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Do patients have worse outcomes in heart
failure than in cancer? A primary care-based
cohort study with 10-year follow-up in Scotland
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W M) The war against heart failure: the Lancet lecture

CrossMark

Eugene Braunwald Lancet 2015; 385: 812-24
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Emodinamica cardiaca
(dal ‘600 al ‘700)

Non farmacologiche
Riposo al letto

Restrizione idrica
Salassi
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Emodinamica cardiaca
(200 anni di storia: 1785 — 1988)

Non farmacologica

Paul Wood, 1957
Southey tubes

Southey tubes

William Withering, 1785

Farmacologica Digitalis

Inotropi: Digitale
Diuretici: Mercurio — Sulfaniramide
Vasodilatatori: Nitroglicerina £
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William Stokes, 1854
Mercury

Gerhard Domagk, 1949

John B Johnson, 1957 Sulfaniramide

Nitroglycerin




Emodinamica cardiaca
(200 anni di storia: 1785 — 1988)

Non farmacologica
Riposo al letto

Restrizione idrica
Salassi — Southey tubes

Farmacologica

Inotropi: Dobutamina — Dopamina — Adrenalina
Diuretici: Furosemide
Vasodilatatorti: Nitroprussiato

Inodilatatori: Enoximone - Amrinone



Il circolo vizioso dello scompenso cardiaco

— "

I Impedance Function

7 Vasoconstriction | Cardiac
1H,0, Na retention Output

Compensatory
Mechanism:

Tsympathetic activity

Jay H Cohn

Trenin-angiotensin-
aldosterone
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ACE-inibitori
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Beta-bloccanti
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Antialdosteronici

CLASS |

Cumulative Incidence (246)
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Inibitori dell’angiotensina-neprilisina (ARNI)

CLASS |
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HR = 0.80 (0.73-0.87)
P =0.0000002
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PARADIGM-HF

7 Quali sono gli aspetti piu’ significativi

? Che cosa abbiamo imparato di piu’

Importante negli ultimi tre anni e mezzo

Azienda Ospedaliera

Papa Giovanni XXIII



PARADIGM-HF disegno dello studio

Randomization Double-blind randomjzed treatment period

(N = 8,399 patients)

Single-blind run-in period
A

Enalapril 10 mg bid

Testing tolerability
to target doses of

enalapril and LCZ696*

On top of standard heart failure therapy

: (excluding ACEls and ARBSs)
© > @ X >-® >

2 weeks 1-2 weeks 2.4 weeks ~ 21 to 43 months (event-driven)

SIS

Azienda Ospedaliera

Papa Giovanni XXIlI McMurray J et al. N Engl J Med 2014



Scompenso cardiaco:
“squilibrio neuro-umorale”

1 Vasodilator/ _
natriuretic/ ACEi and ARBs

anti-mitotic Beta-blockers

Mediators ‘ ® Aldosterone antagonists
Natriureti ‘ -A

A “paradigm shift”: from “neurohumoral inhibition” to

“neurohumoral modulation”

. Mediators

Azienda Ospedaliera



PARADIGM-HF: mortalita per tutte le cause

T HR = 0.84 (0.76-0.93) Ena|apr“
= 0.84 (0.76-0. - 835
(n=4212)

LCZ696
(n=4187)
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Kaplan-Meier Estimate of
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PARADIGM first trial proposing a substitution rather than
')} an "add-on” strategy in HFrEF patients. |
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Papa Giovanni XXIII Dave After Randomization McMurray J et al. N Engl J Med 2014



PARADIGM-HF: Adverse Events

Prospectively identified adverse events |.Cz696 Enalapril

Symptomatic hypotension 588 388 < 0.001
Serum potassium > 6.0 mmol/l 181 236 0.007
Serum creatinine 2 2.5 mg/d| 139 188 0.007
Cough 474 601 < 0.001
Discontinuation for adverse event 449 516 0.02
Discontinuation for hypotension 36 29 NS
Discontinuation for hyperkalemia 11 15 NS
Discontinuation for renal impairment 29 99 0.001

Medications, no hospitalization 16 9 NS
Hospitalized; no airway compromise 3 1 NS




L’'importanza di raggiungere e mantenere la
dose target

Cardiovascular Death or Heart Failure Hospitalization by Dose Reduction Status
Events Prior to Dose Reduction Events after Dose Reduction
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Enalaprnil 4210 2868 1451 514 Enalapnil 1452 Tas 325 a9
Sacubitril/Valsartan 4 186 2891 1514 511 Sacubitril’Valsartan 1496 854 383 88
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Titration trial

Quale la miglior strategia di titolazione?

