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Zelezo a jeho metabolismus
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Iron absorption in Duodenum

Macrophages 1-2 mg/day

~600mg

- Ghafourian K, Shapiro J, Goodman L, et al. Iron and Heart Failure. J Am Coll Cardiol Basic Trans Science. 2020 Mar, 5
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Deficit zeleza (Iron deficiency, ID)

WHO definice: stav, kdy zasoba zeleza v organismu
nepostacuje k pokryti metabolickych potreb

e zavazny celosvetovy problem
« postihuje 2-4 mld lidi celosvétove, nejen v rozvojovych zemich

« Casto spojen s anémii z nedostatku zeleza (iron deficiency anaemia, ID/A)

* muze byt pfitomen i bez anémie

1. WHO guideline on use of ferritin concentrations to assess iron status in individuals and populations. 2020

+ VSEOBECNA FAKULTNI 7 * 1 LEKARSKA 2. Cappellini et al. Am J Hematol. 2017;92:1068-1078 3. WHO assessing the iron status. Second Edition. 2007
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Deficit zeleza

Negativne ovliviuje

transport O2

mitochondrialni funkce, funkci
enzymu Krebsova cyklu

energetiku kardiomyocytu - snizeni
kontraktilni rezervy, zvysSeni oxid.
stresu

myocyty v kosternich svalech -
snizeni zatezove kapacity
kognitivni funkce
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Iron deficiency
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1. Jankowska EA, Ponikowski P, Eur Heart J. 2021;00, 1-4, doi: 10.1093/eurheartj/ehab624;
2. Anker SD et al. Eur J Heart Fail. 2009;11:1084-1091.



Deficit zeleza (ID)

e« Koncentrace ferritinu (SF) < 100 IJ-g/I Prevalence of iron deficiency in a large heart failure cohort

(absolutni deficit) + 1506 patients

* NYHA class I-IV
* 87% with HFrEF

HEbO * Iron deficiency:
SF <100 pg/L or
u ferritin 100 - 299 pg/l SF 100-299 pg/L + TSAT <20%
\ Anaemia by WHO criteria
+ saturace transferrinu (TSAT) o 0204 o naeria
v s .« . WD and no anaemia % of heart failure patients
< 20% (fU N kC Nni d Efl C It) @10 and anaemia » were irf)n deficir:entt t

= Definice anémie dle WHO:
Hb < 120g/l u Zen a <130g/l u muzd

Klip IT et al. Am Heart J. 2013;165:575-82
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Deficit zeleza u pacientu s HF

Chronic Heart Failure ADHF Chronic Heart Failure ADHF
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with both chronic and acute Heart Failure
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u pacientt s HFpEF a HFmrEF vysSi

az 80% pacientu s akutni dekompenzaci
chronického srde¢niho selhani (ADHF)

1. Rocha B, Cunha G, Menezes Falcéo L, et al. The Burden of Iron Deficiency in Heart Failure. J Am Coll Cardiol. 2018 Feb, 71 (7) 782-793.
2. Cohen-Solal Q. et al., ESC Heart Failure, 2022;9: 874-884, Iron deficiency in heart failure pacients,. The French CARENFER prospective stud



6 Iron deficiency in HF

* In the setting of HF, ID — independent of anaemia — is associated with:

WOBOMO

Reduced exercise Poor QoL Increased risk of Increased all-cause Increased costs
capacity hospitalisation and CV mortality

Marchi G, et al. Intern Emerg Med 2021;16:167-70 CV, cardiovascular; HF, heart failure; 1D, iron deficiency; QolL, quality of life
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ID a mortalita pacientu s HF

N= 1506
100+
- *P <0.01
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‘ :i;?::::‘é \F’A':(:‘:.;':i :*"‘l.';l?k':'\'fi::k,,‘ | Klip IT et al. Am Heart J. 2013;165:575-82




ID a kvalita zivota pacientu s HF

* HRQol test: Minnesota Living with Heart Failure Questionnaire (MLHFQ)

* Results adjusted for anemia, iron deficiency and other covariates
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Lécba deficitu Fe

ID muze dosahovat az V4 zasob v téle, tj. pfes
1000 mg Fe z 3000 - 4000 mg celkovych zasob u

dospéelého)

K doplnéni takového deficitu p.o. je treba 2-9
mésicu terapie (1)

Studie IRONOUT-HF: 76 % ID pacientu se
srdeCnim selhanim nedosahlo po 16
tydnech p.o. lécby terapeutické odpovedi (2)

