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OBJECTIVES

* TRANSLATIONAL SCIENCE OF DIABETES
* DIABETES TRIALS
* CURRENT TREATMENT CONSIDERATIONS



U.S. National Vital Statistics

A Population with Diabetes Rates of diabetes-related complications have declined
Acute myocardial substantially in the past two decades, but a large burden
150- of disease persists because of the continued

Increase in the prevalence of diabetes
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STATINS REDUCE MAJOR CORONARY EVENTS

Placebo \

"N

T // . 275 \ Statins
&
¢
S0
0 >
D O
= =
= O 11 HR 1.53 (1.44 to 1.62)(P<0.0001
G 5 .
s O = 'HR 1.59 (1.49 to 1.71)(P<0.0001
(i . 7.8'1—-__“ Secondary
HR 1.18 (1.07 fo 1.3)(P<0.0006) 6. _‘7 Prevention
Trials

\-

HR 1.17 (1.05 fo 1.3)(P<0.008)

R \/ Primary
Lol DM Prevention

\ \ Non DM Trials J

4 fé 5.1 years Cochrane BMJ, doi:10.1136/ bmj.38793.4684£§’.AE
Meta-analysis of randomized controlled trials published 3 April 2006

>2% per yr-Primary Prevention-Cochrine 201 1



DIABETES IS COMPLEX

Environmental epigenetic effects

Increasing insulin
resistance

Endothelial
dysfunction

Birth/mom and dad
...genes count

Cellular
dysfunction

Common risk factors recognized

Treatment of numbers = BP

<120, LDL <50, hsCRP <0.1 etc ™ CV risk

For > 10yrs

| Drugs primary freatment
' Rarely lifestyle followed long term

Human awakening as vascular events occur
(Life span shortens 7-13 years)



YEARLY MORTALITY (DEATH) IN MEDICALLY TREATED
PATIENTS BY CORONARY ANGIOGRAM

Percent DEATH per year
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WHAT PERCENTAGE ASYMPTOMATIC 30-40 YEAR OLD

PEOPLE HAVE CORONARY ATHEROSCLEROSIS?

AR ol I

10%
40%
50%
60%
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Atherosclerosis starts early

High Prevalence of Coronary Atherosclerosis in
Asymptomatic Teenagers and Young Adults
Evidence From Intravascular Ultrasound

E. Murat Tuzcu, MD; Samir R, Kapadia, MD; Eralp Tutar, MD; Khaled M, Ziada, MD;
Robert E. Hobbs, MD; Patrick M., McCarthy, MD; James B, Young, MD; Steven E. Nissen, MD

Background-—Most of our knowledge about atherosclerosis at young ages is derived from necropsy studies, which have
inherent limitations. Detailed, in vivo data on atherosclerosis in young individuals are limited, Intravascular
ultrasonography provides a unique opportunity for in vivo characterization of carly atherosclerosis in a clinically
relevant context.

Methods and Results—Intravascular ultrasound was performed in 262 heart transplant recipients 30.9%13.2 days after
transplantation (o investigate coronary arteries in young asymptomatic subjects. The donor population consisted of 146
men and 116 women (mean age of 33.4213.2 years). Extensive imaging of all possible (including distal) coronary
segments was performed. Sites with the greatest and least intimal thickness in each CASS segment were measured in
multiple coronary arteries. Sites with intimal thickness =0.5 mm were defined as atherosclerotic. A total of 2014 sites
within 1477 segments in 574 coronary arteries (2.2 arteries per person) were analyzed. An atherosclerotic lesion was
present in 136 patients, or 51.9%. The prevalence of atherosclerosis varied from 17% in individuals <20 years old to
85% in subjects =50 years old. In subjects with atherosclerosis, intimal thickness and area stenosis averaged
1.0820.48 mm and 32.7215.9%, respectively. For all age groups, the average intimal thickness was greater in men than
women, although the prevalence of atherosclerosis was similar (52% in men and 51.7% in women).

Conclusions—This study demonstrates that coronary atherosclerosis begins at a young age and that lesions are present in
1 of 6 teenagers, These findings suggest the need for intensive efforts at coronary disease prevention in young adults,
(Circulation, 2001;103:2705-2710.)

Answer 5 > 70%

i Circulation. 2001:103:2705-2710
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WHAT IS THE % CV EVENT RATE @ 10 YEARS IN TYPE 2
DIABETES PATIENTS THAT ARE OVERWEIGHT/OBESE?

