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Start with the punchline:






e September 2015 — Stockholm presentation of empa-reg: first SGLT2i CVOT

* November 2015 — Scripps grand rounds — “what do we do with this new data?” —
Tom has an intellectual grand mal

* We agonize over not “jumping the gun” while not “missing the boat” over what to
do about this new data

* January 2016 — Tom reconvenes the whole cardiology department to hear the data
e April 2016 — Tom convenes hospital cardiology section meeting to act on the data

* January 2017 — AACE/ACE Diabetes guidelines begin to change to reflect the data
 January 2018 — AACE/ACE Diabetes guidelines actually change

* January 2019 — ADA, ACC join in the major changes

* January 2020 — ADA, ACC change their guidelines

e January 2021 — ADA, ACC, (AHA joins in)

e “A cardiologist an endocrinologist, and a real doctor walk into a bar...”
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* To lower Alc — after lifestyle rx and metformin and after possible other meds
* To lower Alc — after lifestyle and metformin before any other meds

* To lower Alc—in combination with above right away

* To lower CVD risks — in diabetics with elevated Alc

* To Lower CVD risks - in diabetics independent of Alc

e To lower CVD (and renal) risk — independent of having diabetes at all

U> Scripps



Glucose-lowering medication in type 2 diabetes: 2021 ADA Professional Practice Committee
(PPC) adaptation of Davies et al.

American Diabetes Association Dia Care 2021;44:S111-
S124

©2021 by American Diabetes Association



ADA Standards of Medical Care in Diabetes — Jan 2021

Section 9. Pharmacologic approaches to glycemic treatment

Pharmacologic Therapy for Type 2 Diabetes

9.9 “Among patients with T2D who have established ASCVD or
established kidney disease, or indicators of high ASCVD riskt,
established kidney disease, or heart failure, an SGLT2 inhibitor or

GLP-1 RA with demonstrated CV disease benefit is recommended as

AMERICAN DIARETES ASSOCIATION

STANDARDS OF g part of the glucose-lowering regimen independent of A1C and in

MEDICAL CARE consideration of patient-specific factors” (A)*
IN DIABETES—2021

“For patients without established ASCVD, indicators of high ASCVD risk,
heart failure or CKD, the choice of a second agent to add to metformin
is not yet guided by empiric evidence. Rather, drug choice is based
upon avoidance of side effects, particularly hypoglycaemia, weight gain,
cost and patient preferences.”

T Indicators of high ASCVD risk; age > 55 years with coronary carotid or lower extremity artery stenosis > 50%, or LVH

*Description of evidence-grading system is provided at the end of this slide deck

ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; GLP-1 RA, glucagon-like peptide-1 receptor agonist; SGLT2, sodium-glucose co-transporter-2
American Diobetes Association. Diabefes Care 2021:44:51-5222.




Critical Cavec

* “Established ASCVD” is not defined in the FDA label — clinician decides
* Now includes “multiple risk factors”
* Now includes primary as well as secondary prevention

* “Heart failure” is not defined in the FDA label

* Most of beneficiaries in the trials did not have known HF (rEF or pEF)

e “Chronic Kidney Disease” is not defined in the FDA label
* eGFR < 60 is standard but not absolute
* Role of Cystatin-C eGFR in 45-60, 30-45

U> Scripps



Dysfunction of the heart, kidneys or metabolism may
contribute to the dysfunction of the others'2

+ Diseases in the components of the CRM systems share many of the same risk factors3
« Dysfunction in one system can set off a cascade of multisystem dysfunction®

« This can lead to interrelated diseases such as T2D, CV disease, HF, and CKD, which in furn
leads to an increased risk of CV death?

Cardiovascular

Energy
metabolism

CKD, chronic kidney disease; CRM, cordio-renal-metabolic; CV, cardiovascular; HF, heart failure; 72D, type 2 diabetes

CRM, cardioc-renal-metabolic; CV, cardiovascular; HF, heart foilure; 12D, type 2 diobetes

1. Garcio-Donaire JA & Ruilope LM. Int J Nephrol 2011;2011:975782; 2. Thomas G et al. Ciin J Am Soc Nephrol 201 1;6:2364; 3. Sarcfidis PA et al. J Cardiometab Syndr 2006:58; 4. Ronco C et ol.
Contrib Nephrol 2010;165:54; 5. Leon BM and Maddox TM. World J Diabetes 2015;6:1244




The pathophysiology of CV disease in patients with T2D is complex

12D shares common risk factors with CV disease and contributes to vascular damage

