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Summary of GLP1-RA cardiovascular outcomes trials

CAD (%) HF (%) eGFR<60 (%)
Liraglutide 72.5 17.8 23.1
2.1 yrs/ 9340
Semaglutide 83 23.6 28.5
2.1 yrs/ 3297
Exenatide 73.1 16.2 yAN.
3.2 yrs/ 14752
Lixisenatide 100 20.3 23.2
2.1 yrs/ 6068
N

HARMONY-albiglutide GFR N/A



Summary of SGLT-2 inhibitors cardiovascular outcomes ftrials

Empagliflozin
3.1 yrs/ 7020

CANVAS

2.4 yrs/ 10142

DECLARE-TIMI

4.2 yrs/ 17160

CAD (%)

HF (%)

eGFR<60 (%)




Trials Patients Events

HR [95% Cl]

Established Atherosclerotic Cardiovascular Disease
GLP1-RA 35823 4365

SGLT2i 20650 2588

Random Effects for ASCVD (P-value=0,002)

Hazard Ratia

0.87[0.82, 0.02]
0.86 [0.80, 0.93]

0.86 [0.80, 0.93]

10.1161/CIRCULATIONAHA.118.038868




Treatment Placebo
Trials Patients Events Events Events Weights
per 100 ptyrs per 100 ptyrs

HR [95% C/]

ELIXA 6068
LEADER 9340
SUSTAIN-G 3297

EXSCEL 14752

Fixed Etects for HHF (P.value=0.20)

10.1161/CIRCULATIONAHA.118.038868
SGLT2i

EMPA-REG QUTCOME 7020
CANVAS Program 10142
DECLARE-TIMI 58 17160

Fixed Effects for HHF (P-value<0.001)

Hospitalizations for Heart Failure

0.96 (0.75, 1.23)
0.87 (0.73, 1.05)
1.11(0.77, 1.61)
0.94 [0.78, 1.13]

0.93 [0.83, 1.04)

065 [0 50, 0 85)
0.67 [0.52, 0.87)
0.73[0.61, 0.83)

0.69 [0.61, 0.79)




Hospitalization (broad renal endpoint)
-new- onset macroalbuminuria sustained doubling of serum creatinine
or a 40% decline in eGFR, ESRD, or death of renal cause

GLP1-RA

ELIXA 5286 203/2639 17212647 b : 0.84 [0.63, 1.02)

LEADER 9340 268/46E3 337/4672 : 0.78 [0.67, 0.92)

SUSTAING aza7 6201648 100V1649 ' il 0.64 [0.46, 0 83)

EXSCEL 14752 36606256 40706222 : : 0.83 [0.76, 1.01}

Fixed Effects for GLP1-RA (P-valuc<0.001) 082[0.75, 0.89)

SGLT2i

EMPA-REG QUTCOME 185 525/4124 368/2061 : 081 [0 53, 070}

CANVAS Pregram 10142 NA NA, . 0.57 [0.50, 0.66)
DECLARE.TIMI 58 17160 678/8582 997/8573 : Q.68 [0.60, 0.73]

Fixed Effects for SGLT2i (P-value<0.001) 0.62 (0.59, 0.67)

1.00

Hazard Ratio




. Treatment Placebo . -
Patients /N N Weights HR [95% Cf]

GLP1-RA

EUXA 6063 353032 4173031 : ’ j . 1.16 (0.74, 1.83]

LEADER 9340 87/4668 97/4672 : ; 0.89 [0.67, 1.19]

SUSTAIN-6 3297 18/1648 1411849 128 (064, 2 59)

EXSCEL 12014 2466456 27306453 ; 0.83 [0.74, 1.05)

Fixed Effects for GLP1-RA (P-value=0.24) 092 (080, 1.08)

10.1161/CIRCULATIONAHA.118.038868

SGLT2i

EMPA-REG OUTCOME 6088 81/4645 ‘ 054 [0.40, 0.75)

