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Iron therapy for the treatment of iron
deficiency in chronic heart failure: intravenous
or oral?
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This article considers the use and modality of iron therapy to treat iron deficiency in patients with heart failure, an aspect of care which
has received relatively little attention compared with the wider topic of anaemia management. Iron deficiency affects up to 50% of heart
failure patients, and is associated with poor quality of life, impaired exercise tolerance, and mortality independent of haematopoietic effects
in this patient population. The European Society of Cardiology Guidelines for heart failure 2012 recommend a diagnostic work-up for
iron deficiency in patients with suspected heart failure. Iron absorption from oral iron preparations is generally poor, with slow and often
inefficient iron repletion; moreover, up to 60% of patients experience gastrointestinal side effects. These problems may be exacerbated in
heart failure due to decreased gastrointestinal absorption and poor compliance due to pill burden. Evidence for clinical benefits using oral
iron is lacking. l.v. iron sucrose has consistently been shown to improve exercise capacity, cardiac function, symptom severity, and quality
of life. Similar findings were observed recently for i.v. ferric carboxymaltose in patients with systolic heart failure and impaired LVEF in
the double-blind, placebo-controlled FAIR-HF and CONFIRM-HF trials. l.v. iron therapy may be better tolerated than oral iron, although
confirmation in longer clinical trials is awaited. Routine diagnosis and management of iron deficiency in patients with symptomatic heart
failure regardless of anaemia status is advisable, and, based on current evidence, prompt intervention using i.v. iron therapy should now be
considered.
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iron stores). The two states have different aetiologies. Various

Iron deficiency: a common
co-morbidity in heart failure

pathological changes in chronic heart failure predispose patients
to absolute iron deficiency, which is usually defined as ferritin

4—6 e . . .
Iron deficiency is one of the most prevalent co-morbid conditions <100ng/mL."® Poor nutrition is frequent, and patients with

in chronic heart failure. In the absence of any iron treatment, it concomitant renal disease may be advised to follow a low-protein

. . 7 . .
is estimated that up to 50% of patients with heart failure have (and thus low-iron) diet.” Low intake of iron can be compounded

low levels of available iron.! The prevalence of iron deficiency is by physiological and functional changes to the intestinal wall which

higher in the more advanced stages of heart failure (NYHA class IlI may impair iron uptake from the gut, including the presence

. . 8
and 1V), in females, and in patients with high levels of inflammatory of mucosal oedema, and reduced gastrointestinal blood flow

markers (such as C-reactive protein) as well as increased levels of (Table 7). Patients with heart failure are also at risk of iron loss

NT-proBNP23 but, even in patients at lower risk such as those
with NYHA class | or II, the prevalence remains >30%."2

These estimates include both absolute iron deficiency (in which
iron stores are low) and functional iron deficiency (in which
iron supply is inadequate to meet the demand for erythropoiesis
and other cellular functions despite normal or abundant body

secondary to gastritis or ulceration caused by concomitant phar-
macotherapy, and from proteinuria arising from chronic renal
disease.”'? Lastly, administration of antiplatelet drugs or anticoag-
ulation agents increases susceptibility to bleeding, with consequent
blood loss.!” Functional iron deficiency, in contrast, arises from
the generalized inflammatory state which characterizes heart
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failure. Increased levels of proinflammatory cytokines such as
interleukin-6 (IL-6) enhance production and release of hepcidin,
an acute phase protein synthesized in the liver. Hepcidin regulates
the release of stored iron from enterocytes and hepatocytes by
causing degradation of the iron transporter protein, ferroportin.
As a result, high levels of hepcidin can ‘trap’ iron in storage
cells.5123 In a recent study published by Jankowska et al., the
early stages of systolic heart failure were characterized by high
levels of circulating hepcidin.'* However, hepcidin levels declined
as the severity of heart failure progressed, and as iron deficiency
developed. Moreover, low hepcidin was independently associated
with unfavourable outcome.’ The authors hypothesized that the
pathophysiological mechanisms underlying iron deficiency in heart
failure are markedly different from those in chronic inflammatory
diseases, a possibility that requires further evidence to be con-
firmed. Functional iron deficiency is usually defined in heart failure
as ferritin <300 ng/mL with transferrin saturation (TSAT) <20%.
While iron deficiency is usually identified in the clinic based on
levels of ferritin and TSAT, due to their ease of use and wide
availability, it should be noted that either inflammation or oxidative
stress may artificially increase ferritin concentrations, regardless of
actual iron status. In contrast to other clinical settings, the ferritin
threshold defining deficient iron storage is increased to 100 ng/mL
in heart failure patients to take account of the chronic inflammatory
state. The recent FAIR-HF'> and CONFIRM-HF'® trials achieved
beneficial results when ferritin and TSAT were used to define
inclusion criteria and thresholds for maintenance treatment, and
the European Society of Cardiology (ESC) Guidelines for heart
failure 2012 included cut-off values for iron deficiency based on
the FAIR-HF study.”” Nevertheless, diagnosis based on ferritin
and TSAT may be inadequate in advanced disease'® or acute

419 when ferritin becomes an unreliable marker. Iron

heart failure,
deficiency can therefore be underdiagnosed in these types of
patients. Measurement of soluble transferrin receptor, hepcidin, or
reticulocyte haemoglobin (Hb) content may offer a more sensitive
assessment of iron status and response to therapy,* and these
techniques may become more widely adopted in the future.

Iron deficiency is closely associated with low Hb levels in patients
with heart failure.>?° A large population-based study in Canada has
suggested that anaemia of chronic disease predominates, followed
by iron deficiency anaemia,?' but the two types both primarily
arise from insufficient iron available for haematopoiesis in the
erythrocytes.