Risk factors for Direct effects of
12D and CV disease hyperglycaemia

Physical inactivity Arterial sfiffness

High blood pressure Endothelial dysfunction
Poor diet Oxidative siress

Platelet activation
Obesity

Dyslipidaemia Metabolic syndrome

Metabolic syndrome CV disease Metabolic dysfunction

B o o o o o L o L o A A o L A i r i rrdirdrideii

CV, cardiovascular; 12D, type 2 dicbetes
Newman JD et al. J Am Coll Cardioi 2017;70:883







Interconnectivity of CRM systems exists throughout
the CV and renal risk continuum

| N
CAD ®

7 . Remodelling
uminuria

P N
. A

Atherosclerosis _End-stage
LVH Microalbuminuria kidney disease Heart failure

Endothelial dysfunction

Cardiovascular
death

Renal death

Risk factors:

« Type 2
Diabetes

« Hypertension

* Obesity

» Dyslipidemia

LVH, left ventricular hyperfrophy: Ml, myocardial infarction
Adapted from Dzou VJ et ol. Circulation 2006;114:28650-2870







Metabolic disorders contributes to the progression of HF and CKD

Hyperglycaemia, insulin resistance, and
hyperinsulinemia

|

Cardiac insvlin resistance and metabolic disorders

¥ 1 —3

dysfunction Inflammation neuropathy
Activated RAAS | 4EB) | Oxidafivestress | 4mmp |  AGEs
Impairment of Microvascular Endoplasmic
yitochondil tvsfunch rediclom e
and cell death

= =

Cardiac stiffness, hyperirophy and fibrosis
Chronic kidney disease

3

Cardiac diastolic dysfunction and systolic dysfunction
Heart failure
Chronic kidney disease

HF. Heart Failure; CKD, Chronic Kidney Disease; AGEs, acdvanced glycation end-products; RAAS, renin-angiotensin-aldosterone system
Diagram adcpted from: Jia G et al. Circ Res 2018;122:624; Z. Borgetti G et al. Front Physiol 2018;9:1514




Proportion of patients with first event

Diabetes accelerates the time to first CV event

Time to first MI Time to first hospitalisation for heart failure
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CV, cardiovascular; Ml, myocardial infarction
McMurray JJV et al. Lancet Diabetes Endocrinol 2014;2:543




Diabetes as a comorbidity is associated with a worse
prognosis for patients with heart failure

Survival of patients with HF hospitalised with LVEF 250% (n=498) or <50% (n=754)

LVEF 250% LVEF <50%
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= § 0o
; :
o 2 0.6-
2 2
o o
> 5 U4
g RR 1.41 g

2y ' 0.2.-

@ 021 00322 “ p<0.0001
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Time (years) Time (years)

HF, heort failure; LVEF, left ventricular ejection fraction; RR, relative risk
Varelao-Roman A et al. Eur J Heart Failure 2005;7:8659




Cardiac dysfunction adds to the renal/metabolic burden!2

Cardiac abnormalities affect renal/metabolic disease progression and outcomes'2

Cardiovascular

Hypoperfusion?
Volume overload?
T Arterial resistance?
Neurohormonal activation'2
A Substrate utilisation®
Autonomic dysfunction'-2

Hypertension!2
Albuminurial2
Renal failure!

? Insulin resistance! *—%,
T FFA and lipotoxicity e—

FFA, free fatty acids
1. Connell AW & Sowers JR. J Am Soc Hypertens 2014;8:604; 2. Ronco C et al. J Am Coll Cardiol 2008;52:1527; 3. Ronco C et al. J Am Coll Cardiol 2008;52:1527
4_Lopashuk GD & Ussher JR. Circ Res 2014;119:1173




2007: The Avandia Affair

myocardial infarction: 1.43
death from cardiovascular causes: 1.64

Urgent need for comprehensive evaluations to clarify the cardiovascular risks of rosiglitazone
Our data suggest a cardiovascular risk associated with the use of rosiglitazone

potential risks of
rosiglitazone in the treatment of type 2 diabetes



FDA Guidance for Industry to Evaluate CV Risk
in New Antihyperglycemic Medications?July 2008

* In order of a new antihyperglycemics

_ ~ to be more thoroughly addressed during
antihyperglycemic medication development

« Demonstrate that therapy

« Key ?reas to be addressed: inclusion of patients with a higher risk of CV
events

— e.g. patients with advanced CV disease, elderly patients, and patients with
Impaired renal function

