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Outline for Tonight’s Talk

Review the prevalence of diabetes in the U.S. and around the world

Discuss the cost of the current diabetes epidemic

Investigate new treatments and technologies for patients with

diabetes

How can you take better care of your diabetes?
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The Current State of Diabetes
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Prevalence of Diabetes in the U.S.-2017 Data

 30.2 million (12.2% of the adult population) in the U.S. have
diabetes

« Another 7.2 million are undiagnosed

« 34% of adults in the U.S. have prediabetes

« 25% of adults in the U.S. over the age of 65 have diabetes and
48% have prediabetes

The University of Vermon t




Prevalence of Diabetes in U.S. in 1994
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Prevalence of Diabetes in U.S. in 2015
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The Challenge

— 30.2 Million with Diabetes
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L The University of Vermont
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Number of adults with diabetes (millions)
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Economic Cost of Diabetes in the U.S.

Diabetes Care Volume 41, May 2018 917
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Economlc COStS Of Dlabetes in the American Diabetes Association
U.S. 1n 2017

Diabetes Care 2018,;41:917-928 | https://doi.org/10.2337/dci18-0007
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Economic Cost of Diabetes in the U.S.

« $327 billion were spent in 2017 on patients with diabetes

« $237 billion in direct medical costs and $ 90 billion in reduced
productivity

 Direct medical costs represent a 26% increase since 2012
« More than 300 million work days are lost to the economy due to diabetes

 Diabetes resulted in 277,000 premature deaths in 2017

American Diabetes Association. Diabetes Care, 2018;41:917-928 i
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Economic Cost of Diabetes in the U.S.

Medications directly used to treat diabetes = $31 billion

$15 billion of which is for insulin

Increase of 45% over the last 5 year

1 in every 4 health care dollars spent was for the care of people with the
diagnosis of diabetes

1 of every 7 health care dollars can be attributed directly to the care of
diabetes

The University of Vermont American Diabetes Association. Diabetes Care, 2018;41:917-928
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DEATHS DUE TO DIABETES COMPLICATIONS
CONTINUE AT ALARMING RATE

IN THE US, DIABETES2 DIABATES CONTRIBUTES TO THE DEATH OF OPIOID OVERDOSE CRISIS
1 PERSON EVERY 2 MINUTES IN THE IN THE UNITED STATES, IN 2016, 1 PERSON DIES
1- i i
CONTRIBUTES TO, ON AVERAGE™: UNITED STATES EVERY 52 MINS. FROM OPIOID OVERDOSE?

amputation every

5 minutes 768 people a day 46 people a day

1 stroke every
2 minutes

1 case of ischemic

heart disease

80 seconds

1 case of kidney
failure every

10 minutes
1 lower limb
l That's more than That's more than

aType 1 or Type 2 diabetes.
1. CDC. National Diabetes Statistics Report 2017. www.cdc.gov/statistics. 2. . IDF Diabetes Atlas, 8™ edition. 2017.
International Diabetes Foundation ; https://www.cdc.gov/drugoverdose/data/overdose.html

A‘.American Diabetes Association.
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How do we prevent complications of diabetes?
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Any Microalb.
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a5 p=.003
-34%
HbA,. 7.9% vs. 7.0% p<.001

I.FI The University of Vermont
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Preventing Complications
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&I The University of Vermont
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How do we prevent complications of diabetes?
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Preventing Complications

TO QUIT
SMOKING

17
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How are we doing?

