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Abstract

Background and \What is the relationship between blood tests for iron deficiency, including anaemia, and the response to intravenous iron in
Aims patients with heart failure?

Methods In the IRONMAN trial, 1137 patients with heart failure, ejection fraction < 45%, and either serum ferritin < 100 pg/L or
transferrin saturation (TSAT) < 20% were randomized to intravenous ferric derisomaltose (FDI) or usual care.
Relationships were investigated between baseline anaemia severity, ferritin and TSAT, to changes in haemoglobin from base-
line to 4 months, Minnesota Living with Heart Failure (MLwWHF) score and 6-minute walk distance achieved at 4 months, and
clinical events, including heart failure hospitalization (recurrent) or cardiovascular death.

Results The rise in haemoglobin after administering FDI, adjusted for usual care, was greater for lower baseline TSAT (Pipteraction < -0001)
and ferritin (Piteraction = -028) and more severe anaemia (Piteraction = -014). MLWHF scores at 4 months were somewhat lower
(better) with FDI for more anaemic patients (overall Piyteraction = -14; physical Pinteraction = -085; emotional Pyeraction = -043) but
were not related to baseline TSAT or ferritin. Blood tests did not predict difference in achieved walking distance for those ran-
domized to FDI compared to control. The absence of anaemia or a TSAT > 20% was associated with lower event rates and little
evidence of benefit from FDI. More severe anaemia or TSAT < 20%, especially when ferritin was >100 pg/L, was associated with
higher event rates and greater absolute reductions in events with FDI, albeit not statistically significant.

Conclusions This hypothesis-generating analysis suggests that anaemia or TSAT < 20% with ferritin > 100 pg/L might identify patients
with heart failure who obtain greater benefit from intravenous iron. This interpretation requires confirmation.

* Corresponding author. Email: john.cleland@glasgow.ac.uk

T Members of the RONMAN Study Group are listed in the Supplementary data.
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Structured Graphical Abstract

Key Question

For patients with heart failure, what is the relationship between blood tests for iron deficiency, including anaemia, and response to
intravenous ferric derisomaltose (FDI) in terms of changes in haemoglobin, quality of life, walk-test distance, hospitalisations and
mortality?

Key Finding

In the IRONMAN trial, anaemia or transferrin saturation (TSAT) <20%, especially with ferritin 2100 ug/L, were associated with higher
event rates and, possibly, greater benefit from FDI. Absence of anaemia or a TSAT 220% were associated with lower event rates and
little benefit from FDI.

Take Home Message
In clinical practice, anaemia and TSAT <20% (which are strongly related) identify patients with heart failure most likely to benefit from
intravenous iron, whereas the value of measuring serum ferritin is uncertain.

Which blood tests for iron deficiency best predict response? m
(Haemoglobin, ferritin, or transferrin saturation)? Ironman

Main inclusion criteria Predictors of response
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The IRONMAN trial main inclusion criteria, design, and blood markers of iron deficiency, including haemoglobin, transferrin saturation (TSAT), and
serum ferritin, used to predict response to intravenous ferric derisomaltose (FDI). Markers of response including increase in haemoglobin, symp-
toms (Minnesota Living with Heart Failure questionnaire) and 6-minute walk test distance at 4 months and incidence of clinical events, including heart
failure hospitalization (HFH) and cardiovascular (CV) death, for the duration of the trial with or without COVID-sensitivity analyses. Cl, confidence
interval; LVEF, left ventricular ejection fraction; RR, rate ratio. #Serum ferritin < 30 pg/L predicted a marked increase in haemoglobin only when
associated with a TSAT < 20%. *Patients with a TSAT < 20% but serum ferritin > 100 pg/L obtained the greatest benefit in terms of improvement
in the primary endpoint. “The benefit of FDI was similar in relative terms for patients with and without anaemia but because those with anaemia
were at greater risk, they obtained greater absolute benefit.

Keywords Heart failure < Anaemia ¢ Iron deficiency * Ferric derisomaltose * Randomized clinical trial « Transferrin saturation
Ferritin « Quality of life « Morbidity * Mortality
Introduction mortality." However, uncertainty exists about which blood markers best

For patients with heart failure and a reduced left ventricular ejection frac- reflect iron deficiency and the response to . iron.” Administration of

tion (LVEF) who are thought to have iron deficiency, intravenous (i.v.) ad-
ministration of iron increases haemoglobin, improves symptoms, reduces
hospitalizations for heart failure, and might also reduce cardiovascular

i.v. iron to patients who are not iron deficient may not be effective, which
will dilute the benefit observed in clinical trials leading to underestimation

of benefit and, potentially, a neutral outcome.
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Table 1 Baseline characteristics according to anaemia category
Anaemia Moderate Mild None P
‘Haemoglobin for women 90-109gdl  10-119gd no-130gd
Haemoglobin for men 9.0-11.9 g/dL 12.0-12.9 g/dL 13.0-14.0 g/dL
Total number 423 348 366
Age 75 [68, 81] 73 [67, 80] 72 [66, 78] .00068
Women 71 (17%) 98 (28%) 131 (36%) <.0001
Men 352 (83%) 250 (72%) 235 (64%)
BMI (kg/m? 28.0 [24.5, 31.6] 284 [25.0, 32.7] 28.7 [24.6, 33.1] 24
Medical history
Hypertension 239 (57%) 187 (54%) 186 (51%) 28
Diabetes 216 (51%) 172 (49%) 133 (36%) <.0001
Atrial fibrillation 221 (52%) 150 (43%) 163 (45%) 021
Aetiology
Ischaemic 253 (60%) 195 (56%) 199 (54%) .55
Non-ischaemic 129 31%) 114 (33%) 130 (36%)
Unknown 41 (10%) 39 (11%) 37 (10%)
Recruitment context
Inpatient 90 (21%) 40 (12%) 34 (9%) <.0001
Discharged <6 months 76 (18%) 63 (18%) 69 (19%)
Outpatient 257 (61%) 245 (70%) 263 (72%)
NYHA
I 193 (46%) 214 (62%) 241 (66%) <.0001
11\ 230 (54%) 134 (38%) 125 (34%)
Minnesota score (n) 412 341 361
Overall 49 [29, 66] 42 [24, 58] 39 [19, 60] <.0001
Physical 26 [16, 33] 23 [12, 31] 22 [12,29] .0003
Emotional 10 [4, 17] 8 [3,15] 7[2,16] .0033
6-Minute walk test (n) 231 204 226
Distance (m) 235 [149, 322] 270 [180, 361] 300 [201, 370] <.0001
Vital signs
Heart rate (beats/min) 70 [60, 79] 70 [61, 81] 69 [60, 78] 40
Systolic BP (mmHg) 117 [103, 130] 120 [108, 134] 120 [108, 133] 011
Laboratory tests
LVEF (%) 35 [26, 39] 31 [25, 36] 35 [25, 38] 021
NT-proBNP (ng/L) 2424 [1142, 4329] 1562 [838, 3541] 1387 [741, 2603] <.0001
eGFR (mL/min/1.73 m?) 47 [35, 62] 52 [38,72] 56 [41,72] <.0001
Haemoglobin (g/dL) 10.9 [10.3, 11.5] 123 [11.8, 12.6] 13.1[12.7, 13.6] NA
Ferritin (pg/L) 50 [29, 94] 44 [28, 83] 54 [32, 83] 071
Ferritin < 30 pg/L 112 (27%) 108 (31%) 77 (21%) 01
TSAT (%) 12 [9, 18] 15[11,19] 17 [13, 22] <.0001
TSAT < 20% 345 (84%) 258 (76%) 238 (66%) <.0001
On oral iron 80 (19%) 56 (16%) 35 (10%) .00098

