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{Stage C) patients
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N LVEF =35%;
>1 y survival

Refractory HF
(Stage D)

LVEF s40%
Persistent HFrEF | NYHA I1-1IK;
(Stage C) ambulatory IV;
— - LVEF <35%;
NSR and QRS
=150 ms with LBBB

Symptoms
improved

LVEF >40%
HF.‘-mpEF Recommendation for SGLT2i
{'5“2& C) Referenced studies that support the recommendation are summarized in the

COR LOE RECOMMENDATION
1. In patients with symptomatic chronic HFrEF, SGLT2i are recommended to reduce hospitalization for HF
and cardiovascular mortality, irrespective of the presence of type 2 diabetes (1,2).

Value Statement: Intermediate 2. In patients with symptomatic chronic HFrEF, SGLT2i therapy provides intermediate economic value (3,4).
Value (A)

2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure



Symptomatic HF with
LVEF £1%-49%

2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure

Symptomatic HF with
LVEF 250%




HFpEF Treatment

}

For individuals with
fluid retention,

NYHA class II-IV

:

Titrate

For women (all EFs),
men with EF <55 -
60%, those with fluid

retention

!

Add

|

MRA

For women (all EFs),
men with LVEF
<55-60%

.

Add

ARNI

}

Far ARNI-eligible
individuals who
cannot take due to
cost or intolerance

|
Add

}

ARB

2023 ACC Expert Consensus Decision Pathway on Management of Heart Failure With Preserved Ejection Fraction




[
Pharmacological treatments indicated in patients with (NYHA class l1-1V) heart failure with reduced ejection fraction
{LVEF <40%)

An ACE-| s recommended for patients with HFrEF to reduce the risk of HF
hospitalization and death.!"® 1"

A beta-blocker is recommended for patients with stable HFrEF to reduce the risk of

HF hospitalization and death.''*~'*

An MRA is recommended for patients with HFFEF 1o reduce the risk of HF hospitalization and death, ™"
Dapaglificzin or empagliflozin are recommended for patients with HFrEF to reduce the risk

of HF hospitalization and death, '™

Sacubitrl’valsartan is recommended a% a replacernent for an ACE-l im patients with HFEF to reduce the risk of HF
haspitalization and death.'™

{

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

D ESC 2021



GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: OVERALL APPROACH

FIRST-LINE THERAPY IS METFORMIN AND I:IIHFIIEI'IEHSWE LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSICAL ACTIVITY)
IF HbA, ABOVE TARGET PROCEED AS BELOW

T0 AVD
CLINICAL i
REASSESS AND

MODIFY T
REGULARLY
(3-4 MONTHS)

\

ESTABLISHED ASCVD OR CKD J’
l WITHOUT ESTABLISHED ASCVD OR CKD
: HF OR CKD PREDOMINATES
< % COMPELLING NEED TO MINIMISE WEIGHT
PREFERABLY COMPELLING NEED TO MINIMISE HYPOGLYCAEMIA GAIN OR PROMOTE WEIGHT LOSS COST IS A MAJOR ISSUE™ "
SBLT2i with evidence of reducing
SGLT2i with HF andIur CKD progression in | GLP-1 RA with
GLP-1 RA proven CVD T e REE, epuate 0PP-ii GLP-1RA SGLTZF 20 quodefficacy. | SEUTI o "
with proven benefit!, | F==—=====- OR ——=——————o for weigh Loss?
CVD benefit if eGFR If SBLTZi nol tolerated or :

adequate’ contraindicated or if ¢GFR less i *ﬁ'u Efi.ﬁ i il.k ";t“ 4’ \b

than adequate’ add GLP-1 RA above target above target ‘ above target above target [ If HbA, above larget ] If HibA,, above target

with proven CVD benefit .
\ \ o ¢ ¢ 4’ ‘b .L ¢ * 4’
b 4 ¢ GLP-1RA SELT2H
If HbA, above target | If HbA,_ above target J SGLT2i SGLT 2 OR DR GLP-1 RA with
= 4' = e — OR OR DPP-4i DPP-4i SG6LT2it good efficacy " sue
TiD TiD 0R OR fr weight loss®
If fgnhgr intensification is required or « Avoid T2 in the setting of HF ri | GLP-1RA

EiEETtRIE :::.f:rn;:ﬁi;? tﬂ“;:::f Chaase agents demanstrating CV safety: :nl; \lf g \l«' 'lr - 'b ‘I’ 4’ 4&

agents demonstrating CV safety: : tn?nsider adding the nthsr class [ If HbA,, above target ] If HbA, above target ] [ If HbA,_ above target
« Consider adding the other class YOUL B % \l/ \lf sl- sL

« DPP-4i nat saxagliptin) in the setting | -

(ELP-1 RA or SGLTZi) with proven
CVD benefit
OPP-4i if nat on GLP-1 RA

-

of HF {if not on GLP-1 RA)
Basal insulin*

Continue with addition of ather agents as outlined above

¥

[f triple therapy required or SBLTZi
andlor GLP-1 RA not tolerated or
contraindicated use regimen with

« Insulin therapy basal insulin with
lowest aequisition cost
OR

o - 51
. Basgllnsulm‘ [ If HbA, above target J lowest risk of weight gain + Consider OPP-4i OR SGLTZi with
. 151|:|? ¢ PREFERABLY lowest acquisition cost”

DPP-&i (if not an GLP-1 RA)
based on weight neutrality

¥

|f DPP-&i not tolerated or
contrzindicated or patient already on
GLP-1 R&, cautious addition of:

+ SU* » TZDF » Basal insulin

Consider the addition of SU* OR basal insulin:

« Choose later generation SU with lower risk of hypoglycaemia
+ Consider basal insulin with lower risk of hypaglycaemia’

