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Overview

m Case.

m American Diabetes Association Guidelines-2016.
m Incretins.

m SGLT-2 inhibitors.

m Incretins and SGLT-2 inhibitors for treatment of
type 1 diabetes. Is this valid?

m Cardiovascular and renal outcomes.
= Case.

m History lesson.




Case 1

m A 58 year old man comes to the clinic for a
diabetes visit.

m He was diagnosed with type 2 diabetes in 2007.

= The antiglycemic regimen:
— Metformin, 1000 mg bid
— Glimepiride, 4 mg/day

m The HbA1c in clinic is 9.3%.

Case

m He has hypertension.

— 20 mg of lisinopril/day

— 25 mg of hydrochlorothiazide/day
m Dyslipidemia

— 40 mg of atorvastatin/day
m Exam

— Ht 70 inches (1.78 m), weight 247 pounds (112.3 kg),
BMI 35.4, BP 140/84 mm Hg, p 78 bpm

— He has central weight distribution without
acanthosis nigricans

Steps in the Treatment
of the Diabetes

m What is the goal HbA1c?
— This needs to be discussed with each patient.

= Nutrition counseling.
m Exercise.
m Weight loss.

m He needs to be started on a third antiglycemic
agent.
— There are multiple medication classes available.
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Traditional ADA Targets for
Diabetes Treatment

ADA! Goal

Biochemical Index

HbA1c <7.0%

Preprandial glucoset 90-130 mg/dL

Peak postprandial glucoset <180 mg/dL

1 American Diabetes Association (ADA)

*The 2007 American Diabetes Association (ADA) guidelines suggest that the A1c goal for the individual
patient is an A1c as close to normal (< 6%) as possible without significant hypoglycemia.

tBased on measurements of plasma glucose




Most Intensive Less Intensive Least Intensive

6.0% 7.0%
Psychosocioeconomic Considerations
Highly Motivated, Adherent, Less motivated, Non-adherent,
Knowledgeable, Limited insight,

Excellent Self-Care Capacities, Poor Self-Care Capacities,
& Comprehensive Support Systems & Weak Support Systems

Hypoglycem

Low Moderate High

Patient Age
70 75

Disease Duration

Other Comorbidities
Few/Mild Multiple/Severe

Early Micro Cardi I Advanced Micro
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ANTI-HYPERGLYCEMIC THERAPY
in Type 2 Diabetes

Therapeutic options:

Oral agents & non-insulin injectables

Metformin

Sulfonylureas Meglitinides
Thiazolidinediones a-glucosidase inhibitors
DPP-4 inhibitors Bile acid sequestrants
GLP-1 receptor agonists Dopamine-2 agonists
SGLT-2 inhibitors Amylin mimetics

Diabetes Care 35; -1379, 2012. Diabetologia 55: 1577-96, 2012.

PK Profile of Available Insulins in

Inhaled insulin

lAspart, Lispro, Glulisine

Regular
Intermediate (NPH insulin)
Long (Insulin detemir)
Long (Insulin glargine)
Ultralong (U-300 glargine) (Toujeo)
degludec (Tresiba)

Plasma Insulin Levels

=ttt
1@ 18 20
Time (hours)
PK: pharmacokinetics. NPH: Neutral protamine Hagedorn
[Adapted from Hirsh IB. NEJM. 2005;352:174-183. Flood TM. J Fam Pract. 2007.56(suppl 1):51-512.

Becker RH, et al. Diabefes Care. 2014:pi:DC_140006. hitp-//www.pdr.net/full-prescribing-
i i April 5, 2015.




Step-Care Approach to Treatment
with Insulin in Type 2 Diabetes

Further intensification

Intensification v

Insulin Initiation v

v

Progressive deterioration of 3-cell function

Leahy, JL. Endocrinol Clin N America. 41: 119-144, 2012.
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Incretins

m Gut peptides stimulated by nutrient ingestion.
m Favorable effects on glucose metabolism.
= Major human incretins’-2

— Glucagon-like peptide-1 (GLP-1) N

— Glucose-dependent insulinotropic polypeptide (GIP)

"Drucker DJ. Diabetes Educator. 32 (Suppl 2):65S-71S, 2006.
2Vilsbell T. Holst JJ. Diabetoloaia. 47:357-366. 2004.




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

Oral glucose (50 g)
20 or isoglycemic infusion

- |V glucose
Oral glucose

-Peptide (nmol/L) o
c ¢ o

Plasma Glucose (mg/dL)
C

60 120
Time (min) Time (min)

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

Postprandial GLP-1 Levels are Decreased in
Subjects With IGT and Type 2 Diabetes

NGT subjects mmm
IGT subjects mmm
T2DM patients s

Mean (SE)
GLP-1 (pmol/L)

Time (min)

Toft-Nielsen M, et al. J Clin Endocrinol Metab. 86:3717-3723, 2001.

GLP-1 Acts Directly on the Endocrine Pancreas,
Stomach, Brain and Possibly the Heart.

A Neuroprotection

§ Appetite
Stomach

§ Gastric emptying

Caﬂwmlectlon\
# Cardiac output

GLP-

51 tract

¥ Glucose production

: Insulin biosynthesis
B cell proliferation
A insulin sensitivity 4 3 cell apoptosis
& e secrston
124 §-Glucagon secretion
-

Liver -

J Clin Endocrinel Metab, June 2009, 94(5):1843-1852
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GLP-1 Agonists

= Augment insulin secretion.

m Decrease hepatic glucose output via inhibition
of glucagon.

m Increase satiety.
m Weight loss of 5-7% in most patients.

m Delay stomach emptying.

