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64 y/o male patient
Type 2 DM since 1990
BH: 172 cm

BW: 77 kg

BMI: 26

CAD(-), CHF(-)




Brief history

HTN(+), Hyperlipidemia (+)
Glucophage 850 1# bid+ Januvia 1# qd
A1c around 6.9->7.5 during 2017-2018
Cr1.3,eGFR 55

MA(+) ACR 352.7 mg/g
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& Update of Guideline for T2DM Management

(}‘ Mechanism of of Cardiorenal effect of SGLT-2i

C}' Organ Protection Effect of Canagliflozin for DM Patient

& SGLT-1/SGLT-2 inhibition
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A

Every 1% A1c reduction
IS not equal with regard to
organ protection while
using different OADs

Preventing Complications

According to UKPDS
results, every 1% A1c
reduction automatically
translate to 14% reduction
of macrovascular
complications, and over
30% reduction CVD Risk Reduction

microvascular complications .

Glycemic Control

Access from: https://professional.diabetes.org/2018EASDconsen

L\ American Diabetes Association. Copyright ADA 2018 EASD f%#rtct)\%eg{\ug\i So?ctl)?gggtes




ﬁl.lso metformin unless contraindicated or not tolerated
If not at HbA, target:

= Continue metformin unless contraindicated (remember to adjust dose/stop metformin with declining eGFR)
= Add SGLT2i or GLP-1 RA with proven cardiovascular benefit' (see below)

If at HbA,_target:
= |f already on dual therapy, or multiple glucose-lowering therapies and not on an SGLT2i or GLP-1 RA, consider switching to one of these
agents with proven cardiovascular benefit' (see below)
OR reconsider/lower individualized target and introduce SGLT2i or GLP-1 RA
OR reassess HbA, _at 3-month intervals and add SGLT2i or GLP-1 RA if HbA,_goes above target

PREFERABLY
SGLT2i with evidence of reducing HF and/or CKD
progression in CVOTs if eGFR adequate’
......................... e e —
If SGLT2i not tolerated or contraindicated or if eGFR less
than adequate’ add GLP-1 RA with proven CVD benefit’*

: SGLT2i with proven
GLP-1 RA with proven ]
CVD benefit? CVD benefit', if

eGFR adequate’

N 4

« Consider adding the other class (GLP-1 RA or S6LT2i) with
proven CVD benefit’

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

= Basal insulin®

- TZD¢

Consider adding the other class with proven CVD benefit’
DPP-4i (not saxagliptin) in the setting of HF (if not on GLP-1 RA)
Basal insulin®

su’

L If HbA, aro target y B If HbA, aivo target
If further intensification is required or patient is unable to tolerate & Avoid TZD in the setting of HF 9
GLP-1 RA and/or SGLT2i, choose agents demonstrating CV safety: Choose agents demonstrating CV safety:

- Su \ b

L)



T0 AVOID
CLINICAL INERTIA
REASSESS AND

Use pfiﬂdpl“ in ngll'l 1 __:: ¢ | MODIFY TREATMENT

REGULARLY
(3-6 MONTHS)

r

Use metformin unless contraindicated or not tolerated

If not at HbA, target:

+ Continue metformin unless contraindicated (remember to adjust dose/stop metformin with declining eGFR)
| ior GLP-1RA wi rdi it )

If at HbA, target:

« Ifalready on dual therapy, or multiple glucose-lowering therapies and not on an SGLTZi or GLP-1 RA, consider switching to one of
these agents with proven cardiovascular benefit’ (See below)

OR reconsider/lower individualised target and introduce SGLT2i or GLP-1 RA
OR reassess HbA,_at 3 month intervals and add SGLTZi or GLP-1RAf HbA, goes above target
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For patients have ASCVD, HF or CKD
and GFR is adequate

If at A1c target: switching

If not at A1c target: add on

10



Pump, pipes, and filter:

do SGLT2 inhibitors cover it all?

Secondary prevention
Diabetes and SGLT2i prevent heart failure

and renal disease,
established

and reduce atherosclerotic events
(MACE)

prevention
vent heart failure

al disease

ce major adverse
ar events

www.thelancet.com Published online November 10, 2018
http://dx.doi.org/10.1016/5S0140-6736(18)32824-1
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Type 2 Diabetes

SGLT2 Inhbitors




THE LANCET

"Sabatine and colleagues’
meta-analysis...provides
compelling evidence that
SGLT2i should now be
considered as first-line therapy
after metformin inlmost
people with type 2 diabetes...”
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. SGLT2i s3 EREIR

»Dissociation of organ protection and A1c

lowering effect

*Dissociation of natriuresis effect and glcosuric

effect



- SGLT2 #HFfERXIR (mg/min)

"=GFR (cc/min)* Blood sugar (mg/100cc)

*GFR, A1c 2 JRESGLT2 %R



3-point MACE: subgroup analysis

Empagliflozin Placebo HR (95% ClI) p-value

All patients 4687 2333 — @ forinferaction
Age, years i 0.01
<65 2596 1297 —lo—

>65 2091 1036 ——i

Sex | 0.81
Male 3336 1680 ——

Female 1351 653 ——

Race | 0.09
White 3403 1678 —

Asian 1006 511 —

Black/African-American 237 120 —

HoATC, % | 0.01
<8.5 3212 1607 o

>8.5 1475 726 ————

Body mass index, kg/m? ! 0.06
<30 2279 1120 ———

>30 2408 1213 ———
EGFR, ML/MIN/ 1.7 32 : U.20
>90 1050 488 S

60 to <90 2425 1238 ——

<60 1212 607 ——

0.25 0.50 1.00 2.00 4.00
< >

Favours empagliflozin

For the test of homogeneity of the treatment group difference among subgroups with no adjustment for
multiple tests. e GFR, estimated glomerular filtration rate (according to Modification of Diet in Renal Disease
equation) Zinman B et al; N Engl J Med 2015; 373:2117-28.