. Low dose may be better tolerated though less well studied for CVD effects
Choase later generation SU with lower risk of hypoglyczemia
Degludec | glargine UZ00 = glargine U100/ detemir = NPH insulin
. Semaglutide > liraglutide > dulaglutide » exenatide = lixisenatide
. If no specific comorbidities (i.e. no established CYD, low risk of hypoglycaemia and Lower
priarity to aveid weight gain or no weight-related comarbidities)
10. Conzider country- and region-specific cost of drugs. In some countries T20s relatively more
expensive and DPP-4i relalively cheaper

1. Prowen CVD benefit means it has label indication of reducing CVD events. For GLP-1 RA strangest
evidence for liraglutide = semaglutide = exenatida exlended ralease. For SELTZI evidence
modestly stronger for empagliflazin = canaglificzin,

2. Be aware that SG6LTZi vary by region and individual agent with regard to indicated level of eGFR
for initiation and continued use

3. Buoth empagliflozin and canaglifiozin have shown reduction in HF and reduction in CKD
progression in CVOTs

& Degludec or UT00 glargine have demonsirated CVD safely

P T - S



A Systematic Review and Network
Meta-Analysis of Pharmacological
Treatment of Heart Failure With
Reduced Ejection Fraction

Our analyses on patients from large multiethnic HF registries found
that comprehensive pharmacological therapy (ARNi, BB, MRA, and

SGLT2i) can collectively extend life-expectancy in HFrEF by 7.9 years in
a 50-year-old and by 5.0 years in a 70-year-old patient compared with

Treatment

ARNI + BB + MRA + SGLT2
ARNI + BB + MRA + Vericiguat
ARNI + BB + MRA + Omecamtiv
ACEI + BB + Dig + H-ISDN
ACEI + BB + MRA + IVA

ACEI + BB + MRA + Vericiguat
ACEIl + BB + MRA + Omecamtiv
ARNI + ARB + BB + Dig

ARNI + BB + MRA

ACEI + BB + MRA

ACEI + MRA + Dig

ACEI + BB + Dig

ARB + BB + Dig

ACEI + ARB + Dig

Dig + H-ISDN

ARNI + BB

ACEI + BB

ARB + BB

ACEI + Dig

ARB + Dig

BB

ACEI

ARB

Dig

PLBO

Tromp, J. et al. J Am Coll Cardiol HF. 2022;10(2):73-84.

All-Cause Mortality

HR  (95%CI)

0.39 (0.31-0.49)
0.41(0.32-0.53)
0.44 (0.36-0.55)
0.46 (0.35-0.61)
0.48 (0.39-0.58)
0.49 (0.39-0.62)
0.52 (0.43-0.63)
0.65 (0.55-0.76)
0.44 (0.37-0.54)
0.52 (0.44-0.61)
0.66 (0.56-0.78)
0.68 (0.59-0.78)
0.73 (0.64-0.83)
0.83 (0.72-0.96)
0.67 (0.53-0.86)
0.58 (0.50-0.68)
0.69 (0.61-0.77)
0.74 (0.66-0.82)
0.87(0.78-0.98)
0.94 (0.84-1.05)
0.78 (0.72-0.84)
0.89 (0.82-0.96)
0.95 (0.88-1.02)
0.99 (0.91-1.07)
1.00

no treatment

Treatment

ARNI + BB + MRA + SGLT2
ARNI + BB + MRA + Vericiguat
ARNI + BB + MRA + Omecamtiv
ACEIl + BB + MRA + IVA

ACEI + BB + MRA + Vericiguat
ACEl + BB + MRA + Omecamtiv
ACEI + BB + Dig + H-ISDN
ARNI + BB + MRA

ACEIl + BB + MRA

ACEI + ARB + BB + Dig

ACEl + MRA + Dig

ACEI + BB + Dig

ACEI + BB

ARB + BB

ACEI + Dig

Dig + H-ISDN

ARB + Dig

BB

ACEI

ARB

PLBO

Dig

CV Mortality

HR (95% CI)

0.33(0.26-0.43)
0.35(0.26-0.47)
0.36 (0.27-0.46)
0.43 (0.35-0.54)
0.44 (0.33-0.57)
0.44 (0.35-0.56)
0.57 (0.37-0.88)
0.38 (0.31-0.47)
0.47 (0.39-0.57)
0.57 (0.47-0.70)
0.62 (0.52-0.74)
0.65 (0.56-0.76)
0.64 (0.56-0.73)
0.68 (0.59-0.78)
0.84 (0.75-0.96)
0.88 (0.58-1.34)
0.89 (0.78-1.02)
0.77 (0.70-0.85)
0.83(0.76-0.91)
0.88 (0.80-0.98)
1.00
1.01(0.93-1.10)



Medical Therapy for Heart Failure

With Reduced Ejection Fraction

The CHAMP-HF Registry

Percent of Frequency

A 100% -
90% -
80% -
70% A
60%
50% -
40%
30% -
20% -
10%

0% -» F + .

aceyars o ACEUARE
» Without Contraindication and Not Treated 1374 3029 920
» Treated 2107 452 2536
With Contraindication 37 37 62

Greene, S.J. et al. J Am Coll Cardiol. 2018;72(4):351-66.

