.0) 290 (45.1) 0.27
Device therapy, n (%)
Implantable cardioverter-defibrillator 48 (10.3) 83 (12.9) 0.19
Cardiac resynchronization therapy 28 (6.0) 35 (5.4) 0.68
HF history, n (%)
Documented history of HF, n (%) 348 (75.0) 442 (68.7) 0.023
Newly diagnosed at index hospitalization 116 (25.0) 201 (31.3) 0.023
Hospitalization for HF in previous 12 months 130 (37.4) 175 (39.6) 0.52
Pharmacotherapy, n (%)
ACEi 221 (47.6) 355 (55.2) 0.013
ARB 94 (20.3) 103 (16.0) 0.069
ARNI 21 (4.5) 49 (7.6) 0.037
Aldosterone antagonist 285 (61.4) 443 (68.9) 0.010
Beta-blocker 380 (81.9) 533 (82.9) 0.67
Digitalis glycosides 69 (14.9) 115 (17.9) 0.18
Loop diuretic 388 (83.6) 559 (86.9) 0.12
(Continued)
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Table 1. Continued

Efficacy of FCM by Hemoglobin Level

Baseline characteristics Hb <12 g/dL (n=464) | Hb >12 g/dL (n=643) | P value
Laboratory test results
NT-pro-BNP, pg/mL (median [top and bottom 5069 [2782, 9000] 4625 [2784, 7778] 0.69
quartiles])
BNP, pg/mL (median [top and bottom quartiles]) | 1076 [803, 1772] 1147 [802, 1722] 0.75
Hb, g/dL 10.6 (0.9) 13.4 (0.8) <0.0001
Hb category, n (%)
<10 g/dL 114 (24.6) 0
<0.0001
>10 to <14 g/dL 350 (75.4) 482 (75.0)
>14 g/dL 0 161 (25.0)
Serum ferritin, pg/L 75.1 (62.2) 94.1 (66.7) <0.0001
Serum ferritin <100 pg/L, n, (%) 350 (75.4) 438 (68.1) 0.008
TSAT, % 13.2 (7.7) 15.7 (7.9) <0.0001
TSAT <20%, n (%) 405 (87.9) 521 (81.4) 0.004
eGFR, mL - min™" - 1.73 m=2 48.9 (20.8) 60.1 (22.0) <0.0001
Phosphorous, mg/dL 3.8 (0.9) 3.7 (0.8) 0.29

Data are mean (SD) unless otherwise indicated. Baseline medication was defined as any medication that was current

on the initial dosing of study drug.

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin re-
ceptor-neprilysin inhibitor; BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; Hb, hemoglobin;
HF, heart failure; NT-pro-BNP, N-terminal-pro brain natriuretic peptide; NYHA, New York Heart Association; and TSAT,

transferrin saturation.

Primary and Secondary End Points by
Hemoglobin Level

The annualized event rate for the primary outcome in
the placebo arm was 62.4 per 100 patient-years in pa-
tients with a hemoglobin level <12 g/dL versus 58.0
per 100 patient-years in patients with a hemoglobin
level >12 g/dL (RR, 1.08 [95% CI 0.76-1.53]; Figure
Sb), with similar results using the WHO anemia defi-
nition to delineate low and normal hemoglobin levels
(Figure S6). Irrespective of definition, nominally higher
rates of secondary outcomes were observed in the low
hemoglobin subgroup versus the normal hemoglobin
subgroup across most secondary end points (Figure S5
and Figure S6).

