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Classification of HF

HFrEF HFmrEF HFpEF
Symptoms £ Signs  Symptoms + Signs”  Symptoms  Signs®
LVEF <40% LVEF 41-49%° LVEF >50%

- - Objective evidence of cardiac structural and/or functional

CRITERIA

abnormalities consistent with the presence of LV diastolic

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 gjection 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 increased left atrial size, LV hypertrophy or echocardiographic measures of
impaired LV filing) makes the diagnosis more likely.

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

McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. 2021 Aug 27:ehab368.




Diagnosis

Diagnostic algorithm for heart failure

|

« Risk factors
=  Symptoms and/or signs
«  Abnormal ECG

I

P, NT-proBNP = 125 pgiml
= or BNP = 35 pg/mL
:, or if HF strongly suspected
§ or f NTproBNP/BNP unavailable

Echocardiography
Aﬁnorrml'ﬁndl'ngs
1
S
+
Heart failure confirmed

Define heart failure phenotype
based on LVEF measurement

¢ 3 g
=40% 41-49% =50%
{HFrEF) | | (HFmYEF) | (HFpEF)

L l J
Determine astiology and
commence treatment

Hearx fallure unlilshy

l

Consider other diagnoses

& Management

Management of patients with HFrEF

(Class I)

.
A

LVEF <35% and
QRS <130 ms and
where appropriate

l

ICD

Non-ischaemic  Ischaemic
(Class lla) (Class )

j 1

LVEF >35% or device SR and
therapy not indicated LVEF <35% and
or inappropriate QRS =130 ms

|

CRT-DY-P

QRS 130-149 ms QRS =150 ms
(Class Ila) (Class )

J

v

If symptoms persist, consider therapies
with Class |l recommendations

McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. 2021 Aug 27:ehab368.




Pharmacological treatments of HFrEF

Recommendations Class® Level®

An ACE-| is recommended for patients with HFrEF to reduce the risk of HF
10113

hospitalization and death.
A beta-blocker is recommended for patients with stable HFrEF to reduce the risk of
HF hospitalization and death.”"*

AnMRA is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death, "'

Dapaglfiozin or empagliflozin are recommended for patients with HFrEF to reduce the risk

of HF hospitalization and death, %%

Sacubitril/valsartan is recommended as a replacement for an ACE-l in patients with HFrEF to reduce the risk of HF

.
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hospitalization and death,'"”

McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. 2021 Aug 27:ehab368.




2008 FDA Guidance

Guidance for Industry

Diabetes Mellitus — Evaluating
Cardiovascular Risk in New
Antidiabetic Therapies to
Treat Type 2 Diabetes

U.5. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

December 2005
Clinical/Medical

To establish the safety of a new antidiabetic therapy to treat
type 2 diabetes, sponsors should demonstrate that the
therapy will not result in an unacceptable increase in
cardiovascular risk. 2 CVOTs (Cardiovascular Outcome
Trials).

* Independent cardiovascular endpoints (should include
MACE) committee.

* Patients at higher risk of cardiovascular events (s.a.
relatively advanced disease, elderly, renal impairment).

* Sponsors should perform a meta-analysis of the
important cardiovascular events across phase 2 and
phase 3 controlled clinical trials and explore similarities
and/or differences in subgroups (e.g., age, sex, race), if
possible.

FDA. Guidance for Industry Diabetes Mellitus - Evaluating Cardiovascular Risk in New Antidiabetic Therapies to Treat Type 2 Diabetes. 2008.



SAVOR-TIMI 53
n=16,492
3-P MACE

TECOS
n=14,671
4-P MACE

n=5,380

EXAMINE
3-P MACE

2013 2015 2016 2017
T Y

EMPA-REG
OUTCOME
n=7,020
3-P MACE

CVOTs Timeline

LEADER

n

=9,340

3-P MACE

DPP-4 inhibitors

SGLT2 inhibitors

GLP-1 receptor agonists

Insulin

|
| TZD
[

a-Glucosidase inhibitor ‘.

Cefalu WT, Kaul S, Gerstein HC, et al. Cardiovascular Outcomes Trials in Type 2 Diabetes: Where Do We Go From Here? Reflections From a Diabetes Care Editors’

SUSTAIN-6

n=3,297
3-P MACE

FREEDOM-CVO
n=4.156
4-P MACE

CARMELINA
n=7,003
3-P MACE

PIONEER &
n=3,176
3-P MACE

CAROLINA
n=6,072
3-P MACE

VERTIS CV
n = 8,000
3-P MACE

Dapa-HF
n=4,500
CV death, HF
hospitalization,
urgent HF visit

REWIND
n=9901
3-P MACE

EXSCEL
n=14,752
3-P MACE

IRIS
n=3_876
Fatal or nonfatal
stroke or M|

ACE
n=6,522
5-P MACE
{3-P MACE +
hospitalization

for HF or
unstable
angina)

HARMONY
Outcomes
n=9,400
3-P MACE

Expert Forum. Diabetes Care Jan 2018;41:14-31.