- Condensed, N=230*

High / Low RASi =109/ 121

Conservative, N=236*

High / Low RASi* =117 /119
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p=0.7827

/_j%

82.6% 83.8%

Treatment success 80%

p =0.0302

84.9%

73.6%

High RASi

Low RASI

Senni M et al. Eur J Heart Fail 2016
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| Change in baseline SBP at 12 weeks |
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Senni M et al. Eur J Heart Fail 2017



LCZ696 (Sac/Vals) e comorbilita

Change in eGFR
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Glycaemic control
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PARADIGM-HF

! Da qualunque parte vengano analizzat

| dati sono sempre a favore del LCZ696
rispetto all’'enalapril
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p— Terapia medica e scompenso cardiaco:
Mortality CONSENSUS mortalita per tutte le cause

-16% to -31%

CIBIS 11
COPERNICUS
-35%
PARADIGM HF
-20%
B-blocker
) + 7/ /4
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PARADIGM-HF: mortalita per tutte le cause

3271 Enalapril
HR = 0.84 (0.76-0.93) (n=4212) 835

P<0.0001

24 4 //711

o7 LCZ696

(n=4187)
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Kaplan-Meier Estimate of
Cumulative Rates (%)
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Multicenter Prospective Observational Study on Acute and Chronic Heart Failure: The
One-Year Follow-Up Results of IN-HF Outcome Registry
Luigi Tavazzi, Michele Senni, Marco Metra, Marco Gorini, Giuseppe Cacciatore, Alessandra
Chinaglia, Andrea D1 Lenarda, Andrea Mortara, Fabrizio Oliva and Aldo P. Maggioni
Cire Heart Fail published online March 8, 2013;

Cumulative one-year mortality rate
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TARGETS FOR HEART FAILURE THERAPY Modified from:
”The Swinging Pendulum,, Senni M et al. Eur J Heart Fail 2015

Cardiac
1780 - 1980 Hemodynamic

ACE-inhibitors /Angiotensin Receptor Blockers —

Beta-Blockers Heart Failure o
Nytroglicerin

Mineralocorticoid Receptor Antagonists yiros

2015 - ...

\ @

Neuro h umora I Myc;&ite (e.g. Mitochondria)
Interstitium

modulation / e
Microcirculation
Metabolic abnormalities

Diuretics
ARNI (LCZ696) Dobutamine - Dopamine
Milrinone — Enoximone
1990 - 2015

Ivabradine
ARNI (LCZ696)
Soluble Guanil Ciclasi (vericiguat)

Ferric carboxymaltose

Adenosine partial Al agonis (neladenoson)

) + 7/ /4

Azienda Ospedaliera Elamipretide
Papa Giovanni XXIII
Bergamc



Frequenza cardiaca e scompenso

CIBIS II:
all-cause mortality
1.4 -
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SHIFT trial

CV death or HF hospitalization
(primary end-point)

HF hospitalization
(secondary end-point)

A B
40—+ —— Placebo (937 events) 305 —— Placebo (672 events)
lvabradine (793 events) Ivabradine (514 events)
= HR 0-82 (95% Cl 0-75-0-90), p<0-0001 HR 0-74 (95% Cl 0-66-0-83), p<0-0001
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0} 6 12 18 24 30 o} 6 12 18 24 30
Number at risk Months Months
Placebo group 3264 2868 2489 2061 1089 439 3264 2868 2489 2061 1089 439
Ivabradine group 3241 2928 2600 2173 1191 447 3241 2928 2600 2173 1191 447
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Swedberg K et al. The Lancet 2010



Cuore al centro ...

1. Via NO-cGMP
2. Nuovi inotropi

3. Energetica (produzione di ATP)
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Cuore al centro ...

1. Via NO-cGMP
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Via NO/cGMP

Endothelium

% . Cardiomyocytes

cGMP = cGMP 5‘GMP

’ l \ PI?ES 4

exﬁucellulorseaetlon
\ - -

anertrophy Myocardlal (F; D ( Vascular ]
function i function

Senni M et al. EHJ 2014

ANP Natriuretic

peptides




Disfunzione e rimodellamento cardiaco

-------------------------------------

______________________

i -Overweight/Obesity | | -IL-6

H - 1 i 1 B pmp o e e e e e e e el e S e e e e

i -Hypertension +n “TNF-a : i *Overweight/Obesity | | «IL-6

i -Diabetes Mellitus .::): sST2 i ! ~Hypertension : ! *TNF-a :

i «COPD i | -Pentraxin3 | ! -Diabetes Mellitus [} -sST2 :

i -Iron Deficiency ; ““] [“" r\[ r\l ! «COPD i | -Pentraxin3 !
““““““““““““““ ! «lron Deficiency : "““J_I;"'“' (\l (\I

\(VCAM E-selectin

_|  ~
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Collag.

e

Cardiomyocytes

1

i e\lschhemia |
i eInfection |
i eTOXicity

ROS: Reactive Oxygen Species

\ V.77 7 VCAM: Vascular Cell Adhesion Molecule i
ey VY ONOO-: Peroxynitrite .
Azlenda Ospedallera TGF-B: Trasforming Growth Factor B Modified from.
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Paulus and Tschoepe, JACC 2013



“Stiffness” miocardico

p < 0.001
200 I | -
— ] p<0.001 p<0.001
§ 150 . ,!'<o.oo1
o - M
£ -
S 100- E &
a g p<0.01
= 50- = o
O —_ g .
= ¥
0- — o ..
HFREF HFPEF ng_ fi o i"q\@
&
PKG is activated by cyclic guanosine monophosphate (cGMP).
Phosphorylation of the N2B isoform by protein kinase A (PKA) or G
(PKG) decreases cardiomyocyte resting stiffness.
Azienda Ospedaliera van Heerebeek L et al.Circulation 2012
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TITINA

(1976)

= The giant protein titin functions as a molecolar spring
is extended during diastolic stretch