Secretion and Metabolism of
Glucagon-like Peptide-1 (GLP-1)

Vagal nerve

GLP-1 - - Target
100% 25% organs

GLP-1 also indirectly affects target organs via stimulation of the
vagus nerve in the portal vein.

GLP-1 glucagon like peptide 1; DPP-4: dipeptidyl peptidase-4
GLP-1R: glucagon like peptide 1 receptor.

Smits MM. Gut 2016. 65:702-11.
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Exenatide is the synthetic recombinant version
of exendin-4.

Exendin-4 was derived from the saliva of the
Gila monster.




Effect of Exenatide on Postprandial Glucose
and Glucagon in Type 2 Diabetes

Glucose Placebo mmmm Placebo mmmm
Exenatide 0.1 pg/kg mesm Glucagon Exenatide 0.1 pg/kg mesm

Exenatide or Placebo Exenatide or Placebo
l Standardized Breakfast 250 l Standardized Breakfast

200
150

100

Plasma Glucose (mmol/L)
Plasma Glucagon (pg/mL)

50
60 120 180

Time (min) Time (min)

Kolterman OG, et al. J Clin Endocrinol Metab. 88:3082-3089, 2003.

Extended Release Exenatide

Exenatide once weekly versus twice daily for the treatment
of type 2 diabetes: a randomised, open-label, non-inferiority
study

Summa

Background Exenatide is an incretin mimetic that shares glucoregulatory properties with glicagon-like peptide 1
(GLP-1), and improves ghvcaemic comrol, with py 8 wctions, whe i ice a day in

red
patients wish type 2 dia pared the efficacy of 2 once- weekls formulation of exenatide 1o that of 2 twice
. daily dose.

Methods A 30-week. randomised sty o a bon: 2mg
administered once weekly 10 10 pg exenatide administered twice a day. in 295 patients with type 2 diabetes
(haemoghobin A, [HbA,] 8.3% (SD 1.0}, mean fasting plasma ghacose 9 [SD 2] mmol/L. weight 102 [SD 20] k.
dishetes duration 6.7 [SD 5.0] yesrs). The patients were naive to drug therapy, of on one of more oral sntidisbetic
agents. The primary endpoint was the change in HBA, 3t 30 weeks. This study is registered with ClinicalTrisks gov
‘nusmber NCTO0308139.

Firefings At 30 weeks. the patients given exenatide once a week had signibcanthy greater changes in HbaA, than those
given exenatide wice a day (~1.9 [SE 0.1%] s =1.5 [0.15%), 95% CI -0.54% w0 -0.12%; p=0.0023). A significantly
areater proportion of patients receving treatment once a week versus twice a dav achieved target HbA, levels of

S 705 or less (775 rs 61% of evaluable patients, p=0 .0039).

" interpretation Exenatide once weekly resulied in significantly greater improvements in ghcaemic control than
exenatide ghven twice 2 day, with no increased rick of hypoghcaemia and similar reductions in bodyweight

 Funding Amylin Pharmaceuticals Tnc and Eli Lilly and Company.

www thebncet com Vol 372 October 4, 2008

Change in HbA1c (B) and Body Weight (C) over
30 Weeks in Patients with Type 2 Diabetes Treated
with Exenatide ER (2 mg) vs Exenatide (10 mcg bid).

B —+— Exenatide once aweek, —e— Exenatide once a week,
(n=148), baseline 8.3% (n=148), baseline 102 kg
Exenatide twice a day, = Exenatide twice aday,
(n=147), baseline 8-3% (n=147), baseline 102 kg

| |
N A
|

bodyweight (kg)
'
1

by

;
&
1

Least square mean (SE) change in

Least square mean (SE) changeiin A (

www thelincet.com Vol 372 October 4, 2008




GLP-1 Analogs Available in the US

GLP-1 receptor agonists
on the market

Human GLP-1 based Exendin-4 based

Daily Weekly Daily Weekly
Liraglutide Albiglutide Exenatide Exenatide LAR
(Victoza®*) [Tanzeum®) (Byetta®) T (Bydurean®)

2010 2014 2005 2012

Dulaglutide Lixisenatide
(Trulicity®) (Lymurnia®)
2014 2013 (EMA)

Liraglutide

[ Lir?:glutide is a recombinant analog of human
GLP-1.

m Close homology with native GLP-1.

m Has plasma half life of 13 hours.

= Administered sc once daily.

m Does not have to be timed before a meal.

Change in HbA1c With

Liraglutide vs Exenatide LAR.

= Open-label

randomized, parallel 2 I\ M

26 week trial in POV °g o

patients with T2DM <

treated with oral anti- g .

glycemic agents. ‘ 10+ .

1.8 mg of liraglutide g - - -

Qd vs 2 mg of Fi5 . —" 5

exenatide LAR given 5

once weekly. — T — " ]
3 4 B B 10 12 14 16 18 20 12 4 26

Liraglutide was more Tarne (weks)

potent than exenatide
LAR. *p<0.0001. t p=0.0005. t p=0.0012. § p=0.0018.

Buse JB, et al. Lancet. 381: 117-24, 2013.




Proportion of Patients who Develop Nausea

® Liaglutide 1.8 mg once a day
W Exenatide 10 pg twice aday

Patlents (%)

www.thelancet.com Vol374 July 4, 2009

Change in HbA1c in Patients With T2DM
Randomized to Liraglutide vs Sitagliptin.

