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Determinants of adherence to diabetes treatment 

Larkin  AT et al., J of Diabetes 2015 
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American Diabetes Association
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Date Presentation title

• Gastrointestinal 
• Pancreatitis
• C cell proliferation and Thyroid cancer
• Hypoglycemia
• Cardiovascular safety

Adverse effects of GLP-1 receptor agonists 
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Sun F et al., DIABETES TECHNOLOGY & THERAPEUTICS 2015 

Gastrointestinal Adverse effects of GLP-1 receptor agonists 
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Gastrointestinal Adverse effects of GLP-1 receptor agonists 
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Nausea with liraglutide is transient

Proportion of subjects with nausea by week and treatment

Garber et al. Diabetes Obes Metab 2011

Liraglutide 1.2 mg Liraglutide 1.8 mg Glimepiride
Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



***p<0.0001 for treatment differences (estimated treatment rate ratio for liraglutide vs. exenatide, 0.448)
Data are number (%) of patients exposed to treatment (safety population)

Buse et al. Lancet 2009;374:39–47 (LEAD-6)
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Proportion of subjects reporting GI AEs

15

SUSTAIN 1 SUSTAIN 2 SUSTAIN 9 SUSTAIN 3 SUSTAIN 7 SUSTAIN 10 SUSTAIN 4 SUSTAIN 5

Placebo1

N/A

30
91.9

Sitagliptin2

MET±TZD

56
89.5

Exenatide ER4

1–2 OADs 
(MET/TZD/SU)

56
95.8

Dulaglutide5

MET

40
95.2

Placebo3

SGLT-2i
±MET±SU

30
91.7

Liraglutide6

1–3 OADs 
MET±SU±SGLT-2i

30
96.9

IGlar7

MET±SU

30
93.4

Placebo8

Basal insulin±MET

30
91.7

Comparator:
Background:

Treatment dur. (w):
Baseline BW (kg):

MONOTHERAPY ADD-ON TO OAD
VS/ADD-ON TO BASAL 

INSULIN

Dulaglutide 0.75 mg Dulaglutide 1.5 mg Liraglutide 1.2 mg IGlar
Semaglutide 0.5 mg Semaglutide 1.0 mg Placebo Sitagliptin 100 mg Exenatide ER 2.0 mg

1. Sorli C et al. Lancet Diabetes Endocrinol 2017; 2. Ahrén B et al. Lancet Diabetes Endocrinol 2017; 3. Ahmann AJ et al. Diabetes Care 2018; 4. Aroda VR et al. Lancet 
Diabetes Endocrinol 2017; 5; Rodbard HW et al. J Clin Endocrinol Metab 2018; 6. Pratley RE et al. Lancet Diabetes Endocrinol 2018; 7. Zinman B et al. Lancet Diabetes 
E d i l 2019
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Marso SP et al., NEJM 2016 

Gastrointestinal Adverse Events with Semaglutide
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Proportion of 
subjects (%)

