Effects of GLP-RA's on the kidney
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The burden and progress of
DKD in T2DM: focus on aging
kidneys



® No events

@ Death

Patient group

Outcomes during 2-year follow-up( risk of death) =

CKD+DM is more likely to die than enter dialysis
Kidney International, 2003, S24-S31
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Increased life expectancy and aging kidneys!!
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Adapted from Gregg EW et al. N Engl J Med 2014;370:1514




Global Burden of Chronic Kidney Disease 1990-20132

No. of Cases Change in No. Prevalence per Change in
CKD Etiology (x1,000) of Cases 100,000 Adults Prevalence

1990 2013 1990-2013 1990 2013 1990-2013

CKD-diabetes mellitus 43,339 88,711 +82.5% 1230 1355 +11.85%
CKD-hypertension 79,945 101,253 +26.8% 1634 1453 -10.7%
CKD-glomerulonephritis 82,920 108,861 +32.7% 1866 1590 -13.5%
CKD-other causes 112,461 173,091 +53.9% 2507 2575 +3.1%
CKD-all cases 318,665 471,916 +48.1% 7237 6973 -3.6%

¢+ Although the overall age-standardized prevalence rate of all-cause generic CKD
declined by 3.6%, the prevalence of CKD associated with diabetes mellitus
increased by almost 12% from 1990 to 2013

CKD=chronic kidney disease. 2Number of cases and adjusted prevalence rates. Note: Prevalence values are age-standardized.
Data are adapted from Global Burden of Disease Study 2013 Collaborators?

1. Glassock et al. Nat Rev Nephrol. 2017;13(2):104-114

2. Global Burden of Disease Study 2013 Collaborators. Lancet. 386, 743-800 (2015)
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Incidence rate (pmp) ESRD

2000 - ~78,000 hemodialysis patients in Taiwan in 2017
N 49.3% are diabetic patients
- O 000000000
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Nephrology 22, Suppl. 4 (2017) 3-8
Nephrol Dial Transplant (2008) 23: 3977-3982
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Increased Age Is Associated With a Lower eGFR
Among Patients With T2DM

Age-Related Decline in Renal Function Among Patients With T2DM'
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Moderate?

Severe?

18-40 40-50 50-60 60-70 70-80
(n=22) (n=49) (n=135) (n=223) (n=201)

Age, years

Additional observational studies have demonstrated an age-related decline
in eGFR in the range of [EEeP AU nIVANERUEIn patients with T2DM?

Adapted with permission from Premaratne E et al."

aNational Kidney Foundation severity scale of renal impairment.

GFR = glomerular filtration rate; T2DM = type 2 diabetes mellitus; eGFR = estimated GFR.

1. Premaratne E et al. Diabetologia. 2005;48:2486-2493. 2. Altemtam N et al. Nephrol Dial Transplant. 2012;27:1847-1854. 3. Ali O et al. BMJ Open. 2013;3:001855. 4. Rossing K et al.
Kidney Int. 2004;66:1596-1605.



Increased Age Is Associated With a Lower eGFR
Among Patients With T2DM

Age-Related Decline in Renal Function Among Patients With T2DM'
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Additional observational studies have demonstrated an age-related decline
in eGFR in the range of [EEeP AU nIVANERUEIn patients with T2DM?

Adapted with permission from Premaratne E et al."

aNational Kidney Foundation severity scale of renal impairment.

GFR = glomerular filtration rate; T2DM = type 2 diabetes mellitus; eGFR = estimated GFR.

1. Premaratne E et al. Diabetologia. 2005;48:2486-2493. 2. Altemtam N et al. Nephrol Dial Transplant. 2012;27:1847-1854. 3. Ali O et al. BMJ Open. 2013;3:001855. 4. Rossing K et al.
Kidney Int. 2004;66:1596-1605.



Cardiovascular Comorbidities,
5% Medicare sample, by Diabetes and CKD status, 1999-2000
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Kidney International, Vol. 64,
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Acclerated Progression of CKD
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Adjusted HR

Accelerated progression of CVD in CKD

eGFR and albuminuria predict outcome!!
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Levey AS, et al. Kidney Int. 2011;80:17-28



Renal Events by eGFR and Albuminuria : ADVANCE Study

Renal events: death as a result of kidney disease, requirement for dialysis or transplantation, or
doubling of serum creatinine to >2.26 mg/dL (200 uymol/L)

Renal events
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13

10,640 patients with T2DM; median follow-up of 4.3 years
eGFR, estimated glomerular filtration rate; HR, hazard ratio; T2DM, Type 2 diabetes mellitus; UAE, urinary albumin excretion
Ninomiya T, et al. J Am Soc Nephrol 2009;20:1813-1821



Table 1-Association of CV end points with baseline eGFR stages
Total number of events (ewents/100 patsent-years)

End point

CV death, M, stroke, o
hiospetalization for UA

LV death, M, or stroke
CV death
Hospitalization for UA
.

Stroke

All-caue death

Houpetal izateon for
heart failure

*

330 (3.32)
281297
136 (1.37)
57 (0.59)
130 [1.36)
53 (0.55)
186 (1.87)

62 [0.64)

ml/min/1.73 m*

M9 (3.55)
692 3.05)
333 (1.39)
135 10.58)
281(1.22)
185 (0.80)
489 (2.04)

114 1092

mi/min/1.73 m*

393 (5.74)
158 (5.17)
188 (1.52]
42 |0.59)
141 (2.00}
2 (1.29)
267 (3.57)

107 (1.50)

mUmin/1.73 m*

145 (7.34]
141(7.11)
79 (3.65]
7(0.33)
57(2.81)
27(1.30)
130 (6.00)

68 (3.36)

Adjusted hazard ratio l%‘k%eﬁﬂt 200 ml/min/1.73 m’

Stage 1 eGFR =90  Stage 2 oGFR 60-89  Stage 3aeGFR 4559 Stage 3b oGFR 3044  Stage ) oGFR 60-89 Stage 1a
ml/min/1.73 m*

ml/min/1.73 m*

093 (0.82-1.06)
0.54 (0.82-1.09)
0.89 (0.73-1.09)
0.95 (0.65-1.31)
(.86 (0.65-1.06)
1.37 (1.00-1.86)
054 (0.79-1.12)

117 [0.88-1.56

mil/min/1.73 m"

1.28 (1.10~-1.49)
136 (1.15-161)
131 (1.04-1 65
0.85 (0.56-1.30)
1.26 [0.98-1.63]
196 (1.37-2719)
135 (1.11-164)

1.50 (1.08-2.08]

ml/min/1.73 m’

139(1L13-1.72)
1.60 (1.19-1.99)
1.65(1.22-1.13]
0.40 (0.18-0.91)
150 (Lo7-2.11)

179 (1.10-2.93)
14711 G- 5

2.64X

4559 Stage 3b eGFR 30-44

P value

017
0.0001
0.0016

<(.0001

<0.0001

UA, unstable angina

Table 2—Association of CV end points with baseline UACR categories POSt hOC analySIS Df
Total number of events (events/100 patient-yeal T E CO S

Mormoalbuminuria Microalbuminuria Macroalbuminuria * B
UACR <30 mg/g UACR 30-300 mg/g UACR >300 mg/g UACR 30-300 mg/g UACR “*3D0 mg/g P value

End point

CV death, MI, stroke, or

N 1o ¥ = ¥ e (] A5
155 (4.71) 46 (7.13)
79 (2.26) 24 (3.41)

331 (3.05)
119 (1.03)

g (0.99-1 4 ). 96-1 R 0).079
1.28 (1.05-1.56) 152 (1.10-2.11)
1.86 (1.39-2.49) 2.27 (1.43-3.60)

CV death, M|, or stroke
CV death

Hospitalization for UA 65 (0.58) 12 (0.35) 0{0) 0.56 (0.30-1.06) 0.2018
M 174 (1.58) 63 (1.88) 22 (3.38) 1.04 (0.77-1.40) 1.52 (0.95-2.42) 0.2172
ik L ! . B ([ - 'S (0 90— | .
All-cause death 203 (1.76) 105 (3) 34 (4.83) 1.45 (1.14-1 84) 1.82 (1.25-2.66) 0.0006
Haos pitalization for
heart failure 9% 94 (0.84) 53 (1.57) 20 (3.07) 163 (115-229)  2./8X ) <coon

UA, unstable angina.

