Emerging Insulin-Independent
Approaches for the

Management of
T2DM
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~65% of deaths are
due to CV disease
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T2DM = type 2 diabetes mellitus




Modifiable CV risk factors are common In
T2DM

Hyperglycaemia Hypertension Obesity




i
HbA, :52fy BP :51%

All 3

19%

LDL 56%




Points in choosing a proper medication

Safety profiles Effectiveness Side effects

Patient satisfaction Extra-glycemic effects Cost




Extraglycemic effects
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ASCVD PREDOMINATES

= Established ASCVD

= |ndicators of high ASCVD risk
(age =55 years with coronary,
carotid or lower extremity
artery stenosis =50%, or LVH)

PREFERABLY
GLP-1 RA with proven

SGLT2i with proven CVD benefit!
if eGFR adeguate®

If further intensification is required ar
patient is now unable to tolerate
GLP-1 BRA and/or SGLT2i, choose
agents demonstrating CV safety:

= For patients on a GLP-1 RA,
consider adding SGLT2i
with proven CVD benefit’

= DPP-4i if not on GLP-1 RA
= Basal insulin®

= TZD*

- SUE

A,

HF OR CKD
PREDOMINATES

m Particularly HFrEF
(LVEF <45%)

= CKD: Specifically eGFR 30-60
mbL/min/1.73 m? or UACR

=30 mg/g, particularly

UACR >300 mg/g

PREFERABLY

SGLT2i with evidence of reducing
HF and/or CKD progression in
CVOTs if eGFR adequate®
--------- OR

If SGLT2i not tolerated or
contraindicated or if eGFR less
than adequate” add GLP-1 RA with
proven CVD benefit’

= Avoid TZD in the setting of HF
Choose agents demonstrating
CV safety:
= For patients on a SGLT2i,
consider adding GLP-1 RA
with proven CVD benefit’
= DPP-4i (not saxagliptin)
in the setting of HF (if
not on GLP-1 RA)
= Basal insulin®
= SUs

style (including weight management and physical activity)

NO

.

T AN
THERAPEUTIC
INERTIA

REASSESE AMD
SOOI TREATMENT
REGULARALY
=8 MONTHE)

IF A1C ABOVE INDIVIDUALIZED TARGET PROCEED AS BELOW

aration SLI with lower sk of hypoghycema
1suln with kewer risk of hypoglycemia’

It quadruple therapy required,
or SELT2 andfor GLP-1 RA nol
talerated or conlrandicated, uss

rEgirmen with kowest risk of
wesght gain
PREFEAABLY

CRP-41 {ff net on GLP-1 RA)
besad on welght neutrality

u Insulin therapy basal insulin
with lowas! aoquisition oost
oR

B Cordder DPP-4i OR SGLT20
with Iowesl acquisfion cost'™

lider the addition of SL* OR basal insuling ‘

2

in 55U 1o lawer risk of hypoghcemia,
| sirvilar CV safety bo DPP-&

300 « glargine LNOD f detemir < MPH insuin

da = = =

fities (Lo No estabiished GV, low risk of hypoglycemia
roid weight gain or no weight-reiaind comorbinities)

I# DPP-4i not tolarated or
contraindicated or patient already
on GLP-1 RA, cautious addsion of:

+ SLF - TZD® = Basal insuln

1 regon-aneclfic cost of dnugs. In soma counias
and DPP-31

- LWH = Laft Veniricular Hyperraphy: HFFEF = Heart Failure reduced Ejction Fraction
L WACHA = Urine Albumin-to-Creatinine Ratic; LVEF = Left Yemtriculs Ejection Fraction

riate context, see Fig. 4.1. ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular;
ptidase 4 inhibitor; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF,

), thiazolidinedione. Adapted from Dawvies and colleagues (33,34).
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Renal glucose re-absorption in healthy individuals

Filtered glucose load
180 g/day

Gerich JE. Diabet Med. 2010;27:136-142.



Renal glucose re-absorption in patients with hyperglycaemia

{ Filtered glucose load }

~

When blood glucose
increases above the renal
threshold
, the capacity of the
transporters is exceeded,
resulting in urinary
glucose excretion

N /

Gerich JE. Diabet Med. 2010;27:136-142.



Urinary glucose excretion via SGLT2 inhibition

Filtered glucose load
> 180 g/day
\ 4

SGLT2 inhibitors reduce
glucose re-absorption
in the proximal tubule,
leading to urinary
glucose excretion* and
osmotic diuresis

\_ /

*Loss of ~ 80 g of glucose/day
(~ 240 cal/day)

SGLT1

Gerich JE. Diabet Med. 2010;27:136-142.



