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PREVALENCE and DEFINITIONS
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» lron Deficiency (50%)
» Anemia (37%)

HF &

Table 3.1 Definition of heart failure with preserved (HFpEF), mid-range (HFmrEF) and reduced ejection fraction
(HFrEF)

Type of HF HFrEF HFmrEF HFpEF
1 | Symptoms * Signs® Symptoms = Signs’ Symptoms * Signs®
é 2 | LVEF <40% LVEF 40-49% LVEF =50%
|':' 3 |_ . Elevated levels of natriuretic peptides®; |. Elevated levels of natriuretic peptides®;
[ 2. At least one additional criterion: 2. At least one additional criterion:
v a.relevant structural heart disease (LVH and/or LAE), a. relevant structural heart disease (LVH and/or LAE),
b. diastolic dysfunction (for details see Section 4.3.2). b. diastolic dysfunction (for details see Section 4.3.2).
Anemia WHO Iron Deficiency:
Q Hb level <13 g/dI +¢ ferritin 15-100 ng/ml or
evel < INn men eps . .
g ¢ ferritin 100-299 ng/ml with a transferrin

O Hb level <12 g/dl in women. saturation <20%




Prevalence of Anemia in Heart Failure

Figure 1. Prevalence of Anemia by Severity and Cardiac Phenotype
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Overall, 1237 patients (27.8%) had anemia,
* Mild in 643 (14.4%),

* Moderate in 354 (7.9%),

* Marked in 240 (5.4%)
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Anemia in Heart Failure: Common Ground, Cause, or Consequence?

Heart
failure

Renal dysfunction

Increased cardiac
workload \
\

N Inflammation ;

( ) — Diabetes mellitus — ‘
: Advanced age

' ‘ Toxins: lead, copper,

chemotherapy ‘

Renal dysfunction
Inflammation

Nutritional deficiencies
Cachexia
Blood loss (ASA/anticoagulant)

Medication (ACEi/B-blocker)




The etiology of anemia in patients with HF is multifactorial:

e iron deficiency: patients with HF often (50%) have hematinic
deficiencies, especially iron deficiency

* CKD: low production of erythropoietin occurs in the kidney 2>
Inadequate levels of erythropoietin

* chronic inflammation in HF is an important cause of (functional)
iron deficiency and of erythropoietin resistance

* intrinsic bone marrow defects further increases the susceptibility
to anemia.

e activated renin-angiotensin-aldosterone system results in salt

and fluid retention leading to pseudo-anemia.

e Medication induced: ACEis and Carvedilol




Table 1 Aetiology of iron deficiency in heart failure®™
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Mechanism

Comment

Reduced iron intake

Impaired intestinal absorption

Gastrointestinal tract damage

Uraemia
Medication

Venepuncture
Chronic inflasmmation

Low protein diet
Anorexia

Mucosal oedema

Decreased gastric emptying
Modified intestinal motility

Reduced intestinal villus blood flow and/or
mesenteric and portal blood flow
Diisrupted iron uptake process

Gastritis

Ulcers

Loss of iron in protein
Antiplatelet drugs, e.g. aspirin
Anticoagulants
Erythropoiesis-stimulating agents

Frequent venepuncture for blood tests
Impaired release of iron from storage cells
(functional iron deficiency)

Low protein diets may be recommended for concomitant renal
disease

Can aleer 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
ducdenum
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 hepeidin
production and release, which inhibits transport of iron out
of macrophages and hepatocytes by blocking export via
ferroportin




Table. Clinical Characteristics and Hematologic Profile by Cardiac Phenotype®
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Mo LVSD but
No. of Missing
Patlents Overall LvsD HEnEF Type 1 HFnEF Type 2 Mot HF NT-proBNP
Varlable (% Missing) (n=4456) (n=1791) (n=707) {n=465) (n=841) (n=652) P Value®
eGFR (4-variable), 4049 (91) 618 5 59 L8 72 66 =001
mL/min/1.73 m? (47.8-76.4) (45-72) (46-71) (44-73) (59-84) (50-81)
Hemuoglobin, g/dL 4456 (0) 13.5 135 13.0 13.2 13.8 13.7 =001
(12.3-14.6) (12.2-14.5) (11.9-14.2) (12.1-14.4) (12.9-14.8) (12.5-14.7)
Anemia (WHO 4456 (0) 1237 597 232 158 113 137 =001
definition) (28%) (33%) (33%) (34%) (13%) (21%)
MCHC, pg/cell 4363 (2.1) 29.8 29.8 29.6 29.9 299 30.0 01
(28.5-31.0) (28.3-31.1) (28.0-31.0) (28.5-31.0) (28.8-31.0) (28.7-31.1)
MCV, pm? 4432 (0.5) 81.5 91.6 91.7 91.7 91.0 01.8 A1
(87.9-95.1) (87.8-95.6) (87.8-95.6) (88.0-95.3) (87.9-94.1) (88.1-94.9)
Irom, pgfdL 3545 (20.4) 84 78 73 78 89 B4 =001
(61-101) (56-101) (56-101) (84-101) (67-106) (89-106)
Transferrin saturation, 2751 (38.3) 23.0 2210 19.0 23.0 24.0 23.0 < 001
4 (17.0-29.0) (16.0-30.0) (14.0-27.0) (17.8-30.0) (18.0-29.0) (18.0-30.0)
Ferritin, ng/mL 3373 (24.3) 83 92 68 96 76 79 =001
(45-150) (50-169) (39-130) (50-167) (41-139) (42-135)
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Figure 3. Association of Variables to the Probability of Anemia by Cardiac Phenotype Using Logistic Regression Models f %
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in patients with chronic HF.
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Anemia Consequences (DEATH) in HF
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Figure 4. Association Between Hematinic Variables and All-Cause or Cardiovascular Mortality at 2 Years by Cardiac Phenotype
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Anemia and Mortality in Heart Failure Patients

