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SGLT2 inhibition: An insulin-independent approach to remove
excess glucose by reducing the renal threshold’-3

Reduced glucose and
sodium reabsorption
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SGLT2i nel Paziente Diabetico g B
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Large SGTLT2 inhibitor RCTs: Bz
Effect on heart failure hospitalization

Patients Events Events per1000 Weight HR (95% Cl)
patient-years (%)
Treatment (n/N) Placebo (n/N) Treatment  Placebo
Patients with atherosclerotic CV disease

EMPA-REG OUTCOME 4687/7020 2333/7020 463 19-7 30-1 309 —m— 0-66 (0-55-0-79)
CANVAS Program 3756/6656 2900/6656 524 21.0 274 32-8 —i— 0-77 (0-65-0-92)
DECLARE-TIMI 58 3474/6974 3500/6974 597 199 239 36-4 —i— 0-83(0-71-0-98
Fixed effects model for atherosclerotic cardiovascular disease (p<0-0001) - 0-76 (0-69-0-84)

Patients with multiple risk factors

CANVAS Program 2039/3486 1447/3486 128 8-9 9-8 30-2 o 0-83 (0-58-1-19)
DECLARE-TIMI 58 5108/10186  5078/10186 316 7-0 84 698 & 0-84 (0-67-1-04)
Fixed effects model for multiple risk factors (p=0-0634) -  0-84(0-69-1.01)
035 050 1.00 250
+— —>
Favours treatment Favours placebo

Sabatine M et al Lancet 2019: 393:31-39



SGLT2 Inhibitor Treatment in HFrEF: Significant Reductions

Regardless of Diabetes Status at Baseline
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1064 1005 949 899 816 630 469 253 89

SGLT2, sodium-glucose cotransporter 2.

a. Petrie MC, et al. JAMA. 2020;323:1353-1368; b. Anker SD, et al. Circulation. 2021;143:337-349.
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The NEW ENGLAND JOURNAL of MEDICINE

| SGLT2i nel HFpEF

Empagliflozin in Heart Failure
with a Preserved Ejection Fraction

S.D. Anker, J. Butler, G. Filippatos, J.P. Ferreira, E. Bocchi, M. Bshm,
H.-P. Brunner-La Rocca, D.-J. Choi, V. Chopra, E. Chuquiure-Valenzuela,
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B. Merkely, S.J. Nicholls, S.V. Perrone, I.L. Pifia, P. Ponikowski, M. Senni, D. Sim,
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DELIVER- Primary Composite of CV Death, hHF or Urgent HF Visit?
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Figure 1. Primary Outcome, a Composite of Cardiovascular Death or Hospitalization for Heart Failure. Placebo 3132 3007 2896 2799 2710 2608 2318 2080 1923 1554 1140 772 383
The estimated cumulative incidence of the primary outcome in the two groups is shown. The inset shows the same 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.
data on an expanded y axis. 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.

This article was published on August 27,
2021, at NEJM.org.



Primary Co

Sustained >50% eGFR Decline, ESKD, Renal or CV

SGLT2i nel CKD

mposite Outcome:

“ ORIGINAL ARTICLE ”

Empagliflozin in Patients with Chronic
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CONCLUSIONS
0=, T T T T T T T | Among a wide range of patients with chronic kidney disease who were at risk for
0 4 8 12 16 20 24 28 32 disease progression, empagliflozin therapy led to a lower risk of progression of
N at Risk Months from Randomization kidney disease or death from cardiovascular causes than placebo. (Funded by
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Placebs 159 993 Jesd feved 701 e} bt ) 50 Boehringer Ingelheim and others; EMPA-KIDNEY ClinicalTrials.gov number,
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2ESKD defined as the need for mait dialysis i is) for at least 28 days and renal transplantation or sustained eGFR <15mL/min/1.73m? for at least 28 days. Renal death was defined as death due to ESKD when

dialysis treatment was deliberately withheld for any reasi

or i
on.%; *95% Cl, 15 to 27.

