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GLP-1 Regulates Body Weight and Glucose Metabolism

GLP-1
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Multifactorial mechanism of action: gut, brain, and systemic improvements in
Insulin sensitivity contribute to total efficacy

Miller. Nat Rev Drug Discov. 2022;21:201.
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Effects of GLP-1 receptor agonists on kidney and R @
cardiovascular disease outcomes: a meta-analysis of
randomised controlled trials

Sunil V Badve, Anika Bilal, Matthew MY Lee, Naveed Sattar, Hertzel C Gerstein, Christian T Ruff, John ]V McMurray, Peter Rossing, George Bakris,
Kenneth W Mahaffey, Johannes F E Mann, Helen M Colhoun, Katherine R Tuttle, Richard E Pratley, Vlado Perkovic

C Non-fatal myocardial infarction

GLP-1 receptor agonist  Placebo Hazard ratio Weight
(n/N[%]) (n/N[%]) (95% C1) (%)
With diabetes
EXSCEL* 455/7356 (6:2%) 470/7396 (6-4%) 0-95(0-83-1.08)  14-66%
LEADER™ 281/4668 (6-0%) 317/4672 (6-8%) 0-88 (0-75-1-03) 1317%
ELIXAY 270/3034 (8-9%) 261/3034 (8:6%) 1.03 (0-87-1.22) 12.63%
REWIND?3 205/4949 (4-1%) 212/4952 (4-3%) 0-96 (0-79-116) 11.50%
Harmony Outcomes®  160/4731 (3-4%) 228/4732 (4-8%) —o— 0-69 (0-56-0-85) 10-84%
AMPLITUDE-0* 85/2717 (3-1%) 53/1359 (3-9%) —a— 078 (0-55-110) 6-05%
FLOW? 52/1767 (2:9%) 64/1766 (3-6%) —_—a— 0-80(0-55-1-16) 555%
SUSTAIN-6%541 47/1648 (2-9%) 6471649 (3-9%) —a— 074 (0-51-1-08) 5-42%
PIONEER 6* 37/1591(2:3%) 31/1592 (1-9%) —o— 118 (0-73-1-90) 374%
FREEDOM-CVO* 37/2075 (1-8%) 28/2081 (1:3%) B . 133 (0-82-2.16) 364%
Subtotal 1713/34536 (5-0%) 1809/33233 (5-4%) 0-90 (0-82-0-99)
Without diabetes
SELECT?4 234/8803 (2.7%) 322/8801 (3.7%) o 072 (0-61-0-85) 12.80%
e 072 (0-61-0-85)
Overall 1947143339 (4-5%) 2131/42034 (5-1%) <> 0-87 (0-79-0-97)
With diabetes p=0-04, ’=41-7% T T
Without diabetes p<0-001 06 10 20
Overall p=0.01, ’=54-57% ‘— —
Heterogeneity by diabetes status p=0.02 Favours GLP-1 receptor agonist  Favours placebo
D Non-fatal stroke
With diabetes
EXSCEL* 155/7356 (2-1%) 17717396 (2-4%) — 0-86 (0:70-1-06) 17.96%
LEADER®3 159/4668 (3-4%) 17714672 (3-8%) —a+ 0-89 (0-72-1-11) 1726%
REWIND?5 135/4949 (2.7%) 175/4952 (3-5%) —a— 076 (0-61-095)  16-48%
Harmony Outcomes® 76/4731 (1-6%) 91/4732 (1-9%) —a— 0-83(0-61-1-13) 8.56%
ELIXAY 67/3034 (2:2%) 60/3034 (2-0%) —ta— 112 (0-79-1-58) 673%
FLOW? 63/1767 (3-6%) 51/1766 (2:9%) . —a— 122 (0-84-1.77) 5.82%
SUSTAIN-6 5 2711648 (1-6%) 44/1649 (2:7%) —a— 0-61(0-38-0-98) 353%
AMPLITUDE-O¥ 41/2717 (1.5%) 25/1359 (1-8%) —_— 0-80(0-48-1-32) 321%
FREEDOM-CVO* 23/2075 (1-1%) 23/2081(11%) _— 1.00(0-56-1-79) 239%
PIONEERG* 12/1591 (0-8%) 16/1592 (1.0%) - 074 (0-35-1.57) 1.44%
Subtotal 851/34536 (2:5%) 955/33233 (2:9%) ' <> 0-87 (0-79-0-96)
Without diabetes
SELECT?# 154/8803 (1.7%) 165/8801 (1-9%) o 0-93 (0-75-116) 16-64%
= 0-93 (0-75-1-16)
Overall 1005/43339 (2:3%) 1120/42034 (2:7%) <> 0-88 (0-80-0-96)
With diabetes p<0.001, ’=0% T ]
Without diabetes p=0-52 0-4 10 2:0

