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Brief Review of Kidney Role in

Glucose Homeostasis
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Kidney Plays a Significant Role in Glucose Balance

Glucose in diet
~180 g/day * > Pt

Glucose Utilization

Rea bSOFp'EiOI’]1 \\ ~250 g/day 2
Filtration & * / B
Reabsorption ~ < ~70 g/day
~180 g/day 4
Produced by \ -~ S <A @Q\ Brain
. ) gluconeogenesis ﬁ_ ~125 g/day
Utilization or glycogenolysis e
, 20% is produced TN Rest of body
,/ by the kidney 4 b ~125 g/day
Production’ Iy r =~

(gluconeogenesis)

Kidney
Utilizes ~25-30 g/day
Produces ~15-55 g/day

C\'DICI

IABET
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Glucose Transporters

* Glucose transporters play a critical role in
various organs.
* They are classified into two families:
* facilitative glucose transporters (GLUTSs)

* sodium-dependent glucose transporters
(SGLTs)

* SGLTs 1-6: active energy dependent glucose
transporters:

* SGLT,: low capacity, high affinity, mostly
in intestine

* SGLT,: high capacity, low affinity, mostly
in kidney

Cell Cell
membrane membrane
Out In
Tubular
lumen s
Na+
c‘\ ‘
£ & o &
& ~ g

Renal proximal tubule cell
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1. Diabetes Ther. 2013; 4(2): 195-220, 2. J Clin Endocrinol Metab. 2010; 95(1):34-42
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Empagliflozin Mechanism of Action
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Renal glucose re-absorption in healthy individuals

Filtered glucose load
180 g/day’
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1. Diabet Med. 2010; 27(2):136-42
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Renal glucose re-absorption in patients with diabetes

Filtered glucose load >
180 g/day’

abic
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Urinary glucose excretion via SGLT2 inhibition

Filtered glucose load
> 180 g/day
v

EN
a

SGLT, inhibitors reduce
glucose re-absorption
in the proximal tubule,
leading to urinary
glucose excretion* and
osmotic diuresis’

c\bid
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Expected Clinical Effects of SGLT2 Inhibition

Increased glucose
excretion

Increased sodium

excretion

a Reduced glycemia

N

Loss of calories

Reduced sodium
load

HbAlc
m—) Reduction
0.6-1%

. Weight loss
2-3kg

BP reduction

= 3 -5 mmHg

cbhic

Abdul-Ghani MA, et al. Endocri Rev. 2011; 32:515-S31.
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Empagliflozin in clinical studies:

Efficacy
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A HbA1c Across Different Background Therapy Empagliflozin® vs.

0.0 -

S

<

o)

L 08 -
1.2 -

Adjusted mean (SE) difference vs
placebo in change from baseline in

Placebo*
Phase Il pooled efficacy analysis
Pooled data B Empagliflozin® 10 mg QD M Empagliflozin® 25 mg QD
Pooled Monotherapy! MET?23 PIO* MET+SU 5 7|8nvs\,lél(i;|l 6 Mild RI'?

- -0.57 0.52

-0.74 -0.68

| patients,n_| 831 | o1 | 224 | 220 | 217 | 213 | 163 | g6 | 225 |2 | 169 13 ] %8 | 97

BL HbA,_, % 798 796 787 786 794 786 81 81 807 810 83 83 8.02 7.96
BL, baseline; MET, metformin; PIO, pioglitazone; QD, once daily; Rl, renal impairment; SE, standard error; SU, sulphonylurea. . .
* All data are placebo-corrected and statistically significant unless otherwise marked C\lj I dl
DIABETES 12

1. Lancet Diabetes Endocrinol. 2013; 1(3):208-19; 2. Diabetes. 2013; 62(suppl 1A);A21 (P69-LB); 3. Diabetes Care. 2014; 37(6):1650-9

4. Diabetes Obes Metab. 2014; 16(2):147-158; 5. Diabetes Care. 2013; 36(11):3396—-404; 6. Diabetologia. 2013; 56(suppl 1);S372 (P931); 7. The Lancet Diabetes & Endocrinology 2014;
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A Body Weight Across Different Background Therapy Empagliflozin®
vs. Placebo*
Phase Il pooled efficacy analysis

Pooled data M Empaglifiozin® 10 mg QD M Empagliflozin® 25 mg QD

Insulin
Pooled  Monotherapy! MET?23 PIO*4 MET+SU® 78 week 6 Mild RI'7

2.15 - -2.00

2,90 -2.80

Adjusted mean (SE) difference
vs placebo in change from
baseline in body weight (kg)

-4.0 -
_patients,n_| 831 | 821 | 224 | 224 | 217 | 213 | 165 | 168 | 225 | 216 | 169 | 155 | 98 | o7

BL BW (kg) 78.77 79.10 784 77.80 816 822 780 789 771 775 916 947 921 88.7

BL, baseline; BW, body weight; MET, metformin; PIO, pioglitazone; QD, once daily; Rl, renal impairment; SE, standard error; SU, sulphonylurea.