A Systematic Review and Meta-Analysis

Odds
Study 1D Ratio (95% CI)
Al Ahmad (2001) —q— 1.87 (1.48, 2.41)
Tanner (2002) e — I 0.46 (017, 1.28)
McClellan (2002) —I—:— 161 (1.17, 2.21)
Horwich (2002) —a— 1.82 (1.8, 2.43)
Szachniewi (2003) . - 3.26 (1.11, 9.63)
Kerzner (2003) — 1.61 (1.03, 2.53)
Kalra (2003) —.— 1.60 (0.98, 2.61)
Mozaffarian (2003) —a—- 1.57 (1.16, 2.12)
Kosiborod (2003} —— 1.82 (1.52, 2.17)
Van der Meer (2004) L - > 3.00 (0.87, 10.30)
Anand (2004) —— 2.01 (1.27, 3.19)
Sharma (2004} — . 1.25 (0.98, 1.60)
Ralli (2008) ! » 3.00 (1.55, 5.80)
Kosiborod (2008) [ 1.40 (1.44, 1.56)
Rosclova {2005) —a— 1.88 (1.27, 2.80)
Gardner (2005) . 1.23 (0.48, 3.34)
Maggioni-V (2005) —.— 1.85 (1.48, 2.29)
Maggioni-l (2005} - 2.29 (1.76, 2.99)
Ezekowitz (2005} ——— 2.44 (1.78, 3.33)
Varadarajan (2008) - 1.67 (1.41, 1.98)
Elabbassl (2008) ——— 2.98 (1.6, 5.28)
Maraldi (2008) + 1.72 (1.07, 2.75)
DeSilva (2006) — 2,36 (1.65, 3.38)
Berry (2008) ——— 2.47 (1.72, 3.54)
Go (2008) ; n 2.40 (2.32, 2.48)
Komada (2008) —— 1.94 (1.58, 2.36)
Newton (2006) —a— 1.82 (1.28, 2.59)
Formiga (2005) o 1.83 (0.72, 4.60)
Temovitis (2008) : > 7.05 (215, 23.08)
O Meara (2008) —i— 213 (1.75, 2.58)
Felker {2006) : — 262 (224, 2.83)
Shamagian (2006) i = 3.97 (1.94, B.13)
Schou (2007) 2.24 (1.29, 3.88)
Dverall {l-squared = 92.4%, p = 0.000) <> 1.96 (1.74, 2.21)
:
1 ] | [T
4 5 1 2 4 B 10
lower risk of Anemia higher risk of Anemia

Meta-analysis of
153,180 CHF patients

37.2% were anemic

Risk of All-Cause Mortality of

Anemic Vs Non-anemic

CHF Patients
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cardiorenal-anaemia syndrome

Iron deficiency alone
23.5%

CKD alone
8.4%
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Figure 4 Survival analysis. Kaplan—Meler curves depicting event-free survival rates with an increasing number of co-morbldities in patients
with chronic heart faliure.
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Iron deficiency (ID), anaemia,
and chronic kidney disease (CKD)
are common co-morbidities in
chronic heart failure

N= 1506 patients
with HF

systolic or diastolic




European Journal of Heart Failure (2011) 13, 656663
EUROPEAN doi:10.1093/eurjhf’hfr044
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Anaemia among patients with heart failure and
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Figure 2 Cumulative proportion of patients who experienced
the combined primary endpoint of all-cause mortality or hospital-

ization for cardiovascular reasons, according to ejection fraction.
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(B) those with normal or mildly reduced ejection fraction =35%.




Norwegian Heart Failure Registry a4
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Anemia Treatment in HF

\ More symptoms

Impaired prognosis
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Iron ESA's

Hemoglobin t
Symptoms 4
Exercise capacity t
Morbidity and mortality ?

Hemoglobin t
Morbidity and mortality ~
Thromboembolic events t

Recommended for
improving symptoms
in patients with
iron deficiency

Not recommended for
the treatment of
anemia in heart failure
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New
therapies

Hemoglobin t
Symptoms ?
Morbidity and mortality ?

Awaiting data from
clinical trials mainly in
chronic kidney disease




Journal of the American College of Cardiclogy Vol. 51, No. 2, 2008
) 2008 by the American College of Cardiology Foundation ISSN 0735-1097/08/834.00
Clsevier Inc. doi:10.1016/j jacc.2007.09.036

CLINICAL RESEARCH Clinical Trial

Effect of Intravenous Iron Sucrose on Exercise
Tolerance in Anemic and Nonanemic Patients With
Symptomatic Chronic Heart Failure and Iron Deficiency
FERRIC-HF: A Randomized, Controlled, Observer-Blinded Trial

Patients

- NYHA class Il or 1l

- Hb <12.5 g/dI (anemic group) or 12.5 - 14.5 g/dl (nonanemic group);

- Ferritin <100 g/l or 100 g/I - 300 g/I with a transferrin saturation <20%;
- LVEF <45%

Treatment:
- Iron sucrose (Venofer) IV infusion in 5-ml ampules (20 mg iron/ml).

