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Learning Objectives

Discuss the pathophysiology of Diabetic Kidney Disease

Establish the relationship between CKD and CV disease

Explain current approaches of T2D treatment that include renal
preservation

Discuss the evidence on renal outcomes in CVOTs of glucose
lowering agents

Discuss the possible mechanisms leading to renal protection of
SGLT-2 inhibitors

Review the study design of ongoing renal outcome trials




Definition of Diabetic Kidney Disease (DKD)

Structural Functional

Glomerular basement Altered renal hemodynamics
membrane thickening

Mesangial expansion Glomerular hyperfiltration

Microvascular changes
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Hyperglycemia Drives DKD

Hyperglycemia +—— Genetic Background

}

Intracellular Signaling and Glycation and Glomerular
Metabolism Oxidative stress Hyperfiltration & Hypertension

Activation of Polyol Pathway and Reactive Oxygen Species (ROS) and Shear Stress and
Protein Kinase C Advanced Glycation End-product Mechanical Stretch
(AGESs)

Obesity and Adipokines l Circulating Inflammatory Cells

Inflammation Pathways

Kidney cells (endothelial, mesangial, tubular cells and podocytes)

} }

Toll-like receptors — Transcription factors | Ligands for Nuclear
(Nuclear factor x-B) Receptors

“ !

» Proinflammatory Cytokines Chemokines and Adhesion Molecules

| |

Renal Infiltration of Inflammatory Cells (Monocytes and Lymphocytes)

}

Proteinuria +—— Diabetic nephropathy

}

Expansion of Extracellular Matrix, Glomerulosclerosis and Interstitial Fibrosis

Reference: Wada J et al; Clinical Science; 2013; 124; 3: 139-152




Hypertension
Drives DKD

Uncontrolled hypertension is a
risk factor for developing kidney
disease and 1s associated with a

more rapid progression of CKD.

Reference: a. Botdorf J, et at; Cardiorenal Med; 2011; 1: 183-192
b. El-Atat FA, et al; J Am Soc Nephrol; 2004; 15: 2816-2827

Glomerulosclerosis

e / l \ Reduction in

Intraglomerular Decline in number of

hypertension'®! RENAL FUNCTION functioning

, \ glomeruli
Increased blood flow to
remaining nephrons



Renal Effects of Obesity

Hormonal Physical Structural Functional
« RAAS » Compression of * Glomerulopathy  eGFR: Each 1
» Sympathetic renal parenchyma (FSGS) unit rise of BMI
nervous system (“fatty kidney”) « Glomerulomegaly from 24 to 43 will
* Leptin « Albuminuria Engrf;f’e eGFR by

Afferent Vasodilation + Efferent Vasoconstriction = HYPERFILTRATION

Reference: KDIGO CKD Work Group; Kidney Int Supple.; 2013; 3: 1-150



The Natural History of T2D Increases the Risk of Microvascular and CV
complications

End-stage
kidney disease

CV death

Reference: NICE clinical guideline 28; December 2015




Puerto Rico

Total adult population:

2,596,000

Prevalence of diabetes in adults:
15.4%

Total cases of diabetes in adults:
400,600

Reference: idf.org




Table 1: The Ten Leading Causes of Death and Age-Adjusted Death Rates in Puerto
Rico and the United States, 2010

United States

Age-adjusted Age-adjusted
Cause of Death Death Rate* Cause of Death Death Rate**

Diseases of Heart 125.7 Diseases of Heart 179.1

2 Malignant Neoplasms 1238 Malignant Neoplasms 1728

Diseases

Cerebrovascular
diseases/Stroke

Cercbrovascular Accidents (unintentional
diseases/Stroke ’ injuries)

Chronic Lower Respiratory
Diseases

Homicides

Accidents (unintentional Nephritis, nephrotic
injuries) syndrome, and nephrosis

Nephritis, nephrotic

. Influenza and pneumonia
syndrome, and nephrosis P

10 Influenza and pneumeonia

* Praliminary Cats
Rates are per 100,000 population; ags-adjustad rates per 100,000 U.S. standard populstion
bassd on the year 2000* and 2010* standards respactivaly.

Reference: Puerto Rico Chronic Disease Action Plan; 2014-2020




Albuminuria or worsening
nephropathy
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Elevated creatinine or RRT

0.8%
5 10
(n=4791) (n=2799)

Time Since Diagnosis of T2D, years
(n = number alive and examined)

UKPDS: Prevalence of Kidney Disease
Increases Over Time After Diagnosis of T2D

Reference: Adler Al et al; Kidney Int; 2003; 63: 225-232
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Persistent albuminuria categories
Description and range

Guide to Frequency of Monitoring Norr_njz:l o Moderately Severely
(number of times per year) by Incn::aasy 57 increased increased

GFR and Albuminuria Category

G2 | Mildly decreased 60-89
Mildly to moderately

<30 mg/g 30-300 mg/g >300 mg/g
<3 mg/mmol |3-30 mg/mmol | >30mg/mmol

G3b Moderately to
severely decreased

G4 | Severely decreased
G5 | Kidney failure
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Reference: KDIGO CKD Work Group; Kidney Int Supple.; 2013; 3: 1-150

Prognosis of

CKD by
GFR and
Albuminuria
Category
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Myths About DKD

Myth

Fact

Progression of DKD is inevitable

DKD can sometimes be prevented and progression can be
slowed through tight control of blood pressure and blood
glucose

DKD 1s more common in T1D compared with T2D

Most guidelines do not differentiate between T2D and T1D;
the risks of DKD are likely to be similar between types

DKD occurs exclusively in people with diabetic
retinopathy

DKD is often, but not exclusively, associated with diabetic
retinopathy

Albuminuria is always a feature of DKD

Albuminuria is a marker of kidney disease, but even when
albuminuria is not observed in a patient with diabetes, it is
not a guarantee that the patient is free of CKD

People with DKD need to see a nephrologist

Stable DKD can be managed outside of nephrology; referral
depends on rate of progression

12



T2D: Central Role in CV and Renal Disease

Combination of diabetes and CKD increases 4-fold risk of CVD and mortality

Reference: Verma S. et. al.; Lancet; 2018; 393: 3-5
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Kidney Disease Powerfully
Predicts Increased Mortality in
People with Diabetes

The co-existence of kidney
disease and diabetes is associated
with greater mortality than the
sum of excess risks associated
with either diabetes or kidney
disease alone.

