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Diabete: prevalenza delle complicanze
croniche piu severe

Dei 4 milioni di diabetici italiant:
Circa 400.000 hanno avuto un infarto

Circa 250.000 hanno avuto un ictus

Circa 200.000 hanno un prohiema-serio ai reni (eGFR <30 ml/min oppure
macroalbuminuria)

Circa 200.00Q>nanns un problema serio agli occhi (retinopatia proliferante
0 pregressa pantotocoagulazione o maculopatia)

Circa'150.000 hanno un problema serio ai piedi



Diabete: incidenza delle complicanze
croniche piu severe

Nuovi eventi per anno neil 4 milioni di diabetici italiant-
Scompenso cardiaco: circa 70.000
Infarto: circa 50.000
Ictus: circa 50.000
Inizio terapia dialkitica: circa 2.000
Fanfetocoagulazione retinica: circa 15.000

Amputazione: circa 10.000 (circa 3000 sono maggiori)



Una malattia che puo rendere disabili e uccidere

In Italia:

« Ogni 10 minuti una persona con diabete ha un infarto

« Ogni 10 minuti una persona con diabete sviluppa un_gaficitvisivo importante
« Ogni 10 minuti una persona con diabete haun ictus

« Ogni 52 minuti una persona sukisce un‘amputazione a causa del diabete

« Ogni 4 ore una persona cer diabete comincia la terapia dialitica

« Ogni 5 minuti unépersona muore a causa del diabete (circal20 mila per anno,
pari_al-cancio)



Quesit]

Gli agonisti dei recettori GLP-1 possono contribuire a cambiare
certl numeri sulla malattia cardiovascolare nel diabete?

In caso affermativo, su quali endpoint cardiovascolary’?
In caso affermativo, si tratta di un effetto. classe?

In caso affermativo, i heieficiopotenziali riguardano solo alcune
categorie di soggetti‘con diabete oppure tutti?

In caso.-affermativo, esiste un corrispettivo nelle attuali linee
guiga?

In caso affermativo, esistono degli ostacoli alla applicazione delle
stesse?



Potential indirect cardiovascular effects of GLP-1R agonists
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RCTs of GLP-1 RAs and CVD
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RCTs of GLP-1 RAs and CVD
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Study Follow-up Prior CVD Endpoiinis
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ELIXA

Lixisenatide:vs, placebo
on top of hackground treatment
In sujects with recent ACS



ELIXA —Time course of HbAlc

Pfeffer M et al —= NEJM 215; 373: 2247
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ELIXA — Time course of BW, sBP, HR

Pfeffer M et al —= NEJM 215; 373: 2247
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ELIXA — Primary Endpoint (MACE + UA)
Pfeffer M et al - NEJM 215; 373: 2247
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No. at Risk
Placebo 3034
Lixisenatide 3034




ELIXA —Incidence and HR for CVD endpoints

Pfeffer M et al - NEJM 215:; 373: 2247

Table 2. Incidence Rates and Hazard Ratios, with Adjustiment for Geographic Region, for the Primary Composite End Point, s Components, and Ciher Efficacy Outico

Adjusted Hazard \O
End Paoint Placebo (N=3034) Lixisenatide (M =3034] 19596 6 \,F" Yalue
\
Patients Mo of Bvents/ Patients Mo, of Events/ \
with Event 100 Patient-Yr with Event 100 Patient "r\ 6
Primary end point death from cardiovascular causes, 3949 (13.7) 6.3 406 [13.4) éx\ \\9-.. 4117
nonfatal stroke, nonfatal myocardial infarction,

or unstable anging — no. (%) 600\6 % 6
Components of primary end point — no.ftofzl no. (%] \\6
Dieath from cardiovascular causes 037399 [23.3) \‘@,@h |EJO(
6\) é& |é i)

Monfatzl myocardial infarction 24773949 | } Oe

Nonfatal stroke 409/390 (12.3) (Gg%'”}“ {13.3)
Unstable angina 10V399 7 2 \ Q 9406 (2.2)

Patients with each primary end-point event — na. (%)™

Death from cardiovascular causes ', 24 156 [5.1) 0.98 [0.78-1123)
Myocardizl infarction 2 6] 41 270 [3.9) 1.03 [0.87-1123)
Stroke [2.00) 049 67 [2.2) 1.12 (079158
Unstable angina Q(GQ \a [01.3) i1 11 j0.d) 1.11 [047-2.63)
Secondary end p:l@‘ac %) e(e

Pri @lﬁ@ nt mMﬁ italization for heart 459 [15.5) 456 [15.0) 7 0.97 {0.85-1.10)

mary end- cnte*-.n:nt hospitalization for heart 659 [21.7) . B4l [21.8) 1 100 {080-1.11)
f.;l ure, of revascularization

Additional end points — no. (%)
Haospitalizaticn for heart filure 7i4.2) . 122 {4.0)
Death from any cause 5 (7.4 3 211 (7.0)




LEADER

Liraglutide vs.piacebo
on the top of backgreund treatment In
subjects with.grevious CVD or CKD
or high CVD risk



LEADER — Time course of HbAlc, BW, BP, HR

Marso SP et al — NEJM June 13, 2016
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LEADER - Primary endpoint (MACE)

Marso SP et al - NEJM June 13, 2016
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LEADER — Death from CVD

Marso SP et al — NEJM June 13, 2016
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Months since Randomization

No. at Risk
Lir‘aglutide 4668 4641 4599 4558 4505 4445 4382 4322 1723 484
Placebo 4672 4648 4601 A546 4479 4407 4338 4267 1709 465




LEADER - Death from any cause

Marso SP et al — NEJM June 13, 2016
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LEADER — Non-fatal Ml

Marso SP et al — NEJM June 13, 2016
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Months since Randomization

No. at Risk
Lir‘aglutide 4668 4609 4531 4454 4359 4263 4181 4102 1619 440
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LEADER — Non-fatal stroke

Marso SP et al — NEJM June 13, 2016

0O

D Nonfatal Stroke 3
0o,
() 6'\\’

100 Hazard ratio, 0.89 (95% ClI, D,??_—l.&\l@‘\‘ \
904 %‘\6\&6
80—
70
60
50
40-

Liraglutide
| 1

o
S~

m—
e
=
D
>
L
=
o
-
=
=
W
e
=
D
-=
x
(1

1 1 1 1 1
30 36 42 48 54

Months since Randomization

No. at Risk
Lir‘aglutide 4668 4624 4564 4504 4426 4351 4269 4194 1662 465
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LEADER — Heart failure (hospitalization)