ARR = absolute risk reduction; CV = cardiovascular; DAPA = dapagliflozin; eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease; HR = hazard ratio; ; NNT = number needed to treat; RRR = relative risk reduction.
1. Heerspink HIL et al. N Engl J Med. 2020; 383:1436-1446; 2. Heerspink HIL. Presented at: ESC Congress — The Digital Experience; August 29 — September 1, 2020;
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Update of Clinical Recommendations for Use of SGLT2 Inhibitors
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Progress in heart failure

Progress in heart failure
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2023 ERA (EURECA-m/ERBP
Working Groups)

Consensus Paper on SGLT2i
for Cardiorenal Protection

2023 ACC Expert Consensus Decision Pathway:
SGLT2i Recommended First-line for the Management of HFpEF

Treatment Algorithm for GOMT in HFpEF

HFPEF Treatment

+ SGLTi should be Initiated firstine In all
it e e
wih the goal ofreducing CV death/hH
improving health status

 Initation of an SGLT2i may be considered for
hospitaized for acutely decompensated HF
ble

once clinically stat

2023 ESC Focused Update
and 2021 ESC Guidelines

2023 ESC Focused Update Heart Failure Guidelines: Class IA
D: in Patients With HF
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2023 KDIGO Guideline for

the Evaluation
and Management of CKD

2023 KDIGO CKD Guideline: SGLT2 Inhibitors in CKD

Preview Presented at 2023 ERA Congress!

+ Recommendation 3.6.1: We recommend treating adults with CKD and heart failure or eGFR
220 mL/min/1.73 m? with UACR 2200 mg/g with an SGLT2 inhibitor (1A)

+ Recommendation 3.6.2: We suggest treating adults with éGFR >20-45 mL/min/1.73 m? with
UACR <200 mg/g with an SGLT2 inhibitor (28)
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Pre-Discharge and Early
Post-Discharge Follow-Up
of Patients Hospitalized for

Acute HF

2023 ESC Heart Failure Focused Update: Pre-Discharge and Early Post-Discharge
Follow-Up of Patients Hospitalized for Acute HF

Recommendations for the
Prevention of HF in Patients
With T2D and CKD

2023 ESC Heart Failure Focused Updat
for the P of HF in Patients With T2D and CKD

Recommendation Class® [ Level®
An intensive strategy of initiation and rapid up-titration of evidence-based treatment

before discharge and during frequent and careful follow-up visits in the first 6 weeks | B
following a HF hospitalization is recommended to reduce the risk of HF rehospitalization

or deathese

2023 ACC Expert Consensus
Decision Pathway on
Management of HFpEF

2023 ERA Consensus Paper:
Algorithm for Selection of SGLT2i in Patients With CKD, HF, or T2D

To improve CV andior kidney outcomes
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Recommendations. Class® | Level®

In patients with T2D and CKDS, SGLT2 inhibitors (dapaglifiozin or empaglifiozin) are 1
recommended to reduce the risk of HF
In patients with T2D and CKD®, finerenone is recommended to reduce the risk of HF 1
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2023 ESC-HFA/EHRA/ESH
Scientific Statement on

Patient Profiling in Heart

Failure with Preserved

Ejection Fraction

2023 ESC-HFA/EHRA/ESH Scientific Statement:
SGLT2 Inhibitors Are a Foundational Therapy for All HFpEF Patient Phenotypes
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Effects of SGLT2 inhibition on cardiorenal pathophysiology

Renal SGLT2 inhibition
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Putative cardiac NHE inhibition
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RENAL TUBULAR EFFECTS VASCULAR & OTHER RENAL EFFECTS METABOLIC EFFECTS SODIUM-HYDROGEN
HAEMODYNAMIC EFFECTS CO-TRANSPORTER
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feedback & reduced O, demand Osmotic diuresis and natriuresis Improved renal tubular health Glycosuria
l A A . 1 A 4
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interstitial volume & blood glucagon ketone sodium/calcium
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IMPROVED VENTRICULAR
LOAD CONDITIONS
Reduced preload & afterload

IMPROVED CARDIAC
OXYGENATION

IMPROVED CARDIAC ENERGETICS

W.G. Herrington et al., European Journal of Heart Failure (2021) doi:10.1002/ejhf.2286



Effects of SGLT2 inhibition on cardiorenal pathophysiology

VASCULAR & HAEMODYNAMIC EFFECTS

Renal SGLT2 inhibition D@ ::scssisssscsnsesscsvasnsssssssssovoassnssvsscsos
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W.G. Herrington et al., European Journal of Heart Failure (2021) doi:10.1002/ejhf.2286; Verma S, McMurray JJV. Diabetologia. 2018;61:2108-2117; Serenelli M et al. Eur Heart J. 2020;41:3402-3418.



Effects of SGLT2 inhibition on cardiorenal pathophysiology

METABOLIC EFFECTS

Renal SGLT2 inhibition
Adipose tissue “— d insulin/glucagon ratio

A

T lipolysis  —,
/

METABOLIC EFFECTS
Glycosuria /
Increased | Enhanced b
glucagon ketone S Acetyl-CoA
generation ty

R-OHB is a «superfuel» that is oxidized by the heart in preference to FFA
and glucose, and not only improves cardiac function in the failing heart,
but also increases mechanical efficiency.