Reference: Afkarian M, et al.; J Am Soc Nephrol; 2013; 24: 302-308

10-Year Mortality in T2D by Kidney
Disease Manifestation
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No Kidney Albuminuria Impaired Albuminuria and
Disease GFR Impaired GFR
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ESRD, USA General Population, USA

All Other CV Disease All Other CV Disease

33.0% 42.0%

33.1% 31.0%

Infection
Malignancy Self-Harm Malignancy 3.6%

a Withdrawal  1.4% i
b 9% Alzheimer Disease

3.1%

Lung Disease
5.3%

USRDS. 2010 ADR; National Vital Statistics Report. CDC 2010.

What Do People With CKD Die From? CV Disease Is a Major Cause!

Reference: USRDS; CDC 2010; ADR; National Vital Statistics Report; CDC 15



Effects of CKD
and CVD

Increased risk of CV events
Heart failure
Recurrent M1
Sudden cardiac death

Worse MI outcome

Reference: a. KDIGO CKD Work Group; Kidney Int Suppl; 2013; 3: 1-150
b. Go AS et al; NEJM; 2004; 351: 1296-1305

CV Risk With Worsening eGFR
(general population)®
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Summary: DKD

Increased prevalence

Association of increased mortality compared with nondiabetics who do not have DKD

v 4.1% vs 47.0% 10-year mortality
DKD implies widespread vascular disease and high risk for ASCVD

Risk increases with duration of diabetes

v As people live longer with diabetes, more people will be at risk for kidney disease

Driven by hyperglycemia, hypertension, and obesity (preventable)

17



Non-modifiable Modifiable

 Increasing age * Poor glucose control

* Long duration of « Hypertension
diabetes  Hyperlipidemia

» Ethnicity » Obesity

* Family history of CKD » Smoking

Risks Factors for DKD

Reference: Thomas MC; et at; Nat Rev Dis Primers; 2015; 1: 15018
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Renal Outcomes in CVOTs and Sub-analyses with DPP-4
Inhibitors

TECOS (Sitagliptin). worsening of eGFR

SAVOR-TIMI 53 (Saxagliptin): lower ACR but no benefit to eGFR

EXAMINE (Alogliptin): no renal data

CARMELINA (Linagliptin): no significant change

MARLINA-T2D (Linagliptin): no significant change

19



TECOS
Long term CV effects with Sitagliptin vs Placebo

S
» 14,671 T2D followed for 3 years

e Change in eGFR over time
¢ Baseline eGFR < 50 mL (9‘4%) OUTCOMES WITcH SITAGLIPTIN

Reference: Green J et al; NEJM; 2015; 373: 232 20



Results: Greater eGFR decline with Sitagliptin (LSM ~1.34 mL/min in 48 months; 0.45 mL/year;
P < 0.001 ) than in the placebo group

>

UACR (mg/g)
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24 0 4 8 12 24 36
Study Visit (Months)
StUdy Visit (MOI\"\S) Number of Patents

Sitagiptin 1946 887 664 1171 1.054 862 .
3

Number of Pabens 2
730 640 1129 1,008 880 7

Sitagiptin 6806 4135 3808 5263 5,683 1 Placebo 1,883
Placebo 8795 4168 3,772 5197 5482
Figure 1—A: eGFR over 4 years (N = 13,604). 8: UACR over 4 years (N = 3,832). Data are plotted at
each visit as the mean (-1 SD) for eGFR and the median (25th, 75th percentile) for UACR among
patients with the measurement at the visit. Patients without baseline and at least one postbase-
line measure are not shown at any visit.

Reference: Cornel et at; care.diabetesjournals.org




SAVOR-TIMI 53
CYV safety and efficacy of Saxagliptin vs Placebo

Study Design

9,696 T2D patients followed for 2.1 years

Reference: Mosenzone O et at; Diabetes Care 2017; 40: 69

Renal composite

80% patients on ACE Inhibitors or ARB’s
26.8% micro and 9.9% macro albuminuria
eGFR > 50 mL (84%)

eGFR > 30-50 mL (14%)

eGFR < 30 mL (2%)
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Results: 34.4% mean UACR decrease (mostly for macroalbuminuria); no change in eGFR; no cardiovascular
benefits (despite lower UACR).

-257.6, p=0.057

-18.9, p=0.026

-245.2, p=0.086 '

-150

Figure 1—Difference in mean change in ACR {mg/g) as continuous variable among treatment arms by eGFR baseline cabtegories. The change in ACR as
a continuous variable by baseline eGFR categories was analyzed using repeated-measures ANOVA, with baseline CV risk group |previous CVD or
MRF) and treatment arm as model terms. SAXA, saxagliptin,

Reference: Mosenzone O et at; Diabetes Care 2017; 40: 69 23



<17 CARMELINA

The CARMELINA® (CArdiovascular safety and Renal Microvascular outcomE with LINAgliptin in
patients with type 2 diabetes at high vascular risk) CVOT investigated the long-term CV and kidney
safety profile of linagliptin versus placebo, on top of standard of care

Reference: Carmelinatrial.com 24



PRIMARY ENDPOINT

+ Time to first occurrence of any of the following:
- CVdeath
- Non-fatal MI

- Non-fatal stroke

Reference: Carmelinatrial.com

KEY SECONDARY ENDPOINT

» Time to first occurrence of any of the following:
- Sustained eGFR decrease by 240%
- Progression to sustained ESKD
- Death due to kidney disease




v No significant
kidney composite
outcome

Reduction in
albuminuria
progression,
microvascular
complications

Figure. Kidney and microvascular outcomes

The key secondary kidney outcome was pre-specified, adequately powered, and adjudicated in CARMELINA

HR HR P
(95% Cl) (95% Cl) value

Pre-specified outcomes

CARMELINA: kidney composite 1.04 , P ‘
outcome’ (0.89-1.22)

0.87
ESKD or death due to KD (0.69-1.10) ®

0.86
. : A
Microvascular composite outcome (0.78-0.95) ——

0.86
(0.78-0.95) —@—

05 14 20
»

Albuminuria progression

Favours linaghiptin Favaurs placeba

*Sustained end-stage kidney disease (ESKD), sustained decrease of 240% in estimate glomerular filtration rate (eGFR) from baseline or death due to KD. ASustained
ESKD, sustained decrease of 250% in eGFR, death due to KD, albuminuria progression, retinal photocoagulation or intravitreal injection of and anti-vascular
endothelial growth factor therapy for diabetic retinopathy, vitreous haemorrhage or diabetes-related blindness.

