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The Two Faces of Heart Failure
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Patients (n)

HFpEF Accounts for Nearly 50% of HF Admissions, Signs and Symptoms are
Nearly Identical to HFrEF, Morbidity and Mortality are high, and the Incidence

Is Rising

OPTIMIZE-HF Registry, N=41,267
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2012 ESC-Guidelines

* No treatment has yet been shown, convincingly, to reduce
morbidity and mortality in patients with HF-PEF.

2016 ESC-Guidelines

* No treatment has yet been shown, convincingly, to reduce
morbidity and mortality in patients with HF-PEF.



Qutcomes Trials in HFpEF
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Probability

TOPCAT: Exploratory Analysis by Region
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Heart Failure with Preserved
Ejection Fraction

Margaret M. Redfield, M.D.




Current Treatment of HFpEF

* Consider Alternative Diagnoses

* Symptomatic Treatment with Diuretics

* Treatment of Hypertension

e Rate control in Atrial Fibrillation (? Maintain SR)
* Treat Ischemia

 ? Spironolactone



Alternative Diagnoses

Potential Alternative Diagnoses in
HFpEF

* |Ischemic heart disease

* Lung disease masquerading as
heart failure

* Anemia resulting in severe DOE
* Hypertensive Crisis
* Pheochromocytoma



Wild-type transthyretin amyloidosis as a cause
of heart failure with preserved ejection fraction

Esther Gonzalez-Lopez', Maria Gallego-Delgado!, Gonzalo Guzzo-Merello?,
F. Javier de Haro-del Moral?, Marta Cobo-Marcos'!, Carolina Robles',

Belén Bornstein®#3, Clara Salas®, Enrique Lara-Pezzi’, Luis Alonso-Pulpon’,
and Pablo Garcia-Pavia':"*

HFpEF is heterogeneous with multiple causes
Prospectively screened consecutive patients 260 years old admitted due to HFpEF with LV hypertrophy (212 mm).
120 HFpEF patients (59% women, 82 + 8 years). TTR gene, and no mutations were found.

diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD) scintigraphy

HF + LVEFz 50% + MWT212Zmm

164 patients

44 patients refuse to

participate
weTe.DPD SCINTIGRAPHY
120 patients
= 1+
104 patients |86.6%) 16 patients (13.3%)
[ TTR Genstic testing |

I No mutations |
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Diuretic Use in HFpEF

* If there is no need for diuretics, this is probably not heart
failure!

* Diuretic use in HFpEF is empiric — but appears to work to
reduce congestion.

* Loop and thyazide diuretics are reasonable

* Diuretic resistance should prompt assessment of renal
arteries



Cumulative Incidence
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Atrial Fibrillation in HFpEF: Common and Morbid!

Heart failure hospitalisation or cardiovascular death
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HFpEF is Extremely Comorbid

Age

Table 1. Characteristics of Patients.*

Reduced Ejection

Preserved Ejection

Characteristic Fraction (<40%) (N=1570)  Fraction (~50%) (N=880) P Value
Mean LVEF — % 25.9 62.4 <0.001
Age —yr 71.8 +12 75.4+1151 <0.001
Male sex — no. (%) 983 (62.6) 302 (34.3) <0.001

71.8+12

Hypertension 49.2%
Atrial Fibrillation 23.6%

COPD

Anemia

13.2%
9.9%

75.4+11.5

55.1%
31.8%
17.7%
21.1%

<0.001
0.005
<0.001
0.002
<0.001

Prior PCl — no. (%) 48 (3.1) 16 (1.8) 0.07
Peptic ulcer disease — no. (%) 94 (6.0) 74 (8.4) 0.02
Hepatitis or cirrhosis — no. (%) 20 (1.3) 16 (1.8) 0.28
Dementia — no. (%) 76 (4.8) 49 (5.6) 0.43
Hemoglobin <10 g/dl — no. (%4) 155 (9.9) 186 (21.1) <0.001
Mean systolic blood pressure— mm Hg 146 156 <0.001
Mean respiratory rate — breaths/min 26 26 0.17
Serum sodium <136 mmol/liter — no. (%6) 362 (23.1) 209 (23.8) 0.70
Serum creatinine >150 mmol/liter — no. (%) 296 (18.9) 195 (22.2) 0.95
Dialysis — no. (%) 18 (1.1) 9 (1.0) 0.78

Bhatia et al. NEJM 2006



Comorbities in HFpEF: Treat according to
guidelines

* Hypertension

* Diabetes mellitus
* Renal dysfunction
*Sleep apnea

* Anemia



Elevated Blood Pressure — Not a "symptom™ but still
bad!