* All data are placebo-corrected and statistically significant unless otherwise marked

1. Lancet Diabetes Endocrinol, 2013; 1(3):208-19; 2. Diabetes. 2013; 62(suppl 1A);A21 (P69-LB); 3. Diabetes Care. 2014; 37(6):1650-9 DIABETES
4. Diabetes Obes Metab. 2014; 16(2):147-158; 5. Diabetes Care. 2013; 36(11):3396—-404; 6. Diabetologia. 2013; 56(suppl 1);S372 (P931); 7. The Lancet Diabetes & Endocrinology 2014;
2(5), 369-384.




A SBP Across Different Background Therapy Empagliflozin® vs. Placebo*

Phase Il pooled efficacy analysis
Pooled data M Empaglifiozin® 10 mg QD ™ Empagliflozin® 25 mg QD

QO o~
- % Insulin _
% % c Pooled Monotherapy ! MET 23 PIO 4 MET+SU 5 78 week 6 Mild RI 7
% = é 0.0 -

(al
MG
ne? 5p-
N C .
c 8 o
- e 4 S e .
Eco -4.0 -
- o
g2
) & - i
g 5 o0 -4.10 ~3.90 -4.20 -3.60
< * 480 -4.70

-8.0 - -5.10

| patients,n | 831|821 | 224 | 224 | 217 | 213 | 165 | 68 | 225 | 216 | 169 | 155 | 98 | 97

BL SBP(mmHg) ~ 129.6 129 133 1299 1296 130 1265 1259 1287 1293 1324 1328 137.4 1337

BL, baseline; MET, metformin; PIO, pioglitazone; QD, once daily; RI, renal impairment; SBP, systolic blood pressure; SE, standard error; SU, sulphonylurea.

*All statistically significant except when marked as *.

1. Lancet Diabetes Endocrinol, 2013; 1(3):208-19; 2. Diabetes. 2013; 62(suppl 1A);A21 (P69-LB); 3. Diabetes Care. 2014; 37(6):1650-9 DIABETES

4. Diabetes Obes Metab. 2014; 16(2):147-158; 5. Diabetes Care. 2013; 36(11):3396—-404; 6. Diabetologia. 2013; 56(suppl 1);S372 (P931); 7. The Lancet Diabetes & Endocrinology.2014;
2(5), 369-384.




Empagliflozin Safety profile
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Hypoglycaemic Events

* Phase lll safety and tolerability analysis

20 -
M Placeb 16.1
16 4 acebo ®
m Empagliflozin 10 mg QD
1 ® Empagliflozin 25 mg QD 11.5

Percentage of patients with
confirmed hypoglycaemiaT (%)

Pooled data excl. SU  Monotherapy 1 Add-on to MET 2 Add-on to PIO3 Pooled data incl. SU Add-on to MET + SU

background background 4
MET, metformin; PIO, pioglitazone; QD, once daily; SU, sulphonylurea.

tConfirmed events; plasma glucose < 70 mg/dL and/or requiring assistance

cbhic
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1. Lancet Diabetes Endocrinol. 2013; 1(3):208-219; 2. Diabetes Care. 2014 ;37(6):1650-9 3. Diabetes Obes Metab. 2014; 16(2):147-158; 4. Diabetes
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Events Consistent with UTI Stratified by Gender

Phase Il pooled safety and tolerability analysis

30 - Male vs. female patients

5 M Placebo
(n=401/424)

20 - 18.5 m Empagliflozin 10 mg QD
(n = 367/463)

15 - ® Empaglifiozin 25 mg QD

(n=358/464)

Patients with events consistent with UTI (%)

All patients with events Female patients Male patients

QD, once daily; UTI, urinary tract infection.

CIC
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1. Lancet Diabetes Endocrinol. 2013; 1(3):208-219; 2. Diabetes Care. 2014 ;37(6):1650-9 3. Diabetes Obes Metab. 2014; 16(2):147-158; 4. Diabetes
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3.5 -

3.0 -

2.5 -

20 -

Patients (%)

15 -

1.0 -

Genital Infection Distribution of Events Severity

Phase Ill pooled safety and tolerability analysis

2.90

1.30

0.10

Mild

Moderate

QD, once daily

1.20

m Placebo
(n=825)

m Empagliflozin 10 mg QD
(n=830) o

B Empagliflozin 25 mg QD
(n=822) o

0.00 0.00 0.00

Severe

CIC

1. Lancet Diabetes Endocrinol

Care. 2013; 36(11):3396-404

.2013; 1(3):208-219; 2. Diabetes Care.
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EMPA-REG OUTCOME®
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The NEW ENGLAND JOURNAL of MEDICINE

s : :"t EMPA-REG
o 0.. OUTCOME

|| ORIGINAL ARTICLE ||

Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D.,
Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H.,

Odd Erik Johansen, M.D., Ph.D., Hans J. Woerle, M.D., Uli C. Broedl|, M.D.,
and Silvio E. Inzucchi, M.D., for the EMPA-REG OUTCOME Investigators

Objective'
To examine the long-term effects of empagliflozin versus placebo, in addition to standard of care,
on CV morbidity and mortality in patients with type 2 diabetes and high risk of CV events

s

1. N EnglJ Med 2015; 373:2117-2128 DIABETES
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i" ’:' EMPA-REG

Trial Design "Byafe OUTOOME"

Patients
11,531 >97 % >99 % Eaablshed
countries pts screened completed vital status cardiovascular
trial available e
7020 pts
590 randomized
sites

* CV, cardiovascular. C\ID i d i

DIABETES

1-Zinman B et al,. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine. 2015; 26;373(22):2117-28.. 21



‘l? EMPA-REG
i o- OUTCOME

Trial Design {»

* Design
* 42 Countries, 590 sites
* Randomized, double-blind, placebo-controlled CV outcomes trial.