The annualized event rate for the primary outcome
with FCM versus placebo was 71.1 versus 73.6 per 100
patient-years in those with a hemoglobin level <12 g/dL
(RR, 0.97 [95% ClI, 0.66-1.41]) and 485 versus 72.9 per
100 patient-years in those with a hemoglobin level >12
g/dL (RR, 0.67 [95% ClI, 0.48-0.93]; Figure 2). Using
the WHO anemia definition to delineate low and normal
hemoglobin levels, the annualized event rate for the pri-
mary outcome with FCM versus placebo was 68.9 versus
81.3 per 100 patient-years in patients with low hemoglo-
bin levels (RR, 0.85, 95% Cl, 0.61-1.18) and 46.6 versus
©65.4 per 100 patient-years in patients normal hemoglobin
levels (RR, 0.71 [95% ClI, 0.49-1.04]; Figure S7). There
was no significant interaction between hemoglobin level
and treatment effect for any of the primary or second-
ary end points (P, for primary end point based on a

interaction
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hemoglobin level <12 g/dL versus 212 g/dL definition:
0.15 [Figure 2J; P, ... for primary end point based on

the WHO anemia definition: 0.50 [Figure S7]).

Pre-COVID-19 Sensitivity Analyses

For both prespecified and WHO anemia definitions of
low versus normal hemoglobin levels, results of the CO-
VID-19 sensitivity analyses for primary and secondary
end points were similar to those observed with the mITT
analysis set (Figure S8A and S8B).

Other Sensitivity Analyses

Sensitivity analyses with patients stratified by baseline
median hemoglobin level (12.4 g/dL; Figure S9) and
baseline hemoglobin quartiles (Figure S10) showed no
significant interaction between hemoglobin level and
treatment effect for any of the primary or secondary out-
comes. Analyses of patients stratified by baseline eGFR
tertile plus a hemoglobin level <12 or >12 g/dL (Figure
S11) showed no significant interaction between baseline
eGFR and hemoglobin level and treatment effect.

The time-updated hemoglobin analysis model yielded
an HR for the effect of FCM versus placebo on time to
first HF hospitalization or cardiovascular death of 1.48
(95% CI,0.28-7.85; P=0.64) in the hemoglobin level <12
g/dL subgroup and 1.38 (95% Cl, 0.20-9.27; P=0.74)
in the hemoglobin level >12 g/dL subgroup (Table S2).
Time-updated hemoglobin value had a significant effect
on the statistical model (FA<0.001), as did history of HF
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(n=228) (n=235) (n=463) (n=327) (n=314) (n=641)

Figure 1. Proportion of patients in each baseline hemoglobin level subgroup who had iron deficiency (defined as serum ferritin
<100 pg/L or serum ferritin 100-299 pg/L with TSAT <20%).

Solid colors indicate serum ferritin <100 ug/L, and diagonally striped colors indicate serum ferritin 100-299 pg/L and TSAT <20%. Data

were missing for one patient on placebo in the hemoglobin level <12 g/dL subgroup and 2 patients on FCM in the hemoglobin level 212 g/dL
subgroup. Percentages are based on the number of patients with data available. FCM indicates ferric carboxymaltose; Hb, hemoglobin; and TSAT,
transferrin saturation.

(A<0.001) and country (P=0.017). The global effect of
the interaction between treatment arm and time-updated
hemoglobin value was nonsignificant (P=0.60). The asso-
ciation between each discrete time-updated hemoglobin
level and the risk of HF hospitalizations or cardiovascular
death with FCM versus placebo is explored in Figure S12.

The 3 analyses exploring the effect of FCM versus
placebo on time to first HF hospitalization or cardiovas-
cular death when accounting for intrapatient variation
in hemoglobin, serum ferritin, or TSAT over time yielded
similar results to the main analysis, with no significant
interaction detected between treatment effect and