1. 2%
2. 4%
3. 6%
4. 18%
5. 30%

Look AHEAD ftrial



ORIGINAL ARTICLE

Cardiovascular Effects of Intensive Lifestyle
Intervention in Type 2 Diabetes

The Look AHEAD Research Group*

ABSTRACT

BACKGROUND

Weight loss is recommended for overweight or obese patients with type 2 diabetes
on the basis of short-term studies, but long-term effects on cardiovascular disease
remain unknown. We examined whether an intensive lifestyle intervention for
weight loss would decrease cardiovascular morbidity and mortality among such

patients.

Impact of Intensive Lifestyle Intervention
on Depression and Health-Related Quality
of Life in Type 2 Diabetes: The Look AHEAD
Trial

N=5145 overweight/obese

B
N Engl J Med 2013;369:145-54

What is the CV event rate per year in
type 2 diabetes?

Control

Primary EP

’
e Intervention

Death from cardiovascular causes,
nonfatal MI, nonfatal stroke, or
hospitalization for angi




Look AHEAD

Patients Control Intervention Hazard Ratio
with Event Group Group (95% <) P Value

Dead N=376 no.  no. of events {rate/100 person-yr)

Myocardial infarction
Fatal or nonfatalf 191 (0.84) 163 (0.71) 0.84 (0.68-1.04)
Fatal 11 {0.05) 5(<002)  0.44 (0.15-1.26)
Nonfatal 183 (0.80) 159 (0.69) 0.86 (0.69-1.06)
Hospitalization for angina 196 (0.87) 194 (0.35) 0.97 (0.80-1.19)
Stroke 80(0.34)  85(036) 1.0 (0.77-1.42)
Heart failure 119 (0.51) 99 (0.42) 0.80 (0.61-1.04)
CABG N 269 (1.21) 256 (1.14) 0.93 (0.72-1.10)

N Engl J Med 2013;369:145-54




TRANSLATIONAL BIOLOGY OF INSULIN RESISTANCE

Insulin
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WHICH CARDIORENAL DRUGS REDUCE CV DEATH

STATINS

SGLT 2 (EMPA-REG) / GLP-1 AGONIST (LEADER)
PCSK9 INHIBITOR

DPP IV INHIBITOR

STATINS + PCSK9

e e S0 5



MORE INTENSIVE LDL-C LOWERING & CV DEATH

No clear benefit on CV mortality

More Less HR (95% Cl)
Intensive Intensive
Rx Arm Rx Arm

PROVE-IT TIMI 22 27 36 0.74 (0.45-1.22) el
A2Z 86 111 0.76 (0.57-1.01) -
TNT 127 0.80 (0.61-1.03) =
IDEAL 218 1.03 (0.85-1.24)
SEARCH 572 0.99 (0.88-1.11)
IMPROVE-IT 537 1.00 (0.89-1.13)
Summary 1601 0.96 (0.90-1.03)

| [ I I |

NEJM 2004;350:1495-504
JAMA 2004;292:1307-16
NEJM 2005;352:1425-35
JAMA 2005;294:2437-45
Lancef 2010;376:1658-49
NEJM 2015;372:2387-97

More intensive Less infensive
therapy better therapy better



ONLY POSITIVE CV TRIALS FOR DIABETES

Trial Baseline HR-MACE P-
superiority

Pioglitazone

Empagliflozin

Canagliflozin

Liraglutide

Semagilutide

PROactive Macrovas
cular
disease

EMPA-REG Established
Ccv
disease

ASCVD or
>2 CVrisk
factors
High CV
risk
SUSTAIN-é Established

CVD, CKD
or HF

CANVAS

LEADER

5,238

7,028

10,142

2.9 yrs

2.6 yrs

3.6 yrs

3.8 yrs

2 yrs

7.8%/7.9% 0.84 (0.72- 0.027

0.98)

8.07%/8.08 0.86 (0.74-  0.04
% 0.99)

8..2%/8.2% 0.86 (0.75- 0.02
0.97)

8.7/8.7 0.87 (0.78- 0.01

0.97)

0.74 (0.58- 0.02
0.95)

8.7/8.7

Chilton-2018 pending publication




EMPAGLIFLOZIN, AS COMPARED WITH
PLACEBO, HAD A LOWER RATE OF THE * N=7020
PRIMARY COMPOSITE CV OUTCOMES AN RR

0.86 (Cl: 0.74 t0 0.99)
P = 0.04 for superiority)