Monotherapy1

SUSTAIN 1

30 weeks

Vs sitagliptin2

SUSTAIN 2

56 weeks*

Vs exenatide 
ER3

SUSTAIN 3

56 weeks*

Vs IGlar4

SUSTAIN 4

30 weeks

Add-on to 
basal insulin5

SUSTAIN 5

30 weeks

Vs dulaglutide6

SUSTAIN 7

40 weeks

Add-on to 
SGLT-2i

Vs placebo
SUSTAIN 

97

30 weeks

Vs 
liraglutide
SUSTAIN 

108

30 weeks

Sema PBO Sema Sita Sema Exe Sema IGlar Sema PBO Sema Dula Sema PBO Sema Lira

0.5 
mg

1.0 
mg

0.5 
mg

1.0 
mg

100 
mg

1.0 
mg

2.0 
mg

0.5 
mg

1.0 
mg

0.5 
mg

1.0
mg

0.5
mg

1.0 
mg

0.75
mg

1.5 
mg

1.0 
mg

1.0 
mg

1.2 
mg 

AEs 64 56 53 75 71 72 75 76 70 73 65 69 64 58 68 69 62 74 69 60 71 66

Serious AEs 5 5 4 7 7 7 9 6 6 5 5 6 9 7 6 8 8 7 5 4 6 8

Discontinuation 
due to AEs 6 5 2 8 10 3 9 7 6 8 1 5 6 1 8 10 5 7 9 2 11 7

Discontinuation 
due to GI 
AEs9

4 3 1 7 8 1 6 3 3 5 0 2 5 0 5 6 2 5 7 0 8 4

Adverse event overview

1. Sorli C et al. Lancet Diabetes Endocrinol 2017; 2. Ahrén B et al. Lancet Diabetes Endocrinol 2017; 3. Ahmann AJ et al. Diabetes Care 2018; 4. Aroda VR et al. Lancet 
Diabetes Endocrinol 2017; 5; Rodbard HW et al. J Clin Endocrinol Metab 2018; 6. Pratley RE et al. Lancet Diabetes Endocrinol 2018; 7. Zinman B et al. Lancet Diabetes 
E d i l 2019
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Adverse effects of GLP-1 receptor agonists 
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Male ZDF rats

Vrang et al. Am J Physiol Endocrinol Metab 2012

Liraglutide and exenatide had no effect on overall pancreas weight or 
on acinar or duct cell mass or proliferation
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Exenatide does not evoke pancreatitis and attenuates chemically induced
pancreatitis in normal and diabetic rodents

Tatarkiewicz K, Am J Physiol Endocrinol Metab 299: E1076–E1086, 2010
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• Macroscopic: no signs
• Microscopic: 

– No pancreatitis in rats or monkeys
– Pancreatitis equally distributed 

across groups in mice and not 
the cause of death for any animal

Rodent and monkey toxicology studies

Nyborg et al. Diabetes. 2012;61:1243–1249.

No evidence of cellular metaplasia or ductal hyperplasia

MICE (104 weeks) Male Female

Liraglutide (mg/kg/day) 0 0.03 
[0.2]

0.2 
[1.6]

1.0 
[13]

3.0 
[36] 0 0.03 

[0.2]
0.2 

[1.6]
1.0 
[13]

3.0 
[36]

No. examined 79 67 67 67 79 79 67 66 66 76

No. with microscopic 
pancreatitis 3 2 1 1 1 0 3 3 3 3

RATS (104 weeks) Male Female

Liraglutide (mg/kg/day) 0 0.075 
[0.5]

0.25 
[2.4]

0.75 
[8.1] 0 0.075 

[0.5]
0.25 
[2.4]

0.75 
[8.1]

No. examined 50 50 49 50 50 50 50 50

No. with microscopic 
pancreatitis 0 0 0 0 0 0 0 0

MONKEYS (87 weeks) Male Female

Liraglutide (mg/kg/day) 0 0.25 [9] 5 [63] 0 0.25 [9] 5 [63]

No. examined 5 5 5 5 4 5

No. with microscopic 
pancreatitis 0 0 0 0 0 0

Number in [ ] indicates x fold human exposure of 1.8mg QD
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Pancreatitis, Pancreatic, and Thyroid Cancer w/ GLP-1–Based Therapies

Methods: Search of US Food and Drug 
Administration’s database of reported 
adverse events for those associated 
with the dipeptidyl peptidase4 inhibitor 
sitagliptin and exenatide,
from 2004-2009

ELASHOFF M, …, and PETER C. BUTLER, Gastroenterology 2011
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Marked Expansion of Exocrine and Endocrine Pancreas With Incretin Therapy in Humans With Increased 
Exocrine Pancreas Dysplasia and the Potential for Glucagon-Producing Neuroendocrine Tumors

Study subjects. All pancreata were 
procured from brain-dead organ donors 
by the JDRF Network for Pancreatic 
Organ Donors with Diabetes (nPOD)
coordinated through the University of 
Florida in Gainesville, Florida

Butler AE,…, and Peter C. Butler, Diabetes 2013
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- Endocrine pancreas are markedly enlarged in DM-I individuals,with increased exocrine cell proliferation. 

