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December 20, 2006December 20, 2006  
This United Nations resolution recognizedThis United Nations resolution recognized  

that tackling diabetes is likely to be one of the most importantthat tackling diabetes is likely to be one of the most important  
challenges for the global public health community inchallenges for the global public health community in  

the 21st centurythe 21st century  





1552 BC-  an Egyptian healer an Egyptian healer HesyHesy--Ra wrote Ra wrote   

about a disease with frequent urination as one about a disease with frequent urination as one symptom symptom  



250 BC first time word Diabetes was mentioned 



1921-Insulin discovery 



First patient who received insulin:  
Leonard Thompson (1908 – 1935) 

 

December 15th 1922 

 

February 15th 1923 



How First looks in pictures...... 

The first insulin vials and first U-20 

and U-40 formulations were 

packaged in wooden containers. 

(1923) 

Early advertisements informed the 

public of the availability of the first 

commercial insulin in 1923. It was 

manufactured and marketed by Eli Lilly 

and Company. 

An insulin filling line (up) and finishing 

line 8down), at Eli Lilly and Company, 

the first company to mass produce 

insulin, beginning in 1923. 

First News paper publication – Toronto 

Daily Star 
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PPG has a major impact on the 24PPG has a major impact on the 24--hour glucose profile in hour glucose profile in 

patients with type 2 diabetespatients with type 2 diabetes  

Monnier L, et al. Diabetes Care. 2007;30:263-9. 



Landmark trials in type 1 diabetes 



Lessons from UKPDS: better glucose control means fewer complications 

EVERY 1%  

reduction in HbA1c REDUCED RISK* 

Deaths from diabetes 

Heart attacks 

Microvascular complications 

Peripheral vascular disorders 

*p<0.0001 

1% 

 Stratton et al. UKPDS 35. BMJ. 2000;321:405–12 



Landmark trials in type 2 diabetes 



3. ANTI-HYPERGLYCEMIC THERAPY 

• Therapeutic options: Lifestyle 
 

- Weight optimization    

- Healthy diet 

- Increased activity level 
Diabetes Care, Diabetologia. 19 April 2012 [Epub ahead of print] 

ADA-EASD Position Statement:  

Management of Hyperglycemia in T2DM 

 

 



3. ANTI-HYPERGLYCEMIC THERAPY 

•   Therapeutic options:  

  Oral agents & non-insulin injectables 
 

- Metformin    

- Sulfonylureas 

- Thiazolidinediones 

- DPP-4 inhibitors 

- GLP-1 receptor agonists 

    

- Meglitinides       

- a-glucosidase 
inhibitors  

- Bile acid 
sequestrants 

- Dopamine-2 
agonists 

- Amylin mimetics 
Diabetes Care, Diabetologia. 19 April 2012 [Epub ahead of print] 

ADA-EASD Position Statement: 

 Management of Hyperglycemia in T2DM 

 

 



Major target organs and actions of non-insulin 
antihyperglycemic agents in type 2 diabetes 

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon like peptide-1; SGLT-2, sodium-glucose co-transporter  

Cheng AY et al. CMAJ. 2005;172:213-26 

21 

a-glucosidase inhibitors 

Delay intestinal carbohydrate 

absorption 

Thiazolidinediones 

Decrease lipolysis in adipose 

tissue, increase glucose uptake 

in skeletal muscle and 

decrease glucose production in 

liver 

Sulfonylureas 

Increase insulin secretion 

from pancreatic -cells 

GLP-1 analogs 

Improve pancreatic islet glucose sensing, 

slow gastric emptying, improve satiety 

Glinides 

Increase insulin secretion from 

pancreatic -cells 

DPP-4 inhibitors 

Prolong GLP-1 action leading to improved 

pancreatic islet glucose sensing, increase 

glucose uptake 

SGLT-2 inhibitors 

Inhibit glucose reabsorption from 

renal tubules, thereby promoting 

urinary glucose excretion 



Metformin 



Stepwise approach? 
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Time of day (24-hour clock) 

Fasting (nocturnal period) Postprandial (daytime period) 

