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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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Mamas et al. Eur J Heart Fail 2017; 19: 1096-1105



Burden of new hospitalization for heart failure:
a population-based investigation from Italy

Giovanni Corrao', Arianna Ghirardi!, Buthaina Ibrahim?, Luca Merlino?, and
Aldo Pietro Maggioni?

Pro capite costs of HHF patients, euros/year
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Corrao et al. Eur J Heart Fail 2014; 16, 729-736



Algorithm for the treatment of HFrEF

Diuretics for symptom relief

v v

New onset heart failure Chronic heart failure

ACE inhibitor or ARB* if ACE ACE inhibitor or ARB; substitute
inhibitor not tolerated; ARNI* with ARNIE

B blocker and MRA B blocker and MRA

v

Persistent NYHA class IV symptoms and LVEF <35%

v

If sinus rhythm with heart rate =70 bpm, add ivabradine

v -

If ambulatory and QRS If QRS >120 ms plus left bundle
<120-150 ms, consider implantable branch block or QRS 2150 ms,
cardioverter defibrillator consider CRT-P or CRT-D

v

If persistent NYHA class I1-1V symptoms and LVEF <35%, consider digoxin,
hydralazine, and nitrates§

If end-stage or advanced heart failure, consider left ventricular assist device,
heart transplantation, or both

Metra, Teerlink. The Lancet DOI: (10.1016/S0140-6736(17)31071-1)



Thirty years of progress in HF-rEF

Positive drug, device and other trials 2001-2014
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Combined AT, Receptor Neprilysin Inhibition
(ARNI) for the treatment of Heart Failure

Natriuretic peptides
BK, ADM, Subst.P,

LCZ696
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Dual Angiotensin Receptor and Neprilysin inhibition (ARNI) as
an alternative to ACE inhibition in patients with chronic systolic
HF. Design of the PARADIGM-HF Trial

Single-blind Active Run-in

Period
Enalapril run-in

Double-blind Treatment Period

Visit 2A
Aged > 18 - =N | LCZ696 200 mg bid
years (optional) cheim"'m g /.
1-2w o
NYHA II-IV | r A
LVEF E 40% 0 = > g LCZ696 > LCZ696
*BNP/NTproB omeng  100mg 200 mg Enalaoril 10 ma bid
NP > 150/ e ' Lo MDA R o
600 pg/mL J | t 1 t —t t t t t /
Visit 1 2 3 4 5 6 7 8 9 10 up to end of study
Time 1w 2w 1-2w 24w 0 2w 4w 8w 4m 8m visit every 4m

McMurray et al. European Journal of Heart Failure; 15: 1062-73



Kaplan—Meier Curves for Key Study Outcomes,

According to Study Group
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McMurray JJV et al. N Engl J Med 2014;371:993-1004




Effect of LCZ696 compared with enalapril
on mode of death in heart failure patients

Sudden cardiac death Worsening HF death
5 s
S i
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Akshay S. Desai et al. Eur Heart J 2015;36:1990-1997



Mortality (%) after a first event or in patients
with no event.
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Effect of sacubitril/valsartan versus enalapril for
each outcome.

Hazard Ratio (95% CI)

Primary End Point (2031) - 0.80 (0.73-0.87)
CV death (1251) - 0.80 (0.71-0.89)
HF hospitalization (1295) —— 0.79 (0.71-0.89)
Expanded composite (2309) -+ 0.79 (0.73-0.86)
Intensification with no other event (203) mmafpes 0.81 (0.61-1.07)
ED visit with no other event (48) + ' 0.54 (0.30-0.98)

0.2 1 4

< >
Sacubitril/valsartan Better Enalapril Better

Naoki Okumura et al. Circulation. 2016;133:2254-2262



Persistent improvement in KCCQ scores with
sacubitril/valsartan vs enalapril through 36 months
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Lewis EF et al. Circ Heart Fail. 2017;10:e003430.



Effect of LCZ696 on Clinical Outcomes: The
MAGGIC Risk Score Category

M Enalapril M LCZ696

Simpson et al. J Am Coll Cardiol. 2015;66(19):2059-2071.



Kaplan-Meier event curves for the primary
endpoint in patients subdivided according to
different SBP subgroups
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European Journal of Heart Failure (2016)
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Efficacy of sacubitril/valsartan vs. enalapril at
lower than target doses in heart failure with
reduced ejection fraction: the PARADIGM-HF
trial

Orly Vardeny', Brian Claggett2, Milton Packer3, Michael R. Zile4, Jean Rouleau®,
Karl Swedberg?, John R. Teerlink’, Akshay S. Desai?, Martin Lefkowitz®, Victor Shig,
John ).V. McMurray?, Scott D. Solomon?*, for the Prospective Comparison of ARNI
with ACEI to Determine Impact on Global Mortality and Morbidity in Heart
Failure (PARADIGM-HF) Investigators

Cardiovascular Death or Heart Failure Hospitalization by Dose Reduction Status
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Efficacy of sacubitril/valsartan vs. enalapril at lower
than target doses in heart failure with reduced ejection
fraction: the PARADIGM-HF trial

Favors Sacubitril/Valsartan Favors Enalapril

100% of Target Dose
s 2
HR 0.79, 95% CI1 0.71-0.88

50% to <100% of Target Dose
S 2

HR 0.79, 95% C1 0.67-0.92

< 50% of Target Dose
o

HR 0.79, 95% CI1 0.58-1.07

Overall

HR 0.80, 95% CI 0.73-0.87

4

1] | ! 1 1

6 7 8 9 1 1.1 1.2
Hazard Ratio

Vardeny et al. European Journal of Heart Failure 10 JUN 2016 DOI: 10.1002/ejhf.580



Cost — efficacy of sacubitril/valsartan versus
enalapril in HFrEF

Table 1 Model parameters: clinical characteristics, svent probabilities, costs and utility values.

