g {

. 3 VAR B R
= R oy <ot X 4.9 22 B 2
D SRRy 1 a R N I S

o7 m. 1k i

5 Ny o Y ¥ -

e v . Y Sl 5
g - 4 B P AV ¥ o

: : 4 4

ROMA & Gz

Auditorium della Tecnica

2018

SOCIETA ITALANA
DI GERONTOLOGIA
E GERIATRIA

~—Glovambattista Desideri %

UO Geriatria
Uni ver sit

Iperkaliema e sideropenia
nello scompenso cardiaco




KaplamgMeler curvesfor overallsurvivaln (A) meror (B)
womenwith diffrent canceroor hrart failure

A B

1.0 Prostate cancer 10
Lung cancer

Colorectal cancer

- Bladder cancer

Breast cancer
Colorectal cancer
Lung cancer
Ovarian cancer

— Heart failure - Heart failure
0.8 = 0.8 =
0.6 = 0.6 —
© ©
= o=
= c
> >
n n
0.4 — 0.4
0.0 — 0.0 —
| | | | | | | |
0) 2 4 6 8 0) 2 4 6 8
Years since diagnhosis Years since diagnosis

Mamas MA et al. EuropeanJournal oHeartFailure(2017) 19, 10951104



v dzl y

Stampa

Richiesta: 04047794  dcl 04/04/2018

Provenienza: A432 A-Geriatria

Data di accettazione: 04/04/2018
Data ¢ ora di presa in carico:  04/04/2018  09:41
Data ¢ ora di stampa: 05/04/2018 11:45

ESAMI IN ROUTINE

R2 f QAYVAdzZFFAOASYI |
cardiaco: carenza marziale ipa@rpotassiemia

i
Data Nascita: 01/06/1925

Identificativo Paziente: 00001721
Sesso M Eta: 92 Anni

Esame

g\; LUCOSIO

S-UREA

S-CREATININA

Filtrato Glomerulare Medio

Esito UM Valori di Riferimenlo_: Mqigdiqa Validatore
Biochimica Clinica f
147 * mgdl 60 - 110 B A (Colérimetrica) * T3
S o1

100 * mg/dl 10 - 50 ( Colorimetrico ) TO3
1.28 * mg/dl 0.70 - 1.20 ( Colorimetrica 2 punti T03
53 MUmin/1,73 mq > 60

Valore calcol. do l'equazione MDRD, valido per persone tra 18 - 70

anni caucasiche; moltiplicare per 1.21 se di etnia afro-americana.
Valori di eGFR < 60 ml/min/1.73 mq vanno valutati nell'ambito del contesto
clinico generale. 8

[

S-SODIO 140 mEq/L 135 - 150 - (loni selettivi ) TO3
S-POTASSIO * mEqL 3.5-55 " (loniselettivi) TO3¢
S-CALCIO TOTALE 9.2 mg/dl 85-110 ( Colorimetrica ) T03
S-COLESTEROLO TOTALE 145 mg/dl Valore ottimale:  (Colorimetrica) -~ T03
¢ Blosrgler?i?g; ST e v
200 -240
Alto: >240

S:TRIGLICERIDI 51 mg/dl 60 - 170 ( Colorimetrico ) TO3

RATO 8.9 mg/dl 35-170 J>- ( Colorimetrica ) TO3
S-PROTEINE TOTALI 7.0 . g/dL 6.6 - 87 Hils ( Colorimetrica ) TO3
S-AST-GOT(Aspartato-Amino-Transferasi 22 UL 5-34  H(Cinelia)’ " To3
S-ALT-GPT(Alanina Amino Transferasi) 21 urL 7-55 ( Cinetica ) T03
S-LATTICO DEIDROGENASI (LDH) 212 uiL 125 -220 © ' (Cinetica)s - T03:
S-CREATINCHINASI (CPK -CK) 140 UL 30-200 (Cinctica, T03 Swollen,
S-GAMMA GT (G. Glutamil Transferasi) 69 | urL 12 - 64.ic - (Cinctiga)z: TO3 cyanotic
S-BILIRUBINA TOTALE (BT) 0.75 me/dl 020 - 120 (Colorimetica)  TO3 feet
S-FERRO ) 27 ng/dl " 65 - 175 ( Colorimetrica ) TO3
S-Albumina 3.3 g/dL 35-50 ( Colorimetrica ) TO3

Coagulazione T

P-Tempo di Protrombina {PT) . e
. ﬁ, 3 Continua -ﬁevuu;'pagina seguente
1l Taboratorio effettua controll  di qualitd int sistema Y della ditta D, e ! controllo esterno di qualita della Regione ABRUZZ
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Impaired release of renin
due to NSAIDs, beta-blockers,
cyclosporine, tacrolimus,
diabetes, or advanced

age

Proximal
tubule

e

ACE inhibitors

/Angiotensinl \I\L

Angiotensin-
receptor blockers

Angiotensin Il

Angiotensin
receptor

Adrenal
gland

Distal
convoluted
tubule

Impaired aldosterone
metabolism
due to adrenal
disease, heparin,
or ketoconazole

Afferent

: Z arteriole
".