Morning 

Period 

Curve 1 (blue): <6.5% 

Curve 2 (red): ≤6.5 to <7% 

Curve 3 (green): ≤7 to <8% 

Curve 4 (orange): ≤8 to 9% 

Curve 5 (pink): ≥9% 
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PPG is the first recognized alteration in people with 
type 2 diabetes on the 24-hour glucose profile 

Monnier L, et al. Diabetes Care. 2007;30:263-9 



  
INSULIN AND SULPHONYLUREA PROMOTE WEIGHT GAIN  
 

Years from randomization 
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*Diet initially then sulphonylureas, insulin and/or metformin if 

FPG>15 mmol/L 

Conventiona
l*  Glibenclmide 

Insulin 
Metformin 

Up to 5 kg is already gained within just 3 years 
with a sulphonylurea or insulin 

             UKPDS 34 Study. Lancet 

1998:352:854–65 

0 3 6 9 12 

FPG- fasting plasma glucose 



Adapted from Riddle MC. Endocrinol Metab Clin North Am. 2005;34:77–98  

General approach to the management of 
T2DM  
treatment intensification 

Diet and exercise 

Oral monotherapy 

Oral combination ++  

Oral + insulin ++  ++  

Insulin 



IFG=impaired fasting glucose ; NGT = normal glucose tolerance ; IGT = impaired glucose tolerance 

Adapted from Rickheim P, Flader J, Carstensen AK. Type 2 Diabetes BASICS. International Diabetes Center; 2000 

Pancreatic islet function deteriorates over time, causing 
disease progression 

Diagnosis 

Insulin 

Glucose 

NGT Diabetes  

Decreasing 

β-cell function     

Inadequate 

β-cell function 

Postprandial glucose 

Fasting glucose 

Insulin resistance 

Insulin secretion 

Prediabetes 

(IFG/IGT) 



                    
Badman MK, Flier JS. The gut and energy balance: visceral allies in the obesity wars. 

Science 2005; 307: 1909-1914. 

GUT AS ENDOCRINE ORGAN 



INCRETINS 

 

In ● cret ● in 
    

                          Intestine       Secretion          
Insulin 

                                                                                                                              
Creutzfeldt; 1985 

• gut hormones that are secreted from 

enteroendocrine cells  

   into the blood within minutes after eating 

 

• stimulate a decrease in blood glucose levels 



GLP-1 

Glucagon-like peptide-1 

GIP 

Glucose-dependent insulinotropic 

polypeptide  

• 30-amino acid peptide secreted in response 

to the oral ingestion of nutrients by L cells, 

primarily in the ileum and colon  

• 42- amino acid peptide secreted by the K cells of the 

proximal duodenum and proximal jejunum  

• Receptors present in islet α- and β-cells and 

in peripheral tissues including the central and 

peripheral nervous systems, heart, kidneys, 

lungs and GI tract 

 

• Receptors present predominantly in islet β-cells, and 

in adipose tissue and the central nervous system 

Healthy  Healthy  

Physiological levels 

• Enhancement of glucose-dependent 

pancreatic insulin secretion 

• Inhibition of glucose-dependent 

pancreatic glucagon secretion 

Pharmacological levels 

• Slowing of gastric emptying 

• Appetite reduction 

Healthy  Healthy  

• Augments glucose-dependent insulin 

secretion 

DM type 2 DM type 2 

• Incretin effect may be reduced due to 

defective secretory response of incretin 

hormones at mealtimes or diminished 

hormonal effect despite near-normal 

secretion 

• Insulinotropic actions are diminished in 

association with loss of first phase of 

insulin secretion 

DM type 2 DM type 2 

• GIP levels are normal or modestly 

elevated 

• Insulinotropic actions of the peptide are 

diminished 

Efendic S et al. Horm Metab Res. 2004;36(11-12):742-746; 
Drucker DJ. J Clin Invest. 2007;117(1):24-32 





The Incretin Defect in Type 2 Diabetes 

Incretin 

“Defect” 

Insulin 

Resistance 
Relative Insulin 

Deficiency 

Hyperglycemia Type 2 Hyperglycemia Type 2 

Diabetes 

Incretin effect accounts for up to 70% of the Incretin effect accounts for up to 70% of the 

insulin response to oral glucose intake1 

1. Holst JJ, Gromada J. Role of incretin hormones in the regulation of insulin secretion in diabetic and nondiabetic humans. Am J Physiol Endocrinol Metab. 2004;287(2):E199-E206. 