Continued
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Table 1 Continued

Anaemia Moderate Mild None P

. Hea,t . fa||ur-e medlcatlon ........................................................................................................................................................
Loop diuretic 371 (88%) 274 (79%) 281 (77%) 0001
ACEi, ARB, or ARNi 343 (81%) 310 (89%) 331 (90%) 00016
Beta-blocker 367 (87%) 314 (90%) 328 (90%) 26
MRA 222 (53%) 211 (61%) 199 (54%) 065
Digoxin 49 (12%) 45 (13%) 41 (11%) 75
Any hypoglycaemic agent 195 (46%) 157 (45%) 110 (30%) <0001
Insulin 89 (21%) 53 (15%) 39 (11%) 00034
SGLT2 inhibitor 11 (3%) 10 (3%) 8 (2%) 84

Device therapy
ICD 57 (14%) 46 (13%) 60 (16%) 40
PPCM 30 (7%) 15 (4%) 21 (6%)
CRT-P 30 (7%) 25 (7%) 23 (6%)
CRT-D 55 (13%) 62 (18%) 48 (13%)
Data are number and per cent or median with first and third quartiles.
Unfortunately, there is no generally agreed definition of iron defi- Methods
ciency. The World Health Organization (WHO) defines it as a serum
ferritin < 15 pg/L or, in the presence of inflammatory disease, IRONMAN was an investigator-initiated, randomized, open-label,

<70 pg/L.2 Although many patients with heart failure do have activation
of inflammatory pathways, this is usually low-grade.* Many clinical la-
boratories define a low serum ferritin as <30 pg/L. There is greater
consensus for transferrin saturation (TSAT), with values < 20% gener-
ally accepted as evidence of iron deficiency. Serum concentrations of
iron*° or soluble transferrin receptorsé”7 might be better markers of
iron deficiency, but neither has been measured routinely in substantial
randomized trials of i.v. iron.

Most trials of i.v. iron for heart failure have adopted criteria for iron
deficiency similar to those for the FAIR-HF trial, namely a serum fer-
ritin < 100 pg/L regardless of TSAT or 100-299 pg/L if TSAT is
<20%." The basis for this definition is unclear. For patients with heart
failure, a low serum ferritin appears inferior to a low TSAT as a marker
of low iron stores or defective iron utilization in bone marrow.? Also,
for patients with chronic cardiovascular disease, a serum ferritin <
30 pg/L is associated with a good prognosis, but a low TSAT with
worse outcomes.”'® The reasons for this paradox are uncertain.
Low serum ferritin might reflect better cell health and membrane in-
tegrity, due to an absence of inflammation or other stressors, prevent-
ing leakage of ferritin rather than indicating iron deficiency, whereas a
low TSAT may indicate low iron availability, regardless of whether this
is due to absolute iron deficiency or sequestration in the reticulo-
endothelial system.

Ultimately, the therapeutic response to iron supplements is the best
guide to the clinical need for treatment with iron.>"" However, several
measures of response might be considered, including increases in
haemoglobin, improvements in symptoms and exercise capacity, or re-
ductions in hospitalization for heart failure or mortality. Accordingly,
we now explore the relationship between baseline anaemia severity,
serum ferritin, and TSAT, and the clinical response to iv. iron in the
IRONMAN trial."

blinded-endpoint, event-driven trial comparing i.v. ferric derisomaltose
(FDI) or usual care, conducted in the UK.'? The trial was funded by the
British Heart Foundation (grant award CS/15/1/31175). Pharmacosmos
provided supplies of FDI and supported the trial with an additional unre-
stricted grant. The trial protocol and amendments were approved by a na-
tional ethics committee and other regulatory authorities."? The trial design
and main results have been published.'*"?

Adults with new or established symptomatic heart failure and LVEF <
45% were invited to participate. Following written informed consent, pa-
tients were screened for additional inclusion and exclusion criteria, with op-
tional consent for record linkage to national databases for hospital
admissions and deaths. To be included, haemoglobin had to be >9 g/dL
for all participants, and <13 g/dL for women and <14 g/dL for men.
Serum ferritin had to be <100 pg/L or TSAT < 20%. Patients with a serum
ferritin > 400 pg/L were excluded based on the belief at the time of the trial
design that this might reflect iron overload. Patients were also required ei-
ther to have a current or recent (within 6 months) admission to hospital
due to heart failure or to have raised plasma concentrations of natriuretic
peptides.

Patients were reviewed 4 weeks after randomization and every 4 months
thereafter until trial completion. Haemoglobin was measured at each trial
visit in both groups but, in order not to encourage use of i.v. iron in those
randomized to usual care, ferritin and TSAT were recorded only in those
assigned to receive iron. For those assigned to FDI, investigators were asked
to give further doses at trial visits if ferritin was <100 pg/L or, provided fer-
ritin was <400 pg/L, a TSAT < 25%. Although patients assigned to usual
care were not supposed to receive i.v. iron, they were permitted to have
oral iron, although this was not actively encouraged.

The primary endpoint was hospitalization for heart failure or cardiovas-
cular death analysed using a recurrent events analysis. A clinical event com-
mittee adjudicated, blind to treatment allocation, all deaths and unplanned
hospital admissions. The Minnesota Living with Heart Failure (MLwWHF)
questionnaire™ and 6-minute walk distance were recorded at 4 months
and 20 months.



1414

Cleland et al.