CANVAS Program 10142 NA ' " 0.60 (0.47,0.77)

DECLARE-TIMIS8 17160 : : 0.53 [0.43, 0.66]

Fixed Effects for SGLT2I (P-value<0.001) 055(048, 0.64)

=




ACC 2019 New Orleans: SGLT2 inhibitors



DECLARE-TIMI 58

N=17160 PATIENTS T2DM

10186 WITHOUT KNOWN ATHEROSCLEROTIC CV
DISEASE

FOLLOW UP 4.2 YEARS

MEETS: NON INFERIORITY TO PLACEBO

TWO PRIMARY EFFICACY ANALYSES

DAPAGLIFLOZIN DID NOT RESULT IN A LOWER RATE
OF MACE (8.8% IN THE DAPAGLIFLOZIN GROUP
AND 9.4% IN THE PLACEBO GROUP; HAZARD

RATIO, 0.93; 95% CI, 0.84 10 1.03; P = 0.17)

CARDIOVASCULAR DEATH OR HOSPITALIZATION
FOR HEART FAILURE (4.9% VS. 5.8%; HAZARD
RATIO, 0.83; 95% CI, 0.73 10 0.95; P = 0.005)

A Cardiovascular Death or Hospitalization for Heart Failure

100 Hazard ratio, 0.83 (95% Cl, 0.73-0.95)
90 P=0.005 for superiority
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N Engl J Med 2019;380:347-57.



Key Efficacy Outcomes and Their Components

Dapagliflozin Placebo
(N=8582) (N=8578) Hazard Ratio (95% CI) P Value

rate/1000 rate/1000
no. (%) patient-yr  no. (%) patient-yr
0.93 (0.82-1.04)

Death from any cause 529 (6.2) 15.1 570(6.6) 16.4
Hospitalization for heart failure 212 (2.5) 6.2 286(3.3) 85 ‘ —e— 0.73 (0.61-0.88)
Myocardial infarction 393 (4.6) 11.7 441 (51) 13.2 0.89 (0.77-1.01)

Ischemic stroke 235(2.7) 69 231(27) 68 1.01 (0.84-1.21)
Death from cardiovascular cause 245 (2.9) 7.0 249 (2.9) 7.1 0.98 (0.82-1.17)

240% decrease in eGFR 127 (1.5) 3.7 238(28) 7.0 : ® 0.53 (0.43-0.66)

to <60 ml/min/1.73 m?,
ESRD, or death from
renal cause

r T
0.40 0.50 1.0

-t -

Dapagliflozin Placebo
Better Better

N Engl J Med 2019;380:347-57.




Effect of Dapagliflozin on Heart Failure and Mortality

DECLARE-TIMI 58 is the only SGLT2i with N=671/17160 (3.9% of total trial cohort) EF <45%
detailed baseline information on patients’ left N=1316/17160 (7.7% of the total trial cohort)
ventricular ejection fraction Heart failure history- normal EF

N=15173 no history of heart failure
3723 EF>45%
11450 no documented EF

Dapaglifiozin

. : ARR
KM KM (%)  VMROS%C  Peinteraction

n Rate (%) n Rate (%)
Cardiovascular death/ Hospitalization for heart failure

0.62 (0.45-0.86) 0.046
0.88 (0.76-1.02
HF without known reduced EF ; _ : 0.88 (0.66-1.17

Without Hx of HF e y : . 0.88 (0.74-1.03

o 10.1161/CIRCULATIONAHA.119.040130 Eri Toda Kato / Wivioft <5



Cardiovascular death/ Hospitalization for heart failure

HFrEF
Not HFrEF
HF without known reduced EF

Without Hx of HF

Hospitalization for heart failure
HFrEF
Not HFrEF
HF without known reduced EF
Without Hx of HF
ardiovascular death
HFrEF
Not HFrEF
HF without known reduced EF
Without Hx of HF
11 cause mortality
HFrEF
Not HFrEF
HF without known rediced EF
Without Hx of HF