Juxtaglomerular
cells

Aldosterone

Glomerular
capsule

Aldosterone-
receptor blockers:
spironolactone and
eplerenone

4

- ¥
Apical
membrane

N
Aldosterone
receptor

Collecting duct
(principal cell)

Sodium-channel blockers: T -
amiloride, triamterene,

trimethoprim, and pentamidin

Serum K (mEg/L)

5.0

4.0

The RAAS arkegulation
of Potassiuntxcretionn

the Kidney

Normal
Target Range:*k3.85.0

Hypokalemia



Guidelinedor the diagnosisand
treatment of acute and@dhronicheartfailure

2016 ESGuidelines

AnACEl isrecommended in addition
to a betablocker for symptomatic
patientswith HFrERo reduce therisk
of HFhospitalizationand death.

A betablockerisrecommended

in additionan ACHI, for patientswith
stable symptomaticHFrEFRo reduce
the risk of HFhospitalizationand death

An MRAIisrecommendedor patients
with HFrERwho remainsymptomatic
despitetreatment withan ACEl and a
beta-blocker to reduce therisk of
HFhospitalizationand death

PonikowskPeyal. EurHeartJ2016

2017 ACC/AHA/HFSPocusedJpdate

Theclinicalstrategyof inhibition of the
reninangiotensirsystemwith ACE
inhibitors (Levelof EvidenceA), OR
ARBgLevelof Evidence A, ORARNI
(Levelof Evidence B-R)in conjunction
with evidencebasedbeta blockers and
aldosteroneantagonistan selected
patients isrecommendedor patients
with chronicHFrERo reduce
morbidity and mortality.

YancyCW et alCirculation2017



Thirty Yearsof Evidenceon the Efficacyof DrugTreatmentdor Chronic
HeartFailurewWith ReducedejectionFraction

Allcausemortality

ARNI + BB + MRA 1

ACEIl + BB + MRA 4
ACEl + ARB+BB 1
ACEIl + MRA 1
ARB + BB 1

ACEI + ARB 1
ACEI +BB 1

BB 1

ARB 1

ACEI

A Network MetaAnalysis

2 0.37 (0.19, 0.65)

< 0.44 (0.26, 0.66)

0.52 (0.31, 0.80)

¢ 0.57 (0.35, 0.91)

& 0.47 (0.23, 0.86)

0.83 (0.51, 1.24)

L 0.57 (0.41,0.72)

0.57 (0.33, 0.94)

¢ 0.88 (0.61, 1.26)

0.83 (0.66, 1.01)

0.0

0.5 1.0 1.5
Hazard ratio (95% Credible Interval) for Treatments vs. Placebo
Hazard ratio <1 favors treatment

Burnett H et al. Circ Heart Fail. 2017;10:e003529.



The New England
Journal of Medicine

© Copyright, 1999, by the Massachusetts Medical Society

VOLUME 341

SEPTEMBER 2, 1999 NUMBER 10

THE EFFECT OF SPTIRONOLACTONE ON MORBIDITY AND MORTALITY

BERTRAM PITT, M.D., FAIEZ ZANNAD, M.D., WiLLEM J. REMME, M.D., RoBerT Coby, M.D., ALAIN CASTAIGNE, M.D.,

0.95+

0.90+

0.854

0.80

0.754

0.701

0.651

Probability of Survival

0.60

0.551

IN PATIENTS WITH SEVERE HEART FAILURE

ALFONsO PeRez, M.D., JoLIE PALENSKY, M.S., AND JANET WITTES, PH.D.,
FOR THE RANDOMIZED ALDACTONE EVALUATION STUDY INVESTIGATORS*

30%risk of death

D
D 30%Hxfor cardiaccause

Spironolactone

Placebo

U-OOT T T T T T T T T T T T 1

0 3 6 9 12 15 18 21 24 27 30 33 36

No. AT Risk

Months

Placebo 841 775 723 678 628 592 565 483 379 280 179 92 36
Spironolactone 822 766 739 698 669 639 608 526 419 316 193 122 43

Pitt B et aIN EngJMed 1999

Serum K (mEqg/L)

Hyperkalemia

Normal
Target Range:*k3.85.0

Low

Hypokalemia




Spironolactone-Prescription Rate (per 1000 patients)