* Key inclusion criteria

¢ AdU|tS Wlth TZDM Screening Randomised and Empagllflozm 10 mg

* BMI €45 kg/m2 (n=11531) (trfgsg) (n=2345)

* HbA, 7-10%* =

* Established cardiovascular disease Empagliflozin 25 mg
* Prior Ml, CAD, stroke, unstable angina or occlusive PAD (n=2342)

* Key exclusion criteria
* eGFR <30 mL/min/1.73m? (MDRD)

v’ The trial was to continue until at least 691 patients experienced an adjudicated primary outcome event.

BMI, body mass index; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease
*No glucose-lowering therapy for 212 weeks prior to randomisation or no change in dose for 212 weeks prior to randomisation or, in the case of insulin,

L k2
unchanged by >10% compared to the dose at randomisation < \ > I ( I

1. N Engl J Med 2015; 373:2117-2128 DIABETES
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Pre-specified primary and key secondary outcomes % & ShpaRec
Cardiovascular death Non-f ‘,’t‘” L eAg L dial e ~
infarction
Hospitalization

for
unstable angina

MACE

J

Additional Key components of MACE
(hard endpoints of atherosclerotic disease)
Non-fatal stroke components may be

. . Additional components for MACE-plus
included

;K%ZBFJ]

1. N Engl ) Med 2015; 373:2117-2128 DIABETES



Primary Outcome: 3-point MACE (CV death, Nonfatal MI, Nonfatal '

t k ! * EMPA-REG
Stroke P 0.. OUTCOME
20+
HR 0.86
(95.02% C10.74, 0.99)
p=0.0382* Placebo
154
= Empagliflozin
€
Q
>
Q
£ 10+ —
2 Risk reduction
T
14%
£ (o)
Q.
S (95.02% Cl 0.74, 0.99)
p=0.0382
0 -
1 1] 1] 1 1 1 1 1 1
0 b 12 18 24 30 36 42 48
Months
No. of patients
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 1161 741 166

Cumulative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio.
* Two-sided tests for superiority were conducted (statistical significance was indicated if p<0.0498)

COIC

1. N EnglJ Med 2015; 373:2117-2128 DIABETES
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No. at Risk
Empagliflozin
Placebo

Patients with Event (%)

EMPA-REG OUTCOME® CV Death'

# EMPA-REG

"
P 3. outcome

9 Placebo
8-
7=
1 Hazard ratio, 0.62 (95% Cl, 0.49-0.77) Empaglifiozin
54 P<0.001
4- T
3 Risk reduction
q 38%
(95% C10.49,0.77)
1 p<0.0001
=
0 6 12 18 24 30
Month
4687 4651 4608 4556 4128 3079 1722 414
2333 2303 2280 2243 2012 1503 1281 825 177

COIC

1. N EnglJ Med 2015; 373:2117-2128
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EMPA-REG OUTCOME® Hospitalization for Heart Failure’

S : ?t EMPA-REG
o 0.. OUTCOME

7- Placebo

Hazard ratio, 0.65 (95% Cl, 0.50-0.85)
P=0.002 Empagliflozin

Risk reduction

4 35%

a n (95% Cl 0.50, 0.85)
p=0.0017

Patients with Event (%)
T

Month
No. at Risk
Empa gliﬂozin 4687 4614 4523 4427 3933 2950 2437 1634 395
Placebo 2333 2271 2226 2173 1932 1424 1202 775 168

COIC

1. N EnglJ Med 2015; 373:2117-2128 DIABETES
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EMPA-REG OUTCOME® All-cause Mortality

t; : .“"r, EMPA-REG
e 0.. OUTCOME

154

HR 0.468
(95% C10.57, 0.82) Placebo
p<0.0001
5 104
=
@ —
P Empagliflozin
=
k3
E e
L 54 Risk reduction
o
. 2%
32%
(95% Cl 0.57, 0.82)
p<0.0001
0-
1 1 | 1 1 1 1
0 6 12 18 24 30 36
Months
No. of patients
Empagliflozin 4687 4651 4608 4556 4128 3079 2617
Placebo 2333 2303 2280 2243 2012 1503 1281
1. N Engl ) Med 2015; 373:2117-2128 DIABETES
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EMPA-REG OUTCOME®: summary

Empagliflozin in addition to standard of care reduced CV risk and improved
overall survival in adults with T2D at high CV risk’

14% 38% 32% 35%
KA\ 4

o

J All-cause J Heart failure
mortality hospitalisations

The overall safety profile of empagliflozin was consistent with previous clinical
trials and current label information’

CIC

. . . DIABETES
3P-MACE, 3-point major adverse cardiovascular events

Empagliflozin is not indicated for CV risk reduction. CV, cardiovascular; T2D, type 2 diabetes 28
1-Zinman B et al,. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine. 2015; 26;373(22):2117-28.