B4% B-5%
u

g L

1-2 mg liraglutide
P=0-0001 | ™ 1.8 mgliraglutide
B 100 mg sitagliptin

Changein HbA, (%)

| p=0-0013

| p<0-0001

All patients were also treated with 21500 mg/day of metformin.

Pratley, RE, Nauck, M, et al. Lancet. 375: 1447-56, 2010.

Liraglutide (Victoza)

m Available as a single pen for all doses.
m Start with 0.6 mg sc dose given once daily for
the first week.
- To reduce any Gl side effects.
m After one week increase to the 1.2 mg per day
dose.
m If the 1.2 mg dose is not effective:

— The dose can be increased to 1.8 mg per day after
several months.




GLP-1 Regulates Central Feeding Behavior

Appetite Suppression Requires Increased GLP-1 Levels in Rats

High-Density GLP-1 Binding Sites

P<05 o os

2-Hour Food Intake (g)

0.3 1.0 3.0 10
Intracerebroventricular GLP-1 (pg)

Change in Body Weight with Liraglutide

Liraglutide 7-4 mg

Liraglutide 3.0 mg

Data are mean (95% Cl) (ANCOVA estimate) for the intention-to-treat population with the last
observation carried forward. These data were used in part for FDA approval for Saxenda for

obesity. Astrup, A, et al. Lancet. 374: 1606-16, 2009.

GLP-1 Receptor Agonists

Generic Exenatide Liraglutide | Exenatide ER Dulaglutlde
Trade name (Byetta) (Victoza) (Bydureon)

Postpral
glucose




Glucose Control
with GLP-1 Receptor Agonists

Placebo-Adjusted Change from Baseline
(Not Head-to-Head Trials)

Monotherapy Add-on to Metformin Add-on to SU
Du Exe’ Exe  Lirs Ab” Dul* Exe® Exe Lir''| Lix2 |Ab™* Exe Exe Lir'®
ER* ER" ER'ST

DPP-4 Inhibitors

m Prolong the action of native GLP-1 by inhibiting
the enzyme dipeptidyl peptidase-4 (DPP-4).

m Oral agents.
m Less potent than GLP-1 analogs.
m Weight neutral.

tin (100 mg/day): Effect on A1C
When Added to Metformin or Pioglitazone

24-week change from baseline
Add-on to metformin study’ Add-on to pioglitazone study?

Mean Baseline A1C: 8.0% Mean Baseline A1C: 8.0%, 8.1%
Metformin Metformin Pioglitazone  Pioglitazone
+ Placebo + sitagliptin + Placebo + sitagliptin

P<0.001*

-0.7%

-0.7% placebo-
subtracted result

P<0.001*

-0.9%

-0.7% placebo-
subtracted result

*Compared with placebo.
Charbonnel B et al. Diabetes Care. 29:2638-2643, 2006. Rosenstock J et al. Clin Ther. 28:1556—1568, 2006.

Mean Change in A1C From Baseline, %
Mean Change in A1C From Baseline, %

*Compared with placebo.




Baseline A1C (%)
o
-0.2

Glucose Control
with DPP-4 Inhibitors

Placebo-Adjusted Change from Baseline
(Not Head-to-Head Trials)

Monotherapy Add-on to Metformin Add-on to SU
Lin®  Sax’ st Alo®  Lin®*  Sax'!  sitt

78 79 85 83

*SU + metformin. *With or without metformin. *Absolute c

Comparison of DPP-4 Inhibitors

Generic
Trade name

Dosage

Sitagliptin Saxagliptin Linagliptin Alogliptin
NELVE] Onglyza Tradjenta Nesina

25, 50, 100 mg once| 25,50 . 6.25 to 25
daily mg once daily JIECIECEY mg day

F DPP4 nh -

Dose adjustments

Kidney Liver and kidney

iver. <59 . q
mostly unchanged)| active metabolite Mz, <325 el (Hrary e ey

50 mg eGFR<50 12.5 mg eGFR<60

2.5 mg eGFR<50

for renal impairment| 25 mg eGFR<30 6.25 mg eGFR<30

Drug interaction
potential

Strong CYP3A4/5 Strong CYP3A4/5

Safety Considerations
with DPP-4 Inhibitors

Minimal

Pancreatitis has been reported with postmarketing use of some of incretin agents, although no
causal relationship has been established

Extensive review by FDA of studies involving >80,000 patients has not uncovered reliable
evidence of increased pancreatic risk with incretins vs other agents

Labeling for all incretins states these agents should be I if

is suspected

Extensive review by FDA of studies involving >80,000 patients has not uncovered reliable
evidence of increased pancreatic risk with incretins vs other agents

Further assessments required from long durati studies or

databases

Kidney function monitoring and dose reduction required for alogliptin, saxagliptin, and sitagliptin
when used in patients with moderate-to-severe renal impairment

Linagliptin does not require dose adjustment or periodic monitoring of drug-related kidney
function

Potentially it risk of live heart failure ion with alogliptin and
saxagliptin

\SD/IDF




Pancreatitis and Incretins:
Is There a Link?

= Pancreatitis first rgﬁorted by the FDA in 2006 in
patients treated with exenatide.

m The first FDA report of pancreatitis associated with
sitagliptin was announced in 2009.

m Subsequent studies:
— Exenatide:

- No relationship found between use of exenatide and the risk
of pancreatitis.

» Dore, DD, et al. Curr Med Res Opin. 25: 1019-27, 2009.
» Dore, DD, et al. Diabetes Obes Metab. 13: 559-66, 2011.
— Sitagliptin:

- No increased risk of pancreatitis in patients treated with
sitagliptin.