Table 2 Effects of ferric derisomaltose compared to usual care for patients classified by severity of anaemia

Anaemia

P for interaction

Haemoglobin (g/dL)

Value at 4 months

Difference in change from baseline
MLwWHF score overall (n)

Value at 4 months

Difference at 4 months
MLwWHF score physical

Value at 4 months

Difference at 4 months
MLwHF score emotional

Value at 4 months

Difference at 4 months
6-Minute walk test (n)

Distance at 4 months (m)

Difference usual care vs. FDI
Primary endpoint

Rate per 100 patient-years

Rate ratio

Absolute difference in rate
Primary endpoint (COVID sensitivity)

Rate per 100 patient-years

Rate ratio

Absolute difference in rate
CV mortality

Percentage (%)

Hazard ratio

Absolute difference in percentages (%)
CV mortality (COVID sensitivity)

Percentage (%)

Hazard ratio

Absolute difference in percentages (%)
All-cause mortality

Percentage (%)

Hazard ratio

Absolute difference in percentages (%)
All-cause mortality (COVID sensitivity)

Percentage (%)

Hazard ratio

Absolute difference in percentages (%)

Moderate
Usual care FDI
214 209
11.5 (1.5) 122 (1.5)

08 (05 to 1.1)

181 184
47 (27) 39 (30)
—7 (-13t0 -2)
23 (11) 19 (13)
—4 (=6 to —1)
11 (8) 9 (8)
—2 (4 to —0)
87 91
263 (119) 244 (132)

—19 (=57 to +18)

389 30.5
0.81 (0.59 to 1.12)
8.4 lower with FDI

433 337
0.80 (0.55 to 1.18)
9.6 lower with FDI

35.0 26.8
0.80 (0.56 to 1.13)
8.2 lower with FDI

24.0 21.2
0.93 (0.61 to 1.42)
2.8 lower with FDI

48.1 411
0.91 (0.68 to 1.21)
7.0 lower with FDI

314 30.7
1.06 (0.74 to 1.51)
0.7 lower with FDI

Mild
Usual care FDI
160 188
121 (1.0) 13.0 (1.2)

0.8 (0.5 to 1.0)

133 167
38 (25) 35 (26)
-3 (=9 to+3)
20 (11) 17 (12)
—2 (=5 to +1)
8 (8) 8 (7)
0 (-1 to +2)
63 82
267 (129) 294 (136)

+27 (=17 to +71)

24.6 204
0.83 (0.54 to 1.28)
4.2 lower with FDI

23.1 17.0
0.74 (0.42 to 1.30)
6.1 lower with FDI

21.3 18.1
0.80 (0.50 to 1.30)
3.2 lower with FDI

13.0 6.9
0.52 (0.25 to 1.08)
6.1 lower with FDI

29.4 25.5
0.80 (0.54 to 1.20)
3.9 lower with FDI

18.5 121
0.62 (0.35 to 1.10)
6.4 lower with FDI

None
Usual care FDI
194 172
131 (1.2) 133 (1.1)

03 (0.0 to 0.6)

171 151
36 (25) 36 (25)
+1 (=5 to +6)
18 (11) 18 (11)
+0 (=2 to +3)
8(8) 8(8)
+1(=1to +2)
77 84
310 (142) 312 (117)

+2 (=38 to +43)

19.2 16.8
0.86 (0.58 to 1.29)
2.4 lower with FDI

20.2 16.9
0.82 (0.50 to 1.34)
3.3 lower with FDI

149 16.9
1.13 (0.67 to 1.89)
2.0 higher with FDI

9.7 9.1
0.89 (0.45 to 1.76)
0.6 higher with FDI

222 291
1.29 (0.86 to 1.94)
6.9 higher with FDI

12.9 14.6
1.07 (0.61 to 1.88)
1.7 higher with FDI

014

14

085

043

.28

95

91

.55

33

22

24

Substantial differences in rates are highlighted in bold. MLwHF, Minnesota Living with Heart Failure.
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Figure 1 Change in haemoglobin (AHb) for patients randomized to usual care (control) or ferric derisomaltose (FDI) according to anaemia status,
serum ferritin, and transferrin saturation (TSAT). Mean changes are shown. See Tables 2, 3, 5, and 6 for standard deviations of change and mean differ-

ences with 95% confidence intervals
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Figure 2 Differences in Minnesota Living with Heart Failure questionnaire score (lower is better) at 4 months for patients randomized to usual care
(control) or ferric derisomaltose (FDI) according to anaemia status, serum, ferritin and transferrin saturation (TSAT). Mean values are shown. See Tables
2, 3, 5, and 6 for standard deviations of change and mean differences with 95% confidence intervals
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60 - RR=086(95%Cl: 058,129), p=0.48 60 - RR=083(95% Cl: 0.54,1.28), p = 0.40 60 - RR=081(95% Cl:059,1.12), p=0.20

Events per 100 patients

Events per 100 patients

0 T T T 1

0 1 2 3 4 0 1
Time (years)
Number at risk Number at risk
FDI 172 156 130 83 35 FDI 188 167
Usual Care 194 178 158 87 34 Usual Care 160 137

Time (yvears)

Time (yvears)
Number atrisk

147 92 30 FDI 209 162 128 62 21
114 62 30 Usual Care 214 168 134 78 23

Figure 3 Primary endpoint (recurrent events) according to anaemia classification (none, mild, or moderate). No statistically significant interaction was
observed between anaemia severity and treatment effect (Pirteraction = -95). FDI, ferric derisomaltose; RR, rate ratio. See Table 1 for definition of anaemia

classes and Table 2 for event rates

Analysis of the primary outcome by anaemia severity, serum ferritin, and
TSAT were individually pre-specified in the protocol but the interaction of
these variables and investigation of effects on secondary outcomes were
not.

For this analysis, the effects of FDI compared to control on the following
outcomes were considered as potential markers of response:

(1) Change in haemoglobin between baseline and 4 months;

(2) MLwWHF score, overall and its physical and emotional domains mea-
sured at 4 months. Note that this was achieved scores rather than
change in status from baseline due to the variable context (inpatient
vs. outpatient) of recruitment;

(3) 6-Minute walk distance measured at 4 months. Note that this was also
achieved distance rather than change in status from baseline;

(4) The primary endpoint, (i) overall and (ii) censored on 30 September
2020, six months after the first COVID lockdown which, in the UK, ef-
fectively prevented further research visits and therefore further assess-
ment and correction of iron deficiency; and

(5) Cardiovascular and all-cause mortality, (i) overall and (ii) censored on
30 September 2020.

These outcomes were analysed with respect to:

(1) Severity of anaemia (none, mild, or moderate), with mild anaemia being
defined as 0—1 g/dL below and moderate anaemia as >1 g/dL below the
WHO definition of anaemia (<12 g/dL for women; <13 g/dL for men).
Note that, for men, this classification is slightly different from the pri-
mary statistical analysis plan that defined mild anaemia in men as
11.0-12.9 g/dL rather than 12.0-12.9 g/dL;

(2) Serum ferritin (<30 pg/L, 30-100 pg/L, and >100 pg/L; note that pa-

tients with serum ferritin > 100 pg/L were required to have a TSAT

< 20%); and

TSAT (<10%, 10%—15%, 15—<20%, and >20%; note that patients with

a TSAT > 20% were required to have a serum ferritin < 100 pg/L).