- The treatment group received iron weekly (therapeutic phase) unless ferritin was 500 ng/ml
- then at weeks 4, 8, 12 and 16 (maintenance phase).

- Total dose was estimated : body weight (kg) x2.4 x(15- Hb [g/dl]) +500 mg (for stores) .

- Each dose was administered as 200-mg aliquots in 50 ml normal saline infused over 30 min.
- A test infusion (10 ml over 10 min) was performed before the first treatment.

- Patients were observed for drug reactions for up to 1 h after all visits.
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FERRIC-HF: A Randomized, Controlled, Observer-Blinded Trial A Kapbiohoyukd KAk AXEMA
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Ferric Carboxymaltose in Patients with Heart
Failure and Iron Deficiency

A Self-Reported Patient Global Assessment
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FCM 282 291 292 FCM 304 287 294 204
Placebo 146 149 149 Placebo 155 147 150 150
C &-Minute-Walk Test D EQ-5D Visual Analog Scale
504 P<=0.001 P<0.001 P=0.001 144
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Weeks since Randomization Weeks since Randomization
FCM FCM
No. of patients 303 284 280 268 Mo. of patients 295 274 283 285
Mean 27446 294+7 31246 31347 Mean 54+1 60=1 62+1 631
distance (m) score
Placebo Placebo

No. of patients 155 144 141 134
Mean 269+9  269+10 272+10 27710

distance (m)

Mean Study-Treatment 21:6 377 35+8

Effect

No. of patients 152
Mean 54+1
score

140
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Mean Study-Treatment  6+1

Effect
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FAIR HF
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304 vs 155 placebo
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Self-Reported Patient Global Assessment NYHA Functional Class 3_3 %
Ferric Carboxy- Ferric Carboxy- AN R /s
maltose XY Placebo Odds Ratio P Value for maltose 7 Placebo Odds Ratio PValue for \k, & e%
Subgroup no. of patients (95% CI) Interaction no. of patients (95% CI) Interaction , . i
) \ \ A Kapdrohoyikr) KAwvikr) AXENA
Hemoglobin I 0.98 I 0.51
<120 (g/liter) 146 74 | — e 148 74 |———
120 (g/liter) 146 75 I — e 146 76 P —
Median ferritin | 0.45 | 078
<39 (ug]liter) 153 72 T — 154 72 R —
>39 (ug/liter) 139 77 | — 140 78 | — e
Estimated GFR | |
<60 (mlfmin/1.73 m> 119 67 | —e— 01 121 68 | ——e—— 027
of body-surface area) | |
=60 (mlfmin/1.73 m?> 173 82 I —e— 173 82 | —e——
of body-surface area) I I
Median age | 0.10 | 0.89
<69.7yr 149 75 i e 149 7 i _ e
=69.7 yr 143 74 | —— 145 74 I ——
Sex I 0.99 I 0.29
Male 140 68 | — e 142 68 R —
Female 152 81 : —e— 152 82 P —
NYHA class l 0.66 | 0.17
Class II 52 27 S P 52 27 |
Class 11l 240 122 | —— 242 123 : ——
Median LV ejection | 0.86 | 0.76
fraction : :
=33% 169 70 P — 171 70 P —
>33% 123 79 P — 123 80 P
Heart failure : 0.60 : 0.55
Nonischemic 56 30 P — 56 30 ! °
Ischemic 236 119 | — 238 120 I —
Diabetes : 0.87 I 0.53
No 202 113 | P 204 113 I —
Yes 90 36 P — 90 37 N
Median BMI | 0.94 | 0.73
<27.37 150 7 P — 152 72 | —
»27.37 142 78 | e 142 78 P
os 1 2 4 8 os 1 2 4 8
Placebo Better Ferric Carboxymaltose Placebo Better Ferric Carboxymaltose
Better Better
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24 weeks later

Table 3. Levels of Iron-Metabolism Markers and Hemoglobin at Week 24 According to Study Treatment.*

Ferric Carboxymaltose Placebo
Variable (N =305) (N=154) P Value
All patients
Ferritin (ug/liter) 312413 7448 =0.001
Transferrin saturation (%6)§ 29+1 1941 <0.001
Hemoglobin (g/liter) 130+1 12511 <0.001
Mean corpuscular volume (um?) 97+0 94x1 <0.001
Patients with anemia (hemoglobin <120 g/liter)
Ferritin (ug/liter) 275£18 68+11 <0.001
Transferrin saturation (%6)§ 29+1 1741 =0.001
Hemoglobin (g/liter) 127+1 118+2 <0.001
Mean corpuscular volume (um?®) 98+1 93+l <0.001
Patients without anemia (hemoglobin =120 g/liter)
Ferritin (ug/liter) 349+19 20+£11 «<0.001
Transferrin saturation (%6)§ 30«1 22+1 <0.001
Hemoglobin (g/liter) 133+1 132+1 0.21
Mean corpuscular volume (um?) 961 951 0.91
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24 weeks later

Table 2. Safety End Points and Serious and Nonserious Adverse Events, According to Study Treatment Received.*

Ferric Carboxymaltose Placebo
End Point or Event (N=305) (N=154) P Value

Mo. of End Mo. of Patients Mo. of End Mo. of Patients
Points or with End Point Points or with End Point