Reference: Rosenstock J et at; 2019; JAMA; 321; (1): 69




Baseline Renal Data

MARLINA-T2D (Linagliptin)
Evaluation of glycemic and renal efficacy of once daily
administration of Linagliptin 5 mg for 24 week

Reference: Groop PH et al; Diabetes, Obesity and Metabolism; 2017; 19: 1610 2%



MARLINA-T2D (Linagliptin)

Secondary outcome measures

» The time weighted average of percentage change
from baseline in UACR during the course of 24
weeks of treatment

* The change from baseline 1n estimated glomerular
filtration rate (eGFR) after 24 weeks of treatment

Reference: Groop PH et al; Diabetes, Obesity and Metabolism; 2017; 19: 1610 28



RESULTS: NO SIGNIFICANT CHANGE IN UACR OF eGFR

| | Linagliptin (] Placebo Placebo-adjusted

Linagliptin (n = 178)
- : ’ 7 y
gMean baseline UACR: 120.5 mg/g
O Placebo (n = 173)
gMean bascline UACR: 132.2 mg/g

Linagliptin Placebo
(n=178) (n=173), Placebo-adjusted

%

aseline in UACR

in UACR at week 24, %

Change £95% CI from baseline

Adjusted gMean r:
relative change from b

-6.0

P=.1954

Number of participants

Linagliptin Placebo  Adjusted 95% CI P value Interactio

gMean ratio P value

All participants ] : 0.94 0.85,
Baseline HbA lc <8.5% (69 mmol/mol) 130
Baseline HbA l¢ 28.5% (69 mmol/mol) 48

Baseline UACR <300 mg/g

Baseline UACR 2300 mg/g

Europe

'
North America 3 2 121 T 9707

T 1
0.50 1.00 1.50

.
-

Favours linagliptin - Favours placebo

Reference: Groop PH et al; Diabetes, Obesity and Metabolism; 2017; 19: 1610




LEADER (Liraglutide): 22% reduction of renal risk; 26% lower albuminuria; no effect on eGFR
SUSTAIN-6/PIONEER 6 (Semaglutide): 36% reduction of macroalbuminuria; no effect on eGFR
EXSCEL (Exenatide). no renal data

HARMONY (Albiglutide): no renal data

ELIXA (Lixisenatide): no renal data

REWIND (Dulaglutide): ADA 2019

CVOTs and Sub-analyses with GLP-1
Receptor Agonists

30



J

Afferent

arteriole Diabetes-related
glomerular
hyperfiltration

Efferent
arteriole

TProximal sodium reabsorption

F—l_) [ )
G D Tam> (T
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TGlucose>

*NHEJ3, sodium—hydrogen exchanger isoform 3

Reference: Marcel HA; Nature Reviews Nephro; 2017



Effects of glucagon-like peptide 1 (GLP-1) and GLP-1 receptor
agonists (GLP-1RAs) on renal

haemodynamics in diabetes mellitus

Increased natriuresis
improves haemodynamics in

the setting of diabetes-
related glomerular
hyperfiltration

Reference: Marcel HA; Nature Reviews Nephro; 2017

Electrolyte and fluid
homeostasis by influencing
feeding and drinking

behaviour as well as
electrolyte transport in the
kidneys and gastrointestinal
tract

32



Leader TRIAL

(Liraglutide) l.EADER®

Liraghutide Effect and Action In Diabetes:
Evaluation of cardiovascular outcome Results

Study Design

« 9,340 T2D patients,
followed 3.8 years

e 24.7% eGFR < 60
mL/min

Renal composite

* New onset
macroalbuminuria

* DSCr P
e eGFR <45 mL/min - NEJM, 28 JUL 16

Reference: Marso SP et at; NEJM; 2016; 375: 311




A Composite Renal Outcome B New Onset of Persistent Macroalbuminuria

100 109 Hazard ratio, 0.78 (95% Cl, 0.67-0.92) 100 Hazard ratio, 0.74 (95% Cl, 0.60-0.91)

Placebo s ="~

[+
o

80

[+a]
o

60 Placebo «- - -

v' 26% Reduction of New Onset
Albuminuria

N
o

40 Liraglutide

N
o

Patients with an Event (%)
Patients with an Event (%)

18 24 30 36 42 48 54

12 18 24 30 36 42 48 5‘4 12 18 24 30 36 42 438 54
Months since Randomization Months since Randomization

No. at Risk No. at Risk

Placebo 4672 4643 4540 4428 4316 4196 4094 3990 1613 433 Placebo 4672 4646 4551 4455 4359 4252 4162 4073 1642 442
Liraglutide 4668 4635 4561 4492 4400 4304 4210 4114 1632 454 Liraglutide 4668 4638 4570 4508 4437 4353 4268 4182 1662 461

C Persistent Doubling of Serum Creatinine Level D Continuous Renal-Replacement Therapy
100 104

g| P=0.43

Hazard ratio, 0.89 (95% Cl, 0.67-1.19) 100 10 Hazard ratio, 0.87 (95% Cl, 0.61-1.24)

P=0.44

80 80

60 60

Placebo
40 40 Placebo _
Liraglutide Liraglutide

18 24 30 36 42 48 54 6 12 18 24 30 36 42 48 54

Patients with an Event (%)
Patients with an Event (%)

12 1‘8 24 30 36 42 48 5‘4 12 18 24 30 36 42 43 54
Months since Randomization Months since Randomization

No. at Risk No. at Risk

Placebo 4672 4647 4596 4529 4447 4367 4282 4196 1682 456 Placebo 4672 4645 4590 4527 4454 4370 4299 4227 1699 461
Liraglutide 4668 4639 4591 4544 4476 4403 4332 4264 1692 475 Liraglutide 4668 4640 4596 4547 4484 4416 4349 4282 1710 483

Reference: Marso SP et at; NEJM; 2016; 375: 311 34



A Estimated GFR

Mean Estimated GFR
(ml/min/1.73 m?)