= Recoils elastically during systole

» Two isoforms: N2B (>stiff) and N2BA (>elastic)

* |s responsible for most of the passive tension of
myocardium

Azienda Ospedaliera



Via NO/cGMP

Neprilysin inhibitor
PARAMOUNT trial
PARAGON trial

ANP
BNP
CNP

Natriuretic
peptides

-

cGMP wm Cytosol

_cytosolic
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Hipertrophy My Oca
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Senni M et al. EHJ 2014



PARAMOUNT: NT-proBNP con LCZ696 a 12 settimane

Reduction in NT-proBNP from baseline was sustained to Week 36 with LCZ696, although the difference between
treatment groups was no longer significant (p=0.20) due to further reduction in NT-proBNP with valsartan

NT-proBNP at 4, 12 and 36 weeks

1,000 = LCZ696
900 = e Valsartan
) 800 -
z 700 =
1))
= 600 -
= 500 -
M
o 400
™ Week 4 Week 12 Week 36
= 300
Z,
200 1 I 1 | | | | 1
0 5 10 15 20 25 30 35 40
)+ 7/ /4 Weeks post randomization

*p=0.005, LCZ696 vs valsarta
Azienda Ospedaliera

Papa Giovanni XXII Solomon S et al. Lancet 2012



PARAMOUNT:
variazione dei parametri ecocardiografici

12 weeks 36 weeks
LCZ696 Valsartan p value LCZ696 Valsartan p value
n Baseline A from n Baseline A from n Baseline A from n Baseline A from
baseline baseline baseline baseline
Ejection fraction 114 58-2% 1-06% 118 58-0% 1.04%  0-85 94 58-3% 2-7% 111 58-1% 3-07% 0-69
(7-6) (5-0) (8-0) (4-9) 7-7) (6-5) (8-0) (5-9)
Lateral mitral annular relaxation velocity (e’; cm/s) 97 77 0-57 106 72 0-55 0-56 84 7-6 0-55 96 7-3 0-92 0-40
(2-7) -7) (2-9) (1-5) (2-7) (2-3) (2-8) (2-0)
Mitral inflow velocity to mitral annular relaxation 96 12-6 —1-3 106 13-0 —1-3 0-71 83 12-3 —1-3 95 12-7 -1-0 0-42
velocity ratio (E/e’) (8-4) (3-4) (7-3) (4-3) (5-5) (3-1) (6-2) (4-7)
Early to late mitral inflow velocity ratio (E/A) 72 11 -0-09 78 11 -0-08 0-90 60 1-1 -0-05 68 1-1 -0-03 0-43
(0-56) (0-36) (0-66) (0-67) (0-51) (0-39) (0-65) (0-61)
Left atrial width (cm) 116 37 -0-07 114 37 —-0-02 0-07 99 37 -0-15 108 37 -0-08 0-03
(0-42) (0-25) (0-53) (0-22) (0-43) (0-31) (0-53) (0-30)
Left atrial volume (mL) 113 67-0 -3-2 119 68-1 -1-3 0-18 96 65-3 -4-6 112 683 0-37 0-003
(23-2) (12-2) (28-1) (12-5) (22-5) (13-7) (29-3) (15-9)
Left atrial volume index (mL/m?) 110 35.9 -0-98 118 36.5 -0-41 0-45 90 35.-0 —2-6 106 36-8 0-31 0-007
(12-5) (7-6) (14-4) (6-8) (11-7) (7-3) (14-8) (9-3)
Left ventricular end-diastolic volume (mL) 114 110-3 -2-90 118 1131 -3-27 0-99 94 111-8 -10-4 111 114-3 -12-7 0-39
(26-4) (10-5) (31-3) (12-3) (26-3) (14-4) (31-5) (17-3)
Left ventricular end-systolic volume (mL) 114 46-5 —-3-3 118 48-5 —2-7 0-97 95 46-9 -6-9 111 48-8 -8.70 0-31
(15-7) (6-5) (20-9) (8-9) (15-8) (9-1) (20-6) (11-0)
Left ventricular mass index (kg/m?) 112 774 -1-2 112 78-8 —4-2 0-10 91 76-6 -2.8 100 795 -1-9 0-35
(20-7) (13-0) (21-5) (11-8) (19-8) (14-0) (22-7) (19-2)
Relative wall thickness 116 0-38% —-0-002% 114 0-37% 0-001% 0-76 98 0-37% 0-01% 107 0-37% 0-01% 0-96
(0-09) (0-045) (0-07) (0-033) (0-07) (0-06) (0-07) (0-06)
Tricuspid regurgitant velocity (m/s) 45 2-5 0-008 42 25 0-09 0-19 35 2-6 -0-01 42 2-52 0-06 0-38
(0-36) (0-25) (0-33) (0-33) (0-44) (0-24) (0-34) (0-35)
9 ¢
L AR 4
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PARAGON-HF

Target patient population: ~4,300 patients with symptomatic HF (NYHA Class |I-1V) and LVEF >45%

Randomization 1:1
: Double-blind treatment period
A

—
Active run-in period

- EN . LCZ696 200 mg BID

Valsartan LCZ696
80 mg BID* 100 mg BID

Screening

Valsartan 160 mg BID

On top of optimal background medications for co-
- . morbidities (excluding ACEls and ARBS)

up to 2 Weeké 3-8 weeks ~240 weeks

Primary outcome: CV death and total (first and recurrent) HF

hospitalizations (anticipated ~1,721 primary events)