Marso SP et al — NEJM June 13, 2016
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LEADER — Expanded composite CVD endpoint

Marso SP et al — NEJM June 13, 2016

Figure S4. Time to first expanded composite cardiovascular outcome (cardiovascular death, nonfatal myocardial infarction,éqtha stroke,
coronary revascularization, or hospitalization for unstable angina pectoris or hospitalization for heart failure). K
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Time to first microvascular outcome
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The cumulative incidences were estimated using the Kaplan—Meier method, and the HRs using the Cox proportional-
hazards regression model. The data analyses are truncated at 54 months because less than 10% of the patients had an
LEADER observation time beyond 54 months

Liraglutide Effect and Action in Diabetes: CI Confldence Interval, H R hazard ratlo

Evaluation of cardiovascular outcome Results

Presented at 52"d EASD Annual Meeting, 14 September 2016, Munich, Germany



Time to first eye outcome
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Evaluation of card vacl tomeR ults

Presented at the American Diabetes Association 76t Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA



Time to first renal outcome
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Evaluation of card I tomeR ults
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Changes in eGFR (MDRD)
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transformed assessment accounting for repeated measures. Analyses truncated at 48 months as <10% of patients had a

measurement at visit at 60 months
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Time to insulin Initiation — patients
Insulin-naive at baseline i
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Severe hypoglycemia over time
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SUSTAIN 6

Semaglutide vsveplacebo
on top of background treatment
INn subjects with previous CVD
or high CVD risk



SUSTAIN 6 — Time course of HbAlc

Marso et al - NEJM 2016:; 375: 1834
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SUSTAIN 6 — Time course of BW

Marso et al - NEJM 2016:; 375: 1834

B Body Weight
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SUSTAIN 6 — Time course of sBP

Marso et al - NEJM 2016:; 375: 1834
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SUSTAIN 6 — Primary Outcome (MACE)

Marso et al = NEJM 2016:; 375: 1834
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SUSTAIN 6 — Non-fatal Ml

Marso et al = NEJM 2016:; 375: 1834
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SUSTAIN 6 — Non-fatal stroke

Marso et al — NEJM 2016; 375: 1834
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SUSTAIN 6 — Cardiovascular death

Marso et al - NEJM 2016:; 375: 1834
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SUSTAIN 6 — Primary and secondary outcomes
Marso et al - NEJM 2016; 375: 1834

U
Table 2. Primary and Secondary Cardiovascular and Microvascular Outcomes. \'O\O
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Revascularization 83 (5.0) . 126 (7.6) : 0.65 (0.50-0.88)
Hospitalization for heart failure 59 (3.6) . 54 (3.3) . 1.11 (0.77-1.61)
Retinopathy complications§ 50 (3.0) . 29 (1.8) : 176 (1.11-2.78)
Mew or worsening nephropathy 62 (3.8) . 100 (6.1) : 0.64 (0.46-0.28)




SUSTAIN 6 — New or worsening nephropathy

Marso et al - NEJM 2016; 375: 1834

B. New or worsening nephropathy

100 - 1 Hazard ratio, 0.64 (95% CI, 0.46-0.88)
Events: 62 Semaglutide; 100 Placebo
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SUSTAIN 6 — Retinopathy complication

Marso et al - NEJM 2016; 375: 1834

A. Diabetic retinopathy complications

Hazard ratio, 1.76 (95% CI, 1.11-2. 7)o\
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FREEDOM CVO

Exenatide Once Yeariy ¥s. placebo
on top of background treatment
In sublectswith previous CVD
or high CVD risk



PRESS RELEASE — May 2016
Intarcia Announces Successful Cardiovascular Safety
Results in Phase 3 FREEDOM-CVO Trial for ITCA.650,
an Investigational Therapy for T2DM

FREEDOM-CVO Phase 3 safety trial in more than 4,000 patieiiis nigets its primary
and secondary endpoints by demonstrating FDA required ncn:ifiteriority for pre-
approval cardiovascular (CV) safety. Final data to-be published and presented at
major future medical meeting.

The FREEDOM-CVO Safety Trial is the fourth and final Phase@ ¢clinical trial of the FREEDOM program. It is a global,
placebo-controlled cardiovascular outcomes stucy desigrediio meet the pre-approval safety assessment requirements set
out in the U.S. Food and Drug Administration's Guidance for Industry to evaluate cardiovascular risk for new therapies to
treat type 2 diabetes. FREEDOM-CVG evaluated ine safety of ITCA 650 at 60 micrograms per day vs. placebo in just over
4,000 patients on a variety of approved standard of care anti-diabetes therapies. The duration of study was dependent on
event-based outcomes, anddasted jist under 3 years, reaching the target number of cardiovascular events in the fourth
guarter of 2015. The everage treatment duration in FREEDOM-CVO was 1.2 years. Age eligibility for the study was 40
years and older. firxciusicni criteria stipulated patients must have HbAlc > 6.5%, a history of coronary, cerebrovascular
or peripheraiartery<disease, or multiple CV risk factors. The primary objective was to conduct a meta-analysis across
FREELOM-CYO and other phase 3 studies to demonstrate that the upper limit of the 95% confidence interval of the
hazard ratio of major adverse cardiac events (MACE) in adult patients on Standard of Care for type 2 diabetes receiving
either ITCA 650 or placebo, does not exceed 1.8. There were a total of 160 strict M/ACE events observed in the
FREEDOM-CVO trial. The overall safety and tolerability data for ITCA 650 was consistent with the three phase 3 trials that
have already been presented and what is documented in the published literature for exenatide and other GLP-1 receptor
agonist therapies.