Input Yalue (range) Parameter distribution Roeferences
Age, years, mean (rarge) 71 (60.0-80.0y Normal Sesrd st & (2014)°
Female % 136% Bets Sesrd ot &l 2014)°
Race and region, %
Whe 100% NA Assumption
Western Eorcpe 100% NA Asumpoon
NYHA clas, %
| 155 NA Kristeraen of ol Q016)*
H 77N
m 19%
v 04X
LVEE, X mean (rarge) NAXOLI2%) Normal Seoni et ol 2014)7
Froere probablece
Cardiovascalyr mortalny: sscubltribivalesress HR QR0 071-08%) LogNormwl PARADIGM-HF trul’™
Howperiraton waitrdivansran HR 084 0.78-09Y) LogNormal PARADIGM-HF trul™
Maonthy probabity of hosptalzation {enalapet) 0044 10.038.-0057) Heta PARADIGMHF traal”*
Discontimation: sacubloriivalsartan HR 089 08109 Loghormal PARADIGM HF trad™*
Monthly probabiity of decontinuacion (erabiprd) 00104 0.0050-0.0210¢ Beta PARADIGM MF trad’*
Costs, €
Sacubierdivalaenn, per month 126 34 NA lraban Medicnes Agency’
Emalapril por mooeh EA L
Background therapy, par month 1355
Per hospralinnoos 485811 (3673.58-46122463) Gamra Kristerden o ol (20067
Gazzetsa Utficiale dells
Repubdica ladana ¥
HF management, per month 5242 (3932-4553) Gamma Magponi of of (2016)
Uty
Raselng utity 078 0443-0897) Beta PARADIGM-MF trd™*
Utibty sfect of sacubirtivalaartan <0011 (+0 0040017y Beta PARADIGM-HF trul™*

D’Angiolella LS, Cortesi PA, Pitotti C, Ritrovato D, Mantovani LG, Senni M.
et al. Eur J Heart Fail 28 AUG 2017 DOI: 10.1002/ejhf.919



Incremental costs (€) and quality-adjusted life years

(QALYs) gained in comparisons of
sacubitril/valsartan with enalapril

€12 000
WTP = €40 000/QALY gained .-~~~
€ 10 000 i i WTP=Willingness To Pay -
W
%  €8000
w
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<
2 €6000
2 O N
P U
S €4000
€2 000
€- = ,
0 0.05 0.1 0.15 0.2 0.25
QALYs gained

@ Base case <) NYHA classes I. I A NYHA classes III, IV W Time horizon: 10 years

D’Angiolella LS, Cortesi PA, Pitotti C, Ritrovato D, Mantovani LG, Senni M.
et al. Eur J Heart Fail 28 AUG 2017 DOI: 10.1002/ejhf.919
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2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC)

Recommendations for diagnostic tests in patients with heart failure

r — ————
]Recommemmlom Class*  Level®

The following dagnostic tests are recommended/should be considered for initial assessment of a patient with newly diagnosed
HF in order to evakuate the patient’s suitability for particular therapies, to detect reversible/treatable causes of MF and co-
morbidities interfering with HF:

« haamoglobin and WBC

- sodium, potassium, urea, creatinine (with estimated GFR)

« Iver function tests (blirubin AST ALT, GGTP)

- ghcose, HbA I c

- lipid profile

TSH

« ferritin, TSAT = TIBC
- Natriuretic peptides
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2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC)

Recommendations | Class* | Level®

Iron deficiency

Intravenous FCM should be
considered In symptomatic patients
with HFrEF and iron deficiency
(serum ferritin <100 pg/L, or
ferritin between 100-299 pg/L and Ha
transferrin saturation <20%) in
order to alleviate HF symptoms,
and improve exercise capacity and
quality of fe.