Annualized event rate
per 100 patient-years
Hb
Subgroup FCM Placebo RRorHR* [95% Cl] P-value P, ... ion
Primary outcome
< kY G i :0.97(066-141)' 0.
Total HF hospitalizations and CV death 12g/dL 711 738 1 RR: 0.97 (0.66-1.41) 086 0.15
212 g/dL 48.51 72.9¢ —a— RR: 0.67 (0.48-0.93)"  0.02
Secondary outcomes 1
Total CV hosnitalizations and CV death <12 g/dL 91.8' 95.2" —a— RR: 0.96 (0.68-1.36)"  0.84 015
italizati .
P 212 g/dL 66.5 96.7' —a— RR: 0.69 (0.51-0.93)'  0.01
] <12 gfdL 16.7¢ 15.3% — HR: 1.14 (0.72-1.82)*  0.57
Time to CV death N 1 0.30
>12 g/dL 11.6¢ 13.48 A HR: 0.81 (0.52-1.27) 0.36
< L 2t 2t ] : 0.86 (0.60-1.24)" 4
Total HF hospitalizations 12 ¢/l 372 43.2 1 RR: 0.86 (0.60-1.24) o.42 0.27
212 g/dL 285" 43.6" —— RR: 0.65 (0.47-0.80)"  0.01
Time to first HF hospitalization or CV death <12/l 360 4L HR: 0.85 (0.63-1.14)"  0.27 0.62
P 212 g/dL 29.8¢ 35.7¢ l—I—| HR: 0.76 (0.58-1.00)*  0.05 i
Days lost due to HF hospitalization and <12 g/dL 827.8" 1101.8* = 1 RR: 0.75(0.42-1.35)"  0.34 0.42
CV death 212g/dL 540.9'  986.5° | — s— RR: 0.55 (0.33-0.90)"  0.02 ’
r T T 1
0.25 0.5 1.0 2.5
RR or HR* (95% CI)
Favors FCM Favors placebo

Figure 2. Primary and secondary outcomes with FCM vs placebo at week 52, by baseline hemoglobin level.

“RR or HR for FCM vs placebo in each subgroup. tAnnualized event rate per 100 patient-years and RR analyzed using a negative binomial
model. #HR for treatment difference analyzed using Cox regression model. §Percentage of patients with >1 event. Negative binomial model and
Cox regression models both adjusted for baseline sex, age, HF etiology, HF duration, country, hemoglobin subgroup, and interaction between
treatment arm and hemoglobin subgroup. Respective n-numbers for patients with hemoglobin levels <12 g/dL and 212 g/dL at baseline were
228 and 329 for FCM and 236 and 314 for placebo, respectively. CV indicates cardiovascular; FCM, ferric carboxymaltose; Hb, hemoglobin; HF

heart failure; HR, hazard ratio; and RR, rate ratio.
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hemoglobin subgroup (Table S3). The global effects
of time-dependent hemoglobin (P=0.0018) and time-
dependent TSAT (P<0.0001) on the statistical model
were significant, with an increase in hemoglobin level
of 1 g/dL associated with a 12% lower likelihood of an
event (HR, 0.88 [95% CI 0.81-0.95]) and an increase in
TSAT of 1% associated with a 3% lower likelihood of an
event (HR, 0.97 [95% Cl, 0.96-0.98]). The global effect
of serum ferritin (P=0.11) on the statistical model was
not significant.

Disease-Specific QoL

The adjusted mean changes from baseline in KCCQ-12
0SS (Figure 3A) and CSS (Figure 3B) were numeri-
cally greater with FCM versus placebo between weeks
2 and 52 in patients with a hemoglobin level 212 g/dL
(reaching statistical significance at weeks 4 and 6 [OSS
and CSS] and 12 [OSS only]) and between weeks 6 and
24 in patients with a hemoglobin level <12 g/dL. Us-
ing the WHO anemia definition to delineate low and nor-
mal hemoglobin levels, the adjusted mean changes from
baseline in KCCQ-12 OSS were numerically greater
with FCM versus placebo between weeks 2 and 52 in
patients with a low hemoglobin level (reaching statisti-
cal significance at weeks 6, 12, and 24) and between
weeks 4 and 52 in patients with normal hemoglobin
levels (reaching statistical significance at week 4; Fig-
ure S13A); the adjusted mean changes from baseline
in KCCQ-12 CSS were numerically greater with FCM
versus placebo between weeks 2 and 24 in patients with
low hemoglobin levels (reaching statistical significance
at week 24) and weeks 4 and 12 in patients with nor-
mal hemoglobin levels (reaching statistical significance
at week 4; Figure S13B).