The impact of iron deficiency
in heart failure: a co-morbidity
independent of anaemia

Conventionally, attention has focused on the effect of inadequate
iron supply on erythropoiesis, and the resulting risk of anaemia.
Awareness is growing, however, of the many haematopoietic func-
tions of iron. Iron is an essential cofactor for haem and non-haem
proteins involved in cellular activities such as oxygen storage (as a
component of myoglobin), generation of cellular energy (as part of
oxidative enzymes and mitochondrial respiratory chain proteins) in

skeletal muscle and myocardiocytes, and the synthesis and degra-
dation of lipids, carbohydrates, and nucleic acids.?

In patients with heart failure, it has been shown that the
myocardium has a reduced iron content,?® and it is possible that
myocardial iron depletion plays a role in deteriorating systolic
function. Several observational studies have assessed the asso-
ciation between iron deficiency and outcomes in patients with
heart failure (Table 2)."~32"-24727 Regardless of whether or not
patients had anaemia, or the severity of heart failure, the presence
of iron deficiency showed a significant association with mortality
after adjustment for confounding factors in most studies.’22425
Only in one analysis, a community-based study in the USA, was no
correlation found, but in this analysis disease severity (measured
with NYHA functional class and NT-proBNP levels) was not
assessed.> Overall, the increase in mortality risk appears to be in
the order of 40—50%."2

Animal and human studies have suggested a strong causal rela-
tionship between all levels of iron deficiency—even in the absence
of anaemia—and the extent of physical activity.?’ Data from
iron-deficient anaemic rats have shown a substantial improvement
in walking ability within 15—-18h of iron administration despite
unaltered Hb levels.3%3" In heart failure, there is evidence that
iron deficiency, and not anaemia, is an independent predictor of
exercise intolerance in patients with heart failure. In a prospec-
tive study, peak oxygen consumption (VO,) and the ventilatory
response to exercise (VE-VCO, slope) were measured in 155
patients with stable heart failure (NYHA class 1-1V) and mean LVEF
of 26%.26 Iron deficiency was defined as ferritin <100 ng/mL, or
100-300 ng/mL with TSAT <20%. The results consistently indi-
cated a significantly reduced exercise tolerance in patients with
iron deficiency vs. patients with adequate iron, a difference that
was maintained after adjustment for demographic and clinical
variables.?® These data confirmed findings from a previous prospec-
tive study in 27 heart failure patients in whom iron deficiency was
defined as TSAT <20%.3? The negative influence of iron deficiency
on exercise tolerance can be linked to the non-haematopoietic
effects of iron, especially if one considers its role in mitochon-
drial function in cells with high energy demand, such as cardiomy-
ocytes and skeletal myocytes.*?*> Mitochondria are the key sites
of cellular iron processing, where synthesis of iron—sulfur (Fe/S)
clusters and haem takes place, but are also the location for gen-
eration of reactive oxygen species (ROS). The activity of mito-
chondrial Fe/S cluster proteins is reduced in failing hearts, an
effect attributed to the lack of an Fe/S cluster centre.333* On
the other hand, clinical data and evidence from animal models
with specific genetic defects have suggested that myocardial iron
overload® or accumulation of iron in the mitochondria can induce
or exacerbate cardiomyopathy,* presumably as a consequence of
ROS-dependent mechanisms. The question of whether iron accu-
mulates in the mitochondria of failing hearts due to a shared aeti-
ology, such as hypertension or myocardial infarction, has not been
examined.

In a post-hoc analysis of a cohort of >500 chronic heart failure
patients, iron deficiency was associated with lower quality of
life than in those patients with normal iron levels, regardless of
anaemia status. In multivariate analysis, the effect on quality of life
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Table 1 Aectiology of iron deficiency in heart failure®-¢

Mechanism

Reduced iron intake Low protein diet
Anorexia

Impaired intestinal absorption Mucosal oedema

Decreased gastric emptying

Modified intestinal motility

Reduced intestinal villus blood flow and/or

mesenteric and portal blood flow
Disrupted iron uptake process

Gastrointestinal tract damage Gastritis
Ulcers

Uraemia Loss of iron in protein

Medication Antiplatelet drugs, e.g. aspirin
Anticoagulants
Erythropoiesis-stimulating agents

Venepuncture Frequent venepuncture for blood tests

Chronic inflammation
(functional iron deficiency)

Impaired release of iron from storage cells

Comment

Low protein diets may be recommended for concomitant renal
disease

Can alter intestinal epithelial permeability

Contributing factors include overactivation of the sympathetic
nervous system, concomitant drugs, co-morbid diabetic
gastroparesis

Restricts passive diffusion from intestinal tissue to blood

Impaired expression of iron transporters observed in the
duodenum
Iron loss through gastrointestinal bleeding

Proteinuria associated with concomitant chronic renal failure
Can contribute to gastrointestinal blood loss

Provoke iron deficiency through enhanced demand for
erythropoiesis

Inflammatory cytokines stimulate increased hepcidin
production and release, which inhibits transport of iron out
of macrophages and hepatocytes by blocking export via
ferroportin

appeared to be due to physical factors; a role for erythropoiesis
was excluded.?’