- Alpha-cell hyperplasia and neuroendocrine tumor and microadenoma formation consistent with chronic inhibition of glucagon 
secretion by GLP-1. 

- These findings lend additional weight to concerns regarding the effects of long-term GLP-1–related therapy with respect 
to unintended proliferative actions on the exocrine pancreas and now also a possible increased risk of neuroendocrine tumors.

Butler AE,…, and Peter C. Butler, Diabetes 2013

Marked Expansion of Exocrine and Endocrine Pancreas With Incretin Therapy in Humans With Increased 
Exocrine Pancreas Dysplasia and the Potential for Glucagon-Producing Neuroendocrine Tumors
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Date Presentation title

The…Butler’s Study

Butler AE,…, and Peter C. Butler, Diabetes 2013
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Date Presentation title

Reanalysis of study of pancreatic effects of incretin therapy: 
methodological deficiencies

S. Bonner-Weir & G. C. Weir Diabetes, Obesity and Metabolism 16: 661–666, 2014
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Date Presentation title

…we find that the data 
presented in the Butler 
paper have serious 
methodological deficiencies 
that preclude any meaningful 
conclusions.

Reanalysis of study of pancreatic effects of incretin therapy: 
methodological deficiencies

S. Bonner-Weir & G. C. Weir. Diabetes, Obesity and Metabolism 16: 661–666, 2014
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Incidence of pancreatitis

1. Vadav et al. Pancreas 2006; 2. Noel et al. Diabetes Care 2009; 3. Frey et al. Pancreas 2006;4. Fagenholz et al. Pancreas 2007; 5. Garg et al. Diabetes Care 2010;6. 
Girman et al. Diabetes Obes Metab 2010; 7. Lai et al. Am J Gastroenterol 2011

• EU: 0.05–0.5 cases per 1000 healthy person-
years1

• USA: 0.4–1.9 cases per 1000 
healthy person-years2–5

• Patients with type 2 diabetes have a 1.5- to 3-
fold higher risk than the general population2,6,7

• Up to 5.6 cases per 1000 patient-years5

Pancreatitis incidence
in the general population

Pancreatitis incidence in 
people with type 2 diabetes
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Diagnosis of acute pancreatitis

The Atlanta classification 2013

• An algorithm that is frequently used to diagnose acute pancreatitis 
depends on 2/3 of the following criteria:

–characteristic abdominal pain
– ≥3-fold elevation of amylase or lipase
–positive imaging of the pancreas (CT/MRI scan)

Banks et al. Gut 2013;62:102–111
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Risk of Pancreatitis with GLP-1 RA 

Monami M et al., DOM 2017
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Risk of cholelitiasis with GLP-1 RA 

Monami M et al., DOM 2017
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Li L et al., ,BMJ 2014 & Egan AJ et al., NEJM 2014

Risk of Pancreatitis in T2D

…Both agencies agree that assertions concerning a causal 
association between incretin-based drugs and pancreatitis 
or pancreatic cancer, as expressed recently in the scien-
tific literature and in the media, are inconsistent with the 
current data… 
…The FDA and the EMA believe that the current knowledge 
is adequately reflected in the product information or 
labeling, and further harmonization among products is 
planned in Europe. 
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Thyroid

• The thyroid gland is responsible for producing thyroid hormones that 
regulate many aspects of metabolic function

• The thyroid is also the site of the C-cells that produce calcitonin. 
Calcitonin has a role in the regulation of calcium levels

• C-cell cancer is a very rare form of thyroid cancer

C-cellsFollicular cells Colloid

Hazard. Am J Pathol 1977;88:213–50
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Concern from animal studies due to C-cell carcinoma in two animal species

