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Objectives

* Discuss the evidence from the intensive glycemic control trials and
observational studies.

* The history of the target of less than 7%.

* Glycemic goals in patients with multiple comorbidities.
* Drug selection in patients with ASCVD or heart failure.
* Glycemic goals in older patients with diabetes.



The evidence from trials and observational study

e Diabetes Control and Complications Tria
(DCCT; 1441 participants with type 1 diabetes duration <15 years)

* The goal was to achieve glycemic control as close to normal without
causing adverse events versus asymptomatic glycemic control.

* Contrast achieved: Alc ~7% versus ~9% over ~6.5 years.



Alc during DCCT and EDIC

Alc
(%)

Glycated Hemoglobin (Percent)
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Nathan, D. Diabetes 2013;62:3976—3986.

EDIC=
Epidemiology
of Diabetes
Interventions
and
Complications

After the trial, 96%
enrolled in follow-
up. Alc converged
at 8%.



Reduction in major complications

with intensive compared with
Conventional during DCCT and EDIC

DCCT 3+step devel, Prim
3+step progression, Scnd

1983-93 Microalb
Macroalb

Neuropathy

Further 3+ step prog, Prim

EDIC Further 3+step prog, Scnd
New Microalb

1994-2011 New Macroalb
New Neuropathy(2007-08)

DCCT Severe eye
+ Reduced GFR
EDIC CVD events

Percent (%) reduction in risk

* At 6 years, 3 step

progression of
retinopathy was reduced
76%, new or progression
of albuminuria was
reduced 50%, neuropathy
reduced 60%.

Long term benefits over
~30 years of follow-up
included 56% reduction in
retinopathy, 50%
reduction in nephropathy,
30% reduction in
neuropathy.




DCCT/EDIC: Cumulative incidence of the first occurrence of non-
fatal M, stroke, or CV death.
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The evidence from trials and observational study

United Kingdom Prospective Diabetes Study

(UKPDS: 4,209 participants with new onset type 2 diabetes and
FBG>108 mg/d| after 3-month dietary run in)

* Standard policy (treat for symptoms or glucose >270 mg/dl) vs
intensive policy (treat with SU, insulin or metformin)

* Mean Alc contrast achieved ~7% vs ~7.9% over ~10 years.

e Clinically meaningful endpoints improved at end of randomized
period.

* Additional ten years of off-trial follow-up, “Legacy Effect”



UKPDS: “Legacy Effect” of insulin or sulfonylurea therapy

After median 8.8 years post-trial follow-up

Aggregate Endpoint 1997 2007
Any diabetes related endpoint RRR: 12% 9%
P: 0.029 0.040
Microvascular disease RRR: 25% 24%
P: 0.009 0.001
Myocardial infarction RRR: 16% 15%
P: 0.052 0.014
All-cause mortality RRR: 6% 13%
P: 0.44 0.007

Holman, RR. et al. N Engl J Med 2008; 359:1577-1589



Study, Patient and HbA1c Characteristics of 5 RCTs

Summary of Major Clinical Trials

Trial Name, Mean or Age ; Baseline Diabetes Duration HbA1lc; Baseline HbA1c Achieved
median FU, number (median)

enrolled Intensive vs Control
ACCORD 62 years 10 years 8.1% 64% vs 7.5%
4-5 years; N=10,251

ADVANCE 66 years 8 years 7.8% 6.4% vs 7.0%
5-11 years; N=11,140

UKPDS 33 (Insulin/SU) 54 years Newly Dx 7.0% 7.0% vs 7.9%
11-17 years; N=3,867

UKPDS 34 (metformin) 53 years Newly Dx 7.2% 7.4% vs 8.4%
11-18 years; N=753

VADT 60 years 12 years 9.4% 6.9% vs 8.4%
6-12 years; N=1,791




Impact of Intensive Therapy for Diabetes

Study Microvascular CVD Mortality
UKPDS"2
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ACCORD: Risk of Death over a Range of Mean Alc

Adjusted log(Hazard Ratio) by Treatment Strategy
Relative to Standard at A1c of 6%

Steady increase of risk from 6 to 9% Alc with intensive strategy

Intensive

log(Hazard Ratio)

Standard

[ I |
6 7 8 9

Average A1c (%)

Excess risk of mortality with intensive strategy occurred above an Alc 7%

Riddle et al. Diabetes Care 33:983-990, 2010




Epidemiological analysis: Relative importance of risk
factors for acute myocardial infarction and stroke

B Acute Myocardial Infarction

All Patients
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Rawshani, A. et al. N Engl J Med 2018;379:633-44
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Epidemiological Analysis: Early glycemic control matters

A

Early Exposure Period (Years)

0-7

0-6

0-4

Microvascular
HR (95% CI)
6.437 (5.246-7.899)
—_— 2.580 (2.123-3.135)
—a— 1.606 (1.359-1.899)
—— 1.194 (1.006-1.418)
_— 4.869 (4.030-5.882)
—_— 2.252 (1.879=2.700)
— 1.543 (1.324-1.797)
— 1.137 (0.970-1.333)
— 4.094 (3.427-4.893)
—_— 2.111 (1.779-2.506)
— 1.441 (1.246-1.666)
—— 1.263 (1.091=1.462)
— 3.687 (3.123-4.352)
— 1.894 (1.608-2.231)
—=— 1.461 (1.277-1.673)
—— 1.252 (1.091-1.436)
—s— 3.193 (2.738-3.723)
— 1.835 (1.571-2.145)
—= 1.453 (1.281=1.648)
—— 1.194 (1.049=1.359)
—— 2.756 (2.396-3.170)
—— 1.700 (1.460-1.980)
= 1.497 (1.331-1.684)
—— 1.259 (1.117-1.419)
—— 2.213 (1.892=2.590)
—_—r 1.603 (1.340-1.917)
- 1.391 (1.226-1.578)
—— 1.204 (1.063-1.365)
T T
0.1 1 10

Adjusted Hazard Ratio

® HbA1c 6.5% to <7.0% (48 to <53 mmolimol) ©T HbA1c 7.0% to <8.0% (53 to <64 mmal/mol)
A HbA1c 8.0% to <9.0% (64 to <75 mmol/mol) < HbATc =9.0% (>75 mmol/mol)