The pathophysiological impact of iron deficiency in heart failure
patients with preserved ejection fraction (HFpEF) is not yet fully
elucidated. An observational study of 751 patients with heart
failure which included a subpopulation of patients with HFpEF
(defined as LVEF >50%) found that functional iron deficiency
(TSAT <20%) occurred with a similar frequency in patients with
or without HFpEF3¢ One well-designed study of 26 patients with
HFpEF observed no significant association between iron deficiency
(defined as ferritin <100 ng/mL or 100-299 ng/mL with TSAT
<20%) and exercise capacity.”’ However, multivariate analysis of
data from an epidemiological multicentre study of 1278 patients
with heart failure showed an association between iron deficiency
and health-related quality of life which was independent of whether
LVEF was preserved or reduced.?® Further studies with larger
populations are needed to determine whether iron therapy can
improve symptoms and cardiac function in HFpEF patients.

Characteristics of iron therapies

Oral iron

Oral iron therapy is relatively inexpensive and widely used, but the
absorption of iron is low. It also means that iron uptake can be
inadequate to meet enhanced demand during treatment with an
erythropoiesis-stimulating agent (ESA), limiting the haematopoietic
response.’” Oral iron is most frequently given in the form of ferrous
(Fe[ll]) salts, such as ferrous sulfate.

Oxidation of Fe(ll) to Fe(lll) can provoke oxidative damage
at the mucosal boundary, resulting in local toxicity which leads
to gastrointestinal side effects in up to 60% of patients.3® These
include complications such as constipation, dyspepsia, nausea,
diarrhoea, and heartburn, which are particularly frequent with
ferrous sulfate preparations and often lead to poor compliance.
Many constituents of food and some medications interact with
ferrous salts, such that iron uptake is best when taken on an empty
stomach, but gastrointestinal side effects are often improved by
concomitant food, so there can be a difficult balance between
maximizing uptake and minimizing gastrointestinal side effects.

Oxidative stress, with the potential for adverse consequences,
has been observed in animal studies during treatment with fer-
rous salts, especially at high doses. Evidence suggests that this
may include disruption of cell membranes, lipid peroxidation, DNA
strand breakage, and immunological disturbances.?* Moreover, fer-
rous salts have been found to increase the severity of experimental
colitis and affect the intestinal microbiomass due to redox reac-
tions which lead to the production of ROS and mediate intesti-
nal damage in rodents,”® with evidence of increased prevalence
of intestinal adenomas.*' Long-term iron overload via dietary iron
in rats induces necrosis in multiple organs, an effect attributed to
cellular iron accumulation and consequent oxidative stress.*? The
effects of oxidative stress can be avoided by use of the oral prepara-
tion iron[lll]—polymaltose complex, which includes a polymaltose
shell for stability so that iron is released in a controlled manner
and non-transferrin-bound iron (NTBI) does not increase.®® The
structure of the iron[lll]—polymaltose complex also minimizes the
interactions with food or concomitant medications that can affect
uptake of iron from ferrous salts.*® Clinically, data from patients

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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with inflammatory bowel disease have demonstrated a significant
increase in lipid peroxidation following ferrous sulfate treatment
for 14 days compared with iron[lll]—polymaltose complex.**

As a consequence of the adverse events associated with oral iron
therapy, it is considered unsuitable for patients who have defec-
tive gastrointestinal absorption, those who cannot tolerate the
required oral dose, or individuals who show poor compliance.>
Oral iron is also unlikely to be adequate if a rapid effect is required,
or if the rate of chronic iron loss exceeds the replenishment rate
that is possible with oral administration.*

Intravenous iron preparations

Intravenous (i.v.) iron preparations bypass the absorption difficul-
ties associated with oral iron, even in the presence of elevated
hepcidin levels.**>4¢ A series of i.v. iron complexes has been devel-
oped which enclose an iron-containing core within a carbohydrate
shell, stabilizing the structure and controlling the release of iron.*3
The first complex, iron sucrose, was followed by low and high
molecular weight iron dextran products and ferric gluconate. More
recently, ferric carboxymaltose, iron isomaltoside 1000, and feru-
moxytol have become available. These are more thermodynami-
cally stable, with a low reduction potential, and permit administra-
tion of a much higher dose of iron in a single administration without
formation of large amounts of NTBI.*

Among i.v. preparations, the less stable formulations, such as iron
gluconate, are more prone to reduction, with greater risk of oxida-
tive stress, so that the maximum single dose is smaller. Experimen-
tal evidence has shown significant differences between the effects
of different i.v. iron preparations. Increased levels of markers for
oxidative stress and inflammation have been observed in animals
treated with sodium ferric gluconate, iron dextran, ferumoxytol,
or iron isomaltoside 1000 compared with ferric carboxymaltose
or iron sucrose, changes that were accompanied by hypotension
and impaired liver and kidney function.*’ =5 However, it should
be emphasized that most non-clinical in vivo studies have been con-
ducted with iron doses that are significantly higher than those used
in clinical practice. Animal data showing that ferric carboxymaltose
may have a favourable safety profile in terms of oxidative stress
compared with iron dextran and ferric gluconate await confirma-
tion. Clinical data are limited, and are largely restricted to patients
receiving haemodialysis. Two recent studies which used standard
doses of iron sucrose reported a transient (1-2h) increase in
NTBI and oxidative stress, accompanied by a short-lived increase
in lipid peroxidation.’’*2 These results remain unconfirmed, and
interpretation is complicated by the complex effects of chronic
haemodialysis on oxidative stress, inflammation, and endothelial
dysfunction.

Itis challenging to compare accurately the risk of hypersensitivity
reactions between different i.v. iron preparations since events are
very rare and reporting can be poor. lLv. iron complexes that
contain dextran ligands can cause dextran-induced anaphylactic
reactions. These are rare, particularly when using low molecular
weight dextran preparations,®>>* but are serious events and have
led to recommendations that i.v. iron dextran should be avoided.>®
Sodium ferric gluconate, iron sucrose, and ferric carboxymaltose

do not contain dextran ligands, although hypersensitivity reactions
unrelated to dextran ligands are still possible.

