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New medical approaches for weight loss in T2D

1. Introduction



Introduction

A Glycemic Control

——— Glycated hemoglobin <7%
——#— Glycated hemoglobin <8%

B Blood-Pressure Control

——— Blood pressure <140/90 mm Hg
——#— Blood pressure <130/80 mm Hg
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Figure 1. Prevalence of Glycemic, Blood-Pressure, and Lipid Control among Adult NHANES Participants with Diagnosed

Diabetes, 1999-2002 to 2015-2018.

Shaded areas indicate 95% confidence intervals. To convert the value for non-high-density lipoprotein (non-HDL)
cholesterol to millimoles per liter, multiply by 0.02586. NHANES denotes the Mational Health and Mutrition Exami-

nation Survey.

Despite new advances in therapy for diabetes, many patients still don’t reach the targets.

Fang M et al, NEJM 2021
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The progressive therapeutic benefits of weight loss

0 5

Diabetes Prevention

Diabetes Management Diabetes Remission

Dyslipidemia
Hypertension
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Osteoarthritis
Stress Incontinence
GERD (females)

GERD (males)

Sleep Apnea
Asthma

CVD/CV death

Lingvay I et al. Lancet 2022



Anti-diabetic drugs and weight loss in T2D: our analysis

Drug Dose range Weight loss - Max / Min (% vs. starting point)

Liraglutide 1.2mg per day - 5% »-2,0
1.8mg per day

Tirzepatide Smg per day - 7,00 ..2,3
15mg per day

Semaglutide 0.5mg per week - 6,80 ..37
1mg per week

Dapagliflozin 5mg per day - 4,9 1,6
10mg per day

Ertugliflozin 3mg per day - 4,2 g——— 3,0
10mg per day

Canagliflozin 100mg per day - 34 e 213
300mg per day

Dulaglutide 0.75mg per week - 34e . 40,2

1.50mg per week
Metformin 500mg per day - 32
850mg three times per day

Exenatide Sug per day - 280 g

2mg per week
Mild effect Empagliflozin 10mg per day - 25— .15

25mg per day

Acarbose 200mg three times per day

* Analysis conducted in overweight/obese T2D patients

020 |

Lazzaroni E/D’Addio F/Fiorina P Pharmacol Res 2021
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Weight loss > 5%

Weight loss > 3.2%
but < 5%

Weight loss < 3.2%



New medical approaches for weight loss in T2D

2. Metformin and acarbose



Metformin and acarbose effect on weight loss

reduction of appetite + reduced caloric intake

l hunger stimulus

- Suppression of orexogenic
hypotalamic AgRP neurons

hepatic Metformin - Increase in hypotalamic leptin
s senaitivity

9 o l - increased production of GLP-1

production

- and PYY

- nausea - alteration of gut microbiota

- ahefat'ron fo bile absorption 'l.' - increased production of
- diarrhea and bloating GLP-1 and PYY
- dysgeusia
reduced
carbohydrate
absorbtion
acarbose

reduced carbohydrate absorption + reduced caloric intake

Metformin acts on weight-loss through
« its gastrointestinal side effects

» a central appetite suppressing effect
» its insulin-sensitizing effect.

Acarbose causes a reduction in the
intestinal absorption of glucose, thus
inducing a reduction in the daily
caloric intake.

Lazzaroni E/D’Addio F/Fiorina P Pharmacol Res 2021



Metformin and acarbose effect on weight loss

e Studies on metformin do not fully agree on the effect on body weight
* Moderate reduction in body weight (< 3.2% of initial weight in all studies) with metformin
* Acarbose effect on body weight is mild

Stud Dose (mg) Average weight loss % of weight loss vs. Observational
! = (Kg) baseline interval (weeks)

-2.7+13

Stumvoll et al. 2250 per day -2.8%
-2.9
Kahn et al. 500 per day (Cl -3.4: -2.3) -3.2% 260
Defronzo et al. 2250 per day 0.6 £0.3 -0.6% 29
Holman et al. 2250 per day +1.5 +1.7% 312

(no Cl provided)
200
Acarbose Wolever et al. . -0.4+ 0.3 -0.4% 52
3 times/day

Lazzaroni E/D’Addio F/Fiorina P Pharmacol Res 2021



New medical approaches for weight loss in T2D

3. SGLT2 inhibitors



SGLT2 inhibitors effect on weight loss

* Increased urinary glucose excretion in a dose-dependent manner
* Weight-loss is mainly due to loss of fat vs. lean mass
» Slightly greater loss of visceral versus subcutaneous fat