Early Exposure Period (Years)

0-6

0-5

0-4

0-1

Macrovascular

HR (95% CI)

2.113 (1.847-2.417)
1.577 (1.412-1.760)
1.327 (1.221-1.442)
1.135 (1.046-1.232)

1.734 (1.530-1.964)
1.368 (1.233-1.517)
1.299 (1.204-1.402)
1.074 (0.996-1.159)

1.596 (1.420-1.794)
1.269 (1.150-1.400)
1.259 (1.173-1.352)
1.102 (1.027-1.182)

1.535 (1.374-1.714)
1.299 (1.185-1.425)
1.224 (1.145-1.308)
1.100 (1.031-1.174)

1.471(1.327-1.631)
1.329 (1.216-1.453)
1.208 (1.134-1.286)
1.126 (1.059-1.197)

1.539 (1.400-1.692)
1.279 (1.168-1.401)
1.264 (1.189-1.344)
1.158 (1.093-1.228)

1.485 (1.329-1.659)
1.369 (1.227-1.527)
1.287 (1.203-1.377)
1.188 (1.116-1.264)

0.1 1
Adjusted Hazard Ratio
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® HbA1c 6.5% to <7.0% (48 to <53 mmol/mol) T HbA1c 7.0% to <8.0% (53 to <64 mmol/mol)
A HbA1c 8.0% to <9.0% (64 to <75 mmol/mel) < HbA1c =9.0% (>75 mmol/mol)

Laiteerapong, N. et al. Diabetes Care 2019;42:416-426




Early Exposure Period (Years)

Epidemiological Analysis:
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HR (95% CI)

2.181 (1.713-2.778
1.661 (1.378-2.003
1.269 (1.106-1.457
1.076 (0.938-1.233

1.832 (1.523-2.451
1.561 (1.296-1.880
1.278 (1.116-1.464
1.097 (0.959-1.255

1.747 (1.382-2.208
1.554 (1.294-1.867
1.238 (1.083-1.415
1.070 (0.937-1.221

)
)
)
)
)
)
)
)
)
)
)
)
1.676 (1.337-2.100)
1.453 (1.211-1.742)
1.224 (1.074-1.395)
1.013 (0.889-1.155)
1.503 (1.211-1.865)
1.376 (1.145-1.654)
1.189 (1.044-1.353)
0.975 (0.856-1.109)

)

)

)

)

)

)

)

)

1.528 (1.245-1.876
1.274 (1.047-1.551
1.240 (1.088-1.414
1.093 (0.962-1.241

1.320 (1.017-1.713
1.262 (0.978-1.628
1.290 (1.104-1.507
1.137 (0.985-1.313

O HbA1c 7.0% to <8.0% (53 to <64 mmol/mol)

Early glycemic control matters

* “Among patients with newly
diagnosed diabetes and 10 years
of survival, HbAlc levels
>6.5%for the 1st year after
diagnosis were associated with
worse outcomes. Immediate,
intensive treatment for newly
diagnhosed patients may be
necessary to avoid irremediable
long-term risk for diabetic
complications and mortality.”

Laiteerapong, N. et al. Diabetes Care 2019;42:416-426



Standards of Medical Care in Diabetes
First publication of the Alc goal <7% was in 1994

Table 1—Glycemic control for people with diabetes

Action
Biochemical index Nondiabetic Goal suggested
Preprandial glucose <115 80-120 <80
>140
Bedtime glucose (mg/dl) <120 100-140 <100
>160
Hemoglobin A, (%) <6 <7 >8

These values are [or nonpregnant individuals. “Action suggested” depends on individual patient circum-
stances. Hemoglobin A,.. is referenced to a nondiabetic range of 4.0~6.0% (mean 5.0%, standard deviation
0.5%).



Standards of Medical Care in Diabetes
In 1997, modified to indicate “action suggested >8%"

Table 1—Glycemic control for people with diabetes

Biochemical index Nondiabetic Goal Action suggested
Preprandial glucose (mg/dl) <115 80-120 <80
>140
Bedtime glucose (mg/dl) <120 100-140 <100
>160
Hemoglobin A, (%) <6 <7 >8

These values are for nonpregnant individuals. “Action suggested” depends on individual patient circum-
stances. Such actions may include enhanced diabetes self-management education, comanagement with a
diabetes team, referral to an endocrinologist, change in pharmacological therapy, initiation or increased
SMBG, or more frequent contact with the patient. HbA,, is referenced to a nondiabetic range of 4.0-6.0%
(mean 5.0%, SD 0.5%).



Standards of
Medical Care
in Diabetes
Since 2003,
the Alc goal
has been <7%

Table 6—Summary of recommendations for adults with diabetes mellitus

Glycemic control
AlC <7.0%*
Preprandial plasma glucose 90-130 mg/dl (5.0-7.2 mmol/)
Peak postprandial plasma glucose <180 mg/dl (<10.0 mmol/)

Blood pressure <130/80 mmHg

Lipids
LDL <100 mg/dl (<2.6 mmol/l)
Triglyceridest <150 mg/dl (<1.7 mmol/)
HDL >40 mg/dl (>1.1 mmol/D¥

Key concepts in setting glycemic goals:
® Goals should be individualized
® Certain populations (children, pregnant women, and elderly) require special
considerations
® | ess intensive glycemic goals may be indicated in patients with severe or frequent
hypoglycemia
® More intensive glycemic goals may further reduce microvascular complications at the cost
of increasing hypoglycemia
® Postprandial glucose may be targeted if A1C goals are not met despite reaching
preprandial glucose goals
*Referenced to a nondiabetic range of 4.0-6.0% using a DCCT-based assay. tCurrent NCEP/ATP III
guidelines suggest that in patients with triglycerides =200 mg/dl, the “non-HDL cholesterol” (total choles-

terol minus HDL) be utilized. The goal is =130 mg/dl (53). ¥For women, it has been suggested that the HDL
goal be increased by 10 mg/dl.
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Hemoglobin A, Targets for Glycemic Control With Pharmacologic
Therapy for Nonpregnant Adults With Type 2 Diabetes Mellitus:
A Guidance Statement Update From the American College of Physicians