Beta-
Blocker

159
2351
8

MRA

2317
163
38

Angiotensin-Converting Enzyme ) . o
Inhibitor (ACEI)/Angiotensin Il Angiotensin Receptor-Neprilysin
Receptor Blocker (ARB) Inhibitor (ARNI) ACEI/ARB/ARNI

Beta-Blocker Mineralocorticoid Receptor ~ p =77
Antagonist (MRA)

B <50% MW50to<100% W =100%

RESULTS Overall, 3,518 patients from 150 primary care and cardiology practices were included. Mean age was 66 + 13
years, 29% were female, and mean EF was 29 + 8%. Among eligible patients, 27%, 33%, and 67% were not prescribed
ACEI/ARB/ARNI, beta-blocker, and MRA therapy, respectively. When medications were prescribed, few patients were
receiving target doses of ACEI/ARB (17%), ARNI (14%), and beta-blocker (28%), whereas most patients were receiving
target doses of MRA therapy (77%). Among patients eligible for all classes of medication, 1% were simultaneously
receiving target doses of ACE/ARB/ARNI, beta-blocker, and MRA. In adjusted models, older age, lower blood pressure,
more severe functional class, renal insufficiency, and recent HF hospitalization generally favored lower medication uti-
lization or dose. Social and economic characteristics were not independently associated with medication use or dose.



EMPEROR-Reduced Trial

Effect of Empagliflozin on Cardiovascular
and Renal Events in Heart Failure With a
Reduced Ejection Fraction

Milton Packer MD and Faiez Zannad MD, on behalf of the EMPEROR-Reduced
Executive Committee, Trial Committees, Investigators and Coordinators



EMPEROR-Reduced Trial Specified Only Three

Endpoints to be Tested in Hierarchical Manner

Primary Endpoint
Composite of cardiovascular death
= or heart failure hospitalization

.Q’ First Secondary Endpoint
\. > Total (first and recurrent
heart failure hospitalizations)

Second Secondary Endpoint
Slope of decline in glomerular
filtration rate over time

Other prespecified endpoints: Composite renal endpoint, KCCQ clinical summary score,
total number of hospitalizations for any reason, all-cause mortality, new onset diabetes



EMPEROR-Reduced: Patient Disposition

7220 patients screened for eligibility

Not randomized

Not eligible (3314)
Withdrawal of consent (80)
Adverse event (21)
Lost to follow-up (19)
Other reasons (56)

3730 were Fandomized

l l

1863 assigned 1867 assigned
to empagliflozin to placebo .
Pag P Median follow-up
| 16 months
Drug discontinued Drug discontinued
Nonfatal adverse event (158) Nonfatal adverse event (176)
Request by patient (92) Request by patient (124) Final vital status
Other reasons (53) Other reasons (44) .
l l known in 99.4%
Final vital status known in 1852 Final vital status known in 1857

Final vital status unknown in 11 Final vital status unknown in 10



Baseline Characteristics

EMPEROR-Reduced DAPA-HF
Empagliflozin Placebo Dapagliflozin
(n=1863) (n=1867) (n=2373)
Age (yr) 67.2+10.8 66.5 + 11.2 | 66.2 + 11.0
Women (%) 437 (23.5) 456 (24.4) | 564 (23.8)
Diabetes mellitus (%) 927 (49.8) 929 (49.8) | 993 (41.8)
Ischemic cardiomyopathy (%) 983 (52.8) 946 (50.7) | 1316 (55.5%)
NYHA functional class Il (%) 1399 (75.1) 1401 (75.0) | 1606 (67.7%)
. : o 27.7£6.0 27.2+6.1
LV ejection fraction (%) (72% <30%) (75% <30%) | 31.2+6.7
: : 1887 (1077, 3429) 1926 (1153, 3525) )
NT-proBNP (median, IQR), pg/mL (79% 21000) (80% 21000) 1428 (857-2655)
Hospitalization for heart failure within 12 months 577 (31.0) 574 (30.7) | 1124 (47.4)
Atrial fibrillation 664 (35.6) 705 (37.8) | 916 (38.6)
Glomerular filtration rate (ml/min/1.73 m?) 61.8 +21.7 62.2+21.5 | 66.0 + 19.6
Treatment for heart failure |
RAS inhibitor without neprilysin inhibitor 1314 (70.5) 1286 (68.9) | 2007 (84.6)
RAS inhibitor with neprilysin inhibitor 340 (18.3) 387 (20.7) | 250 (10.5)
Mineralocorticoid receptor antagonist 1306 (70.1) 1355 (72.6) | 1696 (71.5)
Beta blocker 1765 (94.7) 1768 (94.7) | 2278 (96.0)
Implantable cardioverter-defibrillator 578 (31.0) 593 (31.8) | 622 (26.2%)
Cardiac resynchronization therapy 220 (11.8) 222 (11.9) | 190 (8.0%)




EMPEROR-Reduced: Time to Cardiovascular Death or Hospitalization

for Heart Failure (Primary Endpoint)

462 patients with event

40 Rate: 21.0/100 patient-years

g '
]
3 than in DAPA-HF
£
o 20 -
=
©
>
S 10
>
@)

0 —

| T T | | | T | | |
0 90 180 270 360 450 540 630 720 810

Days after randomization
Patients at risk
Placebo 1867 1715 1612 1345 1108 854 611 410 224 109



EMPEROR-Reduced: Time to Cardiovascular Death or Hospitalization

for Heart Failure (Primary Endpoint)

462 patients with event

4 -]
. 0 Rate: 21.0/100 patient-years
S
(B) . .
O 30 361 patients with event
Pl

é acebo Rate: 15.8/100 patient-years
=
o 20
=
N Empagliflozin HR 0.75
g 10 - (95% CI 0.65, 0.86)
O P <0.0001

O —_

| | I | I | | I | 1
RRR ARR
0 90 180 270 360 450 540 630 720 810 NNT=19
Days after randomization

Patients at risk
Placebo 1867 1715 1612 1345 1108 854 611 410 224 109
Empagliflozin 1863 1763 1677 1424 1172 909 645 423 231 101



EMPEROR-Reduced:

Effect on Individual Components of the Primary Endpoint

Number of
events (%)

Empagliflozin
(n=1863)

Events/100
patient-yr

Placebo

(n=1867)

Number of
events (%)