Iron is essential for mounting an effective immune response,>
but it is also biologically plausible that excess iron can impair
normal neutrophil and T-cell functioning, with an associated risk
of increased microbial growth.’” The clinical evidence is largely
based on observational studies on haemodialysis patients, which
have yielded conflicting results, but taking a cautious approach
the current Kidney Disease Improving Global Outcomes (KDIGO)
Clinical Practice Guideline for Anemia in Chronic Kidney Disease
advises avoiding i.v. iron therapy in patients with active systemic
infections.>® Conversely, withholding iron therapy with consequent
iron deficiency may increase the risk of infections.>’

Randomized controlled trials are needed to evaluate all impor-
tant safety endpoints, including infection. Ongoing monitoring of
newer i.v. agents such as ferric carboxymaltose, ferumoxytol, and
iron isomaltoside 1000 is essential to establish an extensive evi-
dence base similar to that which already exists for earlier prepa-
rations such as iron sucrose. Additional clinical trials are being
undertaken to help provide such data, in response to requests from
regulatory authorities.

Management of iron deficiency
in heart failure

The recent ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure 2012 recognize iron deficiency as
a common co-morbidity in heart failure, independent of anaemia,
which can contribute to muscle dysfunction and cause anaemia.’”
The guidelines recommend that assessment of all patients with
suspected heart failure should include an evaluation of iron status
to detect iron deficiency using ferritin and TSAT levels, but this
is not yet regarded as standard practice.’® A suggested algorithm
for the diagnosis of iron deficiency in patients with heart failure is
shown in Figure 1, based on typical thresholds for ferritin and TSAT
in this setting.’>17:60

Iron therapy should be considered in all patients with
heart failure who have iron deficiency regardless of whether
anaemia is present or not. If ESA therapy is indicated for the
treatment of anaemia—predominantly in patients with renal
dysfunction—concomitant iron therapy may be necessary to
meet the enhanced demand for iron during ESA-stimulated
erythropoiesis.” The majority of heart failure patients receive oral
iron therapy, with only ~1 in 10 iron-treated patients being given
i.v. therapy.®'

Certain characteristics of patients with heart failure which can
limit intestinal absorption of oral iron preparations can be partic-
ularly pronounced and therefore i.v. iron is the preferred option.
First, patients with heart failure are usually receiving multiple medi-
cations for heart failure and frequently for one or more co-morbid
conditions. Thus, adhering to an oral iron dosing regimen (typically
three times daily) may be challenging. Secondly, various factors can
contribute to abnormal intestinal morphology and function in heart
failure and therefore inhibit iron absorption, such as oedema of the
absorptive mucosa.®? Sandek et al. compared bowel wall thickness

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Chronic heart failure

(NYHA II-1v)
I
Iron deficiency
(ferritin <100 ng/mL or
ferntin 100—299 ng/ml
and TSAT <20%)
Yes T No
[ ]
Anaemia Anaemia
Male Hb <13 g/dL Male Hb <13 g/dL
Female Hb <12 g/dL Female Hb <12 g/dL
No | I 1 Yes No
Iron deficiency Exclude other causes for anaemia depending No

treatment on clinical status: treatment

- Occult bleeding (e.g. GI, malignancies)

« Renal (erythropoeitin)
- Other deficiencies (e.g. vitamin B,,, folic acid)
cause - Other haemoglobinopathies

(e.g. thalassaemia, sickle cell anaemia)

No other

Yes

Determine cause of
anaemia and treat
accordingly

Figure 1 Suggested algorithm for diagnosis of iron deficiency in patients with heart failure.*~5? TSAT, transferrin saturation.

in 22 patients with heart failure and observed significantly greater
thickness compared with controls, accompanied by significant
changes in permeability.5> In a subsequent study, the same team
showed that intestinal blood flow is reduced by 30—43% in heart
failure patients vs. controls,®* an effect which would impair oral
iron uptake from the gut. Other changes can include overactiva-
tion of the sympathetic nervous system, the effect of concomitant
medications such as H, blockers, and complications of co-morbid
conditions such as diabetes-related gastroparesis (Table 2). Thirdly,
where hepcidin levels are raised, expression of the iron transport
protein ferroportin in enterocytes is suppressed such that release
of absorbed iron into the bloodstream is restricted.®> While more
evidence is required, it appears that increased levels of circulat-
ing hepcidin characterize early stages of heart failure, although
iron deficiency becomes more prevalent in more severe stages
of the disease.’ This apparent paradox remains unexplained, but
hepcidin levels appear to be elevated in most patients with heart
failure.' Additionally, even after iron is absorbed, elevated levels
of hepcidin inhibit ferroportin-mediated transport of stored iron
out of enterocytes and macrophages, causing iron sequestration*
and reducing the amount of iron available for haematopoiesis and
other cellular functions. The high intracellular iron levels achieved
by i.v. administration, however, can overcome this ‘hepcidin block’
by stimulating overexpression of ferroportin to release iron for

transport in the plasma bound to transferrin'*®¢ (Figure 2).

