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HFpEF definition (ESC)

ESC GUIDELINES
@ ESC European Heart Journal (2021) 00, 1128

European Society doi:10.1093/eurheartj/ehab368
of Cardiology

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

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

With the special contribution of the Heart Failure Association
(HFA) of the ESC

Table 3 Definition of heart failure with reduced ejection fraction, mildly reduced ejection fraction and preserved ejection

fraction
Type of HF HFrEF HFmrEF HFpEF
< 1 Symptoms + Signs® Symptoms + Signs® Symptoms + Signs®
7 LVEF <40% LVEF 41—49%° LVEF >50%
E - - Objective evidence of cardiac structural and/or functional =
v abnormalities consistent with the presence of LV diastolic 5

dysfunction/raised LV filling pressures, including raised natriuretic peptides® -

HF = heart failure; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejec-
tion fraction; LV = left ventricle; LVEF = left ventricular ejection fraction.

*Signs may not be present in the early stages of HF (especially in HFpEF) and in optimally treated patients.

®For the diagnosis of HFmrEF, the presence of other evidence of structural heart disease (e.g. increased left atrial size, LV hypertrophy or echocardiographic measures of
impaired LV filling) makes the diagnosis more likely.

“For the diagnosis of HFpEF, the greater the number of abnormalities present, the higher the likelihood of HFpEF.



What do the ESC guidelines say about
treatment of HFmrEF & HFpEF

Recommendations for treatment of chronic HF — HFmrEF Class
An ACE-I may be considered for patients with HFmrEF to reduce the risk of HF

hospitalization and death. 1z
An ARB may be considered for patients with HFmrEF to reduce the risk of HF b
hospitalization and death.
A beta-blocker may be considered for patients with HFmrEF to reduce the risk of HF b
hospitalization and death.
An MRA may be considered for patients with HFmrEF to reduce the risk of HF b
hospitalization and death.
Sacubitril/valsartan may be considered for patients with HFmrEF to reduce the risk of HF b

hospitalization and death.

Recommendations for treatment of chronic HF — HFpEF Class
Screening for, and treatment of, aetiologies, and CV and non-CV comorbidities are !
recommended in patients with HFpEF (see relevant sections of this document).

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab368)

(before SGLT2i trials in HF)



Recommendations for the treatment of patients with
heart failure with preserved ejection fraction

Level®

Class®

Recommendations

Screening for, and treatment of, aetiologies, and

cardiovascular and non-cardiovascular comor-

bidities is recommended in patients with HFpEF <
(see relevant sections of this document).

Diuretics are recommended in congested

patients with HFpEF in order to alleviate symp- C

137

toms and signs.

Recommendations for the primary prevention of heart
failure in patients with risk factors for its development

Recommendations

Treatment of hypertension is recommended to
prevent or delay the onset of HF, and to prevent

HF hospitalizations.?®” ~2%°

Treatment with statins is recommended in
patients at high risk of CV disease or with CV
disease in order to prevent or delay the onset of

HF, and to prevent HF hospitalizations.””"**>

SGLT?2 inhibitors (canagliflozin, dapagliflozin,
empagliflozin, ertugliflozin, sotagliflozin) are rec-
ommended in patients with diabetes at high risk
of CV disease or with CV disease in order to

prevent HF hospitalizations.?”* 2%/

Counselling against sedentary habit, obesity, ciga-
rette smoking, and alcohol abuse is recom-

mended to prevent or delay the onset of
HF 298302

Class®

Level®

©ESC 2021



Multidisciplinary interventions recommended for the

management of chronic heart failure

Recommendations

It is recommended that HF patients are enrolled
in a2 multidisciplinary HF management pro-
gramme to reduce the risk of HF hospitalization

and mortality.309’314’315’316

Self-management strategies are recommended
to reduce the risk of HF hospitalization and

mortality.>®’

Either home-based and/or clinic-based pro-
grammes improve outcomes and are recom-
mended to reduce the risk of HF hospitalization

and mortality.”'%*"/

Influenza and pneumococcal vaccinations should

be considered in order to prevent HF

hospitalizations.>">>"¢

Class®

Level®

©ESC 2021



Etiological treatment

Hypertension : all antihypertensive drugs
CAD: revascularisation, BB ....