Events/100
patient-yr

Hazard ratio
(95% ClI)

0.75

Primary composite 0 0
outcome 361 (19.4%) 15.8 462 (24.7%) 21.0 (0.65 — 0.86) <0.0001
First hospitalization 0 0 0.69

for heart failure 246 (13.2%) 10.7 342 (18.3%) 15.5 (0.59 — 0.81)
Cardiovascular 0 0 0.92

death 187 (10.0%) 7.6 202 (10.8%) 8.1 (0.75 — 1.12)




EMPEROR-Reduced: Primary Endpoint Subgroups

Empagliflozin Placebo
n with event/N analysed Hazard ratio (95% Cl)

Overall 361/1863 462/1867 0.75 (0.65, 0.86) O
Baseline diabetes status

Diabetic 200/927 265/929 0.72 (0.60, 0.87) ——

Non-diabetic 161/936 197/938 0.78 (0.64, 0.97) —@—
Age, years

<65 128/675 193/740 0.71 (0.57, 0.89) —e—

265 233/1188 269/1127 0.78 (0.66, 0.93) —@—
Sex

Male 294/1426 353/1411 0.80 (0.68, 0.93) —@—

Female 67/437 109/456 0.59 (0.44, 0.80) —e—
Race

White 264/1325 289/1304 0.88 (0.75, 1.04) — @

Black/African-American 24/123 48/134 0.46 (0.28, 0.75)

Asian 62/337 99/335 0.57 (0.41, 0.78) ——e——

Other 5/51 14/63 0.41 (0.15, 1.14)
Body mass index (kg/m?)

<30 226/1263 322/1300 0.70 (0.59, 0.83) —@—

>30 135/600 140/567 0.85 (0.67, 1.08 ——
Baseline eGFR (CKD-EPI), mI/min/1.73 m2

<60 159/969 224/960 0.67 (0.55, 0.83) —@—

260 202/893 237/906 0.83 (0.69, 1.00) —@—

025 _ 05 1 2

/4
\
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EMPEROR-Reduced: Primary Endpoint Subgroups

Empagliflozin

Placebo

n with event/N analysed

HR (95% CI)

Overall
Heart failure hospitalization within 12 months
No
Yes
Etiology of heart failure
Ischaemic
Non-ischaemic
Baseline NYHA functional class
Il
v
Heart failure physiology
LVEF <30% and NTproBNP <median
LVEF <30% and NTproBNP =median
LVEF >30%
Use of mineralocorticoid receptor antagonist
No
Yes
Use of angiotensin receptor neprilysin inhibitor
No

Yes

361/1863

208/1286
153/577

207/983
154/880

220/1399
141/464

80/699
169/631
108/526

118/557
243/1306

310/1523
51/340

462/1867

285/1293
177/574

236/946
226/921

299/1401
163/466

115/724
249/661
97/475

132/512
330/1355

369/1480
93/387

0.75 (0.65, 0.86)

0.71 (0.60, 0.85)
0.79 (0.64, 0.99)

0.82 (0.68, 0.99)
0.67 (0.55, 0.82)

0.71 (0.59, 0.84)
0.83 (0.66, 1.04)

0.70 (0.53, 0.93)
0.65 (0.53, 0.79)
0.99 (0.76, 1.31)

0.76 (0.59, 0.97)
0.75 (0.63, 0.88)

0.77 (0.66, 0.90)
0.64 (0.45, 0.89)

0,25

0,5 1

N
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EMPEROR-Reduced: Total Hospitalizations for Heart Failure

(First and Recurrent) — Hierarchical Endpoint #2

= 0.60

@

g 0.50

O | 553 events

o 0.40 - Placebo

% 388 events

S 030-

S

% 020 Empagliflozin

-

S 0107

S HR 0.70

< 000+ (95% CI 0.58, 0.85)
| | | 1 | | | 1 | P — 00003

0 90 180 270 360 450 540 630 720

Days after randomization
Patients at risk
Placebo 1867 1820 1762 1526 1285 1017 732 497 275
Empagliflozin 1863 1826 1768 1532 1283 1008 732 495 272
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Source: tlr-1245-0121-01-1502 Figure 15.2.2.1.1: 1, Table 15.2.2.1.1: 1


*EMPEROR-Reduced: Slope of Decline in Glomerular Filtration Rate —

Hierarchical Endpoint #3

During double-blind treatment

In 966 patients, eGFR was
reassessed at the end of the trial

c
é > Placebo 23-42 days after the withdrawal of
= E o double-blind therapy, thus allowing
g Empaglifiozin unconfounded assessment of the
Q4 —4 ] effects of treatment. Over 16
E < Empagliflozin ‘}\w months, eGFR deteriorated by
5 £
o2& -6 — 4.2 ml/min/1.73 m?2
8 E Difference in slope on placebo
© B _ Placebo
S o -8 2.1 ml/min/1.73m?/year | _ 5
% (95% CI: 1.5 — 2.7) - 0.9 m/mln/_1.73_’ m#4 on
P <0.0001 empagliflozin
—10
04 12 32 52 76 100 . 124 P <0.0001

Weeks After Randomization
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Source: tlr-1245-0121-01-1502 Table 15.2.4.28: 1


EMPEROR-Reduced: Composite Renal Endpoint

> © 58 patients with event
g Rate: 3.1/100 patient-years
=
L_) 4 —
£
q) . .
= 30 patients with event
‘—_if 2 Rate: 1.6/100 patient-years
Empagliflozin
° ] | | | | | | | | HR 050
0 90 180 270 360 450 540 630 (95% CI 0.32, 0.77)

Days After Randomization
Patients at risk

Placebo 1867 1592 1501 1136 1058 681 357 259
Empagliflozin 1863 1599 1532 1155 1062 687 391 276
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Source: 1245-0121-01-1502 Figure 15.2.3.1: 1; Table 15.2.3.1:1