—
w
~

Statistical analysis

Variables that are continuously distributed at baseline are reported as
median with first and third quartiles. Categorical variables are summar-
ized as counts and percentages. Differences in baseline characteristics
across subgroups are based on analysis of variance, Kruskal-Wallis tests,
or x* tests as appropriate. Comparisons of outcomes between treatment
arms within subgroup categories are based on two-sample t-tests for in-
dependent samples with corresponding 95% confidence intervals (Cls).
Comparisons of differences of outcomes between treatment arms across
subgroup categories are based on tests of interaction in analysis of

variance. Recurrent event outcome comparisons between treatment
arms are analysed using the method of Lin, Wei, Ying, and Yang,15
with the treatment effect expressed as a rate ratio and 95% CI.
Comeparisons of rate ratios across subgroup categories are analysed in
corresponding models testing the interaction of treatment effect with pa-
tient classification according to anaemia severity, ferritin, TSAT, and com-
binations of ferritin and TSAT. Graphical presentations of cumulative
events by subgroup category are based on the method of Ghosh and
Lin,"® adjusting for the competing risk of deaths not included in the out-
come. Time to first event outcomes is analysed in a similar manner using
Cox proportional hazard models with treatment effects estimated as
hazard ratios and 95% ClI.

All P-values quoted are two-sided. The data were analysed using SAS ver-
sion 9.4, R version 3.6.1 and Minitab version 20.3.

Results

At baseline, measurements of haemoglobin, serum ferritin, and TSAT
were available for 1137 (100%), 1135 (>99%), and 1111 (98%) patients.
At 4 months, the increase in haemoglobin was greater for patients ran-
domized to FDI compared to usual care (mean difference 0.6 [95% ClI:
0.5 to 0.8] g/dL; P <.001) and patients assigned to FDI had a better
MLWHFQ score (mean difference —3 [95% Cl: —7 to 0]; P = .05), which
was driven mainly by a difference in the physical domain (mean differ-
ence —2 [95% CI: =3 to —1]; P =.0071). For 648 patients with available
data, the 6-minute walk test distance at 4 months was similar for pa-
tients randomized to FDI or control (mean difference —2 [95% Cl:
—28 to +25] m; P=.90). The reduction in the primary composite end-
point was of borderline statistical significance (rate ratio 0.82 [95% ClI:
0.66 to 1.02]; P =.070) with a similar result in a COVID-sensitivity ana-
lysis (rate ratio 0.76 (95% Cl: 0.58-1.00); P =.047). Trends to reduc-
tions in cardiovascular and all-cause mortality for patients assigned to
FDI were not significant.

Anaemia

Overall, 771 (68%) patients were anaemic, of whom 348 were consid-
ered to have mild anaemia and 423 moderate anaemia (>1 g/dL below
the WHO definition but >9 g/dL). Anaemic patients were slightly older,
were more likely to be men, were more symptomatic, and were more
likely to have features associated with an adverse prognosis, including
diabetes, higher plasma concentrations of N-terminal pro-B-type
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Table 3 Effects of ferric derisomaltose compared to usual care for patients classified by serum ferritin concentration

Serum ferritin concentration <30 pg/L >30 to <100 pg/L >100 pg/L* P for interaction
Usual Care  FDI  UsualCare  FDI  UsualCare  FDI
146 151 317 310 102 108
eemoglobin @dl)
Value at 4 months 12.5 (1.5) 134 (1.3) 122 (1.4) 12.7 (1.3) 12.0 (1.4) 123 (1.4)
Difference in change from baseline 1.0 (0.6 to 1.3) 0.5(0.3t00.7) 0.5 (0.1 to 0.8) 028
MLwWHF score overall (n) 129 263 90 91
Value at 4 months 40 (25) 37 (27) 40 (27) 37 (27) 42 (27) 39 (28)
Difference at 4 months -3 (=10 to +3) -3 (-8to +1) -3 (=11 to +5) 1.0
MLwWHF score physical
Value at 4 months 20 (11) 17 (11) 20 (12) 18 (12) 21 (12) 19 (12)
Difference at 4 months -3 (—6to 0) —2 (-4 to +0) -1 (-5to +2) 77
MLwHF score emotional
Value at 4 months 9(8) 98 98 8 (8) 97 98
Difference at 4 months +0 (=2 to +2) -1 (=2to +1) -1 (-3 to +2) 67
6-Minute walk test (n) 65 64 124 149 38 44
Distance at 4 months (m) 291 (120) 287 (140) 287 (139) 281 (130) 240 (116) 280 (122)
Difference usual care vs. FDI —4 (-50 to +41) —6 (—38 to +26) +40 (=12 to +93) .36
Primary endpoint
Rate per 100 patient-years 17.6% 13.8% 28.4% 25.2% 39.7% 26.9%
Rate ratio 0.79 (047 to 1.31) 0.90 (0.68 to 1.18) 0.66 (0.42 to 1.06) .57
Absolute difference in rate 3.8% lower with FDI 3.2% lower with FDI 12.8% lower with FDI
Primary endpoint (COVID sensitivity)
Rate per 100 patient-years 16.4% 12.6% 30.8% 26.4% 43.7% 24.3%
Rate ratio 0.76 (0.41 to 1.43) 0.87 (0.62 to 1.23) 0.53 (0.29 to 0.98) .39
Absolute difference in rate 3.8% lower with FDI 4.4% lower with FDI 19.4% lower with FDI
CV mortality
Percentage (%) 13.7% 13.9% 27.8% 24.5% 27.5% 20.4%
Hazard ratio 1.08 (0.59 to 2.00) 0.87 (0.64 to 1.19) 0.70 (0.40 to 1.22) 46
Absolute difference in percentages (%) 0.2% higher with FDI 3.3% lower with FDI 7.1% lower with FDI
CV mortality (COVID sensitivity)
Percentage (%) 5.8% 9.2% 19.4% 15.1% 20.0% 11.0%
Hazard ratio 1.66 (0.69 to 4.01) 0.76 (0.51 to 1.12) 0.56 (0.26 to 1.18) 15
Absolute difference in percentages (%) 3.4% higher with FDI 4.3% lower with FDI 9.0% lower with FDI
All-cause mortality
Percentage (%) 24.7% 27.2% 36.0% 36.5% 40.2% 27.8%
Hazard ratio 1.17 (0.75 to 1.83) 1.01 (0.78 to 1.31) 0.65 (0.41 to 1.05) 16
Absolute difference in percentages (%) 2.5% higher with FDI 0.5% higher with FDI 12.4% lower with FDI
All-cause mortality (COVID sensitivity)
Percentage (%) 12.9% 14.6% 24.1% 22.1% 25.3% 15.0%
Hazard ratio 1.07 (0.61 to 1.88) 0.90 (0.64 to 1.26) 0.59 (0.31 to 1.13) 14

Absolute difference in percentages (%)

1.7% higher with FDI

2.0% lower with FDI

10.3% lower with FDI

Substantial differences in rates are highlighted in bold. MLWHF, Minnesota Living with Heart Failure.
*¥TSAT <20% required if ferritin >100 pg/L. One patient assigned to usual care did not have a measurement of TSAT but is included here.
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Figure 4 Primary endpoint (recurrent events) according to serum ferritin < 100 or >100 pg/L (with TSAT < 20%). No statistically significant inter-
action was observed between serum ferritin classification and treatment effect. FDI, ferric derisomaltose; RR, rate ratio. See Table 3 for event rates

natriuretic peptide (NT-proBNP), lower estimated glomerular filtra-
tion rate (eGFR), treatment with loop diuretics, and lower rates of
treatment with renin-angiotensin system antagonists (Table 1).
Patients with moderate anaemia were more likely to have a serum fer-
ritin < 30 pg/L, TSAT < 20%, and to be receiving oral iron supplements.
Patients with moderate anaemia had poorer MLWHF scores at baseline.