AF : amiodarone, ablation

Infections : vaccinations

Renal failure: ACE-|

Anemia
Diabetes : ACE-I, MRA, SGLT?2i



HFpEF patients often have the GMDT of
HFpEF when the etiology is treated ...



Diuretics

* lllogical (no major RAS stimulation,
hypervolemia ..)

» Risk of hypovolemia
» Often at low doses



Perindopril/indapamide vs
placebo in systolic aged HT

HYVET

No. at Risk
Placebo group

No. of Events per 100 Patients

Active-treatment group 1933

Placebo
& rr[ group
Sﬂ

P<0.001

-64%

2 Active-
treatment
1- group
0
0 1 2 3 4
Follow-up (yr)
1912 1430 794 367 188

1559 872 416 2238




Betablockers

* No trials in HFpEF
 SENIORS

— Positive effect of nebivolol when LVEF was > 35%

— But effect entirely driven by patients with LVEF
between 35 and 50%



Survival Estimate

Effects of betablockers in
reqistries (OPTMIZE-HF)

Hazard Ratio
(95% Confidence Interval)

Population and Outcome Unadjusted

Inverse-Weighted

Left ventricular systolic dysfunction

(n = 3,001)
Mortality 0.65 (0.57-0.73)
Readmission 0.82 (0.75-0.90)
Combined 0.79 (0.72-0.86)
Preserved systolic dysfunction
(n = 4,153)

Mortality 0.87 (0.77-0.97)
Readmission 0.96 (0.88-1.03)
Combined 0.95 (0.88-1.02)

1.0 1

0.9
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0.1 1 —— No beta-blocker

—-— Beta-blocker
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Survival Estimate

Hernandez JACC 09; 53: 184-92

0.77 (0.68-0.87)
0.89 (0.80-0.99)
0.87 (0.79-0.96)

0.94 (0.84-1.07)
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0.98 (0.91-1.06)
1.0
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—— No beta-blocker
-—- Beta-blocker
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RAS inhibitors (ACE-I, ARB)



ACE-I/ARB: Outcome-studies in HFpEF

CHARM-Preserved 50 — PEP-CHF Treatment Group
==+« Perindopril
Placebo 366 (24.3%) 40 | - Placebo
~ . 333 (22.0%)
Proportion 30 o
" Candesartan nexes .

anevent (%) g _

HR 0.92; 95% C10.70 to 1.21;

Cumulative Incidence of
Primary Events (%)

10 -
-~ HR 0.89 (95% CI10.77-1.03), P=0.118 oL P=0.545
Adjusted HR 0.86, P=0.051 0L T 1 ]
T T T T T T T 0 1 2 3 Time (years)
1 2 3 3.5 years
I-PRESERVE TOPCAT
HR (95% CI) = 0.95 (0.86-1.05 | |acebo 2 35171723 (204%)
Log-rank p=0.35 0
ST Placebo
2R | 320/1722 (18.6%)
N=4,128 _ Irbesartan g°
Z 22 Spironolactone
57 HR = 0.89 (0.77 - 1.04)
(Mean follow-up 49.5 months) i 1 p=°.1 38
= 0 12 24 ';6 43 GTO 72

0 € 12 18 24 30 36 42 48 54 60 Spro 1722 1502 1168 81 614 33 53

Paceho 1775 1467 1145 B 581 351




Sacubitril/valsartan

* Poorly effective when LVEF < 56% ..



PARAGON-HF study design

Randomized, double-blind, active comparator trial testing the hypothesis that sacubitril/valsartan, compared with
valsartan, would reduce the composite outcome of total HF hospitalizations and CV death

Randomization 1:1 Double-blind treatment period

s

. I
T—
Active single-blind run-in period :
-~ e ~ } ..
: Sacubitril/valsartan 97/103 mg BID

s . Valsartan Sacubitril/valsartan &
Eligibility Screening 80 mg BID 49/51 mg BID

o Valsartan 160 mg BID

Valsartan On top of optimal background medications for co-
40 mg BID morbidities (excluding ACEi and ARB)

Up to 2 weeks 3-8 weeks ) ~35 months

-~
~
~ -
~ -

-

Primary Endpoint Secondary Endpoints:
Composite of total (first and recurrent) HF hospitalizations + Improvement in NYHA functional classification at 8 months
and CV death * Changes in KCCQ clinical summary score at 8 months

* Time to first occurrence of worsening renal function

* Time to all-cause mortality

Together with

ESC Congress World Congress "
s 2019 of.Cardiotogy Solomon SD, et al. JACC-Heart Fail 2017; 5(7):471-482. PARAGONHF



PARAGON-HF primary results

Recurrent event analysis of total HF hospitalizations and CV death*

55
50
45
40
35
30
25
20
15
10

Mean cumulative events per 100 patients

o

*Semiparametric LWYY method.