“Safety update information. Product is not approved for CV risk reduction.”

Favours placebo

o'gbohe
_l: 5- EMPA-REG
o] "bnig o° OUTCOME
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Risk Factor Subgroups (Primary Outcome)

Hazard ratio p value for
(95% CI) interaction
BMI 5 0.29
<30 kg/m? —a— 0.97 (0.79-1.20)
=30 kg/m? o 0.79 (0.67-0.93)
BP control E 0.64
SBP 2140 mmHg or DBP 290 mmHg et 0.84 (0.70-1.01)
SBP <140 mmHg and DBP <90 mmHg PN 0.88 (0.74-1.04)
Duration of diabetes : 0.33
>10y o 0.81 (0.70-0.95)
<10y —e— 0.96 (0.76-1.22)
HbA1lc : 0.29
<8% == 0.94 (0.77-1.15)
> R0 l-O-l 0.80 (0.68-0.94)
eGFR § 0.20
30 to <60 mL/min/1.73 m? ——t 0.70 (0.55-0.90)
60 to <90 mL/min/1.73 m? o 0.95 (0.80-1.13)
>90 ml/min/1.73 m? —.— 0.84 (0.62-1.12)
| | | |
0.25 0.5 1.0 2.0 4.0
B2 ad
Favors Canagliflozin Favors Placebo
Intent-to-treat analysis '

CANVAS Program



UNCOUPLING OF NATRIURESIS AND GLYCOSURIC EFFECT WHEN GFR < 60

Placebo SGLT2i &
petierits. | paisois Change 95%Cl
Hbailc
eGFR>90 mli/min/1.73 m?
Dapagliflozin 671 723 = -0.57 -0.68 -0.47
Empagliflozin 343 348 = -0.84 -095 -0.72
eGFR 60-90 ml/min/1.73 m?
Dapagliflozin 1233 1251 = -0.47 -0.54 -0.40
Empagliflozin 516 518 = -0.60 -0.70 -0.51
eGFR 30-60 ml/min/1.73 m?*
Dapagliflozin 274 252 e -0.27 -0.43 -0.11
Empagliflozin 239 234 - -0.38 -0.52 -0.24
-1-75 -5 -25 0 25
Body Weight Hba1c change (%)
eGFR>90 ml/min/1.73 m?
Dapagliflozin 671 723 —+=- -2.3 2.7 -2.0
Empagliflozin 343 348 - -1.9 2.3 -1.5
eGFR 60-90 mi/min/1.73 m?
Dapagliflozin 1233 1251 = -1.8 -2.0 -1.5
Empagliflozin 516 518 = -2.0 -2.3 -1.7
eGFR<60 mli/min/1.73 m?
Dapagliflozin 274 252 —=— -2.1 -2.6 -1.5
Empagliflozin 239 234 = -1.4 -1.8 -0.9
3 2 -1 0 1
Body weight change (kg)
Systolic Blood Pressure
eGFR>90 mi/min/1.73 m?
Dapagliflozin 671 723 = -3.4 -4.7 -2.1
Empagliflozin 343 348 —— -3.2 -4.9 -1.5
eGFR 60-90 mi/min/1.73 m?
Dapagliflozin 1233 1251 - -2.6 -3.6 -1.6
Empagliflozin 516 518 = -4.0 -5.4 -2.6
eGFR<60 ml/min/1.73 m?
Dapagliflozin 274 252 =W -4.3 -6.8 -1.8
Empagliflozin 239 234 —— 18 -5.5 -7.6 -3.4

-10 -8 6 -4-20
Systolic BP change (mm Hg)

*eGFR ranges from 45-60 in the Dapagliflozin group

Figure 2| Glycemic, weight, and systolic blood pressure lowering effects of empagliflozin™® and dapagliflozin’’ at chronic kidney
disease stages 1, 2, and 3. eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin Alc; SGLT2, sodium-glucose cotransport-2.
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. Possible mechanisms for cardiac protective effect of SGLT-2i

= Osmotic diuresis
«NHE 1

= Ketone body



SGLT2i may differentially regulate the interstitial vs intravascular
compartment when compared with loop diuretics

Interstitial oedema in . oy ; :
congestive heart failure SGLT2 inhibitors Loop diuretics
Na* Interstitial Intravascular Na* Interstitial Intravascular
volume volume volume volume

Diabetologia (2018) 61:2108 — 2117

CAN-SLK-20190108 23
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Osmotic diuresis different from loop diuresis

Reduce interstitial edema

Loop diuretics sparing

Prevent prerenal azotemia

Reduce reflex tachycardia

Reduce RAS activation



Proposed Mechanisms of CV & Renal Benefits of SGLT-2 inhibitors

Block NHE® m
4.