Prevalence of iron deficiency (ID) in CHF
ID: ferritin <100 ug/dL, or 100-299 nug/dL with TSat <20%

p<0.001

p=0.03
3724

$ 8§ & §

s B AR A
. f,f & R

Jankowska E A et al. Eur Heart J 2010;31:1872-1880



Role of iron deficiency in the pathogenesis of
exercise intolerance

I Poranopoet i tissuen,
DOLANE erthvocyles,
mrure oplly,

MO DA NTA

van Veldhuisen, D. J. et al. (2011) Nat. Rev. Cardiol. doi:10.1038/nrcardio.2011.77
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Effects of intravenous iron therapy in
iron-deficient patients with systolic heart
failure: a meta-analysis of randomized
controlled trials

Ewa A. Jankowska'2*, Michat Tkaczyszyn'?, Tomasz Suchocki’, Marcin Drozd'?,
Stephan von Haehling?, Wolfram Dochner®$, Waldemar Banasiak?,
Gerasimos Filippatos’, Stefan D. Anker?, and Piotr Ponikowski®®
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Effects of intravenous iron therapy in iron-deficient patients
with systolic heart failure: a meta-analysis of randomized

controlled trials

EQ-5D score Experimental Control Mean difference
Study Total Mean  SD Total Mean  SD MD  95%-Cl W(random)
3. Anker et al. 2009 285 911743 146 34 18.80 —H—— 570 [204,936)  50.7%
5. Ponikowskietal. 2015 414 62 1357 106 38 1464 - 240 [1.34;6.14)  493%
Random effects model 399 252 ~Ime 407 [0.84;7.31) 100% 2=2.4686 P=0.0136
ksqu 6%, tau-s5qu. 883, p=0.2163
Q=1.53
5 0 5
KCCQ score Experimental Control Mean difference
Study Total Mean SD Total Mean sD MD 95%-Cl W(random)
3. Anker et al. 2009 286 12.80 21.220 145 6.20 18.460 —— 6.60 [2.72; 10.48) 50.9%
5. Ponikowski et al. 2015 114 655 15386 106 2.15 14517 = 4.40 (0.45; 8.35) 49.1%
Random effects model 400 251 <> 552 [2.75; 8.29) 100% 2=3.9059 P<0.0001
ksqu %, tou-squared=0, p=0.4364
1 a4 1
Rhlad 10 5 0 5 10
PGA Experimental Control Mean difference
Study Total Mean SD Total Mean SD MD 95%-Cl W(random)
2. Okonko et al. 2008 20 150 1.20 10 -0.20 1.60 +—%—— 1.70 (0.58;2.82) 10.4%
3. Anker et al. 2009 292 131 132 149 068 148 :':" 0.63 [0.35;0.91) 53.0%
5. Ponikowski et al. 2015 127 0.46 1.85 119 -0.06 1.80 0.52 [0.06;0.98) 36.6%
Random effects model 439 278 0.70 [0.31;1.09) 100% z=3.5223 P=0.0004
geneity: -squ, 5.8%, tau-squared=0.0539, p=0.1579
Q=3.69
MLHFQ score Experimental Control Mean difference
Study Total Mean SD Total Mean SD MD 95%-Cl W(random)
1. Toblli et al. 2007 20 19 6 20 17 —E—- -20.00 [-24.04;-15.96) 925%
2. Okonko et al. 2008 20 <1018 10 319 —F—— 1300 [27.17; 1.17) 7.5%
Random effects model 40 30 <> -19.47 [-23.36;-15.59) 100%  z=-9.8226 P<0.0001
Fsqu %, tau-squared=0, p=0.3519
Q=0.87
20 -10 0 10 20

European Journal of Heart Failure
28 JAN 2016 DOI: 10.1002/ejhf.473



http://onlinelibrary.wiley.com/doi/10.1002/ejhf.473/full#ejhf473-fig-0004

Effects of intravenous iron therapy in iron-deficient patients
with systolic heart failure: a meta-analysis of randomized
controlled trials

All-cause death Experimental  Control OddsRatio
Study Events Total Events Total OR  95%-Cl W(random)
2. Okonko et al. 2008 1 24 0 11 ———+—— 147 [0.06;38.91) 40%
3. Anker et al. 2009 5 305 4 154 062 [0.17: 236]  242%
4. Beck-da-Silvaetal. 2013 2 10 16 1.25 (0.09; 17.65) 6.1%
5. Ponikowski et al. 2015 12 150 14 151 085 [0.38; 191]  657%
Random effects model 489 322 0.83 [043; 1.59) 100% z=-0.5723 P=0.5671
ity: F-squ quared=0, p=0.943
Q=039
01 0512 10
: 0dds Ratio
Cardiovascular death Experimental  Control °
Study Events Total Events Total X OR 95%-Cl W(random)
2. Okonko et al. 2008 1 24 [ b ] 1.47 [0.06; 38.91) 47%
3. Anker et al. 2009 4 305 4 154 050 [0.12; 202)  257%
5. Ponikowski et al. 2015 1 15 12 151 092 [0.39; 215]  69.6%
Random effects model 479 316 0.80 [0.39; 1.63] 100% z=-0.6121 P=0.5405
ity: I ), p=0.7156
Q=0.67
All-cause death Experimental  Control
K Study Events Total Events Total OR  95%Cl W(random)
or cardiovascular i
hospitalization 2. Okonko et al. 2008 2 224 3 N———1 0.24 (0.03;1.73) 37%
3. Anker et al. 2009 21 305 22 154 - 0.44 (0.24;0.84) 36.0%
5. Ponikowski et al. 2015 38 150 65 151 5 0.45 (0.28;0.73) 60.3%
Random effects model 479 316 < 0.44 [0.30; 0.64] 100% z=-4.2762 P<0.0001
ity: , pe0.8354
Q=036 01 0512 10
. 0dds Ratio
Cardiovascular death Experimental _ Control
om Study Events Total Events Total OR  95%Cl W(random)
or hospitalization for
worsening HF 3. Anker et al. 2009 11 305 13 154 —F— 0.41 [0.18;0.93] 34.3%
5. Ponikowski et al. 2015 19 150 42 151 —FE— 0.38 [0.21;0.68] 65.7%
Random effects model 455 305 e 0.39 [0.24; 0.63) 100% z=-3.8443 P=0.0001
Fsqu. -s5qui ), p=0.8853
| B B B —
@=002 02 05 1 2 5
0Odds Ratio
T . Experimental Control
HF hospitalization Study Events Total Events Total OR  95%-Cl W(random)
1. Toblii et al. 2007 0 20 5 20 0.07 [0.00;1.34) 37%
2. Okonko et al. 2008 124 2 1 020 [0.02;2.43) 52%
3. Anker et al. 2009 7 305 9 154 —+ 038 [0.14;1.04]  325%
5. Ponikowski et al. 2015 10 150 32 151 = 027 [0.13,056]  58.5%
Random effects model 499 336 <> 0.28 [0.16; 0.50) 100% =-4.3563 P<0.0001
ity: Fsqu squ =0.7293
Q=13
001 01 1 10 100