» Engel SS, et al. Int J Clin Pract 64: 984-90, 2010.

Disclosure: These three studies were sponsored by industry.

The Risk of Acute Pancreatitis in Patients With
Type 2 DiabetesTreated with Incretins

Incretin-Based : Incretin-Based
Site HR (95% Cl) Drugs Decrease Risk : Drugs Increase Risk
Alberta 1.49 (0.72-3.08)
UK CPRD 1.13(0.67-1.91)
Manitoba 2.17(0.92-5.14)
US MarketScan 0.93(0.79-1.09)
Ontario 0.83(0.49-1.42)
Saskatchewan 4.32(0.23-79.92)
Quebec 1.09 (0.79-1.51)
Overall 1.03 (0.87-1.22)

05 1.0 20 10
HR (95% CI)

Large International nested case control study of 1,532,513 patients with
type 2 diabetes treated with incretins between 1/1/2007 and 6/30/2013.

Azoulay, L, et al. JAMA Intern Med. 2016.1522 published online August 1 2016.

Incretins and Pancreatitis

m Association does not equal causation.

m However, use caution in prescribing incretins
in the following situations:
— Prior history of pancreatitis.
- Especially if possibly induced by an incretin.
— Active cholelithiasis.
— Alcohol dependency.
— Triglycerides >1000 mg/dl.




Pharmacy

“Don’t take these if you are nursing, pregnant,
or about to become pregnant.”

Overview

= Case.

= American Diabetes Association Guidelines-2016.
m Incretins.

m SGLT-2 inhibitors.

m Use of incretins and SGLT-2 inhibitors for
treatment of type 1 diabetes. Is this valid?

m Cardiovascular outcomes.
= Case.

m History lesson.

Sodium Glucose Transporter-2
Inhibitors (SGLT-2)

= Inhibit the action of sodium-glucose
transporter 2 (SGLT-2) in the proximal
convoluted tubule of the kidney.

m No direct effect on the beta cell, adipocytes or
liver.

m Oral agents.




Glucose Handling in the Proximal
Tubule of the Kidney

162 g glucose filtered
each day 90% of glucose

reabsorbed by
SGLT-2
| ¥ ’

10% of glucose
reabsorbed by

SGLT-1 ./

Ltoral wilorcotuir space

\ Modified from Bakris GL, et al. Kidney Int. 2009;75:1272-1277.
No glucose excreted Abdul-Ghani, et al. Endocr Rev. 2011;32:515-531.

SGLT-2 Inhibitors

m Canagliflozin (Invokana)
— 100 and 300 mg tablets

m Dapagliflozin (Farxiga)
— 5 and 10 mg tablets

m Empagliflozin (Jardiance)
— 10 and 25 mg tablets

Glucose Control
with SGLT2 Inhibitors

Placebo-Adjusted Change from Baseline
(Not Head-to-Head Trials)

Monotherapy Add-on to Metformin Add-on to Insulin +/- OAs

Can! Dap? Emp? Can* Dap® Emp¢ Can” Dap® Emp®

Baseline A1C (%) 8.1 78 79 81 82 79 86 83

Placebo- g

Adjusted 0
AHbAte BB i -0.46]
0.8}

Diabetes Care. 2014;37:181!




SGLT-2 Inhibitors-
Precautions

m Patients with CKD.
— Reduce the dose if the eGFR is between 40 and 50.
— Contraindicated if the eGFR <30.

m May reduce intravascular volume (diuresis effect).
— 1 risk for hypotension.

— Especially common in the first few weeks of treatment.
— Use cautiously in elderly patients.

m The SGLT-2 inhibitors can increase fracture risk.
— Pooled analysis from 8 phase Il studies with canagliflozin
demonstrated a 30% increased risk of fracture. Kwon H. FDA Drug
Advisory Committee Meeting, 2013. UCM336234.pdf.

— Increased fracture risk in patients with stage Ill CKD treated with
dapagliflozin. Kohan et al. Kidney Int 85: 962, 2014.

Infections in Women Treated
with Dapagliflozin

t- and Long-Term Trials Combined

% of patients

OARNWANG~N®O

Placebo DAPA Placebo DAPA
10 mg 10 mg

Genital Infections Urinary Tract Infections

Statistical significance not reported.
FDA Advisory Committee 19th July 2011:http://www.fda.gov.

SGLT-2 Inhibitors and
Euglycemic Ketoacidosis

= 13 episodes of
“Euglycemic” DKA.
. PO . — Nine patients with TIDM
Euglycemic Diabetic Ketoacidosis: N .
A Patential Complication of - — Two patients with T2DM

Treatment With Sodium-Glucos:

("(_'fmi‘f_?j"“r 2 Inhibition - ?Il:ﬁngzl(;egﬂsgﬁﬁ?grna;:ey in
Possible precipitants:
— Reduced insulin doses
— Reduced caloric intake
— Surgery
— EtoH

Ketoacidosis went
unrecognised by the
patients and providers.




SGLT-2 Inhibitors and
Euglycemic Ketoacidosis

= | would not use the SGLT-2 inhibitors in
patients with type 1 diabetes until we have
more information.

m Use caution in patients with latent autoimmune
diabetes in adults (LADA) treated as T1DM.

m These agents may need to stopped several
days before surgery.

m It may be prudent to provide patients with
ketostix for urine ketone testing.

Overview

= Case.

