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GLP-1 receptor agonists

L Human GLP-1 backbone ] { Exendin-4 backbone ]

Weekly Once-daily Weekly QD BID

Albiglutide | CIC-1134-PC UL
T ETe] [T ae [
CJC-1131
- Licensed
Semaglutide .9 Discontinued

I GLP1 agonisti si differenziano per [ l In development
grado di omologia strutturale con il P

GLP1 nativo, strategie per
*Not licensed in the US. prolungarne I’azione farmacologica e
durata d’azione

GLP-1, glucagon-like peptide 1; QD, once daily; BID, twice daily
Modified from: Madsbad S et al. Diabetes Obes Metab 2011;13:394-407



Start with Monotherapy unless:

AN is greater than or equal to 9%, consider Dual Therapy.
ANC is greater than ar egqual te 10%, bleed glesse i greater than or equal to 300 maEl
ar patient is markedly symptomatic, consider Combination |=|Itt-uh|l' Thara By (See Figure B.20
L J
Monotherapy Metformin Lifestyle Management
EFFICACY* high
HYPO RISK low risk
WEIGHT neutral/less
SIDE EFFECTS Glflectic acidasis
COSTS low
IT &1C target nol achieved after appreximately 3 montn: of monolherapy, procesd 1o 2-drug combination (order not
il meant to denote any specific preference — choice dependent on a variety of patient- & disease-specific factors):

sd Dual Therapy Metformin + Lifestyle Management
T [
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If &1L target not achieved after approximately 3 months of dual therapy, proceed to 3-drug combination (order not

! meant te denote any speclfic preference = cholce dependent on a varlety of patient- & disease-specific faciors);

Triple Therapy Metformin +
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ar DPP-2-i or DPP-2£-
e IUSETZ o [USGLEEIN o DPP4
or  GLP-I-RA or  GLP-I-RA or or  GLP-I-RA or
If A1C sarget net achieved after aporeximately 3 months of triple therapy and patient (1) an aral combination, mave to
basal insulin ar GLP-1 RA, (2) on GLP-1RA, add basal insulin, or (33 on optimally titrated basal insulin, add GLP-TRA ar

rmealtirme insulin Metformin therapy should ke maintained, while ather aral agents may be discontinued on an | ndividual
kasis to aveid unnecessarily complex or costly regimens {i.e.adding a fourth antinvperglyoemic agent),
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Baseline clinical characteristics by renal outcomes in 27,029 patients with T2DM

_ loverall __lAlb-/eGFR-__|Alb-/eGFR+ |Alb+/eGFR- |Alb+/eGFR+ |

n=27,029 n=18,056 n=2,788 n=4,978 n=1,207 p
Male gender (n,%) 15,249 10,146 1,296 (46.5%) 3,156 (63.4%) 651 (53.9%) <.001
(56.4%) (56.2%)

Age (years) 64110 63110 6918 64110 6918 <.001
Duration of diabetes (years) r{¢zx:] 108 12+9 108 1249 <.001

BMI (Kg / mz) 29.215 28.914.9 29.614.8 29.5#5.1 29.915 <.001

eGFR (mL/min/1.73 m2) 85+13 87113 74110 8713 74110 <.001
HbA1lc (%) 7.2+1.3 7.211.2 7.311.3 7.3%1.3 7.6x1.4 <.001

Total cholesterol (mg/dL)  pEiEx] 189136 188137 186137 185137 <.001
Triglycerides (mg/dL) 133188 129184 139194 140196 148191 <.001
L e L e 0 L 7,484 (29.2%) 4,727 (27.7%) 821 (31.2%) 1,510 (31.8%) 426 (37.1%) <.001
(n, %)

HDL-c (mg/dL) 52115 53+15 52+15 51+15 50+15 <.001
LDL-c (mg/dL) 111432 112432 11033 10933 107+34 <.001
LDL-c 2100 mg/dL (n, %) 15,523 10,585 1,547 (60.2%) 2,759 (59.3%) 632 (56.8%) <.001
(61.9%) (63.3%)

Systolic BP (mmHg) EEEEE 138+18 14218 13918 14318 <.001

Diastolic BP (mmHg) 8019 80+9 8019 8019 8019 91
2,510 (9.3%) 1,499 (8.3%) 318 (11.4%) 541(10.9%) 152 (12.6%) <.001

modified form S. De Cosmo et al. for AMD-Annals Study Group, Medicine, 2016




Effects of treatment with glucagon-like peptide-1 (GLP-1) receptor agonists and dipeptidyl peptidase-4 (DPP-4)
inhibitors on cardiovascular risk factors as described in placebo-controlled clinical trials using incretin-based

medications as monotherapy.