The odds of an individual patient in the hemoglobin
levels <12 g/dL and 212 g/dL subgroup experiencing
a 2b-point improvement or deterioration versus baseline
in KCCQ-12 OSS and CSS at week 24 are shown in
Figure S14. FCM was associated with numerically larger
odds of a 2b-point improvement in KCCQ-12 OSS ver-
sus placebo in both hemoglobin subgroups and numeri-
cally smaller odds of a >5-point deterioration in patients
with hemoglobin levels 212 g/dL only. Numerically larger
odds of a >b-point improvement and numerically smaller
odds of a >b-point deterioration in the KCCQ-12 CSS
were observed with FCM versus placebo in both hemo-
globin levels <12 g/dL and 212 g/dL subgroups. None
of these effects were significant.

Iron Parameters Over Time by Hemoglobin
Level
The mean changes from baseline in hemoglobin level

(Figure 4A), serum ferritin (Figure 4B), and TSAT (Fig-
ure 4C) were significantly greater with FCM versus pla-
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cebo between weeks 6 and 52 in both the hemoglobin
levels <12 g/dL and 212 g/dL subgroups. Peak se-
rum ferritin and TSAT values with FCM were observed
around weeks 6 and 12 (Figure 4B and 4C), with the
highest proportions of patients receiving FCM treatment
at baseline and week 6 (<12 g/dL subgroup: 100% and
50%, respectively; hemoglobin level 212 g/dL subgroup:
100% and 349%, respectively; Figure 4D).

Of the patients with a hemoglobin level <12 g/dL at
baseline, 45.6% (n=73 of 160) and 62.6% (n=109 of
174) of those in the FCM and placebo arms, respectively,
had a persisting hemoglobin level <12 g/dL at week
24, whereas 44.2% (n=57 of 129) and 54.2% (n=76
of 140), respectively, had a persisting hemoglobin level
<12 g/dL at week 52 (Figure BA and 5B). Of those with
a persisting hemoglobin level <12 g/dL at week 24,
575% (n=42 of 73) in the FCM arm and 89.9% (n=98
of 109) in the placebo arm also had persisting iron defi-
ciency (defined according to the study protocol). Of those
with persisting a hemoglobin level <12 g/dL at week 52,
52.6% (n=30 of 57) in the FCM arm and 86.8% (n=66
of 76) in the placebo arm also had persisting iron defi-
ciency. Similar observations were reported when using
the WHO definition of anemia to delineate low and nor-
mal hemoglobin levels (Figures S15A to S15D, S16A,
and S16B).

HF and Anemia Medication Use During the Study

HF medication use during the study is shown in Figure
S17. At all time points, mineralocorticoid receptor agonist
use was least frequent in patients in the placebo arm of
the hemoglobin level <12 g/dL subgroup. Angiotensin-
converting enzyme inhibitor and beta-blocker use was
generally more frequent in patients with a hemoglobin
level 212 g/dL compared with a hemoglobin level <12
g/dL across time points, irrespective of treatment arm.
Only 2 patients (both in the FCM arm) received erythro-
poiesis-stimulating agents at any time during the course
of the study.

Summary of AEs

A summary of AEs in hemoglobin levels <12 g/dL and
>12 g/dL subgroups is shown in Table S4. In patients
with a hemoglobin level <12 g/dL, treatment-emergent
AEs occurred in 151 (65.9%) of 229 patients in the FCM
arm and 161 (67.9%) of 237 patients in the placebo arm,
leading to premature study treatment discontinuation in
48 (21.0%) and 45 (19.0%) of patients assigned to FCM
and placebo, respectively. In patients with a hemoglobin
level >12 g/dL, treatment-emergent AEs occurred in
205 (62.3%) of 329 patients in the FCM arm and 199
(63.4%) of 314 patients in the placebo arm, leading
to premature study discontinuation in 49 (14.9%) and
51 (16.2%) of patients assigned to FCM and placebo,

May 30,2023 1647

(—]
=
o
—
==
—
=
m
ow
m
==
=
(]
==



https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757@line 2@
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757@line 2@
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757@line 2@
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757@line 2@
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757@line 2@
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757@line 2@
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757

=
]
=
==
L
7]
Ll
==
—l
=
=
=
o=
=]

G20z ‘TT Jequeaq uo Aq hio'sfeuino feye/:dny wouy papeojumoq

Filippatos et al

Efficacy of FCM by Hemoglobin Level

Figure 3. Adjusted mean change in
KCCQ-12 with FCM versus placebo,
by baseline hemoglobin level.