No. at Risk

Placebo
Liraglutide

85—

80

70

65

60
0

Placebo

v" No effect on eGFR
Liraglutide

Estimated trial-group ratio at 36 mo, 1.02 (95% Cl, 1.00-1.03)
P=0.01

7
4/

36

|

24

|

6

|

0 12

Months since Randomization

3634
3806

4237
4288

3911
4031

4672
4668

4356
4349

Reference: Marso SP et at; NEJM; 2016; 375: 311




SUSTAIN-6
Cardiovascular effects of Semaglutide

Study Design

« 3,297 T2D patients, followed for 2.1 years
 Included CKD 3 (eGFR < 60 mL/min)

Renal Composite

e Persistent macroalbuminuria

e DSCr
e eGFR< 45 mL/min

Reference: Marso S, et al. Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N Engl J Med 2016 Sept 16. doi: 36
10.1056/NEJMoal60714.



SUSTAIN 6: New or worsening nephropathy

v 36% reduction of renal risk secondary to
HR: 0.64 (95% CI: 0.46; 0.88) macroalbuminuria
Events: 62 semaglutide; 100 placebo No eGFR effect
J——— Placebo, 6.1%

p=0.005
— Semaglutide, 3.8%
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0 8 16 24 40 48 56 64 72 80 88 96 104 109

Weeks since randomization
Number of subjects at risk

Semaglutide 1648 1630 1525 1518

Placebo 1649 1629 1471 1465

%




Dulaglutide and cardiovascular outcomes in type 2 diabetes
(REWIND): a double-blind, randomised placebo-controlled
trial

Hertzel C Gerstein, Helen M Colhoun, Gilfes K Dagenais, Rafoe Diaz, Mark Lakshrmanan, Prem Pais, jeffrey Probstfield, Jeffrey S Riesmeyer,
Matthew C Riddle, Lors Rydén, Denis Xawier, Charles Messan Atisso, Leanne Dyal, Stephonie Hall, Pumima Eno-Melacini, Gloria Wong,

Alvaro Avezum, Jan Basile, Namsik Chung, ignacio Conget, Willlam C Cushman, Edward Franek, Nicolae Honcu, Markolf Hanefeld, Shaun Holt,
Petr jansky, Matyas Keltol, Femando Lanas, Lawrence A | eiter, Patricio Lopez-jaramiflo, Emesto German Cardona Munoz, Vaidis Pirags,

Mana Pogosova, Peter | Roubenheimer, Jonathan E Shaw, Wayne H-H 5heu, Theodora Ternelkova-Kurictschiey, for the REWIND Investigalors”

Reference: REWIND; Hertzel C G et al; www.thelancet.com; published June 10, 2019 38



Trulicity REWIND Trial

Potential for reduction in cardiovascular events

Study design
9,901 T2D patients
Duration of T2D ~ 10 years Baseline Renal Data
Follow up 5.4 years .
. Micro-Macro 35%
31% established CVD Albuminuria
Outcomes
eGFR < 60 22.2%

Primary: 3-MACE

Secondary: Microvascular Disease (renal,
retinal disease)

mL/min/1:73 m?

Reference: REWIND; Hertzel C G et al; www.thelancet.com; published June 10, 2019 39



The incidence of the composite microvascular renal outcome was lower with dulaglutide than placebo

Dulaglutide (n-4949) Placebo (n=4952) Mazard ratio {(95% (1) pvalue

Humber of Incidenoe abe e of
paticnis (%) (s af patienis (%)
ity per 100
peron yoars )
Renal:; Primany compasite (etcome 5a4 (12-0%) 235 663 (13-4%) 088 (0-79-0-99)*
v Macroalbuminuria Myocardial infarction 223 [45%) o8y 131(47%) 0-96 {0-79-1-15)

. . . Mon-fatal rpncadial mfarcison M5 [41%) o-fo HF (4 T%) G596 (0 79-1-16)
v Sustained decline in Fatal myocardial infarction 26 (0-5%) 010 20{0-4%) 008 129 {o-72-2-30)

GFR 30% Stroke 158 {3 7%) 61 05(41%) o8 0.76 f0.62-0.94)

v RRT Mon-fatal stroke: 135 (2-7%) 057 175 (15%) 054 076 {0-61-0-95)
Fatal stroke 26 (0.5%) 010 33{0r=) 013 0.78 {0 47-1-30)
Candorrascalar doathif 17 (6-4%) 346 {707 134 g (i FE-1-06)
Eyes; Mon cardicvascular death 219 {4-4%) o84 246 (5-0%) 095 088 (0-73-1-06)

v : A-coursee deaath 536 (10 B%) 206 592 (12.0%) 0.50 (0-80-1.01)
Photocoagulat1on Haospital admission for heart Gl or M3 (43%) o3 126 4-6%) 089 093 {0 77-112)

v Anti-VEGF therapy et visit
v' Vitrectomy Haspital admesian for unstabie angina BB(LE¥) 034 77(L6%) 030 114 {0-84-1.54)

Lomposile microvasoules ouloome [eyeorn S {154 %) B oL 105 06 43 0.8 P -Gt OLHL
renal owtoomes|

Esr oo G5 (1. 9%} 057 Fhi[15%) il 30 1-24 {592-1.68) a6
Renal outcomed, 48 (17-1%) 47 70 {15-6%) 407 085 (D F7-093) Tt |