GLP-1 receptor DPP-4 GLP-1 receptor DPP-4
agonists inhibitors agonists inhibitors
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Putative renal distribution of GLP-1R

Location

GLP-1R

Preglomerular® vascular smooth
muscle cells

Hilar and intralobular arteries

Glomerular capillary and vascular
walls

Glomerular endothelial cells and
macrophages

Glomerulus (not specified)

Juxtaglomerular cells

Proximal tubule

Species mRNA or
protein
Monkey; human  Protein
Rat Protein
Human Protein
Mouse mRNA
Rat Protein
Rat mRNA
Monkey; human  Protein
Rat Protein
Rat mRNA
Pig; human mRENA,
protein
Rat Protein

Detection method

Immunohistochemistry

Autoradiography of ***|-labelled
GLP-1, exendin 4 (GLP-1 agonist) and
exendin 9-39 (GLP-1R antagonist)

Autoradiography of ***|-labelled GLP-1
In situ hybridization; RT-PCR

Immunofluorescence

RT-PCR

Immunohistochemistry

Immunohistochemistry
RT-PCR

RT-PCR, immunocytochemistry,
immunochistochemistry, Western blotting

Autoradiography of **I-labelled
GLP-1, exendin 4 (GLP-1R agonist) and
exendin 9-39 (GLP-1R antagonist)

Muskiet, M. H. A. et al. (2017) GLP-1 and the kidney: from physiology to pharmacology and outcomes in diabetes
Nat. Rev. Nephrol. doi:10.1038/nrneph.2017.123
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Original Paper

Inhibition of the Expression of TGF-1
and CTGF in Human Mesangial Cells by
Exendin-4, a Glucagon-like Peptide-1
Receptor Agonist

Yong Wei Xianglei Kong Lijun Tang Dongmei Xu

Fig. 2. Ex-4 inhibits the upregulated
mRNA levels of HG treated TGF-f, and
CTGE Representative RT-PCR results
show HG upregulated mRNA levels
of TGF-p, and CTGF in HMCs and Ex4
inhibits the upregulated mRNA levels
of TGF-p, and CTGF induced by high
glucose. ¥p < 0.01 versus the control
group; *p < 0.05 versus HG group;
v < 0.05 versus HG + 0.03 nM Ex4

group.
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Diagram showing potential GLP-1 regulatory pathways of GFR.

Depending on the setting, GLP-1 may either increase or decrease GFR
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Effects of glucagon-like peptide 1 (GLP-1) and GLP-1 receptor
agonists (GLP-1RAs) on renal haemodynamics in diabetes mellitus

Afferent

R Efferent
arteriole 3 / Diabetes-related ! - rtz?ie:Le
[ = [ | S . =~ 1" | glomerular

g I 1 ¥ 1 |
- hyperfiltration - - —

| Vasoconstriction |

It
: :

|

‘I_
1 |
ey @end>——

Muskiet, M. H. A. et al. (2017) GLP-1 and the kidney: from physiology to pharmacology and outcomes in diabetes
Nat. Rev. Nephrol. doi:10.1038/nrneph.2017.123
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N Engl J Med 2017;377:839-48.