Diabetologia (2018) 61:2108-2117
https://doi.org/10.1007/500125-018-4670-7

@ CrossMark

SGLT2 inhibitors and mechanisms of cardiovascular benefit:
a state-of-the-art review

Subodh Verma' - John J. V. McMurray?

a b
SGLT2 inhibitors
Na* Na*
Na/K g "
NHE ATPase y /1 Ca?l./ca NHE¥
antiporter >

A

Ca*Na/Ca
antiporter

Fig.5 (a) Diabetes-associated heart failure is characterised by an increase block NHEs, consequently reducing cytoplasmic sodium and calcium,
in myocardial expression of NHEs. This can lead to elevations in cyto- thus offering cardioprotection. Ca®*y, mitochondrial calcium; MCU, mi-
plasmic sodium and calcium levels, which may contribute to the path- tochondrial Ca®* uniporter. © G. Oomen 2018. This figure is available as
ology of heart failure. (b) Recent data suggest that SGLT2 inhibitors part of a downloadable slideset



SGLT-2i-mediated Adaptations to Glucose, Sodium and Fluid
Dynamics Contribute to Cardiorenal Protection

HEART?

|Cardiac preload/afterload
|Cardiac wall stress l

v

tCardiac efficiency/output

2,3
CIRCULATION!2 CARDIORENAL PROTECTION

lInterstitial & plasma volume . .
|Arterial stiffness tCardiac function
Improved endothelial function SGLT-2 INHIBITION TRenal function

|Systolic blood pressure
THematopoiesis & hematocrit

4

IMPROVED CLINICAL
OUTCOMES?35

|Glucose/sodium reabsorption’
lIntraglomerular pressure?
lIntrarenal RAAS activity*

Glycosuria?

Diuresis? |Hyperfiltration?
. ce2.3 yperfiltration
Natriuresis lInflammation/hypoxia®

|CV outcomes & death
|HF hospitalization
Stabilization of eGFR
JAlbuminuria

KIDNEY

1. Sattar N et al. Diabetologia. 2016;59(7):1333-1339. 2. Verma S et al. JAMA Cardiol. 2017;2(9):939-940. 3. Scheen RJ. Circ Res. 2018;122:1439-1459. 4. Shin SJ, et al. PLoS One. 2016;11:e0165703. 5. Tamargo J. Eur Cardiol. 2019;14(1):23-32.




There is a significant unmet need for new and effective therapies in
patients with acute MI at high risk of HF?

4 )

Ischaemic heart disease,
including acute Ml, is
one of the leading
causes of disability in the
world?

. J

More than
7 million cases of acute
MI occur every year
worldwide3

HF is one of the most
common and severe
complications of acute
Ml and is associated with
a 3-fold increase in
mortality*°

-

-

Approximately one-
third of patients with
acute Ml are
hospitalized for HF or
have died within 5
years after MI°

J

1. Harrington J et al. Am Heart J. 2022;253:86; 2. GBD 2019 Diseases and Injuries Collaborators. Lancet. 2020;396:1204; 3. Reed GW et al. Lancet. 2017;389:197; 4. Cahill TJ, Kharbanda RK. World J Cardiol.

2017;9:407; 5. Gerber Y et al. Circ Heart Fail. 2016;9:e002460; 6. Desta L et al. Int J Cardiol. 2017;248:221.



IMPATTO DELLA RICERCA SULLA MORTALITA CV

In-hospital deaths for AMI in Italy: 1984 - 2014
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European Heart Journal (2015) 36, 1163-1170 CLINICAL RESEARCH
£uROPEAN doi:10.1093/eurheartj/ehu505 Acute coronary syndrome

CARDIOLOGY

. < . 1 . T. Jernberg et al.
Cardiovascular risk in post-myocardial infarction

patients: nationwide real world data demonstrate
the importance of a long-term perspective
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Figure 3 Kaplan—Meier estimate of the risk of the combined endpoint (myocardial infarction, ischaemic stroke, or cardiovascular death) during  Figure5 Kaplan—Meier estimate of the risk of the combined endpoint (myocardial infarction, ischaemic stroke, or cardiovascular death) after 365
the first 365 days after the index myocardial infarction, stratified by age and high- vs. low-risk patients. days after index myocardial infarction until end of study for stable post- myocardial infarction patients, stratified by age and high- vs. low-risk patients.