INSULIN 

SULPHONYLUREA 

METFORMIN 

1992 Bronx: 

discovery of 

exenatide 

1996 San Francisco: 

ADA meeting 

INCRETIN 

1921 Toronto: 

insulin discovery 

 







DPP-4 inhibitors  
Prevent the degradation of the 

natural GLP-1 by DPP-4 enzyme 

GLP-1 RA 
Incretin mimetic 

(imitating the effect of natural 
GLP-1) 

DPP-4=dipeptidyl peptidase-4, GLP-1=glucagon-like peptide-1, RA=receptor agonists 

Incretin based therapeutic options 



SITAGLIPTIN (Januvia)    SITAGLIPTIN (Januvia)        

VILDAGLIPTIN (Galvus)    VILDAGLIPTIN (Galvus)        

SAXAGLIPTIN (Onglyza)    SAXAGLIPTIN (Onglyza)        

LINAGLIPTIN (Trajenta) LINAGLIPTIN (Trajenta)     

ALOGLIPTIN (Vipidia) ALOGLIPTIN (Vipidia)       

 

Anagliptin approved approved 2012 in Japan 

Teneligliptin approved approved 2012 in Japan 

 

Gemigliptin (Zemiglo, LG Life sci; phase III) 

    

 

 

 



GLP-1 agonists 

 

Exenatide - byetta 

Exenatide LAT – Bydureon 

Liraglutide – Victoza 

Lixisenatide – Lyxsumia 

 

Albiglutide 

Dulaglutide 



Meier JJ. Nat Rev Endocrinol  2012; 8: 728–42. GUP-NT = Glikemija u plazmi na tašte    GUP-PP= glikemija u plazmi postprandijalno 



Meier JJ. Nat Rev Endocrinol  2012; 8: 728–42. 



Effect on HbA1c across the LEAD trials 

Significant *vs. comparator; #change in HbA1c from baseline for overall population (LEAD-4,-5) add-on to diet and exercise failure (LEAD-3); or 

add-on to previous OAD monotherapy (LEAD-2,-1) 

Marre et al. Diabetic Med 2009;26;268–78 (LEAD-1); Nauck et al. Diabetes Care 2009;32;84–90 (LEAD-2); Garber et al. Lancet 2009;373:473–81 (LEAD-3); Zinman et al. 

Diabetes Care 2009;32:1224–30 (LEAD-4); Russell-Jones et al. Diabetologia 2009;52:2046–55 (LEAD-5); Buse et al. Lancet 2009; 374:39–47 (LEAD-6) 



Weight effects across LEAD trials 

Liraglutide 1.8 mg Liraglutide 1.2 mg Glimepiride 

Rosiglitazone Glargine Placebo 

Exenatide 

SU combination 
LEAD-13 

Met 
combination 

LEAD-22 

Met + TZD 
combination 

LEAD-44  

Met + SU 
combination 

LEAD-55 
Monotherapy 

LEAD-31 

Met ± SU 

combination 
LEAD-66 
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*p≤0.0001 vs active comparator; †p≤0.01, †††p≤0.0001 vs placebo (active comparators vs placebo not shown)  
Data from core trials 

MET, metformin; SU, sulphonylurea; TZD, thiazoladinedione. 

†    * 
* * 

* 

†    

* 
†††    

* 

* 

* 

* 

1. Garber A et al. Lancet 2009;373:473–481; 2. Nauck M et al. Diabetes Care 2009;32;84–90; 3. Marre M et al. Diabet Med 2009;26;268–278; 4. Zinman B et al. 
Diabetes Care 2009;32:1224–1230; 5. Russell-Jones D et al. Diabetologia 2009;52:2046–2055; 6. Buse JB et al. Lancet 2009;374:39–47. 