Together with

Total HF hospitalizations and CV death

Valsartan (n = 2389)
1009 events, 14.6 per 100 pt-years

Sacubitril/valsartan (n = 2407)
894 events, 12.8 per 100 pt-years

Rate ratio 0.87 (95% CI 0.75, 1.01)
p =0.059

| 11 2 | 31 4 1]
Years

ESC Congress World Congress ”
¥ PARAGONF

Paris 2019 of Cardiology



HF hospitalizations and CV death

HF hospitalizations* CV death*
Patients
Events
Valsartan 212 (8.9%)
Valsartan 797 Sacubitril/valsart 204 (8.5%)
55 | Sacubitril/valsartan 690 0.55 1 acubitril/valsartan 270
Z 50 | 0.50 | . o
§ s Rate ratio 0.85 (95% Cl 0.72, 1.00) gl Hazgrgzratlo 0.95 (95% C1 0.79, 1.16)
ht 5 0] p =0.056 E 0.40 1 p=".
E 5 35 £ 03]
L; = 301 S 0307
(=]
ES 251 & 025
3 = 207 0.20 1
g S 15 0.15 1
s 10 0.10 -
5 0.05 -
04 0.00 .
| I | | | = T T T T
0 1 2 3 4 0 1 2 3 4
Years Years

*Semiparametric LWYY method

Together with

ESC Congress World Congress
Paris 2019 of Cardiology ﬂ PARAGONHE



Significant Heterogeneity in Mult
Ejection Fraction and Sex

Only interactions for sex and ejection fraction remained nominally significant

Subgroup No. of events/ Rate ratio
H 0,

Sex patients (95% Cl)
Male 980/2317 1.03 (0.85-1.25)
Female 923/2479  0.73 (0.59-0.90)

LVEF
at or below median (57%) 1048/2495 0.78 (0.64-0.95)
above median (57%) 855/2301 1.00 (0.81-1.23)

ESC Congress W‘orlld Congress
Paris 2019 of Cardiology

ivariate Analysis by

Primary endpoint
Multivariable

. . yal
l P < 0.006
I P =0.03 (categorical)
I P =0.002 (continuous)

0.4 0.6 08 1.0 2.0
Rate ratio (95% Cl)

Y PARAGONHF



Circulation

ORIGINAL RESEARCH ARTICLE 9

Sacubitril/Valsartan Across the Spectrum
of Ejection Fraction in Heart Failure

Editorial, see p 362 Scott . Solomon, MD |
Muthiah Vaduganathan,
BACKGROUND: While dseas fying therapies exist for heart failure (HF) MD, MPH | Brian L.

options are available Claggett, PhD | Milton
tnivalsartan has been Packer, MD | Michael Zile,
compared with a renin-angiotensin-aldoster inhibitor alone in 2 MD | Karl Swedberg,
similar signed al trials of patients with red ed and preserved LVEF, MD | Jean Rouleau, MD |
permitting examination of its effects across the full spectrum of LVEF. Marc A, Pfeffer, MD, PhD

with reduced left ventricular eject
for patients in the higher range of LVEF (>

METHODS: We combined data from PARADIGM-HF (LVEF eligibility<40%; LAT.Z':,:Y ,3:’,',’:3?&:"
n=8399) and PARAGON-HF (LVEF eligibilty245%; n=4796) in a prespecified pooled K opey, MD | Inder Anand,
analysis. We divided ran ized patients into LVEF categories: £22.5% (n=1269), MD | Nancy Sweitzer,
3987), >32.5% 10 42.59 ? MD | Gerard Linssen,
=2166), and >62.5% (n=1202 ssessed MD | Bela Merkely, MD

| Juan Luis Arango, MD

| Dragos Vinereanu, MD
| Chen-Huan Chen, MD

| Michele Senni, MD |

Incidence ra

RESULTS: Among 13 195 randor patients, we observed lower rates

cardiovascular death and HF hospit: lar rates of noncar ascular Antonio Sibulo, MD |
sest groups, Overall sacubitril/ Sergey Boytsov, MD |
. m inhibition for Victor Shi, MD | Adel
Ratio [HR] 0.84 R'zkala.'PharmblManin
95% C1, 0.78-0.90)), cardiovascular death (HR 0.84 (95% C, 0.76-0.92]), heart Lefkowitz, MD | John J.V.
failure hospitalization (HR 0.84 [95% CI, 0.77-0.91)), and al-cause mortality (HR McMurray, MD
0.88 [95% CI, 0.81-0.96)). The effect of sacubitrilivalsartan was modified by LVEF