• Preclinical studies on rodents indicated increased risk from proliferation of C-cells
• For safety, studies investigated doses far higher than would be used 

by humans

• The incidence of liraglutide-induced medullary thyroid cancer did not affect the overall 
survival rate among either rats or mice

Rats are predisposed to C-cell changes

Adenoma, benign tumour arising from certain cells, e.g. C-cells; carcinoma, malignant tumour (cancer) arising from 
certain cells, e.g. C-cells

Mice Rats

Males Females Males Females

Dose 
(mg/kg/day) 0

0
.0

3

0
.2

1
.0

3
.0 0

0
.0

3

0
.2

1
.0

3
.0 0

0
.0

7
5

0
.2

5

0
.7

5 0

0
.0

7
5

0
.2

5

0
.7

5

Focal C-cell 
hyperplasia (%) 0 0 1.5 16 38 0 0 10 15 29 22 29 40 48 28 29 55 48

C-cell adenoma 
(%) 0 0 0 13 19 0 0 0 6 20 12 16 42 46 10 27 33 56

C-cell carcinoma 
(%) 0 0 0 0 0 0 0 0 0 3 2 8 6 14 0 0 4 6

Bjerre Knudsen et al. Endocrinology 2010;151:1473–86; Parks, Rosebraugh. N Engl J Med 2010;362:774–7
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Rodents have many GLP-1-sensitive C-cells; humans have far fewer C-cells, and no 
detectable effect from GLP-1

1. Humans have far fewer C-cells 
than rodents

2. GLP-1 has effects in rodent, but not 
human, C-cells

cAMP, cyclic adenosine monophosphate

Bjerre Knudsen et al. Endocrinology 2010;151:1473–86

Species
C-cell density 

(n/mm 
thyroid)

Difference 
to humans 

in fold

Human 10±26 –

Monkey 23±10 2

Mouse 216±62 22

Rat 449±222 45

Rodents Humans

GLP-1 
receptor 
density 
n/cell)

1600–
13,000 0–105

cAMP 
generation 
(liraglutide 
EC50, pM)

5800 Not 
detected

Calcitonin 
release
(liraglutide 
EC50, pM)

5300 Not 
detected

Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



The thyroid: rodents vs. humans
Rodents

Humans

Rodents have many GLP-1 
receptors on the surface 

of C-cells 
(1600–13,000/C-cell). In 
humans, GLP-1 receptors 

are barely detectable 
(0–105/C-cell)

C-cell

GLP-1 receptor

C-cell

Bjerre Knudsen et al. Endocrinology 2010;151:1473–86

GLP-1 R activation triggers 
an intracellular 

downstream signalling 
cascade, which  can be 
measured as  increased 

cAMP in the  cell. Elevated 
cAMP is  detectable in 

rodents, but  not in humans

Calcitonin is released from C-
cells in rodents following GLP-

1 receptor activation. 
No calcitonin is released from 

human C-cells
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No growth of C-cells seen in monkey studies

• High doses of liraglutide do not stimulate C-cell hyperplasia in primates in an 87-
week study

Monkeys

Dose (mg/kg) 0 0.2 5.0

Fold human exposure N/A 8 64

C-cell hyperplasia incidence None None None

Bjerre Knudsen et al. Endocrinology 2010;151:1473–86
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Calcitonin as a marker of C-cell activation in human clinical trials

• GLP-1 receptor activation in rodent C-cells has 
two effects:
– increased secretion of calcitonin
– C-cell proliferation

GLP-1 
receptor 
activation

C-cell
proliferation

Calcitonin
release

(biomarker)

Monitor calcitonin in 
clinical programme to 
identify potential risk

Crespel et al. Endocrinology 1996; Lamari et al. FEBS Lett 1996;Vertongen et al. Endocrinology 1994; Kurosawa et al. Arch Gerontol Geriatr 1988 

Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



0

1

2

3

4

5

6

7

8

9

10

0 12 26/28 39/40 52 64/65 76/78 91/92 104

Liraglutide 0.6 mg
Liraglutide 1.2 mg
Liraglutide 1.8 mg
Active comparator
Placebo

Calcitonin levels observed in LEAD studies 

Data are least squares (LS) means (95% CI); studies 1572 and 1573

Close-up

Ca
lc

it
on

in
 (p

g/
m

L)

Time (weeks)

Upper normal range: males

Upper normal range: females

Hegedus et al. J Clin Endocrin Metab 2011;96:853–60
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Data are geometric means; study 1807
TID, three-times daily

Calcitonin levels: obese subjects without diabetes

Close-up

Upper normal range: males

Upper normal range: females
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Hegedus et al. J Clin Endocrin Metab 2011;96:853–60
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• Gastrointestinal 
• Pancreatitis
• C cell proliferation and Thyroid cancer
• Hypoglycemia
• Cardiovascular safety

Adverse effects of GLP-1 receptor agonists 
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Date Presentation title

National trends in US hospital admissions for hyperglycemia 
and hypoglycemia among Medicare beneficiaries, 1999 to 2011.

Lipska KJ et al JAMA 2014
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Marre et al. Diabetic Med 2009; Nauck et al. Diabetes Care 2009; Garber et al. Lancet 2009; Zinman et al. Diabetes Care 2009; Russell-Jones et al. Diabetologia 2009; 
Buse et al. Lancet 2009; Pratley et al. Lancet 2010; DeVries et al. Diabetes Care 2012
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Baseline resting heart rate and the risk of death 

Hillis GS et al., Diabetologia 2012 
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Pratley RA et al., Lancet Diabetes Endocrinology 2018 Stettler C et al. Diabetologia 2007

Diabetes and cardiovascular risk

Meta-analysis of 
MACE (GLP-1 RA 

CVOTs)
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Effetti collaterali di GLP-1RA (vs SGLT2i?): what-is e what-if
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Primary Outcome: 3p MACE

Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes 

Marso SP et al., N Engl J Med 2016
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Baseline characteristics across the SUSTAIN clinical trial programme 

Vilsbøll T et al., DOM 2018 
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DR adverse events as reported across the SUSTAIN clinical trial programme 

Vilsbøll T et al., DOM 2018 
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Time to first EAC-DRC in SUSTAIN  6 
Baseline 
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use 

before: 
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Vilsbøll T et al., DOM 2018 
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Glycated haemoglobin (HbA1c) in SUSTAIN 6 

Vilsbøll T et al., DOM 2018 
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Incidence of DRC in SUSTAIN 6 by baseline DR and HbA1c reduction

No baseline DR Baseline DR

Vilsbøll T et al., DOM 2018 

Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Effetti collaterali di GLP-1RA (vs SGLT2i?): what-is e what-if
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Adverse effects of GLP-1 RA and SGLT2i 
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Date Presentation title

• Risk of amputation and bone fractures 
• Diabetic Ketoacidosis
• Genitourinary infections
• Risk of volume depletion and hypotension

Adverse effects of SGLT2i 
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Adverse effects in CANVAS and CREDENCE 

Perkovic V et al., NEJM 2019 & Neal B et al., NEJM 2017
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Proposed mechanisms of SGTL2i adverse effects on bone

Taylor SA et al., Lancet 2015 
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Ferrannini E et al J Clin Invest 2014

Metabolic Response to SGLT2 Inhibition in T2D
66 T2D pts
BMI 32±5, HbA1c 55±8, 
Empagliflozin 25 mg, 
Treatment 4 wks
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Ferrannini E et al J Clin Invest 2014

Metabolic Response to SGLT2 Inhibition in T2D
66 T2D pts
BMI 32±5, HbA1c 55±8, 
Empagliflozin 25 mg, 
Treatment 4 wks
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Mechanism of SGLT2i–associated DKA  

