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Novo Nordisk, MSD, Boehringer‐Ingelheim, Lilly, Janssen, AstraZeneca,

Novartis e Takeda per attività di Relatore ad eventi.

Novo Nordisk, Intarcia, Boehringer‐Ingelheim, Lilly, MSD, Servier,

AstraZeneca e Janssen per attività di Consulenza.
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DPP-4 
inhibitors

Liraglutide

Human GLP-1 
analogues

Exendin-based
therapies

GLP-1 receptor 
agonists

Incretin-based therapies: launched and in development

Incretin-based 
therapies

Semaglutide
(Phase 3)

SitagliptinLinagliptin SaxagliptinVildagliptin
(Europe and Australia)

Alogliptin Teneligliptin
(Japan only)

Exenatide OWExenatide BID Lixisenatide
(Europe)

Anagliptin
(Phase 3)

Gemigliptin
(Phase 3)

Albiglutide

Dulaglutide
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Modified from: Madsbad S et al. Diabetes Obes Metab 2011;13:394‒407.

Human GLP-1 backbone Exendin-4 backbone

GLP-1 receptor agonists

Weekly WeeklyOnce-daily QD BID

Exenatide

Lixisenatide*

Liraglutide Exenatide QW

CJC-1134-PC

Taspoglutide

Albiglutide

Dulaglutide

CJC-1131

Semaglutide

Modified from: Madsbad S et al. Diabetes Obes Metab 2011;13:394-407

Licensed

Discontinued

In development

*Not licensed in the US.

GLP-1, glucagon-like peptide 1; QD, once daily; BID, twice daily
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Network meta-analysis of pairwise comparisons of randomised controlled trials 
evaluating the use of anti-hyperglycaemic agents in addition to metformin vs. placebo: 

mean change from baseline in HbA1C
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Acarbose DPP-4I Glinides SU TZDs Basal GLP-1RA Biphasic SGLT2I*
insulin insulin

Liu S-C et al. Diabetes Obes and Metab 2012; 14: 810-820
b Fujita Y et al. J Diabetes Investing 2014; 5: 265-275

*An estimate of HbA1c reduction; SGLT2 inhibitors were not included in the network analysis b

DPP-4I, dipeptidyl peptidase-4 inhibitor; SGLT2I, sodium glucose cotransporter-2 
inhibitor; TZDs, thiazolidinediones; GLP-1 RA, glucagon-like peptide 1 receptor 
agonist; SU, sulphonylurea
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Network meta-analysis of pairwise comparisons of randomised controlled trials 
evaluating the use of anti-hyperglycaemic agents in addition to metformin vs. placebo: 

Mean change from baseline in body weight
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Biphasic TZDs SU Glinides Basal DPP-4 Acarbose GLP-1R SGLT2*
Insulin Insulin inhibitors agonists inhibitors

Liu S-C et al. Diabetes Obes and Metab 2012; 14: 810-820
b Fujita Y et al. J Diabetes Investing 2014; 5: 265-275

*An estimate of body weight reduction; SGLT2 inhibitors were not included in the network analysis b

DPP-4, dipeptidyl peptidase-4; SGLT2, sodium glucose cotransporter-2; TZDs, 
thiazolidinediones; GLP-1R, glucagon-like peptide 1 receptor; SU, sulphonylurea
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Network meta-analysis of pairwise comparisons of randomised controlled trials 
evaluating the use of anti-hyperglycaemic agents in addition to metformin vs. placebo: 

At least one event of overall hypoglycaemia (odds ratio)

Biphasic Glinides SU Basal DPP-4 GLP-1R TZDs Acarbose SGLT2*
Insulin Insulin inhibitors agonists inhibitors
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*An estimate of hypoglycaemia risk; SGLT2 inhibitors were not included in the network analysis b

Liu S-C et al. Diabetes Obes and Metab 2012; 14: 810-820
b Fujita Y et al. J Diabetes Investing 2014; 5: 265-275