Rate of Admission for Hyperkalemia (per 1000 patients)

160+

Rate of hospitaadmissiorfor
140+ nline release . 1
O TRALES hyperkalemiamongpatients
T recentlyhospitalizedor HFwho
. werereceivingACH
20 (JuurlinkDN et al. NEnglJMed 2004;351:543%1)
60
40
209 Hyperkalemia
A WHEHAT
I 1994 ! 1995 ! 1996 ! 1997 ! 1998 ! 1999 . 2000 ! 2001 I n
Study Year E—
E Normal
149 Online release o e
of RALES - Target Range:*k3.85.0
12+ g
4 Low
10+
8_
N Hypokalemia
N
24
0+
' 1994 ! 1995 ! 1996 ! 1997 ! 1998 3 1999 N 2000 ! 2001 I

Study Year



e NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IN 1812 SEPTEMBER 11, 2014 VOL. 371 NO. 11

Angiotensin—Neprilysin Inhibition versus Enalapril
in Heart Failure

John J.V. McMurray, M.D., Milton Packer, M.D., Akshay S. Desai, M.D., M.P.H., Jianjian Gong, Ph.D.,
Martin P. Lefkowitz, M.D., Adel R. Rizkala, Pharm.D., Jean L. Rouleau, M.D., Victor C. Shi, M.D.,
Scott D. Solomon, M.D., Karl Swedberg, M.D., Ph.D., and Michael R. Zile, M.D.,
for the PARADIGM-HF Investigators and Committees™

20 0.15 LCZ 696 m Enalapril
) | H Enalapri

16 -

12 -

0.007

>5.5 mmol/L >6 mmol/L

McMurrayJJV et aN EnglJ Med 2014;371:993004.

Serum K (mEqg/L)

Hyperkalemia

Normal
Target Range:*k3.85.0

Low

Hypokalemia




Current Evidence on Treatment of Patients With Chronic
Systolic Heart Failure and Renal Insufficiency

Evidence

>
Strong g
@)
=
8
: £
Moderate Ivabradine . Ivabradine / ARB %
"4
)
: _ACEi / ARB / >
: . : , i "
Weak Digoxin / H-ISDN/:P, Digoxin / ICD E
: <
; : MRA / CRT ©
Absent : ilvabradine / H-ISDN / i)
| . Diuretics s

e OFETNY Stage 1 or normal | Stage 3 Stage 4 Stage 5

> 120 90 60 30 15 ESRD

Glomerular Filtration Rate (mL/min/1.732)

Damman K et al. 3 Am Coll Cardiol 2014;63:853i 71



AllFCausanortality associatedvith serumpotassiumnlevelsin nondialysis
dependentpatientswith chronickidneydiseaseand inpatientsundergoing
peritonealdialysis

patients undergoing peritoneal dialysis

3.0

25

/
/
AN /
RN /

Mortality

Log Hazard Ratio of All-Cause

Serum Potassium (mEq/L)

Dunn JD et al. Am J Manag Care 2015;21(15 suppl):e307-e315



GuidelinefRecommendRAASDoseModificationsWith
IncreasingserumK+

>
6.0 NICE CKDStopRAASIf >6.0
ESC HE/Stop MRA if >6.0*
K/DOQT:
— DiscontinueACHARB if >5.5
= ESC HPA
£ Halve dose oRAASH >5.0 Halve dose of MRA if >5.5.
v >b5
g NICECKY R2y Qi N dz
o RAASI if >5.0
n
ACC/AHA HRnd HFSA MAVIRA not
recommended >5.0
ACC/AHA/HFSA HESC HFA
ACHARB use with caution >5.0
>5.0 Most conservative Most aggressive

Serum K Threshold Before Change in RAASI Guideline Recommendation

KDIGO Guidelines do not provide recommendations

*ESC HFA: Management of acute hyperkalemia (>6.0) may require aesinotessation of Kretaining agents andRAASibut this should be minimized aR®BASshould be carefully
reintroduced as soon as possible while monitoring¥els?

1. YancyCW, et al. Circulation. 2016;13gdubahead of print].2. YancyCW, et al. Circulation. 2013;128:181852. 3. PonikowskP, et al. European Heart Journal. 2016 Maypti0ehw128.

[Epubahead of print]. 4. Heart Failure Society of America, Lindenfeld J, et al. J Card Fail. 2010;16§8%475

5. KDIGO Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int Suppb.204808@l)Institute for Health and Clinical Excellence (NICE)
[UK]. Chronic kidney disease (partial update): Early identification and management of chronic kidney disease in achaltg andrsecondary care. 2014.
https://www.nice.org.uk/guidance/cg182/evidence/updafall-guideline191905165.7. National Kidney Foundation. Guideline 11.
http://imww2_.kidney.org/professionals/kdogi/guidelines_bp/guide_11.htm. Accessed February 17, 2015.