sodium- ‘ ‘ v
hydrogen Negative 1 Blood LPlasma __  TTubulo- Changes in myocardium &
caloric {HbA1c —— tUricosuria—> .
exchanger balan|ce il pressure | : | volume | : %fégﬁ;uéir renal fuel metabolism
[ l | l L l ¢ § H : | 1
: : : I
| Tissue | ‘ o | — Affe ett !
sodium ITotal body | | { Inflammation LPlasma | | |Arterial |: {Myocardial i arte:iole THematocrit I
- fat mass | {Glucose toxucny‘ uric acid stiffness ‘ stretch | | | constriction : :
3 :. v A4
! X y Y Y ¥ ¥ Cardiac work efficienc
: { Epicardial L AlRerosclorosts /[ Ventricular |«-{ Activation of ) Y,
, fat  p-.. i | arrhythmias | |ACE2 - Ang1/7 Improved renal energy
: Y N sparie
I | Inflammation “Al TCardiac { Intraglomerular I
: { Fibrosis  f-.... contractility P hypertension I
VT T S ! Hyperfiltration Y
_ .| TMyocardial contractility,
| Cytosolic Na* === improved renal oxygenation

1 Mitochondrial Ca?*

The figure adapted from Kidney Int. 2016 Mar;89(3):524-6., with additional ketosis and NHE hypothesis depicted based on data from
1. Diabetes Care 2016;39:1115-1122., 2. Diabetes Care 2016;39:1108-1114., 3. JAMA Cardiol. 2017 Sep 1;2(9):1025-1029. 4. Cardiovasc Res. 2018 Jan 1;114(1):12-18.
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The sodium hypothesis’ : Sodium and calcium balance
in heart failure patients

» Up-regulation and increased activity of NHE (Na*/H* Exchanger) were

found in patients with heart failure?
HO

Seranrcodamumwl H.
—

Cytoplasm ;\‘,.- “Yurzy
” Changes In | ' L
| y

y 1 Heart Failure ceerenny i e
: 1 Mitochondrial
ADP ATP Cat
microdomain e K‘
: Aw:’& i

NAD*
" Kmbs\ —
3 @ o @ e — el

hocnnb Iolm “m ' @ _x_\
l \ . ‘,‘ [ > &

lCa2+ Y Ca2¢ --- 1Ca?* w

-

| NADP* |NADPH : t g
.02. ps i
\ e
\ ' | '
¥y "’03 H7° Matrix g
+ &
MM lCaZ S
amu Sarcoplasmic xﬁ
Reticulum

1. Bertero E. et al. 2017 Cardiovascular Research. https://doi.org/10.1093/cvr/cvx149 ; 2. International Journal of Cardiology 128 (2008) 147-149 ; 3.Diabetologia. 2017 Dec 2. doi: 10.1007/s00125-017-4509-7


https://www.ncbi.nlm.nih.gov/pubmed/29197997

SGLT2 reduced sodium intake and maintained calcium level

Heart Faifure

I 1 Changes in |

' Subsarcolemimal H*
‘Net Tuzzy. e
s space”

Cytoplasm

Mitochondrial |
Ca? i.b
microdomain | !

Isocitrate  Malate
£

NADP* ANADPH
o; &

\**zoz H,0

Matrix

MM

oMM

Bertero E. et al. 2017 Cardiovascular Research. https://doi.org/10.1093/cvr/cvx149

mismatch and oxidative stress.

By decreasing Na+ and restoring
mitochondrial Ca2+ handling, SGLT2i
may ameliorate mitochondrial energetic
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How SGLT2i help change in organ fuel

energetics ?

(

e Mild, persistent

hyperketonemia
(1 2-3 fold)

Improves the

metabolic status
and work efficiency

~

(

Increased delivery
of oxygen to tissues

¢ |ncreased

hematocrit
(~“5%)

* Ele Ferrannini et al. Diabetes Care 2016;39:1108-1114

28



Thrifty substrate theory

Substrate uptake in human heart

120-

B p-HB
100 L] FFA

B pyruvate
80

B lactate

B glucose

Fractional extraction (%)
& 8

N
o

o

basal insulin



Thrifty substrate theory

tFatty Acids \ Gluiose

l Insulin/glucagon

| |
Fatty Aclds Glucose
f | | Glycolysis
£ Acyl-CoA Pyruvate
! |
s
| poxidation __~~

lAcAc-CoA-z-b"AcetY"‘c"A i T

\scor |

I 2

‘Ihematocrit



Possible mechanisms for renal protective effect of SGLT-2i

“TGF

=NHE 3

= Ketone body

»Renal ischemia and EPO



Diabetes may cause glomerular hypertension

1 Na+/glucose co-transport
Glomerular pressure f

-t

Afferent arteriole

PT

SGLT2 e Glucose
Efferent

PT: Proximal tubule
GL: Glomerulus
MD: Macula densa

arteriole

Loop of Henle

Renal hemodynamics under hyperglycemia

SGLT, sodium glucose cotransporter; GFR, glomerular filtration rate.
Adapted from: Cherney D et al. Circulation 2014;129:587

32



SGLT2 lowers intraglomerular pressure in T1D

Glomerular pressure ‘

=}

Afferent arteriole

PT

e Glucose
Efferent .
arteriole PT: Proximal tubule

GL: Glomerulus
MD: Macula densa

Loop of Henle

Renal hemodynamics with SGLT-2

SGLT, sodium glucose cotransporter; GFR, glomerular filtration rate.
Adapted from: Cherney D et al. Circulation 2014;129:587



tubular glomerular feedback

C SGLT-2 inhibition reduces Afferent Extra- Macula Distal
hyperfiltration via TGF vasoconstriction  glomerular densa cells tubule lumen
e VSMC MC
Afferent Normalization
vasoconstriction of GFR
\ : “|ltca*|  (ADO) $ Tubular
’ > | tca?* | P
i ° >_< - dehvel'y
' | b 14600 <
SGLT-2 - . ' 3 ¥Ca?t| " ADP/
inhibition in Increased 7 s : AP !
proximal tubule der;lieery 7 _ \ - - ( 3Na* Na*
> . N %
to macula |, " : — 2K > ‘Ezgcr N4CI
densa - : a . . ATP
' — L J NaCl
: p Vo < NaCl
i I i NaCl
. NaCl
v I\ A