Iron therapy dosing

The median required dose of iron to achieve iron repletion in
iron-deficient patients with heart failure is 1000 mg.*’ In patients
with iron deficiency anaemia, the rate of iron bioavailability from

a therapeutic dose of oral 100mg ferrous sulfate, the most
commonly used oral iron preparation, and iron[lll]—polymaltose
complex, is ~10%.58¢° Given that a typical dose of ferrous sulfate
is 100—200 mg iron/day, in the ‘best case’ scenario, a patient who
tolerates treatment of 200 mg/day might absorb only 20 mg of
iron and thus require 50 days to correct the iron deficit. In a
‘worst case’ scenario, given that patients with chronic heart failure
may have as little as half the usual rate of active carrier-mediated
intestinal absorption capacity,®? a patient who can tolerate up to
100 mg iron/day might absorb only 5% (5 mg). It would thus require
200 days to replenish iron stores. In practice, correction of iron
deficiency for heart failure patients will often take longer due to
non-adherence or interruption due to gastrointestinal side effects,
or missed doses due to the high pill burden. Therefore, replen-
ishment of iron stores with oral iron can be expected to require
>6months. In contrast, one or two doses of i.v. iron therapy
can achieve rapid repletion (Table 3). l.v. administration, however,
places additional demands on the treatment centre (Table 3).

Oral iron therapy in heart failure:
the clinical evidence

Despite the fact that oral iron is still often the iron therapy of
choice for many cardiologists, the evidence base related to oral
iron therapy in heart failure is limited. No randomized trials have
compared oral iron vs. no iron therapy in the absence of ESA
therapy. In randomized trials of ESA therapy with oral iron vs.
oral iron alone, mean iron parameters and Hb level, symptom
severity, and exercise tolerance remained unaltered in the oral
iron treatment groups’2”~7°> (Table 4). In the largest of these,
319 patients with symptomatic heat failure and Hb in the range

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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A Normal

C Chronic disease (hepcidin block)

= Hepcidin

—

Oral iron mmp

—
15 mg/d

B Chronic disease (hepcidin block)

- Hepcider

a7 B

{ -gj —_—
o 15 mg/d

D Chronic disease (hepcidin block)

/ﬂjip)(‘mgid
“‘-& 15 mg/d ﬂ

Over-
expression
of ferroportin

LV, iron-

Figure 2 Effect of oral or i.v. iron therapy on ‘hepcidin block’ of iron release from macrophages. (A) Under normal circumstances, ~25 mg of
stored iron per day is transported out of macrophages to plasma transferrin by the iron transporter protein ferroportin. (B) In chronic disease,
elevated levels of hepcidin cause degradation of ferroportin, restricting ferroportin-mediated transport to ~15 mg iron/day, (C) The rate of
iron absorption from iron therapy is inadequate to influence this ‘hepcidin block’. (D) l.v. iron therapy results in high intracellular iron levels
which overcome the ‘hepcidin block’ by stimulating overexpression of ferroportin (modified from Aapro et al.).

9-12.5g/dL were randomized to darbepoetin or placebo, both
with daily oral iron therapy.’® At the end of the 27-week study
period, mean values for Hb were almost unchanged compared
with baseline in the patients receiving only oral iron (11.6 g/dL vs.
11.3 g/dL at baseline), with little change in ferritin and TSAT levels.
Mean NYHA class was 2.54 compared with 2.67 at baseline, while
maximum exercise duration decreased from 409 s to 363 s during
the study.”

The placebo-controlled IRONOUT study (NCT02188784)
is currently underway to assess whether treatment with oral
iron polysaccharide therapy can improve functional capacity in
iron-deficient patients with heart failure.

Intravenous iron therapy in heart
failure: the clinical evidence

Single-arm studies

Three single-arm trials have assessed the effect of i.v. iron without
ESA therapy on Hb level and iron indices in patients with heart
failure, using iron sucrose or iron dextran preparations.”®”7® The
entry criteria for the three trials varied in terms of severity of heart
failure, the presence or absence of anaemia and iron deficiency, and
duration of follow-up (12—26 weeks), but in each case there was a
significant increase in mean values for Hb, ferritin, and TSAT from
baseline. Upon treatment with i.v. iron, various cardiac endpoints
also improved significantly, including NYHA functional class,’®’®
LVEF?”7 and exercise tolerance.”®’® These results are consistent

with findings from single-blinded or double-blinded randomized
trials of monotherapy with i.v. iron in heart failure patients with iron

32,79

deficiency, in which ferric carboxymaltose’® or iron sucrose

were administered (Table 5).

Randomized trials

Two randomized studies which used iron sucrose therapy demon-
strated improved exercise capacity, cardiac function, symptom

severity, and quality of life3>7”°

compared with placebo. Okonko
et al. showed that the benefits of i.v. iron were seen in patients
with or without anaemia at baseline, but were greater in anaemic
individuals.3? In a second trial, 40 patients with anaemia, iron defi-
ciency, and LVEF <35% were randomized to placebo or i.v. iron
sucrose therapy for 5 weeks in a é6-month, double-blind study’®
then followed to 5 years.®® At 6 months, the number of hospital-
izations was significantly lower in the patients who had received i.v.
iron therapy compared with the placebo-treated group {0 events
vs. 5 events (P <0.01); relative risk 2.33 for hospitalization with
placebo vs. i.v. iron [95% confidence interval (Cl) 1.59-3.42]}.7°
Hospitalization remained significantly less frequent with i.v. iron vs.
placebo at 1 year (10% vs. 50%) and 5 years (20% vs. 85%) (both
P <0.01) and, notably, mortality was significantly lower at 5 years
(20% vs. 55%, P < 0.05).%° These findings require confirmation.
FAIR-HF was a randomized, double-blind, placebo-controlled,
24-week multicentre study of 459 patients with heart failure
(NYHA class l1-11l) and iron deficiency, with or without anaemia.'®
Patients were enrolled if their Hb level was between 9.5 and

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 3 Characteristics of oral ferrous salts and intravenous iron preparations