Conclusions Risk of cardiovascular events appeared high beyond the first year post-Ml, indicating a need for prolonged surveillance,
particularly in patients with additional risk factors.
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BLITZ-HF: a nationwide initiative to evaluate
and improve adherence to acute and chronic
heart failure guidelines

Michele Massimo Gulizial2*®, Francesco Orso3, Andrea Mortara%, Donata Lucci2,
Nadia Aspromonte5, Leonardo De Luca$, Giuseppe Di Tano’, Giuseppe Leonardis,
Alessandro Navazio?, Giovanni Pulignano$, Furio Colivicchil?, Andrea Di Lenardall,
and Fabrizio Oliva'2, on behalf of the BLITZ-HF Investigators®

"Division of Cardiology, Garibaldi-Nesima Hospital, Catania, Italy; 2Heart Care Foundation, ANMCO Research Center, Florence, Italy; *Heart Failure Clinic, Division of Geriatric
Medicine and Intensive Care Unit, Azienda Ospedaliero-Universitaria Careggi, Florence, Italy; “Department of Clinical Cardiology, Policlinico di Monza, Monza, ltaly; *Department
of Cardiovascular and Thoracic Sciences, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy; ¢Division of Cardiology, Department of Cardiosciences, A.O. San
Camillo-Forlanini, Rome, Italy; " Division of Cardiology, Ospedale di Cremona, Cremona, ltaly; °Heart Failure Unit, Policlinico Catania PO Rodolico, Catania, Italy; *Cardiology
Division, Arcispedale S. Maria Nuova, Azienda USL di Reggio Emilia — IRCCS, Reggio Emilia, Italy; "®Division of Clinical Cardiology, San Filippo Neri Hospital, Rome, Italy;

1 Cardiovascular Department, Azienda Sanitaria Universitaria Giuliano Isontina, Trieste, Italy; and "?Intensive Cardiac Care Unit, De Gasperis Cardio Center, ASST Grande
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Aims To assess adh e to guideline r dati among a large network of ltalian cardiology sites in the
management of acute and chronic heart failure (HF) and to evaluate if an ad-hoc educational intervention can improve
their performance on several phar logical and ph logical indicators.

Methods BLITZ-HF was a cross-sectional study based on a web-based recording system with pop-up rei lers on guideline

and results recommendations used during two 3-month enrolment periods carried out 3 months apart (Phase 1 and 3),

interspersed by face-to-face macro-regional benchmark analyses and educational meetings (Phase 2). Overall, 7218
patients with acute and chronic HF were enrolled at 106 cardiology sites. During the enrolment phases, 3920 and 3298
patients were included, respectively, 84% with chronic HF and 16% with acute HF in Phase 1, and 74% with chronic
HF and 26% with acute HF in Phase 3. At baseline, adh e to guideline r dations was already overall high
for most indicators. Among acute HF patients, an improvement was obtained in three out of eight indicators, with
a significant rise in echocardiographic evaluation. Among chronic HF patients with HF and preserved or mid-range
ejection fraction, performance increased in two out of three indicators: creatinine and echocardiographic evaluations.
An overall performance improvement was observed in six out of nine indicators in ambulatory HF with reduced
ejection fraction patients with a significant increase in angiotensin receptor—neprilysin inhibitor prescription rates.

Conclusions Within a context of an already elevated level of adherence to HF guideline recommendations, a structured
multifaceted educational intervention could be useful to improve performance on specific indicators. Extending
this approach to other non-cardiology healthcare professionals, who usually manage patients with HF, should be
considered.

Keywords Acute heart failure @ Chronic heart failure ® Adherence o Registry o Guidelines
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Cumulative Incidence of HF After AMI in Patients With No
Previous HF History

Among > 337,000 Patients Hospitalized With Acute MI and No Previous History of HF, Nearly 1
in 5 Patients Developed a Subsequent Diagnosis of HF Within 5 Years
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Faridi KF, et al. Am J Cardiol. 2021;15;151:70-77.



Heart failure is one of the most common and severe complications in

patients post-Mi

[ Development of heart failure after Ml is associated with an increased risk of mortality and

impaired quality of life! ]

The risk of heart failure is
at its highest in the early
post-MI phase?