Diabetes Care. 2016:39:2304—-2310




Development of Macroalbuminuria Heralds Rapid
Decline in Glomerular Filtration in Type Il Diabetes

Change in GFR ml/min

Time years
1 1.5 2 2.5 3 3.5 4

-10 A

AV

-30 -
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-50 -

SLOW PROGRESSION ?

10ml/min/yr

=~ Microalbuminuria

—{1— Macroalbuminuria

Nelson RG. et al NEJM, 1996



Renal Insufficiency Is a Recognized Comorbidity
Among Patients With T2DM'

Based on us NHANES Database 1999-2012 Data (N=2, 9'1 9), Patients With Renal

Proportion of T2DM Population
0.4% 28%

5.8%
eGFR, mL/min/1.73 m2

01 60-89° :I‘ 80%

m =90°

pe 2 diElJetEeB medlitus; HHF-.NES = Naticunal Health am:l Mutrition Examination Survey; eGFR = estimated glomerular filtration rate; CKD-EPI = Chronic Kidney Disease Epidemiclogy
Collaboration; MHIS = Mational Health Interview Survey_
1. Bailey RA et al. BMC Research Nofes. 2014,7:415. 12




Natural history of diabetic nephropathy

Ll GFR J Urinary protein excretion
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= : nephropathy : nephropathy ' renal disease
™ 1 2 ' 3 | 4 : 5 c
2 : ' ' 5000
9 150 A
:
C -
Qo £ g =
b -
8 E 100 1000 ‘g 5
2 2 s E
£ E 2
o -
=
3 0 200 8
£ ‘=
5 >
O 20
0
5 10 15 20 25
Years
m Hyperfiltration Microalbuminuria, hypertension Albuminuira, declining GFR

Vora JP, et al. In: Johnson RJ, Feehally J, eds. Comprehensive Clinical Nephrology. New York: Mosby; 2000.



Normal glomerular
capillaries

Nodules of glomerular
scar (sclerosis)

| Large glomerulus
F e Ve _ = large filtration surface
+ =>rapid sclerosis




Save diabetic kidneys: The eatrlier, the better!!

180 Maximal GFR

Renal functional
reserve
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Maximal
single-nephron
hyperfiltration

-
N
o

Baseline GFR

Silent loss

Whole kidney GFR
(mL/min/1.73m?)

Functioning nephron mass
(%)

JASN April 2017, 28 (4) 1023-1039

Dulaglutide has received positive opinion from the CHMP; however, there is no guarantee it will receive regulatory approval and become commercially available in your affiliate.



Metabolic

Hemodynamic

Nature Reviews Nephrology 10, 88-103 (2014) | doi:10.1038/nmeph.2013.272
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Diabetic treatment with GLP-1RA:
focus on both quantity and quality



Diabetic treatment should focus on
both quantity and gquality

Quantity Quality

- HbAlc » Hypoglycemia

. FPG - Body weight

- PPG «  Glycemic variability
» CV safety

- Beneficial effects beyond
sugar lowering



Weight gain and hypoglycemia = Bad metabolic memory!!

Decreasing HbA1c is associated with
increased risks of hypoglycaemia and
weight gain

Major hypoglycemia Weight gain at end ) _
annual rate (%) of follow-up (kg) Weight gain

Trial Intensive Standard Intensive Standard and
- hypoglycaemia

ADVANCE 06" 0.3" 0.1 -0.8 _
ACCORD 3.2 "

* Reprasents 0.7 and 0.4 events per 100 patient years for intensive va
standard treatmant e

mortality

+35%
HbA1c

LA1cin 4M:
1.4% in ACCORD
o 0.6% in ADVANCE

HbAlc-haemagliobin A1c; OAD, oral antdiabelc drugs.

Jacob AN, &t al. Dvabeles Obes Melab. 2007,;9:386-393;

Kahn SE, et al. NEng! J Med. 2006, 355: 2427-2443,;

Wrght AD, etal. J Dvabetes Comolications. 2006, 20: 395-401.

Patients with Events %)

24

23



Traditional antidiabetic agents:
Bad durability=unsatisfied effects and

unmet needs!!

24



<> Alvarsson (n=39)

Change in HbA1c (%)

@ Alvarsson (n=48)
(O RECORD (n=272)
@ Hanefeld (n=250)
[ 1 Charbonnel (n=313)
@ uUKPDS (n=1,573)
€ Chicago (n=230)
A ADOPT (n=1,441)
2\ PERISCOPE (n=181)

Gliclazide

Tan (n=297)

| 1 | L L 1 1 pa

7

0 1 2 3 4 5 6 10
TIME (years)

Diabetes 2009 Apr; 58(4): 773-795. 25




Unmet medical need: progressively declining
b-cell function in type 2 diabetes patients

tGchemic variability and mean Alc = Bad durability= Bad memory!!

)

< ~ |
s 100 s Insulin

S ~ _

S Ss. Lifestyle  Monotherapy Dual =+ oral drugs
S Seo therapy  for lowering
= T blood glucose
S

Q

—— Glycated haemoglobin Sa

n (=] =~ oo w
Glycated haemoglobin (%)

===~ f Cell function

DU >15

Time (years)

BMJ (Clinical Research Ed),2006. 333(7580), 12001204 T —



Quantity

Updated mean Alc and the complications of
APV H@GIucose exposure: metabolic memory 1)

UKPDS: Tight Glycaemic Control Reduces
Complications

Epidemiological extrapolation showing benefit of a 1% reduction in mean HbA,_

Deaths related
to diabetes *

Microvascular

complications e.g.
&\ kidney disease and
=~ blindness *

A
@ J\?? Heart attack *
; “”

Amputation or fatal
peripheral blood
* p<0.0001 vessel disease *

p=0.035 Stroke **

Stratton IM et al. UKPDS 35. BMJ 2000; 321: 405-412




Lc}ng-term e zcemic N ariabi 1ty

and Risk of Adverse Outcomes:
A Systematic Review and
Meta-analysis

Dfabetes Care 2015;38:2354-2369 | DO 102337 /dcl15-1188

RESULTS

Seven studies evaluated HbA, . variability among Eatients with type 1 diabetes
and showed an association of HbA;_ variability with renal disease (risk ratio 1.56
[95% CI 1.08-2.25], two studies), cardiovascular events (1.98 [1.39-2.82]), and
retinopathy (2.11 [1.54-2.89]). Thirteen studies evaluated HbA;. variability

among patients with tvpe 2 diabetes. Higher HbA; . variability was associated with
higher risk of renal disease ‘1 34 [1.15-1.57], two studleslr macrovascular events

(1.21 [1.06—-1.38]), ulceration/gangrene (1.50 [1.06-2.12]), cardiovascular disease
(1.27 [1.15-1.40]), and mortality (1.34 [1.18-1.53]). Most studies were retrospective
with lack of adjustment for potential confounders, and inconsistency existed in the

definition of HbA . variability.




Short term fluctuations in blood glucose concentrations
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Hypoglycemia and Weight Gain are intertwined

11 [~ Glycosuria (calorie wasting)
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1 T2DM

Defensive eating to avoid hypoglycemia

Time

Foley J, et al. Vasc Health Risk Manag. 2010:6 541-548



OPEN

Association of Hypoglycemia With Incident Chronic Kidney
Disease in Patients With Type 2 Diabetes

A Nationwide Population-Based Study Medicine 94(16):e771

A bstract: This article aims to investigate the long-term risk of incident
chronic kidney disease (CKD) in type 2 diabetes mellitus (T2DM)
patients with hypoglycemaia.

This nationwide, population-based, propensity score (PS)-matched
cohort study involved 2 cohorts: a hypoglycemic cohort and a matched
cohort without hypoglycemia. Data from 1.3 million patients with newly
diagnosed T2DM between 2000 and 2010 were extracted from Taiwan’s
National Health Insurance Research Database. Hypoglycemic events
were collected using inpatient, outpatient, and emergency department
diagnoses. Patients aged <20 years and those with previous histories of
CKD were excluded. The association between hypoglycemia and
subsequent CKD risk in patients with T2DM was examined using
Cox regression analysis after PS matching.