SGLT-2 |

» ._‘_ : i O, Tfil:rﬂl'rs.is

> —

T glucagone/insuline

\ ratio

T urinary T calorles
sodlum-glucose expenditur

excretion

Lazzaroni E/D’Addio F/Fiorina P Pharmacol Res 2021
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SGLT2 inhibitors effect on weight loss

0,
Study Dose (mg) Average weight loss | % of weight loss Observational
(Kg) vs. baseline interval (weeks)

100 per day -1.9+ 0.3 -2.2%
Stenlof et al.
300 per day -29+0.7 -3.3% 26 . .
. . L4
Canagliflozin CANVAS study 100 per day -1.6+0.1 -1.8% 188 Effe cton we Ight loss is
100 per day 2.3 2.6% 12 moderate
Rosenstock et al. . . .
300 per day -3.0 3.4% 12 e Empagliflozin had mild effect
5 per day -27+13 -3.2% 24
Ferrarini et al.
10 per day -3.2£ 0.5 -3.4% 24
Nauck et al. 10 per day -3.2+ 0.4 NA 52
DECLARE study 10 per day -1.840.2 NA 218
Dapagliflozin -291+0.5 -3.4% 24
5 per day
-1.5+0.2 -1.8% 102
Bailey et al.
-2.7 105 -3.1% 24
10 per day
-1.4£0.2 -1.6% 102
Bolinder et al. 10 per day -4.5+ 0.9 -4.9% 52
25 per day -2.0+ 0.5 -2.5% 24
EMPAREG study
Empagliflozin 10 per day -1.6 + 0.4 -1.9% 24
EMPAREG PIO trial 25 per day -1.5+0.2 NA 24
5 per day 34104 NA 26
VERTIS SITA2 study
15 per day 3.0+ 0.4 NA 26
Ertugliflozin
5 per day -2.7+0.4 -3.0% 26
VERTIS FACTORIAL
15 per day -3.7+0.4 -4.2 26

. . . 12
Lazzaroni E/D’Addio F/Fiorina P Pharmacol Res 2021



SGLT2 inhibitors effect on weight loss: inflammation?

SGLT2 inhibitors
Matsumura et T2DM on insulin Observational study of 15 ND «TNF-a tAdiponectin | Markers of
al. (128) add-on SGLTZ oxidative strass
canagliflozin for 3 days
Garvey et T2DM inadequately RCT of SGLTZ 100 = -6 |Leptin
al. (127) controlled on canagliflozin versus canagliflozin
matformin ooy e s e i
100 1TNF-a tAdiponectin
52 weeks
sulfonylurea
Hattori (129) T2DM RCT SGLT2i 51 1 ND ND
empagliflozin versus empagliflozin
placebo for 1 year 51 placebo
Sato ef T2DM with coronary RCT 5GLT2i 20 ND JTNF-a ND
al. (145) artery disease dapaglifiozin versus dapaglifiozin
conventicnal '
traatment fo 2
6rer:mnd15 " conventional
treatment
Hearspink et T2DM and RCT of SGLT2i 207 ND |TNFR1 and IL-6 ND IMMP-7 and
al. (146) albuminuria canagliflozin versus canagliflozin fibronectin 1
;uH"onyiurea for up to 20 —CCL2, CCLS
years sulfonylurea
lannantuoni T2DM Observational study of 15 ND Reduction in
et al. (147) SGLT2i empagliflozin leukocyte
for 24 weeks superoxide
production
Latva-Rasku T2DM RCT SGL 15 ND -6 ND Decreased visceral
et al. (148) dapaglifiozin versus dapaglifiozin adipose tissue
placebo for 8 weeks 16 placebo «TNF-a and
Sezai et T2DM an SGLT2i canagliflozin 35 1 ND ND
al. (149) heart failure for 12 months
Bray et T2DM + secondary Systematic review of 23 studies 1 JIL-6 and TNF-a TAdiponactin Imarkers of
al. (119) characteristics effacts of SGLT2 oxidative strass
inhibition on
biomarkers of
inflammation
Kim et T2DM and high RCT of SGLT2i 29 ND JIL-1B and TNF-a ND
al. (125) cardiovascular risk empagliflozin versus empagliflozin from
sulfonylurea effects on macrophages
biood-derived 22 i
eod-cerl _ sulfonylurea exviva
macrophages ex vivo
Nishimiya et T2DM and SGLT2i canagliflozin 9 1 «TNF-a = ndiponectin
al. (150} nonalcoholic fatty for 6 months and leptin
liver disease
Sposito et T2DM and increased RCT of SGLT2i - +IL-2, IL-6, and ND
al. (157) carotid intima-media dapaglifiozin versus TNFa
thickness sulfonylurea for
12 weeks