= American Diabetes Association Guidelines-2016.
m Incretins.

m SGLT-2 inhibitors.

m Use of incretins and SGLT-2 inhibitors for
treatment of type 1 diabetes. Validity?

m Cardiovascular outcomes.
= Case.

m History lesson.

Liraglutide and T1DM

m 72 overweight or obese patients with TIDM randomized to 1.2
or 1.8 mg of liraglutide vs placebo and followed for 12 weeks.

m 63 patients completed the study .

1.2 mg Liraglu 1.8 mg Liraglu
HbA1c -0.78% * -0.42% (ns)
Weight loss 15 kg ** 15 kg **
Total insulin dose  |12.1 units* 110 units*
Hypoglycemia 1 T

*p<0.05, **P<0.01, ns: not significant.

Kuhadiya ND, et al. Diabetes Care. 39: 1027, 2016.




Liraglutide in T1DM

= Double blind, treat- to- target trial of 1398 patients with type 1
diabetes randomized 3:1 to liraglutide (0.6, 1.2 or 1.8 mg/day) vs
placebo added to insulin for 52 weeks.

1.2 mg Liraglu 1.8 mg Liraglu

10.15% 10.20%

15% 18%

HbA1c

Insulin dose

(total dose/day)
Mean weight loss
Symptomatic hypo
Hyperglycemia with
ketosis

13.6 kg
11.27 RR

14.9 kg
11.31 RR
12.22 RR (1.13 to 4.34)

Mathieu, C, et al. Diabetes Care, published online, Aug 8, 2016.

Canagliflozin and T1DM

m Double blind phase Il study of 351 patients with T1DM,
randomized to 100 or 300 mg of canagliflozin and
followed for 18 weeks.

u
HbA1c
A Weight

Insulin dose

100 mg Cana 300 mg Cana
-0.29% -0.24%
13.4% 15.3%

14.1 units 17.6 units
2.6%* 6.8%*
5.1% 9.4%

*Placebo incidence 0%

Severe hypoglyc
Ketone AE

Henry, RR, et al. Diabetes Care. 38: 2258-65, 2015.

Dapagliflozin Added to

Liraglutide in T1DM (

m 30 patients with TIDM were randomized in a 2:1 ratio to
receive 10 mg of dapagliflozin vs placebo in addition to
liraglutide for 12 weeks .

Dapaglifiozin (vs placebo

10.66%*

11.9 kg**

HbA1c
A Weight

Hypoglycemia rate
Acetoacetate level

Hydroxybutyrate

Unchanged.
T670/°**
1254%**

Two patients in the Dapagl group developed DKA (10%). *P<0.01, ** P<0.05

Kuhadiya ND,

et al. J Clin Endocrinol Metab. Published ahead of print, 2016.




GLP-1 Analogs or SGLT-2
Inhibitors in TIDM?

m The jury is still out.

m The benefit ratio for GLP-1 analogs or SGLT-2
inhibitors in the treatment of T1DM is slim.

m There are potential risks.

— SGLT-2 inhibitors may lead to euglycemic
ketoacidosis or frank DKA in a subset of patients
with T1DM.

— Added cost.
— Increased complexity of the antidiabetic regimen.

Overview

= Case.

= American Diabetes Association Guidelines-2016.
m Incretins.

m SGLT-2 inhibitors.

m Use of incretins and SGLT-2 inhibitors for
treatment of type 1 diabetes. Is this valid?

m Cardiovascular outcomes.
= Case.

m History lesson.

Lower A1C: Decreased Risk
of Myocardial Infarction

United Kingdom Prospective Diabetes Study

P<0.0001

Hazard ratio (HR) for
Myocardial infarction

1
14% Decrease in the HR for every 1% reduction in Alc

05 —f—r— 17— 11—
05 6 7 8 g 10
Updated Mean A1C

Stratton IM et al. BMJ. 2000;321:405-412.




Intensive Glycemic Control Reduces
Long-term Macrovascular Risk

DCCT UKPDS
T1DM, 5-6 years duration T2D, newly diagnosed (N=4209)
(N=1441)

42% risk reduction 15% risk reduction
P=0.02 P=0.01

Conventional
Randomized
treatment

Randomized
treatment Conventional

CV Outcome
Cumulative incidence
Proportion With Ml

Intensive Intensive

Intensive Glycemic Control Does Not Reduce
Macrovascular Risk in Older Patients With
Longer Duration of Disease

ACCORD ADVANCE VADT

duration (years) 10 8

A1C reduction (%)*

Macrovascular risk
(%)

P=0.16
Mortality increased
in intensively
treated patients
(P=0.04)

9
560-2572.

CAD Outcomes and Newer
Antiglycemic Agents

N Population HbA1c Duration Primary Outcome

Saxagliptin 16,492 80% +CAD  -0.2-0.3 24 mos Non-inferiority for
CAD events

*Slight but significant 1CHF events
Alogliptin 5.380 Ml orangina -0.36 18 mos Non-inferiority for
*Trend toward more CHF events CAD events

Sitagliptin 14,671 +CAD -0.3 36 mos Non-inferiority for
CAD events

Lixisenatide 6,068 Mlorangina -0.27 25 mos Non-inferiority for
CAD events




Empagliflozin and CAD Events

7028 patients with T2DM
caxitaL A randomized to 10 or 25
Jifioain, Cardiovascular Ouoom mg of empagliflozin vs
and Mormalicy in Type 2 Diabetes placebo as add-on to
] TR antiglycemic treatment.

99% had established
CAD.

Median duration of
treatment 2.6 yrs.

Primary outcome was a
composite of CAD
mortality, non-fatal Ml
and non-fatal stroke.

