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SGLT2 mediates majority of renal glucose reabsorption 6\0\0@6‘
.o°
In euglycemia 6\0\

Glucose filtered/reabsorbed: @\\@\\3%({\6\\@\\6\ Slood

180 g/day e Luminal Prqxei
Maximum reabsorption: SGLIZ (97_ %) 500\ W@
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B )) O e G Gé?%: Glucose =—b — -:
\ (( SO - < o g
SGLT1: A O
. £
L t@@oxl Z B
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R a (6 2Na* Na* >
=) 6\@6 (o) :°: « . K*
o\ ef©
\GQ . Oe\l
LJ{\I(]G& Cé@é\ Fractional glucose -
05\ (00% reabsorption in euglycemia Late

O'\QQ

GLUT1/2, glucose transporter 1/2; SGLT1/2, sodium—glucose co-transporter 1/2

1. Barfuss DW, Schafer JA. Am J Physiol 1981;241:F322-F332; 2. Turner RJ, Moran A. Am J Physiol 1982;242:F406—F414; 3. Hediger MA, Rhoads DB. Physiol Rev 1994;74:993-1026; 4. Wright M, et al. Physiol Rev

2011;91:733-794; 5. Vallon V, et al. J Am Soc Nephrol 2011;22:104-112; 6. Gorboulev V, et al. Diabetes 2012;61:187-196; 7. Powell DR, et al. Am J Physiol Endocrinol Metab 2013;304:E117-E130; 8. Rieg T, et al. Am J Physiol
Renal Physiol 2014;306:F188—-F193



SGLT2 mediates majority of renal glucose reabsorption
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GLUT1/2, glucose transporter 1/2; SGLT1/2, sodium—glucose co-transporter 1/2
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1. Barfuss DW, Schafer JA. Am J Physiol 1981;241:F322-F332; 2. Turner RJ, Moran A. Am J Physiol 1982;242:F406—F414; 3. Hediger MA, Rhoads DB. Physiol Rev 1994;74:993-1026; 4. Wright M, et al. Physiol Rev
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SGLT?2 inhibition is protective against kidney and heart
failure in patients with T2D (EMPA-REG OUTCOME,
CANVAS, CREDENCE, DECLARE-TIMI 58)
Zinman, et al. N Engl J Med (2015)
Wanner, et al. N Engl J Med (2016)
Neal, et al. N Engl J Med (2017)
Wiviott, et al. N Engl J Med (2019)
Perkovic, et al. N Engl J Med (2019)



Potential Effects By Which SGLT-2 Inhibition Improves Renal Outcomes

SGLT-2 INHIBITION

Reduce Glomerular Pressure!
1 Afferent vasoconstriction
| Glomerular hyperfiltration

Neurohormonal Improvement
lIntrarenal RAAS activity?®
LSNS activity*

X |nflammation/Fibrosis
4 Reductionsl?

¥ |Inflammatory markers

|Fibrotic markers

Decreased Ren

0\6\'

eGFR=estimated glomerular filtration rate; Hb=hemoglobin; RAAS=renin angiotensin aldosterone system; SNS=sympathetic nervous system.

CLINICAL EFFECTS

Protection Against
labetic
N phropathy12

JRenal Ischemic Injury?!
THb/hematocrit?

Preserved
Renal Function?

1. Heerspink HJL, et al. Kidney Int. 2018;94(1):26-39. 2. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 3. Shin SJ, et al. PLoS One. 2016;11:e0165703. 4. Sano M. J

Cardiol. 2018;71(5):471-476.



SGLT-2 Inhibition Restores Tubuloglomerular Feedback and Reduces
Glomerular Hypertension 0\09‘

SGLT-2 INHIBITION

\06
§OF

« In patients V\at}“\ts@\b ;(\&\eased glucose and

Afferent
arteriole

+-h Reduce Glomerular Pressure

1 Afferent vasoconstriction Vasoconstriction 2 Na* rea &é roximal tubule via SGLT-2,
lGlomerular hyperfiltration a ,@f dec%ﬁ ery to the macula densa,
Glomerulus sin ent arterlolar vasodilation and
o \)\Q h{@eﬁgtaatlonl 2
o Feo(\ SGLT—2| reduce Na* reabsorption in the proximal
° &i tubule and increase its distal delivery to the

macula densa (natriuresis)!-3

%&QGLT-Z \S ) of  This restores tubuloglomerular feedback,
) W\ | . . .

@ e\ producing afferent arteriolar vasoconstriction
P‘.SG b 0(\g and reducing intraglomerular
6‘3? (é\O(\ pressure/hyperfiltration?-3
%)
(3\6 6\6\‘ . l * These effects are clinically manifested as acute
696 \‘e( o reductions in eGFR, followed by stabilization in
Q‘ ‘\(De N S 4 eGFR in the longer term3+
‘\"\\]6 ot \ | U
) Q o\ ? o Gucose Loob of Henle * SGLT-2i are complementary to ACE inhibitors which
0\‘3 E reduce intraglomerular pressure and hyperfiltration

by inducing vasodilation of efferent renal arterioles®

ACE=angiotensin-converting enzyme; K*=potassium; MD=macula densa; Na*=sodium; PCT=proximal convoluted tubule; TGF=tubuloglomerular feedback.
1. Heerspink HJL, et al. Kidney Int. 2018;94(1):26-39. 2. Thomas MC, et al. Diabetologia. 2018;61:2098-2107. 3. Wanner C, Am J Cardiol. 2017;120(1S):S59-S67.
4. Heerspink HJL, et al. J Am Soc Nephrol. 2017;28(1):368-375. 5. DeFronzo RA et al. Nat Rev Neprhol. 2016;13:11-26.



Glomerular Hyperfiltration Is Well Characterized in Early Diabetes \O\ch\a‘

Normal

Tubuloglomerular
feedback

Efferent

arteriole Distal

' convoluted
tubule

Glomerulus
normal Pge

Bowman's
capsule

Diabetes

High Pec Decreased Vasoconstricted

feedback e

A\ pes

0%
‘0\0\0
2% "y
AR, S
AN
. Glomesgéa\\ﬁ\ difttion, a consequence
8@1@ d@és, leads to glomerular

on
{dt'as observed in up to 40% of patients with

Col(ljzcctting Increased NaCl .~ (\\‘ 12D
Proximal / |Sltras';°at?a'1q n < 0 . . .
convoluted ©.6=5 A i » Decreased distal delivery of sodium to the

macula densa leads to a decrease in TGF

Sonindins GO B and dilates the afferent arteriole to increase
i tubule @6 A\ N glomerular pressure
j &O 0(\g distal delivery . )

Bi| Asconding ?\P* = S of NaCl « Concurrently, high local production of

o Mere 69? \\e(‘l'a"%bsogﬁﬁiﬁ& = angiotensin Il at the efferent arteriole

! (0\6 e\a e "‘\ produces vasoconstriction

Descending ‘Gs‘?a‘ e\le( * The overall effect is high intraglomerular
Hemlo —__ Q K (\© | pressure and glomerular hyperfiltration
02 N4t st
Q O Glucose

Pgc = pressure in glomerular capillary

T1D, type 1 diabetes; T2D, type 2 diabetes; TGF, tubuloglomerular feedback.
Alicic RZ, et al. Clin 3 Am Soc Nephrol. 2017;12:2032-2045.



Potential Mechanisms of Renal Protection with SGLT2 Inhibitors: Reduction

In Hyperfiltration via Restoration of Tubuloglomerular Feedback b@@@‘)‘a'

SGLT2 inhibition reduces X 0\6
hyperfiltration via TGF

RPN\
RS
. LN
Normalization . 6\9 o\
Afferent of GFR 600\ N\
vasoconstriction . ANO
AP
SGLT2/\ |, [ — 066 (-\\‘6(
] ) S .0
/‘ L ) WO T &®

SGLT2 inhibition :
in proximal tubule Increased ?
Na* .
delivery

to macula ??‘

- \O .
X (¢ |
' ’&QO%\“ ©° l
0\ Glycosuria

Natriuresis

5'NT, 5'-nucleotidase; Ca?*, calcium; Cl, chloride; GFR, glomerular filtration rate; K*, potassium; MC, mesangial cells; Na*, sodium; NaCl, sodium chloride; SGLT2, sodium—glucose co-transporter 2;
TGF, tubule-glomerular feedback; VSMC, vascular smooth muscle cells

Heerspink HJ and Cherney DZ. Circulation 2016;134(10):752-772



In vivo Imaging Analyses Demonstrate Afferent Arteriole
Constriction following SGLT2 Inhibitor Therapy

2 havurs afier medication
EA EA

AA, afferent arteriole; EA, efferent arteriole; G, glomerulus; SGLT2, sodium—glucose co-transporter 2
Kidokoro K, et al. Circulation 2019;140:303-315



SGLT2 inhibition and RAAS blockade both reduce glomerular

hyperfiltration by complementary mechanismsi-3 \\Og\")‘
\06
Afferent arteriole 0\6
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eased glomerular
© > pressure13

SGLT2 inhibitors
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Afferent

constriction13
Due to increased Na+ delivery
to the macula densal-3

N
66\
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Glomerular@@&nes G(\  Reduction in albuminurial?