Glycosuria
Natriuresis

34




Why loop diuretic can’t induce TGF

v CV events
(including in HHF)

Carbonic
Anhydrase Inhibitors

No known effect(s)
on HHF

] &
SGLT2i o
4 Natriuresis Glucose <-<d>—
GLUT2
* =V 3Na*\ L=
v Blood pressure
v Nephropathy events -

Na™*

-
3 HCO5;™ <—E

Interstitial
fluid

=

Thick Ascending Limb

Loop Diuretics
4 Natriuresis
v PV/volume overload

v Preload
v HHF

& / P
3Nat ( Na*
<
Na+*K*2CI™
= S SK*+ symporter

CI-

Interstitial
fluid

: -
)

Lumen

p—

/- N

35



SGLT-2i and NHE3

Blood Lumen Systemic

Glucose g Earyiate PT

Hyperuricemia
EGPR = GluconNeo-
l genesis N+
o ! Beody weight
1 ? Giucose — Blood pressure
\ I Insulin resistance
| Arterial stifness
\ > Urale
— —
{ LOH/DT/CD \
$ SNGFR «—————— TGF «— Nact
Slood glucosa
H.O P f-call glucotoxicity
i Other benifits
? - Glucose
Uric acid loss

Diuresis I_
calorie loss

Glucosuria

Figure 2 Downatream ranal effects of SCLTI and SCGLT2 inhibivon

Note: Reproduced from Galla LA, Wirght EM, Vallon V. Probeng SGLT2 ax a therapeutic targes for dabetew: baric phyuclogy and conseguences. Diob Vase e Rec

20151 2({2):78-89 ¢ copynght 22015 by (SAGE Pubkcatons). Raprinted by Permission of SAGE Publicanions, Lid

Abbreviations: GLUT, glucese wansporter; SGLT, sodium glucose transporwer; PT, proximal tubale; LOH, locp of Hanle; DT, distal wbule; CD, collecting duct: NHE] 36
sodium hydrogen exchanger-3; EGP, endogenous glucose production; SNGFR, segle nephron glomarular fltraton rate; TGF, tubuloglomerular feadback.



Renal ischemia and EPO

SGLT2

Glucose

Na*

)

J

I
AN

Glucose
D
GLUT2
Na*/K*
pump

T Na*
K i K*




SGLT-2i therapy suppresses oxygen consumption by the
proximal tubules and improves tubulointerstitial hypoxia

T2DM T2DM with SGLTZ2 inhibition
Proximal renal tubular epithelial cells are Proximal tubular epithelial cells are
overloaded by excessive energy-dependent relieved from the burden of excessive
reabsorption of glucose reabsorption of glucose

Cortical tubulointerstitial damage recovers
and EPO production by fibroblasts is
restored

Changes of the

iti sis progresses
,_,;productlon declines

IR EPO EPO-producing fibroblasts
Transformed fibroblasts

1. Sano M. J Cardiol. 2018 May; 71(5): 471-476.; 2. Sano M, Takei M et al. J Clin Med Res. 2016 Dec; 8(12): 844-847.
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Univariable analysis show changes from baseline in hematocrit and
hemoglobin mediated the most on the HR for CV Death in EMPA REG

39

HR for CV death with
empagliflozin vs. placebo (95% Cl)

Percentage mediation

Unadjusted 0.615 (0.491, 0.770)
Adjusted for
HbA; 0.624 (0.496, 0.785) 3.0
FPG 0.665 (0.529, 0.837) 16.1
SBP 0.593 (0.473, 0.743) =75
DBP 0.614 (0.490, 0.769) —0.3
Heart rate 0.621 (0.495, 0.780) 2.0
LDL-C 0.596 (0.475, 0.748) —6.5
HDL-C 0.636 (0.506, 0.799) 6.9
logTG 0.604 (0.482, 0.758) —3.7
FFAs 0.586 (0.463, 0.741) —-9.9
logUACR 0.649 (0.518, 0.815) b i
eGFR (MDRD) 0.631 (0.504, 0.790) 5.3
eGFR (CKD-EPI) 0.632 (0.505, 0.791) 5.6
Weight 0.579 (0.461, 0.727) —12.4
BMI 0.578 (0.460, 0.726) —12.8
WC 0.598 (0.477, 0.750) =58
Hematocrit 0.791 (0.626, 1.000) 51.8
Hemoglobin 0.780 (0.619, 0.983) 48.9
Albumin 0.656 (0.555, 0.8/3) 25.5
Uric acid 0.693 (0.553, 0.869) 24.6

A & Diabetes Care

Univariable mediation
analysis of risk of CV
death with Empa versus
placebo: time-dependent
covariate analysis
adjusting for the change
from baseline in each
variable

FFA, free fatty acid; HDL-C, HDL
cholesterol; LDL-C, LDL
cholesterol; TG, triglyceride; WC,
waist circumference.