Recommendations to prevent or delay the development of overt
heart failure or prevent death before the onset of symptoms

Recommendation

Treatmwnt of ypertenmion is recomenended 1o provent or deliy the omet of WF and prolong e

Treatment weh staoms & recommended In pasents with or ¢ high-rk of CAD whedher or not they have LY sywmolc
Srhncuon, in order 1o prewenst o deliy the ontet of WF and prolong Ife.

Counaling 3¢ seatment for smoking cessation and alcohol Intake reduction i recommended for pecple who smcke or who
congurme aocess alkcohol I order 50 prevent or delay e orset of HE

Treateg other rak Bctors of MF (e g chesty dnghycaenib) thould be considersd in Order to prevent or delay the ot of MF

‘ Erpagticen Boud be considered i patierta with type 1 dmbetet i order to provert or delzy the omset of HF and proory e

ACE- s recommended In patients with atymptomutic LY tyatolic drfanction and 3 hatory of myocardial infarction i order to
prevent or delay e onset of HF and profong Me.

ACE s recomenanded In patents with ssymptomusic LY gratolie dpfunction without 3 Mstory of mpocerdil mlarction, in order
10 provens or delay e onset of HE

ACE thonld be contidersd in patieres wieh stable CAD even 1 Shey d0 not have LY tpatolic dpshuncion, in order 10 pravent
or delyy O oot of HE

Beta Bocker & recomesended I8 patients wieh pengeomutx LY sysicle drfuncoon and 3 history of syocedal nliecnon, n
order 10 prevert o delay the onset of HF or prokong e,

KD i recomeended In pasects:
) with xprpeoeac LY sysiohe dyshuncoon (LVEF <30%) of sdhaemic oo, who are 2t least 40 days after acute
myocardal nlarcoon,
&) with agymptomat son-achaemic dibted cardompopatty (LVEF $00%), who recetve OMT tharapy

N order 10 prevens suddes death and prolong Me.




SGLT-2 inhibitors

Inhibit proximal tubular glucose reabsorption, cause
diuresis and natriuresis, lower BP and reduce weight.
Also renoprotective (in diabetes)?

SGLT2

S1 segment
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—I tubule
=+ Collecting Ikl —90% reabsorption
duct segment of .
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No glucose



The sodium-glucose cotransporter-2
(SGLT?2) inhibitors in antidiabetic treatment
D

Hyper- o SGLT2 inhibitor
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... excretion

Modified from Nikolaus Marx, and Darren K. McGuire Eur Heart J 2016;37:3192-3200




Empaglifozin, cardiovascular outcomes and
mortality. EMPA-REG Outcome trial
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Outcomes in patients with and without heart
failure at baseline in EMPA-REG Outcome trial

Empagifiorzin Placebo
HR
i wih o . n with e eatin « ket Favours empaglifiorns Favours placcho
Heart fsilure bospitalization or
cardion asvcular death
All patsents 2654687 87 1982333 £S 0.66 (0.55.0.79) .
Heart failure 2t baseline .
No 190:4225 45 1492089 A 0.63 (0.51.0.78) —O.h-
Yes T8462 162 49244 201 0.72(0.50 1 .04) »
Hospitalization for heart fallure x
Al patwemns 1264687 27 952138 4 0.65 (0.50-0.55) ——
Heart fallare at baseline -
No TRA4224 15 657289 1 0.49(0.43-0.52) e
Yes 48462 104 30244 123 0.75(0.45-1.19)
Cardiovascular death '
All paticats 1724687 LN 1372333 59 0,62 (0.49-0.77) ——
Hears failure at baseline -
No 1344228 2 11072089 $3 0.60(0.47-0.77) —.h-
Yes X462 82 27244 11.1 0.71 (0.43-1.18) v
All-cause mortality g
All patacens 2694687 ) 19472138 83 068 (D.57-0.52) ——
Heart failure at bascline -
No 2134228 L0 1592089 76 066 (0.51-0.81) S———
Yes S6:462 121 358244 143 0.79(0.52-1.20) B
028 050 Lo 200