..... a\e
2 Y3 £ \ | » Decreased glomerular
RAAS bIOCkade \6 6(6\6\‘ l (77 / ‘ Efferent arteriole pressurel'3
Efferent vasoéiﬁgo%e\‘e \ * Reduction in albuminuria®
05\\'\ ?G‘ : o
. Q I, . Glomerular capillaries
o ;

SGLT2, sodium-glucose cotransporter 2; Na, sodium; RAAS, renin-angiotensin-aldosterone system.
1. Van Bommel EJ, et al. Clin J Am Soc Nephrol. 2017;12(4):700-710. 2. Seidu S, et al. Prim Care Diabetes. 2018;12(3):265-283. 3. Cherney DZ, et. al. Circulation.
2014 Feb 4;129(5):587-97. 4. Heerspink HJ, et al. Diabetes Care. 2011;34 Suppl 2:5325-9. 5. Adapted from: Shiraishi M, et al. FASEB J. 2003;17(15):2284-6.



SGLT-2 Inhibitors May Provide Cardiorenal Benefits by Reducing Cent%al
Sympathetic Overactivity and Intrarenal RAAS Activation e,\0\0@

SGLT-2 INHIBITION

A\
O\QQO?)\\

(@9

Neurohormonal Improvement
lIntrarenal RAAS activity?
LSNS activity3

N2

: . THypertension
TRena| StreSS _ TArterial Stif‘fneSS
1Endothelial dysfunction
1Fluid retention/edema
TRAAS activity
1Preload/afterload

il 1Gluccse/Na+ reabsorption
\

\
Ch@@gctlvation of the SNS has been identified in many conditions, including T2D, HF, and kidney disease?!

é\@?mpathetic overactivity triggers the development of hypertension, increases arterial stiffness, causes
endothelial dysfunction, and alters renal sodium and water homeostasis to promote fluid retention and edemat

» Excess renal glucose reabsorption may contribute to renal stress, stimulating the sympathetic center in

the brain and enhancing sympathetic outflow to the whole body; inhibition of SGLT-2 may reduce renal
afferent nervous activity and suppress central reflex mechanisms?12

¢ In addition, inappropriate activation of RAAS is critical in the pathogenesis of cardiovascular and renal diseases?®

* Evidence suggests that intrarenal RAAS is not activated by SGLT-2i as in rodent models of diabetes;
treatment with dapagliflozin significantly lowered urinary angiotensin Il and angiotensinogen levels, both
regulators of RAAS activity34

CJ .

HF=heart failure; RAAS=renin angiotensin aldosterone system; SNS=sympathetic nervous system; T2D=type 2 diabetes.

1. Sano M. J Cardiol. 2018;71(5):471-476. 2. Heerspink HJIL, et al. Kidney Int. 2018;94(1):26-39. 3. Ansary TM, et al. Int J Mol Sci. 2019;20:629; doi:10.3390/ijms20030629.
4. Shin SJ, et al. PLoS One. 2016;11:e0165703.



SGLT-2 Inhibitors May Protect Against Inflammatory and

L] - ‘\6‘
Fibrotic Responses! 50°°
S 20
SGLT-2 INHIBITION | o | \ "
| SGLT-2 Inhibition®4> \{‘3 \"3\\
\O*
R\ VY
Fibrosis : \Q\ o\ Inflammation
—> IFN1 IRE L6 «—
IMMP7 > ¢ ITNFR1
0% W\
3 e ()e6 cf g
E’./_ % . 7 / 8 -10% -5,90/
3 10% \ $O 6\% | 2 10% °.9,2%
 oon -15% -@@Qaso/ @0 | iSomeruosclerosis | £ iy TNFRL
" >
R inflammation/Fibrosis ﬁ-sov%c,oc N\ 4 S S BEcrmmnsmene T 0% -26,3% -26.6%
4 Reductions23 \C O<\g\0 MMP7 IL-6
Inflammatory markers RN 0% -40%
iFibrotic mapk/ers ? P'\ . O(Qtients with diabetes and/or CKD can have thickening of the tubular basement membrane, tubular
66 \\‘5(6\ atrophy, interstitial fibrosis, and chronic inflammation®.”
(3\6 6\0 * During chronic hyperglycemia, an increase in glucose trafficking through proximal tubule cells, as
(696 G\‘G( well as increased secretion of inflammatory and profibrotic cytokines, can promote inflammation and
\O fibrosis®
L 39 \\
05\\»\\‘ ?6‘ « SGLT-2i have been shown in clinical trials to have anti-inflammatory and antifibrotic effects as
O\QQ evidenced by decreases in plasma concentrations of markers of fibrosis (FN1, MMP7) and
inflammation (IL-6, TNFR1)¢8

CKD=chronic kidney disease; FN1=fibronectin-1; IL-6=interleukin-6; LSM=least square mean; MMP7=matrix metalloproteinase-7; TNFR1=tumor necrosis factor receptor-1.
1. Heerspink HJL, et al. Diabetologia. 2019;62:1154-1166. 2. Heerspink HJL, et al. Kidney Int. 2018;94(1):26-39. 3. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 4. Kawanami D, et al.

Int J Mol Sci. 2017;18(5):E108. 5. Ke B, et al. Front Physiol. 2017;8:21. doi: 10.3389/fphys.2017.00021. 6. Fioretto P, et al. Diabetes Care. 2016;39(suppl. 2):S165-S171. 7. Liu Y. J
Am Soc Nephrol. 2010;21:212-222. 8. Terami N, et al. PLoS One. 2014;9:e100777.



SGLT-2 Inhibitors Reduce Renal Workload and Hypoxia in
Patients with T2D?1?

SGLT-2 INHIBITION

Oxygen Consumption
(umol/min)
) w
o o

(I
o

ml

SGLT-2i Omé\@\ﬁ(

_ [Q% S SGLT-2i . + . +
etes Control Diabetes

e

. é‘ r‘ébf%olutes in the proximal tubule requires significant energy and accounts for
arggﬁpéount of oxygen consumption in the kidney®

P:'\ . rgased glucose and sodium increase the oxygen demand of tubular cells, rendering them
? (%\O susceptible to hypoxia®
d% 1P
Decreased Ren '066\ * SGLT-2 inhibition reduces sodium and glucose reabsorption, thereby reducing the

workload for proximal tubular cells and protecting against hypoxia-induced proximal

and Hypo @@ N©
X{ 06 tubular damage?

1 Solut
6% d@r@ d
Q » Studies have shown that SGLT-2 inhibition in rodent models of diabetes improves oxygen
concentrations in the renal cortex, which helps to improve tubular cell integrity and reduce

the risk of albumininurial:2

1. O'Neill J, et al. Am J Physiol Renal Physiol. 2015(3);309:F227-F234. 2. Dekkers CCJ, et al. Diabetes Obes Metab. 2018;20(8):1988-1993. 3. Heerspink HJL, et al. Kidney Int.
2018;94(1):26-39. 4. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 5. Gilbert RE. Diabetes. 2017;66(4):791-800.
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SGLT2 Inhibitors Counteract Renal Hypoxia via Increased EPO Se&a&e\ﬂ n
\0\3

Glucose %UTZ 600\?

Glucose Glucose
Glucose

Glucose Glucose

Glucose

Glucose
Glucose

Glucose @

Na*/K*Pump

Tubule Luman thelial cell Interstitelia

Glucose

LT L

Fibroblast secreting
erythropoietin
Erythropoietin

Fibroblast

Sano and Goto, Circulation 2019
EPO, erythropoietin; SGLT2i, sodium-glucose co-transporter 2 inhibitor
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Causes of CKD In Patients with Diabetes and
the Pathophysiology of DKD

CKD and diabetes mellitus

DKD Diabetes-related causes of CKD '\e\.‘a K D
c0© N
Combinations NS 7 A0
22 _a°

Obesity

Risk of infections ]

oV o2 : : :
Haemodynamic and metabolic eﬁ% 0?‘ Q(G Cellular and tissue remodelling

O
Tubules Hyper-reabsorption stre%go g\(\%'pertrﬂ phy

Endothelial | 55 of glycoc@a}\ \Oﬁei_o ss of fenestration Microvascular
cells
Podocytes @@@ﬁtr@@l&?ﬁss Podocyte hypertrophy Podocyte loss
Q(G 08
@ Yo © Infla
6\\'\ ? () mmati
200
0\ Tub ulnintms-

CKD, chronic kidney disease; DKD, diabetic kidney disease; NDKD, non-diabetic kidney disease Anders HJ et al., Nat Rev Nephrol. 2018 Jun;14(6):361-377.