Serious or Event Serious or Event
Adverse/ (incidencef Adversef (incidencef
Any Adverse 100 patientyr  Any Adverse 100 patient-yr
Events at risk) Events at risk)
Safety end point
Death 5 5 (3.4) 4 4 (5.5) 0.47
Death due to cardiovascular causes 4 4(2.7) 4 4 (5.5) 0.31
Death due to worsening heart failure 0 0 3 3 (4.1)
First hospitalization 28 25 (17.7) 22 17 (24.8) 0.30
Hospitalization for any cardiovascular cause 16 15 (10.4) 18 14 (20.0) 0.08

Hospitalization for worsening heart failure 7 6 (4.1) 9 7(9.7) 0.11
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iron-deficient chronic heart failure patients
with and without anaemia: a subanalysis

of the FAIR-HF trial Fair HF
Meta-analysis
459 patients with CHF, NYHA class Il or Ill, Anemia vs no-anemia

impaired LVEF ( £40% for NYHA Il or £45% for NYHA 111),
iron deficiency [serum ferritin ,100 mg/L or 100-299 mg/L if transferrin saturation <20%],

PGA

Patients with anemia Patients without anemia
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Fair HF Trial

FCM was administered as an i.v. push injection
dose 200 mg iron weekly until achievement of iron repletion (correction phase)
then every 4 weeks thereafter (maintenance phase).
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Figure 3 Mean changesfrom baseline in 6 min walk test (6MWT) distanceaccording to the presence orabsence of anaemia at baselineand treat-
ment arm [ferric carboxymaltose (FCM) or placebo].




CONFIRM HF Trial

HF and ID patients N=351 1:1.  2-years FU ... ;%K“XE”A

A

B NYHA functional class
M ] P<0.001
10 4 P<0.001
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~— g 4
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3 P=0.093
P=0.067
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-
52v o , . , : . . . . —
6 12 18 24 30 36 42 48 52
No. of Weeks since randomization
patients
FCM 144 137 132 123 127
placebo 148 148 132 125 121
A 6MWT
40— —@—FCM » p=0.001 p<0.001
£g 30— —#—Placebo 3 p=0.10 p<0.001
=@ 20 p=0.16
g2
8 10
kg 0
sgs -0
O -20
2y 930
2§
° -50 T T T T T T T T T 1
BL 6 12 18 24 30 36 42 48 52
FCM Weeks since randomisation
No of patients 143 137 130 122 125
LS mean (95% Cl) 14 (0, 28) 15 (1, 29) 19 (5, 34) 20 (5, 34) 14 (-1, 29)
Placebo
No of patients 148 146 131 123 121

LS mean (95% ClI) 1(-13,14) -1(-15, 12) -14 (-28, 1) -22 (-37, -8) -22 (-37, -7)




Table 2 Hospitalizations and deaths {full-analysis set)

End-point or event

Dieath

Death for any cardiovascular
reason

Death due to worsening HF

Death due to other
cardiovascular reason

Hospitalizations
Hospitalizations for any

cardiovascular reason

Hospitalizations due to
waorsening HF

Hospitalizations due to other
cardiovascular reason

FCM (n = 150)
Total Incidence/100
number of patient-years atrisk
events
12 12 (8.9)
1 11 (8.1)
4 4 (3.0)
7 7(5.3)
46 32 (26.3)
16 21 (16.6)
10 10 (7.6)
16 13 (10.0)

Hospitalization rate (per 100 subjects

30 | ===-Placcbo

30 Log-rank test
P=0.009
10 asy

131

Placebo (n = 151)

Total Incidence/100
number of patient- years at
events risk
14 14(2.9)
12 12(85)

3 3(27)

9 (64)
69 44 (37.0)
51 33(26.3)
32 25(19.4)
19 15(11.0)
-‘-l---

180 270 360

Time in days
127 117 78

126 7

Time to first event
hazard ratio 95% CI

089 (0.41— 1.93)

096 (0.42— 2186)

139 (0.31-6.21)
081 (0.30-2.17)

071 (0.45-1.12)
063 (0.37-1.09)

039 (0.19-0.82)

091 (0.43-1.92)

P-value
0.77
0.9

0.67
0.68

0.14
0.097

0.81



iv lron

Table 5 Overview of randomized trials of intravenous iron in patients with heart failure
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Srudy Deesign and Population
duration
Ponbooswki et o,  Dioublesling, WYHA diass [I-1Il, LVEF
104 randormized, <45%, farritin
(COMFIRMHAY 57 wesls <100 ngimlL or
100- 200 gl with
TSAT <20%, Hb
<15ghdL
Ariker et ol 3008 Doublebiind, WYHA class Il {LVEF
(FAIR-HF)' randormized, <4T%) or Il (LYEF
14 weelcs <45%), ferriin
< 100ng/mL or
100159 ngimL with
TSAT <I0%, Hb
9.5-135gdL
Oikonkoo et ol Ohbserver-blinded, Ferrttin <100ng/ml or
20087 rardamized, 100200 ngimL with
18 weeks TSAT <I0%, Hb
<145 gL
Tosill ot o, 20077 Dioubleslind, LVEF £ I5%, Hb
randomized, «115gidL, ferritin
16 weehx < 100ng/mL, TSAT

<HE. b <1E5gMdL
[men], «<11.5 gidl
[women])

Lv. iron
regiren!
comparator(s)

Ferric carbmrymaltose

500-2000 mg bron In
therapy phase
[baseline and week £);
500 mg Iron as
malntenance: (weeks
12, 24, 35) K Iron
deficiency stil present

Placebo

Fermric @rboymaltose
M0 mg Ironfwesk untl
Iron repletion?