EXSCEL

Exenatide once weekiv.¥'s. placebo
on top of background treatment
In subjectiswith previous CVD
or high CVD risk



PRESS RELEASE — March 2017

Bydureon EXSCEL trial meets primary safety objective in type 2
diabetes patients at wide range of cardiovascular risk

Based on a composite measure of major adverse CV events (MACE), Bydureon did
not increase cardiovascular (CV) risk and showed a consistéft safeiy profile. Fewer
CV events were observed in the Bydureon arm, howevey, the efiicacy objective of

reduction in CV risk did not reach statistical significangce:

AstraZeneca today announced top-line results from the Prase Ilibh/I'v EXSCEL (EXenatide Study

of Cardiovascular Event Lowering) trial. The trial cainipared the effect of once-weekly Bydureon (exenatide
extended-release) versus placebo, when adde? to usuéaitype 2 diabetes care, on the risk of MACE, a
composite endpoint of CV death, non-faiai myacaraial infarction or non-fatal stroke, in adults with type 2
diabetes (T2D) at a wide range-of LV risi

The EXSCEL trial met its primary safety’objective of non-inferiority for MACE. These results address the
US Food and Drug Administratien (FDA) requirement that medicines to treat T2DM are not associated with
an increase in CV risk. Fewer CV events were observed in the Bydureon arm of the trial, however, the
efficacy objective of a-Superior reduction in MACE did not reach statistical significance. Data were
consisteniwith thie-known safety profile of Bydureon.

The EXSCELtrial is the largest and most inclusive patient population of any CV outcomes trial of the
glucagon-like peptide-1 (GLP-1) receptor agonist class conducted to date, having included more than
14,000 patients from 35 countries.

A full evaluation of the EXSCEL data is ongoing. The results will be presented at the European Association
for the Study of Diabetes (EASD) annual meeting on Thursday, 14 September 2017 in Lisbon, Portugal.



REWIND

Dulaglutide vs.placebo
on top of background treatment
In subjectswith previous CVD
or high CVD risk



Design and Baseline Characteristics of Participants in the Researching cardiovascular
Events with a Weekly INcretin in Diabetes (REWIND) Trial of Dulaglutide’s
Cardiovascular Effects

REWIND Trial Investigators*

Gerstein H et al
DOM 2017

Abstract

Background: Dulaglutide, a synthetic once-weekly, injectable human glucagon-like peptide 1
(GLP1) analogue lowers blood glucose, body weight, appetite, and blood pressure. Tts effect on
cardiovascular outcomes is unknown. \Og\
Methods: People with type 2 diabetes, aged 50 or older, a Hb%lc‘ \@gnd e\t{el a previous
cardiovascular (CV) event, evidence of CV disease or 156\11:.1\ fi @\Ie randomly
allocated to a weekly subcutaneous 111]&&&\\0&&%1 du ( 1.5 mg) or placebo and

followed within the Researching &@XQMIM\ ‘&?w 7ith a Weekly INcretin in Diabetes

(REWIND) trial ev e1\‘\’@g%1011%‘@1e.?1 brimary cardiovascular outcome is the first occurrence

of the c.on&g)}%t ca.tdg@;&uhl death or non-fatal MI or nonfatal stroke. Secondary outcomes
ugugé eacl c%@onent of the primary composite cardiovascular outcome, a composite clinical
11]1@\‘&11]‘11 outcome comprising retinal or renal disease, hospitalization for unstable angina,
heart failure requiring hospitalization or an urgent heart failure visit, and all-cause mortality.
Follow-up will continue until the accrual of 1200 confirmed primary outcomes.

Results: Recruitment of 9901 participants (mean age 66, 46% women) occurred in 370 sites
located in 24 countries over a period of 2 years. The mean duration of diabetes was 10 years,
mean baselme HbAlc was 7.3 %, and 31% had prior cardiovascular disease.

Conclusion: The REWIND trial’s international scope. high proportion of women, high
proportion of people without prior cardiovascular disease, and inclusion of participants whose
mean baseline HbA lc was 7.3% suggests that its cardiovascular and safety findings will be

directly relevant to the typical middle-aged patient seen in general practice throughout the world.




Dulaglutide — Phase Il/lll trials: CV safety
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Harmony CVOT

Albiglutide vs.piacebo
on top of background treatment
INn sublectiswith previous CVD
or high CVD risk



Cardiovascular safety of albiglutide in the Harmony programme: a meta-
an alysis. Lancet Diabetes Endocrinol. 2015 Sep;3(9):697-703.

BACKGROUND:

Albiglutide is a glucagon-like peptide-1 receptor agonist, a new class of drugs used to treat type 2 diabetes. We did a
prospective meta-analysis of the cardiovascular safety of albiglutide as stipulated by the US Food and. DRitg Administration
recommendations for the assessment of new treatments for diabetes.

METHODS:

We did a meta-analysis of eight phase 3 trials and one phase 2b trial in which patients weie randomiy assigned

to albiglutide, placebo, or active comparators (glimepiride, insulin glargine, insulin lisgro, liragigide, pioglitazone, or
sitagliptin). The safety population included 5107 patients, of whom 2524 tock aibiglutice {4870 person-years) and 2583
took comparators (5213 person-years). Possible major cardiovascular eveats were recorded prospectively and adjudicated
by an independent endpoint committee masked to treatment allocati@i. The @rimary endpoint was a composite of first
occurrence of major adverse cardiovascular events (ie, cardigvascular death, non-fatal myocardial infarction, or non-fatal
stroke, MACE) or hospital admission for unstable apgjirra. Segghdlary endpoints were major

adverse cardiovascular events alone, all-cause maetfaiity, silent myocardial infarction, hospital admission for heart failure,
chest pain, other angina, and subdural or extradural hagwiorrhage. The occurrence of all other adverse events classified by
the investigators as cardiovascular everits'were dociimented, but these were not adjudicated.

FINDINGS:

The primary endpoint was net significaritly different between albiglutide and all comparators (58 events vs 58 events;
hazard ratio [HR] 1-00,.95% CI 0:68-1-49, p=0-0019 for non-inferiority). Major adverse cardiovascular event alone was also
not significantly different (52 events vs 53; HR, 0-99; 95% CI, 0-65-1-49). When albiglutide was compared separately with
placebo or active comparators, we noted no significant differences. We detected no significant differences in the other
secondary'endpaints. More patients had atrial fibrillation or atrial flutter in the albiglutide group (35 [1-4%)] of 2524 patients;
8-6 events per 1000 patient-years) than in the all-comparators group (16 [0-6%] of 2583 patients; 3-4 events per 1000
patient-years).

INTERPRETATION:

Cardiovascular events were not significantly more likely to occur with albiglutide than with all comparators. Because the
upper bound of the 95% CI for major adverse cardiovascular event plus hospital admission for unstable angina was greater
than 1.3, a dedicated study with a cardiovascular endpoint is underway to confirm the safety of albiglutide


https://www.ncbi.nlm.nih.gov/pubmed/26276240

Che dicono leiinee guida?