Overall p<0-001, P=0%

Heterogeneity by diabetes status p=0-58

+-— —>
Favours GLP-1 receptor agonist  Favours placebo




Effects of GLP-1 receptor agonists on kidney and R @
cardiovascular disease outcomes: a meta-analysis of
randomised controlled trials

Sunil V Badve, Anika Bilal, Matthew MY Lee, Naveed Sattar, Hertzel C Gerstein, Christian T Ruff, John ]V McMurray, Peter Rossing, George Bakris,
Kenneth W Mahaffey, Johannes F E Mann, Helen M Colhoun, Katherine R Tuttle, Richard E Pratley, Vlado Perkovic

A Hospitalisation for heart failure

GLP-1 receptor agonist  Placebo Hazard ratio Weight
(n/N[%]) (n/N[%]) (95% Cl) (%)
With diabetes
LEADER**# 218/4668 (4-7%) 24814672 (5:3%) —+ 0-87 (0-73-1:04) 18-40%
EXSCEL* 219/7356 (3-0%) 231/7396 (31%) —a— 094 (078-113) 17-69%
REWIND™3 213/4949 (4-3%) 226/4952 (4-6%) —a 0-93(0-77-1-12) 17-31%
FLOW?* 133/1767 (7:5%) 175/1766 (9-9%) —&a— 074 (0-58-0-94) 10-93%
ELIXAY 122/3034 (4%) 127/3034 (4-2%) —a— 0-96 (0-75-1-23) 9:93%
Harmaony Outcomes® 79/4731 (1:7%) 111/4732 (2-3%) —a— 0-71(0-53-0-95) 7:16%
SUSTAIN-6 59/1648 (3-6%) 54/1649 (3-3%) —ta— 111 (0-77-1-61) 4-47%
AMPLITUDE-0* 40/2717 (1-5%) 31/1359 (2-3%) 0-61(0-38-0-98) 2:71%
PIONEER 6* 21/1591 (1:3%) 24/1592 (1.5%) - 0-86 (0-48-1.55) 177%
FREEDOM-CVO* 16/2075 (0-8%) 17/2081 (0-8%) - 095 (0-48-1-88) 130%
Subtotal 1120/34536 (3-2%) 1244/33233(3-7%) < 0-87 (0-81-0-95)
Without diabetes
SELECT#42 97/8803 (1-1%) 122/8801 (1-4%) — o 079 (0-60-1.04) 832%
e 079 (0-60-1-04)
Overall 1217/43339 (2-8%) 1366/42034(3-2%) <> 0-87 (0-80-0-94)
Diabetes p<0-001, =0%
Without diabetes p=0.09 T N
Overall p<0-001, P=0% 0-4 1-0 2.0
Heterogeneity by diabetes status p=0-48 — —
Favours GLP-1 receptor agonist  Favours placebo
B All-cause death
With diabetes
EXSCEL*™ 507/7356 (6-9%) 584/7396 (7:9%) L - 3 0-86 (0-77-0-97) 19-95%
REWIND*# 536/4949 (10-8%) 592/4952 (12%) X 0-90 (0-80-1-01) 19.58%
LEADER®3 381/4668 (8:2%) 44714672 (9-6%) -5 0-85 (0-74-0-97) 14.52%
FLOW*® 22711767 (12-8%) 279/1766 (15-8%) —a— 0-80 (0-67-0-95) 8.72%
ELIXAY 211{3034 (7-0%) 223/3034 (7-4%) —a— 0-94 (0-78-1-13) 7:74%
Harmony Outcomes®  196/4731 (4-1%) 205/4732 (43%) - —a— 095 (0-78-1-15) 721%
AMPLITUDE-0% 111/2717 (4-1%) 69/1359 (5-1%) I:l —o— 078 (0-58-1-05) 2:93%
SUSTAIN-624 62/1648 (3-8%) 60/1649 (3-6%) —t— 1.05(0-74-1-49) 2:13%
FREEDOM-CVO*® 49/2075 (2-4%) 41/2081 (2:0%) —t 120 (0-79-1-82) 1.55%
PIONEER 6* 23/1591 (1-4%) 45/1592 (2-8%) 051(0:31-0-84) 1.07%
Subtotal 2303/34536 (6:7%) 2545/33233 (7.7%) R 0-88 (0-83-0-93)
Without diabetes
SELECT#4 375/8803 (4-3%) 458/8801 (5-2%) - 0-81(0-71-0-93) 14-60%
<> 0-81(0-71-0-93)
Overall 295/38244 (0-8%) 3003/42034 (7-1%) a3 0.87(0-82-0.91)
With diabetes p<0-001, P=0% ]
Without diabetes p<0-001 1o 20
Overall p<0-001, =0% — —
Heterogeneity by diabetes status p=0-29 Favours GLP-1 receptor agonist  Favours placebo