01

CRC - Kato 2019 Mar EO - Dapagliflozn pdf
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Favors dapagliflozin

——
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Dapagliflozin
KM
n Rate (%)

59 178
358 43
92 14.0
266 34
41 13.5
171 2.1
51 8.3
120 135
25 T2
220 25
54 7.4
166 2.1
38 11.3
491 5.5
8 115
407 5.0

Favors placebo

Placebo
KM
n Rate (%)
95 27.1
401 4.8
99 14.8
302 3.9
63 19.0
223 2.7
67 10.6
156 2.0
47 124
202 2.3
38 5.2
164 2.1
68 17.7
502 5.4
81 10.9
421 49

ARR
(%)

9.2
0.5
0.8
0.5

5.5
0.6
23
0.5

553
-0.2
-2.2
0.0

6.4
-0.1
0.6
-0.1

HR (95% Cl1)  P-interaction

0.62 (0.45-0.86) 0.046
0.88 (0.76-1.02)
0.88 (0.66-1.17)
0.88 (0.74-1.03)

0.64 (0.43-0.95)
0.76 (0.62-0.92)
0.72 (0.50-1.04)
0.77 (0.60-0.97)

0.449

0.55 (0.34-0.90)
1.08 (0.89-1.31)
1.41 (0.93-2.13)
1.01 (0.81-1.25)

0.012

0.59 (0.40-0.88)
0.97 (0.86-1.10)
1.02 (0.75-1.38)
0.96 (0.84-1.10)

0.016

10
10.1161/CIRCULATIONAHA.119.040130




A) Cardiovascular Death/Hospitalization for Heart Failure B) Hospitalization for Heart Failure

30% 30% |
Dapa vs. Placebo Dapa vs. Placebo
HFTEF: —— V8. =ee  HR0.62(0.45-0.86) HFrEF: sV it HR 0.64 (0.43-0.95)
HFmorEF: —— vs. ... HR0.88 (0.66-1.17) HF/MOTEF: e V5. cma HR 0.72 (0.50-1.04)
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C) Cardiovascular Death

20%

Dapa vs. Placcbo

HFrEF: — VS, m—— HR 0.55 (0.34-0.90)
HE/MO TEF; =g, e HR 1.41 (0.93-2.13)
No HF: —— T HR 1.01 (0.81-1.25)

15%

2
s

5%

2 '®1 yanegy o £q Sospewnofeye-dny wél gpulative incidence rate

0%

Days 0 180 360 540 720 900 1080 1260
HF+EF 671 62 656 647 642 629 623 617
HF/no rEF 1316 @ 1297 1289 1273 1259 1246 1239
No (BC - Ko 3619 MarFQ s Dapaghficempdf 5075 15025 14986 14940 14900

10.1161/CIRCULATIONAHA.119.040130
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D) All Cause Mortality

20%

Dapa vs. Placebo

HFrEF: — VG, = HR 0.59 (0.40-0.88)
HFEMAEF;: = yg; == HR 1.02 (0.75-1.38)
No HF: S—Y e HR 0.96 (0.84-1.10)

10%

Cumulative incidence rate

0% -
Days 0 180

360 540 720 900 1080 1260 1440
HFrEF 671 661 653 638 630 615 602 596 575
HF/no rEF 1316 1306 1289 1273 1253 1228 1205 1183 1168
No HF 15173 15134 15055 14965 14859 14766 14649 14542 14407



Sub-analysis From DECLARE TIMI-58 Trial ~"ry,
Oc
"oy Inf
Q

I'C .
Prior MI Adjusted HR on
N = 1,807 N=6.771

MACE (CV death, MI 321 (17.8%) <(.001

or 1schemic stroke)

CV death/HHF )6 (4.5%

All-cause death . 7%

MI ' 7% 230 (3.4% 3.05(2.50-3.71) | <0.001
Type 1 MI 3.33(2.63-4.22) | <0.001
Type 2 MI 2% 58 {0.9%) 2.82(1.92-4.15) | <0.001]