Amir Qaseem, MD, PhD, MHA; Timothy J. Wilt, MD, MPH; Devan Kansagara, MD, MCR; Carrie Horwitch, MD, MPH;
Michael J. Barry, MD; and Mary Ann Forciea, MD; for the Clinical Guidelines Committee of the American College of Physicians*

Guidance Statement 1: Clinicians should personalize goals for
glycemic control in patients with type 2 diabetes on the basis of a
discussion of benefits and harms of pharmacotherapy, patients'
preferences, patients' general health and life expectancy, treat-
ment burden, and costs of care.
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Hemoglobin A, Targets for Glycemic Control With Pharmacologic
Therapy for Nonpregnant Adults With Type 2 Diabetes Mellitus:
A Guidance Statement Update From the American College of Physicians

Amir Qaseem, MD, PhD, MHA; Timothy J. Wilt, MD, MPH; Devan Kansagara, MD, MCR; Carrie Horwitch, MD, MPH;
Michael J. Barry, MD; and Mary Ann Forciea, MD; for the Clinical Guidelines Committee of the American College of Physicians*

Guidance Statement 2: Clinicians should aim to achieve an
HbA,. level between 7% and 8% in most patients with type 2
diabetes.

Guidance Statement 3: Clinicians should consider deintensify-

ing pharmacologic therapy in patients with type 2 diabetes who
achieve HbA,_ levels less than 6.5%.



Who are “the
many” in “a
reasonable Alc
goal for many

nonpregnant
adults is <7%"?




A changing paradigm in caring for patients with type 2
diabetes and clinical CVD

NNT to prevent a Death

Statins (for 5 years) 100
Anti-hypertensives (for 5 years) 125
Empagliflozin (for 3 years) 39
Liraglutide (for 3 years) 08

These benefits of GLP-1 receptor agonists and SGLT2 inhibitors
emerged in trials were the drugs were added (versus placebo) in
patients with CVD and an Alc >7%.

Krumholz, H and Lipska, K. JAMA. 2017 March 14; 317(10):
1017-1018



Drug Selection in people | the new era of
with ASCVD or heart failure | emidiabetic medications




Neuropathy

PAD Mlcrovascular | 1
The major goal ; vjj Diabetes |) Retinopathy
o N \‘ler/-ﬂ
Of dlabEteS . ,/' Cardlovascular
management IS Stroke
to prevent its ‘ m
complications. | GLP-1receptory ___ 7 __ : f\,
agonists e Kidney
Ischemic heart Arrhythmia disease
disease \ 1 / ~
/ Heart Failure A
e SGLT2
inhibitors

Kato, ET, et al. Trends in Cardiovascular Medicine. January 22, 2020;15:55



FDA-Mandated CV Outcomes Trials in T2DM

DPP4-i saxagliptin alogliptin sitagliptin linagliptin linagliptin
Comparator placebo placebo placebo placebo glimepiride (SU)
16,492 5380 14,671 6979 6103
2013 2013 2015 2018 2018

Study | ELIXA® | LEADER’ | SUSTAIN 68 | EXSCEL® | REWIND'™ | HARMONY"

GLP1-RA lixisenatide liraglutide semaglutide  exenatide LR  dulaglutide albiglutide

Comparator placebo placebo placebo placebo placebo placebo
6068 9340 3297 14,752 9901 9463
2015 2015 2016 2017 2018 2018

Study | EMPA-REG'™ | CANVAS™ | (CREDENCE™) | DECLARE'® | VERTIS CV'*_
SGLT2-i empagliflozin canagliflozin canagliflozin dapagliflozin ertugliflozin

Comparator placebo placebo placebo placebo placebo
7020 4330 4401 17,160 8246
2015 2017 2018 2018 2020




Cardiovascular Outcome Trials for DPP4 Inhibitors

CVD or CRFs
Alc6.5-12.0%
n=16,492

ACS
Alc6.5-11.0%
n=5,380

CvD
Alc 6.5-8.0%
n=14,735

CVD or CRFs
Alc 6.5-10.0%
n=6,979

Saxagliptin Median CV death,
follow-up non-fatal Ml, or
Placebo 2.1 years non-fatal stroke
Alogliptin Median CV death,
follow-up non-fatal Ml, or
S 1.5 years non-fatal stroke
CV death,
Sitagliptin Median "°’;";“‘|“'t"”:; 2
non-fatal stroke, or
Lo B UA requiring
Placebo 3 years hospitalization
Linagliptin Median CV death
follow-up '
22 years non-fatal M, or
Placebo ) non-fatal stroke
1 1 1 1
| 1 1 |
| I I |
Randomization Year 1 Year 2 Year 3

Median Duration of Follow-up

Hazard Ratio
1.00

(95% ClI
0.89, 1.12)

0.96
(upper boundary
of 1-sided
repeated Cl 1.16)

0.98
(95% C| 0.88, 1.09)
P=.645

1.02
(95% ClI
0.89, 1.17)



SAVOR-TIMI 53, EXAMINE, and TECOS: Hospitalization
for Heart Failure

Study Drug Placebo Hazard 95%

n/N (%) n/N (%)  Ratio (of P Value
SAVOR-TIMI  289/8280 228/8212 1.27 1.07,1.51 —— .009*
(saxagliptin vs placebo) (3.5%) (2.8%)
EXAMINE 106/2701 89/2679 1.19 0.89, 1.58 238
(alogliptin vs placebo) (3.9%) (3.3%) . —
TECOS  228/7332 229/7339 1.00 0.83,1.20 983
(sitagliptin vs placebo) (3.1%) (3.1%) — —
0 1 2

Favors Treatment Favors Placebo



All trials met the primary endpoint of demonstrating

that there is no increased risk of CVD

There may be
heterogeneity with
respect to heart failure

Cannot assume that

No benefit is apparent this is a class effect

Summary:

D P P4_I n h i b itO rs These large tr.ials have b'efan useful for evaluating
. other potentially beneficial effects of the drugs.