Risk factors include Ml
size and timing of acute
treatment?™

-

There are several mechanisms that contribute to the risk
of heart failure after MI3

All mechanisms include:3

yocardial stunning .
Inflammation .
Fibrosis .
Remodelling .
eurohormonal activation

Cardiomyocyte necrosis
Reperfusion injury
Microvascular obstruction
Haemorrhage

1. Jencéa D et al. ESC Heart Fail. 2021;8:222; 2. Weil BR,

Neelamegham S. Front Immunol. 2019;10:300; 3. Cahill TJ,
Kharbanda RK. World J Cardiol. 2017,9:407; 4. Gerber Y et al. Circ Heart Fail.
2016;9:e002460.
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Empagliflozin prevents from early cardiac
injury post myocardial infarction in non-
diabetic mice

Yihai Liu @ ® #, Mingyue Wu ° #, Jiamin Xu % Biao Xu ®® 9 i, Lina Kang® 2 =X

Hypoxic

:

f’(._ @ ,;‘2-) =y ~ |nhibit apoptosis & oxidative stress

Empagliflozin ©

N~
A AMPKa pathway

n Vivo
b =) » |mprove cardiac function
» Attenuate cardiac fibrosis

ﬁ Ligation
AN

» Maintain mitochondrial membrane potential

Methods

C57BL/6 mice underwent left artery coronary artery descending (LAD) ligation to induce
MI. Following the surgery, animals were randomized to receive saline or empagliflozin.
Empagliflozin (EMPA) was administrated at 10mg/kg per day by oral gavage for 2 weeks.
Echocardiography, histological staining and qualitative RT-PCR were performed to assess
the cardiac remodeling post MI. In vitro experiments were performed to evaluate the

effect of empagliflozin on apoptosis, oxidative stress and mitochondrial membrane
potential of cardiomyocyte subjected to hypoxic treatment.

Results

Compared with MI group, the empagliflozin treatment group showed improved cardiac
function, reduced infarct size and interstitial fibrosis. Empagliflozin also inhibited

cardiomyocyte apoptosis by alleviating oxidative stress and restoring mitochondrial
membrane potential. Immunoblotting analysis revealed activated AMP-activated protein
kinase (AMPK) signaling may mediated the cardioprotective role of empagliflozin.

Conclusions

In summary, empagliflozin could inhibit cardiomyocyte apoptosis and improve cardiac

remodeling early MI, which provided insights into the benefic effect of empagliflozin on

MI patients without diabetes.
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Empagliflozin Ameliorates Adverse

Left Ventricular Remodeling in

VOL. 73, NO. 15, 2019

»

Nondiabetic Heart Failure by Enhancing

Myocardial Energetics
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CENTRAL ILLUSTRATION Postulated Effect of Empagliflozin on Heart Failure

Healthy Myocardium Heart Failure Myocardium Myocardium on Empagliflozin Rx

t Ketone Bodies

\J

Glycosuria —-, tInsulin

Glucagon™ > Lipolysis ——— Ketogenesis

Santos-Gallego, C.G. et al. J Am Coll Cardiol. 2019;73(15):1931-44.

Empagliflozin improves cardiac function by switching away from glucose towards ketone bodies and free fatty acids as source of energy. AMPK = adenosine 5
monophosphate-activated protein kinase; ATP = adenosine triphosphate; BCAA = branched-chain amino acid; FFA = free fatty acid; Glc = glucose; LV = left ven-
tricular; Rx = treatment.
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SGLT2 Inhibition Attenuates Myocardial Infarction FEBRUARY 2019:15-26

SGLT2 Inhibitor, Canagliflozin,
Attenuates Myocardial Infarction in
the Diabetic and Nondiabetic Heart

Ven G. Lim, MBCuB,>" Robert M. Bell, PuD,>" Sapna Arjun, PuD,* Maria Kolatsi-Joannou, PuD,” David A. Long, PuD,’

Derek M. Yellon, PuD, DSc*

VISUAL ABSTRACT
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e This suggests that the improvement in
myocardial infarct size by SGLT2
inhibition may occur independent of the

Langendorff perfusion buffer, had no
impact on the myocardial infarct size.

FIGURE 4 Infarct Size Reduction Following Long-Term 4-Week Oral Administration of

Canagliflozin
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Sodium/glucose Co-Transporter 2
Inhibitor, Empagliflozin, Alleviated
Transient Expression of SGLT2 after
Myocardial Infarction

Soo Yong Lee (3, MD, PhD*?, Tae Wook Lee (©, PhD?, Gyu Tae Park ©, MS?,

Jae Ho Kim @, PhD??, Hyun-Chae Lee @, PhD?, Jung-Hwa Han ©, PhD*¢,
Aeseon Yoon (9, BS*¢, Dahye Yoon (, PhD®, Shukmann Kim @, PhD®,

Soon Myung Jung (», MD', Jin Hee Choi (©, MD, PhD', Min Ku Chon @&, MD, PhD',
Sang Hyun Lee (, MD, PhD', Ki Won Hwang (3, MD', Jeongsu Kim (5, MD, PhD',
Yong Hyun Park (, MD, PhD', June Hong Kim (, MD, PhD',

Kook Jin Chun @, MD, PhD', and Jin Hur (®, PhD*¢

A
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Methods: Mice pre-treated with empagliflozin (EMPA), an SGLT2 inhibitor, showed a
significantly reduced infarct size compared with the vehicle group three days post-MIL.
Interestingly, we confirmed SGLT?2 localized in the infarct zone. The sequential changes of
SGLT?2 expression after MI were also evaluated.