FewPatientsAre on MaximuniRAASI

A Distribution ofRAASDose Levels in Patients With
CKD Stage-8 or Heart Failure or Diabetes

N=100,907 m Discontinued
100% -
i Submaximum Dose

oo

S

>
1

M Maximum Dose
60% -

62%

Patients (%)

40% -

20% -

0%

Patients With CKD Stage 3-4 or HF or Diabetes

A RAASprescriptions were classified by dose level using the following dose categories:
i &al EA Ydefivied &s the labeled dose
i &Submaximunk defined as anjRAASiose lower than the labeled dose
i a5 A a0?2 ydefingddeStiealbsence BIAASprescriptions for >390 days subsequent to
prior prescription

Epstein M, et alAm JManagCare.2015;21:52135220.



Patients (%)

40% -

30% -

20% -

10% -

0% -

PercentMortality by PriorRAASDose

22,4%

CKD Stages 3-4

(n = 43,288 total patients

30,1%

1 Heart Failure

(n = 20,529 total patients

across dose categories)

k across dose categories)j

H Maintained Dose
i Submaximum Dose
M Discontinued

13,1%
10,1% 11,0%
8,2%

Diabetes Total Population

(n=79,087 total patients across (n =201,655 total patients across
dose categories) dose categories)

Epstein M, et alAm JManagCare.2015;21:521:5220.



TraditionalTreatmentOptionsfor Hyperkalemia

B Membrane stabilization
I K redistribution

.4 K* elimination

- BMwSY2@I ft k NSRdAzOGA2Y "2F RNUz3

Loop diuretics l| Sodium blcarbonaﬂ I Low Kdiet? '
———‘ ——_ﬁ

- v

Y
Acute management

RAASIreninangiotensinaldosterone system inhibitor, SPS: sodium polystyrene sulfonate

1. Weisberg LCritCare Med2008;36(12):3243251. 2. Palmer BF, et AIEnglJ Med2004,;351(6):58%92.



hwbdPE

SodiumPolystyrene&ulfonate
and SodiumContent

SPS Contains 9.4% Sodium by Weight (4Bqg)?!

3’0 7 Recommended Sodium Limits in Many Patieluts
o5 at Risk for Hyperkalemia
7 ACCF/AHA 201dHypertensiod |
2,0 KDIGO 2018 CKD |
AHA 2012 Sodium Advisory |

.

609 30g 159
Available Sodium Content in SPS Dosing Strategy

{Ay0OS (GKS Ay OA@2 STFTAOASYOe 2F {t{ A& l062dzi o0 Zotheldadi® EA"

Kayexelatdpackage insert]. Bridgewater, NJ: Sasfofentis; 2010.

WheltonP, et alCirculation 2012;126:2882889.

KDIGO Clinical Practice Guideline for the Evaluation and Management of Chronic Kidneydeaget Suppl 2013;3(1).
AronowWS, et alCirculation2011;123:24342506.



Patiromerisa Nove| SpericglNonabsorbed* Binder

U Highcapacity Kbinder

U Average bead size (160/) is too large fopatiromerto be absorbed from the
gastrointestinatract, enablingpatiromerto be passed through the entire Gl tract and
absorb more K

U Uniform spherical shape, size, and tswelling beads ratio

atiomer Beads
High-capacity polymer Uniform, spherical patiromer beads Patiromer travels through the
gastointestinal tract over 24-72
hours

Patiromeris fully ionized at the physiologic pH of the colon for optimal ion exchange.
Carboxylate groups gfatiromerbind to K, which is primarily in the colon due tgpregulationof BK
channels in colonic epithelial celatiromerbeads are excreted, leading to removal of excesmnid
reduction of serum Kevels. C#& is exchanged for'K
Li L, et alJ CardiovaseharmacolTher 2016;doi:10.1177/1074284166295.