9 ¢
AR 4
Azienda Ospedaliera

Papa Giovanni XXIII




Via NO/cGMP

ANP] Natriuretic &ro/\ Endothelium

BNP .
peptides
CNP

sGC stimulators
SOCRATES program

Cardiomyocytes

extmeﬂular secretion

v

D — (PKG » —>

Hlpertrophy

Myocardlal Vascular

AStifn ess function function
XRss7 Senni M et al. EHJ 2014




SOCRATES-REDUCED: endpoints

Change in NT-proBNP at 12 weeks (per protocol analysis)

Primary endpoint
Primary analysis:

NTproBNP reduction in
pooled 2.5/5/10 mg dose

groups > reduction in
| placebo (NS, p=0.1506)

| Secondary analyses:

NT-proBNP reduction in 10
mg group > placebo
(p=0.0483; pre-specified
Placebo 1.25mg 2.5mg 2.5to 5mg 2.5to 10mg Pooled pairwise Comparison’

Dose group eXploratOI’y Only)

<
o

-23.3% -33.1%

0.2
|

0.3
|

04

Change in log-transformed NT-proBNP
0.5
|

% change from baseline

0.6
|

) + 7/ /4
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SOCRATES-REDUCED: funzione sistolica

P<0.05
42
40
9 38 —
i 36
S mBASELINE ®WEEK 12
- 34
32
30 _
Full analysis set
28 mean % standard deviation (SD)
placebo 10 mg
Placebo 1.25 mg 2.5mg 2.5t0 5mg 2.5t0 10 mg
: Change at : Change at : Change at : Change at : Change at
Parameter Baseline wk 12 Baseline wk 12 Baseline wk 12 Baseline wk 12 Baseline wk 12
LVEF (%) 28.6 +1.5 29.5 +2.8 29.2 +2.7 31.5 +2.1 29.3 +3.7
LVEDV (mL) 174 -7 173 -6 174 -10 177 -17 161 -7
LVESV,(mL) 127 -7 125 -9 126 -11 125 -15 120 -1

LVEF, left ventricular ejection fraction; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume

mean values

L.IT.MA.05.2017.2516




VICTORIA Trial
Studio di fase lll - NYHA II-IV - HFrEF

*Primary objective: To study the efficacy and safety of vericiguat vs. placebo on a background of
usual care in HFrEF patients

*Target enroliment of approximately 4800 patients with the following:

* HFrEF (EF < 45%)

* NYHA II-IV on standard therapy

* Prior HF hospitalization (6 months) or IV diuretic (3 months)

* Elevated natriuretic peptides

* Not taking long-acting nitrates
* Primary outcome: composite endpoint of cardiovascular (CV) mortality or HF hospitalization
* Secondary outcomes include:

Time to the First Occurrence of CV Death

Time to the First Occurrence of HF Hospitalization

Time to Total HF Hospitalizations (including first and recurrent events)

Time to First Occurrence of Composite Endpoint of All-cause Mortality or HF Hospitalization
Time to All-cause Mortality

L.IT.MA.05.2017.2516



SOCRATES-PRESERVED
Endpoint primari: log-NT-proBNP e LAV

477 HFpEF patients, EF > 45%

Placebo 125 25 25to 25to 25t Placebo 125 25 25to 25t 25to
0.20 - mg mg 5mg [0mg 10 mg mg mg 5mg 10mg 10 mg

N
]

o
|

|
N
1

Change in left atrial volume (mL)
A

Change in log-NT-proBNP (pg/mL)

~0.20 _ 6
B Placebo B 1.25 mg 2.5 mg M25t05mg MM25to 10mg B Pooled dose groups
) + 7/ /4

Azienda Ospedaliera

Papa Giovanni XXIII Pieske B et al. Eur heart J 2017;38:1119
Bergamo



SOCRATES-PRESERVED: qualita’ della vita (KCCQ score)

Change from baseline in KCCQ clinical Change from week 4 in KCCQ clinical summary score
summary score at week 12
257 Pacebo 125 25 25t 251010 Pacebo 125 25 25t0 25t 10 Placebo 125 25 25to 25t010
mg mg 5mg mg mg mg 5mg mg mg mg 5mg mg
]
Q
o
0
O
¥
£ %) _ . .
o g 107 Minimum clinically
= g important difference = 5
O] :
T 5T points
(]
&
©
G 0
Week 4 Week 12
B Placebo B 1.25 mg 25 mg M25t05mg HM25t0 10mg

) - 7/ /4
Azienda Ospedaliera PleSke B et al Eur Heart J 201 7

Papa Giovanni XXIII

Bergamo



Cuore al centro ...