Placeba
Iron sucrose 300 mg
Irceifweek!

Mo treatment
Iron sucrose 300 mg
Ironivweek for 5 weeks

Placeba

152

152
ELE ]

155

n
m

n

Owtcomes at end of study

Symptom NTHA class

severityl

quality of life

Improved v=. placebo
[P D007, 2

Reduced
hospitaltztion for
worsening heart
fallure (P=0.00%)

(P < 0.001)

improved v=. placebo OR for Improvement

[P 0007, " by e diass v=.
placebo: 240 95%
Ol 155
[P 0LDDT)
Improved ve Improved vs
controk controks (P= 0.03)
(P 0.002)
Improved ve Improved vs

controks (F< DLOTE controls (F< 0.07)

capacity

Improved v=. placebo

Improved vs
placebo
(P=0.002)

Greater
Improvement
from baseline
vz placebo
[P 00D

Trend to
Improvermient
VI COntrois
[P=10.08)

Improved vs
placebo
[P 00T

Hb Ferritin

TSAT

Increased v Increassd vs.  Increased ws
placebo placebo phcebo
(P < 0L001) (P O.OOT) (P = 0.001)

Mo difference Increased vs.  Increased ws
F=011) placebo phcebo

(P O.OOT) (P = 0.001)

Mo difference Increassd vs.  Increased ws

{P==01) corrols controbs
(P O.OOT) (P = 0.001)

Increased v Increassd vs.  Increased ws
placebo placebo phcebo
{F<001) (P 00T {F=0.01)




IRONOUT HF Trial

Effect of oral iron repletion on exercise in HFrEF with ID.
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N=225 1:1 (iron polysaccharide 150mg x2/day vs. placebo). 16 weeks F/U.

Oral Iron Placebo Oral Iron Placebo Difference (95% CI) P
Week 16 values™ Week 16 values™ A Week 16 A Week 16 value
Primary end point
Change in peak VO, at 16 weeks, median (IQR), ml/min 1218 (892 to 1500) 1187 (002 to 1425) 23 (-84 to 142) -2 (110 to 104) 21 (—34 to 76) 0.46
Change in peak VO, at 16 weeks, ml/kg/min 13.5(11.7 to 16.3) 13.0 (10.2 to 15.9 0.20 (-1.1to 1.6) 0.01(-1.1t0 0.9) 0.30 (-0.27 to 0.87) 0.30
Secondary end points
Change in 6-minute walk distance at 8 weeks, meters 380 (322 to 467) 376 (286 to 448) 15 (-17 to 35) 21 (—24 to 56) —1 (=24 to 23) 0.95
Change in 6-minute walk distance at 16 weeks, meters 366 (315 to 456) 307 (200 to 472) 10 (19 to 51) 32 (—12 to 66) —13(-32to 6) 0.19
Change in mean response time (O, uptake kinetics), s 52 (46 to 61) 47 (40 to 58) 25(-Ttwo0) 1(-101to 6) 3(-2t08) 0.19
Change in ventilatory efficiency (Vg/V oz slope) 34.8(200t0 41.1) 33.5(29.4to 38.9) —-03(-3.0t02.1) —-0.3 (-4.6to0 2.8) 0.8 (-0.3 to 2.6) 0.35
Change in NT-proBNP, pg/ml 880 (376 to 2373) 1085 (447 to 2582) | 4 (—342 1o 288) =37 (—412 1o 363) 159 (280 to 590) 0.48
Change in KCCQ clinical summary score at 8 weeks 81.3(70.8t0 91.7) 75.0 (38910 87.5) 52(-2.1t012.5) 1.0(-7.3w0 83) 34(04t07.2) 0.08
Change in KCCQ clinical summary score at 16 weeks 80.7 (67.7 to 91.6) 77.1 65.1 to 89.6) 31(—4.21t013.5) 3.0(-4.2t010.4) 1.0 (2.4 to 4.4) 0.57
Exploratory Endpoints
Change in ventilatory threshold at 16 weeks (ml/min) 685 (546 to 884 714 (558 to 873) 22 (4010 127) -2 (-86to75) 36 (-3 t076) 0.07
Change in creatinine at 16 weeks, mg/dL 1.31 (1.01 to 1.56) 1.21 (0.90 to 1.40) 0.03 (-0.10t0 0.13) | 0.00 (-0.10 to 0.11) | —0.02 (—0.00 to 0.05) 0.65
Change in cystatin C at 16 weeks, mg/L 1.06 (0.86 to 1.38) 1.02 (0.78 to 1.31) 0.02 (-0.04 t0 0.09) 0.01 (—0.08 to 0.07) 0.03 (—0.01 to 0.08) 0.12
Safety end points, No. (%) 0Odds Ratio (95% CD
Adverse events 39 (35%) 45 (39%) 083048 t01.43) 0.50
Serious adverse events 11 (10%) 10 (9%) 1.14 (0.47 to 2.81) 0.77
Permanent study drug discontinuation 15 (14%) 17 (13%) 0.00 (0.45 t0 1.79) 0.76
Death or cardiovascular re-hospitalization 14 (13%) 12 (11%) 1.19(0.55 t0 2.59) 0.64




Why iv is more effective than oral

A Normal B Chronic disease (hepcidin block)
/ - H’EDLIUH Ji 54
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' 25mgid \\ ﬂ‘ 15 mg/d
Mac phage Miasing
AT g Mo .
Ferroportin

C Chronic disease (hepcidinblock) D Chronic disease (hepcidin block)

g HE peidin / Hapcidin
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\\\Ol VINHNS,

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.*).