Results: One day after MI, SGLT2 transiently appeared in the ischemic areas in the vehicle
group and increased until 72 hours. The appearance of SGLT2 was delayed and less in

amount compared with the vehicle group. Additionally, there was a significant difference

in metabolites, including glucose and amino acids in the 'H nuclear magnetic resonance
analysis between groups.

Conclusions: Our work demonstrates that SGLT2 is transiently expressed in heart tissue early
after MI and EMPA may directly operate on SGLT2 to facilitate metabolic substrates shifts.
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Cardioprotective mechanism of SGLT2
inhibitor against myocardial infarction is
through reduction of autosis .

LV wall thickness (mm)
o o
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Kai Jiang", Yue Xu', Dandan Wang', Feng Chen’, Zizhuo Tu', Jie Qian', Sheng Xu', Yixiang Xu?, _ _ Ml
John Hwa®, Jian Li?, Hongcai Shang®, Yaozu Xiang™™ J 600 ‘P —R%s PO
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Sodium-glucose cotransporter 2 (SGLT2) inhibitors
DMSO EMPA-1 w DMSO EMPA-24 h

reduce cardiovascular mortality in patients with dia-
betes mellitus but the protective mechanism remains
elusive. Here we demonstrated that the SGLT2 inhibitor,
Empagliflozin (EMPA), suppresses cardiomyocytes
autosis (autophagic cell death) to confer cardioprotec-
tive effects. Usiﬁg myocardial infarction (MI) mouse
models with and without diabetes mellitus, EMPA treat-
ment significantly reduced infarct size, and myocardial Shlam DN:SO E,V:pA
fibrosis, thereby leading to improved cardiac function _—
and survival. In the context of ischemia and nutritional
glucose deprivation where autosis is already highly 80 - : 80 - .
stimulated, EMPA directly inhibits the activity of the Na*/ PE0.0018 P <0.0001
B | I |
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"H™ exchanger 1 (NHE1) in the cardiomyocytes to regu- :

late excessive autophagy. Knockdown of NHE1 signifi- 60 -

cantly rescued glucose deprivation-induced autosis. In T— I :[
contrast, overexpression of NHE1 aggravated the car- I
diomyocytes death in response to starvation, which was 40 1

effectively rescued by EMPA treatment. Furthermore,

in vitro and in vivo analysis of NHE1 and Beclin 1 I
knockout mice validated that EMPA’s cardioprotective : 2

effects are at least in part through downregulation of F] :
autophagic flux. These findings provide new insights for 0 0 , . : i i
drug development, specifically targeting NHE1 and DMSO EMPA DMSO EMPA DMSO EMPA DMSO EMPA
autosis for ventricular remodeling and heart failure after 1w 24 h 1w 24 h
Ml in both diabetic and non-diabetic patients.
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- EMMY (2022) DAPA-MI (2023)%> EMPACT-MI®

Number of
patients

Empagliflozin 10mg

476

Study population AMI

Additional CK > 800 IU/L and troponin > 10 x
features ULN

Changes in NT-pro-BNP at 6 months

Primary endpoint

Registry-based RCT

Dapagliflozin 10mg

4017

AMI

New Q waves on ECG
New LV dysfunction

Death, hospitalization for HF, nonfatal
AMI, atrial fibrillation/flutter, type 2
diabetes mellitus, NYHA class, body

weight decrease

Empagliflozin 10mg

6522

AMI

New LVEF < 45% and/or
signs/symptoms of congestion

All-cause mortality and time to first
HF hospitalization
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Clinical trials

@ E S C European Heart Journal (2022) 43, 44214432
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of Cardiology

Empagliflozin in acute myocardial infarction:

the EMMY trial

Empagliflozin following severe myocardial infarction

Creatine kinase > 800 U/I
Troponin T/I-level > 10x ULN

Empagliflozin
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Dapagliflozin in Myocardial Infarction without
Diabetes or Heart Failure
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Table 2. Secondary Outcomes.