HR (95%CI)

David Fitchett et al. Eur Heart J 2016;37:1526-1534



Potential mechanisms involved in the reduction of CV
events (cardiovascular death, total mortality, and HF
hospitalization) observed in the EMPA-REG OUTCOME

Potential mechanisms

* blood pressure |

* body weight |

« arterial stiffness |

« cardiac function 1

« cardiac oxygen demand |
« lack of sympathetic nerve activation
* sodium depletion

« oxidative stress |

« glucagon secretion 1

« additional unknown mechanisms

SGLT2 inhibition
(Empagliflozin)

EMPA-REG OUTCOME

Nikolaus Marx, and Darren K. McGuire Eur Heart J 2016;37:3192-3200

Reduction of
CV death

overall mortality
HF hospitalization




Impact of glucose-lowering drugs on
HF hospitalizations

Hazard ratio (HR)
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Fitchett, Udell, Inzucchi Eur J Heart Fail 2016. doi:10.1002/ejhf.633




Comparison of all-cause mortality reductions in
HF trials and in CV outcomes trials in diabetics

M’. Emp._

ACE*  Bota Noprilysin ' v
ARB® ;. hibitor blocker MRA® inhibitor glifiozin’ Liraglutide

*» Decrease In Mortality

40% -~

Shdy duration 30 41 10:12 2124 27 3% 46
(mordng)

Fitchett, Udell, Inzucchi Eur J Heart Fail 2016. doi:10.1002/ejhf.633




Tadle. Ongoing Trials with SGLT-» Indibitors

TNy |

Canagitfiozin® Creonde HF Change from baseline aerobic

exerCise CApacty At 2 weeks
Change from baselne ventilator
efficlency at 12 weeks
Dapaghfiozin® Creonic MF Time to first ocourrence of CV death
or hospitalization for MF or urgent MF
visk
XD Time to first ocourrence of x5o0%
sustained decline in ¢CFR or reaching
L ’(SRDOf(Vdexhornmld«th
Empaglifiozin® HFpEF Time to firm adudicated OV death or
HEEF adjudicaned hospralization for HF
Luseogitiozin WFpEF F(hmgo in BNP at 12 weeks
Ertugi¥iozin na [va
Sotaghfiazin s T

* Currently spproved by Food and quw;umo: and Eurcpean Medicines Agency



European Journal of Heart Failure (2015) 17, 828-836
UROPEAN doi:10.1002/ejhf. 309

SOCKTY O
CAROMOLOCY

Thromboembolic risk stratification of patients
hospitalized with heart failure in sinus rhythm:
a nationwide cohort study

Emil Wolsk'*, Morten Lamberts!, Morten L. Hansen', Paul Blanche?, Lars Keber?,
Christian Torp-Pedersen?, Gregory Y. H. Lip®7, and Gunnar Gislason14"

"Dapartment of Cardiology. Gentofte Howpal, University of Coparhagen. Gentolte. Dearmurk. *Department of Bicatatatics, Usiversity of Copenbugen, Copanhagen. Denerark.
"The Heart Contre. Department of Cardiclogy Rigshospisier. Coperhagen, Denmark: “lnstieute of Haslth, Scence and Techoology Aslboeg Univeruty, Asborg, Denmark:

*Uriweruty of Brmisghas Centre for Cardovanculer Sciences. City Hotpieal, Birmsingham, UK and * The National Iratitute of Public Heslth, University of Southern Denmark,
Odense, Dermark

Recowed 7 forvary 2015, sevisnd 25 Febevary 2015; accepted 20 May 2015 ; online pobish-cheod-of pet 2 hdy 2015

Aims Patients with heart fallure in sinus rhythm are at an increased risk of thromboembolic complications. 5o far, validated
risk stratification tools are lacking for such patients, which makes the decision to initiate anti-thrombotic treatment
difficule.

Methods We included 136 545 patients admitted with heart fallure in sinus riythm from national registries from 1999 to 2012,

and results Patients recelving oral anticoagulants were omitted from the study. Firse, we Investigated if the CHA,DS,-VASc




Thromboembolism according to CHA,DS,-VASc
classification. Data from 136 545 patients admitted with

HF in sinus rhythm from national registries, 1999 to 2012.

In patients with all CHA2DS2-VASc risk factors, vs. with the others:
Risk of TE events > 9-fold (HR 9.2, 6.8-12.5)

The rates of TE events of 6.0 (95%CI, 5.98-6.02)

per 100 patient years in the 1st year after diagnosis

.
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Wolsk et al. Eur J Heart Fail 2015:; 17: 828-836,



COMMANDER HF

Cardiovascular Outcome Modification, Measurement AND Evaluation
of Rivaroxaban in patients with Heart Failure

@ European journal of Heart Failure (2015) M MAN R H F < ‘)
CurOPEAN d0i:10.1002/ejhf. 266