During the mean follow-up period of 4.2 years, a total of 15,036 (1.7
%) patients experienced at least 1 episode of hypoglycemia and 15,036
matched controls without hypoglycemia were identified among 906,368
eligible patients. The incidence rates of subsequent CKD were 26.1 and
14.8 events per 1000 person-years in the hypoglycemic and matched
cohorts, respectively. The hazard ratio (HR) of hypoglycemia for incident
CKD was 1.77 (95% confidence interval [CI], 1.63—-1.92; P < 0.001).
Compared with those without hypoglycemia, HRs for 1 to 3 and >4
episodes of hypoglycemia for CKD were 1.65 (95% CI, 1.50—-1.81) and
1.75 (95% CI1, 1.34—-2.29), respectively (£ for trend <0.001).




Medscape rephrology ~

MNaews & Perspective

Obesity-Related Deaths Hit New High

Worldwvide

BMI-related mortality: CVD>DM>CKD

MISSIMNC

N Engl J Med 2017; 377:13-27

BMI-related disability-adjusted life-years: CVD>CKD>DM

[ Musculoskeletal Disorders [ Cardiovascular Diseases [[JCancers [l Chronic Kidney Disease [l Diabetes Mellitus
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Prandial hyperglycemia
(glucose fluctuation)

!

glucosuria
(Natriuresis [ 2 TGF =» afferent a.
vasodilation)

!

Kidney: Intraglomerular pressureﬁ
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Micro-outcomes in the ACCORD
renal injury!!

Glycaemia control

Intensive

Standard

Events/n

¥

Events/n

Hazard ratio (95% CI)

pvalue  NNT

First composite
Second composite
MNeph-1: incident microalbuminuria

MNeph-2: incident macroalbuminuria

443/5107
1591/5107
395/3204
138/4334
911/5085

Neph-4: doubling of SCror>20 U eGFR decrease 27015035

MNeph-5: any of Neph-2, Neph-3, or Neph-4

Eye-1: photocoagulation or vitrectomy
Eye-2: cataract surgery
Eye-3: three-line worsened
Eye-4: severe loss of vision®
Meuro-1: neuropathy (MMNSI score =2-0)
Neuro-2: loss of vibratory sensation
Meuro-3: loss of ankle jerk

Neuro-4: loss of sensation to light touch

2788/5107
350/4886

258/4651
1277/2815
766/4209
1225/3298
42414577

87
312
125
32
21
536
54-6
72

55

454

18-2
371
53

444/5108
1659/5108
494/3232
199/4361
112/5108
2627/5034
2760/5108
347/4910

Alc § 1.4% in 4 mon.

273/4689
1338/2751
805/4209
1270/3265
481/4564

—.—

—._—

= 107 (101-113) 00160 -69

L
_._

| I
050 075
Favours
intensive control

1
1:00 133
Favours

1-00 (0-88-1-14)
0-96 (0-89-1-02

)
079 (0-63-0-90)
)

0-69 (0-55-0-85
0-55(073-1-24)

1-05 (0-9%-1-10)
101 (0-87-1-17)
0-90 (0-79-1-02)
0-95 (0-87-1:04)
0-95 (0-80-1-13)
093 (0-87-1-01)
0-95 (0-86-1-05)
094 (0-87-1-01)
0-88 (0-77-1-00)

standard control

0-9969
0-1948
0-0005 35
0-0007 73
07126

0-0958
0-9035
0-1045
0-3013
0-5656
0-0819
0-2926
0-0557
00451 78

Lancet 2010; 376: 419-30




Intensive glucose lowering and ESRD

Cumulative ESRD (%)

- The ADVANCE trial
Alc 10.6% in 4 mon.
04 Standard management 7
Intensive glucose control - HR=0.35
0.3 - (C10.15-0.83)
p=0.012
0.2
0.1 - [r—
00 - e T

0 6 12 18 24 30 36 42 48 54 60 66

Follow-up (months)

Zoungas et al. Kidney International 2012



New era in the treatment of T2DM

”First, do no harm*
“Better metabolic memory”
“Offer a second chance to improve outcome”

Game changer: shows CV safety/benefits in old DM
Savor : 10.3 yrs; Examine: 7.3 yrs; Tecos: 11.6 yrs; EMPA-REG: 50%>10 yrs; LEADER: 13 yrs

[savon @F .
ExAMINE (@] exscer Y
— I | I i I l —

2013 2014 2015 2016 2017 2018 2019 2020

" -
TECOS CARMETINARE REWIND |
N

8 LEADER ' DECLARE '
(5 LEADER arouvall
ELIXA I .

CANVAS g
B EMPA REG

r ‘

Bl DOPP-4 inhibitor

Scirica BM, et al, N Engl ) Med. 2013;369:1317-1326; White WB, et al. N Engl / Med. 2013;369:1327- I SGLT2 inhibitor
1335; Green JB, et 3l N Engl ) Med. 2015;373:232-242; Marx N, et al, Diab Vasc Dis Res, - GLP-1 RA
2015:;12:164-174; ClinicalTrials. gov. NCTO1897532; Marso SP, et al. Am J Meart. 2013;166:823.

830.¢5; Pleffer MA, et al. N EnglJ Med. 2015;373:2247-2257; ClinicalTrials.gov. NCTO1144338;

ClinacalTrials . gov. NCTO1720446; Zinman B, et 3l. N Engl ) Med. 2015;373:2117-2128; Neal 8, et al

Arn Heort J. 2013:166:217-223 . ¢11; QlindcalTrials. gov. NCTO1730534,



Recent CVOTs with antidiabetic agents

DPP-4i SGLT2i GLP-1RA Insulin
EXAMINE : EMPA-REG Outcome ELIXA* ORIGIN
Alo vs. Pbo : Empa vs. Pbo Lixi vs. Pbo Glargine U100 vs. SOC "L"
- DEVOTE
SAVOR TIMI-53 : CANVAS Program FREEDOM-CVO -
i % = rra : e - — - ? Degludec vs —
Saxavs. Pbo : Cana vs. Pbo ITCA 650 vs. Pbo Glargine U100
|
TECOS* 1 DECLARE-TIMI 58 LEADER
Sita vs. Pbo - Dapa vs. Pbo Hily! Lira vs. Pbo =
|
CARMELINA | SUSTAIN-6
Lina vs. Pbo - Sema vs. Pbo =
!
! EXSCEL
: Exe OW vs. Pbo HilH
|
! HARMONY
: Albvs. Pbo =
|
: REWIND
i Dul vs. Pbo il
0,1 04 0,7 1.0 13 01 04 07 1,0 1.3 01 04 07 10 13 16 0,1 04 0,7 1.0 1.3
HR [95% CI] HR [95% CI] HR [95% CI] HR [95% CI]




Renal Outcomes

(95% CI)

EMPA-REG - g . 0.61(0.53-0.7)

CANVAS
PROGRAM —a— 0.73 (0.67-0.79)

LEADER - = i 078(0.67-0.92)
SUSTAIN-6 - | - : . 0.64 (0.46-0.88)

0.4 0.6 0.8 1.0 1:2 1.4

All trials used a roughly similar composite for Favors Therapy Favors Placebo

adverse renal outcomes including progression
of albuminuria.

J Am Coll Cardiol 2018:72:1856—-69



Blood sugar control iIs more
complex in elderly and/or DKD

40



1. CDA. Can J Diabetes 2008, 32:529-S31. 2. Workgroup on Hypoglycemia, American Diabetes Association. Diabetes Care. 2005;28(5):1245-1249; 3. Frier BM.
Diabetes Metab Res Rev. 2008 24(2):87-92:4. Cryer PE. Diabetes. 2008.57(12):3169-3176.