Effects of Intensive Glucose Control (IGC) on Microvascular Outcomes
In Patients with Type 2 Diabetes: a Meta-analysis of Individual O\OQ‘\@'

Participant Data from RCTs ~20¢
More intensive Less intensive . Hazard ratio
glucose control glucose control (95% ClI)
Kidney events (a composite of ESRD, renal Primary kidney outcome \\’&“
death, development of eGFR <30 mL/min per ACCORD? 383/21641 (1-8%) 484{215% @0/\ 079 (0-69-0-90)
1-73m2, or development of overt diabetic ADVANCE 233/25728 (0:9%) ég-_} ﬁ 077(0:65-0-91)
nephropathy) UKPDS? 127,'10852®D® ;@ 0-98 (0.71-1.35)
E ts (a composite of requirement for T BB o7 B 070(039-12%
y_e events ( P i g Overall 9 (1. 2%3 5/55622 (1-6%) < 0-80 (0-72-0-88)
retinal photocoagulation therapy or P=0.0%; p 05 G (\\1
vitrectomy, development of proliferative rima omexy S
retinopathy, or progression of diabetic @ @ﬁD g’& Dussers) 1oz = 079(064-035)
retinopath ) \O ADV (L@ 35/2992 (1.2%) 49/2901 (1.7%) —a 0-83 (0-56-1.22)
P y ¢ o @O \e 200/5300 (3-8%) 88/2251(3-9%) l 0-95 (074-123)
Nerve events (a. CompOS|te O neW % \06 VADTI] 62',J450 (138%) 63!453 (139%) 094 (066_134)
vibratory sensation, ankle refle |g {\g Overall 428/14877 (2:9%) 367/11709 (3-1%) < 0-87 (0-76-1-00)
tOUCh) QP\ I=0-0%; p=0-69
‘a? (6\0 Primary nerve outcome
IGC vs standard of .&6 \@\\e ACCORD 2055/14979 (13.7%) 2210/14923 (14-8%) i 0-92 (0-87-0-98)
o S ADVANCE 1373/23752 (58%)  1299/23876 (5-4%) 1.07 (0-99-1.15)
* -0.90%in m @’a UKPDS 453/12247 37%)  208/5087 (4-1%) 0.93 (0-78-1.10)
e 20% le QI n x\@@ents Overall 3881/50978 (7-6%) 3717/43887 (8-5%) 0-98 (0-87-1-09)
. 16%\ SS e?@events P=78:1%; p=0-011
0\‘390 change in nerve events 055 050 1.
Favours more |nten5|ve Favours Iess intensive
glucose control glucose control

eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; RCT, randomised controlled trial Zoungas S, et al. Lancet Diabetes Endocrinol. 2017;5(6):431-437



Effects of Intensive Glucose Control on Renal Outcomes in Patients with

Type 2 Diabetes: a Meta-analysis of Individual Participant Data frog\rgg\a‘

RCTs 6\6‘0"

.

More intensive Less intensive \ Hazard ratio

lucose control lucose control 6 K \, (95% Cl)
? ’ AL
- . d\\,a 0-80 (0-72-0-88)

Primary kidney outcome 761 (1-2%) 865 (1-6%)

End-stage kidney disease 113 (0-2%) 143 (0-2%) b 0.61(0-26-1.44)
Renal death 18 (0-0%) 22 (0-1%) _ — 077 (0-41-1-46)
eGFR <30 mL/min per 1.73m? 175 (0-3%) 149 (0-3%) 0\\@ '\d\ <<> 1.16 (0-93-1-44)

Macroalbuminuria 509 (0-9%) 603 (12%) \6 6 6 074 (0-61-0-90)

Secondary outcomes \) ‘qe S

Microalbuminuri % 90 (0.-84-0-
icroalbuminuria 2121 (5-2%) 22@(&_}0‘ QO(\ < 0-90 (0-84-0-95)

\$ 6\0% 0-50 100 2.00
@G g@ «— —>
\O ‘\ Q(e Favours more intensive Favours less intensive

glucose control glucose control

SVY . A\
&Oﬁ O(\QM ore intensive Less intensive Hazard ratio
lucose control lucose control (95% Cl)
(?\Ps " 0(\6 9 g
Sec gbumi ] %tcomes

r)\'@croalbun\‘\@ia o normoalbuminuria 80 (3-5%) 603 (1-2%) <> 1.01 (0-61-1-66)
Q@“ M @q inuria to microalbuminuria 353 (22:0%) 332 (18-1%) <> 1.23(1.03-1.48)

. ;@r ormoalbuminuria
J

* Microalbuminuria to normoalbuminuria 1430 (13-0%) 1176 (10-7%) 1.15(1.03-1.28)
‘\'\ Q e ( Ib Ib 6 8
06\ ? Maintenance of normoalbuminuria 7004 (75-5%) 5785 (72-4%) 1-16 (1-08-1-25)

°, I T 1

()\6Q 0-25 050 1.00 2.00
<+— —>
Favours less intensive Favours more intensive
glucose control glucose control

Cl, confidence interval; eGFR, estimated glomerular filtration rate; RCT, randomised controlled trial Zoungas S, et al. Lancet Diabetes Endocrinol. 2017;5(6):431-437



SGLT2 Inhibitors Have Shown a Protective Effect on Renal Outcomes

0O
EMPA-REG OUTCOME!? CANVAS?2:3

e

0¥
Pre-existing CVD ~99% 65.6% A\
eGFR <60 mL/min/1.73 m? 25.9% Mean eGFR: 76.5 + 20, i \\‘3 6\\6
HR (95% ClI) \@R 9 @@\
Incident or worsening nephropathy or cardiovascular death - 0.61 (0.55, 0.69) 60" \,6\
\
Incident or worsening nephropathy = 0.61 (0.53, 0. 701‘ 0\\ ,5 60 73 (0.67, 0.79)2
Progression to macroalbuminuria = 0.62 (0. E'GQZ) ( \16( 0-58 (0-50-0-68)
Doubling of serum creatinine level with eGFR G
of <45 mL/min/1.73 m? . $Q6 ©. 39@‘% - 0-58 (0-50-0-67)

Initiation of renal-replacement therapy —W qﬂ%% 21, 0.97)

Doubling of serum creatinine level with eGFR <45 mL/min/1.73 m?, C) S 6 0.54 (0.40, 0.75)

initiation of renal-replacement therapy, or death from renal d|s€ Q\(\
0.95 (0.87, 1.04) - 0-80 (0-73-0-88)
0,
Composite of 40% reduction in eGFI% -— 0.60 (0.47, 0.77)2
se o} death
b
Qa('a%‘omégg nal outcome
. \13 ( (\G o Favors 1 Favors 2 o Favors 1 Favors 2
06\\,\ ?6 empagliflozin placebo canagliflozin placebo

o
aDifferences in renal endpoints vs placebo were not considered significant due to hierarchical analysis; PSee reference for details of outcomes included in composite
¢End-stage kidney disease (time to dialysis or kidney transplantation), doubling of serum creatinine, and renal or CV death
Cl, confidence interval; CV, cardiovascular; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; SGLT2i, sodium-glucose co-transporter 2 inhibitor

1. Wanner C, etal. N Engl J Med 2016;375:323-334; 2. Neal B, et al. N Engl J Med 2017; 3. Perkovic V, et al. Lancet Diabetes Endocrinol 2018;6:691-704.
4. https://www.jnj.com/phase-3-credence-renal-outcomes-trial-of-invokana-canagliflozin-is-being-stopped-early-for-positive-efficacy-findings (Accessed October 3, 2018)



DECLARE-TIMI

\O
\OQ
Renal composite endpoint e Sustained Sj{@%%ecrease in
(%) eGFR to&60’'mL/min/1.73m?
4.3% vs 5.6% an S\@) dialysis 290 days
] HR 0.76 (95%CI, 0.67-0.87) \’@ q@é?transplantation or
g > 6OQ\ \,3@%{rmed sustained eGFR<15
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Wiviott SD. et al.: N Engl J Med. 380:347-357, 2018