SID POSITION STATEMENT
Societd ltaliana

: e ; Farmaci ipoglicemizzanti, malattie cardiovascolari e renali
di Dinbetologio posg ’ ~O B

Box 1 - Al momento attuale i farmaci ipoglicemizzanti che posseggono documentati b@éﬂ:‘l W\Jsco/arf

. . L o . PP i) .
sono metformina (prevenzione primaria), empaglifiozin, liraglutide e pioglitazopedbleya@sione secondaria).

\\ )
Box 2 - ['associazione di empagliflozin e liraglutide potrebbe es%egcaﬁ%\%g:@[@:e opzione terapeutica per |
pazienti con pregressa malattia cardiovascolare, ma sop\g’\@@\sggwﬁérforf evidenze al riguardo.

Box 3 - In pazienti con pregressa malattia cg{d&qsggb%% terapia ipoglicemizzante dovrebbe includere
empaglifiozin oppure liraglutide anc @)lﬁ’ﬁerog@f uon controllo glicemico con la terapia in corso.

Box 4 - Sembra prudente\r&!cb&msfwle necessariamente estendibile ad un’intera classe quanto osservato
con una singola mg{g@&% n@@%m ragionevole considerare possibile un effetto classe a meno che non ci
siano evide\g‘zg%e éq@éahfno. Nel caso specifico, I'effetto classe degli agonisti del recettore di GLP-1 é
nega a \@@Qﬁzfone complessiva dei risultati degli studi ELIXA e LEADER, senza che questo escluda che
@}?Jd ‘&b?éiovasco!ari potrebbero essere osservati negli studi in corso con exenatide (EXSCEL), dulaglutide
(REWIND) e semaglutide (SUSTAIN 6). L’effetto classe degli inibitori di SGLT-2 non puo essere stabilito con
certezza fino a che non saranno disponibili i risultati degli studi in corso con canagliflozin (CANVAS) e
dapagliflozin (DECLARE).




Risposte a quesitl

1. Gli agonisti dei recettori GLP-1 possono contribuire a cambiare certi numeri sulla
malattia cardiovascolare nel diabete? Certamente si.

2. In caso affermativo, su quali endpoint cardiovascolari? Morte cardiovascolare,
infarto, ictus.

3. In caso affermativo, si tratta di un effetto classe? M0, perche non tutti | farmaci
della classe hanno mostrato dei benefici gardigwascolari, ma solo liraglutide
e semaglutide.

4. In caso affermativo, i beneiici_patenziali riguardano solo alcune categorie di
soggetti con diabete .gppureqtuiti? | benefici sono evidenti soprattutto nei
soggetti con preggEssadwalattia cardiovascolare.

5. In caso affermativo, esiste un corrispettivo nelle attuali linee guida? Certo, nel
pes#ion statement della SID di circa un anno fa.

6. In caso affermativo, esistono degli ostacoli alla applicazione delle stesse? |
criteri attuali di rimborsabilita in Italia non costituiscono un ostacolo nella
maggior parte dei casi.



E adesso chessifa?
S| cambia?



| farmaci iniettabili prescritti per la cura del diabete
Osservatorio ARNO Diabete CINECA-SID - 2014

Percentuale rlspetto aI ’%@e del

Farmaci pa2|ent| tratt {ﬁ} (Qg&
etr@\\»
- A\\‘a

Agonisti recettore GLP-1

Insulina umana regolare

Insulina umana NPH

Insulina umana premiscelata

@6
Analogo prandiale f?)\‘a

Analogo mteranﬁ@l% \6

L\‘

\\) \‘V
5 a}g,e

AGRISY

Analogo premlscelato

Agonisti recettore GLP-1 ancora meno del 2% dopo 7 anni dal lancio




| farmaci antidiabetici piu prescritti
Osservatorio ARNO Diabete CINECA-SID - 2014

Principio attivo

Percentuale
sul totale
(%)

Principio attivo
A\ 0\6

\@tuale

O
‘0'6\' \sul totale

a\ (%)

Metformina

60,8

Pioglitazone “Q(\ /\C)\d\\

2,1

Insulina glargina

14,6

Vildagliptin/megigN¥ina e~

1,8

Gliclazide

11,0

pr@tﬁz\%r; a

Insulina g

1,7

Gliblenclamide/metformina

10,8

Ua\\a a‘s\ﬂgr‘t premiscelata

1,7

Repaglinide

\Rnauﬂh?llspro premiscelata

1,3

Insulina lispro rapida

eL\%raqutlde

1,2

Glimepiride

Insulina umana rapida

1,2

Insulina aspart rapida

Glibenclamide

0,8

Insulina detemir 6\0

r\'&(‘c ..

Vildagliptin

0,7

Sltagllptln/megc(p?ﬁx \o ~ N

Linagliptin

0,6

Insullna@ﬁi\iswge\‘@

Linagliptin/metformina

0,6

Ao 9&6\ )

Saxagliptin

0,5

Pioglitazone e metformina

Exenatide

0,4

Sitagliptin

Insulina umana NPH

Nuovi farmaci ancora poco prescritti

0,3




“Puo darsi che non siate responsablli
per la situazione in cui vi trovate:wia lo
diventerete se non farete npuila per
camglarla”

Mastitn Luther King
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GLP-1 infusion improves left ventricular function
In patients with congestive heart failure

Baseline 5 weeks
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GLP-1 + standard therapy (n=12)
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Cardiac Effects of GLP-1 in Patients with AMI and
Left Ventricular Dysfunction
Nikolaidis et al - Circulation 2004:109: 962

P Control
B GLP-1

Mean Change (%) in Left Megan Change in Regional Wall
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GLP-1 Receptor Agonists

Prandial (short and “long Non prandial (long, very leig and very
acting”) very long acting)

Exanatide (BID) Liraglutide (daiiy)

Lixisenatide (daily) Exenatide LAR (weekly, yearly)

Dulaglutide (weekly)
Albiglutide (weekly)

Semaglutide (weekly)