— study duration 22 years

http://www.fda.gov/downloads/Drugs



http://www.fda.gov/downloads/Drugs

CVOTs (double-blind, randomized, placebo-
controlled) - 3 possible results

"CV outcome trials PRIMARY ENDPOINT
3P-MACE: CV death, nonfatal MI, nonfatal stroke

G CV SAFETY
Non-inferiority to placebo

INCREASES CV RISK

Inferiority to placebo

All patients receive standard-of-care treatment in

MACE: major adverse cardiac events addition to the study drug or placebo



Cardiovascular Outcome Trials in Diabetes



Cardiovascular Outcome Trials
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Primary outcome:
3-point MACE

Empagliflozin

20
HR 0.86
(95.02% Cl1 0.74, 0.99) Placebo
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Cumulative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio. Zinman B et al. NEJM 2015:

* Two-sided tests for superiority were conducted (statistical significance was indicated if p<0.0498)
373:2117-2128



Placebo

HR 0.62
(95% CI0.49, 0.77)
5<0.000]

Empagliflozin

Patients with event (%)

0 6 12 18 24 30 36 42 48
Months

Cumulative incidence function. HR, hazard ratio Zinman B et al. NEJM 2015;373:2117-2128



All-cause mortality

15+
HR 0.68 Placebo
(95% CI10.57, 0.82)
0<0.0001
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Empagliflozin
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Kaplan-Meier estimate. HR, hazard ratio Zinman B et al. NEJM 2015,;373:2117-2128



FDA Approves Indications for
empagliflozin (Jardiance)

2016 Update

1. as an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus







Canagliflozin

]



FDA approves CV events indication

for canagliflozin (Invokana)

October 31, 2018




Primary endpoint (MACE) missed

N EnglJ Med 2019; 380:347-357



Ertugliflozin
CVOT
(VERTIS CV)

Cannon CP et al. NEJM 2020;
383:1425-1435



SGLT2 Inhibitor CVOTs



What About Other Effects of SGLT2 inhibitors?




All-cause Mortality

WA—REG (Empagliflozin) CANVAS (Canagliflozin) DECLARE (Dapagliflozin)
HR: 0.86 (95% Cl, 0.74-0.99) HR: 0.87 (95% CI, 0.74-1.01) HR: 0.93 (95% CI, 0.82-1.04)

\ Cardiovascular Death

HR: 0.62 (95% CI, 0.49-0.77) HR: 0.87 (95% ClI, 0.72-1.06) HR: 0.98 (95% ClI, 0.82-1.17)




Hospitalization for Heart Failure: SGLT2-1 CVOTs

All four drugs showed significant hazard risk reduction









SGLT-2 Inhibitors and Renal Outcomes

The EMPA-REG, CANVAS and DECLARE trials showed empagliflozin,
canagliflozin and dapagliflozin were associated with slower progression
of kidney disease and lower rates of clinically relevant renal events than
was placebo when added to standard care.

1. Zinman B et al. N Engl J Med. 2015,373:2117-2128. 2. Neal Bet al. N EnglJ Med. 2017,377:644-657. 3. Wiviottet al. NEJM 2018, on line November 2018



DAPA-HF Dapagliflozin in Patients with Heart
Failure and Reduced Ejection Fraction

McMurray JJV et al. N Engl J Med 2019; 381:1995-2008



DAPA-HF

McMurray JIV et al. N Engl J Med 2019; 381:1995-2008



Indications for the Use of dapafliflozin (Farxiga)
October 21, 2019 Update

as an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus

* to reduce the risk of hospitalization for heart failure in adults with
type 2 diabetes mellitus and established cardiovascular disease or
multiple cardiovascular risk factors
















SGLT2 inhibitors in HFrEF with or without Diabetes:
Effects on primary composite outcomes
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Packer M, et al. N Engl J Med 2020; DOI: 10.1056/NEJMo0a2022190






AstraZeneca Stops DAPA-CKD Phase 3 trial Early After
Dapaglifiozin Shows Efficacy in Patients with Chronic
Kidney Disease




Heerspink HIL et al. NEJM 2020;383:1436-1446









Proposed Mechanisms Underlying the Heart Failure
Benefits of SGLT2 inhibitors
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What's likely off the table 2020

Glucose lowering

)

Blood pressure

)

Weight reduction

Plaque regression

Increased ketone
oxidation

Just a diuretic




What'’s on the table 2020

Sustained natriuresis
and differential diuresis

)

EPO

>

NHE-1 and NLRP3

>

Cardiac energetics

SNS inhibition

2* to renal function

v vV v




Cardiovascular Outcome Trials

GLP-1 Receptor

AQgonIsts



Sussman et al.: Physiol Rev 2011, 91:1023-1070.