Percent of CV events

Y Placebo 13
$ = 12.1
o Hazard ratio, 0.86 {95.02% CI, 0.74-0.99) 12 '\ﬁ(
= P=0.04 for supericnity Empaglifiezin
T 10 |
%un 1059
3 10

? 490 of 4687 ‘

282 of 2333
SGLT2 inh
Placebo

Primary composite outcome was death
from nonfatal myocardial infarction, or DOI: 10.1056/NEJMoa1504720
nonfatal stroke EASD 2015




CARDIOVASCULAR DEATH: NNT 39

0.62 (0-49-0-77) <0.001 No significant effect on MI or stroke..
50 Benefit not atherosclerotic related?
6 . ARR=2.2%
5 57 Percentage
4 i Placebo
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All deaths not atffributed to the categories of CV death and not attributed
to a non-CV cause were presumed CV deaths

DOI: 10.1056 /NEJMoa1504720
EASD 2015



Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes

Bruce Neal, M.B., Ch.B., Ph.D., Vlado Perkovic, M.B., B.S., Ph.D,,
Kenneth W, ‘1ah fll_\ M.D., Dick de Zeeuw, M.D., Ph.D., Greg Fulcher, M.D.,
Ngozi Eron 1.D., Ph.D., Wayr C“)hdn D.S.L, Gordon Law, Ph.D.,
|,13nu DL.;JI .".D. ind David R. Matthews, D.Phil., B.M., B.Ch.,

eV
for the CANVAS Program Collaborative Group™

ABSTRACT

BACKGROUND
Canagliflozin is a sodium-glucose cotransporter 2 inhibitor that reduces glycemia
as well as blood pressure, body weight, and albuminuria in people with diabetes.
We report the effects of treatment with canagliflozin on cardiovascular, renal, and
safety outcomes.

METHODS
The CANVAS Program integrated data from two trials involving a total of 10,142
participants with type 2 diabetes and high cardiovascular risk. Participants in each
trial were randomly assigned to receive canagliflozin or placebo and were followed
for a mean of 188.2 weeks. The primary outcome was a composite of death from
cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke.

Canaglifiozin  Placebo
Outcome (N=5795) (N=4347)

no. of participants per 1000 patient-yr

Hazard Ratio (95% Cl)

Death from cardiovascular causes, 269 315 0.86 (0.75-0.97)

nonfa(al myocardial infarction,

- Death from cardiovascular causes 0.87 (0.72-1.06

voniala myocaraial infarction A

Nonfatal stroke 7.1
Fatal or nonfatal myocardial infarction 11.2
Fatal or nonfatal stroke 79

0.90 (o n 115)
0.89 (0.73-1.09)
0.87 (0.69-1.09)
0.94 (0.88-1.00)
0.67 (0.52-0.87)
0.78 (0.67-0.91)

Hospitalization for any cause 118.7
Hospitalization for heart failure 55

Death from cardiovascular causes 16.3
or hospitalization for heart failure

Death from any cause 17.3
Progression of albuminuria 894

40% reduction in eGFR, renal-replacement 5.5
therapy, or renal death

0.87 (0.74-1.01)
0.73 (0.67-0.79)
0.60 (0.47-0.77)

Canagliflozin Better Placebo Better

N Engl J Med 2017;377:644-57




A Primary Outcome B Death from Cardlovascular Causes

e NEW ENGLAN D 1:21 20 ragagglr:ﬁo. 087 fiegx ;L 078097 o Ly ;la;aég;aklo.o.n (95% C1, 0.66-0.93)
154 <. or noainkenorn 154 -l
JOURNAL o MEDICINE

804 P=0.01 for superiority
ESTABLISMED IN 1312 JULY 28, 2016 VOL 374 NO. 4

70 10+ Liraglutide
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: ; . : > 18 24 30 36 42 43
Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes

Patients with an Event {3%)
Patients with an Event (36}

Steven P, Marso, M.D., Gilbert H, Daniels, M.D,, Kirstine Brown-Frandsen, M.D., Peter Kristensen, M.D,, EM.BA,,
Johannes F.E. Mann, M.D,, Michael A, Nauck, M.O., Steven E. Nissen, M.D,, Stuant Pocock, Ph.D.,

Nell R, Poulter, F.Med.Sci, Lasse S. Ravn, M.D., Ph.D., William M. Stesnberg. M.D., Mette Stockner, M.D,, ! J ) v ' ! J v

Bernard Zinman, M.D,, Richard M. Bergenstal, M.D., and John B, Buse, M.D,, PhD,, 12 18 24 30 36 6 12 18 24 30 36 42

for the LEADER Steering Committee on behalf of the LEADER Trial Investigators® Manths since Random|zation Months since Randomization
No. at Risk No. at Risk