Comparison of Prandial (Short-acting) vs.
Non-prandial (Long-acting) GLP-1 RA

Meier JJ - Nat Rev Endocrinol 2012; 8:728-742

Prandial
GLP-1 receptor agonists

Exenatide BID
Lixisenatide

Parameters
Compounds

Half-life
Effects ‘eg
- (\0( s?
Fasting blood glucose levels 0 @@ eduction
Postprandial hyperglycaemia

e(\ioo g\\'\ Strong reduction

Fasting insulin secretion 6@ S Modest stimulation

Postprandial insulin S%@ﬁ@’}a \‘e(%\o Reduction
Glucagon secr%d@( 6 \6 Reduction
Gastnce@};‘tym%\(@‘

@@%re@@g Reduction

Heart rate No effect or small increase (0—2 bpm)

Deceleration

Body weight reduction 1-5kg

Induction of nausea 20-50% attenuates slowly

(weeks to many months)

Non-prardiz!
CL=-1 reroo*or agonists

\O
Exenatide LAR
Dulaglutide
Albiglutide

12h—several days

Strong reduction
Modest Reduction
Strong stimulation
Modest stimulation

Reduction

No effect

Reduction
Moderate increase (2-5 bpm)
2-5Kkg

20—-40% attenuates quickly
(~4—8weeks)




Strategies to develop GLP1-receptor agonists
Meier JJ — Nat Rev Endocrinol 2012; 8: 728-742

a

Exenatide

A N
Dilution with chemical adjmgz Y 1 Covalent conjugation with large

such as zinc delays absorp molecules such as albumin or 126G
from subcutaneous ty retards renal elimination
e g. taspogluti e.g. albiglutide, dulaglutide

16-carbon fatty acid

Attachment of fatty acid side chains Coupling to biodegradable palymer microspheres confers
confers noncovalent albumin binding protracted release from the subcutaneous tissue
e.g. liraglutide e.g. exenatide-LAR




Effetti di exenatide sul fattori di rischio
cardiovascolare
Klonoff et al. Curr Med Res Opinion. 2008;24:275

Miglioramenti nei fattori di rischio cardiovascolare con 3,5 ann{\@ ff?l%%z{@z@‘t? base di exenatide (n = 151)
’b N\
)
Fattore di rischio Basale Vérﬁﬁone o Variazione % IC 95% Valore p
cardiovascolare (media + SE media

0\ (%*.ea&bla +SEM)

Trigliceridi (mg/dl) a2 _-.-_:rel Q{T‘ X 444 +121 2 Da-68,3a-20,5 0.0003

Colesterolo totale (mo/dl)()@\@\‘ 914230 108£3.] : Da-170a-46  0.0007

HDL-C (mg/d] )AQ‘G o\ 86208 85106 24 Da72a97  <0.0001

LDLGQﬁ?S\fdl Ge\‘ 113.7£27 1182129 = Da-175a-6,1  «0.0001
1.0 -3.5¢12 - Da-59a-10

eqsmnegrtenosa sistolica(mmHg) 1293 =

Pressione arteriosa diastolica (mmHg) 7.2z (0.6 -3.3z 08 : Da-49a-17




Change from basal (mg/dl)

Exenatide improves cardiovascular risk factors in
T2DM

Klonoff DC - Curr Med Res Opin 2008; 24:275-286

Colesterolo Colesterolo Colesterolo

totale LDL HDL Trigliceridi
20 - PAS PAD
p=0.0007 p<0.0001 p<0.0001 p=0.0003 5 - p=0.0063 p<0.0001
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N=151; follow-up 3.5 anni
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Effect of 14 wk liraglutide treatment on

cardiometabolic risk factors in T2DM subjects
Visbgll et al - Diabetes Care 2007; 30:1608
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The several beneficial effects of GLP-1 R agonists
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Expression of GLP1-Receptor in the Mouse Heart

Ban K et al. - Circulation 2008
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Human coronary artery endothelial cells
(HCAEC) express the GLP-1 receptor

Nystrom et al. — Am. J. Physiol. 2004




Exendin-4 riduce I'area di infarto nel ratti
Sgnne et al - Reg Pept 2008

Modello dell’ischaemia e riperfusione
Exendina-4 somministrata al termine della‘fase ischemica

Controllo Exendin-4

Tessuto infartuato (grigio) Tessuto muscolare (rosso)



Effect of Exenatide on experimental ischemiain a
pig model

Timmers L. et al - JACC 2009

=0.047 2665
W e \\6

\G\

Infarction area
as a % of left
ventriculus

Infarction area as
a % of area at risk

Infarct Size (% of AAR)

Exenatide

Infarction area in
white

Area atrisk in red

Exenatide




Riduzione con exenatide nella dimensione finale dell’'infarto in
pazienti affetti da infarto miocardico con sopraslivellamento del

tratto ST (STEMI) e ischemia di breve durata
Lonborg et al. Circ Cardiovasc Interv. 2012;5:288-95

>
=

® Placebo
& Exenatide

L
O Exenatide \\ \

o\e\

'infarto (g)

—~
)
~
@]
=
@©
y—
=
@
©
Q
@©
=
=
]
c
2
n
c
]
E
(@]

Dimensione

Area a rischio (g)

Diagramma della dimensione dell'infarto in relazione all’area a rischio per pazienti con ritardo nel trattamento <132 minuti
(A) e >132 minuti (B).

La terapia con exenatide e stata associata a una riduzione del 30% nella dimensione finale dell'infarto in pazienti con breve
ritardo nel trattamento, mentre non € stato osservato alcun effetto cardioprotettivo nei pazienti con lungo ritardo nel
trattamento.




Effect of acute exenatide vs.

saline on endothelial
function (peripheral arterial
tonometry) before and after
meal in IGT/T2DM

Koska J et al
Diabetes Care 33: 1028, 2010
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Risk of CVD in T2DM Treated with Exenatide

vs. Other Anti-Diabetic Agents
A retrospective analysis of the LifeLink database

Best et al —

Propensity-Score
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Diabetes Care 2011; 34: 90-95

N

\a\\ N NG \6@
F’ < U 001

eQ°
%o“o({f \Q< HR = aaﬂ P < 0.001
(\‘3

HR = 0.81; P = 0.01
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First new prescription: Exenatide (n=21,754) - Other agents (n=361,771)



Meta-analysis of effects on MACE in phase 2-3

studies with GLP-1 RAs vs. comparator
Monami et al. Diabetes, Obesity and Metabolism 16: 38—-47, 2014

First author

Bergenstal 2010
NCTOO701935
Buse 2004
DeFronzo 2005

MH-OR

0,156
0,163
0,245
0,250

Russell-Jones 2012 0,254

NCTO1l098539
Marre 2009
Buse 2011
Seino 2010
Garber 2011

0,358
0,371
0,441
0,487
0,496

Russell-Jones 2009 0,497

Raz 2012
Kendall 2005
Pratley 2010
NCTO0360334
NCTO0S935532
NCTOOE03239
Zinman 2009
Nauck 2009
Heine 2005
NCTOO976391
MNauck 2007
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Figure 1. Mantel-Haenszel odds ratio with 95% confidence interval [MH-OR (95%, CI)] for major cardiovascular events for each individual trial
with at least one event

GLP-1 RA were associated with a significant reduction in the incidence of MACE in comparisons with placebo
and pioglitazone, with a nonsignificant trend towards reduction in DPP4i-controlled studies.