Ischemic Stroke 71 {3.9%) 160 (2.4%) 1.58 (1.17 - 2.12y | 0.002

CV death 26 (5.3%) 153 (2.3%) 1.90(1.45-2.51) | =0.001

CHD death 71 (3.9%) 113 {1.7%) 1.87 {1.36—2.58) | <0.001

% 10.1161/CIRCULATIONAHA.119.039996



Primary Outcome - CV death, Ml or ischemic stroke

20%
Patients with prior Mi

HR (95% Cl) = HR 0.84 (0.72 to 0.99) e we v No Prior M - Placebo

Prior M|l - Placebo

w—— Prior N - Dapaglificzin

No Prior Ml — Dapaglifiazin

Patients without prior M| -
15%- HR (95% Cl) = HR 1.00 (0.88 to 1.13) —
-
Absolute risk reduction -
2.6% (prior Ml) vs. 0 % (no prior Mi)
10%
7710.1161/CIRCULATIONAHA.119.039996
-2 360 720 1080 1440
QIRC - Furtado 2019 Mar EO - Dapagiificzin pdf



TYPE 1 MYOCARDIAL INFARCTION P-interaction

Spontaneous myecardial infarction related 10 Ischaemia due to a primary Dapagliﬂozln Placebo HR (95 % cr’ fO HR
coronary event such as plaque erosion and/or rupture, fissuring or dissection Yain %in I r
1
15.29%/270 17.8% /321 D.B4 {0.72 to 0.99 ——
TYPE 2 MYOCARDIAL INFARCTION Mm&- hipiog i ‘o s d 0.107
M','ocardial Infarction secondary to lschaemia due to either Increased oxygen 7'1% ' ‘85 - ) ‘ ' e 3} ‘ﬁ‘
d d or decraased suppl
FanGondermsRC ey OV deathy  8.6% 1153 10.8% /180  0.81 {0.83 to 1.00} —Q—! s
HHF 3.0 % 5264 4.5 % f 306 0.85 (0.72 to 1.00) ‘—ﬁ" )
9.2% 7163 11.7% /211 D.78 {0.63 to 0.95) —  — :
MI
3.4% 1230 3.4%/230  0.99 (0.83 to 1.18) — 8082
1
6.7% /119 2.3% /150 0.80 {0.83 to 1.02) —0—n —
Y Type 1 Ml 5 secrirt 23% /157  1.08 {0.87 to 1.34 —t— ’
Prior MI (N = 3,584) - |
: 0.64 {0.42 t0 0.9 al
Two” 20%/36 3.2% 157 { 7} .- ~ 0.104
D.9% /5B 09°%153 1.01 (0.70 10 1.45} g 5=
CHD 3.3% /5D 39% 17T 0.84 {0.80 to .19} . O : . 0.33
. desth 1.7% /118 1.7% 1113 1.05 (0.81 t0 1.35) — )
No Prior MI (N = 13,576) .
iR 4.9% !/ B7 53°% 196 0.92 {0.69 to 1.23) 5 O " 0.56
2.3% 1158 23% /153  1.03 {0.82 to 1.28) —
1
ek LI 3.7T%/65 39%ITY 0.93 {0.66 to 1.30) » oL . 0.54
stroke 258 1 170 2.4 %7180 1.05 {0.85 to 1.30) -—}Q—o 3
sms % J B1 6.39% /114  0.71 (0.53 in 0.54) —— :
HHF 1.9 % /134 25% 1172 0.75 (0.60 to 0.94) — N, .
I
Renal 6.8 %1120 8.4%7152 0.80 {0.63 to 1.01) ——
composite 37w, 7250 48% 1328  0.7%5{0.84 to 0.89) — 0.839
1
Riadiiee 8.6% /153 10.3% /187  0.83 {0.67 to .03} — P _—
death 5.5 %7376 £.7% /383  0.97 (0.85 t0 112} -4—- :
0.25 0.50 1.00 200