ABSTRACT Liraglutide 4668 4593 4496 4400 4230 4172 4072 3982 1562 42 Liraglutide 4668 4641 4599 4558 4505 4445 4382 4322 1723 484
Placebo 4672 458 4473 4352 4237 4123 4010 3914 1543 40 Placebo 4672 4648 4601 4546 4479 4407 4338 4267 1709 465

BACKGROUND
The cardiovascular effect of liraglutide, a glucagon-like peptide 1 analogue, when  From the Uniersity of Texas Southwest E Death from Any Cause Mospitalization for Heart Failure
added 1o standard care in paticnts with type 2 disbetes, remains unknown, en Medical Certer, Dallas (S.PM) 100~ 204 Hazard ratio, 0,85 {95% CI, 0.74-0.97) 204

Massachusents General Hossitsl Baston Hazard ratio, 0.87 (95% €1, 0.73~1.05)
METHODS (G LD Y Nowo Noesish, Sagsveerd, Den. 90+ P«0.02 P=0.14
In this double-blind trial, we randomly assigned patients with type 2 diabetes and high ™4 (¢8-F. PE. LSR. M) Fried- 154 154
vs ¢ = : . rich Alesander Univeruty of Cdargen, 304
cardiovascular risk to receive liraglutide or placebo. The primary COMPOSIe OUICOME  Eriangen (J9.6M ), and 5t josef Mongi Placebo ™
in the time-to-cvent analysis was the fiest oceurrence of deazh from eardiovascular 4 Rubr Universty, Bochum (MA N) 704 104 s 104 N o beneflt
causes, nonfatal myoeardial infarction, or noafatal stroke. The primary hypothesis was tk::':_,'”‘f;';"f’ui:“r”::':’ 60+ - A Placebo
that liraglutide would be noninferior to placebo with regard to the primary outcOmE,  Hygiene sd Tropical Mediciss Mediesl Uraghutice 54 e
with 2 margin of 1.30 for the upper boundary of the 95% confidence interval of the  Stasasice Usit (S9) and imperial College 50+ i Liraglutide
hazard ratio. No adjustments for mukiplicity were performed for the prespecified ex- t::“‘ L ““'2 b ',"(::"‘;:’:: 404 e R S T ST,
ploratary outcomes. ton, DX (W MS ). Lnenfeld-Tanenbaosm 104 6 12 18 24 30 36 42 48 54
204

0

Y U T J U T T T 1
0 6 12 18 24 30 36 42 43 54

Patients with an Event (%)
Patients with an Event [3%)

Primary composite outcome S R 2 % 2 %

24

in The Time'TO'evenT OﬂOlYSiS WOS The Months since Randomization Months since Randomization
first occurrence of death from Renal unction

Severe or moderate disease

Cordlovc SCUIO[’ <60 ml{min{1.73 m? 1721116 {154) 22371042 (21.4) 0.69 (0.57-0.85)

260 mlfmin/1.73 m? 436/3552 (12.3) 47173630 (13.0) 0.94 (0.83-1.07)

causes, nonfatal myocardial infarction, Eetoedpoinfishe T | e o @si-Lse
or no nf OT OI STr o k e =30 mifmin/1.73 m? 5334551 (12.3) 6684565 (14.6) 0.87 (0.77-0.97)
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Preserved
EF
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4V GLUT 4 uptake
Abnormal Ca handling
Mitochondrial dysfunction
Endoplasmic reticulum stress

Inflammation
Metabolic changes

Abnormal ventricular relaxation

Heart Fail. Rev. 17, 325-344 Insulin resistant
Herz 36, 102-115 cardiomyocyte
Diastolic
dysfunction
h 7 1 reactive oxygen species
e 3 1 fibrosis / stiffness
N :

~ Structural changes
Abnormal ventricular arterial coupling (stiffness)

Chilton
Sowers..NATURE REVIEWS | ENDOCRINOLOGY 2016;12:144



DIASTOLIC HEART FAILURE IS
COMMON IN DIABETES
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Risk reduction in HF hospitalization with empagliflozin vs. placebo over time

HR 0.69
(95% C10.53, 0.91)
HR 0.65 i

HR 0.69

‘95%p2|00(°)%ol‘70'85) (95% C1 0.52, 0.92)
: HR 0.40

(95% CI 0.44, 0.83)

HR 0.62
(95% C1 0.44, 0.87)