A Composite kidney outcome

GLP-1 receptoragonist  Placebo Hazard ratio Weight

(n/N[%]) (n/N[%]) (95%Cl) (%)
With diabetes
EXSCEL* 246/6459 (3-8%) 273/6466 (4-2%) 0-88 (0-74-1-05) 2522%
FLOW™ 218/1767 (12-3%) 260/1766 (14-7%) 079 (0-66-0-94) 24-94%
LEADER3 184/4668 (3-9%) 212/4672 (4-5%) a 0-86 (0-70-1-05) 2136%
REWIND?2 84/4949 (1.7%) 136/4952 (2:7%) o 0-61(0-46-0-80) 14-08%
SUSTAIN-6254 58/1648 (3.5%) 5711649 (3-5%) - 109 (0-75-1-58) 8.94%
ELIXAY 3/2702 (0-19) 712793 (03%) - . 0-44 (0-11-1-73) 077%
AMPLITUDE-0% 9/2717 (0-3%) 3/1359 (0-2%) — 0-91(0-20-4-19) 0-62%
Harmony Outcomes®® 414731 (0-1%) 2/4732 (<01%) [ 2.00(0-37-10-87) 0-51%
Subtotal 806/29441 (2-7%) 950/28389 (3-3%) O 0-82(0-73-0-93)
Without diabetes
SELECT# 17/8803 (0-2%) 27/8801 (0-3%) —al 062 (033-115) 356%