Recognize Risk Factors for Severe

Risk factors in Type 2 DM
patients

| Elderly

Poor health literacy, Food
Insecurity

Duration of insulin therapy

Severe conitive imairment

I Renal impairment

Neuropathy

41



TABLE 96-2 Glucose and insulin metabolism in patients with chronic kidney disease

Usually normal fasting blood glucose, but tendency to spontaneous hypoglycemia

Fasting hyperinsulinemia with prolonged insulin half-life and elevated blood levels of
proinsulin and C peptide

Decreased requirement for insulin by diabetic patients

Usually decreased early, but exaggerated late-insulin reponse to hyperglycemia induced
by oral or intravenous glucose administration

Elevated plasma immunoreactive glucagon concentration

Impaired glucose tolerance (decreased peripheral sensitivity to insulin action, but normal

suppression of hepatic glucose production by insulin)

Diseases of the Kidney & Urinary Tract 2007




Glucagon

VJ/\N’J/./‘/L\—L\J
W\E

Diabetes 2003 Jul; 52(7): 1738-1748.
Am J Physiol 284.E7-E12, 2003
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Prandial

hyperglycemia
Glucose
fluctuation
Clinical Characteristic
In Pts with Elderly/DKD
Fasting or
spontaneous

hypoglycemia



International
Guidelines, year

ADA, 2019
AGA, 2013
AACE, 2018
ACP, 2018

RXx with

Quality
Quantity

HbA1c goal for most
healthy older adults

with intact cognitive
and functional status

<7.5%
7-7.5%

RX with
Quality

Quantity?

HbA1c goal for most frail

older adults, with multiple

comorbidities and limited
life expectancy

<8-8.5%

? 7.5-9%

<65 GLP-1RA »>6.5%

-8%

No specific target but
minimizing symptoms related
to hyperglycemia

ADA, American Diabetes Association; AGA, American Geriatrics Association; AACE,
American Association of Clinical Endocrinologists; ACP. American College of Physician.




The beneficial roles of GLP-1 RA In
CKD patients
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Mean A1C
of patients
10

9

A1C,
%

OAD +
basalinsulin

!

OAD OAD
up-titration combination

b

Diet and OAD
exercise monotherapy

b

multiple daily
insulin
injections

l

8.

6 -

Duration of Diabetes

The effect on GV?

Blood Sugar Level Chart
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AN Acid secretion
WG| motility

~

Brain \
W Apetite | ’ \
A\Satiety _ \

s Heart
Energy expenditure
REnergy-exp WBlood pressure

ANHeart rate
AMyocardial contractility
A\Cardioprotection

® Pancreas
AN nsulin secretion

WV Glucagon secretion|
Insulin biosynthesis
A R-cell survival
A R-cell proliferation

Liver
W Hepatic glucose
production

Medscape

- Kidney
. ANatriuresis

Renal protection

Adipose tissue

A\Lyposis Muscle

ANFFA synthesis A Glycogen synthesis
AGlucose uptake A Glucose oxidation

Source; Cardiovasc Diabetol @ 2014 BioMed Central, Ltd




NNPTW-VIC-PPT01-MYM-2016

HbA, reduction by baseline HbA,_  quartiles

Change in HbA, . from baseline

LEAD-5
Q1 Q2 Q3 Q4
Baseline (%) 7.2 7.1 7.9 7.9 8.5 8.6 9.5 9.4
N : 61 63 55 69 49 44 59 49

0

-0.5

(%)

-1.5
2 - m Liraglutide
Glargine™
-2.5 4

*Glargine dose increased from Q1 to Q4
HbA,., glycosylated haemoglobin; OW, once weekly; Q, baseline quartile
Buse JB et al. Diabetes Obes Metab 2015;17(2):145-151

-1.8
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Sitagliptin +Metformin can provide longer treatment
duration than SU + Metoformin for

¢+ Observational 5 yrs italian study.
¢ T2DM patients not well controlled by metformin (n=216)
¢ Add Sitagliptin 100mg to metformin for combination therapy
No additional AHA drug allowed; only with dosage adjustment with current drug
¢ Compared with patients using metformin + SU (matched for age, sex, diabetes duration.)

0 6 months 12 24 30
months months months months months months months months months

—+— Sulfonvlureas + metformin —#— Sitagliptin + metformin
I

® p<0.05 vs competitor; * p< 0.01 vs competitor

Giuseppe Derosa, et al. Pharmacological Research 100 (2015) 127-134




LIRA-DPP-4

Minor hypoglycaemia was recorded in about EXZRLRCE =-A{L1I]s.

Lancet. 2010 Apr 24;375(9724):1447-56.

L (%)

e

9.0,

85—

8.0

Alc

—

M 1.2 mg liraglutide
M 1-8 myg liraglutide
M 100 mg sitagliptin

e
| ﬂ]mm

11 1 1T 1T 1T 1T T1
& 8 10 12 14 16 18 20 22 24 26

Time (weeks)

8.4%

p<0-0001

p-:D-DDl3 |

p=0-0001

Change in bodyw eight (kg)

Proportion of participants (%)

80—

70—

60—

Alc

p<0.0001
[—

p=0-0001

W 1.2 mg liraglutide
W 1.8 mg liraglutide
M 100 mg sitagliptin

p<0.0001
[—

p=0-0059

HbA,, <7.0% HbA, <65%

Time (weeks)

10 12 14 16 18 20 22 24 26
I I S ) |

é.&@\?ﬁ

BW

i

|

HiH -
——

Both
p-0-0001

Fasting plasma glucose (mmael/L)

Change inDTSO score

Baseline

AC

T

oA

Both
p<0.0001

T T T T T T T T T T T T 1
0 2 46 8 1012141618 2022 24 26

Time (weeks)

p=0-3962

D p=00300

00—

278 1
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Lowest Glucose Variabili
oglvcemia Are Observed

With the Combination of a GLP-1

Receptor Agonist and Basal Insulin

(VARIATION Study) B i L1

DOI: 10.2337/dc16-1582 BH

GLP-1a: liraglutide for 39 cases
exenatide twice daily for 1 case

stable A1C value <7.5%

BO= Basal msulin + Oral anti-diabetic agents
Bazal-Bolus msulin

Table 2—ANCOVA and direct cohort comparisons for primary and secondary cutcomes from 6-day CGM data

BO BGLP PM BB Between-cohort comparisons

Glucose (mg/dL)

Daily SD (primary outcome)® 34.2(9) 30.6(9)
Total SD* 39,6 (10.8) 34,2 (10.8)
Daily average® 136.8(19.8)

Daily 50 by average* 19.8 (10.8) 16.2(7.2)

Hypoglycemia
Daily frequency®*
Daily percentage of time (%) **
Daily duration (minutes)**

0.1(0.4)
0.6(3.6
73 (35.0)

0.1(0.4)
0.1(2.1)
29 (25.7)
Hyperglycemia
Daily frequency® 18(0.9) 1.7(1.0)
Daily percentage of time (%) 16.4 (12.9) 14.5(13.7)
AUC** 0.2 (0.5) 0.1(03)

360 (10.8)

41.4(10.8)

144(19.8)
19.8 (9)

04(07)
19 (39)
236 (35.7)

18(08)
202 (13.1)
0.3 (0.4)

378 (9)
432 (10.8)
1422 (23.4)
198 (10.8)

0.3 (04)
25 (45)
311 (67.0)

18 (0.8)
204 (12.9)
0.3 (0.4)

BOvs. BGLP (P= 0.03)
BO vs. BGLP (P= 0.04)

BO vs. BGLP (P= 0.07)

BGLP vs. PM (P = 0.01)
BGLP vs. PM (P = 0.01)

BGLP vs. PM (P = 0.06)

BGLP vs. PM (P = 0.02)
BGLP vs. PM (P = 0.02)
BGLP vs. PM (P = 0.03)

BGLP vs. PM (P = 0.01)

BGLP vs. BB (P < 0.01)
BGLP vs. BB (P < 0.01)

BGLP vs. BE (P = 0.05)

BGLP vs. BB (P = 0.01)
BGLP vs. BB (P < 0.01)
BGLP vs. BB (P < 0.,01)

BGLP vs. BB (P < 0.01)

fpdjusted for age, BMI, diabetes duration. and baseline ALC; *Data are presented as mean (standard deviation): **Data are presented as median (IOR). All P values <0.1 (considered close to significance) are

presented,

Diabetes Care 2016 Dec; dc161582




UKPDS (Hemmingsen et al., 2011)
D

Diet,sulphonylurea or Insulin
metformin

almost all of one daily
long-acting insulin
dose
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1

1

1

Breakfast Lunch Dinner Breakfast Lunch Dinner
Treated with basal insulin Treated with mealtime insulin
(Control Fasting glucose) (Control prandial glucose)

Importance of Beta Cell Function for the Treatment of Type 2 Diabetes. J. Clin. Med. 2014, 3(3), 923-943  *HbA1c = mean plasma glucose level