ELIXA — Experimental design

Pfeffer M et al - NEJM 215; 373: 2247

Double-bling period

1
f meek
2

"
i MR

20 g
Lixisenatide(n = 3000)
i

r o 6 igf(\g

1010 9\‘6

Q(é‘@@s-f \fgﬂﬂ:ﬁn (n = 3000)
1%1}1*;1‘1111‘11.”411*11&

2 B 12 183 30 36 42 489 54 G0 6B T6 84 92 100 104 198+ 124

e nEe=
5 8 7 8B 9 1 11 12 13 4 16 18 17 1B 19 20 AH-., K-




ELIXA — Baseline characteristics
Pfeffer M et al —= NEJM 215; 373: 2247

Table 1. Characteristics of the Patients at Baseline.* \O\Og\

Characteristic Placebo (N=3034) I\@E‘%atlwﬁ‘ 3034)
Age —yr 60.6+9.6 \\3(\ 5\6%9 9+9.7

Age =65 yr— no. (%) 1040, é‘{,@} 0\6 1003 (33.1)
Female sex— no. (%) %@?{%&% 923 (30.4)
Duration of diabetes — yr Gﬁ\\ltﬂ 3 9.2+8.2
Glycated hemoglobin — % 2 7.6+1.3 7.7+1.3
Retinopathy — no. (%) ’ 331 (10.9) 320 (10.5)
Neuropathy — no. (%) « L 498 (16.4) 512 (16.9)

Body weight — kg (o) T @ 85.1+19.6 84.6+19.2
Body-mass indexT o0 e 30.2+5.8 30.1+5.6

367 (12.1)
103 (3.4)
246 (8.1)

2318 (76.4)




ELIXA — Baseline characteristics
Pfeffer M et al —= NEJM 215; 373: 2247

Table 1. Characteristics of the Patients at Baseline.*
Current smoking— no. (%) 354 (11.7)
Systolic blood pressure — mm Hg 130+17

AN O
Heart rate — beats/min 70.2+9.9, \\6\\ \\3@ 70.2+10.1

HDL cholesterol — mg/d| é%‘ﬁ}gé\g 5\ \ 43.0+10.8
DL cholesterol — mg/dl a\\@ Wé?z 78.8+35.4
eGFR— ml/min/1.73 m’ d\ 524214 76.7421.3
Qualifying ACS event — no. (%)

NSTEM| 200 © 1183 (39.0) 1165 (38.4)
STEMI RN 1317 (43.4) 1349 (44.5)
( (16.9
6 (0. 6 (0.

43.4
17.4

528 (17.4) 514 (16.9)
2) 2)

Qa}rs Fn%%u::s to randomization 72.2+43.9 71.8+43.4

Urinary albumin:creatinine ratio¥
Median

Interquartile range




ELIXA

All Patients
Gender
Female

HR for primary

Less than 65 years
65 wears or alder
= Racial category
White
en oIin
Asian

All Other
Ethnicity

| ] | ] -
Hispanic

1t1VI e e

Region
Africa f Mear East
= Asia Pacific
Eastern Eurocpe
analysis S

North America
South f Central America

Pfeffer M et al - NEJM 215; Tt
373: 2247

EMI
Less than 30 ka/m2
30 ka/mZ or more
ACS Event
NSTEMI
STEMI
s
PCR after ACS
Yes
No
ACEMARB use
Yes
No
History of HF
MNo
Yes
eGFR
=60 mifmin/1.73m2
S0—90 mimin/1.73m2
=>=00 mlimin/1.73m2
UaCR
=30 ma'g
20—200 ma'g
==300 mag/g

T
aTs 1.00 1zs 1=0

Hazard Ratio (95% CI)




LEADER — Experimental design

Marso SP et al — NEJM June 13, 2016

9340 subjects Liraglutide 0.6-1.8 mg OD + standard of care
s Double blinded : _ﬁ\ v
Placebo + standard of care

¢+ 2-week placebo run-in

End of treatment

Key inclusion criteria e : Primary endpoint
* T2DM, HbA,. 27.0% O ‘3 * Time from randomisation to first occurrence of a composite QV

» Antidiabetic drug naive; OADs a %ﬁsah r@’ﬂ\%suhn outcome (CV death, non-fatal MI, or non-fatal stroke)

: Age >50 years and estab@t@ d r chronic renal failure
g Key secondary endpoints

' Age 260 vear@(‘@%k&ﬁ\@s}‘or CV disease * Time from randomisation to first occurrence of an expanded
‘3 AN composite CV outcome (CV death, non-fatal MI, non-fatal

\ S om .
6\\ ‘&3\\ stroke, revascularisation, unstable anaina or hosp. for heart
failure)

* Time from randomisation to all cause death

¢+ Time from randomisation to each individual component of the
expanded composite CV outcome

}0 asse sggeﬁect of treatment with liraglutide compared with placebo on
the incidence of CV events in adults with T2DM that are at high risk for CV
events




Placebo
L EA D E R (N=4,668) (N=4,672)

Miale sex

) Age, years

Baseline Diabetes duration, years

Geographic region I - S

C Furope 1639 (350) o QNEP(355) |

characteristics North America 1401 (30,900 ] 1446 (31.0) |
ETI0 i XS

Marso SP et al — NEJM June 13, ISP Y- 11\

Giycated hemoglobin % oS\l Szn S

2016 BV km L WO w463 [325:63 |

Body weight, kg oV ANPT019+212 9164208
| EstablishdUEvD (age S50
- 20 1400 (30.0)

D “Prios | 730(156) | 777(16.6)

evascularization 1835 (39.3) 1803 (38.6)