CREDENCE
n=4,464
ESRD, doubling
of creatinine,

renal/CV death

DECLARE-TIMI 58
n=17,276
3-P MACE; CV
death + HF

hospitalization

CV death or HF
hospitalization

Preserved
n=4,126
CV death or HF

hospitalization




EMPA-REG OUTCOME

Empagliiozin 10 mg once dall

Placebo
fun-i Empagiflozin 25 mg once dail
period

 Patients with T2DM, >18 years of age
and high cardiovascular risk, BMI <45
Kg/m?, eGFR >30 ml/min/1.73m?.

Fo il o L

Placebo once dally

* Mean age: 63.1 years; female: 28.5%;

Median observation time: 3.1 years
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Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med 2015; 373:2117-2128.



No. at Risk
Emipuglflozie
Placabo

p—
R
.
c
by
»
w
L
o
3
"
..
2
L]
3
N
o

{687
2333

EMPA-REG OUTCOME

Hazard ratio, 086 (95,02 €1, 0.74-0,9)
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CV death -38%
Any death -32%

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med 2015; 373:2117-2128.




EMPA-REG OUTCOME

Pluce h"] Table 2. Adverse Events.*

Empaglifiozin, Empagliflozin, Pooled
Placebo 10 mg 25 mg Empagliflozin
Event (N=2333) (N=2345) (N=2342) [N=4687)

number of patients (percent)
Any adverse event 2139 (91.7) 2112 (90.) 2118 (90.4) 4230 (902)
Hazard ratio, 165 {95% €1, 0.50-0,85) Severe adverse event 592 (25.4) 536 (22.9) 564 (24.1) 1100 (23.5)4
Pe0007 : . Serious adverse event
Any 988 (423) 876 (37.4) 913 (39.0) 1789 (382)
Death 119 (5.1) 97 (4.) 79 (3.4) 176 (3.8)§

Adverse event leading to discontinuation of a 453 (19.4) 416 (17.7) 397 (17.0) 813 (17.3)§
study drug
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Confirmed hypoglycemic
adverse event§

Any 650 (27.9) 656 (28.0) 647 (27.6) 1303 (27.8)
Requiring assistance 36 (1.5) 33 (1.4) 30 (1.3) 63 (1.3)
Event consistent with urinary tract infection 423 (18.1) 426 (18.2) 416 (17.8) 842 (18.0)
Male patients 158 (9.4) 180 (10.9) 170 (10.1) 350 (10.5)
Female patients 265 (40.6) 246 (35.5) 246 (37.3) 492 (36.4)%
Momh Complicated urinary tract infection** 41 (1.8) 34 (1.4) 48 (2.0) 82 (1.7)
{ Event consistent with genital infection{ 42 (1.8) 153-(6.5) 148 (6.3) 301 (6.4)}
NO. il R‘Sk Male patients 25 (L.5) 89 (5.4) 77 (4.6) 166 (5.0)7
Empagiiiozin b %2 T 1988 , 3 Female patients 17 (2.6) 64 (9.2) 71 (10.8) 135 (10.0)
Pateby i 20 2173 1032 12 /75 Event consistent with volume depletioni:i 115 (4.9) 115 (4.9) 124 (5.3) 239 (5.1)
Acute renal failureff 155 (6.6) 121 (5.2) 125 (5.3) 246 (5.2)§
Acute kidney injury 37 (1.6) 26 (1.1) 19 (0.8) 45 (1.0)%
HHF _35 % Diabetic ketoacidosisY§ 1(<0.1) 3(0.1) 1(<0.1) 4{0.1)
Thromboembolic event§§ 20 (0.9) 9 (0.4) 21 (0.9) 30 (0.6)
Bone fracture| | 91 (3.9) 92 (3.9) 87 (3.7) 179 (3.8)

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med 2015; 373:2117-2128.




CANVAS Program

« T2DM, =>30 years of age with
Integrated CANVAS Program dataset hiStOI'y of CV disease (65 6%) or >

10,142 randomized*
{ITT population)

50 years of age with 2 or more CV
risk factors (34.4%), eGFR >30
ml/min/1.73m?.

e Mean age: 63.3 years; women:
35.8%; median follow-up: 2.4 years.

Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N Engl J Med. 2017 Aug 17;377:644-657.
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No. at Risk
Placebo
Canaatflozin 5795 S672 S566 SA47 4341 2984 2555 28513 2480 M10 443

CANVAS Program

1 Hazard ratio, 086 (35% €1, 0.75-0.97)
P<0001 for noinletintity

1P 002 tor supenanty

182 208 234

Weeks since Randomization

4153 <OBL 2942 1626 1240 1217 1157 1156 1120 1095 789 216

MACE -14%

(CV death, non-fatal MI, non- fatal stroke)

Patients with an Event (96)

No. at Risk

Macebo

Canuglifozin

Y
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s Cumaghfiozin

T 1} | ]
208 234 260 286 312 338

104 130 156 182 208 234 260 286 312

Weeks since Randomization

7 4316 4279 €236 3119 1759 1356 1344 1328 1310 1292 1280 924 2
|
]

795 5768 572) S679 4576 3182 2761 2736 1710 2687 2651 2615 1904 537

CYV death — n.s.
Any death — n.s.

Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N Engl J Med. 2017 Aug 17;377:644-657.




CANVAS Program

Mazard ratio, 067 (95%
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Wooks since Randomization

No, at Risk
Macebo 47 42 3 3 i 156 I 1156 {0 1} d 829 13

Camaglifozin 5795 §7

Table 2. Adverse Events.”

Event Canagliflozin Placebo
event rate per 1000 patient-yr

All serious adverse events 104.3 120.0

Adverse events leading to discantinuation 35.5 32.8

Serious and nonserious adverse events of interest
recorded in the CANVAS Program

Acute pancreatitis (adjudicated)
Cancer
Renal cell
Bladder
Breast
Photosensitivity
Diabetic ketoacidosis (adjudicated)
Amputation
Fracture (adjudicated)
All
Low-trauma
Venous thromboembolic events

Infection of male genitalia§

Serious and nonserious adverse events of interest
collected in CANVAS alone9]

Osmotic diuresis
Volume depletion
Hypoglycemia

Acute kidney injury
Hyperkalemia
Urinary tract infection

Mycotic genital infection in women

Severe hypersensitivity or cutaneous reaction
Hepatic injury

Renal-related (including acute kidney injury)

P Valuey

Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N Engl J Med. 2017 Aug 17;377:644-657.




DECLARE-TIMI 38

DIAGNOSED TYPE 2 DIABETES
ESTABLISHED CV DISEASE O MULTIPLE RISK FACTORS

* T2DM, > 40 years of age with
established CV disease or with >1

RANDOMIZE 1:1 DOUBLE BLIND
DAPAGLIFLOZIN traditional CV risk factors (men >
10 mg DAILY All other DM Rx per treating MD

PLACEBO

55 years of age; women > 60 years
of age), eGFR >60 ml/min/1.73m?.

MEDIAN DURATION

FOLLOWP FOLLOW-UP CLINIC VISITS |  evewtomwen
APPROK.~4YRS | Q. MO. & TELEPHONE CONTACT /VISITQ3 MO, | 1390 EVENTS e Mean age: 63.9 years; women:
3'7.4%; median follow-up: 4.2 years.

Primary Safety EP: MACE (CV death, MI, or ischemic stroke)
Co-Primary Efficacy EPs: 1. MACE 2. CV death/ hospitalization for HF

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2019 Jan 24;380:347-357.



DECLARE-TIMI 38

Hazard ratio, .93 (95% €I, 0.84-1.03)
Pw0.17 for superiority 7
Placebo,~
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180 360 540 720 900 1080 1260 1440
Days

No. at Risk
Placebo 8578 8433 8281 8129 7969 7805 7649 7137 5158
anaghﬁozm 8582 8466 8303 8166 8017 73873 7708 7237 5225

MACE - n.s.
(CV death, non-fatal MI, ischemic stroke)

Hazard ratio, 0.83 (95% CI, 0.73-0,95)
P=0.005 for superiority
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Cumulative Incidence (%)

- 3 - T- T T T 1
180 360 540 720 900 1080 1260 1440

Days

No. at Risk
Placebo 8578 8485 8387 8259 8127 8003 7380 7367 5362
Dapaglnﬂonn 8582 8517 8415 8322 8224 E110 7970 7497 5445

CV death or HHF -17 %
Any death — n.s.

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2019 Jan 24;380:347-357.




DECLARE-TIMI

Dapaglifiozin Placebo Table 2. Safety Events.*

Qutcome (N=8562) (N=8578) Hazard Ratio (95% CI) P Value
rate/1000 fate /1000 Dapagliflozin Placebo Hazard Ratio

no, (%) patientyr  no. (%) patientyr Event (N=8574) (N=8569) (95% Cl) P Value

Cardiovascular death or hospitalization 417 (49) 122 496 (5.8) 147 0.83 (0.73-0.95)

for heart failure no. (%)

MACE 156(88) 226 803(94) 242 093 (0.84-1,03) ,

<4096 decrense ln €GER @3 108 @0(E 1) 076 (067-087) Serious adverse event 2925 (34.1) 3100 (36.2) 0.91 (0.87-0.96) <0.001

to <60 ml/min/L73 m¢, Adverse event leading to discontinuation 693 (8.1) 592 (6.9) 1.15 (1.03-1.28) 0.01
ESRD, or death from renal of trial regimen

of cardiovascular cause
Death from any cause §29(62) 151 570(66) 0.93 (0.82-1.04) Major hypoglycemic event 58(0.7) 83 (1.0) 0.68 (0.49-0.95) 0.02