EMPEROR-Reduced Achieved All Three

Hierarchically Specified Endpoints at P < 0.001

Primary Endpoint

Composite of cardiovascular death 'gi%%gg
= or heart failure hospitalization '
@ First Secondary Endpoint .
\Q’. > Total (first and recurrent ﬁc;hz)e\(;gii
— heart failure hospitalizations) |
Slope of decine in glomeruiar Achievec
P J P < 0.001

filtration rate over time

Also achieved success on composite renal endpoint, KCCQ clinical summary score,
and total number of hospitalizations for any reason (all nominal P < 0.01)



EMPEROR-Reduced: All-Cause Mortality

40 -
§ 507 266 patients with event
@) Placebo Rate: 10.7/100 patient-years
©
2 207 . :
= 249 patients with event
s Rate: 10.1/100 patient-years
o
a 19 Empagliflozin

0 —

0 9 180 270 360 450 540 630 720 HR 0.92

0)
Days After Randomization (95% CI1 0.77, 1.10)

Patients at risk
Placebo 1867 1825 1770 1534 1294 1027 743 507 282
Empaglifiozin 1863 1829 1772 1537 1289 1015 742 506 281
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Presentation Notes
Source: tlr-1245-0121-01-1502 Figure 15.2.3.2: 1; Table 15.2.3.2:1



EMPEROR-Reduced: Vital Signs and Biomarkers

: : Treatment

Glycated hemoglobin (%) in patients B B - 0.16
with diabetes— mean (SE) 0.28£0.03 0122003 | 5 2510-0.08)
Hematocrit (%) — mean (SE) 1.98 £ 0.10 —0.38£0.10 2atld
D T (2.08 to 2.63)
NT-proBNP (pg/ml) — —244 -141 0.87
median (IQR) (-890, 260) (-787, 585) (0.82 to 0.93)
Body weight (kg) — mean (SE) —~0.73+0.13 0.08 +0.13 e
ST R (—1.18 to —0.45)
Systolic blood pressure (mm Hg) — 3 3 - 0.7
mean (SE) 2:4+04 1.7+0.4 (-1.81t00.4)
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EMPEROR-Reduced: Adverse Events

Serious adverse events 772 (41.4) 896 (48.1)
Related to cardiac disorder 500 (26.8) 634 (34.0)
Related to worsening renal function 59 (3.2) 95 (5.1)

Selected adverse events of special interest

Volume depletion 197 (10.6) 184 (9.9)

Hypotension 176 (9.4) 163 (8.7)

Symptomatic hypotension 106 (5.7) 103 (5.5)

Hypoglycemia 27 (1.4) 28 (1.5)

Ketoacidosis 0 (0.0) 0 (0.0)

Urinary tract infections 91 (4.9) 83 (4.5)

Genital tract infections 31 (1.7) 12 (0.6)

Bone fractures 45 (2.4) 42 (2.3)

Lower limb amputations 13 (0.7) 10 (0.5)




SGLT2 Inhibition With Empagliflozin Is Effective in Heart Failure

With a Reduced Ejection Fraction With or Without Diabetes

. Primary Endpoint S50 l N risk
: Composite of cardiovascular death P <0001
— or heart failure hospitalization |
® First Secondary Endpoint .
e/ y P 0
Nl Total (first and recurrent BOS) <10 |(r)10r1|sk
e heart failure hospitalizations) '
Second Secondary Endpoint P <0.001
Slope of decline in glomerular (50% l in renal
filtration rate over time events)

Also achieved success on composite renal endpoint, KCCQ clinical summary score,
and total number of hospitalizations for any reason (all nominal P < 0.01)



Cumulative incidence (%)

40

30

20

10

Empagliflozin Prevented Both Serious Heart Failure

and Serious Kidney Failure Events

Cardiovascular Death or
Hospitalization for Heart Failure

Placebo

Empagliflozin

0 26 52 78 104
Weeks After Randomization

Hazard ratio 0.75 (25% reduction in risk)
(95% CI 0.65, 0.86), P < 0.0001

130

Composite Renal Endpoint

[=>]
1

Cumulative incidence (%)

Empagliflozin

0 26 52 78 104 130
Weeks After Randomization

Hazard ratio 0.50 (50% reduction in risk)
(95% CI 0.32, 0.77), P = 0.0019



EMPEROR-Preserved Trial

Empagliflozin Outcome Trial in Patients with Chronic

Heart Failure with Preserved Ejection Fraction

Stefan D. Anker, MD PhD & Javed Butler, MD on behalf of the EMPEROR-
Preserved Executive Committee, Trial Committees, Investigators & Coordinators

Dept. of Cardiology & BCRT (CVK), Charité Berlin, Germany
University of Mississippi Medical Center, Jackson, Mississippi, USA



EMPEROR-Preserved — Study Design

Phase Ill randomised double-blind placebo-controlled trial

Aim: to evaluate efficacy and safety of empagliflozin versus placebo, on top of standard of
care, in patients with HFpEF with or without diabetes

Population: T2DM & non-T2DM, aged =18 years, chronic HF (NYHA class 1I-1V), eGFR=20

COMPOSITE PRIMARY ENDPOINT
Empagliflozin 10 mg once daily Time to first event of adjudicated
+ standard of care cardiovascular death or adjudicated HHF

Placebo once daily SECONDARY ENDPOINTS
+ standard of care

EMPEROR-Preserved
LVEF >40%

5988 patients e First and recurrent adjudicated HF
Patients with structural h ~ / hospitalisation events
heart disease or HHF Median follow-up = 26 months * Slope of change in eGFR (CKD-EPI)

within 12 months of
screening



Patient Disposition

11,583 patients screened for eligibility

5,988 patients were randomized Median follow-up
26 months
l l Final vital status
2,997 assigned to 2,991 assigned known in 99.4%
empagliflozin to placebo (all but 36 patients)

