








ADA/EASD Consensus Guidelines
Treatment Algorithm

Tier 1: Well-validated core therapies
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1. Sulfonylureas other than glybenclamide (glyburide) or chlorpropamide.
2. Insufficient clinical use to be confident regarding safety.
Nathan DM et al. Clinical Diabetes. 2009;27:4-16.

Limitations of Current Therapies

Confusing guidelines

Specialists argue over treatment goals

— A1C goal, A1C vs postprandial hyperglycemia, etc
Lots of drugs, but reasonably equal efficacy
for all of the available drugs

Choice is often based on other factors

— Cost

— Effect on weight or risk of hypoglycemia

— Indications, contraindications, formulary

— Whether providers/patients prefer the newest drugs

American Diabetes Association. Diabetes Care. 2005;28(suppl 1):S4-S36.




US Drug Availability for Hypertension
and Diabetes: 1950 to Present
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Adapted from Inzucchi SE. Clinical Diabetes. Fonseca VA, ed.; 2006.

Natural History of Type 2 Diabetes

Post-meal glucose
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IGT=impaired glucose tolerance.
Adapted from International Diabetes Center (Minneapolis, Minnesota).
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Islet Hormones

B-cells — Insulin

a-cells — Glucagon

6-cells — Somatostatin

Defective Post-Meal Insulin
and Glucagon in Type 2 Diabetes
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CHO=carbohydrates; NGT=normal glucose tolerance.

Adapted from Miiller WA et al. N Engl J Med. 1970;283:109-115.




Lack of Glucagon Suppression Causes
Postprandial Hyperglycemia in Type 2 Diabetes
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*P<0.001. N=9 (7 men, 2 women).
Shah P et al. J Clin Endocrinol Metab. 2000;85:4053-4059.
Incretins

» Gut-derived hormones, secreted in response to
nutrient ingestion, potentiate insulin secretion
from islet B-cells in a glucose-dependent fashion,
and lower glucagon secretion from islet a-cells

e Two predominant incretins

— Glucagon-like peptide-1 (GLP-1)

— Glucose-dependent insulinotropic polypeptide
(GIP), also known as gastric inhibitory
polypeptide

e The incretin effect is impaired in type 2 diabetes

— GLP-1 deficiency

Holst JJ et al. Diabetes. 2004;53(suppl 3):s197-s204; Meier JJ, Nauck MA. Diabetes Metab Res Rev. 2005;21:91-117.




Incretin Effect — Difference in the Insulin
Response to Oral vs IV Glucose

Oral glucose (50 g) 2.0 - =o= IV glucose
- or isoglycemic infusion « &= Oral glucose
kS, 200 ~
2 S
S <)
= S
Q c
a &
S 3
= 100 j =
£ g
5 S
S
o
0 +r—rrrr T — ™ 0.0 +—r—r—r— T —
0 60 120 180 0 60 120 180
Time (min) Time (min)
*P<0.05.

Adapted from Nauck MA et al. J Clin Endocrinol Metab. 1986;63:492-498.

Responses of GIP and GLP-1
to Oral Glucose in Healthy Humans
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*Significant increments over basal values (controlled for multiple comparisons; Quade test).
Nauck MA et al. J Clin Encocrinol Metab. 1993;76:912-917.




Secretion and Metabolism of the
Incretin Hormones GLP-1 and GIP
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Effect of GLP-1 on Fasting Hyperglycemia
in Patients With Type 2 Diabetes
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Adapted from Nauck MA et al. Diabetologia.
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GLP-1 Effects Are Glucose-
Dependent in Type 2 Diabetes
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Nauck MA et al. Diabetologia 36:741-744, 1993.

Inhibition of Gastric Emptying
by GLP-1 in Healthy Humans
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Adapted from Nauck MA et al. Am J Physiol Endocrinol Metab. 1997;273:E981-E988.




Effect of GLP-1 on Eating Behavior
in Type 2 Diabetes

Parameter Saline GLP-1

Food quantity (g) 377 £ 45 268 = 31*

Calorie intake (kcal) 944 + 99 694 = 79*

Fluid intake (mL) 441 + 56 360 + 607

Data are mean = SE. Dose of GLP-1 was 1.5 pmol-kg-'/min-'.
*P=0.034; tP=0.011.
Gutzwiller JP et al. Am J Physiol Regulatory Integrative Comp Physiol. 1999;276:1541-1544.