/

©2015 Eli Lilly and Company
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Effect of GLP-1 is glucose-dependent

Glucose (mmol/L) 300 1 Insulin (pmol/L) 20 " Glucagon (pmol/L)
15
200 T

10
10 1

2

0 =twe 0
-300 60 120 180 240 -300 60 120 180 240 -300 60 120 180 240
Time (min) Time (min) Time (min)
—o— Placebo =4 Native human GLP-1

e Effects of 4-hour GLP-1 infusion (1.2 pmol/kg/min) in 10 patients with type 2 diabetes

Mean (SE); n=10

*p<0.05

GLP-1, glucagon-like peptide-1; SE, standard error
Nauck M et al. Diabetologia 1993;36:741-744



INTENSIFYING TO INJECTABLE THERAPIES

ADA&EASD 2018

INITIATION FOR GLP-1 RA
- Initiate starting dose {varies across class)

TITRATION FOR GLP-1 RA
Gradual titration to maintenance
dose lvaries across class)

+

INITIATION FOR BASAL
Start 10 IU a day OR 0.1-0.2 IWkg a day

]

Use principles in Figure 1

If HbA,  above target despite dualftriple therapy

ICi ider initial injectabl bination {i.e.,

GLP-1 RA + bacal insulin or prandial/basal

insulin) if HbA,_ =86 Wrmol (109%)

lior =23 Umel (29%) above target

Consider GLP-1 RA in most prior to insulin'
Consider: = INITIATION = TITRATION

If abowe HbA,_target

i

Consider insulin as first injectable if

« HbA,_ wery high =97 mmolfmol {11%)

= Symploms ar evidence of catabolisme
weight loss. polyuria. pelydipsia,
which suggest insulin deficiency

« If type 1 diabetes is a possibility

TITRATION FOR BASAL
Patient self titration is more effective
Set FBG target that correlates to HbA_ target
= Choose evidence-based titration
algorithm, ice.. increases 2 unils every
3 days to reach FPG target without
hypoglycermia
Far hypoglycemia defermine cause, if no
clear reason lower dase by 10-20%:

.

®

+

INITIATION FOR PRANDILAL
= &0 aday or 10% of basal dase
If HbA_ | =64 mmalimol (B8%) consider
lowering the total dose by 4 IU a day or
10% of basal dose

TITRATION FOR PRANDIAL
= Increase dose by 1-2 IU or 10-15%
twice weekly
For hypoglycemia determine cause, if
no clear reason lower corresponding
dose by T0—F0%

[l

INITIATION OF STEPWISE PRANDIAL
= Stepwise addition of prandial insulin

every 3 months if HbA,_ = target

= associated with lower risk of

hypaglycemia and increases palient

satisfacti d with i diat

camp

Add basal insulin
Consider: = INITIATION - TITRATION

If abowve HbA, target

Despite adequately titrated basal insulin OR once
basal dose = 0.7-1.0 IUWkg OR FPG at target

1

Add prandial insulin
Usually omne dose with the Largest meal ar

meal with greatest PPG excursion
Consider:

If above Hb#, target

Stepwise additional injections of prandial insulin

introduction of full basal-bolus P . {ie., two, Then three additional injections)
—— Consider: = INITIATION = TITRATION
[ TITRATION FOR PRANDIAL ] ¢
[ If above HbA, target
[ INITIATION FOR PRANDIAL IF HBA__ N

TITRATION FOR PRANDIAL

—

I PROVE 1EW
MEED F BASAL
REGIMEN. COMNSID
ADDITY OSM

For patient on GLF-1 RA
and basal insulin

Consider FRC of GLP-1 R& and
insulin {fDeglira or iGlarLixil
But nole max dose of insulin in the FRCs

If abowe HbA, target
AddinG I basal i Tin or
additional prandial insulin

Consider twice or three
times daily premix
insulin regimen

If already on GLP-1 RA or if
GLP-1 RA not appropriate
DR insulin preferred

INITIATION
- If an GLP-1 RA use 10-14 dose steps
{iDegLira) or 10—15 units (iGlarLixi)

[ |

TITRATION
= Titrate to FPG target and tolerabllity

INITIATION
= In insulin-naive patients 1012 U
or 0.3 Wkg
= If an existing insulin regimen usually
wnit fo unit at the same total insulin
dose but may require adjustment fo
individual nesds

TITRATION

- idual dose
on type of biphasic imsulin

= Maore complex if on three times
daily regimen

1
nent




GLP-1 has protective effects on kidney

57



Blood pressure lowering
and natriuresis in diabetes

T Drugs for

Hypoglycemic
drugs for diabetes

Inhibition of ~ ACE inhibitors
GLP-1 agonists NHESIN kidney ANG receptor blockers
DPP-4 inhibitors

heart failure

MR antagonists

Inhibition of Certain f-blockers

NHE1 in heart
and vasculature

|

Reduction in the risk of major
adverse heart failure outcomes

SGLT2 inhibitors £-7

| Neprilysin inhibitors

Circulation. 2017:136:1548-1559.



Table 2 | Glucose-independent effects of incretin-based therapies on renal risk factors in type 2 diabet
Renal risk GLP-1RA  DPP-4 Putative GLP-1-mediated mechanisms

factor inhibitor

e
Inflammation  Decrease  Decrease 4 Renal ROS production (cAMP and PKA)*

and fibrosis 4 AGE-RAGE-mediated renal ROS production (cAMP)&+2626¢
Metabolic 4 Angiotensin ll-induced renal ROS production (PKC)2153
T Adiponectin (reduces podocyte inflammation; PKA in adipocytes)*”
Glomerular ~ Decrease Neutral  TTubuloglomerular feedback (by & NHE3 activity)
AT S ligsi d Postprandial glucagon (particularly short-acting GLP-1RA)707:47
H emodyhamic 3 Body weight™?

4 GEE* (postprandial hyperfiltration)?
$ RAAS activity™ 77

Nature Reviews Nephrology (2017) 39
doi:10.1038/nrneph.2017.123




J Intraglomerular blood pressure is derived from
Systemic blood pressure I}
Afferent arteriole tone {
Efferent arteriole tone I}

Low *?FDtEI L | { '} Angiotensin-
diet \ N ntraglomerulat Y ,/ | pathway modulation
) { pressure ‘ 2 z

1 Glomerular
filtration rate

;—7 1 Mesangial-cell
o signaling

l

1 Interstitial |
fibrosis

N Engl J Med 2017; 377:1765-1776



Progression of CKD Hyperfiltration
Among the proteinogenic amino acids, there are
three BCAASs: leucine, isoleucine and valine

Amino acid-induced hyperfiltration:

\

cAMP 4’

Amino acids

P
Jz,,,cal

- o>
% A 1+2
Branched-chain

amino/keto acids

tubuloglomerular feedback |

Lang et al. (1995): Sem Nephrol, 15, 415-418

* Increased renal
plasma flow
 Hyperfiltration




. Am J Phyvsiol Renal Physiol 309: F2—-F23, 2015.
Review First published April 29, 2015; doi:10.1152/ajprenal .00614.2014.

Protein- and diabetes-induced glomerular hyperfiltration: role of glucagon,
vasopressin, and urea

AVP i GLUCAGON i

(i
P

vy T o el -
vl S gl ol P e o I L T

R A

Fig. 1. Localization of yasopressin_and glucagon-sensitive adenviate cvclase
along the rat nephron. Dot density in the tubules is proportional to increase in

adenylate cyclase activity induced by the corresponding hormone. Reproduced
from Ref. 175.



Change in stop flow
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GLP-1 has protective effects on kidney

« Hyperglycaemia causes endothelial dysfunction through several
pathways, including reduction of GLP-1R signaling and enhanced Ang
IT signaling

« GLP-1 has protective effects on glomerular endothelial cells through
inhibition of angiotensin II signaling and inhibition of pro-inflammatory
action

« GLP-1 partly mediates its protective action via the GLP-1 receptor

Expressed in the renal endothelium

GLP-1, glucagon-like peptide 1
Mima A et al. Diabetes 2012;61:2967-2979.



GLP1-R agonist: effects on the kidney

Fujita et al., Kidney Int 2014;85:579

Liraglutid reduces O I e
renal damage in vesangial ..