sulfonylurea

Mainly reduction in TNFa and IL-6

Schleh MW et al. Sci Transl Med 2023
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New medical approaches for weight loss in T2D

4. GLP-1R agonists



GLP-1R agonists effect on weight loss

1 insuline secretion
l glucagone secretion

N
—

l glucose production

l hunger stimulus

i

/..f--"""

l gastric empting

%

GLP1-RA /

Dual GLP1
and GIP RA :
l @

o T lipolysis
2\ %
i 7= | fatmass

T thermogenesis

GLP—-1R effect on weight loss:

* increase the sense of satiety

* slowing the gastric emptying

* reduce food intake and body weight
* improve insulin sensitivity

* reduce hepatic glucose production
* reduce ectopic lipid accumulation

* increase insulin secretion

* reduce glucagon release

Lazzaroni E/D’Addio F/Fiorina P Pharmacol Res 2021 15



GLP-1R agonists effect on weight loss
_me | = | eme [SEEEE[RERT

0.5 per week -3.71£0.8 -4.1%

SUSTAIN 1 A —, P 9% 20 Greatest benefit in weight loss.
0.5 per week -4.3 (no Cl) -4.8% 56
SUSTAIN 2
o o 0, 0 .
1.0 per week 6.1+ 1.0 6.8% 56 Effect On Welght WaS.
SUSTAIN 3 1.0 per week -5.6 (no Cl) -5.8% 56 . .
semaglutide * mild for exenatide
0.5 per week -3.5+04 -3.7% 30 d d l l d
SUSTAIN 4 °
1.0 per week -5.2+ 0.5 -5.6% 30 mo EStfor u ag Utl e
o . .
0.5 per week -3.6 (no Cl) -3.9% 104 Strong for llragIUtIdel
SUSTAIN 6 .
1.0 per week -4.9 (no Cl) -5.3% 104 semaglutide
PIONEER 14.0 per day -4.2 (no Cl) -4.8% 190
Vilsboll et al. 10 ug per day -28+ 1.3 NA 20
Exenatide Buse et al. 10 ug per day -1.6 +£ 0.3 -1.7% 26
10 ug per day -2.8 £ 0.5 -2.8% 30
De Fronzo et al.
5 ug per day -1.6+ 04 -1.6% 26
1.5 per day -1.3+0.3 -1.4 26
Wysham et al.
0.75 per day +0.2+ 0.3 +0.2% 26
Dulaglutide
1.5 per day -3.0+0.2 -3.4% 52
Nauck et al.
0.75 per day -2.6 £0.2 -3.0% 52
Vilsboll et al. 1.2 per day -22+13 NA 20
iraelutid Wadden et al. 3.0 per day 84+73 -7.5% 56 Lazzaroni E/D’Addio F/Fiorina P Pharmacol Res 2021
iraglutide
3.0 per day -6.4 (no Cl) -6.0% 56
Davies et al.

1.8 per day -5.0 (no ClI) -4.7% 56 16




GLP-1R agonists effect on weight loss: inflammation?

Mainly reduction in TNFa and IL-6

Lesson learnt from dlinical trials.

GLP-1RAs Dose Median N of Population Comparison Effects Reference
Follow up patients
Exenatide 10 pg twice daily 12 weeks 24 T2D with BMI = 30 Placebo |TNF-, |TLR-2, |TLR-4, [74]
kg/m> VIL-1B, IMCP-1, JIL-6
Dulaglutide 1.5 mg/week 24 weeks 44 T2D with Add-on 1IL-6 [71]
BMI = 25 kg/m” treatment
Liraglutide 0.6 mg/day for the first 2 weeks, 1.2 mg/day 24 weeks 41 T2D with Add-on JIL-6 [71]
for the next 4 weeks and then 1.8 mg/day BMI = 25 kg/m” treatment
1.8 mg 12 weeks 27 T2D with UACR = Placebo I TNF-xt [75]
30 mg/g
0.6 mg /day for 2 weeks followed by 1.2 mg/ 8 weeks 10 T2D with r |sCD163, |TNF-w, JIL-1, [65]
day BMI > 30 kg/m” |IL-6
Semaglutide  Subcutaneous 0.05, 0.1, 0.2, 0.3 or 0.4 mg/day 52 weeks Q57 Patients with BMI Placebo |hsCRP [72]
= 30 kg/m*
Oral 3 mg /day for the first 4 weeks, 7 mg for 52 weeks 3183 T2D Empaglifozin 1hsCRP [73]