A, KCCQ-12 OSS; B, KCCQ-12 CSS.

. “P<0.05, *A<0.01 for FCM vs placebo

52 in the low hemoglobin level 212 g/dL
subgroup only. Error bars are standard error
of the mean. Estimates are based on a
mixed-effect model of repeated measures
using an unstructured covariance matrix:
change score = baseline score + treatment
+ visit + treatment x visit + subgroup +
subgroup X visit + subgroup X treatment

+ subgroup X treatment X visit + baseline
covariates. CSS indicates clinical summary
score; FCM, ferric carboxymaltose; Hb,
hemoglobin; KCCQ-12, 12-item Kansas
City Cardiomyopathy Questionnaire; and
OSS, overall summary score.
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respectively. No hypophosphatemia was observed in ei-
ther hemoglobin subgroup. A summary of AEs using the
WHO definition of anemia to delineate low and normal
hemoglobin levels is shown in Table Sb.

DISCUSSION

These prespecified, exploratory subgroup analyses of
the AFFIRM-AHF study showed that treatment of iron
deficiency with FCM in patients who had stabilized af-
ter an AHF episode reduced the risk of HF hospitaliza-
tions irrespective of baseline hemoglobin level. Nominally
greater improvements in QoL with FCM versus placebo
were also observed in both low and normal hemoglobin
subgroups. These findings are in line with previous stud-
ies such as the FAIR-HF trial (Ferinject Assessment in
Patients With Iron Deficiency and Chronic Heart Failure)
on patients with chronic HF and iron deficiency, which
demonstrated that treatment with intravenous FCM im-
proved symptoms, functional capacity, and QoL in sub-
groups of patients with hemoglobin levels <12 g/dL and
>12 g/dL.?? However, the patients enrolled in AFFIRM-
AHF represent a population at increased risk of morbid-

1648 May 30, 2023

ity and mortality due to their recent AHF episode, and
there are no randomized controlled trial data on the inter-
action between hemoglobin level and iron deficiency and
the outcomes in this population. Therefore, the current
study provides data to fill this evidence gap.

Anemia (defined as a lower-than-normal hemoglo-
bin level) has been reported in 30% to 50% of patients
with AHF?® and has been associated with markers of
more advanced and active heart disease,® as well as
an increased risk of hospitalization.'” Because iron defi-
ciency is a common contributor to low hemoglobin levels
in patients with HF'? it is important to assess the impact
of treating iron deficiency in this population. In addition,
iron deficiency (with or without anemia) is independently
associated with increased morbidity and mortality in
HF;'7914 treatment of iron deficiency may be expected to
benefit patients with HF, regardless of hemoglobin level.

No statistically significant interactions between hemo-
globin level and outcomes with FCM versus placebo
were observed in these exploratory analyses; however,
a nominally smaller effect size was observed in patients
with a hemoglobin level <12 g/dL than in patients with
a hemoglobin level 212 g/dL, with modest sample sizes