1. Via NO-cGMP

2. Nuovi inotropi

Azienda Ospedaliera

Papa Giovanni XXIII



Omecamtiv mecarbil: attivatore selettivo
della miosina

Mechanochemical Cycle of

Myosin OM increases the entry rate of
myosin into the tightly-bound,
W force-producing state with actin
/ ADP- P, \\\ “More hands pulling on the rope”
ATP & ADP-Pi “%a_ S Increases duration of systole

Increases stroke volume

No increase in myocyte calcium

ADP

Force production No change in dP/dt,,,

Myosin

Actin W ) )
No increase in MVVO,,

Malik Fl, et al. Science 2011; 331:1439-43



Omecamtiv mecarbil in HFrEF:
COSMIC-HF

Changein systolic ejectiontime (ms)

Change in LVESD (rnim)

Change in heart rate (beats per min)

A
30—

25+
20—
15+

10—

5_

p=0-0007

p<0-0001

p=0-1732

p=0-0070

Placebo

25 mg foeed dose
Study group

Pk titration

Change in stroke volume( ml)

Change in LV EDD { mm)

Change in NT-proBNP cancentration [ ng/L)

p=0.0036

p=0-0217

1.5 4

10+

p=0-1899

p=0-0128

SO0 —

—500

—1OOH

p=0-0205

p=0.0069

T
Placebo 25 myg foced dose
Study group

PK titration

Teerlink JR et al.
Lancet 2016



Title: A Double-blind, Randomized, Placebo-controlled, Multicenter Study to
Assess the Efficacy and Safety of Omecamtiv Mecarbil on Mortality and Morbidity
in Subjects With Chronic Heart Failure With Reduced Ejection Fraction

Amgen Protocol Number (Omecamtiv Mecarbil [AMG 423]) 20110203
EudraCT number 2016-002299-28
GALACTIC-HF

Global Approach to Lowerning Adverse Cardiac Qutcomes Through Improving
Contractility in Heart Failure

Study Design and Treatment Schema

2 years enrollment, approx. 4 years total follow-up/study period

Subject source
Lk
o5 : .
Chronic HFrEF patients - = Omecamtiv mecarbil + 50C
Ak |
currently hospitalized for a o E =2 Startimg dose: 25mg PO BID
primary reason of HF or with E H'SE 5
history of hospitalization or ™~ k) E B E g
ER/ED admission for a primanry A -E % Placebo + SoC
of HF within 1 year. m & T
reasen " r e s Follow the same study procedures as OM group to ensure blinding
f..-"'f.-"'
Studv Visits ¢ & & & & @ . e & o
DI W2 Wa4da Wi Wa Wl2 W 2 W 36 W A3 16w
PE assessment for dose adjustment I ‘I

P assessment I I.



Cuore al centro ...

1. Via NO-cGMP
2. Nuovi inotropi

3. Energetica (produzione di ATP)

Azienda Ospedaliera

Papa Giovanni XXIII



Inadeguata produzione di energia a livello della

membrana mitocondriale interna

Progression to heart failure

e P ——
= Inner o
-~ lmembrane o

B

Intermembrane
space

§ Protons accumulate, |,
gradient drives '
ATP production .

mEmmme..--

leak, impaired
endogenous
scavenging,

2

Electrons supply energy
to pump protons

dealthy mitochondrion

) + 7/ /4
Azienda Ospedaliera
Papa Giovanni XXIII

Bergamo

Increased electron

increased ROS

Reduced proton
gradient, reduced
ATP

Dysfunctional mitochondrion

Brown DA, Nat Rev Cardiol. 2017 Apr;14(4):238-250



Produzione di energia come target terapeutico
nello scompenso cardiaco

Health Heart failure

- Mitochondrial dysfunction

—_ L Mitochondrial capacity

TROS

LETC (super) complexes
Altered fission/fusion
Abnormal Ca’ /Na'/Fe’"

I Membrane fluidity

L Redox buffering

HFpEF
Diastolic failure [/

HFrEF
Systolic failure [

Energy (ATP) demand Energy (ATP) supply Energy (ATP) demand L Energy (ATP) supply

Current treatment paradigms Next-generation heart failure therapeutics

B-Blockers ' Mitochondrial dysfunction
ACE/ARB 4 Mitochondrial capacity
Hydralazine/ TROS

nitrates

Restored mitochondrial
function

T Cardiolipin
Redox-buffering capacity

T ETC (super) complexes
Biogenesis

Ivabradine

LETC (super) complexes
i 4 Cardiolipin
Altered hssion/fusion
Abnormal Ca“*' /Na'/Fe’*
4 Membrane fluidity
4 Redox buffering

1 Energy demand 1 Energy supply
{no reserve,
exercise intolerance)

Preserved cardiac function T Energy supply

Contributors to energy demand Contributors to energy supply

[[] Synthesis, transport, B Heart rate I Relaxation I Contraction (I Glycolysis B Mitochondria
phosphorylation, pumps ([oxidative phosphorylation)

Azienda Ospedaliera

Papa Giovanni XXIlI David A. Brown. Nat Rev Cardiol 2017

Bergamo




Conseguenze della carenza di ferro in CHF:
alterazione del metabolismo energetico cellulare

Il ferro € necessario poiché € un componente dei cluster Fe/S proteici e dei
gruppi Fe-eme dei citocromi dei complessi |-V responsabili del trasporto degli
elettroni, che sostiene I'attivita dell’ ATP sintetasi all'interno dei mitocondri’

Mitochondion Mitochondion

‘8@’” 1. Rines AK and Ardehali H. J Mol Cell Cardiol. 2013; 55: 50-57

Azienda O dalier —
EaT:)a;jGi'(s);)\'/ea;r?iaXXIll 2. Saba Haddad, European Heart Journal (2017) 38, 362—-372,