GLP-1: Physiologic Effects

Increased insulin; Enhanced insulin sensitivity
lowered glucagon

Increased
cardiovascular
dynamics

Satiety Increased B-cell mass

Baggio LL, Drucker DJ. Gastroenterology. 2007;132:2131-2157.




Effect of GLP-1 on B-Cell Mass
in Zucker Diabetic Fatty Rats
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Adapted from Farilla L et al. Endocrinology. 2002;143:4397-4408.
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The Incretin Effect Is Impaired
in Type 2 Diabetes
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Reduced Incretin Effect
in Patients With Type 2 Diabetes
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Nauck M et al. Diabetologia. 1986;29:46-52.

GLP-1 Infusion Normalizes Glucose
Levels in Patients With Type 2 Diabetes
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Rachman M et al. Diabetologia. 1997;40:205-211.
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Effect of a 6-Week GLP-1 Infusion
in Patients With Type 2 Diabetes on A1C
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Zander M et al. Lancet. 2002;359:824-830.

Treatment Strategies
Involving the Incretin System

e GLP-1 analogs (incretin mimetics)
— GLP-1 receptor agonist is resistant to inactivation
by DPP-4
— Exenatide, liraglutide,” albiglutide®, exenatide
LAR", taspoglutide”

 DPP-4 enzyme inhibitors (incretin enhancers)
— Molecule selectivity inhibits activity of DPP-4
— Sitagliptin, alogliptin,” saxagliptin,” vildagliptin®

*Currently not approved by FDA.
Hoogwerf BJ. Cleve Clin J Med. 2006;73:477-484; Mikhail NE. Endocr Pract. 2006;12:307-314.
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Summary of Exenatide

e GLP-1 analog/receptor agonist

e Controls postprandial hyperglycemia: increases
insulin, lowers glucagon, and slows gastric motility

» Approved for usage with SUs, metformin, TZDs
— Not with insulin
— Not for monotherapy
» Weight loss, rare hypoglycemia (except with SUs)
« Nausea, pancreatitis
e Future: liraglutide (once daily) and exenatide
LAR (weekly)

Metabolism of GLP-1 and GIP

Capillary
Active hormones Inactive metabolites
GLP-1 [7-36NH,] DPP-4 GLP-1 [9-36NH,]
GIP [1-42] GIP [3-42]

\ Y,

Native GLP-1 and GIP are rapidly
inactivated by the protease DPP-4

Drucker DJ. Diabetes Care. 26:2003;2929-2940.
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Adverse Events: Meta-Analyses
of Incretin-Based Therapies vs Comparators

Adverse Event

DPP-4 Inhibitors

GLP-1 Receptor
Agonists

Hypoglycemia

0.97 (0.50-1.86)

1.02 (0.46-2.26)7

Nausea 0.89 (0.58-1.36) 2.92 (2.02-4.24)
Vomiting 0.69 (0.42-1.15) 3.32 (2.51-4.41)
Diarrhea 0.80 (0.42-1.54) 2.23 (1.72-2.89)
Nasopharyngitis 1.17 (0.98-1.40) i
uTl 1.52 (1.04-2.21) i
Headache 1.38 (1.10-1.72) i

*Risk ratio (95% CI) vs all comparators (placebo and active) unless otherwise indicated; T Exenatide vs
insulin; analysis not performed for liraglutide; ¥ Analysis not performed for GLP-1 receptor agonists.

Amori RE et al. JAMA. 2007;298:194-206; Feinglos MN et al. Diabet Med. 2005;22:1016-1023; Madsbad S et al.
Diabetes Care. 2004;27:1335-1342.

Both Sitagliptin and Metformin

Increased Active GLP-1 Concentrations
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Migoya EM et al. Presented at: 67th Scientific Session of the ADA Annual Meeting; June 22-26, 2007; Chicago, IL.

Abstract 0286-OR.
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Important Principles
Regarding DPP-4 Inhibitors

e Reasonably equal efficacy to GLP-1 receptor agonists

» Different side-effect profile
— Same lack of hypoglycemia
— Weight neutral
— No Gl nausea/vomiting
— Major side effects include upper respiratory infections
and very rare Stevens-Johnson syndrome
e Growing interest in additive pharmacologic effects of
metformin and DPP-4 inhibitors on GLP-1 levels
— Combination DPP-4/metformin tablets

Summary

e Incretin therapies have added new dimensions
to the treatment of type 2 diabetes
— Safe, with few side effects
— Low risk of hypoglycemia
— Weight neutral or weight loss
— Addresses proven pathogenetic defects
— No age or health contraindications
— Strong synergism with metformin
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