Circulation. 2023;147:1640-1653. DOI: 10.1161/CIRCULATIONAHA.122.060757


https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.060757

G20z ‘TT Jequeaq uo Aq hio'sfeuino feye/:dny wouy papeojumoq

Filippatos et al Efficacy of FCM by Hemoglobin Level

A 2.5 —&—FCM - Hb <12 g/dL subgroup (n=228) —a— Placebo - Hb <12 g/dL subgroup (n=236)
=#= FCM - Hb 212 g/dL subgroup (n=329) =#= Placebo - Hb =12 g/dL subgroup (n=314) g
20 4 T+t =
= o
g s T —4 =
2 15 A oy ? =
£ —
o
& 10 4 i — |-='|i|
-] T
ow
£ m
£ o054 * -5 o - m
2 ‘__}_____{______,._..--} ............ e * g
£ 00 #= =
: DS : J— p—
5 §ommmmmmmm - Fommmmmm e
£ .05 |
o Treatment-by-time interaction in Hb <12 g/dL subgroup: p=0.27
Treatment-by-time interaction in Hb 212 g/dL subgroup: p=0.33
-1.0 -
0 6 12 24 52
Weeks
350 - —8—FCM - Hb <12 g/dL subgroup (n=228) —e&— Placebo - Hb <12 g/dL subgroup (n=236)
= =@= FCM - Hb>12 g/dL subgroup (n=329) == Placebo - Hb 212 g/dL subgroup (n=314)
E 300 A #rk wE
] i_--_-{__
£ ~
8 250 4 ] Teel
2 ] Sao ke
£ H T =
£ 200 Iy Aaal S sk k
£ ] e
£ ] tH ———
= 1 ]
& 150 K
£ I/ Tt
E 100 - “' Treatment-by-time interaction in Hb <12 g/dL subgroup: p=0.0038
b Treatment-by-time interaction in Hb 212 g/dL subgroup: p<0.0001
@
=] 50 4
5 PO it eI o
© P ™ ?
] T T T 1
Q 6 12 24 52
Weeks
18 - e FCM - Hb <12 g/dL subgroup (n=228) —#— Placebo - Hb <12 g/dL subgroup (n=236)
16 4 =@= FCM-Hb 212 g/dL subgroup (n=329) =@~ Placebo - Hb 212 g/dL subgroup (n=314)
?—é. k%
o
a 14 4
S
_E 12 4
E
w10 4
a
E
g e
=
& 61
k4
£
g
S 5 / Treatment-by-time interaction in Hb <12 g/dl subgroup: p=0.35
‘5 4 Treatment-by-time interaction in Hb 212 g/dL subgroup: p=0.0215
0 T T T d
0 6 12 24 52
Weeks
D —_ 100 100
¥ 100 4
§ 90 4
T 80 4 B FCM - Hb <12 g/dL subgroup (n=228)
s FCM = Hb 212 g/dL subgroup (n=329)
T 70 A
o4
= 60 4
£ 50.4
w504
3
2 40 4 34.0
,g' 30 4 259 26.8
§ 20 179 15.8
£ w0l
0.0 00
g oA . . . - .
0 6 12 24 52
Mean (SD) FCM dose administered, mL Weeks
Week] 0 6 12 24 52¢
20.0 12.4 100 10.0
Hb <12 g/dL 0
g 0 | 43 | 0o (0.0)
17.2 | 10.0 | 100 10.2
Hb 212 g/dL 0
e/l | s | 00 | 01) (14)

Figure 4. Change vs baseline in hemoglobin, serum ferritin, and TSAT over time with FCM and placebo, and details of FCM
administration at each time point by baseline hemoglobin level.

A, Hemoglobin level; B, serum ferritin concentration; C, TSAT; and D, proportion of patients having received FCM at each time point. *A<0.05,
*FL0.01 and *A<0.001 for FCM vs placebo in the hemoglobin level 212 g/dL subgroup and tA<0.05, t1A<0.01 and t11A<0.001 for FCM
vs placebo in the hemoglobin level <12 g/dL subgroup. §No study drug was administered after week 24, as per protocol. Error bars are standard
error of the mean. FCM indicates ferric carboxymaltose; Hb, hemoglobin; and TSAT, transferrin saturation.
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Hb <12 g/dL subgroup without iron deficiency
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Figure 5. Proportion of patients with a hemoglobin level <12 g/dL at baseline who also had a hemoglobin level <12 g/dL at
weeks 24 and 52, and the proportion of these patients who had iron deficiency at the corresponding time point.