20,70,71

Characteristics

Oral iron

Lv. iron

Intestinal absorption

Iron bioavailability

Gastrointestinal adverse
events

Hypersensitivity reactions

Oxidative stress

Risk of infection

Compliance

Convenience for patients
Dose

Cost
Staffing

Observation time

Equipment

Relatively low

Impaired by concomitant food (depending on
formulation)

Impaired by concomitant medication including
phosphate binders and gastrointestinal medications
that reduce acidity, e.g. omeprazole

Impaired export of iron from enterocytes into the
bloodstream due to elevated hepcidin levels in
chronic inflammatory conditions, e.g. heart failure

May be limited by the physiological changes in the
intestinal tract typical of heart failure patients (e.g.
oedema, local ischaemia, poor blood perfusion)

May be inadequate during ESA therapy (accelerated
erythropoiesis)

Affect 20—30% of patients, e.g. constipation, dyspepsia,
bloating, nausea, diarrhoea, heartburn. Most frequent
with ferrous sulfate

Not applicable

High doses can saturate the iron transport system if
the iron is rapidly released (e.g. ferrous sulfate)
resulting in NTBI in the plasma

Unknown (lack of rigorous assessment)

High pill burden (typically three tablets/day)
Affected by gastrointestinal intolerance
Administered at home

Typically 100—200 mg iron/day

Inexpensive
None

None

None

Parenteral administration

Generally high

Less frequent due to i.v. administration. To be confirmed
with larger controlled trials with extended follow-up
(>1year)

Risk of (very rare) anaphylaxis with dextran-containing
formulations

Risk of (very rare) hypersensitivity reactions

Safety data to be confirmed with larger controlled trials
with extended follow-up (>1 year)

Mainly occurs with less stable preparations, e.g. sodium
ferric gluconate or high-dose iron sucrose. To be
confirmed with larger controlled trials with extended
follow-up (>1 year)

An association between increased risk for infection and i.v.
iron therapy is biologically plausible, but evidence is
conflicting. To be confirmed with larger controlled trials
with extended follow-up (>1 year)

Administered by health professional

Requires clinic visits

Up to 1000 mg iron in a single injection® or up to 20 mg
iron/kg body weight infusion®-

More expensive per dose but fewer doses required

Administration staff must be trained to evaluate and
manage possible anaphylactic reactions

Patient should be observed for at least 30 min following
each injection

Administration should take place in an environment where
full resuscitation facilities can be assured

ESA, erythropoiesis-stimulating agent; NTBI, non-transferrin-bound iron.

2Ferric carboxymaltose (maximum 15 mg iron/kg body weight).

bFerric carboxymaltose, iron dextran (Cosmofer®).

See reference 29 for dosing recommendations for different i.v. iron preparations.

13.5g/dL, ferritin was <100ng/mL (or <300ng/mL and TSAT
<20%), and if LVEF was <40% in NYHA class Il or LVEF <45%
in NYHA Ill. Ferric carboxymaltose was administered i.v. at a dose
of 200 mg of iron, which was selected based on previous trials of
iron sucrose,32767% although single doses up to 1000 mg of iron
are now more standard.®® The primary endpoints were quality of

life and symptoms, as assessed by the Patient Global Assessment

score, and NYHA class, both at week 24. Both endpoints were
significantly improved vs. the placebo arm already at week 4 and
then throughout the whole study duration, e.g. by the end of
the 24-week study period. On the Patient Global Assessment
score, 50% of patients reported ‘much’ or ‘moderate’ improvement
in the ferric carboxymaltose group compared with 27% in the

placebo group [odds ratio (OR) for being in a better rank 2.51;

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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95% ClI 1.75-3.61; P<0.001). By week 24, the NYHA class was
| or Il in 47% of patients in the ferric carboxymaltose group vs.
30% of patients in the placebo arm (OR for improvement by
one class, 2.40; 95% CI, 1.55-3.71). The improvement in the
6-min walk test (6MWT) by week 24 was also greater in the
treatment arm (39 m vs. 9m with placebo, P <0.001). Notably,
the between-group differences were significant as early as week
4 and were also maintained throughout the study period for all
secondary endpoints. The effects of ferric carboxymaltose were
observed regardless of baseline NYHA class, Hb level, LVEF, or
the presence or absence of anaemia.’>®” At week 24, the rates of
death, adverse events, and serious adverse events were similar in
the two treatment groups, with a favourable trend for i.v. iron, and
no severe allergic reactions occurred.

When data from the FAIR-HF trial were analysed in terms of
cost-effectiveness from a UK perspective, the cost of purchasing
and administrating ferric carboxymaltose (€604 per patient for
the 24-week study) was partly offset by lower costs for hospital
treatment compared with the placebo arm (€249 vs. €687).8" The
incremental cost-effectiveness ratio (€4414) for ferric carboxymal-
tose vs. placebo in terms of each quality-adjusted life year (QALY)
gained was far below the cost-effectiveness threshold regarded
as acceptable, i.e. treatment was considered to be cost-effective.
For comparison, treatment with ACE agents, aldosterone receptor
blockers, or beta-blockers in patients with heart failure is esti-
mated to have an incremental cost-effectiveness ratio in the range
of €2715-7689 per QALY gained.®?