EMPA-REG RENAL®
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The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE \I

Empagliflozin and Progression of Kidney
Disease in Type 2 Diabetes

Christoph Wanner, M.D., Silvio E. Inzucchi, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Maximilian von Eynatten, M.D.,
Michaela Mattheus, Dipl. Biomath., Odd Erik Johansen, M.D., Ph.D.,
Hans J. Woerle, M.D., Uli C. Broedl, M.D., and Bernard Zinman, M.D.,
for the EMPA-REG OUTCOME Investigators*

[

1. N Engl J Med 2016; 375:323-334 DIABETES
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SGLT2 Inhibitors Induce a Temporary Reduction in eGFR, but Preserve
Renal Function Overtime!

EMPA-REG OUTCOME EMPA-REG OUTCOME
Patients with eGFR 260 mL/min/1.73 m? at baseline Patients with eGFR <60 mL/min/1.73 m? at baseline

— Placebo — Empaglifiozin 10 mg — Empaglifiozin 25 mg

¢ 86 ¥ 56,

w w

R Q. 2

ﬁs 82 1 ﬁs 52 N

LQ,.. 80 - @h' 50

Ex Cr

g§e 9 N ge ®

ig 76 4 Eg 46 -

° °

SE 41 28E 4

) ]

3 721 3. 421

° °

< 70 LA 1 L 1 T 1 § T T 1§ A | T 1 T ( 40 LU T 1 T 1 T 1 A T | T L
Baselined 12 28 52 66 80 94 108122 136 150 164 178 192 Baselned 12 28 52 66 80 04 108122 136 150 164 178 192

Time, wk Time, wk

cOICH
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1-Wanner C et al,. Empagliflozin and progression of kidney disease in type 2 diabetes. New England Journal of Medicine. 2016; 28;375(4):323-34. 31



Renal Outcomes with Empagliflozin over 3.2 Years (EMPA-REG RENAL)'

39% 38% 46%
P<0.001 P<0.001 12 P<0.001
20 18 -
18 16 10 -
16 14 -
— 14 —_ — 8
X X 12 - X
w 12 ) n
5 § 101 56
s 10 = =
(C (T 8 _ (C
a a a
8 4
6 i
6
4 -
4 2
2 2 -
0 0 - 0 -
Incident or worsening Progression to Post-hoc composite outcome*
nephropathy macroalbuminuria
Arrows = relative risk reduction . .
*Doubling of SCr + eGFR <45 mL/min/1.73 m?, initiation of renal replacement therapy, or death from renal disease. ( \ ’ I ( I
1. N Engl ) Med 2016; 375:323-334 DIABETES
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The EMPEROR-Reduced trial
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Background

v'SGLT2 inhibitors may prevent the onset of HF in high-risk patients, but can these
drugs treat HF in those with an established diagnosis?

v'If the benefits of SGLT2 inhibitors on HF are unrelated to their actions on blood
glucose, could these drugs exert favorable effects in patients who have HF but
who do not have diabetes?

v"Would such benefits be seen in those who are already receiving appropriate
drug treatments for HF?

DIABETES
1-N. Engl. J. Med 2020.8;383(15)1413-1424



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Cardiovascular and Renal Outcomes
with Empagliflozin in Heart Failure

M. Packer, S.D. Anker, J. Butler, G. Filippatos, S.J. Pocock, P. Carson, J. Januzzi,
S.Verma, H. Tsutsui, M. Brueckmann, W. Jamal, K. Kimura, J. Schnee, C. Zeller,
D. Cotton, E. Bocchi, M. Béhm, D.-J. Choi, V. Chopra, E. Chuquiure, N. Giannetti,
S. Janssens, J. Zhang, J.R. Gonzalez Juanatey, S. Kaul, H.-P. Brunner-La Rocca,
B. Merkely, S.J. Nicholls, S. Perrone, I. Pina, P. Ponikowski, N. Sattar, M. Senni,
M.-F. Seronde, J. Spinar, |. Squire, S. Taddei, C. Wanner, and F. Zannad,
for the EMPEROR-Reduced Trial Investigators®

Objective™:

The EMPEROR-Reduced trial was designed to evaluate the effects of empagliflozin 10 mg once daily

(as compared with placebo) in patients with heart failure and a reduced ejection fraction, with or

without diabetes, who were already receiving all appropriate treatments for heart failure. . .
coICH

DIABETES
1-N. Engl. J. Med 2020.8;383(15)1413-1424



Trial Design

Patients must be receiving all appropriate treatments for HF

N=1863 Empagliflozin 10 mg qd + SOC

period of up to RO
2 s IS IS IS I
1 Placebo gd + SOC End of reatment
3730 were randomized : Median follow-up: ~16 months ;L‘[f;‘,'né’ ';Z;aé,’s

SOC; Standard Of Care . ’
an | [

DIABETES
1-N. Engl. J. Med 2020.8;383(15)1413-1424



EMPEROR-Reduced trial specified only three endpoints to be tested in
hierarchical manner

u i"ill v Primary End point

WA . : : T
e —udl @ Composite of cardiovascular death Or heart failure hospitalization

i" v First Secondary End point
Total (first and recurrent) heart failure hospitalization

v’ Second Secondary End point
Slope of decline in glomerular Filtration rate over time

v" Other pre-specific end points:
Composite renal endpoints, KCCQ clinical summary score, total number of hospitalization for any reason,
all-cause mortality, new onset diabetes

oI

DIABETES
1-N. Engl. J. Med 2020.8;383(15)1413-1424



Inclusion criteria

The study included patients with Chronic HF with reduced ejection fraction

Key inclusion criteria: EF% NT-proBNP (pg/ml) | NT-proBNP (pg/ml)
* NYHA class II-IV Patients without AF | Patients with AF