Al haggsed rartics (HRs) v estimatod with Cos propoit konal haes ads models and pvalues ane two-sided, AR OO By o= QO S0l o I oV’ o (T it
the imterim analysis the o for the fina anahvis 5 Q046 and the HR B GBS [95-17% O 0-f9-0004). tincludes deatfe of waknown carse. $Pholocoasgelation, sali-wesoular
endothel lal geoth fachor theraprg, or vitreciomy: Shew macralbuminena, a sustained dedine in estimated giomenstar filbation rabe of 30% or more fiom beeline,

or chromic weal replacement thempy

Table 2: Primary and secondary outoomes

Reference: REWIND; Hertzel C G et al; www.thelancet.com; published June 10, 2019




AWARD-7: Dulaglutide vs Insulin Glargine in T2D with
mod-severe CKD

Study design

» Multicenter, open-label, randomized trial

» T2D with CKD (stages 3—4); on max tolerated ACE/ARB
« HbAlc of 7-5-10-5%

* Duration: 52 weeks

Primary outcome

 HbAlc at 26 weeks, with a 0-4% non-inferiority margin

Secondary outcome

» Estimated glomerular filtration rate (eGFR)
» Estimated UACR

Reference: Katherine R Tuttle KR et at; AWARD-7; www.thelancet.com/diabetes-endocrinology; published online June 14, 2018
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Figure 3: Change in estimated glomenlar filtration rate
Walies estarmabed by Chronic Kidrsey Dvasase Epiderscdodqy Collaboration equation by opstatn Cor creatinene. (A& and O) Data presented s estenated glomendar Sltration mate (eGP vadises by
grometne lewt squares mean (L5M, SE} from log-transformcd anabess; statistical sigrahcancoe wos only tested for befvren-group diffcrences versus msvlin glargine. (B and OV Data presented 2s actual
umtvarsfoamied chamge Broen bhaseline i eGP values (L5, 959 O posaboss ane repostod B statstical spificance versas haseline {within group) and versus insilin glangree. Values shossm abose o
belovay thie bars are L36. Mumbsers of patients analysed abt basrfine and endpoinits are showm under the o asis. Data are for safety population by vse.of 2 miseed-effccts repeated messones. mode analysis.

prvalues are repostod for stabrshcal ssqnificance at the 26 and 52 week peespeafied analyses points. *Versus hasolne:, féerms insidin glagne

Reference: Katherine R Tuttle KR et at; AWARD-7; www.thelancet.com/diabetes-endocrinology; published online June 14, 2018

v' At 52 weeks, eGFR was higher
with dulaglutide 1-5 mg



— o M:fm"’" v’ At 52 weeks, the effects of dulaglutide 1-5
T | 1] mg and 0-75 mg on UACR reduction were

not significantly different from that of
insulin glargine
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Reference: Katherine R Tuttle KR et at; AWARD-7; www.thelancet.com/diabetes-endocrinology; published online June 14, 2018




Blood Pressure and Body Weight Benefit

Improve CV outcomes in high-risk T2D

S GLT2 » Empagliflozin (EMPA REG)

» Dapagliflozin (DECLARE-TIMI 58)

Iﬂhibitors: « Canagliflozin (CANVAS-R)

Take Home Improve renal outcomes in high-risk T2D
» Canagliflozin primary renal trial (CREDENCE)
Message

Ongoing primary renal trials

» Empagliflozin (EMPA-KIDNEY)
» Dapagliflozin (DAPA-CKD)
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SGLT-2 Inhibitions
Improves Glycemic
Control In T2D

v" Selective inhibition of SGLT2

v Reduction in body weight:
~ 400 kcal/d loss from UGE

v Glycemic control declines
with impaired eGFR and
renal function: diuretic with
“brakes”

Reference: Wright EM, et al; Physio Rev; 2011; 91: 733-794

Glucose is filtered in
the glomerulus .
Proximal

‘ ' convoluted tubule

Less glucose

absorbed ¢

Loop of Henle

Distal
convoluted tubule

Collecting duct b

v

Glucosuria




Blocking transporter
inhibits glucose AND
sodium reabsorption

SGLT1/2

NA*/K*
pump

@ GLUT2

Glucose Transport in the Proximal Tubule

Reference: Bakris GL et al; Kidney Int; 2009; 75: 1272-1277
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Normal
GFR

Normal physiology

Normal
afferent TGF
arteriole tone 1-\
Macula densa

Hyperfiltration in early stages
of diabetic nephropathy

SGLT2 inhibition reduces
hyperfiltration via TGF

Restored

Afferent arteriole TGF
constriction \
Normalization
of GFR Increased Na+ delivery
to macula densa

SGLT2 Inhibitors Lower GFR

Reference: Cherney DZ, et al; Circulation; 2014; 129: 587-597
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Efferent
arteriole

Afferent
arteriole

SGLT2 inhibition GFR
T tubuloglomerular J between 10-15% by
feedback iohexol clearance

T afferent arteriole tone J, albuminuria
Jintraglomerular pressure

p

Filtration
Initial & in eGFR

ACEnffand ai | followed by Reabsorption
J, efferent arteriole tone stabilization

J intraglomerular pressure J albuminuria Secretion

Urinary
l excretion

" Peritubular
capillaries

Renal vein

Renal Protection

Excretion= filtration - reabsorption + secretion

SGLT2 Inhibitors and ACE1/ARB Reduce Intraglomerular Pressure Possible
Mechanism for Renal Protection
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The NEW ENGLAND JOURNAL ef MEDICINE

ORIGINAL ARTICLE

Empagliflozin and Progression of Kidney

Disease in Type 2 Diabetes

Christoph Wanner, M.D., Silvio E. Inzucchi, M.D., John M. Lachin, 5c.D.,
David Fitchett, M.D., Maximilian von Eynatten, M.D.,
Michaela Mattheus, Dipl. Biomath., Odd Erk Johansen, M.D., Ph.D.,
Hans |. Woerle, M.D., Uli C. Broedl, M.D., and Bernard Zinman, M.D.,
for the EMPA-REG OUTCOME Investigators™

:Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334




Empagliflozin and Progression of Kidney Disease in T2D-
Secondary Outcomes From EMPA-REG

Hypothesis: Rates of progression of kidney disease and clinically
relevant renal events will be lower among patients receiving
Empagliflozin than among those receiving placebo.

Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 50



Intervention and Renal Composite

 Progression to « Up to 48 months
macroalbuminuria

7020 patients with » Empagliflozin
T2D at high CV 10mg or 25mg

risk and with an once daily « DSCr (post hoc)

eGFR > 30
mL./min/1.73m?

e 26% CKD eGFR
< 60 mL/min

e Initiation of RRT

* Death from renal
disease

e Incident
microalbuminuria

Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 51
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No. at Risk
1927 1981
2012 2064
Empaglifiozin, 25 mg : 69 22 156 2111 2006 2067
No. in Follow-up
Analysis
7020 6996

Change in eGFR over 192

Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334
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APlacebo (N=1555) @Empagliflozin, 10 mg (N=1642) ®Empagliflozin, 25 mg (N=1686)
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Baseline Last measurement Follow up

| during treatment

Median, 3.0 years Median, 34 days

Change in eGFR from baseline to last
measurement during treatment and follow-up

Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334
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Composite of doubling of serum creatinine,* initiation of RRT,
or death due to kidney disease was reduced by 46%
Overall population

HR 0.54
(95% CI 0.40, 0.75)
P <.001%

Placebo

_’_,‘_’_’_,,“_'J Empagliflozin

0 6 12 18 24 30 36 42 48
Months

4645 4500 4377 4241 3729 2715 2280 1496 360
2323 2229 2146 2047 1771 1289 1079 680 144
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No. of patients
Empagliflozin
Placebo

Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334

Hard Renal
Outcomes
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Empagliflozin Placebo
no. with event/  rate/1000 no. with event/  rate/1000
Renal Outcome Measure no. analyzed (%) patient-yr no. analyzed (%)  patient-yr

Incident or worsening nephropathy or cardiovascular death 675/4170 (16.2) 60.7 497/2102 (23.6) 95.9 0.61 (0.55-0.69) =0.001

Hazard Ratio [95% ClI) P Value

Incident or worsening nephropathy 525/4124 (12.7) 47 .2 388/2061 (18.8) 76.0 0.61 (0.53-0.70) =0.001
Progression to macroalbuminuria 45974091 (11.2) 41.3 330/2033 (16.2) 64.9 0.62 (0.54-0.72) =0.001

Doubling of serum creatinine level accompanied by eGFR 70/4645 (1.5) 5.5 60/2323 (2.6) 9.7 0.56 (0.39-0.79) =0.001
of =45 ml/min/1.73 m?

Initiation of renal-replacement therapy 13/4687 (0.3) . 14/2333 (0.6) . 0.45 (0.21-0.97)

Doubling of serum creatinine level accompanied by eGFR 81/4645 (1.7) . 7172323 (3.1) . 0.54 (0.40-0.75)
of =45 ml{minf1.73 m?, initiation of renal-replacement

therapy, or death from renal disease

Incident albuminuria in patients with a normal albumin level 1430/2779 (51.5) 252.5 703/1374 (51.2) 266.0 0.95 (0.87-1.04)

at baseline

T T 1
0125 025 05 10 20 40

Empagliflozin better Placebo better

Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334




Conclusions from EMPA-REG

“In patients with T2D at high CV risk,
Empagliflozin was associated with slower
progression of kidney disease and lower rates of
clinically relevant renal events than was placebo
when added to standard care”




The NEW ENGLAND JOURNAL of MEDICINE

|[ ORIGINAL ARTICLE I

Dapagliflozin and Cardiovascular Outcomes
in Type 2 Diabetes

S.D. Wiviott, |. Raz, M.P. Bonaca, O. Mosenzon, E.T. Kato, A. Cahn, M.G. Silverman,
T.A. Zelniker, J.F. Kuder, S.A. Murphy, D.L. Bhatt, L.A. Leiter, D.K. McGuire,
).P.H. Wilding, C.T. Ruff, .LA.M. Gause-Nilsson, M. Fredriksson, P.A. Johansson,
A.-M. Langkilde, and M.S. Sabatine, for the DECLARE-TIMI 58 Investigators*

Reference: Wiviott SD et at; NEJM; 2019; 380: 347




DECLARE-TIMI 58: Dapagliflozin and cardiovascular
outcomes in T2D

Hypothesis: Evaluate effects of Dapagliflozin on CV and renal outcomes

Design: Randomized, double blind, placebo-controlled trial

Population: 17,160 patients with T2D with or at high risk for CV disease

Outcome: CV death or hospitalization for HF

Duration: 4.2 years

Reference: Wiviott SD et at; NEJM; 2019; 380: 347 58



DECLARE-TIMI 58: Secondary Renal Outcome

Baseline eGFR ~85 mL/min (all
- patients had eGFR > 60 mL/min)

Renal Composite

e >40% decrease in eGFR to < 60 mL
« ESRD
 Death from renal or CV cause

Reference: Wiviott SD et at; NEJM; 2019; 380: 347 59
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No. at Risk
Placebo
Dapagliflozin

Hazard ratio, 0.76 (95% CI, 0.67-0.87)
Placebo

Dapaglifiozin

40-
30

04 O4—fp—p -
10- 0 180 360 540 720 900 1080 1260 1440

—

o s T J——— T T T
0 180 360 540 720 900 1080 1260 1440

Days

8578 8508 8422 8326 8200 8056 7932 7409 5389
8582 8533 8436 8347 8248 8136 8009 7534 5472

Reference: Wiviott SD et at; NEJM; 2019; 380: 347

Renal
Composite

24% in renal risk reduction
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Dapagliflozin Placebo
Outcome (N=8582) (N=8578) Hazard Ratio (95% Cl) P Value
rate /1000 rate /1000
no. (%) patient-yr no. (%) patient-yr
Cardiovascular death or hospitalization 417 (4.9) 122 496 (5.8) 14.7 0.83 (0.73-0.95)
for heart failure
MACE 756 (8.8) 226 803 (9.4) 242 0.93 (0.84-1.03)

>40% decrease in eGFR 370 (43) 108 480 (5.6) 14.1 0.76 (0.67-0.87)
to <60 ml/min/1.73 m?,
ESRD, or death from renal
or cardiovascular cause