Four months after administration of FDI, haemoglobin rose by a
mean (SD) of 1.4 (1.5) g/dL, 0.7 (1.2) g/dL, and 0.3 (1.0) g/dL, respect-
ively, for patients with moderate, mild, or no anaemia according to the
WHO definition. An interaction between anaemia severity and the rise
in haemoglobin with FDI was observed (Pinteraction =-014) (Table 2,
Figure 1).

For those with moderate anaemia at baseline, MLWHF total score at
4 months favoured those assigned to iv. FDI compared to control
(mean difference —7 [95% Cl: —13 to —2]) but little difference was ob-
served for those with mild anaemia (mean difference —3 [95% Cl: —9 to
+3]) or without anaemia (mean difference +1 [95% Cl: =5 to +6]).
However, tests for interaction between anaemia severity and the ef-
fects of treatment on MLwWHF were not significant (Pinteraction = -14)
(Table 2, Figure 2). Similar patterns were observed for both the physical
(Pinteraction =-085) and  emotional  (Piteraction =-043) domains.
Administration of FDI was not associated with a greater walk distance
for any anaemia category (Table 2).

Compared to patients with mild or no anaemia at baseline, those
with moderate anaemia assigned to usual care had higher rates for
the primary composite endpoint. FDI exerted a greater absolute reduc-
tion in event rate for patients with moderate anaemia, but the rate ratio
was similar regardless of anaemia severity (Piyteraction=-95) (Table 2,
Figure 3). Similar patterns were noted in COVID-sensitivity analyses
and for cardiovascular and all-cause mortality (Table 2).

Serum ferritin

Only 82 patients (7%) had a serum ferritin < 15 pg/L. Serum ferritin was
<30 pg/Lin 297 patients (26%), 30 pg/L to <100 pg/L in 627 (55%), and
>100 pg/L in 210 (19%). Patients with a ferritin < 30 pg/L were more

likely to be women and generally had a more favourable prognostic
profile, mostly being enrolled as outpatients in New York Heart
Association (NYHA) functional class Il, with lower NT-proBNP, higher
eGFR, and less often treated with loop diuretics (see Supplementary
data online, Table STA). Patients with a serum ferritin < 30 pg/L had
only a slightly higher prevalence of anaemia but lower values for
TSAT. Conversely, patients with a serum ferritin > 100 pg/L (and con-
sequently TSAT < 20%) had a worse prognostic profile in most re-
spects than patients with a ferritin < 100 ug/L.

By 4 months, the increase in haemoglobin was greater in patients
with a serum ferritin < 30 pg/L randomized to FDI (Pjyteraction = -028)
(Table 3, Figure 1). There was no difference in the effect of FDI on
MLwHF by serum ferritin category (Pinteraction = 1.0), with similar find-
ings for physical (Piyteraction=-85) or emotional (Piyteraction =-90) do-
mains (Table 3, Figure 2). For patients with a serum ferritin > 100 pg/
L (and therefore TSAT < 20%), walk distance tended to be greater
for patients randomized to FDI (mean increase 40 (95% Cl —12 to
+93)) but no effect was observed for other groups (Table 3).

In both treatment arms, patients with a serum ferritin < 30 pg/L had
the lowest rate for the primary endpoint, with slightly lower rates in
those assigned to FDI, compared to usual care. Those with a serum fer-
ritin > 100 pg/L (and consequently a TSAT < 20%) had the highest rate
for the primary endpoint and the greatest absolute reduction in event
rate with FDI. However, the interaction between assigned treatment
and ferritin category was not statistically significant (Pinteraction = -57)
(Table 3, Figure 4). Similar patterns were noted in COVID-sensitivity
analyses and for cardiovascular and all-cause mortality (Table 3).

Transferrin saturation

TSAT was <20% in 841 patients (76%), of whom almost one-third (272
patients) had values < 10%. Age and sex did not differ by TSAT cat-
egory. Patients with a low TSAT were more symptomatic, had a lower
LVEF, higher NT-proBNP, and were more likely to receive loop diure-
tics, although eGFR was similar across categories (Table 4). Patients
with a low TSAT were also more likely to be anaemic and had lower
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Table 4 Baseline characteristics according to transferrin saturation category

>10% to <15%

>15% to <20%

Total number

Age (years)

Women

Men

BMI (kg/m?)

Medical history
Hypertension
Diabetes
Atrial fibrillation

Aetiology
Ischaemic
Non-ischaemic
Unknown

Recruitment context
Inpatient
Discharged <6 months
Outpatient

NYHA
I
nnv

Minnesota (n)

Overall
Physical
Emotional

6-Minute walk test (n)
Distance (m)

Vital signs
Heart rate (beats/min)
Systolic BP (mmHg)

Laboratory tests
LVEF
NT-proBNP
eGFR (mL/min/1.73 m?)
Haemoglobin (g/dL)
No anaemia
Mild anaemia
Moderate anaemia
Ferritin (pg/L)
Ferritin < 30 pg/L

On oral iron

73 [64, 79]
80 (29%)
192 (71%)

28.7 [24.8, 33.3]

160 (59%)
130 (48%)
138 (51%)

138 (51%)
104 (38%)
30 (11%)

75 (28%)
50 (18%)
147 (54%)

144 (53%)
128 (47%)
264
51 [31, 68]
26 [16, 33]
10 [4, 18]
137
240 [142, 335]

73 (63, 84)
116 (105, 128)

33 (24, 36)
2112 (967, 4096)
53 (37, 74)
114 (106, 12.2)
46 (17%)

72 (27%)
154 (57%)
32 (17, 54)
124 (46%)

31 (11%)

73 [67, 79]
85 (29%)
213 (72%)

28.7 [25.1, 32.2]

168 (56%)
145 (49%)
137 (46%)

175 (59%)
89 (30%)
34 (11%)

33 (11%)
60 (20%)
205 (69%)

163 (55%)
135 (45%)
292
43 [26, 61]
24 [15, 31]
8 [3, 15]
171
288 [174, 351]

69 (60, 78)
118 (105, 133)

35 (26, 40)
1905 (984, 3818)
51 (38, 65)
121 (11.1,12.8)
89 (30%)

99 (33%)
110 (37%)

55 (29, 96)
79 (27%)

50 (17%)

74 [67,79]
66 (24%)
205 (76%)

28.4 [24.5, 32.9]

137 (51%)
118 (44%)
126 (47%)

158 (58%)
89 (33%)
24 (9%)

26 (10%)
46 (17%)
199 (73%)

148 (55%)
123 (45%)
266
4122, 66]
23 [12, 30]
82, 15]
165
259 [173, 330]