Diabetes Care 2018 Feb; 41(2): 356-363.
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Primary Mace Outcome

CV Death, Non-fatal Myocardial Infarction

or Non-fatal Stroke

20 | Hazard ratio 0.86 (95% CI, 0.75-0.97)
18 4 P <0.0001 for noninferiority
p = 0.0158 for superiority

16 -
14 -
12
10

- Placebo

Patients with an event (%)

25 — Canagliflozin
0 i T T T T T
0 1 2 3 4 5 6
Mo dE s Years since randomization
Placebo 4347 4153 2942 1240 1187 1120 789
Canagliflozin 5795 5566 4343 2555 2460 2363 1661

~_Intent-to-treat analysis

N Engl J Med 2017; 377:644-657 (Ref. 9) CAN-SLK-20181223 1



Hospitalization for Heart Failure

I
o 2| ) o
X 18 : —— Canagliflozin
= i
*‘_:_ 16 1
9 14 |
v I
c 12
© |
= 10
- |
3 8 7 !
2 6 11
= |
- I R
e . —_:é__,///._:///
I
0 - T T T T T T
0 1 2 3 4 5 6
No; of patients Years since randomization
Placebo 4347 4198 3011 1274 1236 1180 829
Canagliflozin 5795 5653 4437 2643 2572 2498 1782

Intent-to-treat analysis

N Engl J Med 2017; 377:644-657 (Ref. 9)
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Composite of 40% Reduction in eGFR,

End-stage Renal Disease, or Renal Death

_ 20 7 Hazard ratio 0.60 (95% CI, 0.47-0.77)  —— Placebo
L 18 - —— Canagliflozin
< Events (n)
‘E 16
. :

g P o 40% eGFR reduction 239
v = End-stage renal

12
= disease/renal death 21
(] -

10
-
.- 8 -
3
7)) 6 -
R
5 sl J_,_._J'
© 2 - o~
Q. o —

o —— T T T T T

0 1 2 3 4 5 6

Years since randomization
No. of patients
Placeb
acebo 4347 4227 3029 1274 1229 1173 819
Canaglifiozin 5795 5664 4454 2654 2576 2495 1781
Intent-to-treat analysis

N Engl J Med 2017; 377:644-657 (Ref. 9)
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Canagliflozin and Stroke in Type 2 Diabetes Mellitus

Results From the Randomized CANVAS Program Trials

Participants with an event

Number of per 1000 patient-years
participants
with an event Canagliflozin  Placebo HR (95% CI)
I
All stroke 309 7.93 9.62 et 0.87 (0.69, 1.09)
|
Ischemic 253 6.70 Y| I—.—l 0.95 (0.74, 1.22)
I
Hemorrhagic 30 0.53 1.29 b < | : 0.43 (0.20, 0.89)
1
Undetermined 29 0.80 0.79 [ . i 1.04 (0.48, 2.22)
1
Fatal 39 0.95 1.18 b B : 0.84 (0.44, 1.59)
1
Nonfatal 274 712 8.39 |—0;—| 0.90 (0.71, 1.15)
|
TIA* 88 2.32 2.59 I—.—l—l 0.86 (0.56, 1.32)
All stroke or TIA* 377 9.93 11.49 '—.';" 0.89 (0.73, 1.10)
I
. . 1 1 1 1
*TIAs were not adjudicated but based upon adverse 025 05 10 20
event reports made by Slte |nvest|gator5. Favors Canag“ﬂozin Favors p|acebo

Stroke. 2019;50:00-00. DOI: 10.1161/STROK EAHA.118.023009
CAN-SLK-20190108
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Canagliflozin and Stroke in Type 2 Diabetes Mellitus

Results From the Randomized CANVAS Program Trials

A Ischomic stroke
8- HROOS (85%CILOT 1. 22)
| Pe0g0
74
z |
= : 1 :
§ , [Ischemic Stroke [ Hemorrhagic Stroke
o {
5 B Hemorrhagic stroke
i 8 4 HR 043 (95% Ct 020, 0.89)]'°7
- P=002
2 ——
"i 7 c o8
a o~ g .
£ & § o0 |
T T T T T - 8
0 28 52 78 104 130 158 182 208 224 260 288 2312 338 Ll_>, B & os
Vieaks snce randomazaton cC E pod
© 024 f
Caragitazes Pooeto o~ 4 )
No ot o - d
Cl\agﬂ.un 5795 5706 %24 5539 4428 3)51 "629 2566 2552 2620 2473 24 1758 434 s 3 - 0 —rvr v
Pacebo 4347 &27) A2 4133 2011 1620 12 1207 1237 1210 102 100 B3 XM - 0 20 S2 TS 04e 10 M8 W 200 54 200 08 12 %
c Undetesmead strobe % 2- VineRs. wnce (anasmzaton
84 HR10¢(36Y%C1 048 222) 1" o
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Canagliflozin and Stroke in Type 2 Diabetes Mellitus

Results From the Randomized CANVAS Program Trials

Table 1. Effects of Canagliflozin on Possible Intermediate Markers of Stroke Risk