Drug discontinued Drug discontinued
in 23% in 23%
Incomplete follow-up for Incomplete follow-up for
primary endpoint in 84 primary endpoint in 88

(2.8%) (2.9%)



Demographics and Baseline Characteristics

Empagliflozin (n=2997) Placebo (n=2991)

Age (yr) 71.8+9.3 71.9+9.6
Women (%) 1338 (45) 1338 (45)
Diabetes mellitus (%) 1466 (49) 1472 (49)
Ischaemic HF (%) 1079 (36) 1038 (35)
NYHA functional class Il (%) 2432 (81) 2451 (82)
LV ejection fraction (%) 54.3+8.8 54.3+8.8
NT-proBNP (median, IQR), pg/mL 994 (501, 1740) 946 (498, 1725)
Atrial fibrillation 1543 (51) 1514 (51)
Glomerular filtration rate (mL/min/1.73 m?2) 60.6 £ 19.8 (50% <60) 60.6 £19.9 (50% <60)
Co-medications of interest
RAASi + ARNI 2428 (81) 2404 (80)
MRA 1119 (37) 1125 (38)
Beta blocker 2598 (87) 2569 (86)
Statins 2042 (68) 2089 (70)




Primary Endpoint

Composite of Cardiovascular Death or HF Hospitalization

257
S
. HR 0.79
§ (95% CI 0.69, 0.90)
5 Placebo P =0.0003
o 15-
=
ks Placebo:
2 10- Empaglifiozin 511 patients with ever_lt
3 Rate: 8.7 per 100 patient-years
o
() . .
T 5+ Empagliflozin:
E 415 patients with event
i Rate: 6.9 per 100 patient-years
O 1 1 1 1 1 1 1 1

1 1 1 1
0 3 6 9 12 15 18 21 24 27 30 33 36

. . Months since randomization
Patients at risk

Placebo 2991 2786 2627 2066 1534 961 400
Empagliflozin 2997 2843 2708 2134 1578 1005 402



Primary endpoint: individual components

Empagliflozin Placebo
(n=2997) (n=2991) Hazard ratio
(95% Cl)

Number of Events/100 Number of Events/100

events (%) patient-yrs events (%) patient-yrs
Primary composite | 415 (13 goy) 6.9 511 (17.1%) 8.7 0.79 0.0003
outcome ' ' ' ' (0.69 - 0.90) '
First hospitalization 259 (8.6%) 43 352 (11.8%) 6.0 0.71
for heart failure ' ' ' ' (0.60 —-0.83)
Cardiovascular 0 0 0.91
death 219 (7.3%) 3.4 244 (8.2%) 3.8 (0.76 — 1.09)




First Secondary Endpoint:

Total (First and Recurrent) HF Hospitalizations

0.25 -
5

5 ox0- HR 0.73
5 (95% CI 0.61, 0.88)
o P = 0.0009

2 015-

()

> Empagliflozin:

S 10l 407 heart failure

3 Empaglifiozin hospitalisation events
&

>

= 0.05- Placebo:

3 541 heart failure

=

hospitalisation events

0.00 1 T T T T T T T T T T T |
0 3 6 9 12 15 18 21 24 27 30 33 36

Patients at risk Months since randomization

Placebo 2991 2901 2816 2258 1695 1061 448
Empagliflozin 2997 2913 2817 2247 1684 1081 446



Adjusted mean change from baseline

in eGFR (mL/min/1.73 m?2)

-10 4

-12

Second Secondary Endpoint:

Slope of Decline In GFR Over Time

Placebo

Empagliflozin

Difference in slope*

1.36 mL/min/1.73 m2/year
(95% CI: 1.06-1.66)
p<0.0001

I T T T T T T T 1
4 12 32 52 76 100 124 148 172

Baseline . o
Weeks since randomization

* The eGFR slope is analyzed on the basis of on-treatment data

In 3176 patients, eGFR was
reassessed 23-42 days after the
withdrawal of double-blind therapy.**
Over 28 months, eGFR deteriorated by

— 3.3 mL/min/1.73 m2on
Empagliflozin

— 5.7 mL/min/1.73 m?
on placebo

P <0.0001

** this represents the unconfounded
assessment of the treatment effect




Success on all 3 prespecified hierarchical endpoints

lh ) Primary Endpoint 0 L
{«.f" Composite of cardiovascular death 21/0_1' n risk
ety or heart failure hospitalization P =0.0003
@ First Secondary Endpoint 270/ inri
: sk
\Q’. »  Total (first and recurrent) O_‘
=" heart failure hospitalizations P =0.0009
Second Secondary Endpoint P < 0.0001
% Slope of decline in glomerular o '
. . . Imrerence:
filtration rate over time 1.36 mL/min/1.73 m2 per year




Effects of Empagliflozin on NYHA Class

P<0.001

P=0.019 P=0.003

Improvement

P=0.013

C
@)
=
)
| —
@)
e
QO
+—
b
A

Odds ratio for empagliflozin : placebo
for changes in NYHA functional class

0 12 32 52
Weeks Since Randomization



Vital Signs and Biomarkers

Glycated hemoglobin (%) in

Empagliflozin

Placebo

Treatmen
t
Differenc
e

-0.19

. . . —-0.16 £ 0.02 0.03 £0.02 <0.0001
patients with diabetes— mean (-0.25 to —0.14)
(SE)
Hematocrit (%) — mean (SE) 1.94+0.07 | -0.41+0.07 256 <0.0001

(2.17 to 2.54)
NT-proBNP (pg/mL) -29 -9 0.95* 0.0071
— median (IQR) (-335, 263) (-286, 322) (0.91 to 0.99) '
Body weight (kg) — mean (SE) ~1.39+0.09 | —0.11+0.09 —1.28 <0.0001
(~1.54 to —1.03)