SGLT2 Inhibitors Prevent New-onset Macroalbuminuria and Other

End-stage Renal Events 0O
0
Outcome EMPA- RE%c@T% ME35 HR
(95% cl) (95% Cl) ,\ (95% ClI)
\\?>\\ ‘ 6\6\\
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6
* 2nclusive of ne \¥ macroalbuminuria; °In DECLARE-TIMI 58, ESRD was defined as: either dialysis for 90 days or more, kidney
transplant s?@med eGFR <15 mL/min/1.73 m?; in the CANVAS program ESRD was defined as: a composite of maintenance
days, renal transplantation or a sustained eGFR <15 mL/min/1.73 m?

dl&|[@l @rat Ieas
idence interval; ESRD, end-stage renal disease; HR, hazard ratio; SGLT2, sodium—glucose co-transporter 2
o 1. Mosenzon O, et al. Lancet Diabetes Endocrinol 2019;7:606—617; 2. Raz |, et al. Presented at ADA 79" Scientific Sessions 2019;San

Francisco:CA 244-OR; 3. Neuen BL, et al. Lancet Diabetes Endocrinol 2019; S2213-8587: 30256—-6 4. Perkovic V, et al. Lancet Diabetes
Endocrinol 2018;6:691-704; 5. Wanner C, et al. N Engl J Med 2016;375:323-334



Biphasic eGFR profile in response to SGLT2 inhibition

in patients with T2D and with high cardiovascular risk 0%
\()‘\0\06
Initial reduction in GFR o0 o ,a'\\
8 followed by long-term preservation \\6\\ \6\6\\
E Qe @°
- e
d ? SN
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I 72 G\O '\Q( 25 mg
2 560 ] ,6\66
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0 7 2
=Y. \
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Q‘@ @gl\‘e
\\\\1 ?e( Baselne 4 12 28 52 66 80 94 108 122 136 150 164 178 192

Time (weeks)

O\QQ

eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; SGLT2, sodium—glucose co-transporter 2; T2D, Type 2 diabetes
Wanner C, et al. N Engl J Med 2016;375:323-334



SGLT2 Inhibitors Stabilize eGFR in T2D Patients with High Baseline

. . D

Renal Function (eGFR >90 mL/min/1.73m?3) 200%

: 0‘\0\0

Adjusted mean change from baseline Adjusted mean(aﬁl%:{o patients

in patients with eGFR 290 mL/min/1.73 m?, with eGFR@&@%m/l.R m?2,

from the DECLARE-TIMI 58 trialt fr8‘ ea@%lVAS program?
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4- 108 X0 66
o ‘\‘e(
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-12 N ?U‘ | | | 88 | | | | | | | | | | | | |
0 QO% 1. 2.0 3.0 4.0 Baseline 18/26 52 78 104 130 156 182 208 234 260 286 312 338

Years from randomization Weeks since randomization

TP<0.0001
eGFR, estimated glomerular filtration rate; SGLT2, sodium—glucose co-transporter 2; T2D, Type 2 diabetes
1. Mosenzon O, et al. Lancet Diabetes Endocrinol 2019:7:606—617; 2. Neuen BL, et al. Circulation 2018;138:1537—1550



Adjusted mean (SE) eGFR

SGLT2 Inhibitors Stabilize eGFR in 72D Patients with Sub-optimal
Renal Function (e GFR 60-90 mL/min/1.73m>?) 305
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CQ? estimated glomerular filtration rate; SGLT2, sodium—glucose co-transporter 2; T2D, Type 2 diabetes
1. Mosenzon O, et al. Lancet Diabetes Endocrinol 2019;7:606-617; 2. Neuen BL, et al. Circulation 2018;138;1537-1550; 3. Wanner C, et al. N Engl J Med

2016;375:323-334 (Supplementary Appendix)



SGLT2 Inhibitors Stabilize eGFR in Patients with Reduced

. . ‘\6‘
Renal Function (eGFR <60 mL/min/1.73m?) 40
O
\O
Effects of dapagliflozin! on eGFR Effects of canagllfloz%@\w?aQFR in
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Q@% 01; **p=0.005; ***p=0.42.

PA = dapagliflozin; eGFR = estimated glomerular filtration rate.

1. Mosenzon O, et al. Lancet Diabetes Endocrinol 2019:7:606—617; 2. Neuen BL, et al. Circulation 2018:;138:1537-1550



SGLT2 Inhibitors Reduce the Risk of Progressing to End-stage
Renal Outcomes in Patients with Varying eGFR at Baseline 3@

Treatment events Placebo events
Renal composite? Events per 1000 P-Y per 1000 P-Y

eGFR <60 mL/min/m? . (\‘a . '\\

EMPA-REG OUTCOME N/A N/A N/A —I—Wﬁl@ . \@\\a' 0.66 (0.41, 1.07)

CANVAS program 83 114 151 ‘\e ‘ 05%\6\ 0.74 (0.48, 1.15)

DECLARE-TIMI 58¢ 59 8.9 15.2 S P\ / 0.60 (0.35, 1.02)

FE model for eGFR <60 mL/min/m2 (P=0.0054) 0\\‘a ‘5\% 0.67 (0.51, 0.89)

NP e

eGFR 60 to <90 mL/min/m?2 c© (\\16

EMPA-REG OUTCOME N/A N/A O Qua \ 50 = 0.61 (0.37, 1.03)

CANVAS program 118 4.6 G\$ —a— 0.58 (0.41, 0.84)

DECLARE-TIMI 58¢ 186 4.2 G\O@ . Q(QQ}.S —.— 0.54 (0.40, 0.73)

FE model for eGFR <90 mL/min/m2 (P<0.0001) 600 o 8\6 S -— 0.56 (0.46, 0.70)

eGFR 290 mL/min/m?2 06 e (\g\

EMPA-REG OUTCOME N;@@P\ 9’,\0(\ N/A N/A <« 0.21 (0.09, 0.53)

CANVAS program 6&8 \‘8( 3.8 8.1 —— 0.44 (0.25, 0.78)

DECLARE-TIMI 58¢ 6(6\6 (@5\6 2.5 4.9 —— 0.50 (0.34, 0.73)

FE model for eGFR 29Q®thr]/mozé9$&)001) . —’I— | 0.44 (0.32, 0.59)
«© Trend for subgroup differences P=0.026 05 _ ! 15

SN e ‘ ,
. @) Favors treatment Favors placebo
a@}h.ae?as worsening of renal function, end-stage kidney renal disease, or renal death; PIn the DECLARE overall population, 3-point renal endpoint was a
nominally-significant exploratory endpoint: 240% in GFR to <60 mL/min/1.73m? of body-surface area, new end-stage renal disease, or death from renal cause (47%
RRR, 1.3% ARR, HR, 0.53; 95% ClI, 0.43, 0.66). Cl, confidence interval; CVOT, cardiovascular outcomes trial; eGFR, estimated glomerular filtration rate; FE, fixed-
effects; HR, hazard ratio; P-Y, patient-years;SGLT2i, sodium—glucose co-transporter 2 inhibitor.
Zelniker TA, et al. Lancet 2019;393:31-39



SGLT2 Inhibitors Reduce the Risk of Progressing to End-stage

. . . ‘\6‘
Renal Outcomes in Patients with Low eGFR 50°°
. 0\0
Effect of SGLTZ2 inhibitors on a renal composite of worsening 6\0‘\
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1. Zelniker TA, et al. Lancet 2019;393:31-39; 2. Neuen BL, et al. Circulation 2018;138:1537-1550; 3. Mosenzon O, et al. Lancet Diabetes
Endocrinol 2019;7:606—-617; 4. Perkovic V, et al. N Engl J Med 2019; 380:2295-2306



The CREDENCE Trial Population Had the Poorest Baseline Renal Function
of All SGLT2 Inhibitor Trials ‘

DECLARE- EMPA-REG- 0
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eGFR, estimated glomerular filtration rate; SGLT2, sodium—glucose co-transporter 2; UACR, urine albumin:creatinine ratio
1. Neuen BL, et al. Circulation 2018;138:1537-1550; 2. Wiviott SD, et al. N Engl J Med 2019;380:347-357; 3. Wanner C, et al. Circulation 2018;137:119-129; 4. Zinman B,
et al. Cardiovasc Diabetol 2014;13:102; 5. Perkovic V, et al. N Engl J Med 2019;380:2295-2306



CREDENCE: Canagliflozin Was Shown to Stabilize eGFR

Compared with Placebo in Patients with Poor Renal Function \0\0@6'
- 0°
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eGFR, estimated glomerular filtration rate; LS, least squares; SE, standard error
Perkovic V, et al. N Engl J Med 2019;380:2295-2306



CREDENCE: Canagliflozin Prevented the Overall Renal Composite and Its

Individual Components in Patients with Poor Renal Function O\og\
G
| 0\9\0
Hazard ratio A\ &
(95% ClI) TGRS P value
) ) : - \Vﬁ““ o
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Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease
Perkovic V, et al. N Engl J Med 2019; 380:2295-2306



CREDENCE: Effects of Canagliflozin on the Renal

Composite Endpoint according to Baseline eGFR and UACR O\ch\
\6‘06
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Cl, confidence interval; eGFR, estimated glomerular filtration rate; UACR, urine albumin:creatinine ratio
Perkovic V, et al. N Engl J Med 2019;380:2995-2306



SGLT2 Inhibitors Prevent Early Albuminuria Progression

Outcomes for dapagliflozin?