(treatment-by-continuous LVEF interaction P=0.02), and benefit appeared to be
present for duals with EF primarily below the normal range, although
treatment ben wascular death diminished at a lower ejectic
We observec on by LVEF on the efficacy of sacubitril
both men and to composite total HF hos
cardiovascular de en derived benefit 1o higl

CONCLUSIONS: The therapeutic effects of sa artan, compared with
a renin-angiotensin-aldos! EF with

pear to
tion, These

n women
compared with men

CLINICAL TRIAL REGISTRATION: URL: http:
identifiers: NCT01920711 (PARAGON-H

nicaltr v. Unique
I[)lOiSZ‘)* \P»«kAOI(;M HF)

352  February 4, 200 Crestaton, 2020:141:352-361. DO 10,1169/ CRCULATIONAHA 110 044585

ScottD.Solomon.Circulation.

Treatment effects of sacubitril/valsartan vs
active comparator across a range of ejection
fraction for the composite of total HF
hospitalization and CV death

1.2 4

15 20 25 30 35 40 45 50 55 60 65 70 75
Ejection fraction (%)

Rate Ratio (sacubitril/valsartan vs RAS)

2020;352-361



MRAS

* NIH sponsored trial

e Spironolactone vs placebo in patients with
LVEF > 35%



TOPCAT
Summary of the results

End points Spironolactone (%)
n=1722

Primary* 18.6

CV mortality 9.3

Aborted cardiac arrest <1.0

HF hospitalization 12.0

*CV morality, aborted cardiac amest, or HF hospitalization

Placebo (%)
n=1723

20.4
10.2
<1.0

14.2

HR (95% CI

0.89 (0.77-1.04)
0.90 (0.73-1.12)
0.60 (0.14-2.50)

0.83 (0.69-0.99)

P

0.138
0.354
0.482

0.042



TOPCAT
spiro vs placebo
Heart Failure Hospitalizations

Total HF Hosp
Spiro : 394
Placebo: 475
P=0.005*

&

Placebo

Probability

Spironolactone
HR = 0.83 (0.69 — 0.99)

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

) p=0.042
L [ [ [ [ [ [ [
0 12 24 36 48 60 72
Months

*poisson regression



Exploratory (post-hoc). | I.'..E.‘;,EAI
Placebo vs. Spiro by region i
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SGLT2I
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OwFpEF

Masterclasses

EMPEROR-Preserved: reduction in CV death or HHF

in patients with HFpEF

N
(&)
3

Standard of care +
placebo

N
o
2

N
o
2

Standard of care +
empagliflozin

Cumulative incidence (%)
o

| | | | | | | |
0 3 6 9 12 15 18 21 24 27 30 33 36
Months since randomization

*During a median trial period of 26 months.
Anker S et al. N Engl J Med. 2021;385:1451.

RRR ARR NNT*
All

pts

HR: 0.79

(95% CI: 0.69, 0.90)
p<0.001



OwFpEF

Masterrlasses
Incentersof expetse

DELIVER- Primary Composite of CV Death, hHF or Urgent HF Visit

30

25
S

g 20
[ =
()]
©
‘S

£ 15
[J]
2
)
o
=}

£ 10
=}
(]

5

0

Number at Risk

DAPA 10 mg

Placebo

HR: 0.82 (95% CI: 0.73-0.92)

Placebo

DAPA 10
mg

Statistically
significant®
as early as

Day 13

M NNT=32"

! ! ! ! ! ! ! ! ! ! ! ! 1
0 90 180 270 360 450 540 630 720 810 900 990 1080

Days since Randomization

3131 3040 2949 2885 2807 2716 2401 2147 1982 1603 1181 801 389
3132 3007 2896 2799 2710 2608 2318 2080 1923 1554 1140 772 383

@Nominal significance at Day 13 (HR, 0.45; 95% Cl, 0.20-0.99; p=0.046), with sustained statistical significance starting at Day 15.