Death from any cause 529 (6.2
Hospitalization for heart failure 212 (2.5
Myocardial infarction 393 (4.6

570 (6.6) 0.93 (0.82-1.04)
286 (3.3) : 0.73 (0.61-0.88)
441 (5.1) 0.89 (0.77-1.01)
Death from cardiovascular cause 245 (2.9 249 (2.9) . 0.98 (0.82-1.17)
238 (2.8) : 0.88 (0.73-1.06)
238 (2.8) . 0.53 (0.43-0.66)

Death from noncardiovascular cause 211 (2.5

>40% decrease in eGFR 127 (1.5
to <60 ml/min/1.73 m2,
ESRD, or death from
renal cause

)
)
)
Ischemic stroke 235 (2.7) 9 231(27) : 1.01 (0.84-1.21)
)
)
)

| T
0.40 050

-

Dapagliflozin
Better

Figure 2. Key Efficacy Outcomes and Their Components.

Two-sided P values are shown for the two primary efficacy outcomes of cardiovascular death or hospitalization for heart failure and
MACE. The abbreviation eGFR denotes estimated glomerular filtration rate, and ESRD end-stage renal disease.

Reference: Wiviott SD et at; NEJM; 2019; 380: 347




Reference: Wiviott SD et at; NEJM; 2019; 380: 347

Conclusion

“In patients with T2D who had or were at risk for
atherosclerotic cardiovascular disease, treatment
with Dapagliflozin did not result in a higher or
lower rate of MACE than placebo but did result in a
lower rate of cardiovascular death or hospitalization

for heart failure.”
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“a.] Hazard ratio, 0.60 (95% Cl, 0.47-0.77)
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Weeks since Randomization

No. at Risk
Placebo 4347 4287 4227 4151 3029 1674 1274 1253 1229 1202 1173 1148 819 229
(_dl]dé“ﬂu;lr) 5795 5737 5664 5578 4454 3071 2654 2623 2576 2542 2495 2450 1781 493

Canagliflozin: CANVAS/R - renal composite of 40%
reduction in eGFR, requirement for RRT, or death from
renal causes

(20% CKD eGFR < 60 ml including 5.5% < 45 ml)

Reference: Neal B et al; NEJM; 2017; 377: 644-657



Conclusions from CANVAS/R

“In two trials involving patients with T2D and an
elevated risk of cardiovascular disease, patients
treated with Canagliflozin had a lower risk of
cardiovascular events that those who recetved
placebo but a greater risk of amputation,
primarily at the level of the tow or metatarsal.”

Reference: Neal B et al; NEJM; 2017; 377: 644-657
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Albuminuria categories (mg/g) Mean eGFR Median UACR
A1:<30  A2:30-300 A3:>300 (mL/min/1.73m?) (mg/g)

(® DECLARE 85 13
@ T (® CANVAS Program 76 12
S, E (@ EMPA-REG OUTCOME 74 18
82 Sustained RRT Events
259 % DECLARE Not reported
== CANVAS Program 18

EMPA-REG OUTCOME 11
Total of 29 sustained RRT

Moderately
increased

events reported across trials

Low Renal Risk Populations in CV Outcomes Trials
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NEW ENGLAND JOURNAL of MEDICINI

ORIGINAL ARTICLE

Canagliflozin and Renal Outcomes

in Type 2 Diabetes and Nephropathy

M.]. Jardine, B. Neal, S. Bompoint, H.).L. Heerspink, D.|
wdl ’{\. R. L‘L arwal, G 'T:--".Lé" > C [Tm!, C.P. Cannon, G. (i‘ipu iNo
di Zessuny; T. Greena . Levin, €. Pollock; D:E, Wheeler, ¥, ¥

Vieininger, B.M. Brenner, and K.W. Mahaf

the CREDENCE Trnal Investigators™




Hypothesis Study design Primary Outcome

» Determine whether » 4401 patients with T2D » Time to first of ESRD
Canagliflozin reduces the » eGFR > 30 to < 90 « Doubling of serum
progression of renal impairment mlL/min/1.73m?, and creatinine
relative to placebo albuminuria (UACR > \ « Renal or CV death

300 to < 5000 mg/g)

60% eGFR < 60
mL/min

Randomized, double-
blind, placebo-
controlled trial

Duration: 2.62 years

Canagliflozin and Renal Events in Diabetes
With established Nephropathy Clinical
Evaluation (CREDENCE)

Reference: Perkovic V, et al; N Engl J Med; 2019 67
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No. of Patients
Placebo 2178 1985
Canagliflozin 2179 2005

Reference: Perkovic V, et al; N Engl J Med; 2019

Baseline (ml/min/1.73 m?)
Canagliflozin Placebo
56.4 56.0

Canagliflozin
¥
=

Placebo

12 18 24 30 36

Months since Randomization

1882 1720 1536 1006 583
1919 1782 1648 1116 652

Change
From
Baseline in

GFR
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Hazard ratio, 0.70 (95% Cl, 0.59-0.82)

P=0.00001
Placebo

Canagliflozin
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Months since Randomization

No. at Risk
Placebo 2199 2178 2132 2047 1725 1129 621
Canagllﬂozm 2202 2181 2145 2081 1786 1211 646

Reference: Perkovic V, et al; N Engl J Med; 2019

Primary
Composite

Outcome — ESKD,

Doubling of

Serum Creatinine,

Renal or CV
Death
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Hazard ratio, 0.68 (95% Cl, 0.54-0.86)

P=0.002
Placebo

Canagliflozin
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12 18 24 30 36

Months since Randomization

No. at Risk
Placebo 2199 2182 2141 2063 1752 1152 641
Canaghﬂozm 2202 2182 2146 2091 1798 1217 654