DPP-4, dipeptidyl peptidase-4; SGLT2, sodium glucose cotransporter-2; TZDs, 
thiazolidinediones; GLP-1R, glucagon-like peptide 1 receptor; SU, sulphonylurea
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Liraglutide 1.8 mg is superior (*p<0.001; ** p<0.0001)
Liraglutide 1.2 mg is superior (§p<0.0001)

Zinman et al. Diabetes Obes Metab 14: 77–82, 2012
2 Bergenstal RM et al. Diabetes Obes Metab 15: 264–271, 2013

Composite endpoint: 
HbA1c<7.0%, no weight gain and no hypos 

*

*

** §
**

** §
** §

** §

2
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GLP-1 receptor agonists in the treatment of T2DM: 
Similarities and differences 

Homology to 

human GLP-1

Structure

Duration of 
action

Mechanism 
of action

Time to
action

Metabolism 
and 

elimination

Dosing and 
administration

Device

Current 
GLP-1 

Receptor 
Agonists

GLP-1, glucagon-like peptide 1

Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Short-acting and long-acting GLP-1 receptor agonists 

Dulaglutide

GLP-1, glucagon-like peptide 1; QW, once weekly; BID, twice daily
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Differentiation of GLP-1 RAs

Adapted from Meier JJ. Nat Rev Endocrinol 2012; 8: 728-42

Parameters
Short-acting 

GLP-1 receptor agonists
Long-acting 

GLP-1 receptor agonists

Compounds Exenatide (twice daily)
Lixisenatide (once daily)

Liraglutide (once daily)
Albiglutide (once weekly)
Dulaglutide (once weekly)

Exenatide LAR (once weekly)

Half-life 2–5 hours 12 h – several days

Receptor activation Intermittent Continuous

Metabolic Effects
HbA1c reduction -0.6–1.2% -0.9–1.6%

Fasting glucose reduction Modest reduction Strong reduction

Fasting glucagon secretion Mild reduction Strong reduction

Fasting insulin secretion Modest stimulation Stimulation

Postprandial insulin secretion Reduction/Stimulation Stimulation

Gastric emptying Deceleration No long-term effect

Postprandial glucose excursion Strong reduction Reduction

GLP-1 RA, glucagon-like peptide 1 receptor agonist
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Comparison of short-acting versus long-acting GLP-1RA: HbA1c

HbA1c
(%)

*4 weeks

Lixi* Lira*
Exe
LAR

Exe
LAR

Exe
bid

Lira
Exe
bid

Exe
bid

Exe
bid

Dula
0.75 mg

Dula
1.5 mg

Kapitza  C et al. Diabetes Obes Metab 2013; 15: 642–649; Buse J et al. Lancet 2009; 374, 39-47; Drucker et al. Lancet 2008; 372: 1240-50; Blevins T 
et al J. Clin. Endocrinol. Metab 2011; 96:1301-1310; Wysham C et al. Diabetes Care 2014; 37:2159-2167

P<0.01

P<0.0001

P<0.0001
P<0.001

P=0.002

GLP-1 RA, glucagon-like peptide 1 receptor agonist; bid, twice daily; Lixi, lixisenatide; Lira, liraglutide; Exe, exenatide; 
Dula, dulaglutide
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Comparison of short-acting versus long-acting GLP-1RA: FPG

P<0.01

P<0.0001

P=0.0008

P<0.001
P<0.001
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Lixi Lira
Exe
LAR

Exe
LAR

Exe
bid

Lira
Exe
bid

Exe
bid

Exe
bid

Dula
0.75 mg

Dula
1.5 mg

Kapitza  C et al. Diabetes Obes Metab 2013; 15: 642–649; Buse J et al. Lancet 2009; 374, 39-47; Drucker et al. Lancet 2008; 372: 1240-50; Blevins T 
et al J. Clin. Endocrinol. Metab 2011; 96:1301-1310; Wysham C et al. Diabetes Care 2014; 37:2159-2167