Change From Baseline to the Last Measurement*

Mean Treatment
Canagliflozin Placebo Difference (95% CI)t PValue
Systolic BP, mmHg —4.86 (0.19) -1.73(0.22) -3.14 (-3.71, -2.57) <0.001
Diastolic BP, mmHg -3.21(0.11) -2.39(0.13) —-0.82 (-1.15, —0.48) <0.001
Body weight, kg -3.21(0.08) —-0.81 (0.09) —2.40 (-2.64, -2.17) <0.001
7 HbA1c, % -0.42 (0.02) -0.03 (0.02) —-0.39 (-0.44, -0.34) <0.001
| HDL-C, mmol/L 0.04 (0.00) -0.01 (0.00) 0.05 (0.04, 0.06) <0.001
LDL-C, mmol/L 0.08 (0.01) -0.03 (0.01) 0.12 (0.08, 0.15) <0.001
Ratio of LDL-C to HDL-C, % 0.32 (1.09) -0.70 (1.31) 1.02 (-2.33, 4.36) 0.55
Triglycerides, mmol/L 0.08 (0.02) 0.02 (0.02) 0.06 (0.00, 0.11) 0.04
Total cholesterol, mmol/L 0.14 (0.01) -0.04 (0.02) 0.18 (0.14,0.22) <0.001
Hematocrit, % 1.63 (0.05) —0.90 (0.06) 2.53 (2.38, 2.68) <0.001
Albumin:creatinine ratio, mg/g 21.01 (6.30) 84.55 (7.49) —63.55 (—82.73, —44.36) <0.001
eGFR, mL/min per 1.73 m? -1.82(0.19) —-3.87(0.23) 2.05(1.47,2.62) <0.001

Stroke. 2019;50:00-00. DOI': 10.1161/STROKEAHA.118.023009

CAN-SLK-20190108




Canagliflozin and Cardiovascular Outcomes in

Patients with Chronic Kidney Disease

Circulation

Cardiovascular and Renal Outcomes With
Canagliflozin According to Baseline Kidney

Function
Data From the CANVAS Program

Circulation. 2018;138:1537-1550 17

CAN-SLK-20181223



Canagliflozin and Cardiovascular Outcomes in

Patients with Chronic Kidney Disease(eGFR<60)
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Canagliflozin and Cardiovascular Outcomes in

Patients with Chronic Kidney Disease

Number of participants

Patients with an event
per 1000 patient-years

Interaction

with an event Canagliflozin Placebo HR (95% CI) P value
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Circulation. 2018;138:1537-1550. DOI:
10.1161/CIRCULATIONAHA.118.035901
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Change in eGFR

A. eGFR <45 mL/min/1.73 m?
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New Indication for INVOKANAZ® (canagliflozin) to Reduce the

Risk of Major Adverse Cardiovascular Events (MACE)

October 30, 2018

Invokana Approved to Reduce Risk of
Major Adverse Cardiovascular Events

pongs -

Janssen announced that the Food and
Drug Administration (FDA) has approved
Invokana (canagliflozin) to reduce the risk

. . e |

a rd | e sk AL
f.)fm jor ca lovas.cu.ar(C\{) vents, rrm I
including myocardial infarction (MI), || m——

stroke or death due to a CV cause in . e
adults with type 2 diabetes (T20D) who )
H 1 ] ’ “ ,’( 'J 'A" :‘; - _.; IVA}[’I'J'J' ] l".‘ \‘ﬂl;ﬁ.'.“f 4 <l—‘ :‘.'.'- a"‘-— :7[ . \’1.'- ¢.'.'I
have established CV disease. The new Invokanais a sodium-giu ¢ nsport
. . g . ( 51 "[ /.)) -'-A')A;-: ."I‘.,; [0]
indication also applies to Invokamet
(canagliflozin, metformin HCI) and
Invokamet XR (canadliflozin, metformin HCI ext-rel) tablets.

"This FDA approval makes Invokana the only oral type 2 diabetes treatment indicated to
reduce the risk of heart attack, stroke or CV death," said James List, MD, PhD, Global
Therapeutic Area Head, Cardiovascular & Metabolism, Janssen Research & Development,

LLC. "It is an important step forward for patients and the physicians who treat the{Rl\;'-SLK-zolslzB 51




PI of Invokana vs. Jardiance

1 INDICATIONS AND USAGE
INVOKANA® (canagliflozin) is indicated:
e asanadjunctto diet and exercise to improve glycemic control in adults with
type 2 diabetes mellitus.

e to reduce the risk of major adverse cardiovascular events (cardiovascular
death, nonfatal myocardial infarction and nonfatal stroke) in adults with type
2 diabetes mellitus and established cardiovascular disease (CVD).

1  INDICATIONS AND USAGE
JARDIANCE 1s indicated:
 asan adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes mellitus,

¢ toreduce the sk of cardiovascular death i adult patients with type 2 diabetes mellitus and established
cardiovascular disease,

Ref. PI of Invokana (2018/10)
PI of Jardiance (2018/10)

CAN-SLK-20181223 2



CREDENCE Study Early Termination for

Positive Findings

R
janssen J | folmonsiohmon MISSEN CLOBAL | ‘sanen Q)

Phase 3 CREDENCE Renal Outcomes Trial of INVOKANA®

(canagliflozin) is Being Stopped Early for Positive Efficacy
Findings

Wls, 2008
Unitad Szates

- INVOKANA® has the potential to be the first new therapy in more than 15 vears for slowing the progression of chronie kidnev disease in patients with type

2 diabetes
- Worldwide, 160 million patients with type 2 diabetes are at risk for developing chronie kidney disease{i]

- CREDENCE assessed INVOKANA® for renal protection by evaluating the risk reduction of the composite endpoint of time to dialysis or kidney

lransplantation, doubling of serumn ereatinine, and renal or cardiovasceular death, when used in addition to standard of care

RARITAN, N.1., July 16, 2018 --"The Janssen Pharmaceutical Companies of Johnson & Johnson today announced that the Phase 3 CREDENCE
[Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinieal Evaluation) elinieal trial, evaluating the efficacy and safety of
INVOKANA® (canaglifiozin) versus placebo when used in addition to standard of care for patients with chronie kidney disease (CKD) and type 2 diabetes
(T2D), is being stopped early based on the achievement of pre-specified efficacy criteria.