Systalic.blaod pressure (mm Hg) ~-1.2
— mean (SE) -18£03 —06% 0'3cr ange-froma basgline|to onv%élks




All-Cause Mortality

25 -
204
S HR 1.00
= (95% CI 0.87, 1.15)
S 154 P=0.99
()
©
2 Empagliflozin:
= 107 422 patients with event
g Rate: 6.6 / 100 patient-years
o 5
Placebo:
427 patients with event
0 . | | | | | | Rate: 6.7 / 100 patient-years

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

Months since randomization
Patients at risk

Placebo 2991 2923 2849 2302 1738 1107 471
Empagliflozin 2997 2930 2847 2287 1725 1118 462



Safety: Selected Adverse Events

Empagliflozi
n (N=2996)
n (%)

Placeb
0
(N=298
9) n
€0)

Serious adverse events 1436 (47.9) 1543 (51.6)
Selected adverse events of special interest

Hypotension 311 (10.4) 257 (8.6)
Symptomatic hypotension 197 (6.6) 156 (5.2)
Hypoglycemia 73 (2.4) 78 (2.6)
Ketoacidosis 4(0.1) 5(0.2)
Bone fractures 134 (4.5) 126 (4.2)
Lower limb amputations 12 (0.4) 17 (0.6)
Urinary tract infections 297 (9.9) 243 (8.1)
Genital infections 67 (2.2) 22 (0.7)




EMPEROR-Preserved in the Context of Other Studies

DELIVER® EMPEROR-PRESERVED’ TOPCAT*'® PARAGON-HF'® CHARM-PRESERVED""
Size N =6,263 N = 5988 N = 3,445 N = 4,822 N = 3,023
Agent Dapagliflozin Empagliflozin Spironolactone Sacubitril/valsartan Candesartan
Median age, y 72 72 69+ 73 67
Female sex 44% 45% 52% 52% 40%
Median follow-up, v 2.3 2.2 3.3 2.9 31
EF entry criteria =40% =40% =45% =45% =40%
Mean baseline LVEF 54% 54% 56%t 58% 54%
Proportion with T2DM 45% 49% 33% 43% 29%
HF medical therapy
Diuretic agent 7% NR 82% 95% 75%
ACE inhibitor or ARB 73% 81% 84% 86% 19%+
ARNI 5% 2% NfA M/A M/ A
Beta-blocker 83% 86% 78% 80% 56%
MRA 43% 37% MfA 26% 12%a

Primary composite outcome,

HR or rate ratio {95% CI)

CV death: HR: 0.82

Worsening HF and Hospitalization for HF and CV
death: HR: 0.79

Hospitalization for HF, aborted
cardiac arrest, CV death: HR: 0.89

Total hospitalizations for HF and
CV death: Rate ratio: 0.87

Hospitalization for HF
and CV death: HR: 0.86

(0.73-0.92) (0.69-0.90) (0.77-1.04) (0.75-1.01) (0.74-1.00)
Hospitalization for HF, HR or  HR: 0.77 (0.67- HR: 0.71 (0.60-0.83) HR: 0.83 (0.69-0.99) Rate ratio: 0.85 (0.72-1.00) HR: 0.84 (0.70-1.00)
rate ratio (95% CI) 0.89)

Urgent visit for HF, HR {95%

ch

0.76 (0.55-1.07) NR

MR

MR

NR

CV death, HR {95% CI}

0.88 (0.74-1.05) 0.91 (0.76-1.09)

0.90 (0.73-1.12)

0.95 (0.79-1.16)

0.95 (0.76-1.18)




Renal glucose handling in the nephron of the healthy individual

Glomerulus Proximal tubule Distal tubule Collecting duct

o

GIUCOSE

Glucose reabsorption

Loop of

Plasma glucose concentration: 5-5.5 mmol/L

Plasma filtered: 180 L/day
Glucose filtered: 160-180 g/day
Glucose excreted: Minimal

Minimal glucose
excretion

SGLT: sodium—glucose co-transporter.
Figure adapted from: Bailey CJ. Trends Pharmacol Sci. 2011;32:63-71.




SGLT?2 inhibition lowers the elevated renal threshold for

glucose In type 2 diabetes

Glomerulus Proximal tubule Distal tubule Collecting duct

e

Marked

SGLT2
, inhibitor
Glucose reabsorption
Loop of increase in

Henle
Plasma glucose concentration: 10 mmol/L U glucose
Plasma filtered: 180 L/day excretion

Glucose filtered: ~320 g/day
Glucose excreted: ~70-119 g/day (equivalent to ~280-476 kcal/day)**

Glucose filtration

SGLT: sodium—glucose co-transporter.

Figure adapted from: Bailey CJ. Trends Pharmacol Sci. 2011;32:63-71.
1. DeFronzo RA et al. Diabetes Obes Metab. 2012;14:5-14; 2. Invokana (canagliflozin). Summary of Product Characteristics; 3. Jardiance (empagliflozin). Summary of Product Characteristics;

4. Forxiga (dapagliflozin). Summary of Product Characteristics. All SmPCs available at: https://www.medicines.org.uk/emc/ (accessed April 2018).



https://www.medicines.org.uk/emc/

SGLT2 inhibitors lead to dual inhibition

Glomerulus

Proximal tubule

@ Glycosuria
@ Natriuresis

SGLT: sodium—glucose co-transporter.
1. Figure adapted from: Bailey CJ. Trends Pharmacol Sci. 2011;32:63—-71; 2. Heerspink HJL, et al. Circulation 2016;134:752—772.
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Signals
activated by nutrient
deprivation
1