GLP-1 RA, glucagon-like peptide 1 receptor agonist; bid, twice daily; FPG, fasting plasma glucose; Lixi, lixisenatide; Lira, liraglutide; Exe, exenatide; 
Dula, dulaglutideDiapositiv
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Henquin JC et al. Diabetologia 2011; 54:1720-1725

Ratio of alpha cell/beta cell areas in 52 non-diabetic subjects (ND) and 
50 type 2 diabetic (T2DM) subjects

P < 0.0001
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Excessive hepatic glucose production

Glucagon 
secretion

Pancreatic cells: -cell -cell -cell

Hepatic glucose 
production

Insulin 
secretion
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Exenatide OW versus twice daily for the treatment of type 2 diabetes: Changes 
in plasma glucagon levels-DURATION-1

Drucker et al. Lancet 372: 1240–50, 2008

* P<0.0001
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Jones KL, et al. J Nucl Med 37:1643-1648, 1996

Gastric emptying rate is an important determinant of PPG in early 
Type 2 Diabetes
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Exenatide OW versus twice daily for the treatment of type 2 diabetes: Gastric 
emptying assessed by absorption of paracetamol

Drucker et al. Lancet 372: 1240–50, 2008

Exenatide once a week Exenatide twice a day

AUC 0-5h
(μg min/ml)

-4%

AUC 0-5h
(μg min/ml)

-20%
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Exenatide OW versus twice daily for the treatment of type 2 diabetes:
Changes in postprandial glucose concentration-DURATION-1

Drucker et al. Lancet 372: 1240–50, 2008

Exenatide once a week Exenatide twice a day

P=0.01
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Lixisenatide once daily vs. liraglutide in patients with type 2 diabetes: 24-h 
postprandial plasma glucose profiles at baseline and day 28

Lixisenatide (Baseline)

Lixisenatide (Day 28)

Liraglutide (Baseline)

Liraglutide (Day 28)
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*p<0.0001

Kapitza C et al. Diabetes Obes Metab 15: 642–649, 2013
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24-hour GLP-1 presence is required for 24-hour glucose control in 
patients with type 2 diabetes
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Time (of day)
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04:00 12:00 00:00 04:0008:00 16:00 20:00

16-h GLP-1 infusion 24-h GLP-1 infusion

12:00 00:00 04:0008:00 16:00 20:0004:00

5

10

20

15

25

Before native human GLP-1 treatmentBlood glucose profiles:

After 7 days of native human GLP-1 treatment

Larsen et al. Diabetes Care 2001; 24: 1416–21GLP-1, glucagon-like peptide 1
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Liraglutide vs. exenatide as add on to metformin and/or SU (LEAD-6): 
Seven-point self-measured plasma glucose profiles

Buse J et al. The Lancet 374, 39-47, 2009 

* 
P<0.0001 * 

P=0.0005
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Exenatide OW versus twice daily for the treatment of type 2 diabetes: Seven-
point self-measured plasma glucose profiles-DURATION-1

Drucker et al. Lancet 372: 1240–50, 2008
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8-Point SMBG profiles with Dulaglutide and Exenatide BID (AWARD-1)

Wysham C, et al. Diabetes Care 2014; 37:2159-2167 

DU, dulaglutide; EX, exenatide; PL, placebo; BID, twice daily; SMBG, self-
monitoring of blood glucose; LS, least squares; SE, standard error; MMRM, 
mixed effect model for repeated measures
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Differentiation of GLP-1 RAs

Adapted from Meier JJ. Nat Rev Endocrinol 2012; 8:728-42

Parameters
Short-acting (Prandial)
GLP-1 receptor agonists

Long-acting 
GLP-1 receptor agonists

Compounds Exenatide (twice daily)
Lixisenatide (once daily)

Liraglutide (once daily)
Albiglutide (once weekly)
Dulaglutide (once weekly)

Exenatide LAR (once weekly)