The darker block colors indicate patients with a hemoglobin level <12 g/dL without iron deficiency, and the lighter block colors indicate
patients with a hemoglobin level <12 g/dL with iron deficiency. In A and B, 100% represents all patients who had a hemoglobin level <12 g/
dL level at baseline who had nonmissing data for hemoglobin level and iron deficiency status at the respective time point. FCM indicates ferric

carboxymaltose; and Hb, hemoglobin.

potentially masking interactions. The role of hemodilution
in AHF, which may make low hemoglobin levels less clini-
cally relevant when considering intravenous iron therapy,
may merit further investigation, as might the role of a low
hemoglobin level as a potential marker of more advanced
disease that is less responsive to FCM. Nevertheless, a
lack of significant interaction between hemoglobin level
and the effect of FCM versus placebo on primary and
secondary outcomes was observed in sensitivity analy-
ses of patients stratified by the WHO definition of ane-
mia, by hemoglobin quartile and by hemoglobin median
value, with the treatment effect favoring FCM versus
placebo across these stratifications. These consistent
results suggest that the effect of FCM versus placebo in
patients with iron deficiency who had stabilized after an
AHF episode is irrespective of hemoglobin level.

Two different definitions of “low hemoglobin level”
(<12 g/dL as prespecified in the AFFIRM-AHF proto-
col and <12 g/dL for women and <13 g/dL for men as
per the WHO definition of anemia) were evaluated in this
study, and these definitions altered the characteristics
of the patients included within the subgroups. Despite
these differences in definition, the same conclusion that
the effect of FCM versus placebo in terms of primary
and secondary outcomes was irrespective of hemoglo-
bin level was reached. Furthermore, with both definitions,

1650 May 30, 2023

patients with low hemoglobin levels were, on average,
older, had lower eGFR, and had a higher prevalence of
comorbidities, previous documented HF, serum ferritin
<100 pg/L, and TSAT <20% than patients with normal
hemoglobin levels. These data suggest that patients with
iron deficiency and low hemoglobin levels are more likely
to have a higher baseline risk of cardiovascular events
than those with iron deficiency and normal hemoglobin
levels. Indeed, the annualized event rates in the placebo
arm of patients with low hemoglobin levels were nomi-
nally higher for primary and secondary outcomes than
those in the placebo arm of patients with normal hemo-
globin levels. The proportion of patients with iron defi-
ciency defined as serum ferritin <100 pg/L (compared
with 100-299 pg/L and TSAT <20%) was also higher
in those with low versus normal hemoglobin levels, with
a higher exposure of patients with low hemoglobin levels
to the study drug. The connection between type of iron
deficiency (low ferritin concentration versus higher fer-
ritin concentration but low TSAT) and response to FCM
merits further investigation.

A prespecified QoL analysis showed that AFFIRM-
AHF patients had severely impaired health-related QoL
at baseline, and that those treated with intravenous
FCM versus placebo experienced significantly greater
improvements in health status starting at week 4, and
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continuing up to week 242> A mean KCCQ-12 change
of 22 to 3 points was considered clinically meaningful for
this patient population as a whole, with a change of =5
points considered clinically meaningful for an individual
within the population.?® In these AFFIRM-AHF subgroup
analyses, a significantly greater improvement in disease-
specific QoL was observed with FCM versus placebo
as early as week 4 in patients with a hemoglobin level
>12 g/dL, persisting to week 12, with nominally greater
improvements thereafter; in those with a hemoglobin
level <12 g/dL, although no significant differences were
observed, nominally greater improvements with FCM
versus placebo were observed between weeks 6 and
24, and a trend toward a treatment effect was observed.
Moreover, the odds of an individual patient experiencing
a >b-point increase versus baseline in KCCQ-12 OSS
or CSS scores at week 24 numerically favored FCM
versus placebo in both the hemoglobin levels <12 g/
dL and 212 g/dL subgroups, although the effect size
was greater in the 212 g/dL subgroup. Although these
observations should be considered in the context of an
exploratory analysis, they suggest that FCM is beneficial
for improving QoL irrespective of hemoglobin level, with
patients who have normal hemoglobin levels perhaps
standing to benefit most.