Goldenberg RM et al. , Clin ical Therapeutics 2016 
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Precipitants for SGLT2i–associated DKA and actions to prevent its occurrence

Goldenberg RM et al. , Clin ical Therapeutics 2016 
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Adapted from Goldenberg RM et al. , Clin ical Therapeutics 2016 

Prescribing sodium-glucose cotransporter 2 inhibitors (SGLT2i) and prevention of DKA 
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EMA confirms recommendations to minimise ketoacidosis risk with 
SGLT2 inhibitors for diabetes

Information for healthcare professionals 
• Rare cases of diabetic ketoacidosis …have occurred in patients taking SGLT2i... A number of these cases 
were atypical with patients having only moderately raised blood sugar levels…
•Always consider the possibility of diabetic ketoacidosis in patients taking SGLT2 inhibitors who have non-
specific symptoms such as nausea, vomiting, anorexia, abdominal pain, excessive thirst, difficulty breathing, 
confusion, unusual fatigue or sleepiness…
•Inform patients of the signs and symptoms of diabetic ketoacidosis and advise them to seek medical advice 
immediately if they develop such signs and symptoms. 
•Stop treatment with SGLT2 inhibitors immediately if diabetic ketoacidosis is suspected or confirmed, and 
do not re-start treatment unless another clear precipitating factor for the condition is identified and 
resolved. 
•Stop treatment with SGLT2 inhibitors temporarily in patients undergoing major surgical procedures or 
hospitalised due to acute serious medical illnesses. Treatment may be restarted once the patient’s condition 
has stabilised. 
•Exercise caution in patients with risk factors for ketoacidosis and inform patients of these factors. These 
include low reserve of insulin-secreting cells, a sudden reduction in insulin dose, an increased requirement 
for insulin (due to illness, surgery or alcohol abuse) and conditions that restrict food intake or can lead to 
severe dehydration. 

EMA confirms recommendations to minimise ketoacidosis risk with SGLT2 inhibitors for diabetes EMA/142655/2016 
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UTI and Genital infections in T2D patients receiving SGLT2i versus control in RCT 

Liu J et al., Scientific RepoRts 2016 

UTI Genital
Infections
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Diuretic Agents
1. SGLT2i (eg.Empa, Cana, Dapa)
2. Carbonic Anhydrase Inhibitor (eg. 

Acetazolamide)
3. Loop diuretic (eg. Furosemide)

4. Thiazide diuretic (eg. Hydrochlorothiaz.)
5. Epithelial Na+ Channel inh. (eg. Amiloride)
6. Aldosterone Receptor Blocker (eg. 

Spironolactone)

Diuretic agents, their mechanisms of action, and potential impact in HF

Lytvyn Y et al Circulation 2017;136:1643–1658
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Adverse effects in CANVAS and CREDENCE 

Perkovic V et al., NEJM 2019 & Neal B et al., NEJM 2017
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McMurray JJV et al., NEJM 2019 & Packer M et al., NEJM 2020

Adverse effects in DAPA-HF & EMPEROR-Reduced 
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Effetti collaterali di GLP-1RA (vs SGLT2i?): what-is e what-if
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On-treatment adverse events during the Pioneer 2 Trial

Rodbard HW et al., Diabetes Care 2019 
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Overall safety of GLP-1RAs with SGLT-2is 

Ding L et al., International Journal of Endocrinology 2020 

Pioneer 2
Sustain 8
Duration 8
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Strategies to mitigate the adverse effects of SGLT2i and GLP1-RA 

Li J et al., CJASN 2020
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Longato E, et al. BMJ Open Diab Res Care 2020 

Cox analysis on adverse events, and corresponding event rates (calculated/1000 p-y)  

SGLT2i/GLP-1 RA
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Effetti collaterali di GLP-1RA (vs SGLT2i?): what-is e what-if
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Decision Algorithm for Prescribing SGLT2i and GLP-1 RA for DKD 

Li J et al., CJASN 2020
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