Carenza di ferro:-
relazioni con Y'anemia

Total population

Definition of Iron deficiency:
serum ferritin <100 pg/L or <300 pg/L, if TSAT <20%

‘,«"3 Y 4 4 4

Azienda Ospedaliera
Papa Giovanni XXIII World Health Organization. Iron deficiency anaemia. Assessment, prevention and control: A guide for programme managers.; 2001:1-114



Endpoint primario 1: e
Patient Global Assessment a 24 settimane e
459 HFrEF patients, LVEF<45% FCM improved self-reported PGA scores at week 24 -

Odds ratio for better rank: 2.51 (95% CI1 1.75,3.61), P<0.0001

40 =- ( 50% vs 27% >
34

35

>0 B rcm
=< | Placebo
2  20-
QL
©
(a1

10 =

1 1 2 2 3
0 - |l | e e |
Oe,o O@,bb
&
R S

Azienda Ospedaliera

Papa Giovanni XXIII

Anker S et al, NEJM 2009



FAIR-HF

Endpoint primario 2: o® ..
classe NYHA a 24 settimane ..

FCM improved NYHA functional class at week 24
Odds ratio for improvement by 1 class: 2.40 (95% CI1 1.55,3.71), P<0.0001*

70 =

65
60 -
A < 47% vs 30% > Bl rFcwm
S — | Placebo
S 40 -
®
[
5 5 29
o
20 -
10 - 6
1 3 2 3
0 N I & I I _Al—l I —b—l I
e ?~\ N >

Azienda Ospedaliera

Papa Giovanni XXIII Anker S et al, NEJM 2009



CONFIRM-HF

CONFIRM-HF: endpoint primario £
6-minutes walking distance a 24 settimane

300 HFrEF patients, LVEF<45% FCM improved 6MWT at week 24
FCM vs placebo: 33 £ 11 m (least squares mean =+ SE)

20 - = FCM
] P=0.002 Placebo
O 20 -
3
w0
g % 10 -
=3
e 0
o)
© g -10 -
z
(@]
=
n 20 -
30 -
' :'r" &Y & &
NNIII Week 24 : -
st Ponikowski P et al. Eur Heart J. 2015

Papa Giovanni XXIII



lronout-HF

300 patients, LVEF<40%

200 - Treatment Difference: 2 - Treatment Difference:
c 150 21 (-34 to 76) ml/min E - 0.30 (-0.27 to 0.87) ml/kg/min
= _ - P=0.46 s P=0.30
E 100 n I E 1 i
5 50 | € 05
N
> 0 IS g 0 4 ¢
® 50 - ~ 05
o &
- -100 - o -1 -
-150 - Oral Placebo < 15 Oral Placebo
-200 - Iron 2 - Iron
Median (25th-75th percentile) Median (25th-75th percentile)
“hs v Baseline peak VO, (IQR) 13.3 12.9
Azienda Ospedaliera (11.4-15.8) (10.5-15.6)

Papa Giovanni XXIII



Studi in corso di Mortalita‘ e Morbidita‘con terapia
marziale e.v.

Study AFFIRM AHF1 FAIR HF22 HEART FID3 IRONMAN*

Design Prospective, double-blind, Prospective, double-blind, Prospective, double-blind, Prospective, single-blind,
randomised, parallel-group, randomised, parallel-group, randomised, parallel-group, parallel group, randomized,
placebo controlled placebo controlled placebo controlled open-label, multicentre
Population Patients (N=1100) admitted Patients (N=1200) with CHF Patients (N=3014) with CHF Patients (N=1300) with
with acute HF and stabilized, (or acute HF) and iron and iron deficiency HFrEF and iron deficiency
and iron deficiency deficiency
I.v. iron Ferric carboxymaltose Ferric carboxymaltose Ferric carboxymaltose Iron (lll) isomaltoside
Primary Effect on the composite of Combined rate of recurrent Treatment response over 12 CV mortality or
endpoint recurrent HF hospitalizations hospitalizations for HF and of months for incidence of death, hospitalization for worsening
for worsening HF and CV CV death after at least 12 incidence of hospitalization for HF (analysis will include first
death up to 52 weeks after months of follow-up heart failure and change in 6 and recurrent
randomization MWT hospitalisations). Minimum

2.5 years follow-up from last
patient recruited



Agonista parziale dell’adenosina (Neladenoson): un
nUOvVo meccanismo

Partial A1R Agonists = desired physiological effects

* Improvement of cardiac function and myocyte
energetics

* Prevention of progressive remodeling

* No effects on BP and AV conduction

* Reduction of Free Fatty Acid (FFA)

* No CNS effects

* Protection of renal function

Full A1\R Agonists = undesired physiological effects ‘\' | mpRoves
IMPROVES Tmprovement of en e'rgy Supply % ENERGETICS
® Bradyca rdia CA™ HANDLING in dysfunctional myocardium
. 4 —» Improvement of contraction/relaxation R
* Higher degree AV block

N —>» Improved SR Ca?* ATPase activity /‘
. Negative inotropy —>» Cardioprotection

. Improvement of calcium hand-ling L
* CNS effects: sedation [ —> Protection from Ca® overload

J/,ATPT

. g . —» Modulation of contraction/relaxation coupling S KATrl?_, 4
* Antidiuretic effects —>» Attenuation of adrenergic overstimulation » : '
e , e 4
WII Nell, Albrecht-Kipper. Prog Med Chem 2009 \ : &
Azienda Ospedaliera Greene et al. Heart Fail Rev 2016;

Papa Giovanni XXIII

Bergamo



PARSIFAL PILOT STUDY

Safety

No effects on BP
No effects on PR conduction/no higher degree AV-blocks or syncope — transient

mild decrease in HR (2-5 bpm) — no increase of cardiac markers (hsTnT)

EF change vs baseline Wall Motion Score
a0 % of segments improved

30
20- I

=
14
=
O‘\c’m- .
LL
=
-

X
x .