Algorithm for diagnosis and treatment of Iron Deficiency and Anemia a&g/
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&0

Chronic heart failure
(NYHA II-IV)
[
Iron deficiency
(ferritin <100 ng‘mL or
ferntin 100299 ng/mi

and TSAT <20%)
Yes [ No
[ |
Anaemia Anaemia
Male Hb <13 g/dL Male Hb <13 gidL
Female Hb <12 g/dL Female Hb <12 g/dL
No | ] Yes ———— Mo
Iron deficiency Exclude cther causes ol anaemia depending N
treaiment on clinical status treatment
= Occult bleeding (e.g. GI, malignancies)

- Renal {erythropoeilin _ _

her |- OWher deficiencies (e.9. vitamin B ., Tolic acid)
TETE: = Qfther haemogobinopathies Yes
{e.g. thalassaemia, sickle cell anagmia)

Determine cause of
anaemia and treat
accordingly

Suggested algorithm for diagnosis of iron deficiency in patients with heart failure.** ™% TSAT, transferrin saturation.




Iron deficiency
treatment

Evidence basad
(FAIR-HF)

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

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

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

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

Check fermitinTSAT at next
scheduled visit
(preferable 1—3 months)

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

* See Summary of Product Characteristics

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

Check ferrtin/TSAT if change in

cinical picture or Hb decrease
or 1-2 times per year

3 ,\\m 1A r.o\

/ (az
\

A Kapéto)\oyum KMVLKr] AXENA

15mg iron/kg

Figure 3 Suggested algorithm for treatment of iron deficiency in patients with heart failure. 15— 17596088 TSAT transferrin saturation




Oral Iron + Erythropoiesis-stimulating agent
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Table 4 Overview of randomized trials of oral iron with erythropoiesis-stimulating agent therapy or with placebo in patients with heart failure

Study

Ghall = al,

Tone™

Koures = ol,
z00a=

Wan Yeldhulsen
ot al, 2007

Palarnsall A
ot al, 20067

Design and

duration

Randomized,

doubile-blind,
53 wenks

Bandomizad,
single-blind,
17 vl

Bandomized,
doulile-blind,
16 wenks

Randomized,
doulile-blind,
117 wpmnles

Population

HF =3 maonths, LVEF

<40k Hb
9-125gMdL, TSAT
=15%

MYHA dass 1111,
LWEF «40%, HEb
< 115gML, 5Cr
<1 5mgidL

HF =2 maonths, LVEF
<4TE Hb
9-125gMdL, TSAT
=15%

NTHA dass 111
LVEF «35%, Hb
<11 ghdL, mild
renal dysfunction

Oral iron

Dradfy ] ferritin
= B0 ngfmlL
[typeidiose not
speclfied]

Ferrous mulfite
150 mg Buld.

200 mg Ironiday

frpe not
specified]

Ferrous pluconats

300 mglday

ESAiplacebo

treEatment
Eroups

Drarbepcetin alpha

075 pgfkg every 1
Wi

Placebo

Darbepcetin alpha
1.5 ppkg every 20
days

Flacsbo

Darbepoetn alpha
0.75 ppfkg every I
Wi

Darbepcetin alpha
Spgewery
Wi

Flacebo

Epoetin bt S0001U
taice weekly

Placebho

m

162

157
Fi |

0
56

55
0

il

Symptom

sy Erityl
1% reported

Improvement
on PGA

Mo change v
baseline

Minar
Improyesm ent
[mian |5E)
4.9 1.1)] on
KOO

HYHA class

quality of life

Minor
Imp rovEment
[me=an (SE)
013 (o]

MA

Minor
Improvemant
[me=an (SE)
023 (.08

Mo change vs
baseline

Exercise
capacity

Mo chanpe vs.

Eazslire

Significant
det=rioration
wz. barsline
[P o DL

P relevant
change vs.
anslina®

Mo chanpe vs.
bassdine

Cwtcomies for oral iron alone (placebo group) at end of study

Hb Ferritin

Mo dange A

¥I
bazadine

Mo dange oA

VL
bassdine

Mo relevant Mo change v
change v=. azsdine"
basaline’

Mo dange A

bazadine

TSAT

Mo relevant
change ¥s.
baxeline
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Treatment of Anemia with Darbepoetin Alfa

in Systolic Heart Failure

A Primary Composite Outcome
100+
e P—0.87 by stratified log-rank test
% g0 by g
5
& [
3 fﬂ’
40 ==
Y "
] e
| 20 Ve
-
0 T T T T 1
0 1 2 3 4 5
Years since Randomization
No. at Risk
Placebo 1142 956 818 695 591 497 395 290 211 154 92

Darbepoetin alfa 11

36 975 855 712 581 473 385 281 212 161 101

RED-HF Trial

B Death from Any Cause

Patients with Event (%)

Mo. at Risk

Placebo

100
%0 P—0.51 by stratified log-rank test
60+
m /
=
e
20 e
o T T T T 1
0 1 2 E] 4 5