GLP-1RA comparative studies: Hypoglycaemia  

*Minor hypoglycaemia (signs or symptoms associated with hypoglycaemia and fingerstick blood glucose level 3 mmol/L that were either self-treated or resolved on their 

own) 
†Requiring medical assistance 
§4-week study  
‡Event with clinical symptoms with either plasma glucose <3.3 mmol/L or prompt recovery after oral carbohydrate administration if no plasma glucose measurement 

available 

Albi, albiglutide; BID, twice daily; Exe, exenatide; GLP-1RAs, glucagon-like peptide-1 receptor agonists; Lira, liraglutide; NR, not reported; OW, once weekly 

 

1. Buse JB et al. Lancet 2009;374:39–47; 2. Buse JB et al. Lancet 2013;381:117–124; 3. Pratley R et al. ADA 2012 poster presentation 945-P; 

4. Kapitza C et al. Diabetes Obes Metab 2013;15:642–649 

Hypoglycaemia LEAD-61 DURATION-62 HARMONY-73 Kapitza et al.4§ 

Lira 1.8 

mg OD 

 n=233 

Exe 10 

μg BID 

n=231 

Lira 1.8 

mg OD 

n=450 

Exe 2 mg 

OW 

n=461 

Lira 1.8 

mg OD 

n=408 

Albi 50 

mg OW 

n=404 

Lira 1.8 

mg OD 

n=71 

Lixi 20 

μg OD 

n=77 

Proportion of subjects 

experiencing 

hypoglycaemia* (%) 

NR NR 4.0 3.0 20.8 16.3 0‡ 0‡ 

Hypoglycaemia* 

rate/patient year 
1.9 2.6 NR NR NR NR NR NR 

Major hypoglycaemia† 

(%) 
0 0.2 0 0 NR NR NR NR 



Bydureon clinical trials 

The DURATION-4 clinical trial of Bydureon monotherapy versus metformin, sitagliptin, or pioglitazone monotherapy was conducted in adult 

patients uncontrolled on diet and exercise alone. Bydureon is not indicated as first-line monotherapy in patients uncontrolled on diet and exercise 

alone. 

QD, daily. 

Trial Comparator Background Subjects Publication 

DURATION-1 
Byetta 

Open label 

Drug naïve, mono and 

combo failures 
295 

Drucker, et al. 

Lancet 2008 

DURATION-2 

Sitagliptin (100 mg QD) or  

pioglitazone (45 mg QD) 

Double blind 

Metformin 491 
Bergenstal, et 

al. Lancet 2010 

DURATION-3 
Insulin glargine 

Open label 
Metformin ± SU 456 

Diamant, et al. 

Lancet 2010 

DURATION-5 
Byetta 

Open label 

Drug naïve, mono and 

combo failures 
252 

Blevins, et al.  

J Clin Endocrin 

Metab 2011 

DURATION-6 
1.8 mg liraglutide 

Open label 

Mono and combo 

failures 
911 

Buse, et al. 

Lancet 2012  



In the DURATION clinical trials, Bydureon demonstrated 
HbA1c reductions of –1.3% to –1.9% 

Data from 24–30 Weeks; *p<0.05 versus both; †p<0.01; ‡p<0.0001; §p=0.02; ||p=0.017; ¶ITT population;  
#Modified ITT population. 

1. Bergenstal RM, et al. Lancet 2010;376:431–9; 2. Drucker DJ, et al. Lancet 2008;372:1240–50;  

3. Blevins T, et al. J Clin Endocrin Metab 2011;96:1301–10; 4. Buse JB, et al. Lancet 2013;381:117–24;  

5. Diamant M, et al. Lancet 2010;375:2234–43.  

Byetta¶2 

n=295 

30 weeks 

Byetta¶3 

n=252 

24 weeks 

Baseline (%) 

Sitagliptin (100 mg QD) or  

Pioglitazone (45 mg QD)¶1 

n=491 

26 weeks 

Insulin glargine#5 

n=448 

26 weeks 

Bydureon versus Liraglutide 1.8 mg¶4 

n=911 

26 weeks 

Sitagliptin Pioglitazone Bydureon Liraglutide Byetta Insulin glargine 

–1.9%† 

–1.5% –1.6%‡ 

–0.9% 
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–0.9% 
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–1.5% –1.5%|| 

–1.3% –1.3%§ 
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Lixisenatid GetGoal Program  

. 