A Population with Diabetes

Acute myocardial
150 infarction
8
E o 1254
2
S K 1004
£3
= -§ 75 Amputation
g E 5o
= &
-]
E = 254
a3
B 7
&
4] G o Dieath from hyperglycemic crisis
2] o ——— -
0
1990 1995 2000 2005 20l0
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il LARNER COLLEGE OF MEDICINE

Gregg EW et al. NV Eng/ J Med 2014;370:1514-1523
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&I The University of Vermont

__- LARNER COLLEGE OF MEDICINE

How are we doing?
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Rawshani A et al. NV Eng/ J Med 2017;376:1407-1418
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Drug Development for Diabetes 1950-Present

i
e

12- SGLT-2 Inhibitors
10/117
o/ Bromocriptine/
97 DPP-4 Inhibitors Colesevelam
8 7 Pramlintide
77 GLP-1 Receptor Agonists
67 Repaglinide, Nateglinide
5 Thiazolidinediones
47 a-glucosidase inhibitors
37 Metformin
2 -
SUs - Glipizide, Glyburide, Glimepiride
1 Tnsulin
1950 1960 1970 1980 1990 2000 2010 iOZO

&I The University of Vermont
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MORE THAN 40 T2DM TREATMENT OPTIONS
HAVE BEEN APPROVED SINCE 2005

INSULIN GLARGINE
FOLLOW-ON
INSULIN ASPART +
INSULIN DEGLUDEC
INSULIN DEGLUDEC
EMPAGLIFLOZIN + METFORMIN
INSULIN LISPRO RECOMBINANT
INSULIN GLARGINE RECOMBINANT
EMPAGLIFLOZIN + LINAGLIPTIN
INSULIN DETEMIR PREFILLED PEN
DAPAGLIFLOZIN + METFORMIN XR
DULAGLUTIDE

'CANAGLIFLOZIN + METFORMIN
EMPAGLIFLOZIN
INSULIN RECOMBINANT HUMAN

ALBIGLUTIDE
EXENATIDE SYNTHETIC PEN

AL
ALOGLIPTIN + METFORMIN
ALOGLIPTIN
METFORMIN + SITAGLIPTIN XR
LINAGLIPTIN + METFORMIN
EXENATIDE LONG ACTING
SIMVASTATIN + SITAGLIPTIN
LINAGLIPTIN
METFORMIN + SAXAGLIPTIN XR
LIRAGLUTIDE
INSULIN LISPRO MIX PREFILLED PEN (50/50)

SAXAGLIPTIN
METFORMIN + PIOGLITAZONE XR
BROMOCRIPTINE
INSULIN GLULISINE PREFILLED PEN
METFORMIN + REPAGLINIDE
COLESEVELAM
INSULIN LISPRO MIX PREFILLED PEN (76/26)
INSULIN LISPRO 100 U/ML PREFILLED PEN
PRAMLINTIDE MULTIDOSE PEN
INSULIN GLARGINE PEN
METFORMIN + SITAGLIPTIN

SITAGLIPTIN
GLIMEPIRIDE + PIOGLITAZONE

NO CHANGE IN % OF PATIENTS AT HbAlc <7%
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Type 2 diabetes U.S. drug approvals: 2005-2015. Food and Drug Administration website.
https://www.accessdata.fda.gov/scripts/cder/drugsatfda/.
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A New(ish) Approach to Treatment of Type 2 diabetes

23
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Cardiovascular Safety of Diabetes Medications

24
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LIRA-PRIME Global Panel Meeting #5 6-7 November 2018

Contemporary Cardiovascular Outcome Trials (CVOT) in Diabetes

11
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Q2 2013 — RESULTS Q2 2016 — TOPLINE RESULTS Q2 2017 — RESULTS w 4 Completion Q1 2019
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1
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Biology of Incretin Hormones

« Concept that “factors” from the intestine stimulate the endocrine
pancreas is not new 1

« The term “incretin” arrived in the 1930’s 2

« Development of the radioimmunoassay confirmed the

“communication” between the intestine and endocrine pancreas

I ‘The University of Vermont 1 Bayliss WM, Starling EH. Proc R Soc Lond Bio 1902;69:352-353
__. LARNER COLLEGE OF MEDICINE 2| a Barre J. Bull Acad R Med Belg 1932;12:620-634 26
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Biology of Incretin Hormones

L-Cell K-Cell

Proglucagon
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ProGIP
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The University of Vermont
i .3-'-_: LARNER COLLEGE OF MEDICINE
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Biology of Incretin Hormones

e “Incretin effect” —@— Intravenous Glucose
—@— Oral Glucose

« May account for 50-70% of
total insulin secreted after a
meal

e Incretins are hormones that
enhance glucose-stimulated
insulin secretion

Insulin (mU/L)