Evaluation of thefficacyandsafetyof RLY5016, @olymericpotassiunbinder,
In a doubleblind, placebecontrolledstudyin patientswith chronicheart
failure (the PEARHEF) trial

O hyperkalaemia
Sehengiadione SINONGDoRT (7.3% RLY5016 vs. 24.5% plac&hd).015)
initiated at increased to ~ .
25 mg/day on Day 1 50 mg/day on Day 15 O spwonolactoneSO mg'day
£y | | (91% RLY5016 vs. 74% placéhd).019).
L T |
I I
) | | '{” — { 49
= . ¥ | N == n=
T 491 { = I{
e g .
X 47 Al |
= : I
2 ke | |
& 4.5 : : 1
% ' I I 4{ N=35
o I |
= |
* 4.3 11 I
| | * P<0.01
: : ** P<0.001
4.1 T T 1 T T 1
0 3 F g 14 17 21 28

Study day

-@— Placebo —&— RLY5016
Pitt B et alEuropean Heart Journal (2011) 32, 82238



Patiromenn Patientswith KidneyDiseasendHyperkalemia
ReceivindRAAInhibitors OPAIHK

Part A: Part B:
Treatment Phase (SingR&dind) Randomized Withdrawal Phase (SinBlend)

Mild hyperkalemia
Baseline serum*K
5.1-<5.5 mEq/L;

4.2 g BID starting dose
(n=92)

Patiromer,
continued RAASI
(n=55)

Subjects with Part A baseline
Kixkp ®p YO9lik[ 6K2 O
and

A Serum K3.8<5.1 mEq/L e

Subjects
with CKD*

on RAASI
(N=243) Moderate

to severe hyperkalemia
Baseline serum*K
5.5<6.5 mEq/L;
8.4 g BID starting dose (n=151)

at Part A, week 4
A still on patiromer
A Still on RAASI
(n=107)

Placebo,
continued RAASI
(n=52)

Baseline Part A Week 4 Baseline Part B Week 4 Week 8
Part A Primary Endpoint Part B Primary Endpoint ~ Part B Sec. Endpoint

*eGFR 15 to <60 mL/mih/73m2.
eGFRestimated glomerular filtration rate;® : randomization.

Protocol for Weir MR, et aN Engld Med 2015;372(3):21-221; Pitt B, et al. Presented at: 18th Annual Scientific Meetin
the Heart Failure Society of America; Las Vegas, NV, S&fgt 2014.



:)reventingrecurrent

Effectof patiromeron reducingserumK+ anc

hyperkalaemian patientswith HF and CKD on RAASDbitors OPAL

HK

Treatment phase Withdrawal phase
a Mean Baseline
Serum K* (mEq/L): 5.6 5.5 A =0.64 mEqg/L A=0.83 mEqg/L
0.0 (95% Cl, 0.29, 0.99)t (95% Cl, 0.42, 1.24)t
0.9
-0.2 E ] [—
, -04 2 0.8
T -06 A& 07 = Placebo
t 08 £ 0.6 m Patiromer
1.0 » ,
i & I 05
=12 P = 0,22 for interaction 6 E 0.4
N= 100 137 é -E— 03
Xy
= 0.2
b 6.0 ~4— Heart failure } | 0.1
o ~#~ Non-heart failure § 00 -
ug 5.5 E -0.1
: HF Non-HF
€ Estimated Median  0.74  0.10 0.78 -0.05
& 50 Change  MEq/L mEq/L mEq/L mEq/L
2 N = 2 1 30 28
c
g 45 | |
* P = 0.50 for interaction between HF vs non-HF
0.0
Baseline Day3 Week1 Week 2 Week 3 Week 4
Mean (+SE) Serum K* Change from Baseline (mEq/L)
Heart failure -0.540.05 -0.840.05 -0.940.05 -1.140.05 -1.1+#0.05
Non-heart failure -0.5:0.04 -0.7£0.04 -0.9:0.04 -1.0£0.04 -1.0£0.04

Pitt B et alEuropeanJournal oHeartFailure(2015) 17, 10571065
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i |
Data Nascita: 01/06/1925

Identificativo Paziente: 00001721
Sesso M Eta: 92 Anni

Esame

g\; LUCOSIO

S-UREA

S-CREATININA

Filtrato Glomerulare Medio

Esito UM Valori di Riferimenlo_: Mqigdiqa Validatore
Biochimica Clinica f
147 * mgdl 60 - 110 B A (Colérimetrica) * T3
S o1

100 * mg/dl 10 - 50 ( Colorimetrico ) TO3
1.28 * mg/dl 0.70 - 1.20 ( Colorimetrica 2 punti T03
53 MUmin/1,73 mq > 60

Valore calcol. do l'equazione MDRD, valido per persone tra 18 - 70

anni caucasiche; moltiplicare per 1.21 se di etnia afro-americana.
Valori di eGFR < 60 ml/min/1.73 mq vanno valutati nell'ambito del contesto
clinico generale. 8

\

S-SODIO 140 mEq/L 135 - 150 - (loni selettivi ) TO3
S-POTASSIO * mEqL 3.5-55 " (loniselettivi) TO3¢
S-CALCIO TOTALE 9.2 mg/dl 85-110 ( Colorimetrica ) T03
S-COLESTEROLO TOTALE 145 mg/dl Valore ottimale:  (Colorimetrica) -~ T03
¢ Blosrgler?i?g; ST e v
200 -240
Alto: >240