Diet 

1 OAD 

2 OADs 

Basal 
insulin  

OADs 

GetGoal-Mono 

Monotherapy 

GetGoal-Mono 

Japan 

Monotherapy 

GetGoal-F1 

Add-on to MET 

GetGoal-X 

Add-on to MET 

GetGoal-M 

Add-on to MET 
GetGoal-P 

Add on to 

pioglitazone ± MET 

GetGoal-M-Asia 

Add on to MET± SU 

GetGoal-S 

Add on to SU ± MET 
GetGoal-L-Asia 

Add on to basal 

insulin ± SU 

GetGoal-Duo1 

Add on to  insulin 

glargine ± MET  

GetGoal-L 

Add on to basal 

insulin ± MET 



GetGoal : change in HbA1C  

47 

BI = Basal Insulin 

IG =Insulin Glargine 

Lixisenatide M = Metformin 

P =Pioglitazone 

SU =Sulfonylurea 

Exenatide  

Placebo 

Duration of Diabetes 
(years) 

1.4/1.1/1.4 8.0/9.0 6.2/6.2/5.9 6.0/5.8/6.2 6.8/6.8 9.1/9.8 8.1/8.1 6.5/6.8 11/11 13.7/14.1 9.6/8.7 

Baseline A1C (%) 8/8.1/8.1 8.4/8.1 8.0/8.1/8.1 8.1/8.0/8.0 8.0/8.0 8.3/8.2 8.1/8.1 8.1/8 8.4/8.4 8.5/8.5 7.7/7.7 

Baseline mean body 
weight (kg) 

89.0/86.5/86.1 70.8/66.7 90.1/89/90.4 88.1/90.3/87.9 94.5/96.7 82.6/84.5 92.8/97.0 73.6/72.9 87.4/89.1 65.9/65.6 87.3/86.8 

Baseline mean BMI 
(kg/m2) 

32.3/31.6/31.8 25.2/24.8 33.3/32.6/33.3 32.1/33.1/32.5 33.7/33.5 30.1/30.4 33.7/34.4 26.8/27.1 31.9/32.6 25.4/25.2 32/31.7 

Background therapy None None M M M SU ± M P ± M M ± SU BI ± M BI ± SU IG + M 

Study duration (wks) 12 52 + ext 24 + ext 24 + ext 24 + ext 24 + ext 24 + ext 24 24 + ext 24 24 
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** *** *** *** *** *** *** *** *** *** *** 

*  24 week data, longer term data was pooled** 2-step PM dosing) *** 2-step AM dosing 

Note: All lixisenatide dosing is 1-step AM regimen, unless otherwise noted 

Source: Previous GetGoal sources 







GLP-1RAs have desirable effects beyond 
glycaemic control 

CV, cardiovascular; GLP-1RA, glucagon-like peptide-1 receptor agonist; T2DM, type 2 diabetes mellitus 

1. Vilsbøll T & Garber AJ. Diabetes Obes Metab 2012;14(suppl 2):41–49; 2. Baggio LL & Drucker DJ. Gastroenterology 2007;132:2131–2157 

Insulin secretion1,2 

Insulin biosynthesis1,2 

Beta-cell glucose sensitivity2 

Glucagon secretion2 

 

CV  

FUNCTION 

GLYCAEMIC CONTROL 

WEIGHT LOSS 

Delayed gastric emptying1,2 

 

Fullness and satiety1,2 

 

Food intake1,2 

Myocardial function and survival 
in animal models1,2 

 

Improved biomarkers of 
cardiovascular risk1,2 

 

Systolic blood pressure1 





Incretin based therapy 

CONTRA 

 

Non responders 

 

Thyroid C-cell cancer in animal models 

 

Pancreatitis 

 

Pancreatic neoplasm 





Incretin based therapeutic options 

• Incretin effect is necessary for normal α- and β- cell   

  function 

 

• Incretin effect is reduced in people with type 2   

  diabetes 

 

• Increasing the incretin effect should improve α- and β-   

  cell function and glycemic control 



1Inzucchi SE et al. 2012.  

Diabetes Care 2012 35(6):1364-1379 

 