O T I I | | I 1

Nauck M, et al. Diabetologia 1986,29:46-52

LII The University of Vermont

il LARNER COLLEGE OF MEDICINE
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Reduced Incretin Effect

Control Subjects Patients with T2DM
801 80 A
—@— Intravenous Glucose
—@— Oral Glucose
—~ 60+ - 604
- -
2 2
E 40 E 40 -
=] =]
2 2
S 20 = 20
0 ] 1 | 1 ] 1 | 0 ] ] | 1 ] 1
0 30 60 90 120 150 0 30 60 90 120 150
Time (min) Time (min)

Nauck M, et al. Diabetologia 1956,29:46-52 29
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Incretin Therapies

 Glucagon-like peptide-1 receptor agonists (GLP-1 RA) and
dipeptidyl peptidase-4 inhibitors (DPP-4i)

« DPP-4i block the breakdown of GLP-1 and GIP in the body

* GLP-1 RA mimic the action of human GLP-1, but are not easily

broken down by natural DPP-4 found in the gut.

iGWll LARNER COLLEGE OF MEDICINE 31
e
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A N SN
Structure of GLP-1 Medications

Native human GLP-1

97% amino acid

Liraglutide homology to
human GLP-1

53% amino acid
homology to
human GLP-1

- The University of Vermont yslAsp Sel
Wyl LARNER COLLEGE OF MEDICINE 32
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GLP-1 Receptor Agonists

GLP-1 RA

Short-acting Long-acting
(<24 hours) (=24 hours)

Exenatide Lixisenatide
BID Daily

Liraglutide Exenatide i Dulaglutide Semaglutide
Daily Weekly Weekly

The University of Vermont
:\‘ LARNER COLLEGE OF MEDICINE
X
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GLP-1 RA Clinical Characteristics

 Injectable medications (twice daily, daily, weekly)

Lower Alc by 1-1.5%

Promote weight loss (3-5 kq)

Nausea is a common side effect of this class of medication

Low rates of hypoglycemia

Ml LARNER COLLEGE OF MEDICINE 34
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LEADER Trial

« Cardiovascular effect of
liraglutide in patients with T2DM

* Double-blind, randomized
control trial of liraglutide vs.
placebo

 Patients with high CV risk (CAD,
CVA, PVD, CHF or CKD)

Total of 9340 patients were

randomized
Mean follow-up was 3.8 years

Primary composite outcome
was comprised of CV death,

nonfatal MI and nonfatal stroke

Marso SP, et al. NEJM. 2016;375:311-322 35
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AN AN A AN NSNS NS AN NSNS
LEADER Trial

A Primary Outcome

1009 %7 Hazard ratio, 0.87 (95% C1,078-0.97) |,
90+ P<0.001 for noninferiority e
¥ g0 154 P=0.01 for superiority
E 70 10 Liraglutide
": 60
5
< 501
f‘ 404 0 I I I I | I I I 1
£ 304 0 6 12 18 24 30 36 42 48 54
&
w 204
o
7 /-
0 I I 1 I I I I I I

0 6 12 18 24 30 36 42 48 54
Months since Randomization

No. at Risk
Lirag]utide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424
Placebo 4672 4588 4473 4352 4237 4123 4010 3914 1543 407

LI The University of Vermont
F‘\‘.I LARNER COLLEGE OF MEDICINE MarSO SP, et aI_ NEJM 2016;375:311_322 36
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SUSTAIN-6 Trial

10+
9
8-
74
6
Ll
4
3
Sl
1-

Hazard ratio, 0.74 (95% Cl, 0.58—0.95)
P<0.001 for noninferiority
P=0.02 for superiority

Placebo

Semaglutide

04

A Primary Outcome
100+
90
g 80
“ 70—
> 60-
= 504
> 404
=
2 304
& 204
104
0
0 8
No. at Risk
Placebo 1649
Semaglutide 1648