* Elevated NT-pro BNP >36 to <40 >2500 >5000
* Guideline recommendation >31 to <35 1000 52000
medication stable >1 week =31102 B -
prior to first visit <30 2600 21200
* eGFR 220 ml/min/1.73 m? > 40+HHF within 12 months >600 >1200
NYHA; New York Heart Association o °
c\bhici
DIABETES
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Empagliflozin Group Had Lower Incidence of Cardiovascular Death or

Hospitalization for Heart Failure

A Primary Outcome

Hazard ratio, 0.75 (95% Cl, 0.65-0.86) Placebo
P<0.001
.. - Empagliflozin
462 patients with event rate: .
21.0/100 patient-year =

-
P
-
-
-

o " 361 patients with event rate:

-

. 15.8/100 patient-year

Placebo

_ » — — Empagliflozin

100- 35—
90_ 30_
55 25—
- _
é 20_
g 704
:?_,’ 15—
[
£ 60 10
2
£ 50 5
E
3 40- 0
.g 0
© 30
E
0
w 20_
10—
0 —
0 90
No. at Risk
Placebo 1867 1715
Empagliflozin 1863 1763

T 1 T 1 1 T I
180 270 360 450 540 630 720

Days since Randomization

1612 1345 1108 854 611 410 224
1677 1424 1172 909 645 423 231

1
810

109
101

[ 7R
0\6"*'
S

25% RRR
p<0.001

19,

3% vs 24.7%
O.;S L ;5'0 5"}/’

1-N. Engl. J. Med 2020.8;383(15)1413-1424

cOICH
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Effect on individual components of the primary endpoint

Empagliflozin Placebo Hazard
(n=1863) (n=1867) Ratio
(95% Cl)

Number of Events/100  Numberof  Events/100
events (%) patient-yr events (%) patient-yr

Primary 361 15.8 462 21.0 0.75
composite (19.4%) (24.7%) (0.65 -
outcome 0.86)
First 246 10.7 342 355 0.69
hospitalization (13.2%) (18.3%) (0.59 -
for heart 0.81)
failure

Cardiovascular 187 7.6 202 8.1 0.92
death (10.0%) (10.8%) (0.75 -
1.12)

CIC
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Empagliflozin-Treated Patients Had lower Risk of Hospitalization for Heart Failure

0.6+

Hazard ratio, 0.70 (95% CI, 0.58-0.85)

P<0.001
0.5+

Placebo
0.4+ - &“/' ol
_1 Empagliflozin y
r
)

03 ™

02- S 30% RRR
= p<0.001

Mean Number of Events per Patient

0.1+ je
L= 388 Vs 553
e
g HR=0.70 (0.58-0.85)
0 90 180 270 360 450 540 630 720 810
Days since Randomization

No. at Risk
Placebo 1867 1820 1762 1526 1285 1017 732 497 275 135
Empagliflozin 1863 1826 1768 1532 1283 1008 732 495 272 118

v" The total number of hospitalizations for heart failure was lower in the empagliflozin group than in the placebo
group, with 388 events and 553 events, respectively (hazard ratio, 0.70; 95% Cl, 0.58 to 0.85; P<0.001)

COICH
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Empagliflozin Reduced eGFR Significantly less Over the Time vs Placebo

0
o
€ 3
g _ -2.28 ml / min/ 1.73
~
g 5 -3+ m2 / year
E o On placebo
HE 4 P
sE
; ] 0
VE _s- —0.55 ml /min/1.73 m2
o
g g / year
—6- : :
g = Between-group difference in slope, On Empagllflozm
=3 7] 1.73 ml per min per 1.73 m? per yr; 2
& = 95% Cl, 1.10-2.37 . .
P<0.001 1.73 ml / min / 1.73 m2
S . / year
9——— | T | T T 1 P, -
Base- 4 12 32 52 76 100 124 . P<0.001L4
line Week ;'_‘,//
No. at Risk
Placebo 1792 1765 1683 1500 1146 745 343 76
Empagliflozin 1799 1782 1720 1554 1166 753 356 80

v" Empagliflozin was associated with a slower progressive decline in renal function in patients with chronic HF
and a reduced EF, regardless of the presence or absence of diabetes?. ljd

DIABETES
1-N. Engl. J. Med 2020. 8;383(15):1413-1424



EMPEROR-Reduced trial achieved all three hierarchically specified

endpoints at p<0.001

. Primary Endpoint

{Q’.," Composite of cardiovascular death
ey or heart failure hospitalization
.e, First Secondary Endpoint
\.- Total (first and recurrent
-'--p- heart failure hospitalizations)

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

Achieved
P < 0.001

Achieved
P < 0.001

Achieved
P <0.001

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

1-N. Engl. J. Med 2020. 8;383(15):1413-1424
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Empagliflozin reduced composite renal endpoint by 50%

58 patients with event
Rate: 3.1/100 patient-years

Placebo

30 patients with event
Rate: 1.6/100 patient-years

30 on Empagliflozin

58 on Placebo
HR=0.50 (0.32-0.77)