) 12 (0.1) 2.18 (1.10-4.30) 0.02
Myocardial infarction 393 (4.6) HM1(5.1) ] 0.89 (0.77-1,01)
Ischemic stroke BRI 6 BLERY 6 101 (0:84-1.21) ) 13(13) 1.09(0.84-140) 053
Death from cardiovascular cause A5(29) 70 4929 7. 0.98 (0.82-1.17) Fracture 457 (5.3) 440 (5.1) 1.04 (0.91-1.18) 0.59

)

)

Hospitalization for heart failure a2(25) 62 8633 8 0.73 (0.61-0,88) Diabetic ketoacidosis 27 (03

Amputation 123 (1.4

Death from noncardiovascularcause 211 (25) 60 238 (28) 6. 0,88 (0.73-1.06) 207 (2.4) 1,00 (0.83-121) 0.99

40% decrease in eGFR 127(15) 37 23828 0,53 (0.43-0.66)
to.<60 mimin/L73 Acute kidney injury 125 (1.5 175 (2.0) 0,69 (0.5-0.87) 0.002
ESRO, or death from T
renal cause Genital infection 76.(0.9) 9(0.1) 8.36 (4.19-16.68) <0.001
040 030 ' Urinary tract nfection 127 (1) 133(L6) 093 (073-118) 0.54
D Madhe Cancer 481 (5.6) 486 (5.7) 0.99 (0.87-1.12) 083
Better Better Bladder cancer 26 (0.3) 45 (0.5) 0.57 (0.35-0.93) 0.02
Breast cancer 36 (0.4) 35 (0.4) 1,02 (0.64-1.63) 0.92
)
)

Symptoms of volume depletion 213 (2.5

HHF -27 % Hypersensitivity 32 (04 36 (0.4) 0.87 (0.54-1.40) 0.57

Hepatic event 82 (1.0 87 (10) 0.92 (0.68-1.25) 0.60

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2019 Jan 24;380:347-357.




Meta-analysis

EMPA-REG OUTCOME*

CANVAS Program™

DECLARE-TIMI 583

Drug

Doses analysed

Median follow-up time, yvears

Trial participants
Age, mean

Wormen

Patients with established atherosclerotic cardiovascular disease

Patients with a history of heart failure

Patients with eGFR =60 mLfmin per 173 m*

Empagliflozin
10 mg. 25 mg (once daily)
3-1
FOZ20
631
2004 (28-5%)
FO20 (100%)
706 (10-1%)
1819 (25-9%)

Canagliflozin

100 mg, 300 mag (once daily)

2-4
10142
633
3633 (35-8%)
6656 (65-69:)
14671 (14-4%)
2039 (20-1%)

Dapagliflozin
10 g (once daily)
4.2
17 160
63-9
6422 (37-4%)
6974 (40-6%)
1724 (10-0%)
1265 (7-4%6)

Data are n (%) vnless otherwise specified. The CANVAS Program consisted of two trials, CANVAS and CANVAS-R, but are presented combined. eGFR=estimated glomerular
filtration rate.
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1.Zelniker TA, Wiviott SD, Raz I, et al. SGLT2 inhibitors for primary and secondary prevention of cardiovascular and renal outcomes in type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials. Lancet. 2019 Jan 5;393:31-39.
2. Fitchett D, Zinman B, Wanner C, et al. Heart failure outcomes with empagliflozin in patients with type 2 diabetes at high cardiovascular risk: results of the EMPA-REG OUTCOME® trial. Eur Heart J. 2016 May 14;37:1526-34.




Meta-analysis

reatment rlacebo "
HR [95% C1] ' Patients  Events T’“’;’R“”' A *":j,f” Weights HR [95% C1)

Trials Patients Events Events Events Weights
per 100 ptyrs per 100 ptyrs

SGLT2i
EMPA-REG OUTCOME 7020 055 0.50. 0.85) EMPA-RECG OUTCOME 6908 52 8114645
CANVAS Program 10142 087052 0.67] CANVAS Progem 10142 249 NA

DECLARE-TIMI S8 17160 0.7310.61. 0.68) 12778582 238/8578

for HHF

i

HHF -31% e Overall kidney outcomes -45% *“

Hazard Radio Hazard Ratio

Modified: Zelniker TA, Wiviott SD, Raz I, et al. Comparison of the Effects of Glucagon-Like Peptide Receptor Agonists and Sodium-Glucose Cotransporter 2 Inhibitors
for Prevention of Major Adverse Cardiovascular and Renal Outcomes in Type 2 Diabetes Mellitus. Circulation. 2019 Apr 23;139:2022-2031

Effect of new glucose lowering drugs on cardiovascular outcomes in placebo-controlled trials

SGLT-2 Inhibitors |
<4 Risk mpaglifiozin %w_. 4 Risk
' — T et Nautral « Empaglifiozin:35%

Empaglifiozin:14%.
Empaglifiozin ' Car?asgllﬂozln: 149 Neutral effect: All SGLT-2 All SGLT-2 Canagliflozin: 33%
Canaglifiozin Dapaglifiozin: 17%* Canagliflozin, inhibitors Inhibitors Dapaglifiozin: 27%
Dapaglifiozin Dapaglmozln

Modified: Seferovi¢ PM, Coats AJS, Ponikowski P, et al. European Society of Cardiology/Heart Failure Association position paper on the role and safety of new
glucose-lowering drugs in patients with heart failure. Eur J Heart Fail. 2020 Feb;22:196-213.