104 109
Weeks since Randomization

1616 1586 1567 1534 1508 1479
1619 1601 1584 1568 1543 1524

L[ The University of Vermont

L8l LARNER COLLEGE OF MEDICINE

Marso SP, et al. VEJM. Epub September 15, 2016
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SGLT-2 Inhibitors

Newer class of medications

Block the reabsorption of glucose by the kidney

Low risk of hypoglycemia

Weight loss

%l LARNER COLLEGE OF MEDICINE

Increase risk of infections and dehydration from increased urine output

38
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How do SGLT-2 Inhibitors Work?

The Newest Antihyperglycemic Class
SGLT2 Inhibitors

SGLT2 inhibitors
suppress the action of
Glucose SGLT2

i

Lostin

urine
Increase g
urinary
J glucose
excretion

@  Reduce glucose
reabsorption

Wright EM, et al. Physiol Rev. 2011;91:733-794.
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Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99)
P=0.04 for superiority

12

4455
2194

18

4328
2112

24
Month

3851
1875

30

2821
1380

36

2359
1161

Placebo
Empagliflozin
T 1
42 48
1534 370
741 166

EMPA-REG OUTCOM Trial
A Primary Outcome
20
3
= 154
s
w
=
S 104
3
o
0 T
0 6
No. at Risk
Empagliflozin 4687 4580
Placebo 2333 2256
g s et e

Zinman B, et al. NEJM. 2015
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e S s T
CANVAS PROGRAM

A Death from Cardiovascular Causes, Nonfatal Myocardial Infarction, or Nonfatal Stroke

100 209 Hazard ratio, 0.86 (95% Cl, 0.75-0.97)
904 184 p-0.001 for noninferiority Placebo
g 30 ii: P=0.02 for superiority
= 70 12— Canagliflozin
[¥] 10—
@& 60—
= 8
S 504 6-
T 404 47
2 2
5 30_ 0-4 | 1 1 1 1 I ) I 1) | 1 1 1
= ol 0 26 52 78 104 130 156 182 208 234 260 286 312 338
(=

104

0 T T T T T T T T T T T T
0 26 52 78 104 130 156 182 208 234 260 286 312 338

Weeks since Randomization

No. at Risk
Placebo 4347 4239 4153 4061 2942 1626 1240 1217 1187 1156 1120 1095 789 216
Canagliﬂozin 5795 5672 5566 5447 4343 2984 2555 2513 2460 2419 2363 2311 1661 448

t_fn[ The University of Vermont
i (Anen coLeoe or wepicine Neal B, et al. NEJM. 2017;377:644 41

N1



2018 ADA/EASD Consensus Guidelines

FIRST-LINE THERAPY IS METFORMIN AN

IF HbA;- ABOVE TARGET PROCEED AS BELOW

NO
Established ASCVD or CKD

L4

ASCVD predominates i
HF OR CKD predominates
PREFERABLY
SGLT-2i with evidence of reducing HF

and/or CKD progression in CVOT if eGFR
adequate’

e e

with proven
CVD benefit®,
if eGFR

adequate! If SGLT-2i not tolerated or contraindicated

or if eGFR less than adequate’ add GLP-1RA
with proven CV benefit™

SGLT-2i'
OR

, ,
SGLT-2i" SGLT-21"
OR
OR oR PR~ :

If further intensification is required or
patient is now unable to tolerate GLP-1RA
and/or SGLT-2i, choose agents
demonstrating CV safety:

Avoid TZD in the setting of HF

Choose zgents demanstrating CV safety:

- Consider adding the other class with
proven CVD bensfit™

DPP-4i (not saxagliptin] in the setting
of HF (if not on GLP-1RA}

Basal insulin®

Consider adding the other class -
[GLP-1RA and/ar SGLT-2i) with
proven CVD benefit

MPREHENSIVE LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSIC

C 1

reassess and
ACTIVITY) modify
treatment
L
(2-6 months)

need to

DPP-4i if not on GLP-1RA = su
Baszl insulin®

TZD?

sull

Consider the addition of SU!' OR basal insulin:
Flinoss Tatar nenerston S0 with e vak ol fendahicasmi
Consider basal insulin with lower risk of hypoglycaemia®

ﬁ[ The University of Vermont

LARNER COLLEGE OF MEDICINE

weight

i sor i tres
Wt loss Cost is a major issue

gain or promote w:

EITHER/
OR SGLT-2i!