]I

-201

% segments with improved
wall motion score (cMRI)

T T
10mg (N=10)  20mg(N=11)  Placebo (N=10)

TREND TOWARDS AN IMPROVED
SEGMENTAL FUNCTION WITH 20 MG:
RECOVERY OF VIABLE
DYSFUNCTIONAL MYOCARDIUM

20 MG IMPROVED (AND PLACEBO,
DUE TO BASELINE DIFFERENCES)

’%’3»&“ ¥y

Azienda Ospedaliera .
?gpa Giovanni XXIII Voors AA et al. J Clin Pharmacol 2017



Agonista parziale dell’adenosina nello
scompenso cardiaco: trials di fase li

PANTHEON PANACHE

Design

2 multicenter, randomized, parallel-group, placebo-controlled, double-blind,
dose finding phase Il studies of 5 dose regimens of the oral
partial adenosine Al receptor agonist neladenoson bialanate over 20 weeks

Inclusion Criteria

Primary Outcome

>18 years old

>45 years old

CHF diagnosis, NYHA 1I-1V (<6 m)

CHF diagnosis, NYHA 1I-1V (£6 m)

LVEF <35% (<6 m)

LVEF >45% (<6 m)

worsening CHF requiring hospitalization or
unscheduled visit (£3 m), both requiring
initiation/intensification of HF therapy AND
NT-proBNP >400/1200 (SR/AF) <3 m AND/OR
NT-proBNP >1200/2400 (SR/AF) <1 m

diuretic (<6 m) AND
NT-proBNP >300/900 (SR/AF) (<6 m) AND
LA enlargement / LV hypertrophy /
elevated filling pressure (<6 m)

6MWD 100-550 m

LVEF change at 20 weeks

6MWD change at 20 weeks

Sample size

384 patients in 6 arms
(allocation 5/10/20/30/40/placebo=1:2:2:2:2:3)

288 patients in 6 arms
(allocation 5/10/20/30/40/placebo=1:2:2:2:2:3)

ClinicalTrials.gov Identifier: NCT02992288

61e




Elamipretide (Bendavia)

Normal Mitochondria Diseased Mitochondria Diseased After Elamipretide Treatment

Cardiolipin in the Inner Mitochondrial Membrane (IMM)
Establishes Structure, Enables Function

OH
R o
O,;‘;‘,/O\)\,OT‘L o
o8 ]
Q
O

Cardiolipin Szeto, Birk, Am J Physiol 2014
s Szeto, Birk, Am J Physiol 2014
W” Szeto HH, Birk AV. Clin Pharmacol Ther. 2014

Azienda Ospedaliera

Papa Giovanni XXIII

Bergamo



Elamipretide e sistema neuro-ormonale

2 Hours Intravenous Infusion

Treatment Effect, A

10 mmmm Saline Control Infusion
8 | === Elamipretide Infusion p—0.012
6 | p=0.145 p=0.028
4 p=0.006
2
0
-2
-4
-6
EDV ESV EF SV
(ml) (ml) (%) (ml)

Azienda Ospedaliera

Papa Giovanni XXIII

3 Months Subcutaneous Treatment
Treatment Effect, A

N HF-CON
N HF+ELA

EDV ESV EF FAS
(ml) (ml) (“0) (7o)

-8

Sabbah HN et al. Circ Heart Fail 2016



Elamipretide e sistema neuro-ormonale

Treatment Effect (A

250 10
0 5 F p=0.001 p=0.001
=250 F
-500 F
=750 F
1000 } p=0.001 -15 } B HF-CON
B HF+ELA
-1250 -20
nt-pro BNP TNFo IL-6 CRP ROS
5
(pg/ml) (pg/ml) (pg/ml) (ng/ml) (RLUx10 /ml)

) 2 /4

Azienda Ospedaliera

b2 - vannizesll Sabbah HN et al. Circ Heart Fail 2016



Heart Failure Program
Elamipretide Unique MOA Supports Addressing Large HF Unmet Need

2016 2017 2018
H1 H2 H1 H2 H1 H2
HFpEF Trial Phase 2 Study SPIHF-203

46 patients e Double-blind placebo control
2 arms . e 1 month duration of therapy
: 1 Ic:g/eebo e Primary efficacy endpoints assessment of E/e’ at rest and
during submaximal stress

HFrEF Trial Phase 2 Study SPIHF-201

45 patients e Double-blind placebo control

3 arms :
. 2 active e 1 month duration of therapy . e Patients hospitalized with acute heart
1 olacebo e Primary efficacy endpoints assessment of heart function failure
b D .
by MRI and Echo, 6 MWT, biomarkers e Administer in hospital and discharge
IDDEA-HF Phase 2 Study SPIHF-204 home on elamipretide |
e Opportunity for acute and chronic
. _ indications
300 patients e Double-blind placebo control
2arms e 7 day duration of therapy
- 1 active e Primary efficacy endpoints assessment of NT pro-BNP,

W -1 placebo weight, biomarkers

Azienda Ospedaliera

Papa Giovanni XXIII



Possibili meccanismi nefro/cardioprotettivi degli inibitori di SGLT2.