ORIGINAL ARTICLE ‘

Liraglutide and Renal Outcomes in Type 2
Diabetes

Johannes F.E. Mann, M.D_, David D. @rsted, M.D., Ph.D,,
Kirstine Brown-Frandsen, M.D., Steven P. Marso, M.D.,
Neil R. Poulter, F.Med.Sci., Seren Rasmussen, Ph.D., Karen Tornee, M.D., Ph.D.,
Bernard Zinman, M.D., and John B. Buse, M.D., Ph.D.,
for the LEADER Steering Committee and Investigators*

Definition of composite nephropathy outcome
(all event adjudicated)

e New onset of persistent macroalbuminuria
e Persistent doubling of serum creatinine
e End stage renal disease (ESRD)

Death due to renal disease



LEADER

Baseline characteristics

Liraglutide (N=4668) Placebo (N=4672)

Male sex, N (%) 3011 (64.5) 2992 (64.0)
Age, years 642 72 644+ 72
Diabetes duration, years 128 + 80 12,9 + 8.1
S G Liraglutide Placebo

Europe (35.5)

North America [Microalbuminuria 26.4% 26.6% (31.0)

- SE Macroalbuminuria 10.0% 11.0% (e

Rest of the woi (26.1)
HbA,,, % eGFR <60 mL/min/1.73 m? 23.9% 22.3% +15
BMI, kg/m? 325 +6.3 325 +6.3
Body weight, kg 919 £21.2 916 + 20.8
Systolic blood pressure, mmHg 1359 = 17.8 1359 = 17.7
Diastolic blood pressure, mmHg 77.2 =103 77.0 = 10.1
Heart failure*, N (%) 835(17.9) 832 (17.8)

Full analysis set. Data are means * standard deviations or number of patients (percentage of either liraglutide-treated or
placebo-treated group). Percentage data refer to proportion of patients. *Heart failure includes NYHA class |, Il and I11. BMI:
body mass index; eGFR, estimated glomerular filtration rate; HbA,.: glycated hemoglobin; NYHA: New York Heart Association.
Marso S et al. New Engl J Med 2016;375:311-322.

N Engl J Med 2017;377:839-48.



LEADER: Time to first renal event Macroalbuminuria,

doubling of serum creatinine, ESRD, renal death.

10

122% ...
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Liraglutide

Patients with an event (%)

4.
HR: 0.78
21 95% CI (0.67, 0.92)
P=0.003
0+ T T 1
0 6 12 18 24 30 36 42 48 54

Time since randomisation (months)
Patients at risk

Liraglutide 4668 4635 4561 4492 4400 4304 4210 4114 1632 454
Placebo 4672 4643 4540 4428 4316 4196 4094 3990 1613 433

N Engl J Med 2017,;377:839-48.



LEADER: Time to first microvascular endpoints

L|raglut|de Placebo
Hazard ratio n.n.
(95% CI)

Number of patients 4668 4672
Microvascular endpoint ol 0.84 (0.73-0.97) 355 7.6 416 8.9
Renal event - 0.78 (0.67-0.92) 268 5.7 337 7.2
New onset of persistent macroalbuminuria* o 0.74 (0.60-0.91) 161 34 215 4.6
Persistent doubling of serum creatinine’ o 0.88 (0.66-1.18) 87 1.9 97 21
Need for continuous renal replacement therapy - 0.87 (0.61-1.24) 56 1.2 64 1.4
Death due to renal disease T 1.59 (0.52-4.87) 8 0.2 5 0.1
Eye event ¢ 1.15 (0.87-1.52) 106 23 92 2.0
Vitreous haemorrhage ¢ 145(0.84-250) 32 07 22 05
Treatment with photocoagulation or intravitreal agentl . i M — 1.16 (0.87-1.55) 100 2.1 86 1.8

0.2 0.5 1 2 3
Hazard ratio (95% CI)

A

»
|

Favours liraglutide Favours placebo

N Engl J Med 2017;377:839-48.



SUSTAIN-6: New or worsening ”

Semaglutide and Cardiovascular Outcomes

n e p h ro p at h y in Patients with Type 2 Diabetes

Steven P. Marso, M.D., Stephen C. Bain, M.D., Agostino Consoli, M.D.,

T —— Freddy G. Eliaschewitz, M.D., Esteban Jédar, M.D., Lawrence A. Leiter, M.D.,
S t b 1 6 20 1 6 Ildiko Lingvay, M.D., M.P.H., M.S.C.S., Julio Rosenstock, M.D.,
ep em er , Jochen Seufert, M.D., Ph.D., Mark L. Warren, M.D., Vincent Woo, M.D.,

Oluf Hansen, M.Sc., Anders G. Holst, M.D., Ph.D., Jonas Pettersson, M.D., Ph.D.,
and Tina Vilsball, M.D., D.M.Sc., for the SUSTAIN-6 Investigators®