HYVET Trial SPRINT Trial
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% Change Peak VO2 (ml/kg/min)

Exercise and Diet Improve Peak VO2 and
KCCQ in HFpEF
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Kitzman et al. SECRET study. JAMA 2016
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“What fits your busy schedule better, exercising
one hour a day or being dead 24 hours a da
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RAAS inhibition may be beneficial in the “Mid-
Range” of Heart Failure
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No Support for Sildenafil in HFpEF

Effect of Phosphodiesterase-5 Inhibition
on Exercise Capacity and Clinical Status

in Heart Failure With Preserved Ejection Fraction
A Randomized Clinical Trial

Table 3. Primary, Secondary, and Safety End Points

Placebo Sildenafil
T 1T 1
No. of No. of P
Patients Variable Patients Variable Value
Primary end point
Change in peak oxygen consumption at 24 wk, median (IQR), mL/kg/min 94 0.20 (-0.70 to 1.00) ot 02(-170to 1.11) o0
Secondary end points
Clinical rank score, mean® 94 95.8 95 942 .85
Change in 6-minute walk distance at 24 wk, median (IQR), m o5 15.0(-26.010 45.0) 80 5.0(-37.0to 55.0) a2
Change in peak oxygen consumption at 12 wk, median (QR), mL/kg/min 95 0.03 (—1.1010 0.67) o7 0.01(-1.35t01.25) 98
Change in §-minute walk distance at 12 wk, median (IR}, m 95 18.0 (—14.510 48.0) 99 100(-25010360) .13
Components of clinical rank score at 24 wk
Death, No. (36)” 103 o] 113 3(3) 25
Hospitalization for cardiovascular or renal cause, No. (%) 103 13 (13) 113 15(13) .89
Change in MLHFQ, median (IOR) a1 —B(-211c85) 91 —8(-1910 0) 44
Safety end points, No. (%)
Adverse events 103 78 (76) 13 50 (80) 4g
Serious adverse events 103 16 (16) 13 25(22) 22
Changs in lsft ventricular structurs by CMRI at 24 wk
Left ventricular mass by CMRI, g 47 06(-57107.9) 49 15(-59107.1) 93
Left ventricular end-diastolic volume by CMRI, mL 47 43(-155108.1) 49 37(-4810145) 13
Change in diastolic function parameters at 24 wk
Medial &, m/s 83 0.00 (~0.01 to 0.01) 7 0.00(-0.01to0.01) 88
Efe' 80 16(-47102.2) 75 02(-24t031) 16
PA systolic pressure, mm Hg 58 -2(-8108) 45 2(-5to7) 84
Change in core laboratory biomarkers at 24 wk
Creatinine, mg/dL 94 0.01(-0.10 t0 0.09) 4 0.05(-004100.15) 047
Cystatin C, mg/L. 95 0.01(-008100.11) 95 0.05(-0.04 to 0.16) 0
NT-proBNP, pa/mL 94 23 (198 to 138) o5 15 (90 to 372) 06
Endothelin-1, pg/mL 95 0.01(~0.48 t0 0.47) o5 0.38(-0.10t0 0.97) 045
Aldosterone, ng/dL a5 0(-7.0t04.8) 85 —-1.1(-7.7t0 3.0 .85
NT-procollagen Ill, pg/L 93 003 (14910154 95 0.07(-1.17 to 1.42) 7

Effects of sildenafil on invasive haemodynamics
and exercise capacity in heart failure patients with
preserved ejection fraction and pulmonary
hypertension: a randomized controlled trial

Elke S. Hoendermis'*, Licette C.Y. Liu', Yoran M. Hummel', Peter van der Meer!,
Rudolf A. de Boer!, Rolf M.F. Berger?, Dirk J. van Veldhuisen', and Adriaan A. Voors!

50 - P=0.14
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% 35
£ 30
s 25
20
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0
Sildenafil Placebo
Treatment effect -2.4 (95% Cl -4.5t0-0.3) ~4.7 (95% C1-7.1t0 -2.3)
0O nyHAL @ nyHAL @ NYHA I
P=058 P=041 P=0.50
Sildenafil  Placebo Sildenafil Placebo Sildenafil  Placebo Sildenafil  Placebo

Baseline Week 2 Week 4 Week 12
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N & \O Sacubitril (AHU377) Valsartan
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Sacubitril/valsartan — A first-in-class Angiotensin Receptor
Neprilysin Inhibitor — Simultaneously Inhibits NEP and the RAS

Vasoactive Peptide / Heart F?”ure\ Renin Angiotensin

System System

Angiotensinogen
(liver secretion)

#~ pro-BNP LCZ696 ;

S,

(00000000000000000
NT-pro BNP

Angiotensin |

ANP BNP CNP N o . ‘
LBQ657 Angiotensin Il
Adrenomedullin
Bradykinin N,N\

Subst P N
(:ngslcftr:;im 1)
Neprilysin * AT, receptor
oo Inactive 3;

<%°s" fragments °
vasodilation | LCZ696 is a novel crystalline
¥ blood pressure C0mp|eX consisting of the rVasoconstriction )
{ sympathetic tone molecular moieties of % blood pressure
valdosterone levels valsartan and sacubitril in * sympathetic tone
V fibrosis an equimolar ratio * aldosterone
¥ hypertrophy % fibrosis
Natriuresis/Diuresis * hypertrophy
J Vardeny O. JACC-HF 2014 .