Cumulative incidence (%)
o
1

Empagliflozin

] 1 ] ] ] 1 | ] HR o.so
0 9 180 270 360 450 540 630 (95% C10.32, 0.77)

Days After Randomization

Patients at risk
Placebo 1867 1592 1501 1136 1058 681 357 259
Empaglifiozin 1863 1599 1532 1156 1062 687 391 276
v a composite renal outcome (chronic dialysis or renal transplantation or a profound, sustained
reduction in the estimated GFR) occurred in 30 patients (1.6%) in the empagliflozin group and in 58

patients (3.1%) in the placebo group (hazard ratio, 0.50; 95% Cl, 0.32 to 0.77) CLljldl

DIABETES
1-https://www.radcliffecardiology.com/emperor-reduced-milton-packer-harriette-van-spall



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)
v" Uncomplicated genital tract
. . Selected adverse events of special interest
infection was reported more :
frequently with empagliflozin Volume depletion 197 (10.6) 184 (9.9)
than with placeboz. Hypotensuon 176 (94) 163 (87)
Symptomatic hypotension 106 (5.7) 103 (5.5)
v' Safety concerns that have been Hypoglycemia 27 (1.4) 28 (1.5)
seen with other drugs for heart Ketoacidosis 0 (0.0) 0(0.0)
fa':“re (il'g.'l hV_pOtens'Oln' Urinary tract infections 91 (4.9) 83 (4.5)
volume .ep etion, rena. Genital tract infections 31(1.7) 12 (0.6)
dysfunction, bradycardia, and
. . Bone fractures 45 (2.4) 42 (2.3)
hyperkalemia) were not evident
with empagliflozin2. Lower limb amputations 13(0.7) 10 (0.5)
c\OIC
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Conclusion

HFF or CV
death

g \kj_-f"

25% RRR

p<0.001
19.4% vs 24.7%
HR = 0.75 (0.65-0.86)

R

EMPER

lents of primary outcoml

CVde

% RRR

vs 18.3%
(0.59-0.81)

8% R

10% vs 1(
HR =0.92 (0.]

First and
recurrent HFF

30% RRR

p<0.001
388 vs 553

HR = 0.70/0.58-0.85)

Renal Event

Renal

u VI

1.73ml/
p<gl 1.73ml/min/1.73m?
0.55 p<0.001

‘ -0.55vs -2.28

b
L Total
" Death

)
A

T

8% RRR

13.4% vs 14.2%
HR =0.92 (0.77-1.10)

v" Overall, in this trial, empagliflozin was associated with a lower combined risk of cardiovascular death or
hospitalization for heart failure than placebo and with a slower progressive decline in renal function in

patients with chronic heart failure and a reduced ejection fraction, regardless of the presence or
absence of diabetes.

1-N. Engl. J. Med 2020. 8;383(15):1413-1424
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NNT to Prevent One Death Across Major Trials in Patients with High CV
Risk

[ ] [ ]
Simvastafin ' Ramipril? ' Simvastatin3 Empagliflozin
for 5.4 years for 5 years for 5 years for 3 years
i
130 56 56 ( 39

High CV risk
5% diabetes, 26% hypertension

High CV risk
38% diabetes, 46% hypertension

High CV risk
20% diabetes, 41% hypertension

T,DM with high CV risk
92% hypertension

Pre-statin era Pre-ACEi/ARB era 20% ACEi/ARB

<297 Statin

>75% Statin

1994 2000 2002 20&5 | d |

17% Statin

1. Lancet 1994; 344: 1383-89 ; 2. N Engl J Med 2000;342:145-53; 3. HPS group Lancet 2002; 360: 7-22; 4. N Engl J Med . 2015; 26;373(22):2117-28.  °/ABETES
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NNT to Prevent One Death Across Major Trials in Patients with High CV

Risk

' Ramipril?
for 5 years

56

High CV risk
38% diabetes, 46% hypertension

Pre-ACEi/ARB era

Simvastatin!
for 5.4 years

i 30

High CV risk
5% diabetes, 26% hypertension

Pre-statin era

<297 Statin

1994 2000

' Simvastatin3

Empagliflozin
for 5 years
for D years
56 [t 25
High CV risk T2DM with high CV risk

20% diabetes, 41% hypertension 92% hypertension

20% ACEi/ARB Ei/ARB
statn ST D

2002 20&\5 | d l

1. Lancet 1994; 344: 1383-89; 2. N Engl J Med 2000;342:145-53; 3. HPS group Lancet 2002; 360: 7-22; 4. N EnglJ Med . 2015; 26;373(22):2117-28.
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Diabetes Guidelines & New

Recommendations
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INDICATORS OF HIGH-RISK OR ESTABLISHED ASCVD, CKD, OR HF!