Years since Randomization

1142 1055 942 824 715 599 481 352 264 192 118

Darbepoetin alfa 1136 1053 940 816 687 573 474 351 272 201 124

C Death from Card

iovascular Causes

100+
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0 T T T T 1
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Years since Randomization
Mo. at Risk
Placebo 1142 1055 942 824 715 599 481 352 264 192 112

Darbepoetin alfa 1136 1053 940 816 687 573 474 351 272 201 124

D Death from Cardiovascular Causes or First Hospitalization for
Worsening Heart Failure

Patients with Event (%)

Mo. at Risk

Placebo

100+
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Median Hemoglobin (g/dl)

Darbepoetin alfa

e
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11 Placebo
104
'
0 T T T T T T T T T T 1
Baseline [ 12 12 24 30 36 42 48 54 &0
Meonth
Mo. at Risk
Placeba 1140 966 203 676 560 459 377 165 182 140 99
Darbepoetinalfa 1133 959 827 73 560 465 72 289 208 158 115
Figure 1. Monthly Hemoglobin Levels through 60 Months According to Study Group.
Table 3. Adverse Events of Interest.”
Darbepoetin Alfa Placebo Risk Difference
Adverse Event (N=1133) (N=1140) (95% CI)7 P Valuei
no. of patients (%4) percentage points
Any event of interest 660 (58.3) 662 (58.1) 0.2 (-3.9t04.2) 0.93
Cardiac failure 438 (38.7) 459 (40.3) -1.6 (-5.6to 2.4) 0.43
Ischemic heart disease 155 (13.7) 164 (14.4) -0.7 [-3.6t0 2.2) 0.63
Cerebrovascular disorder
Any 61 (5.4) 45 (3.9) 1.4 (-0.3t0 3.2) 0.10
Hemorrhagic 39 (3.4) 30 (2.6) 0.8 (-0.6102.2) 0.26
Ischemic 51 (4.5) 32 (2.8) 1.7 (0.2103.2) 0.03
Embolic and thrembotic events
Any 153 (13.5) 114 (10.0) 3.5 (0.9 t0 6.1) 0.009
Arterialf] 87 (7.7) 73 (6.4) 1.3 (-0.8t0 3.4) 0.24
VenousY 25 (2.6) 20 (1.8) 0.8 [-0.4t0 2.0) 0.19
Vessel type unslreciﬁed and mixed arterial 51 (4.5) 27 (2.4) 2.1 (0.6 to 3.6) 0.005

and venous




RED-HF, post hoc analysis %ﬂ
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Ly

0,

Nonresponders: patients in the lowest quartile of hemoglobin change after 4 weeks
Median initial hemoglobin change in nonresponders (n=252) was -0.25 g/dL
and +1.00 g/dL in the remainder of patients (n=756).

100
80 7
B0 A
70 P=0.015
60
50 1
40
30 1
20
10 9

Prop. of Subj. With Event (%)

0

I [ | | | [ I

0 1Year 2 Years 3Yeams 4Years S Y ears

Years from Randomization

Subjects at risk:
— 053

212 184 149 127 101 84 &0 41 28 15

=== 756 683 600 506 412 336 271 197 149 117 76

— {025 886 760 645 553 468 ars 275 200 145 89
— oorintial R esponse === Bafter hital Response = Hacebo

Figure. Rates of the primary composite end point for those with a poor compared with a better initial hematopoi-
etic response.

Kaplan—Meier plot on the primary composite end point of all-cause death or first hospitalization for worsening heart failure of
patients with a poor initial response compared with those with a better initial response and placebo. The P value for difference
between poor compared with a better initial hematopoietic response is noted.




FIGURE 1 New Therapies for Anemia and Their Targets in Erythropoiesis
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The process of production of new red blood cells (RBCs): erythropoiesis. The first stages are dependent on erythropoietin (EPQ). During the erythroblasts stage, iron
availability is essential as it is incorporated in hemoglobin. Most new therapies target either EPO or iron. Hypoxia-inducible factor (HIF) stabilizers affect both
pathways. Although not fully understood, the data suggest that activin receptor ligand traps also addresses both pathways and increases efficacy of erythropoiesis by
reducing the number of growth differentiation factor (GDF)-11-positive cells. Hepeidin can be antagonized by decreasing hepcidin production, neutralizing hepcidin, or
preventing hepcidin-ferroportin interaction. As a result of hepcidin inhibition, ferroportin expression is increased, and iron absorption and iron availability for
erythropoiesis increase. BFU-E = erythroid burst-forming units; BMP = bone morphogenic protein; CFU-E = erythroid colony-forming units; mab = monoclonal

antibodies; rhEPO = recombinant human erythropoietin siRNA = small interfering ribonucleic add.
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Haemoglobin defect

Haemolysis Sickling

h J

Anaemia |—){ Transfusions
! |

High output — Vasculopathy =—————> Ischaemia
state overload

v
= Heart failure }(

An overview of the pathophysiology of heart failure in haemoglobinopathies.
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Clinical phenotypes of Heart Failure aebuofioyua

Table 1 Phenotypes of heart disease and heart failure observed in patients with haemoglobinopathies

Cardiac phenotype Haemoglobinopathy

Dilated cardiomyopathy: LV dilatation and reduced LVEF ™

Restrictive cardiomyopathy: LV restrictive filling with preserved LVEF ™

High output state: LV and RV dilatation, eccentric hypertrophy, and increased LVEF Tl, poorly treated TM, SCA, 5Thal
Isolated RV cardiomyopathy ™