NTproBNP (pg/ml)

PARAMOUNT: Significant Improvement in
Several Domains with Sacubitril/Valsartan

Improvement in NT-proBNP Improvement in Left Atrial Size
- 862 (Z§3,1012) 835 (710, 981) - 12 Weeks 36 Weeks
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900 J 2
. —®— Valsartan 3
800 —_—® >
1 g
700 i T £
—.— —
600 LCZ696 £}
500 — I LCZ696/Valsartan: %
] 0.77 (0.64, 0.92) 5
400 — P =0.005
i 783 (670,914) 605 (512, 714)
300
200 : . : : .
0 5 10 12 .
o Improvement in NYHA Class |
Weeks Post Randomization P :II\_/CIZG%
&= \\/orsened alsartan
Unchanged
Improved
110 P=0.11 P=0.05
100 7]
%) -
= 90 7
2 807
G 70 ]
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S 507
§ 40
S 307
Q207
10 7
0- .

LCZ696 Valsartan LCZ696 Valsartan
Week 12 Week 36 Solomon et al. Lancet 2012



//% PARAGONHRF

Target patient population: ~4,800 patients with symptomatic HF (NYHA Class II-1V) and

LVEF >45%
Randomizatien-+:1 —

J

: Double-blind treatment period
A :
- Active run-in period

VAo (LCZ696
80 mg BID*
4 Valsartan 160 mg BID

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

\ 4

o

up to 2 weeks 3-8 weeks ~240 weeks

v

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

hospitalizations (anticipated ~1,721 primary events)

Steering Cmt: S. Solomon, co-Chair, J. McMurray, Co-Chair, I. Anand, F. Zannad, A. Maggioni, M. Packer, M. Zile, B. Pieske, J.
Rouleau, M. Redfield, C. Lam, D. Van Veldhuisen, F. Martinez, J. Ge, H. Krum, M. Pfeffer
Solomon et al. JACC-HF 2017




SGLT2 Inhibitors Block SGLT2 and Reduce
Glucose and Na* Reabsorption

Reduced glucose and
sodium reabsorption

Based on this MOA, the Increased urinary
9 soLm Glucose - following occur?: excretion of excess
A filtration Remaining glucose * Diuresis glucose
« 4 Glucose is reabsorbed by < Natriuresis
@ sodium SGLT1 (10%) © HbA,, reduction

*  Weight loss
M scLmi + SBP reduction

B
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Outcomes in SGLT-2 Trials

No. at Risk
Empagliflozin
Placebo

Patients with Event (%)

4687
2333

EMPAREG

Hazard ratio, 0.62 (95% Cl, 0.49-0.77)
P<0.001
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DECLARE

Cumulative Incidence (%)

100+

90
80
704
60
50
40
30
20
104
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4347 4267 4198 4123 3011 1667 1274 1256 1236 1210 1180 1158 829 233
Canagliflozin 5795 5732 5653 5564 4437 3059 2643 2610 2572 2540 2498 2451 1782 490



Two HFpEF Outcomes Trials with SGLT-
Inhibitors

DELIVER Study Design Overview Primary endpoint

Time to first adjudicated event
of either:

EMPEROR-Preserved: Empagliflozin Outcome Trial in

Patients With Chronic HFpEF
* CVdeath

* Hospitalization for HF
¢ urgent HF visit

0 randomized patients

Heart failure (NYHA class I1-IV)

Dapagliflozin 10 mg

4126 e

patients

11
Double-blind

Empagliflozin 10 mg Placebo

v

All other HF medications per treating physician v' Typical symptoms/signs for HF for 26
weeks
Estimated completion: - . . .
v
June 2020 Visit 1 2 3 4 5 6 7 8 PACD scv :)erq:lFrmg treatment with diuretic(s)

P”T“arv Scvons Secondary endpoints: ‘ ‘ ‘ | ‘ L | ‘ ‘ ‘ v’ LVEF >40% AND evidence of structural

heart disease (LVH or LAE)

th OR ta

Day -21 1 30 120 240 360 480 600
Months 1 4 8 12 16 20 v’ Elevated NT-pro BNP
v Ambulatory OR Hospitalized (off
intravenous heart failure therapy)
E=Enrolment; R=Randomization; SoC= Standard of Care; PACD=Primary Analysis Censoring Date; ¥ No iv diuretics within 24 hours prior
- SCV=Study Closure Visit; to randomization
‘ LVH= Left Ventricular Hypertrophy; LAE= Left Atrial Enlargement

ClinicalTrials.gov. NCT03057951

ClinicalTrials.gov NCT03619213



InterAtrial Shunt Device

IASD proposed mode of action: dynamic decompression of
overloaded LA chamber by shunting blood from LA = RA

Feldman T...Shah SJ. Circ Heart Fail 2016

Change in PCWP: Baseline to 1 month
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Parachute use to prevent death and major trauma related
to gravitational challenge: systematic review of

randomised controlled trials
Gordon C S Smith, Jill P Pell

Parachutes reduce the risk of injury after gravitational challenge. but their effectiveness has
not been proved with randomised controlled trials BMJ 2003