If triple therspy required or SGLT-2i

and/or GLP-1RA not tolerated or +  Insulin therapy basal insulin
contrzindicated use regimen with with lowest acquisition cost
lowest risk of weight gain OR . . W
PREFERABLY - Consider DPP-4i OR SGLT-2i with

5 lowest acquisition cost™®
DPP-4i {if not on GLP-1RA) q

based on weight neutrality

e

If DPP-4i not tolerzted or
contraindicated or patient already on
GLP-1RA cautious addition of:

# SUll & TZD' @ Basal insulin

42
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New Technologies for the Treatment of Diabetes
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New Technologies for the Treatment of Diabetes
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DEXCOM G6 Continuous Glucose Monitor® (CGM)
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DEXCOM G6 Continuous Glucose Monitor® (CGM)
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The University of Vermont
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FreeStyle Libre Flash CGM®

47
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Eversense®

‘Q

Sl The University of Vermont

LWl LARNER COLLEGE OF MEDICINE
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New Technologies for the Treatment of Diabetes

Wy,
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il The University of Vermont
Wl LARNER COLLEGE OF MEDICINE
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Medtronic 670G® Closed Loop Insulin Pump

A
: G T 7
NE o wEa
g A
: The University of Vermont
il I:ARP.IEi:Q C‘DLLEGE OF .M.E.chi.hii
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Assessment and Progress
@- 12T - AZHEHT (14 Daysi

Mecttronic
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TAUZUIT = NZELT {14 Danysd

Generated
Diata Sources: MiniMed 570G (NG

- IZMSNT 10222 AM Page 2ol B
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Percentile comparison

=53 25-T5% I 0-90%
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| Hyperglycemic pattems(1)

<

%
21% T
= 285%
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=
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E
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"
w s
— s

I ‘ B50AM- 1045 AM

(B) Statistics

®

- o0

N B BB

6 Auto Mode (per week)
Manual Mode (per wesi)
Sensor Wear [per week)
Average SG + 5D
Estimated ATC

82% (6d 11h)
T% (12h)

1% [(Sd 09h)
150 & 44 mgidL
6.5%

a O Average BG 171 £ 66 mgidL
o BG I Calibration {per day) 52732
o B Total daily dose (per day) AT umits
Bolus amount (per day} 22U (47%)
Auste: Basal § Basal amount (per day) 286U (53%)
1 = Set Change 2 rs
= Reservoir Change 2 s
T} Meal tper gay) 34 21
- Carbs entered [per day) T3+ 149
Active Insulin time 300 hers 3:00 hrs

51

11/19/2018

C1



11/19/2018

Artificial Pancreas

The University of Vermont
LARNER COLLEGE OF MEDICINE
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What Can You Do to Help Reduce Your Risk
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What can you do help?

See your doctor regularly (Every 3-6 months)

See your dentist regularly (Every 3-6 months)

See your eye provider for dilated eye exam (Annually)

Exercise on a regular basis and lose weight if you need to (5-7%)

Work on your diet (CDE or CDE/RD or RD)

EEEEEEEEEEEEEEEEEEEEEEE

54

oA



11/19/2018

What can you do help?

» Obtain urine test to look for early sings of kidney damage (microalbuminuria)

« Check your blood pressure on a regular basis using a home blood pressure monitor
* Get your cholesterol level checked

- Take your medication

 Stay informed regarding new treatments

Ask your provider if there are any new treatments or technologies that might benefit you
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What can you do help?