CV safety and tolerability

Body weight reduction ~1–5 kg ~2–5 kg

Blood pressure reduction ~3-4 mmHg Up to 6 mmHg

Heart rate increase None or up to 2 bpm ~1–5 bpm

Lipids Reduction Reduction

CV events Neutral Reduction

Induction of nausea 20–50%
mild to moderate 

attenuates slowly (weeks 
to months)

20–40%
mild to moderate

attenuates quickly
(~4–8 wks)

GLP-1 RA, glucagon-like peptide 1 receptor agonist; bpm, beats per 
minute; CV, cardiovascular
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-1,60

-2,87

-3,60

-1,40

-1,07

-2,40

-3,24

-3,70

-2,30

-1,30

-4,00

-3,00

-2,00

-1,00

0,00

Comparison of short-acting versus long-acting GLP-1RA

Lixi Lira
Exe
LAR

Exe
LAR

Dula
1.5 mg

Exe
bid

Lira
Exe
bid

Exe
bid

Exe
bid

Kapitza C et al. Diabetes Obes Metab 15: 642–649, 2013; Buse J et al. The Lancet 374, 39-47, 2009; Drucker et al. Lancet 372: 1240–50, 2008; 
Blevins T et al J. Clin. Endocrinol. Metab. 96:1301-1310, 2011; Wysham C et al. Diabetes Care 37:2159–2167, 2014

P<0.01 P<0.001
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-2,00 -2,00

-3,40

-1,20

0,06

-2,80
-2,51

-4,70

-2,90

-0,36

-5,00

-4,00

-3,00

-2,00

-1,00

0,00

1,00

Comparison of short-acting versus long-acting GLP-1R agonists:
Systolic blood pressure

Lixi Lira
Exe
LAR

Exe
LAR

Dula
0.75 mg

Exe
bid

Lira
Exe
bid

Exe
bid

Exe
bid

Kapitza C et al. Diabetes Obes Metab 15: 642–649, 2013; Buse J et al. The Lancet 374, 39-47, 2009; Drucker et al. Lancet 372: 1240–50, 2008; 
Blevins T et al J. Clin. Endocrinol. Metab. 96:1301-1310, 2011; Wysham C et al. Diabetes Care 37:2159–2167, 2014

S
y
s
to

li
c
 b

lo
o

d
 p

re
s
s
u

re
(m

m
 H

g
)

Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



-0,40

0,03

0,07

-0,03

-0,44

-0,13
-0,16

-0,11

-0,50

-0,40

-0,30

-0,20

-0,10

0,00

0,10

Comparison of short-acting versus long-acting GLP-1R agonists: LDL 
cholesterol

Not
reported
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Lixi Lira
Exe
LAR

Exe
LAR

Exe
bid

Lira
Exe
bid

Exe
bid

Exe
bid

Dula
1.5 mg

Kapitza  C et al. Diabetes Obes Metab 2013; 15: 642–649; Buse J et al. Lancet 2009; 374, 39-47; Drucker et al. Lancet 2008; 372: 1240-50; Blevins T 
et al J. Clin. Endocrinol. Metab 2011; 96:1301-1310; Wysham C et al. Diabetes Care 2014; 37:2159-2167

GLP-1 R, glucagon-like peptide 1 receptor; bid, twice daily; LDL, low density lipoprotein; 
Lixi, lixisenatide; Lira, liraglutide; Exe, exenatide; Dula, dulaglutideDiapositiv
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-0,23

-0,19

0,01

-0,03

-0,41

-0,28

0,01

-0,20

-0,45

-0,40

-0,35

-0,30

-0,25

-0,20

-0,15

-0,10

-0,05

0,00

0,05

Comparison of short-acting versus long-acting GLP-1R agonists: 
Triglycerides 
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Not
reported

Lixi Lira
Exe
LAR

Exe
LAR

Exe
bid

Lira
Exe
bid

Exe
bid

Exe
bid

Dula
1.5 mg

Kapitza  C et al. Diabetes Obes Metab 2013; 15: 642–649; Buse J et al. Lancet 2009; 374, 39-47; Drucker et al. Lancet 2008; 372: 1240-50; Blevins T 
et al J. Clin. Endocrinol. Metab 2011; 96:1301-1310; Wysham C et al. Diabetes Care 2014; 37:2159-2167