Expected clinical effects of SGLT, inhibition




Renal Glucose Threshold

Urinary Glucose Excretion (g/d)

150 -
125 -
100 - Below RT, Above RT,
Minimal Glucgsuria Occurs Glucosuria Occurs
75 - |
Healthy
50 - RTg
~10 mmol/L
25 -
0 T T T
0 2 4 6 8 14 16

Plasma Glucose (mmol/L)



Upregulation of SGLT2 Transporter

by Tubular Cells

[Protein Expression] [ Glucose Uptake ]

® Healthy (n=4) 2500
EType 2 Diabetes (n=4) P <0.05
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SGLT,i lowers renal threshold for glucose excretion
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Abdul-Ghani M, et al. Endocr Pract. 2008; 14: 782-90. Nair S, Wilding JP. J Clin Endocrinol Metab. 2010; 95: 34-42.



1 Plasma Glucose proportional to the:

e Ambient glucose concentration
e Glomerular filtration of this glucose

Greater reductions may be seen in patients with poor glycemic control,
potentially to a greater extent than with other agents

. lowering effects of SGLT2 inhibitors are ! in patients with
GFR <60 and almost absent when GFR is <30

o l HbA1c by 0.6—0.9% vs placebo, regardless of background therapy

1 FPG
1 PPG

Glucose-lowering effect of SGLT2 inhibitors is dose dependent, at least in patients with HbAlc < 8%,

in whom high-dose therapy produces superior glucose lowering compared with low-dose




A HbA1c Across Different Background Therapy Empagliflozin versus
Placebo

Phase Il pooled efficacy analysis

Pooled data B Empagliflozin 10 mg B Empagliflozin 25 mg

Insulin® _
Monotherapy?  METS3 PI1O* MET+SU® 78 week Mild RI”

HbAlc (%)

-0.85

-1.2 -

mmmm-mmmmmmn

BLHbA,, % 798 796 7.87 7.86 794 7.86 8.07 810 83 83 802 7.96

cOIC

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

DIABETES



A body weight' across different background therapy
Empagliflozin vs placebo

Phase Il pooled efficacy analysis

Pooled data B Empagliflozin 10 mg B Empagliflozin 25 mg

Insulin
Pooled Monotherapy MET P1O MET+SU 78 week Mild RI

d mean (SE) difference
acebo in change from
ne in body weight (kg)

Weight reduction is also greater in individuals
with the highest HbAlc at baseline and is
attenuated in those with good glucose control
at baseline



A SBP Across Different Background Therapy Empagliflozin vs Placebo

Phase Il pooled efficacy analysis

Pooled data B Empagliflozin 10 mg B Empagliflozin 25 mg
Insulin®
Monotherapy?  MET? PIO* MET+SU® 78 week Mild RI”

vs placebo in change
from baseline in SBP (mmHg)

Adjusted mean (SE) difference

2.0
PR e NS S
'60 n -4 10 '390 ' _420 _360

480 ol

-5.10

-8.0 -
| patients,n | 831 | 821] 224 | 224 | 217 | 213 | 165 | 168 | 225 | 216 | 169 | 155 | 98 | 97 |

BL SBP(mmHg) 129.6 129 133 1299 1296 130 126.5 1259 1287 129.3 1324 132.8 137.4 133.7
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Mean adjusted LDL/HDL

100 -+

Adjusted mean (SE)
LDL cholesterol (mg/dl)
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Placebo
Empagliflozin 10 mg

Empagliflozin 25 mg

Adjusted mean (SE)
HDL cholesterol (mg/dl)

Placebo 2297 2273
EMPA 10 mg 2294 2269

EMPA 25 mg 2287 2256

28

2179
2205
2188

52

2104
2143
2132

T T T T

80 108 136 164
Week

2006 1932 1419 1086

2072 1998 1474 1133

2060 2020 1503 1169

192

694
740
779

:."*{' EMPA-REG
. OUTCOME

Fuis

50
49 - Placebo
48 Empagliflozin 10 mg
Empagliflozin 25 mg
47
46
45
44
43 -
42
41
40 T T T T T T T T
04 28 52 80 108 136 164 192
Week
2297 2273 2181 2104 2007 1932 1419 1087 694
2295 2270 2209 2144 2074 2001 1475 1134 741
2289 2259 2191 2135 2064 2022 1507 1170 779
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EMPA-REG OUTCOME®

cOIC

DIABETES
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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. Broed|, 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 C~LI_-)Idi

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. 22



Trial design
and conduct

Cardiovascular
outcomes

EMPA-REG
OUTCOME"™

Safety and

tolerability Efficacy data

I . ! L]
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. 23




Trial design
and conduct

Cardiovascular
outcomes

EMPA-REG
OUTCOME™

Safety and Efficacy
tolerability data
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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. 24
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4 . OUTCOME®