DAPA-HF

8134 Patients underwent screening

31390 Were excluded
12 Died
15 Had an adverse event
84 Declined to participate
3279 Did not meat eligibility eriteria

1

4744 Underwent randomization

2373 Were assigned to receive 2371 Were assigned to receive
dapapliflozin placebo

249 Discontinued dapagliflozin 258 Discontinued place
complete follow-up for the 20 Had incomplete follow-up for the
primary outcome primary outcom
1 Had unknown vital status

6.

5=

Provision of signed informed consent prior to any study
specific procedures

Male or female, aged >18 years at the time of consent

Established documented diagnosis of symptomatic HFrEF
(NYHA functional class II-1V)

LVEF<40% (echocardiogram, radionuclide ventriculogram,
contrast angiography or cardiac MRI ) within the last 12
months prior to enrolment

. NT-proBNP >600 pg/ml (or if hospitalized for heart failure

within the previous 12 months, NT-proBNP >400 pg/ml) at
enrolment (visit 1). If concomitant atrial fibrillation at Visit 1,
NT-proBNP must be >900 pg/ml (irrespective of history of
heart failure hospitalization)

Patients should receive background standard of care for HFrEF

eGFR >30 ml/min/1.73 m2 (CKD-EPI formula) at enrolment
(visit 1)

McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N Engl J Med. 2019 Nov 21;381:1995-2008.



Characteristic

NYHA functional classification — no. (%)

Heart rate — beats/min

Systolic blood pressure — mm Hg

DAPA-HF

Dapagliflozin
(N=2373)

1606 (67.7)
747 (31.5)
20 (0.8
71.5+11.6
122.0+16.3

Left ventricular ejection fraction — %

Median NT-proBNP (IQR) — pg/ml 1428 (857—2655)

Characteristic
Heart failure medication — no. (%)
Diuretic

ACE inhibitor

41.8% diabetics
Median f-u: 18.2 m ARE

Sacubitril-valsartan

Placebo
(N=2371)

1597 (67.4)
751 (31.7)
23 (1.0
71.5+11.8
121.6+16.3

1446 (857-2641)

Mean age: 66.3 yrs
Women: 23.4%

Dapagliflozin

(N=2373)

2216 (93.4)
1332 (56.1)
675 (28.4)

Placebo
(N=2371)

2217 (93.5)
1329 (56.1)
632 (26.7)

Beta-blocker

Mineralocorticoid receptor antagonist

Digitalis

McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction.

2278 (96.0)
1696 (71.5)
445 (18.8)

2280 (96.2)
1674 (70.6)
442 (18.6)

N Engl J Med. 2019 Nov 21;381:1995-2008.



DAPA-HF

7 Hazard ratio, 0.74 (95% Cl, 0.65-0.85) ] Hazard ratio, 0.82 (95% CI, 0.69-0.98)
| P<0.001

I
6 9 12 15 18 21 24

X
[
v
£
[}
.
0
£
v
>
=
=
3
£
3
v

Cumulative Incidence (%)

| | | | |

9 12 15 18 21
Months since Randomization

Months since Randomization

No. at Risk

Placebo 2371 2258 2163 2075 1917 1478 1096 593
Dapagliflozin 2373 2305 2221 2147 2002 1560 1146 612

No. at Risk

Placebo 2371 2330 2279 2230 2091 1636 1219 664 234
Dapagliflozin 2373 2339 2293 2248 2127 1664 1242 671 232

Primary outcome -26 % CV death -18%
(CV death or worsening HF) Any death -17%

McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N Engl J Med. 2019 Nov 21;381:1995-2008.




DAPA-HF

Hazard fatio, 0.70 (95% Cl, 0.59—0.83) o Dapagliflozin significantly reduced the primary endpoint, regardless of diabetes status

T2D2 No T2D

HR 0.75 (0.63, 0.90) Placebo HR 0.73 (0.60, 0.88)

DAPA 10 mg

DAPA 10 mg

Cumulative Percentage, %
Cumulative Percentage, %

I O A O S T S e N S R S —
6 9 12 15 18 21 24 o 3 6 9 12 15 18 2 24 6 9 12 15 18 21 24
Number at Risk Months from Randomization Number at Risk Months from Randomization
DAPA10mg 1075 1037 994 955 876 678 500 259 DAPA10mg 1298 1268 1227 1192 1126 882 646 353 122

X
[}
Y]
e
[
=
v
=
[
£
o)
B
3
£
-
v

Placebo 1064 1005 949 899 816 9 Placebo 1307 1253 1214 1176 1101 848 627 340 121

p-interaction=0.80
T T T T 1. McMurray J. Presented at: AHA Scientific Sessions; November 16-18, 2019; Philadelphia, PA;
9 12 15 18 2. McMurray JIV et al. Online protocol. N Engl J Med. 2019.