69 (61,78)
122 (109, 134)

31 (25, 36)
1717 (851, 3952)
49 (38, 68)
123 (115, 12.9)
103 (38%)

87 (32%)

81 (30%)

76 (39, 137)
39 (14%)

46 (17%)

74 [68, 80]
61 (23%)
208 (77%)

27.4 [24.5, 31.3]

130 (48%)
113 (42%)
116 (43%)

163 (61%)
79 (29%)
27 (10%)

14 (5%)
50 (19%)
205 (76%)

183 (68%)
86 (32%)
268
36 [19, 58]
20 [11, 29]
77, 15]
179
300 [204, 365]

65 (60, 75)
119 (105, 132)

35 (29, 39)
1373 (823, 2694)
53 (40, 70)
126 (11.8,13.1)
123 (46%)

82 (31%)

64 (24%)

53 (35, 76)
46 (17%)

40 (15%)

094

.048
.32
.36

24

<.0001

.00073

<.0001
.00018
.035

.0053

<.0001
A2

.0013

039

.36
<.0001
<.0001

<.0001
<.0001
23

Continued
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Table 4 Continued

TSAT <10% >10% to <15% >15% to <20% >20% P

..... Heartfa”uremed,cat,on
Loop diuretic 226 (83%) 247 (83%) 226 (83%) 204 (76%) .068
ACEi, ARB, or ARNi 221 (81%) 257 (86%) 236 (87%) 251 (93%) 00056
Beta-blocker 238 (88%) 265 (89%) 243 (90%) 239 (89%) .88
MRA 150 (55%) 157 (53%) 149 (55%) 164 (61%) 24
Digoxin 36 (13%) 40 (13%) 27 (10%) 28 (10%) 45
Any hypoglycaemic agent 122 (45%) 128 (43%) 104 (38%) 96 (36%) 11
Insulin 48 (18%) 51 (17%) 53 (19%) 27 (10%) 019
SGLT?2 inhibitors 15 (6%) 5 (2%) 4 (2%) 4 (2%) .0043

Device therapy—no. (%)

ICD 43 (16%) 47 916%) 37 (14%) 34 (13%) 51
PPM 18 (7%) 21 (7%) 14 (5%) 10 (4%)
CRT-P 21 (8%) 14 (5%) 24 (9%) 18 (7%)
CRT-D 33 (12%) 41 (59%) 42 (16%) 45 (17%)

Data are number and per cent or median with first and third quartiles.

serum ferritin. Patients with TSAT >20% who, by protocol were re-
quired to have a serum ferritin < 100 pg/L, had a more favourable prog-
nostic profile than those with a TSAT < 20%.

The increase in haemoglobin in response to FDI was greatest for pa-
tients with a TSAT < 10% (Piteraction < -001), with a progressively smal-
ler response for higher values of TSAT (Table 5, Figure 1). There was
little difference in the improvement in MLwHF scores across TSAT cat-
egories, overall (Pinteraction=1.0) or for physical (Pisteraction=-77) or
emotional (Pipteraction = -67) domains (Table 5, Figure 2). No differences
between FDI and control in walk distance were observed according to
TSAT (Table 5).

Compared to patients with TSAT > 20%, those with TSAT < 20%
had a higher rate for the primary endpoint and a greater reduction
with FDI, but this effect was not consistent across categories of
TSAT below 20%. This may reflect the play of chance due to small num-
bers of patients and events in each subgroup. In COVID-sensitivity
analyses, results were unstable for patients with a TSAT <10% or
10%—15%. Patients with TSAT > 20% (and consequently serum ferritin
< 100 pg/L) were at lower risk of events and appeared to derive little
benefit from FDI, although a trend was observed in the first 18 months
(Figure 5). However, the interaction between TSAT category and
assigned treatment was not statistically significant (Piyteraction= -58)
(Table 5). Similar patterns were noted in COVID-sensitivity analyses
and for cardiovascular and all-cause mortality (Table 5).

In an analysis including only the 841 patients with a TSAT < 20%, the
reduction in the primary composite endpoint (Figure 5) was again of
borderline statistical significance (rate ratio 0.80 [95% CI: 0.63 to
1.03]; P=.084) with a similar result in a COVID-sensitivity analysis
(rate ratio 0.67 (95% CI: 0.48-0.93); P =.016). Trends to reductions
in cardiovascular and all-cause mortality for patients assigned to FDI
were not significant.

Conversely, in the subset of patients (n =269) with a TSAT > 20%
but ferritin < 100 pg/L, administration of FDI had only small effects

on haemoglobin and MLwWHF scores. This group of patients had a lower
rate for the primary endpoint than those with a TSAT < 20%, with
some evidence of benefit for those assigned to FDI in the first two
years. However, a COVID-sensitivity analysis (Table 6) did not identify
greater benefit and all-cause mortality tended to be higher for patients
assigned to FDI for patients with a TSAT > 20% but ferritin < 100 pg/L.

Analysis by ferritin and TSAT

Further analysis classifying patients by TSAT < 20% or >20% and each
of the three ferritin categories found only a few patients with a TSAT >
20% and a ferritin <30 pg/L (n=46) who showed little increase in
haemoglobin after administration of FDI and had low rates of clinical
events with usual care that were not reduced by FDI (see
Supplementary data online, Table S1B; Table 6). For patients with a
TSAT < 20%, those with a serum ferritin < 30 pg/L had a similar preva-
lence of anaemia compared to those with a higher ferritin, but a larger
increase in haemoglobin after receiving FDI, achieving a higher
haemoglobin by 4 months. For patients with a TSAT < 20%, the higher
the ferritin, the greater the rate of events and, although there was no
statistical interaction between TSAT/ferritin categories, the largest
absolute differences were observed in those with a TSAT < 20% and
a ferritin > 100 pg/L (Table 6, Figures 4 and 5).

Discussion

An intervention designed to fix a problem that does not exist is unlikely
to succeed. Giving patients who are not iron deficient more iron may not
be helpful and could be harmful."” This analysis suggests that either an-
aemia severity ora TSAT < 20% might identify patients with heart failure
who are most likely to benefit from i.v. iron; the relationship between
serum ferritin and response to i.v. FDI was complex and appeared of
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Table 5 Effects of ferric derisomaltose compared to usual care for patients classified by transferrin saturation