Type 2 Diabetes

|

Hyperinsulinemia, adipose tissue
expansion, accumulation of
glucose and lipid
intermediates in cytosol

SIRT1

PGC-1a

FGF21

Suppression of

=== autophagy, oxidative
stress, organellar €

¥ dysfunction,and

activation of

proinflammatory
/ pathways

~

Signals
triggered by energy
surplus

Akt

l

mTORCA1

v

Accelerated development
of cardiomyopathy

Type 2 Diabetes

" N\

Systemic adipose

Expansion and inflammation

tissue inflammation of epicardial adipose tissue

Coronary microcirculatory

Epicardial

adipose lissue

dysfunction — Paracrine secretion of
proinflammatory adipocytokines

v

Microvascular rarefaction, myocardial
inflammation and fibrosis

—_—

Impaired LV distensibility

Heart failure with
preserved ejection fraction




CENTRAL ILLUSTRATION Sodium-Glucose Cotransporter 2 Inhibitors Interfere With the
Principal Mechanisms by Which Diabetes Can Promote the Development and Progression
of Cardiomyopathy

SGLT2 Inhibitors
I

:

Interference with Reduced mass and

Upregulation of

b= sodium-hydrogen biological activity of
d sirtuin-1 and exchange in epicardial adipose
ownstream effectors : .
heart and kidneys tissue
g |
Oxidative and Cardiomyocyte Inflammation-mediated
s:::aig‘;l:;n;ict;iﬂgﬂg‘r?;l injury microcirculatory dysfunction
dysfiinetian Sodium avidity and myocardial fibrosis

" | s

Slowing of cardiopathic process
Reduced risk of serious heart failure events

Packer, M. J Am Coll Cardiol HF. 2021;9(8):535-549.

Sodium-glucose cotransporter 2 inhibitors are capable of interfering with all 3 of the primary pathophysiological mechanisms by which type 2
diabetes can lead to heart failure with a reduced or preserved ejection fraction. These include the following actions: 1) up-regulating nutrient
deprivation signaling (eg, sirtuin-1 and its downstream effectors); 2) interfering with the actions of sodium-hydrogen exchangers in the heart
and kidneys; and 3) reducing the mass and proinflammatory activity of epicardial adipose tissue. The net result of all 3 effects is to slow the
development of cardiomyopathy and reduce the risk of serious heart failure events.




[ SGLTZ2inhibition |

Direct cardiac effects |

Metabolic responses ]

!

( Metabolic shift ]

|

+ | FA oxidation

+ 1 glucose oxidation
+ 1+ BHOB oxidation
+ t+ P/O ratio

Inhibits NHE1
activity

Positive

inotropism

} cardiac hypertrophy,
fibrosis and remodelling

[ t cardiac efficiency ]

(
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i -
+ 1 glucosuria

+ | vascular dysfunction
N

s | HbA,

s | glucotoxicity

* | insulin resistance

+ | bodyweight and
visceral adiposity

* 1 uricosuria

+ | oxidative stress

* | inflammation markers

[ t erythropoietin ]

[ Osmotic diuresis and ]

natriuresis

[ Direct renal effects ]

[

* haemoglobin
and haematocrit

= | congestion

[ | plasma volume
» | interstitial fluid .

‘ * | blood pressure

« | vascular stiffness

+ | pre-load/-afterload

+ | cardiac wall stress
\

+ | glomerular pressure
| albuminurna

+ | renal growth and
inflammation

Restores TG feedback
Inhibits NHE3 activity

-

t tissular O,

delivery

—

[ 1 cardiac efficiency ]

J
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« | MACE
» | HHF and improved

HF cutcomes

l

[ CARDIOPROTECTION ]

i R

* Preservation of
renal function

= | progression of
albuminuria

= |worsening of
nephropathy

[ RENOPROTECTION ]

European Cardiology Review 2019:14(1):23-32



https://www.ecrjournal.com/editions/ecr-volume-14-issue-1-spring-2019

Hansi pasientlorde Empag

e HFrEF
* HFpEF

e HFmrEF

N W

K\

DM (-)
Tip 2 DM

Tip 1 DM

liflozin tayin edila bilar ?

v
v

Hospitalizasiya
Ambulator
Kaskin UC

Xroniki UC

W W W




Empagliflozinin aks-gostarislari varmi?

Tip 1 DM / Ketoasidoz anamnezi Hamilolik/siidverms

AT<100-60mmHg Takrarlayan genital/urinar inf.

HYPOTENSION

o=’

Dializ xastalori

Kaskin UC - son 24 saatda
Empa eGFR<20ml/daq/1.73m2

inotrop + / IV diuretik eskalasiya




Empa

ElDash RM, et al. F1000Res. 2021 Apr 26;10:321




Nalara diggat olunmalidir ?

e Boyrak testlari — baslayarkan va 2 hafta sonra
e Qan sakari — yanasi insulin/sulfoniurea gabul edirsa
e Kaskin xastalik/carrahiyya olarsa darmana fasila verilmasi




Pasientlari malumatlandir !

Glindolik genital gigiyenanin chomiyyati

Urogenital infeksiya simptomlari

Hipovolemiya simptomlari

Diabetik ketoasidoz simptomlari

Qidalanma
e Dehidratasiyadan ¢okinmok
* Asagi karbohidratli pahrizlordon imtina etmok (ketogen)

» Asir alkogol gobulundan imtina etmok




Euglikemik DKA

EARLY SIGNS OF DKA

® Feeling very thirsty

#

i Urinating often
|

High blood
glucose levels
High ketone levels
in urine

LATER, EXTREME SIGNS

""\.‘\

®

» 8 @

Feeling weak or
constantly sleepy

Dry/flushed skin

Mausea, vomiting,
pain in the abdomen

Difficulty breathing,
fruity-smelling breath
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