1. Darshan D et al. Expert Rev Mol Med 2010;12:e36
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¢ 8 Univerzita Kar 2. Ambrosy AP et al. J Cardiovasc.Med /(Hagerstown) 201920/4):223-25

NEMOCNICE V PRAZE




Parenteralni lécba ID

Rlzné slouceniny s rozdilnymi viastnostmi (stabilita, kinetika
uvolhovani zeleza, stimulace imunitni odpovédi, profil nezadoucich
ucinkd, potencial pro hypersenzitivni reakci a klinicky efekt)

» Ferri natrii gluconas, odp. Fe3+

* Ferri oxidum saccharatum Fe3+ pro i.v. podani 1000 mg Fe mizeme
. Karboxymaltdza Zeleza (FCM) Fe3+ zvolit .
B - Q-
=5,3-8 h® =2,5 h® =15 min%¥
Polynukleamni ‘Q Q [;7 Q o
hydroxid Zelezity Unikatni obal 't_,.*\;
z karboxyrnanézy Q Q Q Q AN f:-/
0 o o Q \ >4 o
FERRLECIT® VENOFER” FERINJECT"®
Ferri natrii gluconas Saccharosium ferricum Carboxymaltosum ferricum
16 x 20-30 minut 5 x 30 minut 15 minut |
Jednotl, divka 2eleza 62,5 mg Max. jednotliva davka 200 mg Jednotlivd davka a2 1000 mg }
{max. 200 mag/dent) J

-

1. Ferrlecit. Souhrn Udaju o pfipravku 2020, 2. Venofer. Souhrn udajui o
pfipravku 2020, 3. Ferinject. Souhrn tdaju o pfipravku 2020

e karboxymaltéza zeleza (FCM)

lnmr zit :I\ulo a
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Metaanalyza studii s FCM

Table 1 Comparison of the tnals included in the meta-analysis

Vanable FER-CARS-01 FAIR-HF EFFICACY-HF CONFIRM-HF AFFIRM-HF

Randomization 2:1 (FCM:placebo) 2:1 (FCM:placebo) 1:1 (FCM:placebo) 1:1 (FCM:placebo) 1:1 (FCM: placebo)

Number of patients  30/15 304155 2014 150151 558/550

(FCM/placebo)

Centres Multi-centre Multi-centre Multi-centre Multi-centre Multi-centre

Study duration 12 24 24 52 52

(weeks)

HF diagnosis Ambulatory, optimally treated, NYHA Class NIl ambulatory,  Ambulatory, optimally Ambulatory, optimally treated, Hospitalzation for acute HF,

and its seventy

Haemoglobin (g/dL)
Primary endpoint

Age (years)
Females (%)
NT-proBNP (pg/mL)
LVEF (%)

NYHA class
Ischemic HF

Ferritin (ug/)

TSAT

Haemoglobin (g/dL)
Anaemia (%)

systolic CHF with ID,
NYHA Class IV,

eGFR < 60 ml/min per 1.73m’
9.5-13.5

I 333333333+

optimally treated, systolic CHF
with ID, NYHA Class I8

95-135

PGA at Week 24 and
NYHA Class from
baseline to Week 24
68/67

52/55

NA/NA

32/33

2828

B1/79

53/60

18/17

1.9119

65/61

treated, systolic CHF with 1D,
NYHA Class Il

<15
Change in 6MWT
and NYHA class

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

systolic CHF with ID,
NYHA Class Il

<15
Change in 6MWT from
baseline to Week 24

69/70
45/49
2511/2600
3737
2524
83/83
57/57
2018
124124
53/48

treatment with intravenous
furosemide at a dose of

40 mg, a LVEF <50%

< 15

Composite of recurrent
events of HF hospitalization
and cardiovascular death
7N

44/45

4743/4684

33/33

2526

47/47

84/89

15/14

12.3/121

53/57

6MWT, 6 min walk test; CHF, chronic heart failure; eGFR, estimated glomerular filtration rate; FCM, ferric carboxymaltose; HF, heart failure; ID, iron deficiency; LVEF, left ventricular ejec-
tion fraction; NA, not available; NT-proBNP, NT-proB-type natriuretic peptide; NYHA, New York Heart Association; PGA, physician global assessment; TSAT, transferrin saturation.
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AFFIRM- AHF

Cil: zhodnoceni efektu i.v. podani karboxymaltézy zeleza (FCM) na hospitalizaci a
mortalitu u pacientu s deficitem Zeleza pfijimanych pro akutni srde¢ni selhani

Inclusion criteria: Hospitalizace pro akutni srdecCni selhani, LVEF <50%, klinicky
stabilizovani pred dimisi

 Ferritin v séru <100 ng/ml nebo ferritin 100-299 ng/ml a saturace
transferrinu (TSAT) <20%

» 1108 pacientl na medikaci

» randomizovani k FCM 500 — 2000 mg FCM (dle vahy a hladiny hemoglobinu, n = 558) vs. placebo
(n = 550).