_ _ _ Xpansion 5 0o
diabetic mice

Fibronectin £::

Fibronect
taining intensity

(% vehicl

o o
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SQ: Inhibitor of CAMP dgg‘;’Eﬁ
H-89: Inhibitor of proteinkinase Number of ,§E o=
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GLP1-R agonist: effects on the kidney

Fujita et al., Kidney Int 2014;85:579

b w 06 *t
Knock-out of the Mesangiale 3 o I I
gé 0.2
GLP-1 Receptor Expansion _ ‘o
enhances renal £3:€ .
- - - H . 5‘;@“% 200
damage in diabetic Fibronectin £E8 J:U:Lll
mice d -zég 122
Number of %E Dﬂ'i
: : : podocytes € ol '
Mice without diabetes o :
GLP1-Receptor + or - GBM width “'“""Dﬂll
Mice with diabetes oo LT

GLP1-Receptor + or - t



Dosing in DKD pts

* FDA: No dose adjustment is recommended in pts with renal impairment
including (ESRD).

« Monitor renal function in pts with severe adverse gastrointestinal
reactions.

Renal Impairment and GLP-1 Receptor
Agonist Use

GLP-1 Receptor
Agonists Use in Renal Impairment

Albiglutide?® * No dose adjustment needed for mild, moderate, or
severe renal impairment (eGFR 15-89 mL/min/1.73m?)

Exenatide Extended

Not recommended with eGFR<30 mL/min/1.73m?

Release® + Use with caution with eGFR 30-50 mL/min/1.73m?
Exenatide * Not recommended with eGFR<30 mL/min/1.73m?
Twice Daily® » Use with caution with eGFR 30-50 mL/min/1.73m?

Liraglutide® * No dose adjustment needed for mild, moderate, or
severe renal impairment (eGFR 15-89 mL/min/1.73m?)

Dulaglutide® * No dose adjustment needed for mild, moderate, or
severe renal impairment (eGFR 15-89 mL/min/1.73m?)

a. Tanzeum® Pl 20141'5); b, Bydureon® Pl 2014('3; ¢, Byetta® Pl 2013!'%); d. Victoza® Pl
201314 e. Trulicity®Pl 2014.1'7)




 The NEW ENGLAND
JOURNAL of MEDICINE

CORICIMAL ARTICLE

Liraglutide and Renal Outcomes in Type 2 Diabetes

Table S2. Baseline characteristics according to trial group

Liraglutide Placebo
_
_

Systolic blood pressure, mmHg

Normal (eGFR =90) 1620 (34.7)
Mild unp'tirmem (eGFR 60-89) 1932 (41.4)

N Engl J Med 2017; 377:839-848



Table 1. Composite Renal Outcome and Individual Components of the Composite Outcome.*

Liraglutide Placebo Total Hazard Ratio
Outcome (N=4668) (N=4672) (N=9340) (95% CI) P Value

no. of patients (rate per 1000 patient-yr of observation)

Composite renal outcome 268 (15.0) 337 (19.0) 605 (17.0) 0.78 (0.67-0.92)
Components of composite renal outcomey
New-onset persistent macroalbuminuria : 215 (12.1) 376 (10.6) 0.74 (0.60-0.91)

Persistent doubling of serum creatinine : : . 0.89 (0.67-1.19)
level

Renal-replacement therapy (3. .6) ; 0.87 (0.61-1.24)
Death due to renal disease ; ; ; 1.59 (0.52-4.87)

A Estimated GFR B Urinary Albumin-to-Creatinine Ratio C Estimated W

H 2
85 35 .

o0
o

30 R Liraglutide

(ml/min/1.73 m?)
Estimated GFR

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

Estimated trial-group ratio at 36 mo, 0.83 (95% Cl, 0.79-0.88)
P<

Urinary Albumin-to-Creatinine
Ratio

24
Months since Randomization Months since Randomization

X . Months since Randomization
No. at Risk No. at Risk

Placebo 4672 4356 4237 3911 3634 Placebo 4559 4103 3789 3509 No. at Risk
Liraglutide 4668 4349 4288 4031 3806 Liraglutide 4578 4167 3934 3686 Placebo 919 865 821 725
Liraglutide 986 912 896 826

Leader trial
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AWARD-7
Study Design

A multicenter, parallel-arm, randomized, 52-week clinical trial that assessed the efficacy and safety of dulaglutide
(1.5 mg, N=192; 0.75 mg, N=190) vs insulin glargine (N=194) in people with T2D and moderate-to-severe CKD

1 1A 2

Dulaglutide 0.75 mg once weekly + prandial lispro

Vieit .~ TreatmentPeriod

Group A 3 11T 71,9 T 1M1 T,13 7,15 T, 17 18 19 20 21 22 23 24 25
GroupB 1 2

Week:

GroupA -13 12 1012 3468 10 12 1416182023 25 26 30 34 40 46 51 52 56
GroupB -3 -1

Randomization Primary Endpoint Final Endpoint

+ Primary Objective: to demonstrate dulaglutide noninferiority for HbA1c change after 26
weeks vs insulin glargine

+ Key inclusion criteria: adults with T2D, eGFR of <60 to =15 mL/min/1.73 m?, BMI 23-45

. _____ ______ |
kg/m?, HbA1c 27.5% and <10.5% for patients receiving insulin + OAM(s) and/or pramlintide or
only insulin prior to screening

BMI=body mass index; CKD=chronic kidney disease; eGFR=estimated glomerular filtration rate; HbA1c=glycated hemoglobin; OAM=oral antihyperglycemic medication; T=telephone visit; T2D=type
2 diabetes. 2Group A: patients taking OAM(s)  pramlintide + insulin at Screening had a 13-week Screening/Lead-in Period; Group B: patients taking only insulin at Screening had a 3-week
Screening/Lead-In Period; ®Once randomized, no distinction between Groups A and B. Insulin glargine dose adjusted to target fasting PG values between 100-150 mg/dL; insulin lispro doses

adjusted to target pre-prandial PG values between 120-180 mg/dL.. Tuttle et al. Poster presented at: American Diabetes Association 74th Scientific Sessions; June 13-17, 2014, San Francisco,
California. Poster 138-LB.



AWARD-7

Baseline Characteristics

Demographics (safety population, except FBG

Dulaglutide 1.5 mg

Dulaglutide 0.75 mg

Insulin Glargine

[mITT population]) N=192 N=190 N=194
Sex, women 88 (45.8) 86 (45.3) 101 (52.1)
Age, years 64.7+8.8 647+ 8.6 64.3+84
Duration of diabetes, years 176+£8.7 18.0+ 8.8 18.7+8.7
HbA1c, % 86+09 86+1.1 86+1.0
FBG, mg/dL 161.5+ 556 166.6 £ 70.6 1707+ 722
Weight, kg 88.1+16.0 90.9+ 183 88.2+18.5
BMI, kg/m? 321148 33.0+£55 324453
Daily total insulin dose, U 58.8 +30.1 56.6+31.2 59.3+342
Daily total insulin dose, U/kg 0.7+£03 06+0.3 0.7+£03
aDuration of CKD Stage 3 or higher, years 42156 40149 35+40
eGFR-EPI-creatinine!, mL/min/1.73m? 38.1+£13.2 38.3+123 38.5+13.0
60 < BaselineeGFR <90 9(47) 7(3.7) 14 (7.2)
45 = BaselineeGFR <60 53 (27.6) 53 (27.9) 51 (26.3)
30 < BaselineeGFR <45 73 (38.0) 75 (39.5) 67 (34.5) ~0504
15 < BaselineeGFR <30 55 (28.6) 55 (28.9) 61 (31.4)
Baseline eGFR <15 2(1.0) 0(00) 1.(0.5)
UACR, g/kg (mean [median]) 779.1(213.7) 8422 (233.6) 919.5 (195.6)
Microalbuminuria (30 < UACR = 300) 74 (38.5) 61 (32.3) 56 (28.9)
[ Macroalbuminuria (UACR>300) 84(435) g4 (44.2) 90 (464) ] ~45%

BL=baseline; BMI=body mass index; CKD=chronic kidney disease; eGFR=estimated glomerular filtration rate; FBG=fasting blood glucose; HbA1c=glycated
hemoglobin; mITT=modified intention to treat; UACR=urine albumin:creatinine ratio. Data presented as mean + SD or n (%) unless otherwise noted. 2Stage 3 or

higher at BL. 1. Levey et al. Ann Intern Med. 2009;150(9):604-612.