GLP-1 R, glucagon-like peptide 1 receptor; bid, twice daily; Lixi, lixisenatide; Lira, liraglutide; 
Exe, exenatide; Dula, dulaglutide
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-3,60

3,30

0,69

2,10

1,18

5,30

9,20

3,28

4,10

2,80

9,30

2,80

-6,00

-4,00

-2,00

0,00

2,00

4,00

6,00

8,00

10,00

Lixi* Lira*
Exe
LAR

Exe
LAR

Dula
0.75 mg

Exe
bid

Lira
Exe
bid

Exe
bid

Exe
bid

Kapitza C et al. Diabetes Obes Metab 15: 642–649, 2013; Meier  JJ et al.Diabetes Care 38:1263–1273, 2015; Buse J et al. The Lancet 374, 39-47, 
2009; Drucker et al. Lancet 372: 1240–50, 2008; Blevins T et al J. Clin. Endocrinol. Metab. 96:1301-1310, 2011; Wysham C et al. Diabetes Care 
37:2159–2167, 2014
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Change from baseline in hourly mean heart rate in T2DM patients treated with 
insulin glargine and Lixisenatide or Liraglutide 

Meier  JJ et al. Diabetes Care 38:1263–1273, 2015
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Pfeffer MA et al. N Engl J Med 373:2247-57, 2015
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LEADER: Study design

CV: cardiovascular; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA: glucagon-like peptide-1 receptor agonist; HbA1c: glycated hemoglobin; 
MEN-2: multiple endocrine neoplasia type 2; MTC: medullary thyroid cancer; OAD: oral antidiabetic drug; OD: once daily; T2DM: type 2 
diabetes mellitus.

Marso SP et al. N Engl J Med 2016
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LEADER - Baseline characteristics 
(mean ± SD unless stated)

*Heart failure includes New York Heart Association class I, II and III. BMI: body mass index; HbA1c: glycated hemoglobin.

Marso SP et al. N Engl J Med 2016
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LEADER - Baseline cardiovascular risk profile

Data are number of patients (%).
CHD: coronary heart disease; CKD: chronic kidney disease; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate; NYHA: 
New York Heart Association; TIA: transient ischemic attack.

Marso SP et al. N Engl J Med 2016
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LEADER Study Primary outcome
CV death, non-fatal myocardial infarction, or non-fatal stroke

The primary composite outcome in the time-to-event analysis was the first occurrence of death from cardiovascular causes, non-fatal myocardial infarction, or
non-fatal stroke. The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-
hazard regression model. The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months. CI:
confidence interval; CV: cardiovascular; HR: hazard ratio.

Marso SP et al. N Engl J Med 2016

Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



LEADER - Individual components of the primary endpoint

Marso SP et al. N Engl J Med 2016
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LEADER - Time to first renal event
Macroalbuminuria, doubling of serum creatinine, ESRD, renal death

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression 

model. The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; 

ESRD: end-stage renal disease; HR: hazard ratio.

Marso SP et al. N Engl J Med 2016
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Relative differences between short and long-acting GLP-1R agonists

Exenatide BID,
Lixisenatide

Exenatide LAR, Liraglutide, 
Albiglutide , Dulaglutide

FPG reduction + +++

PPG reduction +++ ++

Fasting insulin secretion +/Neutral ++

Postprandial insulin secretion + ++

HbA1c reduction ++ +++

Body weight reduction ++ ++

Gastric empting rate +++ +

Fasting glucagon secretion reduction +/Neutral ++

GI effects ++ +

CV safety Neutral +++

Compliance (administration and timing) + ++

1. Modified from Meier JJ. Nat Rev Endocrinol 2012;8:728-42
2. Modified from Fineman MS et al. Diabet Obes Metab 2012;14:675-88
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THANK YOU !

Now it’s time for discussion.

Sesti lecture
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