« Sledovani 24(52) tydnu, prum. vék 71 let, zeny 44%, diabetes: 41%
* Prim. outcome: Hospitalizace pro srdeCni selhani a KV umrti

« Secondary outcomes: Hospitalizace pro srdeCni selhani 48.9% vs. 53.5% (p = 0.013)
Smrt z KV pfi€in: 13.8% v FCM skupiné vs 14.2% v placebové (p = 0.89)

PR 1. LEKARSKA
B Univeosits Karlova Ponikowski P, Kirwan BA, Anker SD, et al., on behalf of the AFFIRM-AHF Investigators. Ferric carboxymaltose for iron deficiency at
discharge after acute heart failure: a multicentre, double-blind, randomised, controlled trial. Lancet 2020;Nov 13
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AFFIRM- AHF

A Primary outcome: total heart failure B Total cardiovascular hospitalisations C Total heart failure hospitalisations
hospitalisations and cardiovascular and cardiovascular death
death
100 — Ferric carboxymaltose 1004 RR0-80 (95% Cl 0-64-1-00); 100 RR 074 (95% C1 0-58-0-94);
90+ — Placebo 904 p=0-05 904 p=0-013

‘g g 80 RRO79 (95%CI 0-62-101); 30— 204

s & 70 P=0059 70+ 70+
£5 60+ 60— 60 -

s £
25 504 50 50

£g 401 404 40 -

c 5 30- 30 30
g8 20 20~ 20-

10 10+ 104
0 1 1 1 I 1 0 1 1 I 1 1 0 1 1 1 1 1
4 12 24 36 52
D cardiovascular death E First heart failure hospitalisation Time since randomisation (weeks)
or cardiovascular death

o 1.09 HR0-96 (95%Cl 0-70-132); 1.0 HR0-80(95%Cl0-66-0-98);

g 09+ p=0809 0.9 p=0-030
5 0-8 - 0-8 -
= 0.7 - 0.7 -

2 06- 06-
E 0.5 0.5
% 0-4 - 0-44
'5 03 03

“S 024 024

g- 014 014
e 0- T T T 1 Oy T T T 1

4 12 24 36 52 4 12 24 36 52
Number at risk Time since randomisation (weeks) Time since randomisation (weeks)
Ferric carboxymaltose 544 509 483 468 289 519 457 416 381 227
Placebo 537 511 486 465 285 514 446 389 358 209
‘ VSEOBECNA FAKULTNI *% L ansxi Ponikowski P, Kirwan BA, Anker SD, et al., on behalf of the AFFIRM-AHF Investigators. Ferric carboxymaltose for iron
NEMOCNICE V PRAZE iy
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IRONOUT HF study

IRONOUT HF
Primary Endpoint (IIT)

* CPET: 10W / min incremental ramp protocol & core lab
* 96 (iron) and 95 (plac) complete study per protocol

Treatment Difference: Treatment Difference:
* LVEF<40%, NYHA 2/3, age 63, 36% women, 6MWT 363m 200 21 (-34 to 76) ml/min 2 - 0.30(-0.27 to 0.87) ml/kg/min
» Ferritin 15-100 or <300 with TSAT<20% & Hb 9-15.0/13.5 P=0.46 P=0.30
Baseline Evaluation - T < T
Baseline CPET, 6MWT, KCCQ and Biomarkers E 1 00 | _E_ 1 |
= 2
=
Double-blind, 1:1 randomization- stratified by site and hemoglobin level (<12) §~ . £ ’
| S ON
> 0 Y 3 S 0 ? 2
y 8 -
Oral iron polysaccharide Oral placebo o 8
150 mg bd (n=111) 150 mg bd (n=114) < 100 - 1 :.J 1 -
8 week Study Visit
6MWT, KCCQ Oral Placebo Oral Placebo
200 - Iron 2 - Iron
16 Week Study Visit B Median (25th-75th percentile) - Median (25th-75th percentile)
CPET, 6MWT, KCCQ, Biomarkers Baseline peak VO, (IQR) 13.3 12.9

(11.4-15.8) (10.5-15.6)

P VSEOBECNA FAKULTNI TJRY 1 LEKARSKS
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2. Lewis GD et al. JAMA. 2017;317:1958-1966



ESC GUIDELINES
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European Socioty doi 10 309 Veurheary/ehub 368
of Cardiclogy