< >50% stenosis of coronary, carotid, or lower 1188 (25.4) 1191 (25.5)
extremity arteries

116 (2.5)
| Renalfunction | | |
Moderate impairment (eGFR 30-59)




LEADER - Liraglutide vs. Placebo on CVD
(primary and secondary endpoints)

Marso SP et al — NEJM June 13, 2016

.

z \ £\
QOutcome (N =4668) Rate (N=4672) Rat \dm: P Value

%

Liraglutide Incidence Placebo Inqdence \ H

no. of events/

no. of patients (%) 100 patient-yr no. of patients O/é\a\\fo
0.78-0.97
0.81-0.96
0.74-0.97

Primary composite outcome- . 3.4 69 0.87
Expanded composite outcomex: . 5.3 \@ 22. 7@(6 6.0 0.88
Death from any cause . . \) . 44c&¥ 2.5 0.85
. 1.6 0.78 (0.66-0.93

Death from noncardiovascular causes . . . 1.0 0.95 (0.77-1.18
Myocardial infarction§ . ‘. . 1.9 0.86 (0.73-1.00
Fatalf . . b 0.2 0.60 (0.33-1.10
Nonfatal . 4 . . 1.8 0.88 (0.75-1.03
Silentf . : . . 0.4 0.86 (0.61-1.20

Death from cardiovascular causes . : 278 (

0.34-1.19
0.72-1.11
0.54-1.16
0.80-1.04

Fatalf b . b 0.1 0.64

Nonfatal . . . 1.0 0.89
Transient isch tacl{ (\ d . . 0.3 0.79
Corona@é@scula@@ . . . 2.5 091
Hospitalization for unstable angina pectoris d . . 0.7 0.98 (0.76-1.26
Hospitalization for heart failure . . . 1.4 0.87 (0.73-1.05
Microvascularevent ] . . 2.3 0.84 (0.73-0.97
0.87-1.52
0.67-0.92

Retinopathy . . . 0.5 1.15
Nephropathy . . . 1.9 0.78

( )
( )
( )
( )
( )
( )
( )
( )
( )
Strokef 6 (%) . . . 1.1 0.86 (0.71-1.06)
( )
( )
( )
( )
( )
( )
( )
( )
( )




LEADER - Primary endpoint (sensitivity analysis)
Marso SP et al - NEJM June 13, 2016

No. of P Value for .

Subgroup Patients Liraglutide Placebo Hazard Ratio (95% Cl) Interaiég

Primary analysis
Sex
Female
Male
Age
<60 yr
=60 yr
Geographic region
Europe
North America
Asia
Rest of the world
Race
White
Black
Asian
Other
Ethnic group
HISp’-lr]IC
Non-Hi

% |ndex
Q&% el (\

Glycated hemoglobin
=8.3%
>8.3%

9340

3337
6003

2321
7019

3296
2847

711
2486

7238

1134
8206

3574
5757

4768
4572

no. of events/no. of patients (%) G\O

608 /4668 (13.0)

183/1657 (11.0)
425/3011 (14.1)

140/1197 (11.7)
4683471 (13.5)

207/1639 (12.6)
212/1401 (15.1)
24360 (6.7)

694/4672 (14.9)

209/1680 (12.4)
485/2992 (16.2)

166/1124 (14.8)
528/3548 (14.9)

252/1657 ( 15
216/144

3G H0.5)
165/1268 (13. 6(g8§121¢

49 3%(3
370 {é@?

211 (12.8)

68/580 (11.7)
540/4088 (13.2)

241/1743 (13.8)
367/2920 (12.6)

289/2340 (12.4)
319/2328 (13.7)

,f3622 (15.0)
59/407 (14.5)
56/465 (12.0)
36/178 (20.2)

86/554 (15.5)
608/4118 (14.8)

261/1831 (14.3)
431/2837 (15.2)

333/2428 (13.7)
361/2244 (16.1)

e

I—O—;—I

R o

0.87 ( 07869\15\0

6\\?78 0.62-0.97)

0.2

-

Liraglutide Better

Placebo Better

0.90 (0.79-1.02)

0.82 (0.68-0.98
1.01 (0.84-1.22
0.62 (0.37-1.04
0.83 (0.68-1.03

0.90 (0.80-1.02
0.87 (0.59-1.27
0.70 (0.46-1.04
0.61 (0.37-1.00

0.74 (0.54-1.02)
0.89 (0.79-1.00)

0.96 (0.81-1.15)
0.82 (0.71-0.94)

0.89 (0.76-1.05)
0.84 (0.72-0.98)

\6




LEADER - Primary endpoint (sensitivity analysis)
Marso SP et al - NEJM June 13, 2016

No. of P @\9
Subgroup Patients Liraglutide Placebo Hazard Ratio (95% Cl) 2\ ractno‘
no. of events/no. of patients (%) \0\ 6\\6

Primary analysis 9340 608/4668 (13.0) 6944672 (14.9) o 0\ 09.76\

Duration of diabetes : \ 0.42
\\6\ \@7@

=11yr 4429 265/2216 (12.0) 316/2213 (14.3)

>11yr 4392 340/2441 (13.9) 376/2451 (15.3) \gé\ (0.78-1.04)
Risk of CVD .

=50 yr of age and established CVD 7598 536/3831 (14.0)  629/3767 (16.7) \ . q 0.83 (0.74-0.93)

=60 yr of age and risk factors for CVD 1742  72/837 (8.6) 65/905 (7.2) \‘6 T 1.20 (0.86-1.67)
Chronic heart failure \)

Yes 1305 112/653 (17.2) 11?6@%8 3) 0.94 (0.72-1.21)

No 8035 496/4015 (12. 46(67

Antidiabetic therapy

1 Oral antidiabetic agent 1318 9%% 7) \%/896 14.0) ; 0.75 (0.58-0.98)
>1 Oral antidiabetic agent 19@ g‘ég\ 196/1482 (13.2) 0.95 (0.78-1.16)
Insulin with oral antidiabetic qgen 22 &} 259/1748 (14.8) 0.89 (0.74-1.06)
Insulin without oral qntldmb&t@@g nt b(\%%l 19.7) 86/376 (22.9) 0.86 (0.63-1.17)
None 6 24/196 (12.2) 28/170 (16.5) 0.73 (0.42-1.25)