Cardiovascular

Outcome Trials

Decreased rates of albuminuria

More precise estimates of the risk of other rare
events




Cardiovascular benefits of GLP-1 analogs

Liraglutide
I.ZIEADER study
Cardiovascular Events
HR: 0.87 (0.78-0.97) Placebo
15 | P<0.001 for noninferiority
P=0.01 for superiority
. . ‘ R
10 Liraglutide Victoza®
5
Death from any cause
0 0.85 (0.74-0.97) p=0.02
0 6 12 18 24 30 36 42 48 54

Exenatide (weekly)

Exenatide (N = 7356)
Placebo (N = 7396)

EXSCEL Study

15

12

9

CV death, nonfatal MI/ stroke

HR:0.91 (0.83-1.00) Flacebo
P<0.001 for noninferiority
P=0.06 for superiority

Exenatide weekly
(Bydureon®)

Death from any cause
0.86 (0.77-0.97)

0 1 2 3 4 5

Semaglutide
SUSTAIN-6

10 |CV death, nonfatal MI/ stroke
HR: 0.74 (0.58-0.95)

8 | P<0.001 for noninferiority Placebo
P=0.02 for superiority

Ozempic®
Semaglutide

Death from any cause
1.05(0.74 to 1.50)

0
0O 8 16 24 32 40 48 56 64 72 80 83 96 104
Weeks Marso et al NEJM 2016
Dulaglutide
18 | 3-Point MACE

= 15 HR: 0.88 (0.79-0.99)
= =
= P =002 Placeb
o 12
o
]
2 9 :
5 Dulaglutide
E 6
3
(@]

3 Death from Any Cause

0.90(0.80-1.01) p =0-067
¢
0 1 2 3 4 5 6

Years after Randomization



Sample size
ASCVD%
Median fu (yr)
Hx of HF
eGFR <60 (%)

Cardiovascular

Benefits of
GLP-1 RA

MACE

CV Death

Ml

Stroke

hHF

All Death

GLP1 receptor agonists

LEADER EXSCEL SUSTAIN-6  ELIXA Harmony REWIND
Liraglutide  Exenatide Semaglutide Lixisenatide Albiglutide Dulaglutide

(MR) (s.c.)
9340 14,752 3297 6068 9463 9901
72.5 731 83.0 100 100 315
3.8 32 2.1 2.1 1.6 54
1305 2389 777 1922 NA 853
231 21.6 24.0 232 23.0 22.2
0.87 (0.78, | 0.91 (0.83, |0.74 (0.58,] 1.02(0.89, | 0.78 (0.68, 0.88 (0.79,
0.97) 1.00) 0.95) 1.17) 0.90) 0.99)
0.78 (0.66, | 0.88 (0.76, 0.98 (0.65, 0.98 (0.78, 0.93 (0.73, 0.91 (0.78,
0.93) 1.02) 1.48) 1.22) 1.19) 1.06)
0.88 (0.75, 0.97 (0.85, 0.74 (0.51, 1.03 (0.87, | 0.75 (0.61, | 0.96 (0.79,
1.03) 1.10) 1.08) 1.22) 0.90) 1.16)
0.89 (0.72, 0.85(0.70, |[0.61 (038, | 1.12 (0.79, 0.86 (0.66, | 0.76 (0.62,
1.11) 1.03) 0.99) 1.58) 1.14) 0.94)
0.87 (0.73, 0.94(0.78, 1.11 (0.77, 0.96 (0.75, 0.85(0.70, 0.93 (0.77,
1.05) 1.13) 1.61) 1.23) 1.04) 112)
0.85(0.74, | 0.86 (0.77, 1.05(0.74, 094 (0.78, 095 (0.79, 0.90 (0.80,
0.97) 0.97) 1.50) 1.13) 1.16) 1.01)

NA NA NA 0.88 (0.74, | 0.85 (0.77,

1.05) 0.93)

Kidney Endpoint



History of CVD

%

Trial HR (95% Cl) Weight

Meta-analysis of 5

LEADEF.?- ‘—o-%— 0.83 (0.74, 0.93) 25.03 CVOTS (3 With GLP-l
EXSCEL - - g 0.90 (0.82, 1.00) 33.20 RAS and 2 With SG LT-
B ; . 2i) in patients with

—a history of CVD at

DECLARE ——— 0.90 (0.79, 1.02) 20.02

Subtotal (--squared = 0.0%, P = 0.333) <> 0.86 (0.79, 0.95) 37.03 a Se l n e .

Heterogeneity between groups: P = 0.918

Overall (l-squared = 0.0%, P = 0.423) ¢ 0.86 (0.81, 0.91) 100.00

| | |

o 15 1 1.25 15

Favors drug Favors placebo

HR

Giugliano, D., et al. JAHA. Volume 8, Issue 12, 18 June 2019




No history of CVD

Trial

1: GLP-1 RAs

LEADER

SUSTAIN-6

EXSCEL ®

Subtotal (I-squared = 0.0%, P = 0.660) <

2: SGLT-2i

CANVAS ——

DECLARE ———

Subtotal (I-squared = 0.0%, P = 0.857) <

Heterogeneity between groups: P = 0.652

Overall (I-squared = 0.0%, P = 0.900) <

HR (95% CI)

1.20 (0.86, 1.67)
1.00 (0.41, 2.46)
0.99 (0.77, 1.28)

1.06 (0.87, 1.29)

0.98 (0.74, 1.30)
1.01 (0.86, 1.20)

1.00 (0.87, 1.16)

1.02 (0.91, 1.15)

%

Weight

12.20
1.67
20.80

34.67

16.92
48.41

65.33

100.00

| |

4 67 1 1.5 25

Favors drug

Favors placebo

HR

Meta-analysis of
the 5 CVOTs in
patients without
history of CVD at
baseline.



Proposed mechanisms of CV benefits of GLP-1 receptor

agonists

Heart

Y Platelets

r-
Kidney .m

s
(3 A
4+ Natriuresis | Cardioprotection J Coagulation
f Diuresis
. o
J Blood Pressure fé ¥ Postprandial
lipids
GLP-1 ~

Blood Intestine

Vessel

|, Body Weight | Glucose | Hypoglycemia

J Inflammation Seh,  a-Cell
3 o e et Glucagon
. 2~ I Secretion
Brain < gj( " p-Cell
“J
A Insulin Secretion
Fat A Insulin Biosynthesis
& other tissues ¥ Apoptosis

Drucker, D. Cell Metabolism.2016. Volume 24, Issue 1:15-30



FDA has granted Liraglutide, Semaglutide, and
Dulaglutide Additional CV Indications

In adults with T2DM + In adults with T2DM +
established CVD... established CVD or high CV risk

v

Liraglutide 2 |, MACE Dulaglutide 2 {, MACE

-

Semaglutide 2 |
MACE



CVOTs with SGLT2 inhibitors

TRIAL DESIGNS
EMPA-REG OUTCOME! CANVAS Program?
Empagliflozin 25 mg OD
_ [ Canagliflozin OD
Established £ liflozin 10 oD Established CVD or risk
CVD mpagliflozin 10 mg factors
n=7,028 n=10,142

DECLARE-TIMI?