Rationale and design of a randomized,
double-blind, event-driven, multicentre study
comparing the efficacy and safety of oral
rivaroxaban with placebo for reducing the risk
of death, myocardial infarction or stroke in
subjects with heart failure and significant
coronary artery disease following an

exacerbation of heart failure: the
COMMANDER HF trial

Faiez Zannad’, Barry Greenberg?, John G.F. Cleland?, Mihai Gheorghiade?,
Dirk ). van Veldhuisen®, Mandeep R. Mehra®, William M. Byra’, Min Fu’, and
Roger M. Mills’#




@ European Jourral of Heart Falure (2016) ESC GUIDELINES
------- an dot 10,1002 eyt 592

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

The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC)

. Two new potassium binders (patiromer and sodium
zirconium cyclosilicate) are currently under consideration for regu-
latory approval.‘”"s‘ Initial results from patients with HF are avail-
able and confirm the efficacy of these therapies in reducing serum
potassium455 and preventing recurrent hyperkalaemia in patients
with HF and CKD in the context of treatment with RAAS

inhibitors.*>®



A New Era for the Treatment of Hyperkalemia?
Julie R. Ingelfinger, M.D.

M NEW ENGLAND JOUENAL o MLDICIND

ORIGINAL ARTICLE

Sodium Zirconium Cyclosilicate
in Hyperkalemia

David K. Packham, M8 8S. M.D. Hennk S. Rasmussen, MDD, PhD.,
Philip T. Lavin, Pn.D., Mohamed A. EL.Shahawy, MDD, M. P.H
Simon D. Roger, M.D._ Geoffrey Block, M.D, Wayeh Quniby, M.D.,

Pabilo Pergola, M.D.. Ph.D.. and Bhupinder Singh. M.D

Original Investigation

Effect of Sodium Zirconium Cyclosilicate on Potassium
Lowering for 28 Days Among Outpatients With Hyperkalemia
The HARMONIZE Randomized Clinical Trial

Mikhad Xosiborod, MD; Menrk S, Rasmussen, MD, PhD; Phillp Lavin, PhD, Wajeh Y. Qunibl, MD; Bruce Spinowitz, MD; David Packham, MD;
Smon D. Roger, MD; Alex Yang. MD;, Edgar Lerma, MO, Bhupinder Singh. MD



Sodium Zirconium Cyclosilicate
in Hyperkalemia

David K. Packham, M.B,, B.S., M.D., Henrik S. Rasmussen, M.D., Ph.D,,
Philip T. Lavin, Ph.D., Mohamed A. El-Shahawy, M.D., M.P.H,,
Simon D. Roger, M.D., Geoffrey Block, M.D., Wajeh Qunibi, M.D.,
Pablo Pergola, M.D., Ph.D., and Bhupinder Singh, M.D.

This article was published on November 21,

2014, at NEJM.org.
K+ = potassium, Z = zirconium, S = silicon
DOI: 10.1056/NEJMoal411487



Mean serum potassium after

randomization
58
5.6 b 520
S 54
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: 52
£ 50- 467
5: 4.8 1 = 4.46
€ 46- ® . 4.39
s 44 ¢ .
421
410 ' v Y '
Placabo Z595¢g ZS-810g 2Z5915¢
(n=2%) (n=18) (n=18) (n=24)
Mean K* (mmoliL)
Al study entry: 568 555 566 553
After 48 h 2S5.8% 4 53 442 4 .36 437

Anker et al. Eur J Heart Fail; 16 JUN 2015 DOI: 10.1002/ejhf.300



Serum potassium levels over time in
OPAL-HK Trial

B 6.0 —o— Heart Failure
8- No Heart Fallure
55
5.0

45 ¢

Mean (£5E) Serum K* (mEq/L)

0.0
Baseline Day3 Weekl Week 2 Week 3 Week 4
Mean (£5E) Serum K* Change from Baselne (mEq/L)
Heart Fadure  ~0.5:005 08008 ~0.9:0.05 ~1.12005 ~1.120.08
NO Heart Fadure  -0.52004 -0.7:0.04 ~0.9:0.04 -1.02004 ~10:0.04

Pitt et al. Eur J Heart Fail; doi:10.1002/ejhf.402



@ European Heart joumal (2016) 37, 3130-3134 CURRENT OPINION
furoreaw doi10.109 3 eurheartjehvw222
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A propitious time for initiating clinical trials in
patients with heart failure with reduced ejection
fraction and an estimated glomerular filtration
rate <30 mL/min with an mineralocorticoid
receptor antagonist and a K™ binder: ‘the
forbidden fruit’

Murray Epstein'* and Bertram C. Pitt?