Pulmonary hypertension with preserved LVEF T, SCA, S5Thal

Acute myocarditis ™

Acute pericarditis Poorly treated TM, TI

Chronic constrictive pericarditis Poorly treated TM, TI

Myocardial infarction or ischaemia without haemodynamically significant coronary artery lesions SThal

Valvular disorders: calcification, mitral valve prolapse, mitral regurgitation, aortic stenosis Tl, poorly treated TM, SCA, SThal

RV, right ventricular; SCA, homozygous sickle cell anaemia; SThal, sickle thalassaemia; Tl, thalassaemia intermedia; TM, thalassaemia major.
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All patients Patients on regular transfusions
I ——
Basic workup - ; l
= —— Basic workup
Clinical examination, plus
electrocardiogram, chest radiogram,
T2* magnetic resonance imagin
echocardiography, biomarkers 49 l aging
Hepeat: Hepeat:

annually, if normal every =2 years, if normal
every 6-12 months in iron overload

every <12 months in iron overload
(T2*<20 ms)

(T2*<20 ms) or heart disease
every <6 months in heart disease on development of symptoms or

diagnosis of heart disease
on development or change of

symptoms

Basic algorithm for the cardiac evaluation of patients with haemoglobinopathies.




Ly,

0,

/3/@\“\?« «Arpm
Eurcpean Journal of Heart Failure (2017) 19, 340347 RESEARCH ARTICLE q@ !i

cunorcan  doi:10.100Yehf 701 2 2

SOCIETY OF
¥e

A Kapbiohoyikr] KAwvikry AXENA

Ferritin levels and risk of heart failure—the

. e s .. Low or High
Atherosclerosis Risk in Communities Study .
Ferritin
(a) Total N=1063 (b) No anemia
T o
@] 0 g e N e— e ——
Z g g ST ,o_‘ . g. '; ‘j
. = HR (low-fermtin 1), 2.68,
Survival £ "% @ 565l 1.36-531P20.004 -2 R gy e o
free of HF 2 £ 5i S Enerte:™ 5 1o tern v s 236
'g O ©| —— nomalFenilin 0 | — Nomma Feritin
8 3 ° ~ Low Femiin ot ~ Low Feritin
a = uoa__ High Ferritin g‘ ~ High Femitin
0 5 10 15 20 25 o & 10 15 20 25
Follow-up (years) Follow-up (years)

Figure 1 Ferritin serum levels and incident heart failure (ARIC Study, 1987-2011). Kaplan—Meier curves for patients with low (red large
dashed line), normal (black line), and high ferritin (blue short dashed line) serum levels for the outcome of heart failure (hospitalization and
death). Adjusted for age, sex, and race, standardized to a population that is 62% male, 55% white, and aged 50 years. (a) Whole sample; (b)
only participants without anaemia were included. Low ferritin, <30 ng/mL: normal ferritin 30—200 ng/mL in women and 30—300 ng/mL in men;
high ferritin, >200 ng/mL in women and >300 ng/mL in men. Hazard ratio (HR) was from a Cox regression adjusted for age, sex, and race. Cl,
confidence interval.
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Renal dysfunction
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failure
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Toxins: lead, copper,
chemotherapy

Inflammation 7 y
G — Diabetes mellitus —— 7a
Advanced age

Anemia Renal dysfunction
Inflammation

Nutritional deficiencies

Cachexia
Blood loss (ASA/anticoagulant)
Medication (ACEi/B-blocker)

More symptoms
Impaired prognosis

: New
ESA's therapies
I-ISer:-logtLonl?llsnli Hemoglobin t Hemoglobin t
Exerzisepcapacity ' Morbidity and mortality ~ Symptoms ?
: 5 .
Morbidity and mortality ? Thromboembolic events t Morbidity and mortality ?
Recommended for -
improving symptoms Not recommended for Avyaltmg data f_rom
’ 3 : the treatment of clinical trials mainly in
in patients with T : S s :
anemia in heart failure chronic kidney disease

iron deficiency
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European Heart Journal (2016) 37, 2129-2200 ESC GUIDELINES JQ;

2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Recommendations for the treatment of other
co-morbidities in patients with heart failure

Recommendations Class* | Level® Ref-

Iren deficiency
Intravenous FCM should be

considered in symptomatic patients
with HFrEF and iren deficiency

(serum ferritin <100 pg/L, or 1. FAIRHF
ferritin between [00-299 pg/L and lla 469,470
transferrin saturation <20%) in 2 . CO N FI R M H F

order to alleviate HF symptoms,
and improve exercise capacity and

quality of life.

* Adiagnostic workup to seek a cause for any finding of anaemia is indicated
(e.g. occult blood loss, iron deficiency, B12/folate deficiency, blood dyscrasias),
although in many patients no specific cause is found.

* The safety of i.v. iron is unknown in patients with HF and haemoglobin >15 g/dL.
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STATE-OF-THE-ART REVIEW

Anemia in Heart Failure ‘E

Still Relevant?

Niels Grote Beverborg, MD, Dirk J. van Veldhuisen, MD, PuD, Peter van der Meer, MD, PuD

However, it is unclear whether anemia leads to

advanced HF and worse outcome or if anemia

is merely a sign of more advanced disease.
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