CONSIDER INDEPENDENTLY OF BASELINE A1C,

+ASCVD/Indicators
of High Risk

= Established ASCVD

= Indicators of high

= For patients on a
GLP-1 RA, consider
adding SGLT2i with
proven CVD benefit
and vice versa'

- TZD?
= DPP-4i if not on
GLP-1RA

= Basal insulin®
= SU*

1. Proven CVD benefit means it has label indication of reducing CVD events
2 Low dose may be better tolerated though less well studied for CVD effects

3. Degludec or U-100 glargine have demonstrated CVD safety

4. Choose later generation SU to lower risk of hypoglycemia;
glimepiride has shown similar CV safsty to DPP-4i

6. Be aware that SGLT2 labelling varies by region and individual agent
with regard to indicated level of #GFR for initiation and continued use

Empagiifiozin, canagiifiozin, and depagiifiozin have shown reduction
In HF and to reduce CKD progression in CVOTa. Canaglifiozin and

INDIVIDUALIZED A1GTA3?ET, OR METFORMIN USE*

FIRST-LINE Therapy is Metformin and Comprehensive Lifestyle (including weight management and physical activity)

NO

GLP-1 SGLT2i

2 2 2 N

[ It A1C sbove target

[ Continue with addition of other agents as outlined above ]

( H ATC above target ]

Consider the addition of SU* OR basal insulin:

» Choose later generation SU with
lower risk of hypoglycemia
= Consider basal insulin with lower risk of hypoglycemia®

7. Proven benefit means it has label indication of

reducing heart failure in this population
8. Referto 1 dar C and Foot Care
9. Degludec / glargine U-300 < glargine U-100 / detemir < NPH Insulin

10.8 alutide > fi ftide > dulaghutic atirde ~ Bk "

>

11. if no specific comorbidities (Le.. no established CVD, low risk of
hypoglycemia, and lower priority to avoid weight gain

or no weight-relatad comorbidities)
12. Consider country- and region-specific cost of drugs. In some
triss TZDs are more and DPP-4i are
relatively cheaper.

TO AVOID

SGLT2! gond efficacy;
| e g
[ I A1C above target
N 2 W ¥ <
[ If A1C above target
< o Insulin therapy basal insulin
If quadruple therapy required, with lowest acquisition cost

or SGLT2i and/or GLP-1 RA not
tolerated or contraindicated, use
regimen with lowest risk of
weight gain
PREFERABLY

DPP-4i (ff not on GLP-1 RA)
based on weight neutrality

i

If DPP-4i not tolerated or
contraindicated or patient already
on GLP-1 RA, cautious addition of:

= SU* - TZD? - Basal Insulin

1 Actioned whenever these become new clinical

‘;od o in the
glucose-lowering therapy.

Diabetes Care 2021; 44(Suppl. 1):S111-S124.

Consider other therapies
based on cost

of

triale were on metiormin at baseline as

‘an ) [an
DIABETES
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FIRST-LINE Therapy is Metformin and Comprehensive Lifestvie (includina weiaht management and phvsi

INDICATORS OF HIGH-RISK OR ESTABLISHED ASCVD, C}

COMPELLING NEED TO MINIMIZE

HYPOGLYCEMIA
DPP-4i GLP-1 RA SGLT2i TZD
If A1C If A1C if A1C
above above above
target target target
) ‘ GLP-1 RA SGLT2i
SGLT2i SGLT2i OR OR
OR OR DPP-4i DPP-4i
TZD TZD OR OR
TZD GLP-1 RA

Continue with addition of other agents as outlined above

WY

If A1C above target

Consider the addition of SU* OR basal insulin;

= Choose later generation SU with
lower risk of hypoglycemia

= Consider basal insulin with lower risk of hypoglycemia®

COomPeL COST IS A MAJOR
MINIMIZE s
PROMOTE ISSUE™
GLP-1 RA with SuU* TZD
good efficacy
for weight
loss™
ikt | If A1C above target
SGLT2i
TZD™ SuU!
irAiIC
| If quadrupl ‘
or SGLT2i a If A1C above target
tolerated or '
regimen
Wi
PRE
DPP-4i (if ri Insulin therapy basal insulin
! based &8 with lowest acquisition cost
OR
If DPP-4i
contraindicatd Consider other therapies
on‘@Lbsl B based on cost
- SUt - TZ




Pharmacologic
Approaches to

Glycemic Treatment

AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS
AMERICAN COLLEGE OF ENDOCRINOLOGY

AACE/ACE COMPREHENSIVE

TYPE 2 DIABETES
MANAGEMENT ALGORITHM

COICH

Diabetes Management Algorithm, Endocr Pract. 2020;26(No. 1)

DIABETES
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GLYCEMIC CONTROL ALGORITHM

INDIVIDUALIZE For patients without concurrent serious For patients with concurrent serious
GOALS A1 c 56'5% illness and at low hypoghycemic risk A1 c }6'5% illness and at risk for hypoglycemia

INDEPENDENT OF GLYCEMIC CONTROL, IF Entry A1C 27.5% - 9.0% DR (C Entry A1C >9.0% AND/OR LA GLP1-RA

Entry A1C <7.5%

TRIPLE THERAPY'
oo migenry PR L TR T
f’ =3

Independent of ] N ﬂ T E S

Metformmin i I
¥ l:untr_nlr if th — DUAL INSULIN
W GLPi-RA - EEtEIh“th.d T A Therapy +
— ASCVD or high E A SU/GLN Other
= risk, CKD 3, or . OR
v HErEF start LA SUAGLN g ‘ Basal Insulin 1 Agents
— ’
v~ DPP4i GLP1-RA or Basal Insulin ™M BT [ ] TRIPLE
SGLT2i with Therapy
TZD / Colesevelam v"  Colesevelam
| prg\fgn L o
v AGi IR, _Bromocriptine QR Y Zomoaeine® Ly ADD OR INTENSIFY
A SU/GLN v AGi v AGI INSULIN
[ | I . .
Refer to Insulin Algorithm
by | MET B
2 Ifnot at goal in 3 months, proceed to next | or other agent A Use with caution 8 "
O 3= Mg 3 Chronis iy Bemta HFYSF « haars ok o rodvced ajcon Saten: LA = org-acing 24 hour dureoend ( \ > I ( I
Diabetes Management Algorithm, Endocr Pract. 2020;26(No. 1) DIABETES
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ESC GUIDELINES
@ E S C European Heart Journal (2019) 00, 1—69 - GQ’&