Recently, the results of the CONFIRM-HF study have been
reported.’®® The study population comprised patients with
NYHA class II-lll with LVEF <45%, iron deficiency (defined as
ferritin <100 ng/mL or 100—-300 ng/mL if TSAT <20%), and Hb
<15 g/dL with no immediate need for transfusion. CONFIRM-HF
used the objective primary endpoint of the 6MWT, with a
12-month study period compared with 6 months in FAIR-HF
During the therapy phase, ferric carboxymaltose was administered
as bolus injections equivalent to 500 or 1000 mg iron over 1 min,
with a total dose of 500—2000 mg of iron dosed at baseline and (if
necessary) at week 6, based on the patient’s weight and Hb value
at screening. In the maintenance phase, a dose of 500 mg of iron
could be given at weeks 12, 24, and 36 if iron deficiency was still
present. As the primary endpoint, changes from baseline of the
6MWT distance at week 24 showed significant improvement in
the ferric carboxymaltose treatment group vs. the placebo arm:
the mean (SD) difference was 33 (11) m (P=0.002) and it was
sustained until study end, at week 52 (p <0.001). The treatment
effect was observed in all subpopulations examined at week 24,
including stratification by NYHA class, LVEF, ferritin at baseline,
and Hb at baseline. The secondary endpoints of NHYA class,
Patient Global Assessment, quality of life, and Fatigue Score all
showed a significant improvement with ferric carboxymaltose vs.
placebo from week 24 onwards.’® Notably, the risk of hospital-
ization due to worsening heart failure was also reduced in the
ferric carboxymaltose group vs. placebo-treated patients (hazard
ratio 0.39; 95% Cl 0.19-0.82; P=0.009). The incidence of deaths
and adverse events was comparable in both treatment arms.
The findings of CONFIRM-HF are thus compatible with those of

FAIR-HF, but with patients followed to 1 year and using higher
single doses (up to 1000 mg of iron). It is striking that the benefits
of i.v. iron were achieved with 75% of patients requiring no more
than two injections of ferric carboxymaltose.

Further randomized controlled studies of iv. iron are
underway to evaluate the effect of ferric carboxymaltose
[including EFFECT-HF (NCT01394562), ICHF (NCT01837082),
FAIR-HF-HFpEF, and PRACTICEASIAHF (NCT01922479)],
sodium ferric gluconate (NCT01925703), and iron sucrose
(NCT00384657) in patients with iron deficiency and heart failure.
One area of particular interest is patients with HFpEF and iron
deficiency anaemia, in whom the limited available evidence does
not suggest that either ESA or oral iron treatment improves
functional capacity or quality of life.8#8 Robust data on the
effect of i.v. iron therapy to treat iron deficiency in patients
with HFpEF are lacking, an issue that will be addressed in the
ongoing FAIR-HF-HfpEF study which includes only patients with
LVEF >45%.

Meta-analyses

Two meta-analyses have evaluated the use of iv. iron in
iron-deficient patients with heart failure (NYHA class [1-1V).887
The first of these, by Avni et al., included only those trials of i.v.
iron therapy alone, involving a total of 594 heart failure patients
with or without anaemia.®® The results show a trend towards
better NYHA class and improved quality of life following i.v.
iron therapy, with significant improvements in the number of
hospitalizations, the 6MWT, and LVEF. There was no increase in
adverse events vs. controls, and no increase in serious adverse
events including infections, neurological or cardiac events. The
second analysis, which also included trials of concomitant ESA
therapy with iv. iron vs. no treatment (n=631), demonstrated
a significant reduction in NYHA class, hospitalization, and LVEF
in the iron-treated patients.!” Neither meta-analysis showed a
mortality benefit, possibly due to inadequate sample sizes, but a
clinically relevant advantage for i.v. iron in terms of symptoms,
functional capacity, and hospitalization seems conclusive. However,
it should be borne in mind that these studies provided safety data
for no more than a 6-month period.

Suggested treatment algorithm

Based on data from the FAIR-HF trial,’> the CONFIRM-HF study,'®
the ESC Guidelines,'” the summary of product characteristics for
ferric carboxymaltose,*® and the study design of the EFFECT-HF
trial, a suggested treatment algorithm for iron deficiency in patients
with heart failure is shown in Figure 3.

Comparative studies of oral vs.
intravenous iron in heart failure

To date, only one pilot study (IRON-HF) has compared the efficacy
and safety of oral vs. iv. iron in patients with heart failure.®
This was a double-blind trial of 23 patients with heart failure

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Iron deficiency
treatment

Evidence based
(FAIR-HF)

Evidence-based in CONFIRM-HF
Being assessed in EFFECT-HF

Ferric carboxymaltose
as weekly 200 mg single doses to
correct iron deficiency calculated
by Ganzoni formula

Check ferritin/TSAT at next
scheduled visit
(preferable 1-3 months)

Ferric carboxymaltose
as 4-weekly 200 mg single doses
for maintenance

* See Summary of Product Characteristics

Ferric carboxymaltose
as 500-1000 mg single doses to
correct iron deficiency*

Check ferritin/TSAT at next
scheduled visit
(preferable 1-3 months)

Ferric carboxymaltose
as 500 mg to maintain
ferritin/TSAT on target

Check ferritin/TSAT if change in
cinical picture or Hb decrease
or 1-2 times per year

Figure 3 Suggested algorithm for treatment of iron deficiency in patients with heart failure.'>=17:5%60.88 TSAT, transferrin saturation.

(NYHA class lI-IV with EF <40%) with anaemia (Hb 9-12g/dL),
ferritin <500 ng/mL, and TSAT <20%. Patients were randomized
to iron sucrose (at a dose of 200 mg iron/week for 5 weeks), oral
ferrous sulfate (200 mg of iron three times a day) for 8 weeks, or
placebo. Follow-up data were only available in 18 patients. The
primary endpoint was the effect of iron supplementation alone
(i.v. or oral) on VO, over a 3-month follow-up period. Results
showed that mean (SD) ferritin increased in both the i.v. iron (from
167 + 149 ng/mL to 293 +270ng/mL) and the oral iron group
(115 + 141 ng/mL to 218 + 189 ng/mL). However, the increase in
iron availability, as measured by TSAT, was less pronounced in the
oral iron group vs. i.v. iron. This could explain why a mean increase
in peak VO, (mean 3.5 mL/kg/min) was observed in the i.v. iron
group and not in the oral iron group (mean —0.86 mL/kg/min),
a difference which was considered as clinically relevant by the
authors.