S:TRIGLICERIDI 51 mg/dl 60 - 170 ( Colorimetrico ) TO3

RATO 8.9 mg/dl 35-170 J>- ( Colorimetrica ) TO3
S-PROTEINE TOTALI 7.0 . g/dL 6.6 - 87 Hils ( Colorimetrica ) TO3
S-AST-GOT(Aspartato-Amino-Transferasi 22 UL 5-34  H(Cinelia)’ " To3
S-ALT-GPT(Alanina Amino Transferasi) 21 urL 7-55 ( Cinetica ) T03
S-LATTICO DEIDROGENASI (LDH) 212 uiL 125 -220 © ' (Cinetica)s - T03:
S-CREATINCHINASI (CPK -CK) 140 UL 30-200 (Cinctica, T03 Swollen,
S-GAMMA GT (G. Glutamil Transferasi) 69 | urL 12 - 64.ic - (Cinctiga)z: TO3 cyanotic
S-BILIRUBINA TOTALE (BT) 0.75 me/dl 020 - 120 (Colorimetica)  TO3 feet
S-FERRO ) 27 ng/dl " 65 - 175 ( Colorimetrica ) TO3
S-Albumina 3.3 g/dL 35-50 ( Colorimetrica ) TO3

Coagulazione T

P-Tempo di Protrombina {PT) . e
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Frequency (%)

Iron deficiencyand/or anemisstratifiedby NYHAunctionalclass
Prevalenc®f ID and/or anemia per NY FActionalclass

100 -

80 -

60 4

40 -

20 -

NYHA | NYHA II
(n=121) (n=577)

NYHA il NYHA IV
(n=712) (n = 96)

I No iron deficiency / no anemia

1 Iron deficiency / no anemia

3 No iron deficiency / anemia
I Iron deficiency / anemia

ID commonly occurs even
without anaemia in HF

U ID (with or without anaemia)
Is present in 50% of HF
patients

} Iron deficiency definition used:
T Serum ferritin <100 pg/L or
T Serum ferritin <299 ug/L if TSAT
<20%

KlipIT et alAmHeartJ2013;165:575%82



Differencan eventfree survivalratesbetweeniron-deficientand
nonciron-deficientpatientswith HF with owithout anemia

Subgroup Adjusted HR (95% CI)* P value for

interaction
Sex 0.402
Men . ——
100 Women ——
Mean age 0.199
< 64 years P
> 64 years ——
80 4 Mean BMI, kg/m? 0.561
<27 —
) —-———
i\o, >27 ;
— NYHA class .
. 0.007
S il i ——
e 1T —e
a v : o
Heart failure :
g Non-ischemic ——.— S
= .
5 40 Ischemic P ———
g Heart failure 0.301
3 Reduced EF P ——
o Preserved EF —_—r
20 - eGFR, ml/min/1.73m? : 0.787
——— Patients without iron deficiency :28 :
- .= .=  Patients with iron deficiency , :
Diabetes : 0.417
0 T . T . T . T . Y r . T . T : | No :
Yes : Py
0 1 2 3 4 5 6 7 8 P : 0100
i No :
Time in study (years) Yes T "
Numbers at risk: Atrial fibrillation 0.763
ID absent 753 386 104 63 40 No e
ID present 753 343 100 49 33 Yes .
L] L] L] L L] L
0.5 1 15 2 25 3
- —
Decreased risk Increased risk
for mortality for mortality

KlipIT et alAmHeartJ2013;165:575%82



Differencan eventfree survivalratesbetweeniron-deficientand
nonciron-deficientpatientswith HF with owithout anemia

100
80 |
3
E 4
= 60
B ]
3
(7]
[
2> .
s 40
S
£ 4
=
(&)
gy e No iron deficiency/no anemia
Iron deficiency/no anemia
o No iron deficiency/anemia
Iron deficiency/anemia
0 1 T T T T T T 1
0 1 2 3 4 5 6 8
Time in study (years)
Numbers at risk:
No ID/no anemia 589 328 86 38 31
ID/no anemia 492 256 76 50 26
No ID/anemia 164 58 18 11 9
ID/anemia 261 87 24 13 7

HR (95%CI) for all-cause mortality

H
T
H
*
@
P 4
H
H
&
| I T T
No ID No ID ID ID
No anemia anemia No anemia Anemia

KlipIT et alAmHeartJ2013;165:575%82



Viciouscircle of Anemia and HF

ANAEMIA

Worsening
HF

LV remodelling
Apoptosis Necrosis

- LV
diameter

- Plasma volume
Oedema

HF=

Salt & Fluid
retention

= Renin-angiotensin
aldosterone ADH

Tissue
hypoxia

Peripheral
vasodilation

® Blood
pressure

- Sympathetic
activity

®Renal blood
flow

Anand IS et alAm CollCardiol2008;52:50%11



Impact ofiron status onexercisecapacity(6-minute walktest) in
patientswith chronicheartfailure
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Asavigorouslymetabolicallyactivetissue the heartisaprimary
tissuetarget ofiron delivery

Mitochondion

— .