European Society doi:10.1093/eurheartj/ehz486 : YEARS =
of Cardiology . ®
\ ity

2019 ESC Guidelines on diabetes, pre-diabetes,
and cardiovascular diseases developed in
collaboration with the EASD

The Task Force for diabetes, pre-diabetes, and cardiovascular
diseases of the European Society of Cardiology (ESC) and the
European Association for the Study of Diabetes (EASD)

CIC

European Heart Journal 2019; 00, 169 DIABETES
55
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Cardiovascular risk categories in patients with diabetes
Very high risk Patients with DM and established CVD

or other target organ damage”®

or three or more major risk factors®©

or early onset T1DM of long duration (>20 years)
Patients with DM duration >10 years without tar-
get organ damage plus any other additional risk

factor
Moderate risk | Young patients (T1DM aged <35 years or T2DM
aged <50 years) with DM duration <10 years,

©ESC 20

without other risk factors

CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus;
T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.

*Modified from the 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practice.27

®Proteinuria, renal impairment defined as eGFR <30 mL/min/1.73 m?, left ventric-
ular hypertrophy, or retinopathy.

“Age, hypertension, dyslipidemia, smoking, obesity. c\Ij I d l

1-Piepoli, Massimo F., et al. "2016 European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and Other Socigll('?ssoEnTgaSrdiovascuIar
Disease Prevention in Clinical Practice (constituted by representatives of 10 societies and by invited experts) Developed with the special contribution of the European Association for Cardiovascular Prevention & 56
Rehabilitation (EACPR)." European heart journal 37.29 (2016): 2315-2381.




A Type 2 DM - Drug naive patients

ASCVD, or high / very high

+ CV risk (target organ damage =
l or multiple risk factors)? ‘

If HbA,. above target If HbA,. above target
Add Metformin DPP-4i || GLP-IRA| | SGLT2i || TzD |
SR , J| ifeGFR | L )
l l l adequate |
[ as outlined above
If HbA . above target

!

B Type 2 DM - On metformin

ASCVD, or high / very high
+ CV risk (target organ damage
or multiple risk factors)?

Continue Metformin
Monotherapy

If HbA,. above target If HbA, . above target

Consider the addition of SU OR
basal insulin:
* Choose later generation SU with lower

risk of hypoglycaemia

*» Consider basal insulin with lower risk

of hypoglycaemia

European Heart Journal 2019; 00, 169

!

Continue with addition of other agents
as outlined above

l

If HbA . above target

!

Consider the addition of SU OR
basal insulin:

* Choose later generation SU with lower
risk of hypoglycaemia

* Consider basal insulin with lower risk . pa
of hypoglycaemia ‘ \ I I

DIABETES
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GLP1-RA vs. SGLT2j 1~

NNT in 4 CKD

Use in HF eGFR<30 Glycemic Weight
CVOTs  progression ml/min efficacy loss

Liraglutide

Empagliflozin

CIC

1. N Engl J Med 2016; 375:323-334, 2. N Engl J Med 2017; 377:839-848, 3.The Lancet Diabetes & Endocrinology, 2016; 4(10), 812-814, 4. N EnglJ ~ DIABETES
Med 2016; 375:311-322,5. N Engl J Med 2015; 373:2117-2128



Empagliflozin: Dosage and Administration

Contra-indicated in severe renal impairment / TIDM.
Recommended starting dose: 10 mg once daily.

For patients who tolerate 10 mg and need further glycaemic control, their dose

can be increased to 25 mg once daily.

Can be taken with/without food in the morning.
Can be used alone or in combination with other common therapies:

oNo clinically meaningful interactions were observed when Empagliflozin was

co-administered with other commonly used medications, including pioglitazone

CIC

Jardiance FDA label 2017 DIABETES
Jardiance (empagliflozin) Summary of Product Characteristics. Available at: https://www.medicines.org.uk/emc/medicine/28973 59
(accessed July 2016).




Summary

Favorable effects of Empagliflozin:
Weight loss.
HbA, lowering.
Reduced blood pressure.

Renal & cardiac protection.

Independent to insulin presence.

Mechanism complementary to other therapies.

Reduction of Heart failure hospitalisations in patients with T2D.

CIC
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Conclusion

» Based on proven good efficacy, safety and also its ability to weight and blood
pressure reduction, empagliflozin can play a unique role in the management

of T2DM patients.

> In addition to its use as an anti-hyperglycemic agent, Empagliflozin have

proven cardiac and renal benefits in patients with established or at high risk

of ASCVD.

CIC
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State of the art

Treat the patient Not his sugar
Reduce the CV risk Not only the HbA1c

The Changing Landscape of Diabetes Therapy
Improving outcomes in T2DM
Focus on cardiovascular & renal safety