HR 0.63
(95% C10.43, 0.93)

HR 0.47
(95% ClI 029 0.76)
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Young obese T2DM female with SOB
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800 cc day 1 then 150-300/day
2 cans coke in calories/day
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Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes

Steven P, Marso, M.D., Gilbert H, Daniels, M.D,, Kirstine Brown-Frandsen, M.D,, Peter Kristensen, M.D,, EM.BA,,
Johannes F.E. Mann, M.D,, Michael A, Nauck, M.O., Steven E. Nissen, M.D,, Stuant Pocock, Ph.D.,
Nell R, Poulter, F.Med.Sci, Lasse S. Ravn, M.D., Ph.D., William M. Stesnberg. M.D., Mette Stockner, M.D,,
Bernard Zinman, M.D,, Richard M. Bergenstal, M.D., and John B, Buse, M.D,, PhD,,
for the LEADER Steering Committee on behalf of the LEADER Trial Investigators®

ABSTRACT

BACKGROUND
The cardiovascular effect of liraglutide, a glucagon-like peptide 1 analogue, when  From the Uniersity of Texas Southwest

added 1o standard care in paticnts with type 2 disbetes, remains unknown, en Medical Center, Dallas (5.PML)
Massachusents Ceneral Hospiadl Boston
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in the time-to-cvent analysis was the fiest occurrence of deazh from cardiovascular 4 Rulv University, Bochum (MAN)
causes, nonfatal myoeardial infasction, oc noafatal stroke. The primary kypothesis was = %% 1 65:::"!.-:2 s
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CV LOOK @ NEW CARDIOVASCULAR DRUGS FOR TYPE 2

DIABETES

Trial

| CV events | CV death

| heart failure
hospitalizations

| Nephropathy

EMPA-SGLT2I

Yes

Yes

CANA

LIRA-GLP-1

Yes

SEMA

N

Already on standard of care

Yes

Yes

Yes

Yes

Chilton pending 2018




PRIMING VASCULAR ENDOTHELIAL CELLS FOR
ENHANCED INFLAMMATORY RESPONSE

High triglycerides Upregulation - LDL
q receptors

Endothelial cells
TGRL 11 Cytakine Actvation TGRL electron transfer-
based fluorescence bound

2522 to HAECSs treated for 2hrs
» TGRL ALONE NO INFLAMMATION IN Al significant

Monocytes
HAEC o adhesion
7]
* TGRL ENHANCED INFLAMMATORY o
RESPONSE 10X TO CYTOKINE S
STIMULATION e VCAM-1 mRNA
o ICAM-1
= E-selectin
©
[0)
2 11 I I
HAECs were repetitively incubated
with dietary levels of freshly isolated ol 1;.?\::&' TTC:\‘T:?

TGRL for 2 hours per day for1to 3
days to mimic postprandial lipidemia.

Ting et al Circ Res Feb 2007;100:000



B Type 2 Diabetes - Selective Insulin Resistance

TARGETING METABOLICS GLUCOSE

l X +Fox0t —>4 GLUCOSE

-
Lol ASREBP-1c—4TG
- o)

A Normal Liver Metabolism
Dietary
Glucose

p Liver

4 FoxO1 ——» }Glucose
i e
s tSrebp-1c ——> 1 Tg

Blood
TG

s1GLUCOSE

Selective insulin resistance in liver of mice with type
2 diabetes. Insulin fails to decrease
gluconeogenesis, but it continues to stimulate
synthesis of fatty acids and Tg. This produces the
deadly combination of hyperglycemia

and hypertriglyceridemia

Glucose




LAST slide

Lifestyle is the
best choice
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Post test
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WHAT PERCENTAGE ASYMPTOMATIC 30-40 YEAR OLD

PEOPLE HAVE CORONARY ATHEROSCLEROSIS?
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WHAT IS THE % CV EVENT RATE @ 10 YEARS IN TYPE 2
DIABETES PATIENTS THAT ARE OVERWEIGHT/OBESE?

1. 2%
2. 4%
3. 6%
4. 18%
5. 30%

Look AHEAD ftrial



WHAT CELLULAR PATHWAY CONTINUES TO BE INSULIN
SENSITIVE IN DIABETES

Continued stimulation by insulin
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WHICH CARDIORENAL DRUGS REDUCE CV DEATH

STATINS

SGLT 2 (EMPA-REG) / GLP-1 AGONIST (LEADER)
PCSK9 INHIBITOR

DPP IV INHIBITOR

STATINS + PCSK9

e e S0 5

Answer 2
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