Deterioration from baseline ARG
e ‘d@\\
Normo/micro to macro il O.g@&@l&a@ﬁ\ <0.0001
oY ., o\
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» ClI, confidence interval; HR, hazard ratio; NR, not reported; SGLT2, sodium—glucose co-transporter 2

« 1.Razl, etal. Presented at 79t Scientific Sessions of the American Diabetes Association; June 7t"—11t 2019; San Francisco, CA, USA; 244-OR; 2. Perkovic V, et
al. Lancet Diabetes Endocrinol 2018;6:691-704



SGLT2 Inhibitors Reduce UACR in Patients with Microalbuminuria

Percentage change in UACR from
baseline with empagliflozin in

O° 0%
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. C@éonfldence interval; HR, hazard ratio; SGLT2, sodium—glucose co-transporter 2; UACR, urine albumin:creatinine ratio
1. Cherney D, et al. Diabetologia 2016;59;1860-70; 2. Perkovic V, et al. Lancet Diabetes Endocrinol 2018;6:691-704



Dapagliflozin Prevents Progression to Macroalbuminuria and

. . . . . \O*
Improves UACR in Microalbuminuric Patients 50°°

O

Effects of dapagliflozin in improving UACR and preventing 6 0\6

albuminuria progression compared with placebo \,& o \\6\\
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Cl, confidence interval; DAPA, dapagliflozin; HR, hazard ratio; SGLT2, sodium—glucose co-transporter 2; UACR, urine albumin:creatinine ratio
« Razl, et al. Presented at: The American Diabetes Association 79th Scientific Sessions. San Francisco, USA; 7t June—-11% June 2019;CA
244-0OR.



SGLT2 Inhibitors both Reduce and Improve UACR In

- . . ‘\6'
Macroalbuminuric Patients 50°°
e
Percentage change in UACR from Effects of dapagliflozin in impreyitg, UACR in
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o 1. Cherney D, et al. Diabetologia 2016;59;1860-70; 2. Raz I, et al. Presented at 79t Scientific Sessions of the American
Diabetes Association; June 711t 2019; San Francisco, CA, USA; 244-OR



Effect of SGLT2 Inhibitors on Acute Kidney Injury
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Neuen BL, Lancet Diabetes Endocrinol 2019; Sep 5. doi: 10.1016/52213-8587(19)30256-6




Although both GLP-1 RA and SGLT2 Inhibitors Prevent Progression to a Renal

Composite Endpointa...

SGLT2 inhibitor

trials

events n/N (%)

EMPA-REG OUTCOME 525/4124 (12.7%)
CANVAS Program N/A

DECLARE-TIMI 58 678/8582 (7.9%)

GLP-1 RA trials events n/N (%)
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Treatment group

Placebo group
events n/N (%)

. N

HR (95% CI)

. R PR\
388/2061 (18.8%) - ‘ \\6\\(&?\6\\9\\6'\ 0.61 (0.53, 0.70)
N/A - 6\43\9‘ S\ 0.57 (0.50, 0.66)
S PG
997/8578 IR
(11.6%) a0\ ,56\( 0.66 (0.60, 0.73)
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n/N (%%
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o
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0.78 (0.67, 0.92)
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0.88 (0.76, 1.01)

0 0,5 1 15 2 2,5

Favors treatment

Favors placebo

aDefined as new-onset macroalbuminuria, sustained doubling of serum creatinine or a 40% decline in eGFR, ESRD, or death of renal
cause. ClI, confidence interval; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HR, hazard ratio; SGLT2, sodium—glucose co-transporter 2

Zelniker TA, et al. Circulation 2019



..the GLP-1 RA Effect? Declines Once the Macroalbuminuria Component Is

Removed
SGLT2 inhibitor

trials

EMPA-REG OUTCOME

CANVAS Program
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y 6\\3(\6\ 6\\6:\\ 0.54 (0.40, 0.75)
+ \ « A\

3\9‘ » ‘5\6 0.60 (0.47, 0.77)
A\

5\\6 0.53 (0.43, 0.66)

Placebo group zvenis
n/N (%%

Treatment group
events n/N (%)

HR (95% CI)

35/3032 (1.2%) 066@/ 03 \@\a}? - 1.16 (0.74, 1.83)
87/4668 (1. P‘$ (\%7/4672 (2.1%) _— 0.89 (0.67, 1.19)
o
%%@&1 19(@ 14/1649 (0.8%) - 1.28 (0.64, 2.58)
(o)
‘GQ \{;6 (3.8%) 27316458 (4.2%) e 0.88 (0.74, 1.05)
foest — —
0 0,5 1 1,5 2 2,5

Favors treatment

Favors placebo

» 2Defined as sustained doubling of serum creatinine or a 40% decline in eGFR, ESRD, or death of renal cause
* ClI, confidence interval; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HR, hazard ratio; SGLT2, sodium—glucose co-transporter 2

Zelniker TA, et al. Circulation 2019




Effects of DPP-4 Inhibitors on Renal Outcomes in Patients with Type 2 Diabetes:
A Systematic Review and Meta-Analysis

T, Con,

Study Trt Events/Total Events/Total

Mosenzon 2017 Saxagliptin  Placebo

Lewin 2015 Linagliptin Eva‘@Q
K& 22 o

. eé\k&\‘ e
S
&O @\w.mmwm.n. :

217 ISIM

DeFronzo 2015

@,\

d’@\a

O

P —

2
e,\O\OQ
0\6

R\
ox\"*\a\

0.75(0.63, 0.89) 97.17

—o—) 4.03(0.37,44.04) 094

1.05(0.19, 5.65) 1.89

0.77 (0.61,0.87) 100.00

0227

Tt Con, %

Study T Con Events/Total Events/Total RR (85% CI) Weight
Mosenzon 2017 Saxagliptin  Placebo 555 /3743 617 /3641 - 0.88 (0.7¢, 0.97) 9577

i

i
Lewin 2015 Linagliptin  Empaglifiozin 10 /111 167215 = 1.21(0.57,2.58) 1.85

i
DeFronzo 2015  Linagliptin  Empaglifiozin 12 /99 21 /208 —{--0— 1.20 (0.62,234) 238

1

1
Overall (I-squared = 0.0%, p = 0.471) o 0.89 (0.80, 0.88) 100.00

I

i

i
NOTE: Weights are from random effects analysis

3ss 2. ss eg
+ Favours DPP-4 | hibitors Micro N@ nu r i (
ot \e >
™, Con. ‘ 6’ (\g

Study ™ con Events/Total  Eves

—— s (’&\6
iy 99,.,.“,\0@

6\%\! @@r&m .
0\'&9 e s

NOTE: Weights are from random effects analysis

19/56

T
337

Favours DPP-4 inhibltors —

1.23(1.11, 1.36) 95,37
:
* 0.74 (0.34, 1.61) 1.61
|
5
- 116(0.65.205) 302
i
122 (1.10, 1.35) 100.00
r Regression of
1 2

albuminuria

T, Con,
Study Trt Con Events/Total Events/Total
'
Green 2015 Sitagliptin Placebo 100 /7332 111/7338 —
\
|
Mosenzon 2017  Saxagliptin  Placebo 51 /8280 558212 —.I'
White 2013 Alogliptin Placebo 24 /2701 222679 —_—
i
(0
Overall (l-squared = 0.0%, p = 0.853) 1
'
V
'
'
NOTE: Weights are from random effects analysis

1
— Favours DPP-4 hnlliloﬂ

i
i
- -—) 1.08 (0.61,1.92)
i

‘ Macroalbuminuria |
%
RR (85% CI) Weight
- 0.90 (0.69, 1.18) 58.28
o 092(0.63,1.34) 2908

1284

p

0.83(0.76,1.14)  100.00

52

« Favours DPP-4 inhibitors

T
1 192 ‘

ESRD
Bae JH et al, Endocrinol Metab 2019




ADA/EASD 2018 Consensus recommendation

« For patients with type \%@1@% and CKD, with or without CVD,
consider the us 2 Inhibitor shown to reduce CKD

progressmnaa‘@ fQ@F?tralndlcated or not preferred, a GLP-1

recepgg()ﬁgeq,m%t shown to reduce CKD progression
%\\\\10

oet
O\QQ



The 2018 ADA-EASD T2D Consensus Report Reflects Emerging Evidence from
GLP-1 RA and SGLT2i CVOTs in Patients with Established CVD or CKD \og\

0\@"6

First-line therapy is metformin and comprehensive I|fe$§$ dlf\l;_atlon
(including weight management and physic wt&a
If HbAlc above target, proceed gg d\

CONSENSUS RECOMMENDATIONS

Patients with T2D who have established

ASCVD:

SGLT2 inhibitors or GLP-1 RAs with proven .