An increase in Hb from baseline was also observed in all groups;
however, it should be recognized that mean ferritin was relatively
high at baseline (132 ng/mL compared with 53 ng/mL in the i.v. iron
arm of the FAIR-HF study). It should be noted that this was a small
cohort study which resulted in no significant difference between
groups.®? A definitive comparison of i.v. vs. oral iron therapy in
patients with heart failure is still pending.

Evidence from other clinical
settings

The most extensive evidence base comparing different routes of
administration for iron therapy is in the field of chronic kidney
disease. The most recent meta-analysis of randomized controlled
trials included 28 studies involving 2098 dialysis-dependent and

non-dialysis-dependent patients.” Levels of Hb, ferritin, and TSAT
were all significantly increased by iv. iron vs. oral iron, and
there was a significant reduction in requirement in ESA dose in
dialysis-dependent patients treated with i.v. iron. The scale of the
mean between-group differences was clinically relevant: 0.90 g/dL
for Hb, 243 ng/mL for ferritin, and 10.2% for TSAT. This is consis-
tent with recent randomized trials using i.v. ferumoxytol in patients
with chronic kidney disease with or without a requirement for

haemodialysis®!-?2

and using i.v. ferric carboxymaltose in patients
with non-dialysis-dependent chronic kidney disease,”>** each of
which showed that the haematopoietic response was significantly
greater with i.v. iron vs. oral iron therapy.

In post-partum iron deficiency anaemia, numerous random-
ized trials have compared the efficacy and safety of i.v. vs. oral
iron.” These have consistently shown a more rapid improvement
in iron stores and Hb levels with i.v. preparations, accompanied
by improved fatigue and quality of life vs. oral iron therapy, with
improved compliance. Using non-dextran i.v. iron preparations,
safety was good, with fewer gastrointestinal adverse events than
oral iron.” Similarly, in chemotherapy-induced anaemia, a recent
meta-analysis of 11 randomized trials of i.v. vs. oral iron ther-
apy concluded that i.v. iron was associated with an improved
haematopoietic response with no safety concerns, and that the
requirement for blood transfusion was lower than with oral iron.%
Lastly, several randomized trials testing the effect of i.v. vs. oral iron
therapy in patients with iron deficiency anaemia associated with
inflammatory bowel disease have shown a faster and more pro-
longed haematopoietic response with i.v. therapy, leading to recom-
mendations from the ‘Guidelines on the diagnosis and management
of iron deficiency and anemia in inflammatory bowel diseases’ that
i.v. should be the preferred route for administration.”” One recent
large randomized trial of 338 patients with inflammatory bowel
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disease and iron deficiency anaemia (Hb <12 g/dL and TSAT <20%)
showed a trend to improved efficacy with oral iron (iron sulfate
200 mg/day) vs. i.v. iron isomaltoside 1000 in terms of the pri-
mary efficacy endpoint of change in Hb from baseline to week 8
(P=0.09), but patients with known intolerance to oral iron were
excluded and i.v. iron dosing may have been inadequate; therefore;
further trial data are awaited.”®

Across a range of clinical settings, randomized trials have shown
that oral iron therapy does not replenish iron stores, including

91—

non-dialysis-dependent chronic kidney disease,”’ %3 inflammatory

bowel disease,”®” heavy uterine bleeding,'® and post-partum

anaemia.'01—103

Conclusion

Iron deficiency is widespread in patients with heart failure. Cur-
rently, however, it is not universally monitored or managed despite
convincing evidence that iron deficiency is a risk factor for poor
outcome independent of anaemia status. Iron is poorly absorbed
from oral preparations, compounded by chronic inflammation and
other contributing factors in patients with heart failure, which
delays or prohibits iron replenishment. Evidence for a clinical ben-
efit using oral iron preparations in heart failure is lacking. Clin-
ical studies have instead focused on the use of i.v. iron, which
bypasses the problem of gastrointestinal absorption and poor com-
pliance. Early studies using iron sucrose consistently showed that
correction of iron deficiency improved exercise capacity, cardiac
function, symptom severity, and quality of life.327¢777° These stud-
ies were recently confirmed in the large 6-month FAIR-HF study,
where functional capacity, symptoms, and quality of life rapidly
increased in patients with heart failure of NYHA class II-Ill and
impaired LVEF'> in comparison with placebo treatment. Longer
term data were provided by the CONFIRM-HF trial, in which
symptomatic, iron-deficient patients with heart failure showed a
sustained improvement in functional capacity, symptoms, and qual-
ity of life, and reduced risk of hospitalization due to worsening
heart failure over 1 year of iv. iron therapy.'® The ESC Guide-
lines point out that ferric carboxymaltose may be considered for
treatment of these patients, although the effect in patients with pre-
served LVEF remains unknown.'” It should also be borne in mind
that assessment of the hard endpoint of mortality is not feasible
within the population sizes possible in controlled studies, and that
a full assessment of safety would require more extended follow-up.
The structures of new i.v. preparations permit far larger doses of
iron to be administered safely in a single visit. Routine diagnosis
and management of iron deficiency in patients with symptomatic
heart failure, regardless of anaemia status, and prompt interven-
tion using i.v. iron therapy should now be considered, pending the
outcome of larger ongoing randomized controlled trials and longer
term safety data.
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