Months since Randomization — )
y outcomes

' Discontinuation due to adverse event— no./tatal no, (%) 1112368 (4.7) 116/2368 (4.9)
No. at Risk

Adverse events of interest — no, /total no, (%)

Placebo 2371 2264 2168 2082 1924 1483 1101 Volume depletin 17872368 (15) 162/2368 (6.9)
Dapagliflozin 2373 2306 2223 2153 2007 1563 1147 Renal adverse eyent 1532368 (65) 17072368 (712}
Fraciie 192368 2.1) 072368 (21)
Aputition 13/2368 (05 12/2368 (03

HHF -30 % Major hypoglycemia 42368 (0.2) 42368 (0.2)

Diabetic ketoscidosisti 312368 (0.1) 0

Fournier's pangrene 0 172368 (<0.1)

McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N Engl J Med. 2019 Nov 21;381:1995-2008.




7220 patients screened for eligibility

L
3730 were randomized

1863 assigned
to empagliflozin

Drug discontinued
Nonfatal adverse event (158)
Request by patient (92)
Other reasons (53)

\j

Incomplete follow-up for
primary end point in 22

EMPEROR-Reduced

Age > 18 years at screening. For Japan only: Age > 20 years at screening
Men or women

Patients with CHF diagnosed for at least 3 months before Visit 1, and
currently in NYHA functional class II, 1II or IV

Not randomized

Not eligible (3314)
Withdrawal of consent (80)
Adverse event (21)
Lost to follow-up (19)

1867 aésigned
to placebo

iscontinued
Nonfatal adverse event (167)
Request by patient (124)
Other reasons (44)

\

Incomplete follow-up for
primary end point in 20

Other reasons (56)

Median follow-up
16 months

Final vital status
known in 99.4%

(all but 21 patients)

12 g9 = ey

Chronic heart failure with a reduced left ventricular ejection fraction
(LVEF), defined as LVEF < 40%
In addition to LVEF < 40%, patients must have at least one of the

following :

a) If EF >236% to <40%: elevated NT-proBNP at Visit 1 >2500
pg/ml for patients without AF, OR >5000 pg/ml for patients with
AF, analyzed at the Central Laboratory,

b) If EF >31% to <35%: elevated NT-proBNP at Visit 1 >1000
pg/ml for patients without AF, OR >2000 pg/ml for patients with
AF, analyzed at the Central Laboratory,

c) If EF<30%: elevated NT-proBNP at Visit 1 >600 pg/ml for
patients without AF, OR >1200 pg/ml for patients with AF,
analyzed at the Central Laboratory

d) For EF< 40% and documented hospitalization for heart failure

within 12 months prior to visit 1, elevated NT-proBNP at Visit 1
>600pg/ml for patients without AF and >1200 pg/ml for patients
with AF

Appropriate dose of medical therapy for heart failure

Appropriate use of medical devices such as ICD or CRT

Body mass index (BMI) < 45 kg/m2 at Visit 1 (screening)

Signed and dated written ICF (informed consent) in accordance with
GCP and local regulations, prior to admission to the trial

Packer M, Anker SD, Butler J, et al. Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N Engl J Med. 2020 Oct 8;383:1413-1424.



EMPEROR-Reduced

Empagliflozin Placebo
Characteristic {(N=18863) (N=1867)

Left ventricular ejection fraction
Mean value 27.7+6.0 27.2+6.1

Value of <30% — no. (%) 1337 (71.8) 1392 (74.6)

T Mean age: 66.9 yrs
Median value (IQR) — pg/ml 1887 (1077-3429) 1926 (1153—3525) Women: 24 %

Value of 21000 pg/ml — no./total no. (%) 1463 /1862 (78.6) 1488/1866 (79.7)
Estimated glomerular filtration rate

Mean value — ml/min/1.73 m? 61.8+21.7 62.2+21.5

Value of <60 ml/min/1.73 m? — no./total no. (%

Empagliflozin Placebo
Characteristic (N=1863) (N=1867)

Heart failure medication — no. (%)

498% diabetiCS Renin—-angiotensin inhibitorf
) Without neprilysin inhibitor 1314 (70.5) 1286 (68.9)
Medlan f_U: 16 m With neprilysin inhibitor 340 (18.3) 387 (20.7)

~

Packer M, Anker SD, Butler J, et al. Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N Engl J Med. 2020 Oct 8;383:1413-1424.