Heart failure MRASs in the patient with HFREF
208 s 120 +Indicated if serum potassium
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Inotropic agents for the
treatment of heart failure

Sympathomimetic agents

PDE-3 Inhibitors

Levosimendan

— Intermittent administration

SERCA Activators, istaroxime

Myosin activators, omecamtiv mecarbil
Mitochondrial targeted peptides, elamipretide
Recombinant neoregulin



Omecamtiv mecarbil: A small molecule
selective cardiac myosin activator

Mechanochemical Cycle of

Myosin OM increases the entry rate of
myosin into the tightly-bound,
force-producing state with actin

“More hands pulling on the rope

Increases duration of systole

Increases stroke volume

m)\ STRONG A Pi
Vﬁ‘?ﬂ\ %’ﬁ?ﬁﬂ.
— ADP

ADP :
Force production

Myosin
Actin S EERSTar

No increase in myocyte calcium
No change in dP/dt, .,

No increase in MVO,

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

Omecamtiv Mecarbil to Increase
Contractility in Acute Heart Failure
The ATOMIC-AHF Study

-

John R. Teetlink, MD,*” G. Michael Felker, MD," John LV. McMurray, MD,” Piotr Ponikowski, MD, PD,’

Marco Metra, MD,” Gerasimos S, Filippatos, MD,* Justin A, Ezckowitz, MBBCs, MSc,” Kenneth Dickstein, MD, P,
John G.F. Cleland, MD.* Jae B. Kim, MD,' Led Lei, PuD,' Beat Knusel, PuD,” Andrew A. Walff, MD,™

Fady I, Mahk, MD, PuD.™ Scott M. Wasserman, MD,' on behalf of the ATOMIC-AHF Investigators

CONCLUSIONS In patients with AHF, intravenous OM did not meet the primary endpoint of dyspnea improvement, but
it was generally well tolerated, it increased systolic ejection time, and it may have improved dyspnea in the high-dose
group. (Acute Treatment with Omecamtiv Mecarbil to Increase Contractility in Acute Heart Failure [ATOMIC-AHF];
NCTO1300013) (J Am Coll Cardiol 2016;67:1444-55) © 2016 by the American College of Cardiology Foundation.



Left Ventricular Systolic Ejection Time versus plasma
omecamtiv mecarbil concentrations in ATOMIC-AHF
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Chronic Oral Study of Myosin Activation to Increase @ ®
Contractility in Heart Failure (COSMIC-HF): a phase 2,
pharmacokinetic, randomised, placebo-controlled trial

fohn R Teertink, G Michod! Feler, John )V McMurray, Scott D Solomon, Kirkwood F Adams Jr jobn G F dond justn A Exdtowt 2, Assen Goudev.

Peter Mocgonald Marco Metre, Viesahn Mitrowse, Mot Pordeowskl Pranas Serpytis, Jndnch Spinar, Janos Tomcsampl, Hans [Vandekercihow
Adrioan A Voors, Maria Lowwa Monsalw, James Jodnston Fody | Malik Narnmon Honarpoer, for the COSMIC-HF Irvestigations

Findings From March 17, 2014, 10 March 5, 2015, we enrolled 150 patients in the fived-dose omecamtiv mecarbil group
and 149 in the pharmacokinetic-titration and placebo groups. Mean maximum concentration of omecamtiv mecarbil
at 12 weeks was 200 (SD 71) ng/ml in the fived-dose group and 318 (129) ng/mL in the pharmacokinetic-titration
group. For the pharmacokinetic-titration group versus placebo group at 20 weeks, beast square mean differences were
as follows: systolic ejection time 25 ms (95% Cl 18-32 p<0.0001). stroke volume 3.6 mL (0-5-6.7, p=0.0217), left
ventricular end-systolic diameter 1.8 mm (<29 to 0.6, p=0.0027), left ventricular end-diastolic diameter <13 mm,
(«2-310 0.3, pe-0125), heart rate <3 -0 beats per min (<5110 -0-8, pe0-0070), and Naerminal pro B-type natriuretic
peptide concentration in plasma <970 pg/ml (<1672 to <268, pe0-0069). The frequency of adverse dlinical events did
not differ between groups.

Interpretation Omecamtiv mecarbil dosing guided by pharmacokinetics achieved plasma concentrations associated
with improved cardiac function and decreased ventricular diameter



Omecamtiv mecarbil in HFrEF:
COSMIC-HF
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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 Lowenng Adverse Cardiac Outcomes Through Improving
Contractility in Heart Failure

Study Design and Treatment Schema
2 years enroliment, approx. 4 years total follow up/study period
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Quali novita nel trattamento
dell’insufficienza cardiaca

Sacubitril/ valsartan

Iron

SGLT-2 Inhibitors

K binders

Inotropic agents

Guanilate cyclase activators
Metabolic agents



Soluble guanylyl cyclase (sGC) stimulation to
increase cGMP

LCZ696
valsartan saceubitril cen de itide

ANP cmauguat
Ang-ll BNP
NP

1\ zl\ n\}.: {ll am'a I'l lnlp nl

lm

hypertrophy

vasodilation
fibrosis natriuresis
salt and fluid retention eI diuresis
vasoconstriction antifibrotic
hypertension

antihypertrophic



Origrmal bvwestgation

Effect of Vericiguat, a Soluble Guanylate Cyclase Stimulator,
on Natriuretic Peptide Levels in Patients With Worsening
Chronic Heart Failure and Reduced Ejection Fraction

The SOCRATES-REDUCED Randomized Trial

Mt Chocrghtade. MD: Stepten 1 Grosrse. MO, Jeved Duter. VD NI, MBA, Garanion Pilippaton, MO Carclyn 5 1 L, MIDEES. Aldo P Maggiont. MO,
oty Pordeosesit. MO Songy | Shah, MO Soont D Sclomon, MO Elsabeth Kasgher aner, MO Blana T Samano, VO iGeharre Ml Dipfite.
Lot Romug, VO, Borbert Panite, VD, for the SOCRATES REOUCED inventigaton snd Coordimston