Trial Design’ oy

Patients
with T2D &
42 11,531 >97 % >99 % Established
countries pts screened completed vital status cardiovasc
trial available ular
7020 pts disease’
590 randomized
sites

cOIC
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Trial design
and conduct

Cardiovascular
outcomes

EMPA-REG
OUTCOME"

Safety and
tolerability

Efficacy data
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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. 26




. . 1 " .
Pre-specified primary and key secondary outcomes P A REG

;;t.‘:‘?f OUTCOME

Non-fatal myocardial
infarction

~

Cardiovascular death

Hospitalization
for
unstable angina

MACE*

J

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

. Additional components for MACE-plus

*Major Adverse Cardiovascular Events : ;
cOIC

DIABETES



Primary Outcome:|3-point MACE|(CV death, Nonfatal MI, Nonfatal stroke)! 4. sveas=e

T rul i
15+
HR 0.68
(95% C1 0.57, 0.82) Placebo
p<0.0001
8¢ 10
T
7] . .
o Empagliflozin
=
3
T
L 54 Risk reduction
O
- 27
32%
(95% CI 0.57, 0.82)
p<0.0001
0 -
I I I I 1 I 1 1 1
0 b 12 18 24 30 36 42 48
Months
No. of patients
Empoaglifiozing 4487 4651 4608 4554 4128 3079 2617 1722 414
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177
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Trial design
and conduct

Cardiovascular
outcomes

EMPA-REG
OUTCOME"

Safety and

tolerability Efficacydata

I . ! L]
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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. 29




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%
3w
@ -. !i
Heart failure
J CV death J All-cause N
4 3P-MACE €a mortality hospitalisations

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

cOIC
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How to Calculate NNT

Find results of study.

Y
Find the rate in the control group.

Find the rate in the treatment group.

Y
Subtract the treatment group rate from the
control group rate (ignore a minus sign, if
present), and divide the result into 100.

Example

In a trial of cholesterol lowering
over five years, 8 percent of patients
died in the treatment group, and

12 percent died in the control group.

\J
Control group rate: 12 percent

\J

Treatment group rate: 8 percent

¥

Difference: 4 percent
NNT = 100/4 = 25

=&_"0 =C’-" E&O =&.
=&‘)‘Q E&‘n =&p '&‘o
R o o
=)o =/8)o =/5)o m/Qje
s e == o sxille ==ille
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NNT to Prevent One Death Across Major Trials in Patients with High CV

Risk
[ )
Simvastatin?! ' Ramipril?
for 5.4 years for 5 years

High CV risk
5% diabetes, 26% hypertension

High CV risk
38% diabetes, 46% hypertension

Pre-statin era Pre-ACEi/ARB era

<29% Statin

1994 2000

®
' Simvastatin3
for 5 years

56

High CV risk
20% diabetes, 41% hypertension

20% ACEi/ARB

2002

17% Statin

Empagliflozin
for 3 years

T,DM with high CV risk
92% hypertension

>75% Statin

“E0IC

DIABETES



NNT to Prevent One Death Across Major Trials in Patients with High CV

Risk
[ )
Simvastatin?! ' Ramipril?
for 5.4 years for 5 years
High CV risk High CV risk

5% diabetes, 26% hypertension 38% diabetes, 46% hypertension

Pre-statin era Pre-ACEi/ARB era

<29% Statin

1994 2000

Simvastatin3

Empagliflozin

for 5 years a
for 5 years
High CV risk T2DM with high CV risk
20% diabetes, 41% hypertension 92% hypertension
20% ACEi/ARB ACEI/ARB

17% Statin
20] = :
Ebidi

2002
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Renal Outcomes with Empagliflozin over 3.2 Years (EMPA-REG RENAL)

Patients (%)

39% 38%
P<0.001 P<0.001 12
20 18 -
18 16 - 10 -
16 14
— — 8 1
14 g 12 - S
12 n 0
€ 10 - e
10 2 2
£ s g
8 4
6 61
4 4 7 5 .
2 2 -
0 0 - 0 -
Incident or worsening Progression to Post-hoc composite outcome*
nephropathy macroalbuminuria
Arrows = relative risk reduction < 2
*Doubling of SCr + eGFR <45 mL/min/1.73 m?, initiation of renal replacement therapy, or death from renal disease. ‘ \ ’ I ‘ I

DIABETES



Cardio and Renal potential mechanisms of Empagliflozin

cOIC

DIABETES



Cardiovascular protection by SGLT2 inhibitors

H.O Diuresis + Reduced filling pressures, pre-/afterload reduction
MNatriuresis Reduced filling pressures, pre-/afterload reduction

Na
: Reduced myocardial work, reduced filling
t_@ GF lowering pressures, pre-/afterload reduction

Eh Weight loss Improved CV risk profile, lower blood pressure

G’ Reduction in/prevention of albuminuria, slowing Reduction in kidney risk profile, possibly fewer
of kidney function decline incident CV events, including less HF