EMPEROR-Reduced

Hazard ratio, 0.75 (95% CI, 0.65~0.86) Placebo
P<0.001
. - Empaglifiozin

o
X
e
)
v
c
]
T
]
£
v
2
-
S
]
£
3
v
j:
©
E
Lol
1]
i

Placebo

_ o = - Empaglifiozin

T

270 360 450 540 630
Days since Randomization

No. at Risk
Placebo 1867 1715 1612 1345 1108 854 61l 410
Empagliﬂozin 1863 1763 1677 1424 1172 909 645 423

No. at Risk
Placebo
Empagliflozin

Mean Number of Events per Patient

Hazard ratio, 0.70 (95% Cl, 0.58-0.85)
P<0.001

_ 1 Empaglifiozin

1367
1863

T T T
270 360 450

Days since Randomization

1820 1526 1285 1017
1826 1532 1283 1008

T
720

1
810

Primary outcome -25%
(time to CV death or HHF)

HHF -30%

Packer M, Anker SD, Butler J, et al. Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N Engl J Med. 2020 Oct 8;383:1413-1424.




EMPEROR-Reduced

Subgroup Empagliflozin Placebo Hazard Ratio (9526 CI)
no. of patients with events/total no.

Overall 361/1863 4621867 0.75 (0.65—0.86)
Baseline diabetes status
Diabetes 2004927 265/929 0.72 (0.60—-0.87)

(|
=

No diabetes 161/936 197/938 — 0.78 (0.64—-0.97)
=

Baseline use of ARNi
No 310/1523 369/1480 0.77 (0.66—0.90)
Yes 51/340 93/387 |—-—| 0.64 (0.45—0.89)

I T T T
0.125 0.25 0.5 1.0 2.0 4.0

-~

Empagliflozin Better Placebo Better

Selected adverse events of interest

Hwyvpotension 176 (D.4) 163 (8.7)
Symptomatic hypotension 106 (5.7) 103 (5.5)
Wwolume depletion 197 (10.6) 184 (9.9)
Ketoacidosis O (O.0O) O (O0.0)
Hyvpoglyvycemic events™ 27 (1.4) 28 (1.5)
In patients with type 2 diabetes 20 (2.2) 22 (2.4)
In patients without tyvpe 2 diabetes T (O.7F) S (0.6)
Urinary tract infections 91 (4.9) 83 (4.5)
Complicated urinary tract infections 19 (1.0) 15 (0.8)
Genital infections 31 (1.7) 12 (0.6)
Complicated genital infections S (0.3) 5 (0.3)
Bone fractures 45 (2.4) 42 (2.3)
Events leading to lowvwer limb amputation 13 (0O.7F) 10 (0O.5)

Packer M, Anker SD, Butler J, et al. Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N Engl J Med. 2020 Oct 8;383:1413-1424.




omparison

Verma S, McGuire DK, Kosiborod MN. Two Tales: One Story: EMPEROR-Reduced and DAPA-HF. Circulation. 2020 Dec 8;142:2201-2204.
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Zannad F, Ferreira JP, Pocock SJ, et al. SGLT2 inhibitors in patients with heart failure with reduced ejection fraction: a meta-analysis of the EMPEROR-Reduced and
DAPA-HF trials. Lancet. 2020 Sep 19;396:819-829.
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11583 patients screened for eligibility

to empagliflozin

1 patient did not start treatment

Drug discontinued
Nonfatal adverse event (326)
Request by patient (284)
Other ['651]

Missing (1)

2991 assigned
to placebo

1 patient did not start treatmant

Drug discontinued
Nonfatal adverse event (309)
Requast by patient {304)
Other (80)

Missing (6]

'

Median follow-up
26.2 months

Final vital status
known in 99.4%
(all but 36 patients)

EMPEROR-Preserved

Age > 18 years at screening. For Japan only: Age > 20 years

Male or female patients.

Patients with chronic HF diagnosed for at least 3 months

before Visit 1, and currently in HF NYHA class II-IV

Chronic HF with preserved EF defined as LVEF > 40 %

Elevated NT-proBNP > 300 pg/ml for patients without AF,

OR > 900 pg/ml for patients with AF, analysed at the

Central laboratory at Visit 1

Patients must have at least one of the following evidence of

HF:

a. Structural heart disease (left atrial enlargement and/or left
ventricular hypertrophy) documented by echocardiogram
at Visit 1 or within 6 months prior to Visit 1, OR

b. Documented HHF within 12 months prior to Visit 1

Oral diuretics, if prescribed to patient according to local

guidelines and discretion of the Investigator, should be

stable for at least 1 week prior to Visit 2 (Randomisation)

Body Mass Index (BMI) < 45 kg/m? at Visit 1

|"C?mP|¢te:°|'°}’"l.1Pf:f ‘"“"f‘""W'"""“'**'"'*‘*'l' |ﬂff3mll|¢!° lollo}'f*L.lP;;f croaimasy i 9. Signed and dated written ICF in accordance with GCP and
primaryend pointin8 i primary end pointin 88 |, 1 local legislation prior to admission to the trial.