CV benefit recommended N HF or CKD
predominates

Patients with ASCVD in whom HF coexists
or is of special concern:
SGLT2 inhibitors recommended

PREFERABLY

SGLT2i with evidence of reducing
HF and/or CKD progression in CVOTs,

Patients with T2D and CKD, with or if eGFR adequate
?\P‘ 6‘0“G :

without CVD: _
Consider SGLT2 inhibitor or, if a{d@ WGIthPF;rlosén (";"\',tg gg%\é?.?
contraindicated/not preferred, G %"q_ CVD benefit if e GFR If SGLT2i not tolerated or
shown to reduce CKD pro%? \|G adequate contraindicated or if eGFR less than
\GG adequate, add GLP-1 RA with
\]3 \Y )\ proven CVD benefit
AN )
Y

0\6Q

ADA, American Diabetes Association; ASCVD, atherosclerotic cardiovascular disease; CANA, canagliflozin; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; CVOTSs, cardiovascular
outcome trials; EASD, European Association for the Study of Diabetes; eGFR, estimated glomerular filtration rate; EMPA, empagliflozin; EQW, exenatide once-weekly; ESRD, end-stage renal disease; GLP-1 RA,
glucagon-like peptide-1 receptor agonist; HbAlc, glycated haemoglobin; HF, heart failure; LIRA, liraglutide; SEMA, semaglutide; SGLT2, sodium—glucose co-transporter 2; T2D, type 2 diabetes. Davies MJ, et al.
Online ahead of print. Diabetologia. 2018;61(12):2461-2498.
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\OQ\

Study to Evaluate the Effect of Dapagliflozin on Renal Outcomes and
Cardiovascular Mortality in Patients with CKD (Dapa-CKD)?! g& ~4 O%\@\&
An international, multicentre, event-driven, randomised, double-blind, parallel group, placebo-controlled @tus Thli‘etudy is currently
study, evaluating the effect of dapagliflozin versus placebo, given once daily in addition to SoC, to prevent the A \\ d\ articipants
o A

progression of CKD or CV/renal death.
Study Design

[ Population

Duration

February 2017

» 218 years of age
* eGFR 225 and <75 mL/minute/1.73 m2*
* UACR 2200 and <5000 mg/g

» Stable, maximum tolerated dose of ACEI/ARB for at
least 4 weeks before visit

« Time to first occurrence of a ya’ﬁ.a co \&nts
of the composite: 250% Q@gmed @&%pln eGFR,
or reaching ESRD ea

renal deattk\la (
\ 2
00> ©
O

o O

MONTHS
Dapagliflozin l
10 mg or 5 mg + SoC Q4 2020

(estimated completion)

‘

[ Primary Endpoint 6@ A ‘(6\

Secondary Endpoints

« Time to first occurrence of a renal composite (250% sustained decline in eGFR, reaching ESRD or
renal death)

» Time to first occurrence of CV death or hHF

* Time to death from any cause

*Dapagliflozin is not recommended for use in patients with eGFR <60 mL/minute/1.73 m2. The efficacy of dapagliflozin is dependent on renal function.2Dapagliflozin is not indicated for prevention of CV events. Please consult your local

prescribing information for the approved use of dapagliflozin.

ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; hHF, hospitalisation for heart failure; SoC, standard of care; UACR, urine

albumin:creatinine ratio.

1. https://clinicaltrials.gov/show/NCT03036150. Last accessed 22 June 2017; 2. FORXIGA. Summary of Product Characteristics, 2017.




Additional understanding of possible mechanisms behind the
CV benefits seen with dapagliflozin will come from Dapal%k@@«h

DapaMech is a series of mechanistic studies evaluating the impact of dapg@h?q\zm 10 mg

o
\\6\\6 d\a\\a
f& oz, \e\ 5\

@gg( ct of albouminuria in patients with
(5\)\'6 G‘e ‘a“ D and CKD

PRESERVED-HF!
HF disease-specific biomarkers,
symptoms, health status, and QoL in

e
patients with T2D or prediabetes and d \ O - DIAMOND®

The renoprotective effects in ND patients with

chronic HFpEF O b _
DAPACARD2 e\ - ¢ proteinuria and on stable dose of ACEi or ARB
DEFINE-HF?2 e 1S ) 3"?}\6 N DAPASALT?
HF disease-specific myocar |en t|Ie o The natriuretic effect in patients with T2D
biomarkers, symptoms, y t|e (\ﬁi\t ToD with preserved or impaired renal function
health status, and QoL in ’&\6 \6 and ND patients with impaired renal function
patients with T2D and o\ (S DAPAMAASTA
chronic HFrEF (QQ oe\‘e Insulin sensitivity in skeletal muscle in
\ \\ patients with T2D taking no diabetes
\\'\ ?G medication or metformin only
O\QQ

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; ND, nondiabetic;

Qol, quality of life; T2D, type 2 diabetes.

1. Saint Luke's Health System; https://clinicaltrials.gov/ct2/show/NCT03030235. 2. AstraZeneca, https://clinicaltrials.gov/ct2/show/NCT03387683. 3. Saint Luke's Health System;
https://clinicaltrials.gov/ct2/show/NCT02653482. 4. AstraZeneca; https://clinicaltrials.gov/ct2/show/NCT03338855. 5. AstraZeneca; https://clinicaltrials.gov/ct2/show/NCT02547935.
6. Hiddo Lambers Heerspink; AstraZeneca. https://clinicaltrials.gov/ct2/show/NCT03190694. 7. AstraZeneca; https://clinicaltrials.gov/ct2/show/NCT03152084.



Ongoing SGLT2 inhibitor studies

d@ﬂ9
\06
EMBRACE- EMPA- EMPEROR- CV outcomes studies
HF8 RESPONSE-AHF® Reduced?!3 Biomarker/
. '\
AT EMPIRE-HE® EMPEROR- : 6\6
Preserved14 \

mechanistic studies
[

B Functional studies

DAPASAL T10 Vi Renal outcomes studies
DEFINE-HF!

2018 2019 2023

PRESERVED
-HF3

DETERMINE
-Preserved?’

EMPERIAL-
deuced4

Qpr \ DETERMINE
-Reduced!!

CV, cardiovascular; SGLT2i, sodium—glucose co-transporter 2

1. clinicaltrials.gov/NCT02653482; 2. clinicaltrials.gov/NCT03036124; 3. clinicaltrials.gov/NCT03030235; 4 clinicaltrials.gov/NCT03877237; 5. clinicaltrials.gov/NCT03877224; 6. clinicaltrials.gov/INCT03198585; 7. clinicaltrials.gov/NCT03190694;
8. clinicaltrials.gov/NCT03030222; 9. clinicaltrials.gov/NCT03200860; 10. clinicaltrials.gov/NCT03152084; 11. clinicaltrials.gov/NCT03877237; 12. clinicaltrials.gov/NCT03332212; 13. clinicaltrials.gov/NCT03057977; 14. clinicaltrials.gov/NCT03057951,
15. clinicaltrials.gov/NCT03036150; 16. clinicaltrials.gov/NCT03485222; 17. clinicaltrials.gov/NCT03877224; 18. clinicaltrials.gov/NCT03619213; 19. clinicaltrials.gov/NCT03594110
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Efficacy and safety of dapagliflozin in patientgd&ﬁﬁ\f;@%\e 2
diabetes and moderate renal impairmen@(é}?rgﬁi@\ﬁidney

disease stage 3A): The DERIVE Sglgy?{d;)&\\l@‘e
\

SN (20
Paola Fioretto MD! ® | Stefano Del P@\@%@%Q‘?%ohn B. Buse MD? |
Ronald Goldenberg MD* | F&aeagtc(x\ i '%%10 MD> ® | Daniel Reyner DrPH® |
Anna Maria Langkilde \%(lh%d Sjéstrom MD” | Peter Sartipy PhD”® | On Behalf of
the DERIVE sukdgm%tigﬁ&?rs*
(696“66\16(6
é\&\\‘aﬁ’? ox ¢ 60% 265 yrs HbAlc 8.3%