Macroalbuminuria at Baseline (UACR >300 mg/qg)

Yes No

c Week 26 Week 52 | Week 26 Week 52
0 —~ | 0.89 (-1.48, 3.23)
o E - | 1.50 (-0.85.3 84)
g~ L | los 0.3 0.2
25 |
O .E L

- E . '|' - A
= 2
o E J_ 07 0.4
N = - 1% -.J; 1.03(-0.86, 2.93) 3
EE - Y | o
5= L = | 1.00(-0.80, 2.90)
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o Sl . 52 .
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Macroalbuminuria at Baseline (UACR >300 mg/q)
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UACR, Percent Change
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®
REWIND - Diabetes-related Characteristics

All Participants : Dulaglutide Placebo

N=9901 N=4949 N=4952
HbA1c (%) 7.3 7.3 7.4
DM Duration (y) 10.5 10.5 10.6
Retinopathy (%) 0.0 9.1 8.9
eGFR <60 ml/min/1.73m? 21.8 22.6

(%)

Albuminuria (%)* 34.5 35.5
Metformin (%) 81.2 81.3 81.1
Sulfonylurea (%) 46.0 45.9 46.1
Insulin (%) 23.9 24.0 23.7
DPP4i (%) 5.7 5.4 6.0
Thiazolidinedione (%) 1.7 2.0 1.4
Other incl. SGLT2i (%) 0.3 0.3 0.4

* ACR > 3.39 mg/mmol or 30 mg/g



®
REWIND Summary: Dulaglutide & Renal Outcomes

Dulaglutide Placebo HR (95%Cl) P
(N/100 py)  (N/100 py)
Renal Composite Outcome 0.85(0.77,0.93) 0.0004
Components of Composite
First Macroalbuminuria? 0.77 (0.68, 0.87) <0.0001
Sustained Decline in eGFR of > 30% : : : 0.066
Chronic Renal Replacement 0.06 0.08 0.75(0.39,1.44) 0.39
Serious Renal Adverse Event® 0.32 0.36 0.90(0.67,1.20) 0.46
Sensitivity Analyses

a) Sustained eGFR Decline 2 40% 0.70(0.57,0.85) 0.0004
Renal composite with this decline 0.76 (0.68, 0.84) <0.0001

b) Sustained eGFR Decline 2 50% 0.56 (0.41, 0.76) 0.0002

Renal composite with this decline 0.74 (0.66, 0.84) <0.0001
aACR > 33.9 mg/mmol (300 mg/g); Pany reported AE linked to acute renal failure




Meta-analysis of GLP1-RA and SGLT2I trials on renal end points

Circulation. 2019;139:2022-2031

Hazard Ratio

A
Trials Patients Evernts Treatment Flacebo Weights HR [95% CIf
e ra N

GLP1-RA

ELIxA 5286 7S 2032639 1722647 200 - .84 (D88, 1.02]
LEADER a340 B0S PEa/M4568 33Tr4ET2 az.2 v - 1 0.78 [0.67, 0.92]
SUISTAIN-G 3297 162 621648 1001649 T 1 0,64 0.4, 0.85]
EXSCEL 14752 T3 AB6/82568 ADTIB222 401 —_— 0.88 [0.76, 1.01]
Fixed Effects for GLP1-RA (P-valus<0.001) e 0.82 [0.75, 0.89]
SGLT2

EMPA-REG OUTCOME 6185 2913 5254124 3882061 249 —_— 0.61 [0.53, 0.70]
CANVAS Program 10142 847 M LA 25.0 —_— 0.57 [0.50, 0.66]
DECLARE-TIMI 58 17160 1675 [=3rg= T = Bt el ooOFrEsTe s50.1 _— 066 [0.60, 0.F3)
Fixed Effects for SGLT2i (P-value<=0.001) g 0.62 [0.58, 0.67]

I T T 1
0.40 0.50 1.00 1.50 2.00
B Hazard Ratio
Trials Patients Ewvents Freatment Placeho Weights HR [95%% Cij
N i

GLPT-RA

ELIxe G063 7E ISIFIOI2 4143031 2.5 1.16 [O.T4, 1.83]
LEADER 2340 124 BFI46E8 aTAET2 23.4 L 080 [0.&T, 1.19]
SUSTAIN-G 3287 az 168/1548 14,1649 4.0 ' -— 1.28 [0.64, 2.58]
EXSCEL 12914 s19 2485456 276458 a3 1 0.88 [0.74, 1.05]
Fixed Effects for GLP1-RA (P-value=0.24) 0.82 [0.80, 1.04)
SEGLTZ2F

EMPA-REG OUTCOME B95S 162 8174545 TiZazs 209 - = 1 0.54 [0.40, 0.75]
CARNVAS Program 10142 249 P s, 34.0 —_— 0.80 [0.47, 0.77]
DECLARE-TIMI 58 17160 265 127/8582 23a8/8578 45,1 —_— 0.53 [0.43, 0.66]
Fixed Effects for SGLT2i (P-value=<0.001) =TT D55 [0.48, 0.54)

. . T T | T 1
Exclude Macroalbuminuria




Patients’ CV-renal profile and SGLT2i effects on end-points
Baseline SBP~ 135-140 mmHg, 80%-100% pts with ACEI/ARB

DECLARE CANVUS EMPA-outcome
CREDENCE

—

renal eGFR decrease

~40% reduction I Rl R ~40% reduction .

cV { hHF and CV death




Macebo or active comparator event rate

CAROLINA® and CARMELINA® provided an opportunity to robustly
establish cardiovascular safety in the broader population

AP-MACE and HHF event rates of placebo in DPP-4 and 5GLT-2 inhibitor COWOTs

(per 100 patient years)

820
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CREDENCE: 50% CVD
eGfr<60 60%
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Metabolic

Nature Reviews Nephrology 10, 88-103 (2014) | doi:1

Insulin resistance | < Obesity

and p-cell dysfunction
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Although much has been speculated about the potential advantages of
combining an SGLT2 inhibitor with an incretin mimetic,

DELIGHT is the first study to do so in patients with type 2 diabetes and
moderate-to-severe chronic kidney disease.

THE LANCET
Diabetes & Endocrinology

(D DELIGHT

N

Albuminuria-lowering effect of dapagliflozin alone and in
combination with saxagliptin and effect of dapagliflozin
and saxagliptin on glycaemic control in patients with
type 2 diabetes and chronic kidney disease (DELIGHT):
arandomised, double-blind, placebo-controlled trial

Carol Pollock, Bergur Stefdnsson, Daniel Reyner, Peter Rossing, C David Sjéstrém, David C Wheeler, Anna Maria Langkilde, Hiddo J L Heerspink

Lancet Diabetes Endocrinol. 2019 Apr 12. pii: S2213-8587(19)30086-5.

TW-8927_FOR_16/05/2019

T

THE LANCET

Diabetes & Endocrinology

Comment I

SGLT2 inhibitor and incretin mimetic therapy for type 2
diabetes and chronic kidney disease

The pandemic of diabetes has become a global
emergency. Despite increasing knowledge about
diabetes prevention, this knowledge has not translated
into action that effectively reduces diabetes prevalence
in communities. The global picture projects an increase
in people living with diabetes, from 425 million in 2017
to nearly 630 million by 2045, and such an increase
also means more people with diabetes complications,
Chronic kidney disease develops in almost half of people
with type 2 diabetes and is the leading cause of end-
stage kidney disease worldwide.” Chronic kidney disease
greatly magnifies the risk of cardiovascular diseases

blocker therapy. Compared with placebo, reductions in

albuminuria (UACR) relative to baseline were greater in
both the dapagliflozin group (mean difference -21-0% i
[95% €1 -34-1 to -5-2; p=0-011]) and the dapagliflozin- [§

saxagliptin group (-38-0% [-48-2 to -25.8; p<0-0001])

at 24 weeks. Combination treatment produced the M

numerically greatest decline in albuminuria. Because pance

SGLT2 inhibitors have nominal glycaemic efficacy
at lower eGFR, only combination treatment with a
DPP-4 inhibitor produced a significant decrease in
HbA, at week 24 versus placebo (mean difference
-058% [-0-80 to -037; p<0-0001]). DELIGHT was

Published Oline
April 13, 2019

ttpf/cbe ol org/ 101016/
$2213-8587(19)30116-0
See Onlinef, les
httpf/cbe doi org/ 101016/
52213-8587{19)30086-5

Lancet Diabetes Endocrinol. 2019 Apr 12. pii: S2213-8587(19)30116-0.