—

100 - 8 1 Hazard ratio, 0.64 (95% CI, 0.46-0.88)
= 90 Events: 62 Semaglutide; 100 Placebo
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0 8 16 24 32 40 48 56 64 72 80 8 9 104109

Weeks since randomization
Number of patients at risk

Semaglutide 1648 1630 1605 1580 1563 1541 1525

Placebo 1649 1629 1570 1545 1518 1498 1471

— Semaglutide ~—— Placebo




AWARD 7 -UACR by macroalbuminuria

UACR significantly decreased with DU 1.5 mg vs. insulin glargine at 26
weeks in participants with macroalbuminuria

40 Yes _ No
2 | Dulaglutide
2 e
(] 20 T I
m |
£ |
o _
£ | 1]
@ |
g’ |
s = | 04 |
Q | -5.
= 40 143 | 480
14 * |
(&, **#-25.3 I B Dulaglutide 1.5 mg
= -60 ! O Dulaglutide 0.75 mg

-43.1 M Insulin Glargine
26 Weeks

Data presented as LSM (95% CI); Safety population, MMRM analysis; *,**p<0.05 or p<0.001 vs. BL, #p<0.05 vs. insulin glargine



—
Numbers of patients with events: n=3034 n=3034

.

Unstable angina

Hospitalization for heart failure

Primary composite CV Outcome

13.4% 13.2%
ITT HR=1.02 (0.89-1.17)

Urinary A/C ratio, change from
baseline to Month 24

5.1% 5.2%
8.9% 8.6%
2.2% 2.0%
0.4% 0.3%
4.0% 4.2%
+24% +34%

p<0.01

Pfeffer MA, New Engl J Med 2015
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Effects of glucagon-like peptide 1 (GLP-1) and GLP-1 receptor
agonists (GLP-1RAs) on renal haemodynamics in diabetes mellitus

GLP-1R agonists seem
to induce glomerular
hyperfiltration under
physiological
conditions by
reducing afferent
arteriolar resistance

] / Diabetes-related
I L | =] glomerular

- hyperfiltration

Vasodilation
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—

@

| TProximal sodium reabsorption |

JAN

e

TGlucose (MeaD

GLP-1R agonists
maintain or might
slightly improve renal
haemodynamic
function in patients
with T2DM, likely
depending on the
individual baseline
phenotypic
characteristics

Efferent
¥ arteriole
i | s )
| Vasoconstriction |
L = | & )

Taro

Muskiet, M. H. A. et al. (2017) GLP-1 and the kidney: from physiology to pharmacology and outcomes in diabetes
Nat. Rev. Nephrol. doi:10.1038/nrneph.2017.123



AWARD 7- eGFR (CKD-EPI-creatinine) by

macroalbuminuria
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= = ] |
E —_ o I T T
0 L]
('g g 5 - | l l ‘
°\“m o E# T :-05 0.3 5
E g -15 -4.4 J;# [
M Dulaglutide 1.5 mg
‘;3 e =0 - -10.1 5 | O Dulaglutide 0.75 mg
o5 -16.2 H Insulin Glargine

26 Weeks

Data presented as LSM (95% CI); Safety population, MMRM analysis; *,**p<0.05 or p<0.001 vs. BL, #p<0.05 vs. insulin glargine;
aTreatment difference [LSM difference (nominal 95% ClI)]



Table 1| GLP-1R and DPP-4 expression in the kidney (for details, see main text)

Cells

Species

mRNA/protein

GLP-1R
Glomerulus (not specified)

Proximal convoluted tubules
Proximal tubular cells

Glomerular capillary walls and vascular walls
Glomerular endothelial cells and macrophages

DPP-4
Preglomerular vascular smooth muscle cells
Mesangial cells
Podocytes
Proximal tubular cells

Rats (microdissected rat
nephron segments)

Pigs
Humans

Mice
Rats

SHR
WKY
Rats
Pigs
Humans

mRNA

mRNA/protein
Protein

mRNA
Protein

mRMNA

Protein
Protein
Protein

Tanaka T. et al. Kidney Internat. 2014