®)
Ove® BMI 32 eGFR 53 50% on insulin



Efficacy and Safety of Dapagliflozin in CKD3a

\OQ\
Dapaglif %g Placebo
(N = 0{5\"3@ (N =161)
AEs \
Any AE \6\\6 8 @5\6 77 (47.8)
1.0 Any related AE @‘5}7 (10.6) 10 (6.2)

-# Dapagliflozin 10 mg (N=159) Any AE le gg&% \ta\u\a?on 3(1.9) 3(1.9)
-~ Placebo (N=161) 01 8\
D3t ° x

0.5 éé‘\}usAﬁg(
§ @Qéerlous AE 9 (5.6) 14 (8.7)

\ ga d Any related serious AE 1(0.6) 0
6 6 (G Any serious AE leading to 2(1.3) 2(1.2)
O\

discontinuation

AEs of interest

Adjusted mean change from
baseline in HbA1c, % (95% CI)

Genital infection 3(1.9) 2(1.2)
| Difference vs placebo &3@%5 /@\Q@S -0.15), P < 0.001 Urinary tract infection 4(2.5) 6 (3.7)
1.0 (.] 6(3\6 (8\612 24 Hyﬁfptscjl(a)zr/ndi:hydratlon/ 3(1.9) 0
Q(GQ ‘ 06\‘6 Time (weeks) Renal impairment/failure 1(0.6) 2(1.2)
Dapagliflozin, \‘,\w ?@ﬁ o 149 142 Bone fractures 0 0
PIace@O Wso 158 147 134 DKA 0 0

Non-serious AEs were included up to the last day of double-blind treat-
) ment plus 4 days. Serious AEs were included up to the last day of
Fioretto P et al., DOM 2018 double-blind treatment plus 30 days. Includes data after rescue. Abbrevia-

tions: AE, adverse event; DKA, diabetic ketoacidosis.



Adverse events EMPA-REG OUTCOME | CANVAS DECLARE-TIMI 58 CREDENCE

Empagliflozin vs Canagliflozin vs placebo | Dapagliflozin vs Canagliflozin vs

placebo Event rate per 1000 placebo placebo

Event rate % patient years Event rate % Eveur:: rate per 1000

| patient years
Severe hypoglycemia 1.3vs 1.5 N/A (All: 50.0 vs 46.4) 0.7vs 1.0 \\0\\60\,6\\6
< . \
Ketoacidosis 0.1vs<0.1 0.6 vs 0.3 0.3 Vé\@\?‘ @6\6 2.2vs 0.2
60‘ ‘\0\\6 HR 10.80 (1.39-83.65)
6\\6 \(5\
Urinary tract infections 18.0vs 18.1 40.0vs 37.0 6\)\'6 (é Bvs 1.6
Mycotic genital infections 6.4 vs 1.8 Women: 6 8 17$5‘,(\\‘ 0.9 vs 0.1 (P<0.001)
(P<<%\ 20" ()
%@( sglO 8
?/6 \O
Volume depletion 5.1vs 4.9 P\& 0 O( 26 O vs 18.5 (P=0.009) 2.5vs 2.4
Acute kidney injury 1. Oe@f 3.0vs4.1 1.5vs 2.0 16.9 vs 20.0
>
Cancer o0 @(a.\\log(ﬁe\ence No difference 5.6 vs 5.7 No difference
Bone fractures‘\"\\laQ( C?S vs 3.9 15.4 vs 11.9 (P=0.02) 5.3vs5.1 11.8vs 12.1
\

Lower lir putations 1.9vs 1.8 6.3 vs 3.4 (p<0.001) 1.4vs 1.3 12.3vs 11.2

IRR 1.01 (0.70-1.44) HR =1.97 (1.41-2.75)
Fournier gangrene N/A N/A 1 case vs 5 cases

Adapted from Scheen AJ, Exp Opinion Drug Safety 2019



J/ MACEs
J/ CV mortality
J/ Total mortality

J/ Heart failure

. o e 9)
SGLT2 inhibitors 0\@‘03\
SV,
. PR PR\t
' R
Geni f 3-6
— ekl
- 0\\0 T%\ rginal, x 1-1.5)
o, ‘\‘@( Volume depletion (rare)
el W
&O ad\ AKI (rare, if precitipants)
Euglycemic DKA (x 2, rare)
- Bone fractures (TBC)
LLA (canagliflozin ?)
Fournier gangrene (TBC)
Benefits Risks

Scheen AJ, Exp Opinion Drug Safety 2019






SGLT-2 Inhibitors Improve Proximal Tubular Oxygen Delivery and I\/Iay

\O
Also Reduce Renal Ischemic Injury e,\O\O‘B
520
CLINICAL EFFECTS A\ &
5 e \
e \O*
0.6 s \\6\\ . d\.@\
2 . ) ° 6@%\
£ £ \! E
B 3] S
i1 g
T Oeé\)o(, m 1
\ ©
\
o 0.0 0
=) 0@& & beQ(b g fo\Q\ @(\Q\ ro\Q\ 0(\0\
(.ox Q3< O‘b 'bQ Q’OQ ’bQ
6 or;{%{ca\e Hypoxia h © o-i}'g( _ingo
O™ o© o of
G
??\ 5\0 Elevated expression of HIF-1, which mediates the synthesis of erythropoietin, may
\ ’ play a major role in the protection of renal tubule cells under hypoxic conditions?!
|Renal |SC|‘1@Q‘% Inéui@(e — Recent in vitro studies reported that dapagliflozin induces HIF-1 in murine
THb/H\?BJQOC“k (\ ischemic renal tissue and human ischemic cultured renal tubular cells,
6 ? improves renal function?, and reduces apoptotic cell death (Bax/Bcl2 ratio)?
()\'aQ * Hematocrit and erythropoietin levels have also been shown to increase following
treatment with an SGLT-2i and may help to improve tubular oxygenation3-

HIF-1=hypoxia inducible factor-1; IR=ischemia-reperfusion; S=sham.
1. Wanner C, Am J Cardiol. 2017;120(1S):S59-S67. 2. Chang YK, et al. PLoS One. 2016;11(7):e0158810. 3. Sano M, et al. J Clin Med Res. 2016;8(12):844-847. 4. Sano M, et

al. Circulation. 2019;139(17):1985-1987. 5. Inzucchi SE, et al. Diabetes Care. 2018;41(12):356-363.



Bidirectional, Pathophysiological Interaction Between Kidney and Heart

in Type 2 Diabetes 305
‘0‘06
T &V
NCch
A
tCardiac 600 . 6\‘\3

v

W preload/afterload: AW
(% TCard!ac wa_ll_stress \)\3 < (o)

‘ ) tp )

>, i > e .

\ CARDIORENAL COMPLICATIONS

CIRCULATION

tVolume expansion*
tVasoconstriction? C}
1Systolic blood pressurﬁﬁ

\ 1Diabetic cardiomyopathy!
| THFl
tDiabetic kidney disease?

:a(a ef©
Q(GQ . oe\‘ 1Glucose/sodium reabsorption
%\\"\\]9 ?e( \\ tIntraglomerular pressure )

TRAAS act|V|ty

KIDNEY? -

1. Muralidaran Y, et al. J Diabetes Metab. 2015, 6:10. 2. Sattar N, et al. D|abetolog|a 2016;59(7):1333-1339. 3. WannerC AmJ Card [. 2017;120(1S):S59-S67. 4. Sattar N, et
al. Circulation. 2018;138:7-9. 5. Mazidi M, et al. J Am Heart Assoc. 2017; 6(6) e004007. ‘ .