Reference: Perkovic V, et al; N Engl J Med; 2019

End-Stage
Kidney
Disease

70



Sub-group Analysis

P Value for
Subgroup Canaglifiozin Placebo Canaglifiozin Placebo Hazard Ratio (95% Cl) Interaction

no. of patients/total no events/ 1000 patient -yr
Primary composite outcome of ESKD,

doubling of serum creatinine,
or renal or CV death

Screening estimated GFR
10to <45 mi/min/1.73 m¢ 95 0.75 (0.59-0.95)
45 to <60 ml/min/1.73 m? 36/6 0.52 (0.38-0.72)
6010 <90 ml/min/1.73 m? /Y . 082 (0.60-1.12)
Baseline UACR
:1000 . 0.76 (0.55-1.04)
»1000 : 1 0.67 (0.55-0.81)
Renal-specific composite outcome

of ESKD, doubling of serum
creatinine, or renal death

Screening estimated GFR
30 10 <45 mi/min/1.73 m? 657 115/656 ' 0.71 (0.53
45to <60 mi/min/1.73 m¢ 3/640 66/639 : 0.47 (0.31-0.72)
60 to <90 ml/min/1.73 m? /905 43/904 0.81 (0.52-1.26)
Baseline UACR
1000 9/1185 31/1163 9 0.90 (0.54-1.50)
1000 124/1017 193/1036 49.1 ' 0.61 (0.49-0.76)

T 1
2.00 4.00

-
-

Canagliflozin Placebo
Better Better

Reference: Perkovic V, et al; N Engl J Med; 2019




Canagliflozin vs Placebo:
Blood Pressure, Body Weight, and UACR

SBP DBP BODY WEIGHT UACR
3.3 MMHG 0.95 MMHG 0.80 KG 32%

Reference: Perkovic V, et al; N Engl J Med; 2019 72



—=— (Canagliflozin —eo— Placebo
Baseline (mmHg) 139.8 140.2

2

1

(=]

|
[y

|
N

|
w

Mean difference over study
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in systolic BP (mmHg)

|
(6]

12 18 24 30
Months since randomization

No. of participants
Placebo 2188 2131 2096 2027 1923 1766 1187
Canagliflozin 2190 2141 2096 2047 1962 1842 1261

Effects on Systolic BP

Reference: Perkovic V, et al; N Engl J Med; 2019



Canagliflozin —o— Placebo

Baseline (kqg) 87.3 86.9
1

Mean difference over study
-0.80 kg
(95% CI: -0.92, -0.69)

in body weight (kg)
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12 18 24 30
Months since randomization

No. of participants
Placebo 2187 2126 2092 2005 1917 1750 1179
Canagliflozin 2188 2134 2091 2023 1957 1830 1256

Effects on Body Weight

Reference: Perkovic V, et al; N Engl J Med; 2019



Median baseline —=&— Canagliflozin —e— Placebo

(mg/g) 914 918
1200

1000

(o]
o
o

UACR (mg/g)
-}
e o
© ©

Mean 9% difference over study
-32%
(95% CI: -36, —28)
12 18 24 30
Months since randomization
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No. of participants
Placebo 2113 1986 1865 1714 1158
Canagliflozin 2114 2019 1917 1819 1245

Effects on Albuminuria (UACR

Reference: Perkovic V, et al; N Engl J Med; 2019



Primary

1. ESKD, doubling of serum creatinine, or renal or CV death
Secondary
. CV death or hospitalization for heart failure
. CV death, MI, or stroke
. Hospitalization for heart failure
. ESKD, doubling of serum creatinine, or renal death

. CV death

. All-cause mortality

. CV death, MI, stroke, hospitalization for heart failure, or
hospitalization for unstable angina

Reference: Perkovic V, et al; N Engl J Med; 2019

Hazard ratio
(95% CI)

0.70 (0.59-0.82)

0.69 (0.57-0.83)
0.80 (0.67-0.95)
0.61 (0.47-0.80)
0.66 (0.53-0.81)
0.78 (0.61-1.00)

0.83 (0.68-1.02)

0.74 (0.63-0.86)

P value

0.00001

Not significant

Not formally
tested

Not formally
tested




Canagliflozin: Number Needed to Benefit Among 1000
Patients Treated for 2.5 years

Canagliflozin safely reduced the risk of kidney failure and
prevented CV events in people with T2DM and CKD

ESRD, DSCr,  Hospitalization CV Death,
Renal or CV for HF MI, CVA
Death

N =22 N =46 N =40

Reference: Perkovic V, et al; N Engl J Med; 2019 77



WILEY
CLINICAL TRIAL DESIGN

Rationale and protocol of the Study Of diabetic Nephropathy
with AtRasentan (SONAR) trial: A clinical trial design novel

to diabetic nephropathy

Hiddo J. L. Heerspink PhD* @ | Dennis L. Andress MD? | George Bakris MD? |
John J. Brennan PhD? | Ricardo Correa-Rotter MD* | Jyotirmoy Dey PhD? |
Fan Fan Hou MD® | Dalane W. Kitzman MD® | Donald Kohan MD7 |

Hirofumi Makino MD® | John McMurray MD? | Vlado Perkovic MD |
Sheldon Tobe MD'* | Melissa Wigderson MD? | Hans-Henrik Parving MD**® |
Dick de Zeeuw MD*

Reference: Heerspink HJL, et al; Lancet; 2019

Atrasentan: Non-
Selective Endothelin
Receptor Antagonist
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Study of Diabetic Nephropathy with Atrasentan (SONAR)

Hypothesis: treatment
with Atrasentan would
improve renal outcomes
in carefully selected high-
risk patients with diabetes
and CKD

Intervention: 0.75mg
Atrasentan daily

Reference: Heerspink HJL, et al; Lancet; 2019

Design: randomized,
double-blind, placebo-
controlled trial

* Run-in period: Atrasentan

responders — 30% decrease in
UACR

Outcome: time to DSCr,
ESRD, or death from
kidney failure

Population: adult T2D
eGFR 25-75 mL/min per
and of 300 to 5000 mg/g,

BNP < 200 pg/mL

Follow-up: median 2.2
years (event-driven)
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—— Placebo
—— Atrasentan *

Hazard ratio 0-65 (95% Cl 0-49-0-88);
p=0-0047
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Number at risk

Placebo 1323 1259 1091 014 685
Atrasentan 1325 1267 1096 888 690

Reference: Heerspink HJL, et al; Lancet; 2019

234
248

103
108

SONAR

Primary
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