CONCLUAIONS AND RELEVANCE AMong pationts with worsening chronse HF and reduced Y&

Croup mbor vuton.
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SOCRATES Reduced
(Exploratory analyses)

Placebo-corrected change in NT-proBNP from baseline
(expressed as a ratio of geometric means)

P <.023
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Proportion of Patients Experiencing the
Composite of CV Death and HF Hospitalization

SOCRATES Reduced

CV death or HF hospitalization

—— Placebo
acebo
rou
Vericiguat 9 / P
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HNO Enhances Contractility and Relaxation

_ Cardiomyocyte
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A Phase 2a dose-escalation study of the safety,

tolerability, pharmacokinetics and
haemodynamic effects of BMS.986231
in hospitalized patients with heart failure with

reduced ejection fraction
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Chronic Therapy With Elamipretide (MTP-131),
a Novel Mitochondria-Targeting Peptide, Improves Left
Ventricular and Mitochondrial Function in Dogs With
Advanced Heart Failure

Hami N. Sabbah, PhD; Ramesh C. Gupta, PhD: Smita Kohli, MD; Mengjun Wang, MD;
Souheila Hachem, BS: Kefei Zhang, MD

Background—Elamipeetide (MTP-131), a novel mitochondnia-targeting peptide, was shown to reduce infarct size in animals

with myocardial infarction and improve renal function in pigs with acute and chronic Kidney injury. This study examined
the effects of chromic therapy with elamipretide on left ventricular (LV) and mitochondrial function in dogs with hean
failure (HF),

Methods and Results—Fourteen dogs with microembolization-induced HF were randomized to 3 months monotherapy

with subcutancous injections of elamipretide (0.5 mg/kg once daily, HF+ELA, n=7) or saline (control, HF-CON, n=7).
LV ¢jection fraction, plasma n-terminal pro-brain natriuretic peptide, twmor necrosis factoe-ce, and C-reactive protein
were measured before (pretreatment) and 3 months after initiating therapy (post-treatment). Mitochondrial respiration,
membrane potential (Aym), maximum rate of ATP synthesis, and ATP/ADP ratio were measured in ssolated LV
cardiomyocytes obtained at post-treatment. In HF-CON dogs. ejection fraction decreased at post-treatment compared
with pretreatment (29£1% versus 3122%), whereas in HF+ELA dogs. cjection fraction significantly increased at post-
treatment compared with pretreatment (3622% versus 30£2%; P<0.05), In HF-CON, n-terminal pro-brain natriuretic
peptide increased by 882120 pg/mL during follow-up but decreased significantly by 774285 pg/mL in HF+ELA dogs
(P<0.001). Treatment with clamipretide also normalized plasma tumor necrosis factor-a and C-reactive protein and
restored mitochondrial state-3 respiration, Aym, rate of ATP symhesis, and ATP/ADP ratio (ATP/ADP: 0.3820.04 HF-
CON versus 1.1620.15 HF+ELA: P<0.001).

Conclusions—Long-term therapy with elamipretide improves LV systolic function, normalizes plasma biomarkers, and reverses

mitochondnial abnormalities in LV myocardium of dogs with advanced HF, The results support the development of elamipreticke
for the reatment of HE. (Cire Heart Fail, 2016:9:¢002206, DOL: 10116 /CIRCHEARTFAILURE.115.002206.)



Elamipretide on plasma neurohormones
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Elamipretide on plasma neurohormones
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The quest for a successful cell-based
therapeutic approach for heart failure

Ana Marie Landin' and Joshua M. Hare'?*

Table | Cell types under investigation in cell-based

therapy trials for heart failure
Cell types Application
Unfractionated BM-MNCs Ischaemic heart failure and
chronic heart failure
CD34" stem cells Chronic ischaemic failure
Mesenchymal precursor cells Ischaemic heart failure
Adipose tissue derived MSCs Ischaemic and non-ischaemic
heart failure
Bone marrow-derived MSCs Ischaemic and non-ischaemic
heart failure
Cardiosphere-derived cells Ischaemic heart failure
Cardiac c-Kit cells Ischaemic heart failure
Cardiopoietic stem cells Chronic heart failure
Induced pluripotent cell-derived Chronic heart failure

cardiomyocytes
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CHART-1 Clinical Trial
Changes in LV EDV and LV ESV at 52 Weeks

LV volume reduction achieved on top of maximally tolerated standard-of-care
Extent of LV remodeling compares favorably to effects of established HF therapies

Difference in LV EDV reduction: Difference in LV ESV reduction:
15 - -17 mL, p=0.006 -13 mL, p=0.017
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CHART-1 Clinical Trial
Changes in LV EDV and LV ESV at 52 Weeks

Reversed remodeling inversely related to number of injections
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Exploratory Analysis at 52 weeks

Hierarchical Outcome as a Function of Baseline LV EDV and Treatment Intensity

Overall Study |-
Population (n=271)

r
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