Ties Win Ratio (95% Cl)
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. 9 |
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I
I
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Components 1-5 86.2% 1.31 (1.01, 1.71) i—l—
I
I
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Components 1-3 91.5% 1.03 (0.74, 1.45) —
|
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Components 1-2 93.7% 1.01 (0.68, 1.49) R
I
I
1.29% B Dapa 10 mg winner A
Component 1 97.1% B8 | (o B 0.81 (0.45, 1.46) -
il
I T T T T 1
0.5 08 10 12 15 2.0
Placebo better Dapa 10 mg better
-
Win ratio

Dapagliflozin 10mg Placebo Hazard Ratio*
Other Secondary and Exploratory End Points (n=2019) (n=1998) (95% CI)
Composite of CV death/hospitalization for HF — n (%) 50 (2.5) 52 (2.6) 0.95 (0.64, 1.40)
CV death/hospitalization for HF/MI — n (%) 82 (4.1) 85 (4.3) 0.95 (0.70, 1.29)
MACE (M|, stroke, or CV death) — n (%) 68 (3.4) 72 (3.6) 0.94 (0.67, 1.31)
All-cause death — n (%) 41 (2.0) 33 (L.7) 1.22 (0.77, 1.92)
CV death — n (%) 27 (13) 23 (12) 1.15 (0.66, 2.01)
Ml —n (%) 44 (2.2) 39 (2.0) 111 (0.72, 1.71)
Stroke — n (%) 10 (0.5) 17 (0.9) 0.61 (0.28-1.34)
New diagnosis of type 2 diabetes — n (%) 42 (2.1) 78 (3.9) 0.53 (0.36, 0.77)
New diagnosis of atrial fibrillation/flutter — n (%)} 16 (0.8) 18 (0.9) 0.88 (0.45, 1.73)
All-cause hospitalization — n (%) 418 (20.7) 372 (18.6) 1.12 (0.98, 1.29)
Adjudicated hospitalization for HF — n (%) 27 (1.3) 32 (1.6) 0.83 (0.50-1.39)
Placebo-Corrected
Change in body weight — kg (mean) —1.41 (-1.75, -1.07) 0.24 (-0.11, 0.58) ~1.65 (-2.12, -1.18)

Figure 1. Primary and Key Secondary Hierarchical Composite Outcome, Assessed by the Win
Ratio Method.

The results are presented as cumulative estimates where the number of components in the estimate is increased by one component at
each step, according to the end point hierarchy, from the bottom and up (for per-component estimates in the hierarchy see Fig. S2).
The gray arrow indicates the order of the end point hierarchy. Percentages are percent of 4,033,962 comparisons resulting in a win for
Dapa 10 mg, tie, or win for placebo. The components in hierarchical order are as follows: 1. Death, 2. Hospitalization for heart failure,
3. Nonfatal MI, 4. Atrial fibrillation/flutter, 5. New diagnosis of type 2 diabetes, 6. NYHA class, and 7. Weight decrease of 5% or more.

CONCLUSIONS In patients with acute MI as noted
above, after approximately 1year of treatment with dapa-
glifiozin there were significant benefits with regard to
improvement in cardiometabolic outcomes but no impact
on the composite of cardiovascular death or hospital-
ization for heart failure compared with placebo. (Funded
by AstraZeneca; ClinicalTrial.gov number, NCT04564742.)
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The DAPA-MI trial
extends the evidence from prior SGLT2 inhibitor trials

and shows clinically relevant, largely cardiometabolic,
benefits of dapagliflozin in patients hospitalized for acute
MI with impaired LV function and without diabetes or
prior chronic HF. Importantly, patients with any degree of
_globally or regionally impaired LV function were included

and approximately 20% of patients had global LV ejection

fraction greater than 50%. The primary outcome did not
differ based on different degrees of LV function or level of

troponin elevation.
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Month 2 Month 12 Month 22
Months from Randomization

No. at Risk
Placebo (N) 1810 1235 397
Dapa 10 mg (N) 1813 1254 407



EMPACT-MI is designed to investigate the safety and efficacy of
empagliflozin in patients after acute Ml

Type of trial: Multicentre, randomized, double-blind, placebo-controlled trial

Population: Patients at high risk for developing new-onset HF after acute Ml

Study design Confirmatory endpoints

Empagliflozin 10 mg OD
EMPACT-MI +SOC

COMPOSITE PRIMARY ENDPOINT
Time to first HHF or all-cause mortality

STEMI/NSTEMI at
high risk of HF Placebo OD

5000 patients +50C

KEY SECONDARY ENDPOINTS

* Total HHF or all-cause mortality

. * Total CV hospitalizations or all-cause mortality
Event driven

(>532 primary endpoint events) * Total all-cause hospitalizations or all-cause mortality

* Total Ml hospitalizations or all-cause mortality

Harrington J et al. Am Heart J. 2022;253:86.