TSAT <10 >10 to <15 >15 to <20 > 20%* P for
............................................................................................................ interaction
Usualcare FDI Usualcare FDI Usualcare FDI Usualcare FDI
142 130 142 156 144 127 128 141
: Haemog|0bm(g/d L) ...............................................................................................................................................................
Value at 4 months 121 (1.6) 134 (1.4) 123 (1.3) 127 (14) 121 (1.4) 125 (1.3) 124 (1.4) 12.7 (1.1)
Difference in change from baseline 14 (1.0 to 1.8) 0.4 (0.1 to 0.7) 0.5 (0.2 to 0.8) 0.3 (0.1 to 0.6) <.001
MLWHF score overall (n)
Value at 4 months 44 (29) 41 (30) 41 (26) 38(28) 40 (26) 37 (27)  35(25) 33 (24)
Difference at 4 months =3 (=11 to +5) -3 (=10 to +4) -3 (=10 to +4) -2 (—8to +4) 1.0
MLwHEF score physical
Value at 4 months 22 (12) 19(13) 20 (11) 18 (12) 20 (11) 18 (12) 18 (11) 17 (11)
Difference at 4 months —3 (-6 to +0) -2 (=5 to +1) -2 (=5 to +1) —1 (-4 to +2) .85
MLwHF score emotional
Value at 4 months 9(8) 10 (9) 9(8) 8(8) 9(7) 8(8) 8(8) 7(7)
Difference at 4 months +0 (—2to +3) -1 (-2to +2) -1 (-3 to +2) -1 (-3to+1) .90
6-Minute walk test (n) 51 50 52 65 59 58 61 79
Distance at 4 months (m) 256 (125) 265 (116) 283 (145) 295 (142) 262 (124) 264 (127) 324 (121) 297 (134)
Difference usual care vs. FDI +9 (=39 to +57) +12 (41 to +65) +1 (=45 to +47) =27 [-71 to +16] .61
Primary endpoint
Rate per 100 patient-years 321 254 241 243 326 214 203 17.8
Rate ratio 0.80 (0.53 to 1.21) 0.99 (0.64 to 1.54) 0.65 (042 to 1.01) 0.96 (0.60 to 1.52) .58
Absolute difference in rate 6.7 lower with FDI 0.2 higher with FDI 11.2 lower with FDI 2.5 lower with FDI
Primary endpoint (COVID sensitivity)
Rate per 100 patient-years 30.1 291 28.5 20.7 36.5 20.3 18.8 174
Rate ratio 0.95 (0.58 to 1.55) 0.72 (0.42 to 1.22) 0.55 (0.31 to 0.98) 0.96 (0.55 to 1.68) .50
Absolute difference in rate 1.0 lower with FDI 7.8 lower with FDI 16.2 lower with FDI 1.4 lower with FDI
CV mortality
Percentage (%) 268 238 218 218 27.8 18.9 18.8 17.7
Hazard ratio 0.90 (0.56 to 1.45) 1.05 (0.64 to 1.70) 0.63 (0.38 to 1.05) 1.03 (0.59 to 1.82) 46
Absolute difference in percentages (%) 3.0 lower with FDI No difference 8.9 lower with FDI 1.0 lower with FDI
CV mortality (COVID sensitivity)
Percentage (%) 14.4 15.7 14.6 11.7 204 9.2 11.9 11.9
Hazard ratio 1.06 (0.55 to 2.01) 0.80 (0.42 to 1.53) 0.42 (0.21 to 0.84) 1.12 (0.54 to 2.29) 18
Absolute difference in percentages (%) 1.3 higher with FDI 2.9 lower with FDI 11.2 lower with FDI  No change
All-cause mortality
Percentage (%) 40.8 385 29.6 321 36.8 27.6 25.8 30.5
Hazard ratio 0.96 (0.66 to 1.40) 1.13 (0.75 to 1.70) 0.69 (0.45 to 1.06) 1.30 (0.82 to 2.05) 21
Absolute difference in percentages (%) 2.3 lower with FDI 2.5 higher with FDI 9.2 lower with FDI 4.7 higher with FDI
All-cause mortality (COVID sensitivity)
Percentage (%) 242 243 19.0 16.6 248 16.0 14.4 20.0
Hazard ratio 0.99 (0.60 to 1.64) 0.88 (0.50 to 1.53) 0.58 (0.33 to 1.02) 1.56 (0.85 to 2.87) 15

Absolute difference in percentages (%) 0.1 higher with FDI

2.4 lower with FDI

8.8 lower with FDI

5.6 higher with FDI

Substantial differences in rates are highlighted in bold. MLWHF, Minnesota Living with Heart Failure.

*Ferritin <100 pg/L required if TSAT >20%.
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Figure 5 Primary endpoint (recurrent events) according to transferrin saturation (TSAT) < 20% or >20% (with serum ferritin < 100 pg/L). No stat-
istically significant interaction was observed between TSAT classification and treatment effect. FDI, ferric derisomaltose; RR, rate ratio. See Table 5 for

event rates

little practical clinical value (Structured Graphical Abstract). Few patients
fulfilled WHO criteria for iron deficiency; a serum ferritin < 15 pg/dL.

Patients with moderately severe anaemia had a poorer quality of life
and prognosis than patients without anaemia and responded to admin-
istration of i.v. FDI with a substantial increase in haemoglobin and im-
provement in quality of life. Although, in relative terms, the effect of
FDI on clinical event rates was similar regardless of anaemia severity,
because patients with more severe anaemia had higher event rates,
the absolute benefit was greatest for this group. Correction of anaemia
might be an important mechanism by which i.v. iron delivers benefit, but
the severity of anaemia might also serve as a marker of iron deficiency
affecting many other metabolic processes. Trials of i.v. ferric carboxy-
maltose (FCM) suggest that haemoglobin does not predict a greater re-
sponse to iron supplements,’®'? but this may reflect differences in the
definition of anaemia used, the severity of congestion, which may affect
plasma volume and therefore haemoglobin concentration, and the dur-
ation of follow-up.

A low serum ferritin and a low TSAT are both considered to be mar-
kers of iron deficiency. However, for patients with cardiovascular dis-
ease, there is a strong U-shaped relationship between TSAT and
prognosis, with the nadir of risk lying between 30% and 39% but, in con-
trast, a lower serum ferritin is associated with a better prognosis."* This
apparent paradox requires explanation. In IRONMAN, a serum fer-
ritin < 30 pg/L was associated with features suggesting less severe heart
failure and a better prognosis, including milder symptoms, lower
NT-proBNP, and better renal function, therefore it is not surprising
that, consistent with findings from previous observational studies of
heart failure,® ferritin was associated with a low rate for the primary
endpoint whether or not patients were randomized to iv. iron.
Ferritin < 100 pg/L, unless associated with a low TSAT, was also a
poor predictor of the response to i.v. iron by any of the criteria we
used. Interestingly, 84% of patients with a ferritin <30 pg/L had a
TSAT < 20%. These patients had a substantial increase in haemoglobin
in response to iv. iron and, despite a relatively good prognosis, ap-
peared to benefit further from iv. iron. Ferritin is a large molecule

that can only escape from cells by exocytosis or cell death.
Inflammation may increase the rate of exocytosis and macrophage
cell death leading to increases in serum ferritin."” Accordingly, a low
serum ferritin may require both iron deficiency and good cell health, ex-
plaining why patients who have both a low ferritin and a low TSAT have
arelatively good prognosis but still respond to iron. In contrast, patients
with a higher serum ferritin but TSAT < 20% had a high rate of events in
the control group but, in absolute terms, a substantial reduction in
events after i.v. iron. In these cases, a normal serum ferritin may reflect
cellular damage and death, which conceals iron deficiency in patients
with more advanced disease.