SGLT-2 Inhibition Improves Hemodynamic Parameters in Patients Wlth
Type 2 Diabetes Leading to Cardiorenal Protection

v

CIRCULATION?2

|Plasma volume

| Arterial stiffness

| Systolic blood pressurpﬁ
THematocrit

Glycosuria?
Diuresis3
Natriuresis23

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.

c4®

O\OQ\
G
- \ @\0 Back to
\ 6\0\ Summ_ary @
. ‘a(\a \‘a\ Slide
R
|Cardiac preload/afterload 600 ‘\,@\\a
|Cardiac wall stress > ¥e\\
tCardiac efficiency/ : G(e
\ CARDIORENAL PROTECTIONZ23

tCardiac function
tRenal function

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

|Hyperfiltration?
lInflammation/hypoxia® -

KIDNEY

“‘\

IMPROVED CLINICAL
OUTCOMES3>

|CV outcomes
|HF hospitalization
Stabilization of eGFR
JAlbuminuria




SGLT-2 Inhibition Leads to Benefits in Cardiorenal Outcomes
In Several Patient Populations

Renql Hospitalization Major adverse Secondary prevention population (\
protection for HF CV events _ SGLT-2i prevent HF and renal disease, and reduce a\\@ X
Diabetes atherosclerotic events (major adverse CV ev rna) \¢ K d\
and established . q\ \

CVD

=)

AR

P ry vb@t(lon population
Diabetes and multiple risk factors &Tge HF and renal disease
2 but may not reduce MACE

£ OF
. e ) N . o .
« According to a recent meta-anal |§§§t re @lQiomlzed CVOQOTs in patients with T2D with either established

CVD or multiple risk factors6 g@@o‘wit{@@ lished CVD), SGLT-2i reduced the risk of!:2;

S
— Hospitalization fo&ﬁ@by %x&ﬁ‘R=O.69; 95% Cl, 0.61-0.79; P<.0001)
(o) \\
— CV deatwgsgi\@@h%on for HF by 23% (HR=0.77; 95% ClI, 0.71-0.84; P<.0001)
NI

— ’3?‘MAC?%§ 11% (HR=0.89; 95% ClI, 0.83-0.96; P=.0014)

O\QQ Progression of renal disease by 45% (HR=0.55; 95% CI, 0.48-0.64; P<.0001)

CVD=cardiovascular disease; CVOT=cardiovascular outcome trial; MACE=major adverse cardiovascular event.

(o 6\0

sl

\O
e,&0\0(3\
20

IMPROVED CLINICAL
OUTCOMES

|CV outcomes
|HF hospitalization
Stabilization of eGFR

JAlbuminuria

1. Verma S, et al. Lancet. 2019;393(10166):3-5. 2. Zelniker TA, et al. Lancet. 2019;393(10166):31-39. 3. Scheen RJ. Circ Res. 2018;122:1439-1459. 4. Tamargo J. Eur Cardiol.

2019;14(1):23-32.



The renal protective effects of dapagliflozin were consistent across baseline

eGFR subgroups exo\og\

‘ \9\0

Composite of 240% decrease in eGFR2 to

Composite of 240% decrease in eGFR?2 to

<60 mL/min/1.73 m2, ESRD, or renal death or CV deathP

<60 mL/min/1.73 m2, ESX, or renzi death®

Hazard ratio (95% CI) c‘.Oo\e \\6 azard ratio (95% CI)
D Ao
N~ O™
| G
Overall population o 0.76 (0.67, 0.87) @M}opg\lf@&@ ro—i 0.53 (0.43, 0.66)
Baseline eGFRa &O %as&\n eGFRa
=90 mL/min/1.73 m? —e—  0.79 (0.63,0.99) @6 ego mL/min/1.73 m? —e—i 0.50 (0.34, 0.73)
60 to <90 mL/min/1.73 m? ~e—  0.76(0.63,0. 8() a\e 60 to <90 mL/min/1.73m?  ~e— 0.54 (0.40, 0.73)
<60 mL/min/1.73 m? —e—i  0.77 109) (\Q\ <60 mL/min/1.73 m? —e——  0.60(0.35,1.02)
P~ o0
é \6 1,5 0,25 1 1,5
— ﬁ
(GQ ors Favors Favors Favors
\\l‘a Q? Dﬁhgg iflozin  Placebo Dapagliflozin Placebo
\ .
-aQ Interaction Interaction
1)) P value = 0.97 Pvalue = 0.87

aCalculated by the Chronic Kidney Disease Epidemiology Collaboration equation; P'Secondary outcome; cPrespecified additional renal composite outcome.
CVYA cardiovascular; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease.
Wiviott SD et al. Article and supplementary appendix online ahead of print. N Engl J Med. 2018.



The renal protective effects of dapagliflozin were similar across baseline

CV risk subgroup \0\0@@‘
S

3P
Composite of 240% decrease in cGFR? to
<60 mL/min/1.73 m2, ESRL}. or renal geath¢

Composite of 240% decrease in eGFR?2 to

<60 mL/min/1.73 m2, ESRD, or renal death or CV death®

Hazard ratio (95% CI)

Overall population v+ 0.76(0.67, 0.87) OVQ@)}S@M@Q@@ ot 0.53 (0.43, 0.66)
C N\
CV risk \$Q ecv&s"éad\
eCVD e~ 0.79(0.66, 0.94) OQLG (eg'a‘ eCVD ——r 0.55 (0.41, 0.75)
N AP

MRF —o—i 0.74(0.60,0é@0 06\6% MRF —o—i 0.51 (0.37, 0.69)

cc

0,25 6@ 1%6( 0,25 1 15

QJ@ Favaes( Pavors Favors Favors
(G ap\a@‘oﬁ% Placebo Dapagliflozin Placebo

N[ (¢
05\\'\ ? © Interaction Interaction
O\.aQ P value = 0.67 P value = 0.72

aCalculated by the Chronic Kidney Disease Epidemiology Collaboration equation; P'Secondary outcome; cPrespecified additional renal composite outcome.
CV, cardiovascular; eCVD, established cardiovascular disease; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; MRF, multiple CV risk factors.
Wiviott SD et al. Article and supplementary appendix online ahead of print. N Engl J Med. 2018.



Composite of hHF/CV death and components by renal function,

0O
hHF/CV death hHF
Hazard ratio (95% CI)
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?,90 G
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0,25 1 15 P (\e 0,25 1 1,5 0,25 1 15
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980 e s
: nteraction
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’bp@ g& P value = 0.19 P value = 0.79

\,\
0\‘3@

ap=0.005; PCalculated by the Chronic Kidney Disease Epidemiology Collaboration equation.
CV, cardiovascular; eGFR, estimated glomerular filtration rate; hHF, hospitalization for heart failure.
Wiviott SD et al. Article and supplementary appendix online ahead of print. N Engl J Med. 2018.



A. Diabetes

Hyperglycemia 1 Hyperglycemia |,
1 Hypertansion L Hypertension |
p &
ip
Stretching Affer. A = Affer. A
Vasodilation Vasocostrition ", ‘\'C
] 5 . 3

S

( : -
66(.\\15 =|1‘nn5|:

$O e Gd\ aﬂ L,
A 2 B -
Q(eg HHE-3 ™
e ]
TATP 1
} a !
* T' Dz -
= @ T Glycosuria
*& I TT Diuresis —
Matriuresis
Fb°  MyoFb 4 -
]
| teeo |
= Podocyles e Myofibroblasts ' Fibrosis
: Mesangal Cells b
M \Macrophages BB® Macuadensa e Giucoss B. Digbetes treated with SGLT2-i
@ MNas

Barutta F, Diabetes Metab Res Rev 2019 Apr 18:e3171. doi: 10.1002/dmrr.3171



Multifaceted Renoprotection
of SGLT2 inhibitors
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Effect of Canagliflozin on Renal Outcomes across Different Levels of
Albuminuria: Data from the CANVAS Program 0\0@3‘
G
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Improvement of Alouminuria Category
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from Baseline in the DECLARE Study 09
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Unresolved and/or repeated episodes of acute kidney injury (AKI)
-

Ischemic, infectious, toxic,
or obstructive causes
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AKI Outcomes in the SGLT2 Inhibitor User and Nonuser Groups(g\g the
Mount Sinai and Geisinger Propensity-Matched C%\m*f’
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0\ . \
Mount Sinai cohort L“é@\n \
\O~—
User Nonuser dﬁe: d\\,@\ Nonuser
(n=372) (n=372) ij\aﬁa ?EJ?} (n=1,207) P2
Akl meo—inpatient 14 (3.8) 36 (9. T-"}$ g()(\\‘ 25 (2.2) 55 (4.6) 0.001
AKl ~n 22 (5.9) [@L eg‘& 15 (1.2) 36 (3.0) 0.003
Peak creatinine in
AKl njan events 1.6 (1. 4—%%9 1@(@ 5—2 d} 002 17 (14-26) 16(1.3-24) 091
Change in serum ??\ 6\0(\
creatinine dunng 60
AKlnian Evegtra\ (@\@[ﬂ 4-0.7) 0.9(0.8-1.3) 0.004 0.6 (05-1.0) 0.6 (0.4-12) 0.80
Meed fc}raag&%g
qﬁ?‘ ?6( 1 (0.3) 1 (0.3) 1.00 0 (0.0) 1 (0.1) 0.317
Oh'l and P2 are P values for primary and secondary analyses, respectively.

Nadkarni GN, Diabetes Care 2017; 40:1479-1485
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