LEADER TRIAL

Liraglutide and Cardiovascular Outcomes in T2D

MACE: primary outcome Death from Cardiovascular causes




All-cause death

The cumulative incidences were estimated with the use of the Kaplan—Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model.
The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; HR: hazard
ratio.

Marso SP et al. N EnglJ Med 2016;375:311-22



Liraglutide (Victoza) Indications

as an adjunct to diet and exercise to improve glycemic control in adults
with type 2 diabetes mellitus, and




Marso SP et al. NEJM 2016;375:1834-1844



The MACE risk reduction was driven by non-fatal MI and
non-fatal stroke in the SUSTAIN 6 trial

Non-fatal

Cardiovascular death myocardial infarction Non-fatal stroke
- semaglutide = placebo

Patients with an
event (%)?*
5 -

HR = 0.74 ' HR = 0.61
95% CI (0.51:1.08) | 95% CI (0.38;0.99)
p=0.12 p=0.044

HR = 0.98

a . 95% CI (0.65;1.48)
p=0.92

0 26 52 78 104 0 26 52 78 104 0 26 52 78 104
Weeks Weeks Weeks



Semaglutide (Ozempic®) Indications

As an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus (T2DM)




Albiglutide: HARMONY outcomes 2018
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Albiglutide
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Time to first occurrence of CV death, MI or stroke

95% CI: 0.68; 0.90
velit Tale pel 10U person-years: albiglutide 4.57; placebo 5.87
p<0.0001 for non-inferiority

p=0.0006 for superiority
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Time from randomisation (months)
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Hernandezet al. Lancet 2018; 392(10157): 1519-1529



EXSCEL Trial: Weekly Exenatide

Primary CV outcome CVDeath

Death from Any Cause Hospitalization for Heart Failure



Dulaglutide Effect on the CV Composite

Primary Outcome: 1st Occurrence of Nonfatal MI, Nonfatal Stroke, CV Death

0.18
= Placebo
= Dulaglutide
0.15
HR 0.88 (95% CI 0.79, 0.99)
_ 012 P =0.026
5
2
€ 0.09
=
£
= |
&)
0.06 -
0.03
0 T T T T T 1
0 1 2 3 - 5 6
Times since randomization (years)
No. at Risk
Placebo 4952 4791 4625 4437 4275 3575 742
Dulaglutide 4949 4815 4670 4521 4369 3686 741

rstein’s Slide deck: https://professional.diabetes.org/scientific-sessions-weekly-dulaglutide-and-major-cardiovascular-eventsresults-of-the-rewind-trialltstronggt Lancet. 2019 Jul 13;394(10193):121-130



REWIND (Dulaglutide)
CV Composite in Prespecified Subgroups

i Placebo
DUIagIUtlde Hazard Ratio P value for

Subgroups Events/Total (%) Rate/100 py Events/Total (%) Rate/100 py 95% ClI Interaction
History of CVD

Prior CVD 280 /1560 (17.9) j 315 /1554 (20.3) ; 0.87 (0.74-1.02)

No Prior CVD 277 /3093 ( 8.9) 1. 317 /3128 (10.1) : 0.87 (0.74-1.02)
Baseline HbA1c

27.2% 328 /2610 (12.6) 25 373 /2603 (14 .3) 29 J—— 0.86 (0.74-1.00)

<7.2% 263 /2329 (11.3) 2.2 289 /2334 (12.4) 24 ——1 0.90 (0.76-1.06) 0.746
BMI (kg/m*2)

2 32 254 /2281 (11.1) 2.1 308 /2302 (13 .4) 26 —. 0.82 (0.69-0.96)

< 32 340 /2667 (12.7) 2.5 355 /2650 (13 4) 2.7 —B— 0.94 (0.81-1.09) 0214
Region

Europe 248 12174 (11.4) 2.2 315 /2165 (14.5) 29 —_—— 0.77 (0.65-0.90)

Latin America 191 /1511 (12.6) 26 190 /1510 (12.6) 26 — 0.99 (0.81-1.21)

USA/Canada 132 /1032 (12.8) 24 117 /1039 (11.3) 2.1 . 1.14 (0.89-1.47)