Industry supported
study.

Zinman B, et al. N Engl J Med. Published online 9/17/15
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Glycemic Control with Empagliflozin

Adjusted Mear Gycated Hemoglobin (%)

Zinman, B, et al. N Engl J Med. Published online Sept. 17, 2015

Cardiovascular Outcomes and All
Cause Mortality in EMPA-REG

]
i

i,
L

Zinman, B, et al. N Engl J Med. Published online Sept. 17, 2015.

Clinical Outcomes with
Empagliflozin

EMPA-REG OUTCOME Pooled Analysis

Primary composite endpoint*
Secondary composite endpoint®
Death from any cause

CV death

Fatal or nonfatal MI
Hospitalization for HF

Hospitalization for HF or CV death

(N=7020)

Hazard ratio (95% CI)

Favors empaglifiozin

iding silent MI), or nonfatal stroke; 'CV death, nonfatal MI (excluding silent Mi), nonfatal stroke

angina.

CI, confidence interval; CV, cardiovascular; HF, heart failure;

rd ratio; M

rdial infarction,

0.86 (0.74-0.99)
0.89 (0.78-1.01)
0.68 (0.57-0.82)
0.62 (0.49-0.77)
0.87 (0.70-1.09)
0.65 (0.50-0.85)
0.66 (0.55-0.79)

hospitalization for unstable

69

P value
0.04
0.08

<0.001

<0.001
0.23

0.002

<0.001




Liraglutide and CAD Outcomes

= Double-blind
randomized, controlled
Liraglutide and Cardiovascular Outcom trial of 9340 patients with
Liragl e 3 rdovascula omes .
v in Type 2 Diabetes T2[_)M trea_ted with 1.8
L A of liraglutide vs placebo.

Age >50 with CAD or >60
with one or more CV risk
factors.

Median followup 3.8 yrs.

Primary outcome- a
composite of CAD
mortality, non-fatal Ml or
stroke.

Marso, SP, et al. N Engl J Med.
Pub online 6/13/2016.

Cardiovascular Outcomes
in the LEADER Trial

B Death from Cardiovascular Causes.
27 [95% €L OTE-087) “
P01 or superiority

[ Haaard e, 073 (14 0, 0.00-090)

-
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&

Patients with an Event (%]

£
H
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i
z

1z o
MaskhE simes Randamization Masths snes Randamiratan
Mo at Risk Mo at Risk
Liraglutide 4663 4500 4406 4400 4280 4172 4072 1GB2 D562 A4 | Liraputide 4660 4641 4399 &3S0 4505 4445 4DBD ADDD 7DD 484
Patebo 4671 4581 473 4352 4237 4123 4000 1914 1543 407 | Placeho 467D SG4E 4601 G566 4475 L407 433F 4267 1709 465

Kaplan-Meier Curves. The primary composite outcome.

Marso, SP, et al. N Engl J Med.
Pub online 6/13/2016.

Cardiovascular Outcomes
in the LEADER Trial

€ Nonfatal Myocardial Infarction F Hospitalization for Heart Failuree
W01 3 ratio, 0.8 (95% €L 75103} y ] rrazara rao, 027 (5% €, 073-1.05)
3

011

Putients with an Event [%)

Patients with an Event (%)

R

Months since Randomization Months since Randomization
o, 3t Risk
Linghude 4668 4612 4550 448) 4ald 437 AISH 4185 1661 467
Placebo 4672 4617 4580 4464 4372 A1E AINT 4107 1647 442

No. at Risk

Lraghutide 8668 4609 4531 4454 4355 426} 4181 4002 1613 440

Placets SETT 4613 4513 4407 4300 £202 4103 S020 1554 424
Kaplan-Meier Curves.

Marso, SP, et al. N Engl J Med.
Pub online 6/13/2016.




Clinical Outcomes with Liraglutide

LEADER
(N=9340)
Hazard ratio (95% Cl) P value

Primary composite endpoint® . 0.87 (0.78-0.97) 0.01
Expanded composite endpointt 0.88 (0.81-0.96)
Death from any cause 3 0.85 (0.74-0.97)
CV death 0.78 (0.66-0.93)
Fatal or nonfatal MI 0.86 (0.73-1.00)

Nephropathy 0.78 (0.67-0.92)

Favors liraglutide

nonfatal stroke; "CV death, nonfatal MI (including silent Mi), nonfatal stroke,

Marso SP, etal. N Engl J Med. 2016 Jun 13. [Epub ahead of print]

Empagliflozin and Kidney Disease

m Randomized , double
blind study of 6185
patients with T2DM who

Empagliflozin and Progression of Kidney WAL aSSIQneq 10 _or 25

Disease in Type 2 Diabetes mg of empagliflozin vs
, N placebo.

Renal outcomes:
incident or worsening
nephropathy (progress
to macroalb, doubling of
creatinine, initiation of
renal replacement or
death from renal disease)
or incident albuminuria.

99% had established
CHD.