1. Solomon SD et al. N Engl J Med. 2022;387(12):1089-1098; 2. Solomon SD. Presented at: ESC Congress; August 26-29, 2022; Barcelona, Spain; 3. Vaduganathan M et al. Online
ahead of print. JAMA Cardiol. 2022.

18 -

'3.1%ARR
p=0.0008’



Q’) DELIVER

Outcome, n (%)

DAPA 10 mg
n=3131

Placebo
n=3132

HR (95% CI)

O

HR (95% Cl)

HFpEF

Masterclasses
Incentersof expetse

p-value

CV death or worsening HF?
CV death®
Worsening HF?
hHF
Urgent HF visit

512 (16.4)
231 (7.4)
368 (11.8)
329 (10.5)
60 (1.9)

610 (19.5)
261 (8.3)
455 (14.5)
418 (13.3)
78 (2.5)

0.82 (0.73-0.92)
0.88 (0.74-1.05)
0.79 (0.69-0.91)
0.77 (0.67-0.89)
0.76 (0.55-1.07)

1.00
40,50 1,25

Dapagliflozin Better

Placebo Better

2.00
>

0.00082

‘ Consistent treatment benefit across all prespecified subgroups I

ahHF or an urgent HF visit; PAlso a prespecified secondary endpoint.
1. Solomon SD et al. Online ahead of print. N Engl J Med. 2022; 2. Solomon SD. Presented at: ESC Congress; August 26-29,

2022; Barcelona, Spain.



OwFpEF

Masterclasses
Incentersof expetse

DELIVER and EMPEROR-Preserved Meta-Analysis:

| 20% (13-27%) Relative Risk Reduction of Primary Endpoint with
Consistent Reductions in Both Components

Cardiovascular Death or First Hospitalization for HF HR (95% ClI)
DELIVER —— 0.80 (0.71-0.91)
Overall HR 0.80; 95% CI 0.73-0.87
. P<0.0001
| 1 ! 1
0.50 0.75 1.00 1.25
Cardiovascular Death (excluding Unknown Death) HR (95% CI) Hospitalization for HF HR (95% CI)
DELIVER —— 0.88 (0.74-1.05) DELIVER — 0.77 (0.67-0.89)
EMPEROR-Preserved + 0.88 (073.1.07) EMPEROR-Preserved + 0.71 (080-084)
Overall HR 0.88; 95% C10.77-1.00  gyerall HR 0.74; 95% CI 0.67-0.83
g P=0.052 > P<0.0001
0.50 075 100 1.25 0.50 075 100 125

P\ eteroaeneity > 0-40 for all endpoints




N
=}
J

Hazard Ratio (95% Cl)
=
o

o
%
1

gl

nceners o eetise

O

Benefit of SGLT2i is Consistent, With no Attenuation, Across LVEF:2

N
=
]

=
o

Dapagliflozin
CV Death or hHF?

Interaction p-value = 0.71

Hazard Ratio (95% Cl)

I
o
1

T 1 1 T T T 1T T T 1T 1T T 1
15 20 25 30 35 40 45 50 55 60 65 70 75

ARB
CV Death or hHF

Interaction p-value = 0.35

CV Death or hHF?

Interaction p-value = 0.022

—

Empagliflozin
CV Death or hHF

Interaction p-value = 0.30

1 1 1 1 1 1 1 1 1 1 1 1 1
15 20 25 30 35 40 45 50 55 60 65 70 75
LVEF (%)

MRA
CV Death or hHF

Interaction p-value = 0.007

Digitalis
CV Death or hHF

Interaction p-value = 0.13

———

——

1 1 1 1 1 1 1 1 1 1 1 1 1
15 20 25 30 35 40 45 50 55 60 65 70 75
LVEF (%)

r 1T 1 1T 117 11T 1T T 1T 71T 1 T T T 1T T 7T T T 1T T T T 1
15 20 25 30 35 40 45 50 55 60 65 70 75 15 20 25 30 35 40 45 50 55 60 65 70 75

LVEF (%)

r T T 1T 1T 1T T 1T T T 1711
15 20 25 30 35 40 45 50 55 60 65 70 75

LVEF (%)

Differences among trial design, patient population, and treatment groups impact ability to directly compare results across different trials.