Dapagliflozin OD

Established CVD or risk
factors
n=17,160

Placebo OD

Zinman B et al. N Engl J Med 2015;373:2117-2128; 2. Neal B et al. N EnglJ Med 2017;377:644—-657.
3. Wiviott SD et al. New Engl JMed 2019380:347-357.



SGLT2 Inhibitors Reduce CV Risk

e

wee W14y Wiay V7%

Not statistically
significant
Trial
CV Death *38% * 13% w 16% ongoing
Composite

o CV death /HF
HF hOSpltallzatlon * 3 5 % * 3 3 % Hospi(:aalization

*MACE = Death From CV Causes, Nonfatal MI, or Nonfatal Stroke (+/- hospitalization for unstable angina)

(1) Zinman B, et al. N Engl J Med. 2015 Nov 26;373(22):2117-28. (2) Neal B, et al. N Engl J Med. 2017 Aug 17;377(7):644-657. (3) Wiviott SD, et al. N Engl J Med.2019
Jan 24;380(4):347-357. (4) Cannon CP, et al. Am Heart J. 2018 Dec;206:11-23 (5) Cefalu W, et al. Diabetes Care. 2018;41(1):14-31.



Hospitalization for Heart Failure: Effects of SGLT2
Inhibitors

EMPA-REG OUTCOME CANVAS/CANVAS-R DECLARE-TIMI 58
Empagliflozin Canagliflozin Dapagliflozin

9.4 vs 14.5 events/1000 p-y 5.5 vs 8.7 events/1000 p-y 6.2 vs 8.5 events/1000 p-y
HR 0.65 (0.50-0.85) HR 0.67 (0.52-0.87) HR 0.73 (0.61-0.88)

Zinman B, et al. N EnglJ Med. 2015;373(22):2117-2128
Neal B, et al. N Engl J Med. 2017;377(7):644-657
Wiviott SD, N Engl J Med. 2019;380(4):347-357



Heart Failure Hospitalization By Prior Heart Failure

Events per 1000 Patient-Years

Hazard Ratio (95% C.l.)

Placebo

History of HF

EMPA-REG Outcomes 40.7
CANVAS Program 14.1
DECLARE-TIMI 58 27.7

Fixed effects model for history of HF (p=0.0002)
No history of HF

EMPA-REG Outcomes 6.4
CANVAS Program 4.3
DECLARE-TIMI 58 4.0

Fixed effects model for MRF (p<0.0001)

52.4 0.75 (0.48, 1.19)
28.1 0.51 (0.33, 0.78)
37.2 0.73 (0.55, 0.96)

0.68 (0.55, 0.83)
Heterogeneity Q=1.73, p=0.42, I’=0.0%

10.8 0.59 (0.43, 0.82)
5.7 0.79 (0.57, 1.09)
5.6 0.78 (0.58, 0.92)

0.71 (0.60, 0.83)

0.0 0.5

1.0

1.5

2.0

< Favors study  Fayors Placebo

drug

—



DAPA-HF Design

Enrolment Randomization

|

|

|
« Informed consent ! ' > '
« Inclusion/exclusion ! N=2371 Placebo 2844 Pnrpary endpoints
* Clinical assessment . Composite of:
. ECG ' . CV death
+ NT-proBNP . Dapagliflozin * HF hospitalization
- Laboratory : N=2373 10 mg once daily + Urgent HF visit

assessments | T ” I L a— " i >
|

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 etc.

Day -14 Day 0 Day 14 Day 60 Day 120 Every 120 days

McMurray et al. ESC 2019



DAPA-HF: Primary Outcome

CV Death/HF hospitalization/Urgent HF visit

g;-
HR 0.74 (0.65,0.85)
X - acepo
£ | NNT=21 :
O N -
« | e
= -7
Q. o’ o :
Q *- ol ,,-ﬂ"’“f Dapagliflozin
E o ,""';I #"rﬂ
2 *- et
O - 3 I,';Jrlrf,—r’/’
W
o 4 Jf;‘ﬂlﬂ
T T T T T T T T T
0 3 6 9 12 15 18 21 24

Months since Randomization

Number at Risk
Dapagliflozin 2373 2305 2221 2147 2002 1560 1146 612 210
Placebo 2371 2258 2163 2075 1917 1478 1096 593 210



DAPA-HF: Results in T2DM and Non-DM Patients

Primary endpoint

Dapagliflozin  Placebo HR
(n=2373) (n=2371) (95% Cl)

All patients 386/2373 502/2371 —— 0.74 (0.65, 0.85)
Type 2 diabetes at baseline*

Yes 215/1075 271/1064 —a— 0.75 (0.63, 0.90)

No 171/1298 231/1307 ~ —g— 0.73 (0.60, 0.88)

r__ 1. 1
0.5 0.8 1.0 1.25

Dapagliflozin Better Placebo Better
“+ >




CREDENCE Trial: Renal outcomes in type 2 diabetes and nephropathy.