2021 ESC Guidelines for the diagnosis and
treatment Of acute and chronic heart failu re Recommendations for pre-descharge and early post-discharge follow-up of patients hospitalized for

acute heart failure

Recommendations Class® Level’™ ,

‘ , : SR ¢
It is recommended that all patients with HF be Recommendations Class® wt}”
periodically screened for anaemia and iron defi- It is recommended that patients hospitalized for
ciency with a full blood count, serum ferritin HF be carefully evaluated to exclude persistent c
concentration, and TSAT. signs of congestion before discharge and to opti-
Intravenous iron supplementation with ferric mize oral treatment. > 47
carboxymaltose should be considered in symp- It is recommended that evidence-based oral
tomatic patients with LVEF <45% and iron defi- medical treatment be administered before C

ciency, defined as serum ferritin <100 ng/mL or
serum ferritin 100—299 ng/mL with TSAT
<20%, to alleviate HF symptoms, improve exer-
cise capacity and QOL.”20722724

Intravenous iron supplementation with ferric
carboxymaltose should be considered in symp-
tomatic HF patients recently hospitalized for HF
and with LVEF <50% and iron deficiency, defined
as serum ferritin <100 ng/mL or serum ferritin
100—299 ng/mL with TSAT <20%, to reduce

the risk of HF hospitalization.>'?

VSEOBECNA FAKULTNI
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©ESC 2021

discharge. 102513
An early follow-up visit is recommended at 1-2
weeks after discharge to assess signs of conges-
tion, drug tolerance and start and/or uptitrate
evidence-based therapy.”'’*'®

Ferric carboxymaltose should be considered for
iron deficiency, defined as serum ferritin <100
ng/mL or serum ferritin 100299 ng/mL with
TSAT <20%, to improve symptoms and reduce
rehospitalizations.”*

McDonagh TA, Metra M et al. Eur Heart J. 2021;42:3599-726
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Algoritmus diagnostiky a lécby ID

PACIENT s HFrEF, NYHA II-IV
(chronické srd e¢ni selhéni s LVEF < 45%)

Pritomen deficit 2eleza?
Feritin nebo Feritin 100-299 ug/1
< 100 pgA Pl TSAT < 20%

Krok 1

" PPRé::m a-ndmlo?
Krok 2 [_:'@ Muzi Zeny
Hb<130 g/ Hb<120 g/l

Vyloucit jinou pricinu anemie
dle klinického obrazu

l Zadna dalsi pncina

Zvazte aplikacl FCM (davka 500-1000 mg 2eleza / tyden)
Kalkulace celkové potieby zeleza dle tabulky:
Hemoglobin Télesna hmotnost paclenta
a/ litr mmol/ Pod35kg 35-70kg Nad 70kg
Pod 100 Pod 62 S00mg 1500mg 2000 mg
100-140 62-87 500 mg 1000mg 1500mg
140-150 B7-93 500 mg 500 mg 500 mg
Pfi Hb >150 g/l nepodavejte I.v. 2elezo

k2

Kontrola feritinu a saturace transferinu
phi daldi névitdve (ideding po 3 meésicich)

I 2

Kontrola feritinu a saturace transferinu
1 - 2x ro&né nebo pli zméng klinickeho obrazu nebo pli
pokiesu hemogiobinu

Krok 3

Krok 4

Krok 5

1. LEKARSKA
FAKULTA

AT
*7 Univerzita Karlova

Zvysena uhrada ZP v ambulanci:

u pacientu s chr. srde¢nim selhanim tf.
NYHA II-1ll s EF LK < 45%, ktefi jsou
soucasne léCeni ACEI.. bez doplatku

Algoritmus dle T McGoniugh, 2021



Probihajici studie na leCbu

ID

HFpEF

HFrEF

HEART-FID**

IRONMANS*

Patients (N=200) with

POPULATION HFpEF and ID
Exercise capacity
PRIMARY (difference in 6MWT) from
ENDPOINT baseline to
52 weeks

*Study drug: Ferric carboxymaltose
TStudy drug: Ferric derisomaltose

TRD 1. LEKARSKA
FAKULTA

K/ Univerzita Karlova
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Patients (N=72) with
HFpEF and ID

Exercise capacity
(difference in 6BMWT) from
baseline to
24 weeks

Patients (N=1200) with
HFrEF and ID

Combined rate of recurrent
hospitalisations for HF and
CV death after
=12 months of FU

1. ClinicalTrials.gov identifier: NCT02937454; 2. ClinicalTrials.gov identifier:NCT03833336; 3. ClinicalTrials.gov
identifier: NCT03036462; 4. ClinicalTrials.gov identifier: NCT03037931; Mentz RJ et al. Circ Heart Falil.