https://www.janssen.com/phase-3-credence-renal-outcomes-trial-
14 Ry 2R invokanar-canagliflozin-being-stopped-early-positive-efficacy 53



Patient Enrollment and End Points

The Canagliflozin and Renal Endpoints in Diabetes with Established
c R E D E N c E Nephropathy Clinical Evaluation (CREDENCE) trial
Evaluation of Canagliflozin on Renal and CV Outcomes
in Participants With Diabetic Nephropathy

Estimated enrollment:

v

Inclusion Criteria:
* Adults > 30 years of age on stable maximum tolerated daily dose of an ACE inhibitor or ARB for
at least 4 weeks prior to randomization
* HbA,; =2 6.5% to < 12.0%; eGFR: 2 30 to < 90 mL/min/1.73 m?; urine albumin/creatinine: > 300
to < 5000 mg/g

[ Randomized, double-blind, placebo-conevant-driven trial ]

Placebo Canagliflozin 100 mg/d

Primary composite end point: time to 1st occurrence of ESKD, doubling of serum creatinine, renal or
CV death

Secondary CV composite end point: time to 1st occurrence of CV death, nonfatal Ml, nonfatal stroke,
hospitalized CHF and hospitalized UA

Secondary renal composite end point: to 1st occurrence of ESKD, doubling of serum creatinine, and
renal death

54

https://www.medscape.org



Outline

& Update of Guideline for T2DM Management

(; Mechanism of of Cardiorenal effect of SGLT-2i

9 Organ Protection Effect of Canagliflozin for DM Patient

& SGLT-1/SGLT-2 inhibition

CAN-SLK-20180815 gg



Effect of SGLT1 / SGLT2

Intestine
SGLT1

«  Main uptake mechanism for élucose
and galactose in the intestine

« S2 and S3 segments of the proximal
renal tubule are responsible for
~10% of the renal glucose re-
absorption

 High-affinity (K,,=~0.5 mM),
low-capacity transporter which
transfers glucose and sodium with a
Na*:glucose coupling ratio of 2

1. Chao EC and Henry RR. Nat Rev Drug Discov. 2010;9:551-559;

2. Mather A and Pollock C. Kidney Int Suppl. 2011;(120):S1-6;
3. Wright EM, et al. /Intern Med. 2007;261:32-43.

Kidney
SGLT2

Almost completely expressed in the
brush-border membrane of proximal
renal tubular cells in the S1 + S2
segment

Responsible for ~90% of the total
renal glucose re-absorption

Low-affinity (K,,=~2 mM),
high-capacity transporter which
transfers glucose and sodium with a
Na*:glucose coupling ratio of 1

CAN-SLK-20181223 o6



Structure and selectivity profiles for
SGLT2 over SGLT1

Selectivity
SGLT-1 : SGLT-2

1:11

Selectivity
SGLT-1 : SGLT-2

1:30

1) Ehrenkranz JR et al., Diabetes Metab Res Rev, 2005;21(1): 31-38

2) Oku A et al, Diabetes, 1999:48(9): 1794-1800 CAN-SLK-20181223 °/



Structure and selectivity profiles

for SGLT2 over SGLT1

Selectivity
SGLT-1 : SGLT-2

Dapagliflozin 1:1.400

1:5,000

OH
Diabetes, Obesity and Metabolism 17: 188-197, 2015. CAN-SLK-20181223
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Canagliflozin increase aGLP-1
through SGLT1 inhibition

. . - -‘:i‘;-’-jiv,-;- ] SG I_T2 b 3 Red u Ce j '
C liflozi L Big ' ;
‘ { Inhibition Reabsorbtion Bloes SUEEy

Canagliflozin

7133 Intestine L-cell
o oooooodo O o 0 2 OOO' o{o —
nn”po B0 06 0 9 % )
SGLTT v ¥ ‘.:! «GLP-
. > ............................. S
b v
J Clin Med Res. 2017;9(9):745-753 -

CAN-SLK-20181223



Canagliflozin Lowers Postprandial Glucose and Insulin

by Delaying Intestinal Glucose Absorption in Addition
to Increasing Urinary Glucose Excretion

>
vy

60 - 35 -

Plasma GIP (pmol/L)
Plasma PYY (pmol/L)

—&— Placebo (n=19)
—— CANA 300 mg (n=19)

NN

Plasma Total GLP-1 (pmol/L) €)

Plasma Active GLP-1 (pmol/L) O

0 : . . . 0 - . . . .
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Time (h) Time (h)
Figure 3—Mean * SEM plasma concentration-time profiles of GIP (A), PYY (B), total GLP-1 60

(C), and active GLP-1 (D). CANA, canagliflozin. Diabetes Care 36:2154-2161, 2013 (Ref. 17) CAN-SLK-20181223



Effects of treatment with a combination of

canagliflozin and teneligliptin during OGTT in ZDF rats

(A) = < Vehicle
k=) < Teneligliptin 0.3 mg/kg
E 4 Canagliflozin 3 mg/kg
» 600+ £ Canagliflozin 10 mg/kg
g -+ Teneligliptin 0.3 mg/kg
2 + Canagliflozin 3 mg/kg
4 500+ = Teneligliptin 0.3 mg/kg
8 + Canagliflozin 10 mg/kg
= 4004
)
©
g 300+
K.
& -
or ' - L) ] 1 L
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Time (min)
(B) I (C) 5
3 E 8
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»
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3 3
3% £
a S 44
-l
©
© £
© 8
o o
———r e o
0 30 60 90 120 0 30 60 90 120
Time (min) Time (min) CAN-SLK-20181223
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Canagliflozin FYHF