Primary Outcome:
ESKD, Doubling of Serum Creatinine, or Renal or CV Death

@ 25 -

& Hazard ratio, 0.70 (95% CI, 0.59-0.82)

& P = 0.00001

o 20 1

o

c 245 participants
m 15 -

=

&

3 10 -

0

-

o

g 5 A - Placebo

- - Canagliflozin
-

m O . . - - . ,
o 0 6 12 18 24 30 36 42

Months since randomization

No. at risk
Placebo 2199 2178 2132 2047 1725 1129 621 170
Canaglifiozin 2202 2181 2145 2081 1786 1211 646 196



Proposed mechanisms of CV benefits of SGLT-2 inhibitors

Glomerulus

Proximal
tubule

SGLT2
inhibitor

Collecting
duct

Distal
tubule

Increased
glucose
excretion

Clinical findings
WV Plasma glucose

b Body weight

WV Blood pressure

W Plasma uric acid

W Albumin excretion

Improved renal and CV
outcomes

v



FDA Granted Select SGLT2i’s Additional CV Indications

In adults with e Empagliflozin { risk of CV death
T2DM + e Canagliflozin {, risk of MACE

established CVD... e Canagliflozin {, risk of ESKD
e Dapagliflozin {, risk of HHF




FDA-Mandated CV Outcomes Trials in T2DM

Study SAVOR! EXAMINE? TECOS3 CARMELINA* | CAROLINAS
saxaglipti alogliptin sitagliptin linagliptin

2013 2015 018

N
2013
Sty | ELIXA' | LEADER! | SUSTAIN 6| EXSGEL? | REWIND'S | HARMONY'"

ARMONY"
GLP1-RA lixisenati liraglutide semaglutide  exenatid dulaglutide —_—

placgmo pliqgebo pleggebo placggo
+ + + #

2

2015 2015 2016 2017 2018 2018
Study | EMPA-REG'™ | CANVAS™ | (CREDENCE™) | DECLARE' | VERTIS CV'S
empagliflozin canagliflozin canagliflozin dapagliflozin ertugliflozin
Comparator plimebo plaqgubo placgmo pleggebo placebo
*J *—‘ q*ﬁ e 8246

2015 2017 2018 2018 2020

1. NCT01107886 (SAVOR). 2. NCT00968708 (EXAMINE). 3. NCT00790205 (TECOS). 4. NCT01897532 (CARMELINA). 5. NCT01243424 (CAROLINA). 6. NCT01147250 (ELIXA). 7. NCT01179048 (LEADER). 8.
NCT01720446 (SUSTAIN 6). 9. NCT01144338 (EXSCEL). 10. NCT01394952 (REWIND). 11. NCT02465515 (HARMONY). 12. NCT01131676 (EMPA-REG). 13.NCT01032629 (CANVAS). 14. NCT02065791 (CREDENCE).

15. NCT01730534 (DECLARE). 16. NCT01986881 (VERTIS CV).



SYSTEMATIC REVIEW AND META-ANALYSIS } ~ American
p—— = ‘? 2::or:iation

Glycemic Control, Preexisting Cardiovascular Disease, and Risk of
Major Cardiovascular Events in Patients with Type 2 Diabetes
Mellitus: Systematic Review With Meta-Analysis of Cardiovascular

Outcome Trials and Intensive Glucose Control Trials
Dario Giugliano, MD; Maria Ida Maiorino, MD, PhD; Giuseppe Bellastella, MD; Paolo Chiodini, MSc; Katherine Esposito, MD, PhD

Giugliano, D., et al. JAHA. Volume 8, Issue 12, 18 June 2019



|IGCTs, CVOTs, and Risk of MACE in Patients
With T2DM

Trials . AA1C (%) Hazard Ratio for MACE
IGCTs —0.90 (—1.30 to —0.50) | 0.91 (0.84 to 0.99)
N=27 049

CVOTs —0.42 (—0.53 to —0.30) | 0.92 (0.87 to 0.96)
N=120 765

CVOTs —0.90 0.67 (0.49 to 0.93)
meta-regression

CVOTs indicates cardiovascular outcome trials; AA1C, change in glycated hemoglobin;
IGCTs, intensive glucose control trials; MACE, major cardiovascular events; T2DM, type 2
diabetes mellitus.



Reduction in MACE associated with reduction
iIn Alc in CVOTs

w
g
'
(vl
= ©
@ -
=
o T T T T |
0.0 02 04 0.6 0.8 1.0

HbA,. reduction

Figure 1. Meta-regression analysis between reduction of HbA .
and MACE risk in the 12 CVOTs. CVOT indicates cardiovascular
outcome trial; HbA,, glycated hemoglobin; HR, hazard ratio;
MACE, major cardiovascular events.

Giugliano, D., et al. JAHA. Volume 8, Issue 12, 18 June 2019



Treatment of Diabetes

ENDQCRINE I
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in Older Adults

An Endocrine Society Clinical Practice Guideline



N
Diabetes in the older population EN%%%%"%E/E

* Prediabetes is highly prevalent in older people, however interventions to
delay progression from prediabetes to diabetes are especially effective in
this age group.

* The prevalence of type 2 diabetes increases as individuals age and
exaggerates the incidence of both microvascular and macrovascular
complications.

* Clinicians should perform regular screening for prediabetes and diabetes in
the older population and implement interventions as indicated in this
guideline.

* Given the heterogeneity of the health status of older people with diabetes
the guideline emphasizes shared decision-making and provides a
framework to assist healthcare providers to individualize treatment goals.

LeRoith, D., et al. J Clin Endocrinol Metab 104: 1520-1574, 2019



Diabetes in the older population

Older L
individuals with Increased
diabetes

Loss of independence
in ADL

Cognitive dysfunction

Sarcopenia Poor medication
adherence




Key Recommendation for Overall
Health Assessment

* |[n patients aged 65 and older with diabetes,
we advise assessing the patient’s overall ENRARE
health and personal values prior to the
determination of treatment goals and
strategies. (Ungraded Good Practice
Statement)

LeRoith, D., et al. J Clin Endocrinol Metab 104: 1520-1574, 2019



Step 1: Assessing overall health

Group 1: Group 2: Group 3:
Good Health Intermediate Health Poor Health

Overall Health Category

Any one of the following:

3 or more non-diabetes

L - End-stage
e chronic illnesses . e .
No comorbidities medical condition(s)
or and/or
1-2 non-diabetes chronic Any one of the following: Moderate to
illnesses* : . . severe dementia
and mild cognitive impairment

or early dementia > ADL

impairments

No ADLE€ impairments

Patient characteristics ' i
and <1 IADL impairment 52 IADL

impairments . :
P Residence in a long-term

nursing facility

Reasonable glucose target ranges and HbA1c by group

Shared decision-making: individualized goal may be lower or higher

*Does not include diabetes ** e.g. metastatic cancer, oxygen requiring COPD, ESKD on HD, advanced HF.
ADL: Activities of daily living (e.g. eating, bathing, dressing)