Renal Outcomes with Empagliflozin
Over 3.2 Years

EMPA-REG RENAL

(N=7020)
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Renal Outcomes with Empagliflozin
Over 3.2 Years

EMPA-REG RENAL
(N=7020)

Incident or worsening nephropath
death

Incident or worsening nephropathy
Progression to macroalbuminuria
Doubling of SCr + eGFR =45
Initiation of renal replacement the

Doubling of SCr + eGFR <45, ren
replacement therapy, or renal di

Incident albuminuria®
1

Favors empaglifiozin

“In p: with normal albuminuria at baseline.
CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filration rate in mLin
anner C, et al. N Engl J Med. 2016 Jun 14. [Epub ahead of print]

Hazard ratio (95% Cl)
0.61 (0.55-0.69)

0.61 (0.53-0.70)
0.62 (0.54-0.72)
0.56 (0.39-0.79)
0.45 (0.21-0.97)

0.54 (0.40-0.75)

0.95 (0.87-1.04)

P value

<0.001

<0.001

<0.001

<0.001
0.04

<0.001

0.25

SGLT-2 Inhibition and Heart Failure
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Sattar N, et al. Diabetologia. 59: 1333-39, 2016.
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DM Anti-hyperglycemic Therapy: General Recommendations




Points to Consider when
Choosing a Diabetes Agent

m Efficacy n Effect on weight

= Gl2Rle = Patient considerations
— Fasting glucose — Oral vs injectable

m Mechanism of action — Convenience

a Side effects — Complexity of regimen

— Cost

— Hypoglycemia

— Other side effects m Outcomes
— Microvascular
— Macrovascular

Overview

= Case.

= American Diabetes Association Guidelines-2016.
m Incretins.

m SGLT-2 inhibitors.

m Use of incretins and SGLT-2 inhibitors for
treatment of type 1 diabetes. Is this valid?

m Cardiovascular outcomes.
m Case.

m History lesson.

Case 1

m A 58 year old man comes to the clinic for a
diabetes visit.

m He was diagnosed with type 2 diabetes in 2007.

= The antiglycemic regimen:
— Metformin, 1000 mg bid
— Glimepiride, 4 mg/day

= BMI 35.4
m The HbA1c in clinic is 9.3%.




Case 1a
Traditional approach

Plan:

1. Start basal or intermediate insulin in the evening.
2. Or use 70/30 insulin before dinner.

-Start with 0.1 to 0.15 units/kg
~11-17 units
-He should continue to take the two oral agents.

-The sulfonylurea should be stopped once the patient
is on 2 2 injections of insulin per day.

Case 1b

The patient refuses to consider
any injectable medication

Plan:

1. Start empagliflozin at 10 mg/d and increase to 25
mg/d if needed.

- Or use one of the other SGLT-2 inhibitors.

2. Adding a DPP-IV inhibitor would not be a good
option as the goal HbA1c of 7 to 7.5% would not be
achieved.

4. Continue the metformin and glimepiride.

Case 1c
The patient’s chief concern
is obesity and weight gain

Plan:

1. Start one of the GLP-1 analogs.
— Liraglutide (Victoza), 1.2 to 1.8 mg sc/day.

— Extended release exenatide (Bydureon), 2 mg sc
Iweek.

— Dulaglutide (Trulicity), 1.5 mg sc/week.
. Continue the metformin and glimepiride.




Case 1d

m If he is treated with a non-insulin approach,
eventually- basal insulin will need to be started.

m If he fails to lose weight, bariatric surgery may
be considered as a treatment option.

Key Points in the Management
of Hyperglycemia in Diabetes

Glucose targets and glucose lowering therapies need to be
individualized.

— Focus on the patients’ needs and preferences.
Diet, exercise and education remain the foundation.

Unless contraindicated, metformin in the optimal 15t line drug in
the treatment of type 2 diabetes.

Combination therapy with 2 -3 oral antiglycemic medications is
reasonable. Weigh the pros and cons of each agent for the
individual.

Ultimately many patients will require insulin, initially in
combination with oral agents.

Cardiovascular risk reduction is still a goal.

Overview

m Case.

= American Diabetes Association Guidelines-2016.
m Incretins.

m SGLT-2 inhibitors.

m Use of incretins and SGLT-2 inhibitors for
treatment of type 1 diabetes. Is this valid?

m Cardiovascular outcomes.
= Case.
m History of Diabetes and the ADA.




1921-Insulin is Shown to Control Diabetes
in Pancreatectomized Dogs.

+ 1921. Frederick Banting, MD, and his
medical student assistant, Charles Best,
extract a crude form of insulin from dog
pancreata.

» They used laboratory space at the University
of Toronto provided by Professor J. J. R.
Macleod.

« They injected the insulin extract into dogs
whose pancreases had been removed, and
the animals’ blood sugar levels decreased.

Student assistant Charles H. Best (left)
with Dr. Frederick Banting

First Human Patient

f 3
Ml

On Jam. 11, 1822, Y4-ysar-ok Leomard Thompaon was the first human

e -,
The initial test fased. [

Banting and Macleod were

A of "purified” insilin Injections, Awarded the Nobel Prize in
Schirved the desired Psulls. Medicine for the discovery of
and he insulin in 1923.

Insulin-the Game-Changer
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1923-Commercial Production of Insulin Began

IFITBLARS A

,‘}!,";I'é;\f' 1923-Eli Lilly and Company
and Nordisk Insulin
Laboratorium began
commercial production of
insulin in North America and
Europe, respectively.

Labelling boxes of insulin at Eli Lilly, ca. 1924. Photo
Credit: Smithsonian Institution, The National Museum
of American History

1940 -The American Diabetes
Association is Founded.

The American Diabetes Association is founded

to address:

-The increasing incidence of diabetes

-The complications that develop from the disease.

Professional Membership: $2 per year.

1947- The First Diabetes Camp
for Children is Established.

In 1947, an American Diabetes Association
Affiliate sponsored Camp Seale Harris in
Montgomery, Alabama.

In 2014, the Association hosted more than
5,400 children with diabetes at more than 50
sessions of camps in 24 states.