. SGLT-2 i with partial SGLT-1 i activity

* [& PCsugar 2E A I Bz 7E glucose FHIRUL (SGLT-1 1)
o I GLP-1 activity

 Combined with DPP-4 HiiE— F M [IGLP-1 JE[E

e = SGLT-2 i with partial incretin effect

e —> Combined with DPP-4 is reasonable !
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EMPA-REG vs CANVAS : Body Weight

Body weight

—+—Placebo —e—Empaglifiozin 10 mg —=—Empaglifiozin 25 mg 92+
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N EnglJ Med 2017; 377:644-657 (Ref. 9)
N EnglJ Med 2015; 373:2117-28 (Ref. 12)
63
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Glycosuria Effect of Canagliflozin
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Monotherapy : Alc Reductions

Low Dose m High Dose

1.16

Z
Q
l—
8,
>
a
Ll
2
L
v
i
<

0.5

10; 25mg

Canagliflozin Dapagliflozin Empagliflozin
- 1.Invokana® (capagliflozin) package insert. Titusville (NJ): Janssen Pharmaceuticals; May 2014.
100 ; 3 00 m g 5 7 1 O m g 2. Farxiga® (dapagliflozin) package insert. Prineton (NJ): Bristol-Myers Squibb; Aug 2014.

3. Jardiance® (empagliflozin) package insert. Ridgefield (CT): Boehringer Ingelheim; Aug 2014.
4.Yang XP, Lai D, Zhong XY, et al. EurJ Clin Pharmacol. 2014; 70:1149-58.

5.Zang M, Zhang L, Wu B, et al. Diabetes Metab Res Rev. 2014;30:204-21.

6. Liakos A, Karagiannis T, Athanasiadou E, et al. Diabetes Obes Metab. 2014; 16; 984-93.
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Canagliflozin, dapagliflozin and empagliflozin

for treating type 2 diabetes: Network Meta-analysis

HbAlc

Compared with canaglifiozin 100 mg
Gliclazide
Empagliflozin 25mg

-0.00 (-0.33 to 0.34)
0.07 (-0.08 to 0.23)

Sitagliptin 100 mg s 0.19 (0.03 to 0.35)

Empagliflozin 10mg 9 0.19 (0.04 to 0.35)

Vildagliptin 50mg @ 0.23 (-0.05 to 0.52)

Linagliptin 5mg 9 0.34 (0.19 to 0.50)

Dapagliflozin 10mg s 0.36 (0.21 to 0.52)
1 1

| |
-1.5 05 0 05 1
Better than comparator Worse than comparator

BW

Compared with canagliflozin 100mg

Empagliflozin 25mg 0.14 (-0.42 to 0.69)
Empagliflozin 10mg 0.28 (-0.26 to 0.85)
Dapagliflozin 10mg 0.45 (-0.12 to 1.02)
Linagliptin 5mg s 2 2.33(1.73 to 2.95)
Sitagliptin 100 mg L 2 2.76 (2.25 to 3.30)
Vildagliptin 50mg —— 3.18 (2.02 to 4.35)
Gliclazide —— 3.99 (2.72 t0 5.28)
Pioglitazone 9 5.82 (5.12 to 6.53)
T T T T T T

-4 -2 0 2 4 6 8
Better than comparator Worse than comparator

Health Technology Assessment, No. 21.2 (Ref. 6) 66
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Diabesity = Diabetes + Obesity

s o




Weight Loss Effect of Canagliflozin

(oo~ ] HBDCS ek hi il e 2k A XS
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BRI 918 - 68.54kg

BE{EAEOADB BB NI ECanaglu®1 00meg 2 R8BS 8B, (5235BLOCF)
DPP-4i suU BG o -Gl TZD Glinide
(n=71) (n=124) (n=72) (n=62) n=63) (n=65)
1ZERRIfBE T 198 (ke) | 69.23 70.30 74.45 69.27 73.81 69.19

B2 (kg) -2.79 -2.06 -3.19 -2.73 -2.44 2,78
(%ﬂ{ﬁiso) +279 | £2.31 | £3.13 | £2.03 | +£2.28 | £2.93
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Canagliflozin Reduce Adipose Tissue

visceral adipose tissue  subcutaneous adipose tissue

P

0
NTo 2=
> 0
22
® g
Q -4 -
0]
=
-6 -
g d  Baseline:89.6kg ; BMI 31.0kg/m?, n=70, 52wks LOCF

Lancet 2013: 382: 941-50 (Ref. 8) CAN-SLK-20181223 22



Antihyperglycemic agents and

Renal Function

Alpha-glucosidase Inhibitor I'_ ::
[vence H_ Metformin | 0
—  Alogliptin 6.25 mg 30
DPP-A Linagliptin
inhibitors [ L. -
Saxagliptin ms 2.5mg
| Sitagliptin 25 mg 30
B Albiglutide
Dulaglutide

saonss_|—(Exenatide (810/aw) [ TGS
B Liraglutide k\\\\\\\\\\\\\\\\\\ 0
P Glyburide NG 500

anaglifiozin |5  100mg 6

1
I SGLT2
]
1

inhibitors Dapagliflozin

Empagliflozin

Thiazolidinediones L

/:‘d: ?3 pot i?“fft?hif eGFR E60 T%mipz(!w E{ontr%ngilc%ted & Not recommended Caution and/or reduce dose [l Safe 70
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