IADL: Instrumental activities of daily living (e.g. managing money, doing housework) LeRoith, D., et al. J Clin Endocrinol Metab 104

1520-1574, 2019



Step 2: Identify HbAlc and glucose targets

Overall Health Category

Group 1:
Good Health

Group 2:
Intermediate Health

Group 3:
Poor Health

Use of drugs
that may cause
hypoglycemia
(e.g., insulin,
sulfonylurea,
glinides)

No

Fasting: 90-130 mg/dL
Bedtime: 90-150 mg/dL

<7.5%

Fasting: 90-150 mg/dL
Bedtime: 100-180 mg/dL

<8%

Fasting: 100-180 mg/dL
Bedtime: 110-200 mg/dL

<8.5%"

Yest

Fasting: 90-150 mg/dL
Bedtime: 100-180 mg/dL

>7.0 and <7.5%

Fasting: 100-150 mg/dL
Bedtime: 150-180 mg/dL

>7.5 and <8.0%

Fasting: 100-180 mg/dL
Bedtime: 150-250 mg/dL

>8.0 and <8.5%"

LeRoith, D., et al. J Clin Endocrinol Metab 104: 1520-1574, 2019




Approach to Individualization of Glycemic Targets

Patient / Disease Features

Risks potentially associated
with hypoglycemia and
other drug adverse effects

Disease duration

Life expectancy

Important comorbidities

Established vascular
complications

Patient preference

Resources and support
system

More stringent &= A1C 7% == |ess stringent

low high

a|qelIpow jou Ajjensn

newly diagnosed long-standing

long short

absent few / mild severe

absent few / mild severe |

highly motivated, excellent preference for less
self-care capabilities burdensome therapy

readily available limited

a|qelipow Ajjlenusiod



Figure 2

ESTABLISHED ASCVD OR HEART FAILURE

S6LT2-i with evidence of
reducing HF in CVOT trials
if e6FR adequate™’
O0R

GLP-1 RA with proven
CVD benefit'

|

WITHOUT ESTABLISHED ASCYD OR HEART FAILURE

NEED TO ADDRESS WEIGHT LOSS

GLP-1RA
with good

ADA/EASD Treatment Algorithm for T2D

ANTIHYPERGLYCEMIC MEDICATION IN TYPE 2 DIABETES: OVERALL APPROACH

Foundational Therapy is Metformin and Comprehensive Lifestyle (including weight management and physical activity)

O0R
S6LT2-i with proven CVD GLP-1 RA with proven efficacy for
VD benefit if ebFR less weight loss’
benefitif 0GFR adequate’ than adequate’
v ¥
L e T re——
If further intensification is requiredor | | - Aveid 72D f‘l;';o":
patient is now unable to tolerate Choose agents demons trating OV safety officacy for
6LP-1 RA andfor SBLT2-i, choose ider adding the ather class weight loss'
agents demonstrating CV safely: > Cansidor wiling oo s
) : with proven CVD benefit
+ Consider adding the other class « DPP-Ni (not Saxaglipti)if not on E
with proven CVD benefit Qrim 1 HBATc above target Wihite
« DPP-IViif not on GLP-1 RA « Basal lnsulin® & above target
+ Basal Insulin’ .S b 2
. T Contirwe with addition of other agents as outlined above ¥ vigle§ d o S04
- & o andior GLP-1 RA nel tolerated or
Consider the addition of SU* OR Basal lnsulin: contrandicated use regimen with
+ Cansider Basal Insulin with lower risk of by poglycaemia’ lowest risk ofweight gain.
For example:
« DPP-Ii (I not on GLP-1 RA)
1. SGUZ-i= Empaglifiazin proferred, GLP1-RA = Liraglutide preferred. Proven CYD benefit means it has Label indication of reducing CYD events please see SectionX 1o see hierarchy of evideace for Caubous addition of
(VD banelits for agents within the GLP-1 RA 3nd S6LT2-1 class . S0
Be aware that S6LT2-| vary by region and individual agent with regard t indicated level of #GFR for (nitiation and contaued use o Saml Ineuin
Hoth Empagiiozia and Canagiiflezin havs shown reduction n HF i CVOT trials .

Degludec or U100 Glargine have demonstrated (V0 safety

Low dose may be better toleratad though less well stusied fer (VD effects
(hoose Lator generation SU with lewer risk of risk of hypogiycaemia
Degludec / GLargine U300 « Glagine U100 / Dstamis « NPH insulin

em N mp=e

GLP-1 RA with bost efficacy for weight loss Semaglutide » Liraglutide » Dulaglutide » Exeratide » Lixisenatide
It o specific co-merbidites (1.e. established OYD). lew risk of by pogly caemia and lower priority W avoid weight gain ef no weight related co- morbidides: wsing T Jigorithm 1y minirise medication costs
0. Comsider country and reglon spocific cost of drugs. In some countries 120 relatively mere axpensive and DPP-IVI mlatively cheaper

Davies MJ et al. Diabetes Care. 2018;41:2669-2701.

I HbATe If Al
above target
<
su
¥
HHMIc If HbATe
above target abov e target
T ¥
* Insulin therapy NPH Basal Insuln
preferred.
R
« Consider DPP-IVi OR SGLT2-i with
lowest scquesition cost™




GLP-1 RA with SGLTZiwith
roven CVD proven CVD
P bl benefit', if eGFR
adequate?