The proportion of patients with anaemia increased progressively as
TSAT declined and the increase in haemoglobin after administration of
FDI was most striking when TSAT was <10% or <20% with serum fer-
ritin < 30 pg/L, which often led to correction of anaemia. Patients with
a TSAT < 20% and serum ferritin > 30 pg/L were more likely to remain
anaemic after administration of FDI, suggesting that factors other than
iron deficiency, such as inflammation and erythropoietin deficiency or
resistance, contributed to their anaemia.® Despite the strong relation-
ship between TSAT and the increase in haemoglobin with FDI, TSAT
did not predict the effects of FDI on symptoms or walk distance.
Patients with a TSAT < 20% had a higher rate of clinical events and
tended to have greater relative reductions in event rates if randomized
to FDI and, consequently, they had a greater absolute reduction
in events, although tests for interaction were not statistically
significant. In contrast, patients with a TSAT > 20% (with serum ferritin
< 100 pg/L) appeared to receive little benefit from iv. FDI in terms of
haemoglobin response, symptoms, walk distance, or reduction in
clinical events.

It is not clear that measurement of serum ferritin is useful for iden-
tifying patients with heart failure who benefit from i.v. iron, and it may
cause confusion and uncertainty in clinical practice. It is widely believed
that when serum ferritin and TSAT are both low, this reflects absolute
iron deficiency and that a normal or raised serum ferritin with a low
TSAT reflects functional iron deficiency, meaning that iron is trapped
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in the liver and reticulo-endothelial system and is no longer available for
metabolic requirements.”'? However, it is difficult to prove that a pa-
tient has functional iron deficiency based on measurement of serum
ferritin and TSAT alone. Measurement of hepcidin or soluble transfer-
rin receptors might help identify functional iron deficiency, but theoret-
ical constructs require direct proof that intra-cellular ferritin is
increased. If the goal of treatment is to improve symptoms or prognosis
for patients with heart failure, focussing on those with anaemia and/or
TSAT < 20% might be a good strategy for clinical practice.

Recently, the HEART-FID trial found little evidence that i.v. FCM im-
proved either hospitalization for heart failure or mor‘tality.20 However,
at baseline, 60% of patients had a TSAT of 20% or more and the mean
haemoglobin was 12.6 g/dL, suggesting that many had neither iron de-
ficiency nor anaemia. A meta-analysis of individual-patient data (IPD)
from trials of FCM and aggregate data from IRONMAN did not provide
conclusive evidence that i.v. iron substantially reduced the composite
outcomes of cardiovascular hospitalizations or death (rate ratio 0.86
[95% C1 0.75 to 0.98]) or heart failure hospitalization or cardiovascular
death (rate ratio 0.87 [95% CI 0.75 to 1.01]).>' However, the IPD
meta-analysis found a strong interaction between TSAT and the reduc-
tion in these outcomes and in cardiovascular death. Benefits were sub-
stantial benefit when TSAT was <15% but there were trends to harm
when TSAT was >24%. A reasonable interpretation of the totality of
evidence is that many patients enrolled in randomized trials could not
benefit from i.v. or oral iron supplements because they did not have
iron deficiency but that patients who do have iron deficiency, as evi-
denced by a low TSAT, might benefit substantially.

Although highly correlated with TSAT, serum iron might be the bet-
ter marker of prognosis for patients with cardiovascular disease."”*?
TSAT depends not only on serum concentrations of iron but also of
transferrin, which is inversely related to serum ferritin.” As serum fer-
ritin rises, transferrin falls, leading to a higher TSAT for a given serum
iron concentration. Conversely, when serum ferritin is low, transferrin
will be higher, leading to lower TSAT for a given serum iron concentra-
tion. If serum iron is a better marker of iron deficiency than TSAT, this
might explain the lack of a clear relationship between decrements in
TSAT below 20% and the magnitude of response to FDI. Patients
with a serum ferritin > 400 pg/L were excluded from IRONMAN. In
retrospect, measurements of TSAT or serum iron may be better
ways of excluding iron overload, again making measurement of serum
ferritin clinically redundant. Other markers of iron deficiency might
also be considered for the identification of patients with iron deficiency
more likely to benefit from iron supplements, but they have not been
studied in randomized trials.®

There are many limitations to this analysis. Pre-specified analyses in-
vestigating interactions between assigned treatment and markers of
iron deficiency showed only trends rather than statistically significant
differences, which was also true for most secondary outcomes. Most
subgroups were small with insufficient power to confirm numerically
striking differences. Ultimately, our observations and interpretation
need to be tested in other datasets. The COVID pandemic prevented
recruitment of the planned number of patients, few patients received
i.v. FDI after the first lockdown in March 2020 and many patients in
the control group received oral iron, all of which may have diminished
the ability to discern any benefits conferred by i.v. iron.

Only 57% of patients had a 6-minute walk test recorded at 4 months
for which there are various explanations. Patients were not required to
be able and willing to do a walking test to be included in the trial. The
protocol stated that the test was ‘not mandated but encouraged’. It was
a secondary outcome. Staff may not have had the time or a suitable

30 m corridor free of obstructions to conduct the walking test. The
COVID pandemic will have prevented some in-person visits.
However, in the HEART-FID trial, despite including >3000 patients,
there was little difference in 6-minute walk test distance between those
who received placebo or FCM at 6 months.

Inclusion of patients in randomized trials required only a single meas-
urement of haemoglobin and iron indices. However, all of these mea-
sures vary according to the severity of congestion, recent infection,
inflammation, time of day, and from day to day.>>*® This might lead
toincorrect classification of iron deficiency, further diluting the apparent
benefits of i.v. iron. The diurnal variation observed in serum iron, with
values peaking in the late morning, also applies to TSAT and possibly
to ferritin.?> However, variations in blood markers during usual working
hours (8 a.m. to 6 p.m.) are generally <10%; variations from 1 day to the
next may be greater.”® Using two criteria to define the need for iv. iron,
for instance anaemia with a TSAT < 20%, might reduce misclassification.

In conclusion, based on the results of IRONMAN, there appears to be
little value serum ferritin for selecting patients with heart failure and re-
duced ejection fraction likely to benefit from i.v. FDI. Patients with mod-
erately severe anaemia, most of whom had a TSAT < 20%, were at
higher risk of events and may have obtained more benefit from i.v.
FDI in terms of symptoms and absolute reduction in clinical events
than patients who were not anaemic. Patients with a TSAT < 20%, es-
pecially when serum ferritin was >100 pg/L, also appeared more likely
to benefit in terms of absolute and relative reduction in clinical events.
These results, if confirmed in other trials, could simplify guideline recom-
mendations for the diagnosis of iron deficiency, thereby avoiding admin-
istration of i.v. iron to patients who have little to gain, targeting it at those
most likely to benefit, while ensuring good use of health service re-
sources and patients’ time and effort required to deliver therapy.
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