Effects on myocardial and kidney metabolism: Improved metabolic efficiency, less myocardial
shift to more efficient ketone-based metabolism workload

Tissue protection: reduction in kidney and
myocardial injury

& Blockade of sodium-hydrogen cotransporter

& Reduction in sympathetic tone Reduce blood pressure and arrhythmia
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inhibition
in proximal
tubule
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Normal physiology Hyperfiltration in early stages SGLT2 inhibition reduces

of diabetic nephropathy hyperfiltration via TGF
UNHEIS )
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ASCVD PREDOMINATES

= Established ASCVD

= |ndicators of high ASCVD risk
(age =55 years with coronary,
carotid or lower extremity
artery stenosis =50%, or LVH)

PREFERABLY
GLP-1 RA with proven

[ . for weight
SGLT2R et
SGLT2i with proven CVD benefit! SGLTZ2R OR
if eGFR adeguate? mi oR P
TZD OR
GLP-1 RA

If further intensification is required or |

patient is now unable to tolerate
GLP-1 BRA and/or SGLT2i, choose
agents demonstrating CV safety:

= For patients on a GLP-1 RA,
consider adding SGLT2i
with proven CVD benefit’

= DPP-4i if not on GLP-1 RA
= Basal insulin®
= TZD*

GLP-1 RA with
good efficacy

If quadruple therapy required,
or SGLT2i and/or GLP-1 RA not
tolerated or contraindicated, use

regimen with lowest risk of
weight gain

PREFERABLY

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

V=

Consider the addition of SU° OR basal insulin:

® Choose later generation SU with lower risk of hypoglycemia

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

+ SUF - TZD® « Basal insulin

= Insulin therapy basal insulin
with lowest acquisition cost

OR

= Consider DPP-4i OR SGLT2i
with lowest acquisition cost™

GA = Urine Albumin-to-Crealinine Fatio; IVEF = Left Ventriculs Ejection Fraction

= Consider basal insulin with lower risk of hypoglycemia® cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular;

filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF,

4 UMEZUNOIMEEIONE. Asdpued mom wavies ano colleagues (33,34).

= SUF =i




Empagliflozin versus Liraglutide

Ease of NNT in { CKD . eGFR<45  Glycemic Weight
. Use in HF . )
use CVOTs progression ml/min efficacy loss

Liraglutide?

Empagliflozin’

cOIC
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Practical points in using Empagliflozin

Administration, cautions, side effects




Convenience of a once-daily oral treatment!

STARTING 10 mg 1 x daily

DOSE

The recommended starting dose for Empagliflozin is 10 mg once daily

25 mg 1 x daily
For patients who tolerate 10 mg once daily who have an eGFR > 60 mL/min/1.73

m? and need tighter glycemic control, their dose can be increased to 25 mg once
daily

Empagliflozin can be taken

2 With or without food @ At any time of day*

When Empagliflozin is used in combination with a sulphonylurea or
with insulin,
a lower dose
of the sulphonylurea or insulin may be considered to reduce the risk of

hypoglycaemia CLI_.) | d |

DIABETES



System organ Very common Common Uncommon Rare
y g 4 (=1/1,000 to (=1/10,000 to

class (z1/10) (=1/100 to <1/10)

<1/100) <1/1,000)

Metabolism
and
nutrition
disorders

Vascular Volume
disorders depletion

Hypoglycaemia
(when used with
SU or insulin)

Diabetic
Ketoacidosis*

s who experienced a UTI or genital
reported a single event




Overall incidences of events

Placebo Empagliflozin 10 mg Empagliflozin 25 mg

(n=229) (n=224) (n=223)
Monotherapy?! <1% <1% <1%

Placebo Empagliflozin 10 mg Empagliflozin 25 mg
(n=206) (n=217) (n=214)

Add-on to metformin? <1% <2% <1.5%

Empagliflozin 10 mg Empagliflozin 25 mg
= (n=224) (n=217)

Add-on to metformin + SU3 16.1%

- Placebo Empagliflozin 10mg Empagliflozin 25 mg
(n=170) (n=169) (n=155)

Add-on to insulin +/- metformin/SU* 35% 36% 36%

* A lower dose of insulin or insulin secretagogues (eg, SUs) may
be needed to reduce the risk of hypoglycaemia when

empagliflozin is used in combination with these agents




SGLT, inhibition: PROs & CONs

Potential benefits

* Weight loss

* HbA, lowering

* Reduced blood pressure

* Renal & cardiac protection

* Improved beta cell function

* Independent to insulin presence

* Mechanism complementary to other therapies

Potential risks

Hypovolemia symptoms
Vaginitis, balanitis
Euglycemic DKA
Increased LDL
Hyperkalemia

Polyuria