the next 4 weeks and then 14 mg/day

Abbreviations: T2D, type 2 diabetes; BMI, body mass index; TNF, tumor necrosis factor; TLR, toll like receptor; IL, interleukin; MCP, monocyte chemoattractant

protein, UACR, urine albumin creatinine ratio; CD, cluster of differentiation; heCRP, high sensitive C-reactive protein.

Bendotti G/D’Addio F/Fiorina P Pharmacol Res 2022
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New medical approaches for weight loss in T2D

5. Oral Semaglutide and Cagrilintide



Amylin

 Amylin functions as a satiety hormone.

* Anyway amylin amyloid deposits can be found in several different organs
and is thought to have disruptive functions (CNS pathology, peripheral
axon pathology, heart failure, impaired renal function, and B-cell function)

Lutz TA and Meyer U. Front Neurosci 2015
Albarigi MM et al. J Clin Invest 2023
Despa S et al. Circ Res 2012

Srodulski S et al. Circulation 2014

Monomer _ Oligomer

Cagrilintide

Cagrilintide is a stable, non-fibrillating peptide and does not result in amylin deposits
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Figure 2. Chemical structures.
Figure 3. Food intake in rats after subeutaneous administration of 23. Mean + standard error of the mean; n = 5—6. 19

Kruse T, et al. ] Med Chem. 2021



CagriSema

Weekly oral formulation of semaglutide:

No DPP-4 degradation

Strong binding to albumin.

94% homology to human GLP-1 and t% of 155-185 hours.

Oral weekly formulation of cagrilintide

Strong, but reversible, binding to albumin

No fibrillating properties of human amylin.

84% homology to native human amylin and t}2 of 180 hours

Weight loss

CagriSema appears to have a safe and well-tolerated profile

Semaglutide
2.4 mg

Cagrilintide  CagriSema in people with overweight/obesity and T2D

92 participants
Key indusion criteria:
= T2D
* Hb#,, 7.5-10.0% {58-86 mmol/mol)
= Metformin + SGITZ
= BMI 227.0 kg/m?2 E———
Key exclusion ariteria: Once-weekly subcutaneous cagrilintide 2.4 mg and placebo®

* eGR <60 ml/minf1.73 m?

Once-weekly subcutaneous CagriSema* 2.4 mg

oo e e >
Dose escalation Treatment maintenance Follow-up
16 weeks 16 weeks 5 weeks
Randomisation (1:1:1) Treatment duration 32 weeks. Ernd of trial

. . . 20
Illustration, not to scale. *This slide includes multiple weight management products which may or may not be approved/marketed for use in your specific jurisdicMOdlfIEd from COpyr’ght by NOVO NordISk Company

AOM, anti-obesity medicines; T2D, type 2 diabetes.



Change from haseline in bodyweight (%)

CagriSema

 Improvement in glycemic control (including CGM parameters) in T2D patients.
* The mean change in HbA, was greater vs cagrilintide, but not versus semaglutide.
* Greater weight loss vs semaglutide and cagrilintide and well tolerated.
ETD-105 (95% Cl-14-1to-7-0); p<0-0001
| ETD-7-5(95%Cl -11-Io to-4-0); p<0-0001
0 T — - Key endpoints
-2 ° Primary: change from baseline to week 32 in
w HbA,
gl ® Supportive secondary: change from baseline
e to week 32 in body weight, FPG, CGM
81 ° Safety
= ° Biomarkers: hsCRP, leptin, soluble leptin
k) receptor
14+
-16 1 156 )
-18+ -
=20 I | 1 1 | I 1 1
CagriSema Semaglutide Cagrilintide 0 4 8 12 20 28 32

Time since randomisation (weeks)

Further investigation of CagriSema in this population in longer and larger phase 3 studies.