Inclusion criteria: High risk of HF

MANDATORY MANDATORY Defined as either:

Symptoms of congestion (e.g. dyspnoea, fatigue,
—— decreased exercise tolerance) requiring treatment*

STEMI or during hospitalization
NSTEMI : : Signs of congestion (e.g. pulmonary rales, crackles,
High risk ~ crepitations, elevated jugular venous pressure,
Hospitalized <14 of HF congestion on CXR) requiring treatment™* during
days before hospitalization

randomization

Newly developed LVEF <45% as measured by
—— echocardiography, ventriculography, cardiac CT, MRI or
radionuclide imaging during index hospitalization

*Treatment included augmentation or initiation of oral diuretic therapy, IV diuretic therapy, IV vasoactive agent and mechanical intervention.
Harrington J et al. Am Heart J. 2022;253:86.



Inclusion criteria: Risk factors for development of HF

At least one of the following risk factors:

Ace 65 vears AF (persistent or Uric acid
BE =50y permanent)* >7.5 mg/dL
Newly developed LVEF Elevated 3-vessel CAD at time of
<35% NT-proBNP or BNP' index M|
Prior Ml . . . Patient not
(before index M) RUionoreWiaiagnosis revascularized*
of T2D
Pulmo-nary artery Diagnosis of peripheral
systolic pressure eGFR artery disease
>40 mmHg <60 mL/min/1.73 m? i

*|f paroxysmal, only valid if associated with index MI. "Without AF: NT-proBNP 21400 pg/mL or BNP 2350 pg/mL. With AF: NT-proBNP >2800 pg/mL or BNP >700 pg/mL.
*Includes patients with no angiography performed, unsuccessful revascularization attempts, diffuse atherosclerosis not amenable to intervention, but does not include patients for whom no
revascularization was performed due to non-obstructive CAD. Harrington J et al. Am Heart J. 2022;253:86.



@ ESC European Journal of Heart Failure (2023) 25, 1708-1715 RESEARCH ARTICLE

European Society  doi:10.1002/ejhf.2990
of Cardiology

Baseline characteristics of patients enrolled
in the EMPACT-MI trial

Josephine Harrington'.2, Jacob A. Udell3, W. Schuyler Jones':2, Stefan D. Anker45,
Deepak L. Bhatté, Mark C. Petrie’, Knut Robert Andersen8, Mikhail Sumin?,
Isabella Zwiener19, Adrian F. Hernandez'2, and Javed Butler11,12x

Patients with signs and/or
symptoms of congestion requiring

treatment: n=3714 (56.9%)

Patients with both:
n=2319 (35.6%)

Age =65 years

LVEF <35%

Prior Ml

eGFR <60 mL/min/1.73 m?
Atrial fibrillation

Type 2 diabetes

Elevated NT-proBNP/BNP
Elevated uric acid
Elevated PASP

No revascularization®

3-vessel CAD

B
All patients: N=6522 Proportion of patients (%)
0 10 20 30 40
| | | |
- 01 29.2 (n=1907)
c
-‘é’ e 2 28.1 (n=1834)
S 20.7 (n=1350)
C
22 4 12.1 (n=788)
O
58 5 6.2 (n=406)
€5
Patients with LVEF <45%:* E 6 2.5 (n=161)
n=5108 (78.3%) z 76 M 120=76)
Proportion of patients (%)
0 20 40 60 80 100
| 1 1 1 1 1
50.0 50.0 0.0
0.8
0.0
0.1
0.1
0.0
0.1
2.9
5.4 94.6 0.0

PAD

M Yes © No

Not reported
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Conclusioni

* Gli SGLT2i hanno dimostrato importanti effetti cardio-renali-
metabolici, con positivo impatto sugli outcome

* Rappresentano anche un potenziale strumento terapeutico nell’ IMA (
meccanismi fisiopatologici)

e Evidenze ancora limitate ma promettenti

e EMMY trial: riduzione livelli NTproBNP e miglioramento parametri
ecocardiografici

* DAPA-MI: vantaggio nell’ outcome composito, guidato dalla
componente metabolica

* Necessita di dati piu estensivi: EMPACT-MI...
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SGLT 21

Diabetes, HF and CKD Revolution
One for All...

All for one...
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