PREFERABLY

SGLT2i with evidence of reducing HF
and/or CKD progression in CVOTs

if eGFR adequate®

If SGLT2i not tolerated or contraindicated
or if eGFR less than adequate? add GLP-1
RA with proven CVD benefit'

S

If HbA, above target

If HbA _above target

‘E LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSICAL ACTIVITY)
'E TARGET PROCEED AS BELOW

—
T — w.mimw l

COST IS A MAJOR ISSUE™ ™

H
= |

ud

EH

L
&

v

v

H £ ADA/EASDW
—— Treatment

If further intensification is required or
patient is now unable to tolerate

GLP-1 RA and/or SGLT2i, choose agents
demonstrating CV safety:

Consider adding the other class (GLP-1
RA or SGLT2i) with proven CVD benefit
DPP-4i if not on GLP-1 RA

Basal insulin®

TZD®

su*

» Avoid TZD in the setting of HF
Choose agents demonstrating CV safety:

* Consider adding the other class with
proven CVD benefit'

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

« Basal insulin*

« SU*¢

=== Algorithm for T2D

basal imnsulin;
Ith lewer risk of risk af hy)
wer risk of hypoglycasmia




CONSIDER INDEPENDENTLY OF BASELINE
A1C OR INDIVIDUALIZED A1C TARGET

J

ASCVD PREDOMINATES

= Established ASCVD
= Indicators of high ASCVD risk

(age 255 years with coronary,
carotid or lower extremity
artery stenosis >50%, or LVH)

SGLT2i with proven CVD benefit! |
if ©GFR adequate? !

b

v

If further intensification is required or
patient is now unable to tolerate
GLP-1 RA and/or SGLT2I, choose
agents demonstrating CV safety:

= For patients on a GLP-1 RA,
consider adding SGLT2i
with proven CVD benefit’

= DPP-4i if not on GLP-1 RA
= Basal insulin*

= TZ2D5

= SU°

v

HF OR CKD

PREDOMINATES

= Particularly HFrEF
(LVEF <45%)

= CKD: Specifically eGFR 30-60
mL/min/1.73 m? or UACR
>30 mg/g, particularty

UACR >300 mg/g

N
L 4

PREFERABLY

g weight management and physical activity)

IF A1C ABOVE INDIVIDUALIZED TARGET PROCEED AS BELOW

J

COMPELLING NEED TO

SGLT2

< ¥

[  A1C above target

SGLT2i with evidence of reducing
HF and/or CKD progression in
CVOTs if eGFR adequate’
e - on ————————— -
If SGLT2i not tolerated or i
contraindicated or if oGFR less aLP1
than adequate? add GLP-1 RA with - T
proven CVD benefit’ . 2 4
\ / D | et
v )
if A1C above target b 4 er agents as outlined above
" ¢
* Avoid TZD in the setting of HF !5"'"
¢ 4
Choose agents demonstrating Ce
CV safety: [ SU® OR basal insulin:
= For patients on a SGLT2i, ""‘*“W
consider adding GLP-1 RA i of hypoglycemia
with proven CVD benefit' hypoglycemia,
» DPP-4i (not saxagliptin) o
in the setting of HF (if B dide > idsenatide
not on GLP-1 RA) led CVD, low risk of hypoglycemia
= Basal insulin* * Choose -0 "~ ="
= SU° = Consider itively cheaper

Y ¥

If quadruple therapy required,
or SGLT2i and/or GLP-1 RA not
tolerated or contraindicated, use
regimen with lowest risk of

weight gain
PREFERABLY

DPP-4i (if not on GLP-1 RA)
based on weight neutrality

¥

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

» SU® « TZD® - Basal insulin

\

MINIMIZE WEIGHT GAINOR  COST IS A MAJOR ISSUE® 1
PROMOTE WEIGHT LOSS

W e

If A1C above target

v T

TZD" sue

¥ T

It A1C above target l

v &

= Insulin therapy basal insulin
with lowest acquisition cost

= Consider DPP-4i OR SGLT2i
with lowsest acquisition cost™

LVH = Laft Ventricular Hypertrophy; HFrEF = Heart Falure reduced Ejection Fraction

UACR = Urine Albumin-to-Cresatinine Ratio: LVEF = Left

Ejection F



GLYCEMIC CONTROL ALGORITHM
INDIVIDUALIZE For patients without concurrent serious For patients with concurrent serious
A1C <6.5% illness and at low hypoglycemic risk A1C >6.5% illness and at risk for hypoglycemia

LIFESTYLE THERAPY AND ONGOING GLUCOSE MONITORING (CGM preferred)

INDEPENDENT OF GLYCEMIC CONTROL, IF ESTABLISHED OR HIGH ASCVD RISK AND/OR CKD, RECOMMEND SGLT2i AND/OR LA GLP1-RA

Entry A1C 27.5% - 9.0% Entry A1C >9.0%
TRIPLE THERAPY' <4 SYMPTOMS

DUAL THERAPY'

/ B . NO___VES

Entry A1C <7.5%

5

(]

é

=

— Independent of : :T_i
glycemic 4 sGLT2i v | ZEEE DUAL INSULIN 5
MONOTHERAPY T . c&, _TZD 'C'n Therapy + E
v Metformin established v L T A aE OR Other &
e R AscDorhigh B, suew = agents [JEE
y risk, CKD 3, or Z _ Z TRIPLE &
HFrEF, start LA SU/GLN g PANE=alinasiin g =0 Therapy s

v DPP4i GLP1-RA or i S
A? SGLT2i with Basal Insulin o — m )
—— I C_}

v A_Gl proven oo v~ Colesevelam v 5
# eﬁ-’icacy* # I o n'a'

A ST ¥ _Bromocriptine QR Y arocripine O ADD OR INTENSIFY %
/ AGi v  AGi INSULIN S

— — Refer to Insulin Algorithm g

| MET | LEGEND §

COPYRIGHT © 2020 AACE | MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE.

or other agent v Few adverse events and/or

1 Order of medications represents a suggested hierarchy of usage; length of line reflects strength of recommendation possible benefits
2 If not at goal in 3 months, proceed to next level thera ‘ Use with caution .

E & i Diabetes Management
*CKD 3: canagliflozin; HFrEF: dapaglifiozin

CKD 3 = stage 3 chronic kidney disease; HFrEF = heart failure with reduced ejection fraction; LA = long-acting (224 hour duration) Al g0 rithm , Endocr Pract.

2020;26(No. 1) 137
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Conclusions

* There are many individuals for whom an Alc <7% is clearly reasonable.

e QOur best evidence suggests that the Alc level attained and how it is
approached is probably the key to achieve optimal outcomes.

* The goal of an Alc less than 7% is fundamentally a tactic to achieve a
strategy to minimize the risk of complications while maintaining quality of

life.

* Recent CVOTs have shown benefits for patients beyond glycemic control
and should be considered in certain population.

* New guidance for glycemic control in the older population is available.