(D DELIGHT
N

Population

=18 years old

History of Type 2 diabetes for
>12 months

HbA,.27.0% and <11.0%
Stable antidiabetic treatment

eGFR 25-75 mL/minute/1.73
m2*

Micro or macroalbuminuria
(UACR 30-3500 mg/qg)

Treatment with ACEi or
ARB for 23 months

BMI 20-45 kg/m?

Randomization
1:1:1

v

*Dapagliflozin is not recommended for use in patients with eGFR <60 mL/minute/1.73 m?. The efficacy of dapagliflozin is dependent on renal function.?
‘tDapagliflozin is not indicated for the management of weight loss, blood pressure reduction or to reduce albuminuria. Weight loss was a secondary endpoint in clinical trials.2 Dapagliflozin is not indicated for prevention of CV events. Please consult your

local prescribing information for the approved use of dapagliflozin. Saxagliptin is not indicated for the management of weight loss, blood pressure or albuminuria. Please consult your local prescribing ir for the use of

ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA, , glycated haemoglobin; SBP, systolic blood pressure; UACR, urine
albumin:creatinine ratio.

1. https://clinicaltrials.gov/ct2/show/NCT02547935 Last accessed July 2018; 2. Dapagliflozin. Summary of Product Characteristics.
TW-8927 FOR_16/05/2019
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APRIL 12-15 - MELBOURNE,

—> Placebo (n=148)
> Dapagliflozin 10 mg (n=145)

Dapagliflozin 10 mg + Saxagliptin 2.5 mg (n=155)

Primary Endpoints
*Change in HbA
*Percent change in UACRT



https://clinicaltrials.gov/ct2/show/NCT02547935

(;‘DELIGHT Primary Endpoint: Adjusted Mean Change in UACR

J

301 Change from baseline in UACR _
Difference vs. placebo at Week 24

207 DAPA -21.0% (95% Cl, -34.1 to -5.2) p=0.011

DAPA+SAXA -38.0% (95% ClI, -48.2 to -25.8) p<0.0001

Proportion of patients that achieved 230% reduction in

Adjusted mean percent change in UACR,
% (95% ClI)

UACR
at Week 24
PBO 31.3%
DAPA 45.0% Odds ratio vs. PBO, 1.9 ( 95% ClI, 1.1-3.0; p=0.013)
DAPA+SAX 57.0% Odds ratio vs. PBO, 3.0 (1.8-4.8; nominal p<0.0001)
A
| Treatment period |
Patients per timepoint Study week
DAPA 141 137 137 137 136 132 136 B DAPA (n=144)
DAPA+SAXA 152 151 148 144 144 139 149 —0— DAPA + SAXA (n=152)
PBO 145 141 135 136 138 134 140 PBO (n=148)

ap value: <0.001; bp value: <0.05. BL = baseline; DAPA = dapagliflozin; PBO = placebo; SAXA = saxagliptin; UACR = urinary albumin-to-creatinine ratio.
Pollock C et al. Online ahead of print. Lancet Diabetes Endocrinol. 2019.
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Canagliflozin increase aGLP-1 through SGLT1 inhibition

83
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Canagliflozin Lowers Postprandial Glucose and Insulin by Delayingintestinal

Glucose Absorption in Addition to Increasing UrinaryGlucose Excretion
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Plasma GIP (pmol/L)

Plasma PYY (pmol/L)

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

[
L

Plasma Total GLP-1 (pmol/L) )

Plasma Active GLP-1 (pmol/L)

=

0.0 0.5 1.0 1.5 2.0 [IX1] 0.5 1.0 1.5 2.0
Time (h) Time (h)

Figure 3—Mean * SEM plasma concentration-time profiles of GIP (A), PYY (B), total GLP-1
(C), and active GLP-1 (D). CANA, canagliflozin. Endocrine Journal 2017, 64 (9), 923-931



The Greater Changes in eGFR; the Better Protection from ARB

85

Tertiles of initial fa eGFR
-8.6 —24 +4.2 -8.6 2.4 +4.2

1

RENAAL trial

Long-term eGFR slope
(ml/min per 1.73 m? per year)
|
w

=G LP:O.OOSQ—I L P=0.0497—]
Unadjusted analysis Adjusted analysis

Figure 3 |Long-term estimated glomerular filtration rate
(eGFR) slope stratified by acute fall in eGFR in losartan-
assigned patients. Adjustment for covariates in the multivariable
mixed effects model included gender, eGFR, diastolic blood
pressure, hemoglobin, urinary albumin/creatinine ratio (UACR)
and month 3 change in UACR. The numbers in each bar reflect the
annual mean long-term eGFR slope.

Kidney Int. 2011 Aug;80(3):282-7



RENAAL: Relationship between initial eGFR change and
subsequent long-term renal function decline

Estimated GFR (ml/min)

40

35

30

25

20

m -1.55 ml/min
ox:=2.28 ml/min

P=0.031

Losartan

-4.29 ml/min/year
A P=0.002

T

Placebo
-5.05 ml/min/year

12 18

Time (mlonth)

24 30 36 42

|
Holtkamp et al. Kid Int 2011



The Canagliflozin and Renal Endpoints in
Diabetes with Established Nephropathy Clinical
Evaluation (CREDENCE) Study Rationale, Design,
and Baseline Characteristics

Prescreening Optimize medications
« eGFR « AHA
* Albuminuria/ « Lipid

proteinuria * BP

Canagliflozin 100 mg
—p + ACE inhibitor/ARB

| |
| |

Screening Run-in

Global trial end date

Placebo

Key entry criteria

* HbAlc 26.5% and <12.0% .

» eGFR 230 and <90 mL/min/1.73 m- (<60m|/mm9 60%) =y

« UACR >300 and <5,000 mg/g (macro=> 100%)mmol) Sl

« Maximum tolerated labeled daily dose of an ACE inhibitor or ARB omn:fEt
for 24 weeks pnor to randomization

] | |
| | | | | | | | |

Pre Wk -8 to -3 Wk -2 Dayl Wk3 Wk13 Wk26 Wk39 Wk52 Final study
screening Screening Run-in start Baseline Telephone visit
contact

Telephone contact was made at midpoint between office visits after Wk 52
Site visits were conducted at 26-week intervals after Wk 52

Am J Nephrol. 2018 Jan; 46(6): 462—472.
April 14, 2019 DOI: 10.1056/NEJMo0al1811744




Effects on eGFR ‘60% decline rate

—8— Canagliflozin —o— Placebo
Baseline 56.4 56.0

1

-14
-16 - Chronic eGFR slope —4.59/year

-18 - Difference: 2.74/year (95% CI, 2.37-3.11)

-20 T T 1
) 6 12 18 24 30 36 42

Months since randomization

LS mean change (+SE) in
eGFR (mL/min/1.73 m?2)

No. of Participants
Placebo 2178 2084 1985 1882 1720 1536 1006 583 210
Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241
On treatment

_ “
CREDENCE

CREDENCE




TAKE HOME MESSAGES



Glomerular Filtration Rate

ml/min/1.73 m?

ACEI- or ARB-Based Regimens for Diabetic
Nephropathy Do Not Go Far Enough!

s mosase s SGLT2#GLP-12
d RS tlockase +  SGLT 2}

307 agr o g aliminlyy
Se 111
to ESRD 6.6 yrs RAAS blockade + Q.L,E:.jﬁ.
20 No ACE/ARE

or BPF control
AGFR = - 10 mUminfyr
1 U_ | Time to ESRO 4 yrs

ESRD

2 4 6 8 10
Time (yrs)
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GLP-1a/DPP4i: seal glue
+

SGLT21+ARB/ACEI: wrench
to decrease the flow and
pressure

% In macroalbuminuria

S Broken pipe needs wrench and seal glue!

Complementary effect!!



Nature Reviews Nephrology 10, 88-103 (2014) | doi:10.1038/nrmeph.2013.272
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Thanks!!
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