Lost to follow-up (4]

Anker SD, Butler J, Filippatos G, et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N Engl J Med. 2021 Aug 27.



EMPEROR-Preserved

Charactarintic

NYMA funcuona! clesssficavon
Class )
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Class W

Left voaniricular sjection lraction

Maoan left vontrnicular glociion fraction
Lett vontricwlar ejeciion fraction

LefN ventricular gpecian fractrom 2507
Lett ventriculery gyecian fractiorn w00,

Mediar NT . proBNP (interguartiie range) P/
Meart Iallpew Catwpory e ]
Inchammic

Narnmchem

Empaglifoxin
(N - 2997)

» (O.X)

1010%)

99% (A 3.2)
1028 (24 . ))
974 (32

994 (501 -1 740)

1079 (36.0)

19217 162 .0)

Chamciarilig

Median f-u: 26.2 m

Me

deaavasoulor history ne, ™)

Hosptalizaton 100 Beant Tuiture during previous
Afrial it llation

Diabetes mealiitus

)17,;-1"[1"".:-;'-

an eGIR

mi/mun/l. /) m

mi/min/1.72im? noJee

N (0.3)
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RO30 (34 4)

D72 (32.5)

VAN (498

1038 (34

L9353} (65

13 mo

172%)

)
1)

Mean age: 71.8 yrs
Women: 44.6%

Flarcbas
(M = 29801 )

Empaglifazin
[P = DT

699 (23.3) &70 (22

1543 (51.9)

1514 (50,0
1106 (A5.9)

2721 (90 8) 270) ($0

G062 19% GG 10

1504 /2997 1 L84/ 2989 (49.6)

Anker SD, Butler J, Filippatos G, et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N Engl J Med. 2021 Aug 27.



No. at Risk
Placebo
Empagliflozin

X
9
Y
£
o
3
v
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EMPEROR-Preserved

| Hazard ratio, 0.79 (95% €1, 0.63-0.90)
P<0,001 Placebo

Empagliflozin

T T 1

T T T 1
15 18 21 24 27 30 33 36

Months since Randomization

2991 2888 2786 2706 2627 2424 2066 1821 1534 1278 961 681 400
2997 2928 2843 2780 2708 2491 2134 1858 1578 1332 1005 709 402

Primary outcome -21%
(time to CV death or HHF)

Mean No. of Events per Patient

No. at Risk

Empaglifiozin

' .~ Placebo
Hazard ratio, 0.73 (95% CI, 0.61-0.88)

P<0.001

Empagliflozin

Months since Randomization

2991 2945 2901 2855 2816 2618 2258 1998 1695 1414 1061 747 448
2997 2962 2913 2869 2817 2604 2247 1977 1684 1429 1081 765 446

HHF -27%

Anker SD, Butler J, Filippatos G, et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N Engl J Med. 2021 Aug 27.




Subgroup

Overall

Dhabetes at baseline

Yes
Mo
LVEF at baseline

EMPEROR-Preserved

Empagliflozin

Placebo

Hazard Ratio (95

ro. of patierts with events ftotal na.

415/2597

239/1466
176/1531

145 /995

138/1028
132/974

Subgroup

31172951

29111472
22071519

193/98%
17371030
145973

HlH

=
f—=—]

—a—]

0.25 0.50 1.0

B — e ———— e

Empagliflozin Better Placebo Better

Empagliflozin

Hospitalization for heart failure =12 mo
_—

Mo

Yes

MY HA class at baseline

n
M or I

258,/2298
157 /699

2FE /2435
140/S62

MNT-proBMNP at baseline (calculated by
atrial fibrillation /Mutter status)

=hAedian
=hiedian

126/147F
28871516

Use of ACE-inhibitor, ARB, or ARNI at baseline

No
Yes

Use of MRA at baseline

No
Yes

20/569
325/2428

233,1878
18271119

% Cl)

0.79 (0.69-0,50)

0.79 (0.67-0.94)
0.78 (0.64-0.95)

0.71 (0.57-0.88)
0.80 (0.64-0,99)
0.87 (0.69—1.10)

200

Placebo Hazard Ratio (95% CI)
no. of patients with events/total no.

319/2321
192 /670

361 2452

150,539

168,/1502
34141476

121 /587
390/2404 =

30671866 i

20571125

(0.
{o.

(0.
(o

0.76 (0.
0.78 (0.

0.75 (0.
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64— 0. 87)
62— 1.09)

61 —0.96)
67— 0.91)

57-0.99)

0.80 (0.62—-0.93)

0.73 (0.62—0.87)

0.87 (O.

0.25 0.50 1.00 2.00

Empagliflozin Better

e

Placebo Better

Anker SD, Butler J, Filippatos G, et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N Engl J Med. 2021 Aug 27.
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Which, When, How to use?

* Naive patient
e Chronic heart failure

* Worsening heart failure