The average A1c of campers dropped from
7.63% before camp to 7.05% following camp.

Photo from Camp Seale Harris, ca. 1988




Camp Lakota — Session |
When: June 18 to June 23, 2017
Ages: 9 to 16 years
Where: Wisconsin Lions Camp
3834 County Road A
Rosholt, Wisconsin 54473
- See more at: http://www.diabetes.org/in-my-
- community/diabetes-camp/camps/Lakota-
- 1.html#sthash.1LYKylGs.dpuf

Camp Lakota-Session Il |

" i B 2016 Camp Dates =,
DEAR CAMPERS,  qreyou At ® Session |: August 4-20
Cant wat fo see f’f‘" s Cawp Needlepoiot |88 S€SSION 2 UBUS+ 2~
S 32 Caunly Hoad F
Hudsan, Wi 54016

Camp Needlepoint - Session 1
When: August 14 to August 20, 2016
Ages: 8 to 16 years
Where: YMCA Camp St. Croix 532 County Road F
Hudson, Wisconsin 54016
Related Sessions: Camp Needlepoint - Session 2 —
See more at: http://www.diabetes.org/in-my-community/diabetes
-camp/camps/needlepoint-1.html#sthash.STjZ3gl4.dpuf

The First Insulin Pump Prototype
was Developed in 1963.

* Dr. Arnold Kadish of Los Angeles
developed the first “portable”
insulin pump in 1963.

» The pump was the size of a marine
backpack.




1977- HbA1c Test Developed
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Boston researchers developed a test to measure glycosylated hemoglobin (A1C).
A1C testing became the gold standard for measuring long-term diabetes control.

1980-Intensive Insulin Therapy Used
Twice-Daily Split-Mixed Regimen

Breakfast Lunch Dinner
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4:00 8:00 12:00 16:00 20:00 24:00 4:00
Time
Adapted with permission from Leahy J. In: Leahy J, Cefalu W, eds. Insulin Therapy.
New York: Marcel Dekker; 2002:87; Nathan DM. N Engl J Med. 2002;347:1342

1991-First Step Out
Walk Held

“We walk because our son,
Elijah, was diagnosed with
Type | Diabetes at 8.

Step Out Walk gives

il -
"t " usachance to join with
- other families affocted
by diabetes and provide
{ i mutual support.”
, 1

Walk for friends. Walk for Family »

Step Out: Walk to Stop Diabetes is the signature fundraising walk of the American

Diabetes Association.
Formerly Step Out: Walk to Fight Diabetes and America’s Walk for Diabetes, the

event has raised more than $200 million to Stop Diabetes.

In 2014, more than 100,000 walkers participated in 105 Step Out events across
the country to raise nearly $24 million.




ADA Tour de Cure

2017 Milwaukee Tour de Cure July 22nd, 2017 @ Hoyt Park

2017 Madison Tour de Cure 9/16/2017
@ American Family Corporate Headquarters

The first Tour de Cure events were held at
five pilot sites, including Buffalo, NY; New
Jersey; New Hampshire; Napa, CA; and St.
Louis, MO in 1991.

The Tour de Cure is a series of fundraising
cycling events held in 44 states.

In 2014, 89 Tour de Cure events attracted
more than 61,000 cyclists who raised more
than $26 million to support the mission of
the American Diabetes Association.

1993-Tight Glucose Control Shown to
Reduce Complications in Type 1 Diabetes

The New England
Journal of Medicine

Vikamr 378 SEFTEMBER 30, 1933 Nty 14

THE EFFDCT OF INTESSIVE THEATMENT OF DABETES 08 THE DEVELOFMENT AND
FROGRESSION F LONG-TIERM COMPLICATIONS [N INSULIN-DEFENDENT DLABETES
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The Diabetes Control and Complications Trial (DCCT) showed that keeping blood glucose levels as close to normal as
possible slows the onset and progression of eye, kidney, and nerve complications caused by diabetes. In fact, it
demonstrated that any sustained lowering of blood glucose helps, even if the person has a history of poor control. This
landmark study, along with the later UKPDS study showing similar outcomes for tight blood glucose control in type 2
diabetes, and continuing long term followup reports have effectively ended the debate on the link between tight control
of blood glucose and improved health outcomes for people with diabetes.

1997-New Diabetes Terminology
and Diagnostic Levels Adopted

= The terms “insulin-dependent
diabetes” (IDDM) and “non-
insulin-dependent diabetes”
(NIDDM) were no longer to be
used.

The terms type 1 diabetes and
type 2 diabetes were adopted to
define diabetes by cause rather
than by treatment.

In addition, the fasting glucose
level for diagnosing diabetes
was lowered from 140 mg/dl to
126 mg/dl to better reflect the
point at which diabetes
complications begin to develop.




1998-Tight Control of Blood Glucose Shown
to Reduce Complications in Type 2 Diabetes

UKPDS

» The United Kingdom Prospective Diabetes Study (UKPDS)
showed that people with type 2 diabetes who practice tight
control of blood sugar levels and blood pressure levels
reduce their risk of complications, similar to the results of
the DCCT in people with type 1 diabetes

* The UKPDS trials demonstrated the importance of the
management of hypertension, dyslipidemia as well as
hyperglycemia.

2013- Safe at School
Landmark Ruling Issued

The California Supreme Court ruled in a landmark case that non-medical school staff can administer
insulin to students in the state’s public schools.
The ADA led the fight, which helped prevent students from being denied access to insulin at school.

Thank You