1. Kondo T et al. Eur Heart J. 2022;43(5):427-429; 2. In House Data, AstraZeneca. Data on file 161903.



OwFpEF

Masterclasses
In centers of expertise:

@ E S C European Heart Journal (2023) 00, 1-13 ESC GU I DELIN Es

European Society https://doi.org/10.1093/eurheartj/ehad195
of Cardiology

2023 Focused Update of the 2021 ESC
Guidelines for the diagnosis and treatment
of acute and chronic heart failure

Developed by the task force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association (HFA)
of the ESC

Recommendation Class®* Level® Recommendation Class®* Level®

An SGLT2 inhibitor (dapagliflozin or empagliflozin) is An SGLT2 inhibitor (dapagliflozin or empagliflozin) is
recommended in patients with HFpEF to reduce the 1

risk of HF hospitalization or CV death. ¢®

recommended in patients with HFmrEF to reduce 1
the risk of HF hospitalization or CV death.© ¢®

© ESC 2023

© ESC 2023




Exercise Training in
Diastolic Heart Failure

m A prospective, randomised, controlled study
Kompetenznetz to determine the effects of exercise training

Herzinsuffizienz . ] ] .
on exercise capacity and quality of life

Primary Endpoint: Change in maximum exercise capacity (peak VO,) at 3 months compared
to baseline
Secondary Endpoints: Quality of life, echo determined diastolic function, submaximal exercise
tolerance, neurohumoral activation; adhaerence and safety of exercise training

Flow Chart: Baseline characteristics (n=64):

Training (n=44)  Controls (n=20)

Age (years) 64+8 65, +6 n.s.
Combined endurance/resistance training LVEF (%) 68+7 67+9
n=
— NYHA i/l 35/9 20/1
Usual care (Controls) Grade diastolic 33/ 1 1317
dysfunction I/ Il
Baseline 3 months RR sys/dia 140/ 82 141/ 82
(mmHg)

Edelmann et al., J Am Coll Cardiol 2011



Change in E/e’ ratio

Echocardiography

3—.
P<0.001
* *
2—
. —
*kk
0_. O ———————————————
-1
=21
1
-3
| |
Training Control

Change in left atrial volume index [mL/m?]

4
P<0.001
* +
2—
W e l
0 L . —
-2
-4 1
| |
Training Control

Edelmann et al., J Am Coll Cardiol 2011



Spiroergometry

N
1

'y
1

-
|

Change in peak VO2 [mL/min/kg]
ro o
1 1

0
w
1

ik

P<0.001
* +

T I
Training Control

Change in maximum workload [Watt)

-
o
|

—
o
1

(3,
|

o
|

'
o
|

-
=
1

-
o
|

P<0.001
* +

| |
Training Control

Edelmann et al., J Am Coll Cardiol 2011



Quality of Life

Change in SF-36 physical functioning scale
o
[

fede ok
P=0.001
L +
I 1
Training Control

P=0.04

*hk

Change in MLWHFQ physical limitation scale
o
1

I
Training

Edelmann et al., J Am Coll Cardiol 2011




Peak VO, with Exercise Training

HFrEF HFpEF
30 30
25 25
20 X - —'
15 . ____, e
g_.—-.-
10 h _
— B o /
' =
5 5
0 T 0 T
Baseline 16 weeks Baseline 16 weeks

Quality of life also significantly improved in both groups with exercise

Smart N et al., Am Heart J 2007,153:530-536



A NOVEL PARADIGM
FOR HEART FAILURE WITH PRESERVED EJECTION FRACTION:
COMORBIDITIES DRIVE MYOCARDIAL DYSFUNCTION AND REMODELING
THROUGH CORONARY MICROVASCULAR ENDOTHELIAL INFLAMMATION

by
Walter J. Paulus, M.D., Ph.D." and Carsten Tschépe, M.D., Ph.D.}

from
Institute for Cardiovascular Research VU (ICaR-VU),

VU University Medical Center Amsterdam, Amsterdam, the Netherlands'
Department of Cardiology, Campus Benjamin Franklin (CBF),
Charité University, Berlin, Germany”

Word Count: 5962
Running Title: Myocardial Remodeling in HFPEF

Supported by a grant from the European Commission (FP7-Health-2010; MEDIA-261409)
No relatonship with industry to be disclosed