TO QUIT
SMOKING
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Conclusions

Diabetes is a world-wide epidemic

Significant financial and human costs

Newer treatments are changing the everyday life of people with diabetes

Newer treatments are providing additional benefits than lowering blood sugars
Stay up to date and ask your provider regarding new treatments or technologies

Take care of yourself!

EEEEEEEEEEEEEEEEEEEEEEE 57

c7



11/19/2018

The University of Vermont

LARNER COLLEGE OF MEDICINE

CQ



11/19/2018

Improvements in clinical trials is not translating to the real world

REAL
WORLD?3

o

g EFFICACY UNREALIZED

T

CLINICAL
TRIAL?
| | | |
6 months 12 months

1. Garber A et al. Lancet. 2009;373:473-481.
2. Singhal M et al. ISPOR Annual International Meeting. May 16-20, 2015. Poster PDB10.
The University of Vermont 3. Why are reductions in HbA1c greater in clinical trials compared to the real-world? Identifying the contribution of poor adherence. 76th ADA Scientific Sessions.

-“. LARNER COLLEGE OF MEDICINE June 10-14, 2016. 59
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The University of Vermont
LARNER COLLEGE OF MEDICINE

Baseline HbA1c
0

)

(

Change in HbA1lc
Ol/o

-1.2

-1.4

-1.6

GLP-1 RA
(12 months)

N=2600 N=221
8.4% 8.3%

. 11 CLINICAL TRIALS?

The efficacy gap between clinical trial and real-world results

DPP-4i
(12 months)

N=1889 N=652
7.8% 8.2%

°|/° )

Change in HbA1c
(
|

-16
] REAL WORLD?

aIdentified 11 pivotal randomized controlled trials with published change in HbAlc (7 GLP-1 RA [2600 patients] and 4 DPP-4i [1889 patients]).

b Optum/Humedica SmartFile database (2007-2014) was used (GLP-1 RA 221 patients; DPP-4i 652 patients). Change in HbAlc measured from drug initiation
60

to 365+90 days later. Carls GS et al. 76th ADA Scientific Sessions. June 10-14, 2016. Poster 117-LB.
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Adherence rates for oral agents are less than 50%

100
90
80
70
60

47.3%

50

Adherent Patients at Follow-up
(%)

Full Study DPP-4i ) TZD
Population
n=238,372; n=61,399; n=134,961; n=42,012;
n=134,444 n=31,073 n=75,499 n=27,872

. 1-YEAR FOLLOW-UP . 2-YEAR FOLLOW-UP

PDC, proportion of days covered; SU, sulfonylurea; TZD, thiazolidinedione. A retrospective claims analysis of
238,372 patients with T2D with at least 1 prescription claim for a DPP-4i, SU, or TZD from January 1, 2009 to

'S The University qlr' Vermont
S/ FHER GOLLEGE, DE MEDICINE January 31, 2012. Adherence defined as PDC >0.8. Farr AM et al. Adv Ther. 2014;31:1287-1305.
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Poor adherence is the key contributor to the efficacy gap

REAL-WORLD RESULTS

PREDICTED UNDER
TYPICAL TRIAL REAL EXPLAINING
CONDITIONS®=  WORLD " THE GAP
0 ” ;
0.2 |
9 04 |
< . |
e ADHERENCE ©
== X-0.8
EQE’ GAP
e -10| DN IR | saseLine
8 1.04% CHARACTERISTICS,
O 12 ADDITIONAL DRUG
o THERAPY
16 GLP-1 RA adherence rate in

Real World = 29%
RCT, randomized clinical trial.

a Linear regression model fitted to estimate the change in HbAlc 1 year after initiating GLP-1 RA or DPP-4i based on baseline and
LI The University of Vermont treatment characteristics. ® Optum/Humedica SmartFile database (2007-2014) was used (GLP-1 RA 221 patients; DPP-4i 652 patients).
- B Change in HbA1c measured from drug initiation to 365+90 days later. ¢ Medical adherence classified as poorly adherent if percentage of
B days covered (PDC) <80%. Carls GS et al. 76th ADA Scientific Sessions. June 10-14, 2016. New Orleans, LA. Poster 117-LB.
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