Renal functmm Q \6

Severe rqte d|
‘%ﬁm,’ 2158 172/1116 (15.4) 223/1042 (21.4) , 0.69 (0.57-0.85)
60 ml 3 rr12 7182 436/3552 (12.3) 471/3630 (13.0) 0.94 (0.83-1.07)

4020(,&@ 0.85 (0.76-0.96)

W isease
30 ml/min/1.73 m? 224 25/117 (21.4) 26/107 (24.3) 0.89 (0.51-1.54)
=30 ml/min/1.73 m2 9116 583/4551 (12.8)  668/4565 (14.6) . 0.87 (0.77-0.97)

0.2

Liraglutide Better Placebo Better




LEADER — Primary endpoint by baseline eGFR

@ Q@g Ratio

O
eGFR 260 ml/min/L73 m, e @@5?53) 71(30) 094 083107

2GFR 30- 59m|[g@@Pﬁm@\ W) w0 08 05408
eGFRO@Mfm%ﬁam B0 26(43) 088 05154

nteraction p-value between treatment and factor: 0,027,




Time to first initiation of insulin or any
new OAD 403

e\
0\0 W
50 - 0\ ,Zg\@
\d\ lacebo
45 A V@
O AN am

40 A : éx\ Y
35 1 _,._-—6-(50"2366\'&&
30 1 T
25 - =
20 1 -
15 1 .
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5 -

Liraglutide

HR: 0.63
95% CI (0.59 ; 0.68)

Subjects with an event (%)

o ¥——-m—rm—r—mrpe——e———r———————
0 % g«* 20 30 40 50 60
7\ \\
) i Q(
Subjects at rls#@
Llraglutld% GG\\ 4068 3786 3452 3183 705

Pla@@ &éﬁ 3575 3111 2803 2548 541 9

Time to first event analyzed using a Cox regression with treatment group as fixed factor. Only events that occurred
between randomization date and follow-up date were used for defining first event. Subjects without an event were

LEADER censore_d at tim_e of last contact (phone_ or visit)

Liagltide Effctan Actonin Diabets Cl: confidence interval; HR: hazard ratio; OAD: oral antidiabetic drug

Evaluation of card va(l tomeR ults

4]

Presented at the American Diabetes Association 77t Scientific Sessions, Session 1-AC-SY13. June 11 2017, San Diego, CA, USA



Time to narrow renal composite outcome

®)
e\
i W0\

10 6\0\ e

= R\

- \'\6(\ = Placebo

= 8- 6 ’

@ N\ N\

: GEP &

= 6_ 60 66 -'________l‘

= No 7 et T

= o \\ .

= d\)\a . 60‘ -

E 4+ G orF- 2 - Liraglutide

o .

= o S HR: 0.73

u=, 95% CI (0.50 ; 1.07)

p=0.11
0 % o) T Y Y 1
0 3‘6 106(9,\ 20 30 40 20 54

Subjects at risk Q(GQ \6\‘ Time since randomization (months)
Liraglutide -\\QQ@ \‘6(6 981 962 908 866 210
Placebo, QO %5(\06 o917 875 821 765 165

0\ ?G

Doubling of serum creatinine and eGFR <45 mL/min/1.73 m2 per MDRD; ' Defined as eGFR 30 to <60 mL/min/1.73 m2
LEADER CKD: chronic kidney failure; CI: confidence interval; EAC: event adjudication committee; eGFR: estimated glomerular filtration rate;

Lraglutid Effct and Action n Diabetes ESRD: end-stage renal disease; HR: hazard ratio; MDRD: modification of diet in renal disease
Evaluation of card I tomeR ults

Presented at 52nd EASD Annual Meeting, 14 September 2016, Munich, Germany



SUSTAIN 6 — Experimental design

Marso et al — NEJM 2016:; 375: 1834
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SUSTAIN 6 — Baseline characteristics

Marso et al - NEJM 2016:; 375: 1834

Table 1. Characteristics of the Patients at Baseline.™

Characteristic

Age —yr
Male sex — no. (%)
Body weight — kg
Type 2 diabetes
Duration — yr
Glycated hemoglobin — %

Cardiovascular risk factors

Systolic blood pressure — mm H 2

Diastolic blood pressure —

@”L

Low-density li pc:prc:é@@ﬁ%stq@g—

Mever s mekE%—Q
History o 6@&0935

ﬁrﬁﬁsease
r-.-1*_.-'|:|-::rr?a| infarction
Heart failure
Ischemic stroke

Hemorrhagic stroke

Hypertension

SEE 58— M.

.-'_'FI

Semaglutide
(N=1648)

Placebo

O
(N =1649) 6\0

0.5 mg
(N-826)

64.6+7.3
495 (59.9)
91.8+20.3

77.1+9.8
81.6+47.1
390 (47.2)

493 (59.7)
266 (32.2)
201 (24.3)
89 (10.8)
28 (3.4)
772 (93.5)

036\)
14. 31—,526
%O(a@ilq 6\Q 87215
O

LOmg
(N-822)

64.7+7.1

518 {63. 'D\

,%3@91

135.8:17.0
76.9:10.2
£3.3:41.2
364 (44.3)

495 (60.2)
264 (32.1)
180 (21.9)
29 (10.8)
24 (2.9)
771 (93.8)

d\

0.5 mg

8.7£1.5

135.8+16.2
77.5+9.9
£0.9+48.1
391 (47.5)

510 (61.9)
267 (32.4)
190 (23.1)
96 (11.7)
27 (3.3)
(91.7)

64.4:7.5
507 (61.5)
91.9+20.8

13.2+7.4
B.7+£1.5

134.8+17.5
76.7+10.2
83.6:45.9
348 (42.2)

496 (60.1)
275 (33.3)
206 (25.0)
109 (13.2)

29 (3.5)
760 (92.1)

64.6+7.4
2002 (60.7)
02.1+20.6

13.9+8.1
8.7+1.5

135.6+17.2
77.0+10.0
82.3:45.6
1493 (45.3)

1994 (60.5)
1072 (32.5)
777 (23.6)
383 (11.6)
108 (3.3)
3059 (92.8)
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EXSCEL papers

Exenatide Study of Cardiovascular Events

Rationale and design: Halrmancet al - Am Heart J 2015

Baseline characterisiics: Mentz et al - Am Heart J 2017



Dulaglutide — Phase Il/lll trials: CV safety

Stratum (Dula/Comparators) Hazard Ratio and 98.02% CL
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