By week 52, the difference in adjusted mean change
in KCCQ-12 between FCM and placebo had attenu-
ated in both low and normal hemoglobin subgroups.
This was likely due in part to the study drug dosing reg-
imen, with FCM only administered up to week 24, with
less than one-third of patients in the FCM arm receiv-
ing infusions after week 6.2 However, the attenuation
effect appeared to be more pronounced in those with
low hemoglobin levels, indicating that causes of ane-
mia other than iron deficiency may also have impacted
KCCQ-12 scores. Indeed, although 46% of FCM-
treated patients with a hemoglobin level <12 g/dL at
baseline had a hemoglobin level <12 g/dL at week
52, only about half were iron deficient, suggesting
that causes other than iron deficiency may be respon-
sible for the persisting low hemoglobin levels. Based
on previous studies, these causes may have included
ongoing inflammation, hemodilution, and deficient
erythropoietin signaling.”® Because the kidneys play a
key role in the generation of erythropoietin, and eryth-
ropoietin deficiency is a major driver of low hemoglo-
bin levels in chronic kidney disease,?°?" the interaction
between eGFR and hemoglobin level and treatment
effect was assessed for the primary outcome; however,
no significant interaction was found. Only 2 patients
received erythropoiesis-stimulating agents during the
study, suggesting limited impact. The frequency of
beta-blocker use, which has previously been shown to
increase hemoglobin levels in patients with HF?" was
lower in the low versus normal hemoglobin subgroup
throughout the trial.
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The hemoglobin curves mirrored the KCCQ-12 OSS
and CSS curves, with greater improvements in the first
4 to 12 weeks with FCM versus placebo, followed by
a subsequent plateau. Again, this is likely to be partly
related to the study drug-dosing regimen and suggests
that increasing hemoglobin may correlate with improve-
ments in QoL. Although increases in hemoglobin, serum
ferritin, and TSAT were greater with FCM versus placebo
irrespective of hemoglobin level, limited “spontaneous
improvements” in iron parameters (including hemoglo-
bin) were also observed in the placebo arm of those who
had low hemoglobin levels at baseline. Combined with
the intensification of all relevant treatments after a hospi-
tal admission, this may partly explain the return to normal
hemoglobin levels in more than one-third of patients on
placebo at week 24.

Strengths and Limitations

Some strengths and limitations warrant consideration.
First, these exploratory analyses were performed on data
from a trial that did not meet its primary composite end
point, potentially due, in part, to the effect of the CO-
VID-19 pandemic (with an a priori-defined pre-COV-
ID-19 sensitivity analysis showing a significant benefit
of FCM versus placebo on the primary composite of total
HF hospitalizations and cardiovascular death)."” Sec-
ond, because these were subgroup analyses, patients
were not randomized according to hemoglobin level at
baseline, and there was limited statistical power after
stratification of patients into subgroups; however, the
AFFIRM-AHF trial was a robust clinical trial with well-
defined populations of patients at high risk of HF. The
agreement of main and sensitivity analyses (both of
which suggest that the benefit of FCM is irrespective
of hemoglobin level) adds to this robustness. The data
presented herein should be considered exploratory and
hypothesis generating only.

Conclusions

In AFFIRM-AHF treating iron deficiency with intravenous
FCM after stabilization from an AHF episode resulted in
reductions in the risk of HF hospitalizations and improve-
ments in disease-specific Qol, although the primary
composite end point of HF hospitalization and cardiovas-
cular death was not met.'™® This prespecified subgroup
analysis showed that the effects of FCM versus placebo
observed in the AFFIRM-AHF trial were similar irrespec-
tive of baseline hemoglobin level, with improvements in
iron parameters and QoL observed through time in pa-
tients with both low and normal hemoglobin levels.
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