‘g :
C \
“4cm dcv. 3§, s | R\
: : | T

— The heart requires robust levels of
ATP to sustain continuous contractions
= Cardiomyocytes are highly mitochondria-

dense

— Iron is required for iron/sulphur cluster protein and
heme-containing cytochrome components of the
electron transport chain complexes |-V
= ATP synthase within the mitochondria

ATP, Adenosine Tri-Phosphate; ADP, Adenosine Diphosphate; CHF, Chronic heartfailure; Fe,

iron

1. RinesAKandArdehaliH.JMol CellCardiol 2013; 55: 5657
2. Cartier L&t al.JBiolChem 1986 ;261:1382-82
3. OexleH et al.BiochimBiophysActa. 1999 ;1413:9907

Mitochondion

Iron
Deficiency

premase |
- B o~
Defective Oxygen Utilisation2:?
Mitochondrial Dysfunction

-

» Iron Deficiency is associated with

energy deficiency
= Reduced activity of respiratory
complexes at the mitochondrial level




Distribution ofiron in adults

Dietary iron

Duodenum -
(average, 1-2 mg A
per day) }‘ :

Utilization st

Utilization
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b+ 4§

Plasma a4
?‘?lart e transferrin megpe = =0 ‘
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T" =
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Muscle (300 mg)
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(300 mg) erythrocytes
___________________________________ ' (hemoglobin)
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heart Relaxation E
® 100.800beatgday =
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| Contraction | Liver endothelial
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Brown DA et al. NaRevCardiol 2017 April ; 14(4): 28250. AndrewsNC.N Engld Med. 1999 Dec 23;341(26):1986.



Effectof Orallron Repletionon Exercis€Capacityn PatientsWith
HeartFailureWith ReducedtjectionFractionandlron Deficiency
The IRONOUT Handomizedlinicallrial

Median (IQR)
Week-16 Values® Change From Baseline to Week 16 Difference In Change
From Baseline

Oral Iron Placebo Oral Iron Placebo (95% ClI) P Value
Primary End Point
Peak Vo, at 16 wk, mL/min 1218 (892 to 1500) 1187 (902 to 1425) 23 (-84 to 142) -2 (-110 to 104) 21 (-34to 76) 46
Ppeak Vo, at 16 wk, mL/kg/min 13.5(11.7to 16.3) 13.0(10.2t015.9) 0.20(-1.1t01.6) 0.01(-1.1t00.9) 0.30(-0.27 to 0.87) .30
Secondary End Points
6-Min walk distance 380 (322 to 467) 376 (286 to 448) 15 (=17 to 55) 21 (-24 to 56) -1 (-24 to 23) .95
at 8 wk, m
6-Min walk distance 366 (315 to 456) 397 (299 to 472) 19 (-19 to 51) 32 (-12 to 66) -13 (-32 to 6) 19
at 16 wk, m
Mean response time 52 (46 to 61) 47 (40 to 58) 2.5(-7t09) 1(-10to 6) 3(-2to8) .19
(0, uptake kinetics), s
Ventilatory efficiency 34.8(299to41.1) 33.5(29.4t038.9) -03(-3.0to2.1) -03(-4.6t02.8) 0.8(-0.3t02.6) .35
(Ve/Vco2 slope)
NT-proBNP, pg/mL 889 (376 to 2373) 1085 (447 to 2582) 4 (-342 to 288) -37 (-412 to 363) 159 (-280 to 599) 48
KCCQ cLinical summary score 81.3(70.8t091.7) 75.0(58.9t087.5) 5.2(-2.1to12.5) 1.0 (-7.3 to 8.3) 3.4(-0.4t07.2) .08
at 8 wk
KCCQ clirgical summary score 80.7 (67.7t091.6) 77.1(65.1t089.6) 3.1(-4.2to13.5) 3.0(-4.2t010.4) 1.0 (-2.4to 4.4) 57
at 16 wk

Lewis GD et alAMA. 2017;317(19):195966.