Asia Pacific 23/232(9.9) 1.9 411/238(17.2) 35 0.54 (0.32-0.89) 0.008

| I
0.50 1.0 20
HR (95% Cl)

in’s Slide deck: https://professional.diabetes.org/scientific-sessions-weekly-dulaglutide-and-major-cardiovascular-eventsresults-of-the-rewind-trialltstronggt Lancet. 2019 Jul 13;394(10193):121-130



Implications of the REWIND Findings

ELIXA LEADER SUSTAIN 6 EXSCEL HARMONY REWIND
N 6068 9340 3297 14752 9463 9901
Drug Tested Lixi/d Lira/d Sema/wk Exena/d Albig/wk Dula/wk

Prior CVD ‘“AParticipants were similar to the sorts of § P <
Mean Age 60 66y Q
e —Aambulatory patients with type 2 DM & |} >
Median F/U 24CV risk factors who are routinely seen 5.4y

DM Duration 0.8 . .. . 105y
e e LLL clinical practice T D
Baseline eGFR 76 ~75 ~75 76 79 77

Insulin Use 39% 45% 58% 46% 59% 24%

Professor Gerstein’s Slide deck: https://professional.diabetes.org/scientific-sessions-weekly-dulaglutide-and-major-cardiovascular-eventsresults-of-the-rewind-trialltstronggt

Lancet. 2019 Jul 13;394(10193):121-130




Dulaglutide (Trulicity®) Indications

as an adjunct to diet and exercise to improve glycemic control in adults
with type 2 diabetes mellitus










GLP-1 RA and Hospitalizations for Heart Failure

I

Lancet Diab Endocrinol 2019;7:776-785



Time to first renal event

Macroalbuminuria, doubling of serum creatinine, ESRD, renal death

The cumulative incidences were estimated with the use of the Kaplan—Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. The data analyses are truncated at 54 months,
because less than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; ESRD: end-stage renal disease; HR: hazard ratio.

Marso SP et al. N EnglJ Med 2016;375:311-22



SUSTAIN 6: New or worsening nephropathy

HR: 0.64 (95% CI: 0.46; 0.88)

Events: 62 semaglutide; 100 placebo
p=0.005

I__— Placebo, 6.1%

— Semaglutide, 3.8%

e

2 ] f/J/
0 .‘-'—-J; L] L L L) L L) L) L) A J L) L) -
0 8 16 24 32 40 48 56 64 72 80 88 96 104 109
Weeks since randomization

Subjects with an event (%)

Number of subjects at risk

Semaglutide 1648 1630 1605 1580 1563 1541 1525 1518

Placebo 1649 1629 1570 1545 1518 1498 1471 1465

2



®

REWIND Dulaglutide on renal decline®

\ B Placebo W Dulaglutide
12
o 9.2

o

° HR =0.70 \

P P=0.0004 - N

c ¢ 4.8 * o

3. 3.4 P—0.0(iOZ

o 2.2

-3 . 1.2
]

o

>30% >40% >50%
Decline in eGFR

*sensitivity analysis — exploratory Gerstein et al. Lancet (2019)



RENAL ENDPOINTS INCLUDING AMACROALBUMINURIA

HR Weight
Study Favours GLP-1RA with 95% CI (%)
ELIXA = >1.16 [ 0.74,1.82] 6.65

LEADER 0.78 [ 0.67,0.91] 24.22

i

SUSTAIN-6 0.64 [ 0.46,0.89] 11.04

EXSCEL —il— 0.88[ 0.76,1.01] 26.14

REWIND = = 0.85[0.77,0.93] 31.95
‘

0.83 [ 0.69, 1.00]

A

Overall
Heterogeneity: 1° = 0.01, I° = 59.21%, H” = 2.45
Testof B, = 6;: Q(4) =5.99, p=0.20

0.50 0.7 1.00 1.251.50

Random-effects empirical Bayes model

Knapp-Hartung standard errors Giugliano et al. DOM (2019)



HOW MIGHT GLP-RA HAVE ACTIONS IN DKD?

_|7

Risk Factors

ﬂ\lDIRE(N

GLP-1RA

Pathophysiology

Thomas MC. Diabetes & Metabolism (2017)



Could Their Effects Be Synergistic or Additive?
Mode of action of GLP-1RAs and SGLT-2is

GLP-1RAs!

Blood
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SGLT-2is23

Distal tubule

Glomeruli _J9%

/e

Increased
glucose
filtration

o

Proximal |
tubule

SGLT-2

Proposed modes of action:
* Fluid reduction
* Haemodynamic effects
* Heart metabolism
* Renal effects

Increased urinary
glucose excretion