Shear stress and sport in HFpEF

Shear stress

‘ CHARITE uNVERSITATSNEDIZIN BERLIN J.-L. Balligand et al. Physiol Rev 2009;89:481-534



Effect of sport on
cardiorespiratory fitness in HFpEF

Study WMD (95% CI) % Weight
Kitzman 2010" = 260(1.38 382) 5817
Edeimann 2011 S PR 400(197.603) 2113
Smart 2012%° —s 160(-261,581)  4.90
Kitzman 2013°" —— 1.80 (0,54, 4.14) 1580
Overall Effect <> 272(1.79,365) 1000
Fu 0 00%: p 5049

Yout for overad efect: pe 0 0001

4 4 2 L] d 4 [
& Favoos conirol Favors exercise +

Change in peak oxygen uptake

St 208 7%Y

21 s 004 (054.062) 0227
Witzrman 2013
Overal Efnce <> 008 (001,0.98) 1900

Fw 0,00M%, p Q.08
Yeut for overall effect. pe 0.08

8 wd =2 [*] 2 Ll L)
& Favors control Favors sxarcise =
Change in E/A
Study

Kitzman 2010 "

WMD (95% CI) % Weight

————— 16.0'{-13.55. 45.55) 5287

‘ CHARITE uNvERSITATSNEDIZIN BERLIN Pandey A, et al. Circ HF 2015



Non-pharmacological managementin
HFpEF- Recommantations

Exercise prescription

Recommendations Class® Level® Ref€

It is recommended that regular
aerobic exercise is encouraged
in patients with heart failure to
improve functional capacity and
symptoms.

262,263

Level of Data derived from multiple randomized
evidence A | clinical trials or meta-analyses.

Classes of

- Definition Suggested wording to use
recommendations

McMurray JJ et al., Eur Heart ] 2012;33:1787-847




Management of patients with HFpEF

+ Exercise

@ESC—

ESC Guidelines on HF. Eur Heart J 2023



Comorbidities



HFPEF statements in 2023

@ ESC Europesn Journal of eart Fafure (X023) 25, 936955 CONSENSUS STATEMENT
European Sodely 10,1002/ 2894 THE PRESENT AND FUTURE
of Cardioiogy

JACC SCIENTIFIC STATEMENT
Patient phenotype profiling in heart failure

with preserved ejection fraction to guide Heart Failure With Preserved
therapeutic decision making. A scientific : < .
statement of the Heart Failure Association, EJeCtlon Fraction

the European Heart Rhythm Association of the JACC Scientific Statement
European Society of Cardiology, and the
European Society of Hypertension Barry A. Borlaug, MD,” Kavita Sharma, MD,” Sanjiv J. Shah, MD," Jennifer E. Ho, MD"

Anker SD, et al. Eur J Heart Fail 2023;25:936-55. Borlaug BA, et al. JACC Scientific statement 2023



Estimated prevalence of primary HFPEF phenotypes

Arterial Hypotension — 5-10%
Often a barrier to initiating HF therapies

Ejection fraction >65% - 8-10%
Consider secondary HFpEF, including
amyloidosis and HOCM

Ejection fraction 50 to 55% - 10-20%
Characteristics and response to treatment
may be similar to HFrEF

COPD - 15-20%
Safety of long-acting beta-agonists and
muscarinic agenists not well-established

Cachexia - 15-20%
Associated with a poor prognosis; increased risk

of adverse drug effects and drug interactions Patients with

HFpEF

Atrial Fibrillation - 15-30%
Associated with increased HF hospitalization

Pulmonary Hypertension - 20-30%
Worse symptoms and increased mortality

High Heart Rate (>80 bpm) - 20-30%
Associated with increased CV risk

Functional Tricuspid Regurgitation- 20-40%
Associated with increased mortality

Atrial FMR - 20-40%
Associated with increased mortality

Arterial Hypertension - 60-80%
Associated with increased mortality

Elderly (>65 years) - 60-70%
More likely to be white, women;
higher comorbidity burden

Coronary Artery Disease - 40-70%
More severe hemodynamic impairment; worse prognosis

Female Sex - 40-50%
Worse symptoms and quality of life; lower mortality

Chronotropic Incompetence - 30-50%
Associated with lesser exercise tolerance

Obesity - 30-40%
Worse symptoms, quality of life & prognosis

Iron Deficiency - 20-50%
Worse quality of life & prognosis

Sleep Apnoea - 20-50%
Effect on progression and prognosis of HFpEF not well-established

Type 2 Diabetes - 20-40%
Worse quality of life & prognosis

Chronic Kidney Disease - 20-40%
Associated with worse outcomes

Anker SD, et al. Eur J Heart Fail 2023;25:936-55.