Relationship8etweenQuartilesof Baseline PlasntéepcidinLevels
andResponsan ParticipantslreatedWith Iron Polysaccharide
ThelRONOUT HRandomizedlinicallrial

E Transferrin saturation change from Soluble transferrin receptor level change from Serum ferritin level change from baseline
baseline to wk 16 baseline to wk 16 towk 16
10+ 2.0 60+
T P=.002 P<.001 P<.001
i 1 40
] _
[ 1.0 T _
H 0 20+
E 2] B — | — *
S o 1 S 0 ¢ f E 9
g t £ - = ®
] -0.51
o 204
_4- } 20 A4
_1.0_
A -40-
-8 -1.51 L
‘10 T T T T '20 T T T T ‘60 T T T T
1 2 3 4 1 2 3 4 1 2 3 4
(<3.3) (3.3-6.6) (6.7-10.7) (=10.8) (<3.3) (3.3-6.6) (6.7-10.7) (=10.8) (<3.3) (3.3-6.6) (6.7-10.7) (=10.8)
Hepcidin Quartile, ng/mL Hepcidin Quartile, ng/mL Hepcidin Quartile, ng/mL
No. of patients 23 22 24 23 23 23 23 23 24 23 25 23

XThesdindingsdo not supportthe use obraliron supplementatiom patientswith
heartfailureandreducedeft ventricularejectionfractionandiron deficiency

Lewis GD et alAMA. 2017;317(19):195966.



Normal State

Gut lumen

Enterocyte

Enterocyte
cytoplasm

4
Enterocyte I/
cytoplasm

J

Iron is absorbed into the
blood and binds to transferrin

Transferrin

Iron is transferred to

developing red cells
Excess iron is
stored IC‘E liver
LY

Hepatocyte
cytoplasm

.4
Stored iron is
transported to
developing red cells

L

DeLougheryiG N UMBQ

| N7 j = Hepatilﬁ_‘Lytes
| 2014;371:132481. [

Low hepcidin conditions:
Iron exported via ferroportin
into extracellular space

Extracellular
iron |

Enterocyte

ferroportin
Splenic Macrophage

Michels K et alPLoS Pathog. 2015 Aug; 11(8): €10049

High hepcidin conditions:
Ferroportin degraded, iron
accumulates intracellularly

Hepatocyte

o ‘@ RBC
o, T (¥
Enterocyte - X
degraded -~ | s |
ferroportin

Splenic Macrophage

Erythroid regulators

Iron stores \

K Ganz TPhysiolRev 93: 17241741, 201y




Recommendationf®r iron replacementin HF

2017 ACC/AHA/HFSA Focused Update of the 201
ACCF/AHA Guideline for the Management éf HF

3 COR LOE

In patients with NYHA class Il and Il HF and iron deficiency
(ferritin <100ng/mL or 100 to 30g/mL if transferrin saturation
IS <20%)intravenous iron replacementight bereasonable to
improve functional status an@oL

NEW: New evidence consistent with therapeutic be

b

nefit.

2016 ESC Guidelines for the diagnosis and treatmn
of acute and chronic heart faildre

ientlass Level

Intravenous FCMhould be considered in symptomatic patients
6&aSNHzY FSNNRAGAY §f Mmnancguddx >3k
transferrin saturation <20%) in orderatieviate HF symptoms,
and improve exercise capacity and quality of life

lla A
A NJI

3AnkerSD, et alN EnglJMed 2009;361:24362448 C  FAIRHF

4PonikowskP etal. EurHeartJ2015;36:65¢668 C CONFIRM

yancy CW et aCirculation. 2017 Aug 8;136(6):e18161

2PonikowskP et al.

European Heart Journal (2016) 37, 242200



FAIRHF:primaryendpoint Self FAIRHF:primaryendpoint
ReportedPatientGlobal NYHA-unctionalClassaat Wk 24

Assessmenrdt Wk 24

80+

704

65

60

50 B Ferric carboxymaltose

50 . g [ Placebo
B Ferric carboxymaltose [ Placebo 2 40
L
g
304
40-
20+
X 30- 10-
(]
T 0-
8 X N N N IS
E 2 0 | O,g—» O,ba,‘» (}%4: O’b‘? 0@
o
No. of Patients
Ferric carboxymaltose 17 121 148 3 5

10 Placebo

> e 2 >
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No. of Patients
Ferric carboxymaltose 47 100 77 54 5 2 2 5
Placebo 15 26 41 52 4 4 3 4

AnkerSD et alN Engld Med 2009;361:24388.
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FAIRHF:primaryendpoint SelfReportedPatientGlobal
Assessmerind NYHAlassat Wk 24 accordingo the presenceor
absenceof anaemiaat baseline

Patients with anemia

FilippatosG et al EuropeanJournal ofHeartFailure(2013) 15, 12631276

Much improved

Patients without anemia

34

Moderately improved

26

A little improved
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A little worse

Moderately worse

Much worse ]

Dead !