Dapaglifiozin better

Placabo beattar
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Translational biology :




2 cans of coke in calories / day
800 cc urine
BP drop 4-5 mm Hg
Weight loss



Human output: 4500 cc of blood/min

Elite cyclist can produce close
to 400 watts of mechanical
power over an hour




Normal-EF
Diastolic dysfunction

Al

Normal-EF

Low ejection fraction




Heart failure-reduced ejection fraction from coronary artery disease




Classic cardiology case from primary care physician

w Resting ke o Full stress

Women-no chest pain SOB
-multiple times

3 children
HbAlc 7.6 (normal <5.5)

Normal EKG Right radial due to obesity

BMI 48



Heart failure with preserved EF
Common in diabetes / HT




Normal Grade 1 Grade 2 Grade 3
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Gandhi et al 2014 Am J Card



HEART FAILURE: BULLET POINTS

HFREF <40% S0,
. e
HFPEF >50% __O,c_:‘h___
LIFETIME RISK OF DEVELOPING HF 20% FOR >40 AGE

AMBULATORY PATIENT WITH NEW ONSET DYSPNEA —
ACC GUIDELINES CLASS 1 (NT PROBNP)

CLASS Il FOR USE OF FIBROSIS BIOMARKERS

Intact sST2

sST2 knock o P
e ) ?‘;\'\ ;

Sanada J Clin Invest 2007



ST2 circulating soluble ST2 concenirations reflect
cardiovascular siress and fibrosis

Only sST2 elevated (n=95)
- Only NT-proBNP elevated (n=54)
Neither elevated (n=168)

Predicts death out to 4 years

Combined with NTproBNP better
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1200
Days from enroliment

Januzzi et al. Clin Chem 2010




sST2 and Cardiovascular Mortality and HF Hospitalization

— ST2 > 35 ng/dL
ST2 <= 35 ng/dL
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Felker, et al. Circ Heart Fail. 2013



WHAT'S NEW WITH HEART FAILURE

* FRAMINGHAM COHORT SUGGESTED
THAT A CAD GRS OF 58 GENETIC
VARIANTS WAS ASSOCIATED WITH
HFREF NoT HFPEF

« GENETICS OF DIABETES AUDIT AND
RESEARCH TAYSIDE SCOTLAND

e HF MORTALITY AND
HOSPITALIZATION WERE OBTAINED
FROM ELECTRONIC HEALTH RECORDS

e 12919 INDIVIDUALS WITH
AVAILABLE GENETIC DATA

64.5% HAVE DIABETES
1293 HF EVENTS

2

? AD GRS WaS S ificant Was nof DGRS
& ~ted | HF lated
socid g | PEF Wwith
: HFrW pe;1 D] 106 by g.l diusted Hp
with 7" * e in GRS: 7972 95% ¢ o o0 in GRg
incred®” o. p<0.0001) 0.86-1 3.
cl, 1.20-1.57 - P=0.52) '

Genetic risk scores (GRS)

Circulation. 2019:139:986-988
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Hazard Ratio (95% Cl)

2.72(2.38-3.10)

1.17(1.01-1.36)

Observational CAD
. * .
2.84(2.39-3.37) Association

Genetic CAD

1.33(1.09-1.62) O Kssodation

2.25(1.78-2.84)

1.07 (0.83-1.37)

2.00 2.50
Adjusted Hazard Ratio

Circulation. 2019:139:9846-988 - -




Acute phase | Post-inflammatory phase | Chronic phase Boer ei- ql 20" 9 Europeqn Journql of HF

1-7 days 7 days- 6 months
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TAKE HOME
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e BOTH REDUCE RISK FOR MAJOR

CARDIOVASCULAR EVENTS TO
SIMILAR DEGREE

e HEART FAILURE AND PROGRESSION
OF KIDNEY DISEASE FAVORS --
SGLT2 INHIBITORS
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