Frias JP Lancet 2023 21
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6. Double and Triple Agonists



Tirzepatide effect on weight loss

Tirzepatide is a multi-functional peptide engineered from the native GIP peptide sequence,
modified to bind to GIP and GLP-1 receptors.

It is a single molecule with two pharmacological target
Mean half-life of ~5 days enabling once-weekly dosing

% of wei ht loss Observational
“ coseme) | Auerage welgh foss 16 interval (weeks)

-2.1 .
(e G (no Cl provided) -2:3%
. . . -4.4
Tirzepatide Frias et al. 10 per day (no.Cl provided) -4.7% 26
15 per da 6.2 -7.0% 26
P y (no Cl provided) P

» Strong effect in weight loss

* Higher efficacy in weight loss than GLP1-RA
Reduction in waist circumference

Lazzaroni E/D’Addio F/Fiorina P Pharmacol Res 2021 23



Triple Agonist

American
N\ Diabetes

ADA Meeting News 3= e

SESSIONS

SAN DIEGO, CA | JUNE 23-26, 2023

HOME MEETING HOME FINAL PROGRAM INDUSTRY EVENTS MOBILE APP MEETING NEWS REGISTERNOW Q Search

News Updates from the 83rd Scientific Sessions

Investigators to share new data on retatrutide triple therapy

A novel triple therapy, retatrutide, could continue the string of game-changing metabolic agents
that began with semaglutide, a glucagon-like peptide 1 (GLP-1) receptor agonist for type 2 diabetes
and obesity, and continued with tirzepatide, a dual GLP-1/glucose-dependent insulinotropic
polypeptide (GIP) receptor agonist. Retatrutide adds glucagon receptors to the GLP-1/GIP target
list and could be the first type 2 diabetes agent to directly improve liver disease.

“Traditionally, we have employed glycemic-focused approaches to diabetes,” said Arun J. Sanyal,
MD, Professor of Medicine, Physiology, and Molecular Pathology and Interim-Chair of
Gastroenterology, Hepatology, and Nutrition, Virginia Commonwealth University. “With GLP-1, GIP,
and now glucagon receptor agonists, we may finally be able to holistically manage the multiple
morbidities we see in type 2 diabetes.”

Dr. Sanyal will discuss retatrutide and nonalcoholic steatohepatitis (NASH)

during Retatrutide (LY3437943), a Novel GIP/GLP-1/Glucagon Receptor Triagonist—Obesity,
NAFLD, and T2D Phase 2 Trial Results on Monday, June 26, at 1:30 p.m. PT in Ballroom 20A-C of
the San Diego Convention Center. This symposium also will be available via livestream for registered meeting participants.

Arun J. Sanyal, MD

Initial results of a phase 2 trial for retatrutide make the drug a potential new blockbuster for type 2 diabetes, weight loss,
and NASH.

Jastreboff, AM et al. NEJM 2023



New medical approaches for weight loss in T2D

7. Conclusion



Conclusion

Weight-loss has an important role in patients with T2D to improve glycemic control and to
prevent complications

The weight-loss strategies currently available have some limitations (lifestyle changes, after
an early phase of weight loss, show a progressive recurrence of weight gain)

Among all anti-diabetics the GLP-1 RA class is the most effective on weight loss in T2D.

New incretin mimetic analogues combining 2 molecules or more targets (dual and triple
agonists) showed promising results in phase 2/3 trials, paving the way for a paradigm
change in diabetes therapy

Combined pharmacological intervention for type 2 diabetes and obesity is underway now!



Upstream weight-centric approach vs. glucocentric

manageme

Obesity or adiposopathy —» <

nt approach: potential benefits

Obstructive sleep apnoea
Non-alcoholic steatohepatitis
Osteoarthritis
Hyperlipidaemia

Hypertension & Macrovascular complications
Coronary artery disease

| Type 2 diabetes ————» Hyperglycaemia ——

— Microvascular complications

Weight-centric approach
Upstream intervention

Glucocentric approach
Downstream intervention

To harness weight los

s as a disease-modifying intervention for T2D patients having an

adiposity-based chronic disease that is complicated by hyperglycaemia.

Lingvay | et al. Lancet 2022
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https://www-sciencedirect-com.pros1.lib.unimi.it/topics/medicine-and-dentistry/hyperglycemia
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