SGLT2 inhibition [——]

¢

Glycosuria

J

.

N

Natriuresis

v

—

Ongoing trials

\ 4 Tubuloglomerular ¥Plasma ——
.'( ; feedback ( volume I
Negative A Uri 2
N " Uricosuria —» . .
calofiobdlance . N aiond v Drug Cohort Primary endpoint
B 0O 7z
Y HEATE B [ B | O mlRe | | e
g Canagliflozin® Chronic HF Change from baseline aerobic exercise capacity at 12 weeks
I O Change from baseline ventilator efficiency at 12 weeks
¥ Arterial \ Msyt?ggf'a' Dapagliflozin® Chronic HF Time to first occurrence of CV death or hospitalization for
= stiffness Afferent arteriole isi
:é?;g;:rentaot;ggny ¥ Plasma uric acid constriction i HF or urgent HF visit
v 'frottal body * CKD Time to first occurrence of >50% sustained decline in
at mass
l V A A A A eGFR or reaching ESRD or CV death or renal death
Intraglomerluar o . . .
l v hypegrtension Empagliflozin® HFpEF Time to first adjudicated CV death or adjudicated
¥ Epicardial fat . —— ¥ Hyperfiltration ¥ Ventricular hospitaliation for HF
ST ST ] arrhythmias ospitalization for
T HFrEF
A G050 Ia 00 CKD Composite CV death and renal disease progression
Activation of 1 .
ACE2 — Ang1/7 - Luseogliflozin HFpEF Change in BNP at 12 weeks
” Cardiac & Renal Protection Ertugliflozin N/A N/A
4 Cardia Sotagliflozin N/A N/A
contractility
L _ No sympathetic s CoTs - - - -
nervous system
activation
¥ Inflammation

¥ Fibrosis

A~

Hiddo J.L. Heerspink et al. Circulation. 2016 Butler J et al. Eur J Heart Fail 2017

‘595 ' J J 4
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? Quali sono oggi gli “Unmet clinical needs”

piu’ importanti in Cardiologia

a. Scompenso Cardiaco a Funzione Sistolica Preservata

b. Scompenso Cardiaco Acuto

Azienda Ospedaliera

Papa Giovanni XXIII



HFpEF: Fisiopatologia

Ventricular Dysfunction Lung Disease
* Impaired relaxation COPD
. Impaired filling

» Systolic dysfunction

Iron deficiency
and anemia

I Atrial dysfunction l

Volume overload

| Autonomic dysfunction \ - .
Chronotropic incompetence H ete rOge ne Ity Aging &

Deconditioning
in HFpEF

Renal dysfunction ‘

Vascular dysfunction

Vascular stiffening
Ventriculo-arterial coupling

Obesity &
Sarcopenia

Elevated blood pressure

Psychic Disorders
Depression
Pulmonary hypertension

Inadequate BP response to exercise
b 7/ /4 Valvular disease |

Azienda Ospedaliera Dynamic mitral regurgitation
Papa Giovanni XXIII

Senni M et al. Eur Heart J 20




Acute CHF

Differenti quadri fisiopatologici

Acute CHF

Pulmonary Cardiogenic shock

edema
RV failure

Hypertensive m

Papa Giovanni XXIllI




HFpEF: approccio per fenotipi clinic

HF signs and symptoms
Preserved LVEF

Plus Primary Comorbidity(ies)

|

Fluid
retention
Elevated

filling
pressure

*ARB/ACEI
*MRA
*ARNI

*Autonomic
modulation

b+ /) 4

Azienda Ospedaliera
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Diabetes,
obesity,
metabolic
syndrome,
conditions
associated with
oxidative stress

*Glycemic control
*Metformin (pleiotropic
effects)

*Weight loss, bariatric
surgery, diet

*PKG stimulation

*AGE crosslink breakers?

hypertension or

Pulmonary Cardiac fibrosis m m

right heart
involvement

*PDES inhibitor
*Orally active
soluble
guanylate

cyclase
stimulator

*Na channel *Sodium
blockers restriction

*Nitrates *ACE-l or
*Beta- ARB
blockers

Senni M et al. Eur Heart J 2014



Come Alessandro Magno ...

1. Conoscere la natura del posto e le proprie forze

2. "Personalizzare” ogni conquista di citta’

Azienda Ospedaliera




HFpEF e scompenso acuto: quale futuro a medio
e lungo termine della terapia medica

Terapia personalizzata sulla base del
fenotipi, conoscendo la fisiopatologia e

Il meccanismo d’azione dei farmaci,
invece dell'approccio “one-pill-fits-all”.

Azienda Ospedaliera

Papa Giovanni XXIII