Patient profiling in HFpEF and
consequent therapeutic considerations

Ferric carboxymaltose

Iron

Deficiency

Beta-blockers
Ca-channel blockers
Ranolazine
Trimetazidine

LAMA/LABA
Beta-blockers
(R1-selective)

Ischaemic
Heart
Disease

Dapagliflozin

Empagliflozin
Semaglutide _ _ Atrial Dronedarone
Tirzepatide + diuretics Fibrillation | PVI
(if congestion)
ACEi/ARB/ARNi
Indaéamiée Arterial L GLPl_RA-
_ _ Diabetes Metformin
Il:l/leRk,)Al‘VOIOI Hypertension Mellitus Finerenone (if CKD is also present)
s

Ca-channel blockers

Anker SD, et al. Eur J Heart Fail 2023;25:936-55.



Clinical phenogroups of HFpEF patients: TOPCAT trial

CENTRAL ILLUSTRATION Clinical Phenogroups in HFpEF

° Biomarkers P1 « Normal LV geometry

* Low arterial stiffness
« Low natriuretic peptides
° Echo » Markers of COPD (not
genuine HFpEF?)
* Low event rate

¢ vaSCUIar « Preferentially enrolled in

Russia/Georgia

Primary Endpoint

|

o
(0]
1

P2 « Concentric remodeling

« Very stiff arteries

« LA enlargement and AF

« High natriuretic peptides

* [Innate immunity activation

« High risk of primary endpoint

0.6 -

£

——
o
—
—

Survival Probability
©
D

« Obesity/Diabetes
« Inflammation (TNF-c)
» Abnormal metabolism, liver
and renal injury/dysfunction
« High renin
» Highest risk of primary endpoint

P < 0.0001

0 — 7 v -
0 1 2 3 4 5 6 7
Time (Years)

Hllﬂllill l\ 1l

« Preferential response to — Groups
spironolactone P1 P2 P3 — Phenogroup1 — Phenogroup 2 — Phenogroup 3

Cohen, J.B. et al. J Am Coll Cardiol HF. 2020;8(3):172-84.



OwFpEF

Masterclasses
In centers of expertise:

@ E S C European Heart Journal (2023) 00, 1-13 ESC GU I DELIN Es

European Society https://doi.org/10.1093/eurheartj/ehad195
of Cardiology

2023 Focused Update of the 2021 ESC
Guidelines for the diagnosis and treatment
of acute and chronic heart failure

Developed by the task force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association (HFA)
of the ESC

Recommendation Class®* Level® Recommendation Class®* Level®

An SGLT2 inhibitor (dapagliflozin or empagliflozin) is An SGLT2 inhibitor (dapagliflozin or empagliflozin) is
recommended in patients with HFpEF to reduce the 1

risk of HF hospitalization or CV death. ¢®

recommended in patients with HFmrEF to reduce 1
the risk of HF hospitalization or CV death.© ¢®

© ESC 2023

© ESC 2023




@ E S C European Heart Journal - Cardiovascular Imaging (2024) 25, 1517-1524 REVIEW

European Society  https://doi.org/10.1093/ehjci/jeae201
of Cardiology

Contemporary treatment options in heart
failure with preserved ejection fraction

Alexander Peikert ® ' and Scott D. Solomon © 2

Therapeutic options for the management of HFpEF

Non-pharmacological . Treatment of cardiac and
.p ! 5 Pharmacologic treatment of HFpEF . e
interventions non-cardiac comorbidities
Excercise training Diuretics if congestion is present Type 2 diabetes mellitus

Self-care support Hypertension

SGLT2 inhibitor

Cardiac rehabilitation Coronary artery disease

ARNI in selected patients with LVEF 50%-60%

(0] T14Y;

MRA in selected patients with LVEF 50%-60% Atrial fibrillation

Dietary sodium restriction

ARB in selected patients with LVEF 50%-60%

Other comorbidities