Patients (N=3014) with
HFrEF and ID

Treatment response over
12 months for incidence of
death, hospitalisation for
HF and change in 6MWT
over 6 months

Patients (N=1300) with
HFrEF and ID

6M-CV martality or
hospitalisation for
worsening heart failure
(analysis will include first
and recurrent
hospitalisations)

2021;14:e008100; 5. ClinicalTrials.gov Identifier: NCT02642562;



Studie IRONMAN

« 1137 pacientll, 70 nemocnic ve Velké Britanii, 8/2016-10/2021

« Pacienti s HF s LVEF <45% a prokazanym ID, median véku 73,4 let

« Randomizovani 1:1 k podani i.v. derizomaltoézy zeleza i opakované nebo bézné pédci,
median sledovani 2,7 let.

» Cilem: snizeni poCtu rehospitalizaci pro srdeCni selhani a KV umrti, vyskyt KV pfihod,
tolerance zatéze (6MWT), kvalita zivota dotazniky MLHFQ a EQ-5D, bezpecnost
podavani I.v. derizomaltozy zeleza

» Vysledky: 336 prim. endpointl ve skupiné s derizomaltézou Zeleza a 411 ve skupiné s
béznou péci (rate ratio [RR] 0-:82 [95% CI 0-66 to 1-02]; p=0-070)

« V COVID 19 analyze 210 prim. endpointl v Ié¢ebné skupiné vs. 280 v kontrolni (RR 0-76
[95% CI 0-58 to 1:00]; p=0-047).

Kalra Paul R et al., The Lancet, Nov 2022: Intravenous ferric derisomaltose in patients with heart failure
and iron deficiency in the UK (IRONMAN): an investigator-initiated, prospective, randomised, open-
label, blinded-endpoint trial
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IRONMAN study

A B
70~ RR=0-82 (95% Cl 0-66-1-02); p=0-070 n RR=0-80 (95% Cl 0-62-1-03); p=0-085
60 — —
£ 50- .
.g 40
o . . . . v v Ve . . . ’ V'
= A prim. endpoint: vSechna pfijeti k hospitalizaci pro HF a KV umrti
g 309 T
g 20 . B hospitalizace pro srdec¢ni selhani
10 —— Ferric derisomaltose -
3 Tl . . l . C kardiovaskularni umrti
0 1 2 3 4 0 1 2 3 4
Number at risk . . , , vr
Fafidsieomaltose: SBS  4BE 4D 93¢ 8B G 485 465 ®9r S D hospitalizace pro HF, AIM nebo CMP nebo KV umrti (1. pfihoda)
Usual care 568 483 406 227 87 568 482 405 227 87
C D
100 pZ HR=0-86 (95% Cl 0-67-1-10); p=0-23 p 2 HR=0-83 (95% Cl 0-69-1-00); p=0-045
2 %
A /
60 — —
£ 50 .
g
£ 404 .
=
& 307 .
€
2 20+ -
o
[a
10 ~
0 I I I I I I 1 I
0 1 2 3 4 0 1 2 3 4
Niomberasii Time from randomisation (years) Time from randomisation (years)
Ferric derisomaltose 569 488 407 239 87 569 431 336 194 61
Usual care 568 484 407 229 90 568 418 328 176 67
VSEOBECNA FAKULTNI * L LEARaEd Kaira Paul R et al., The Lancet, Nov 2022: Intravenous ferric derisomaltose in patients with heart failure and iron deficiency in the UK
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(IRONMAN): an investigator-initiated, prospective, randomised, open-label, blinded-endpoint trial



Zaver:

« deficit Zeleza (ID) se vyskytuje az u 50% pacientu se srde¢nim selhanim a az u 80% pacientu
s akutni dekompenzaci srdecniho selhani a byva Casto poddiagnostikovan

* bez ohledu na pfitomnost anémie je spojen s horSi prognézou pacientl se srde¢nim selhanim
« pacienti se srdecnim selhanim by meli mit pravidelny screening deficitu zeleza

* I.v. |é€ba deficitu Zeleza FCM vede ke sniZzeni rehospitalizaci a symptomdu, zlepsSeni kvality
zivota, je bezpecCna, a méla by byt zvazena:

= u symptomatickych pacientt se srdec¢nim selhanim s EF LK <45% a deficitem zZeleza
= U pacientu s deficitem Zeleza recentné hospitalizovanych pro srdec¢ni selhani s EF LK
< 50%
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