6 062 (0:33-115)
Overall 823/38244 (2-2%) 977/37190 (2-6%) o 0-81(0-72-0-92)
With diabetes p<0-001, ’=26-41% T T
Without diabetes p=0-13 02 10 80
Overall p<0-001, =23-11% — —
Heterogeneity by diabetes status p=0-38 Favours GLP-1 receptor agonist  Favours placebo
B Kidney failure
With diabetes
FLOW? 142/1767 (8-0%) 165/1766 (9-3%) 0-83 (0-66-1.04) 48-99%
LEADER2 56/4668 (1.2%) 64/4672 (1-4%) 0-87(0-61-1.24) 19.28%
EXSCEL® 55/6259 (0-9%) 65/6230 (1-0%) ) 0-85 (0-59-1-22) 18-39%
REWIND*#3 16/4949 (0-3%) 21/4952 (0-4%) —o— 0-75(0-39-1-44) 5-69%
SUSTAIN-654 11/1648 (0.7%) 12/1649 (0.7%) — 0-91(0-40-2-07) 3-59%
ELIXA¥ 3/2702 (0-1%) 7/2793 (0:3%) _ 0-44 (0-11-1.73) 1.29%
Harmony Outcomes®® 414731 (0-1%) 2/4732 (0%) _t 2.00(0-37-10-87) 0-85%
AMPLITUDE-02 412717 (0-1%) 1/1359 (0-1%) D — 2.00(0-22-18-06) 0-50%
Subtotal 291/29 441 (1-0%) 337/28389 (1-2%) o 0-84(0.72-0.99)
Without diabetes
SELECT# 4/8803 (<0-1%) 6/8801 (0-1%) - 1 0-66 (0-18-2-44) 142%
0-66 (0-18-2-44)
Overall 295/38244 (0-8%) 343/37190 (0-9%) <:<;‘> 0-84 (0-72-0-98)
With diabetes p=0-03, *=0% T T T
Without diabetes p=0-53 0-2 10 8.0
+— —>

Overall p=0.03, ’'=0%
Heterogeneity by diabetes status p=0-72

Favours GLP-1 receptor agonist

Favours placebo

Effects of GLP-1 receptor agonists on kidney and N @
cardiovascular disease outcomes: a meta-analysis of
randomised controlled trials

Sunil V Badve, Anika Bilal, Matthew M Y Lee, Naveed Sattar, Hertzel C Gerstein, Christian T Ruff, John JV McMurray, Peter Rossing, George Bakris,
Kenneth W Mahaffey, Johannes F E Mann, Helen M Colhoun, Katherine R Tuttle, Richard E Pratley, Vlado Perkovic
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Schematic diagram showing conventional mechanisms of action of SGLT2
inhibitors.

*PCT - proximal convoluted
tubule
1, **ATP — Adenosine tri-
ol phosphate
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Shruti S Joshi et al. Heart 2021;107:1032-1038




Diabetologia (2022) 65:2000-2010
https://doi.org/10.1007/500125-022-05773-8

Experimental

Study Events Time
Death

EMPA-REG OUTCOME 269 14529.70

CANVAS 350 20862.00

DECLARE-TIMI58 529 36044.40

CREDENCE 168 5725.20

VERTIS-CV 473 16497.00

Fixed effect model
Random effects model
Heterogeneity: I° = 51%, 1° = 0.0067, p = 0.09

ARTICLE

SGLT2 inhibitors in type 2 diabetes: a systematic review
and meta-analysis of cardiovascular outcome trials balancing their
risks and benefits

Elisa Marilly « Judith Cottin’ + Natalia Cabrera? - Catherine Cornu® - Remy Boussageon* - Philippe Moulin® .
Jean-Christophe Lega® - Frangois Gueyffier? - Michel Cucherat? - Guillaume Grenet’

®

Check for

updates

MACE
EMPA-REG OUTCOME 490 14529.70
CANVAS 535 20862.00
DECLARE-TIMI58 756 36044.40
CREDENCE 217 5725.20
VERTIS-CV 653 16497.00

Fixed effect model

Random effects model

Heterogeneity: /2 = 24%, 1° = 0.0014, p = 0.26

HHF

EMPA-REG OUTCOME

126 14529.70

CANVAS 114 20862.00
DECLARE-TIMI58 212 36044.40
CREDENCE 89 5725.20
VERTIS-CV 139 16497.00

Fixed effect model

Random effects model

Heterogeneity: ?=0%, =0, p=0.82

ESRD_c
EMPA-REG OUTCOME 13 14529.70
CANVAS 8 20862.00
DECLARE-TIMI58 11 36044.40
CREDENCE 78 5725.20
VERTIS-CV 27 16497.00

Fixed effect model
Random effects model
Heterogeneity: 12 = 24%, 1° = 0.0285, p = 0.26

Control
Events Time

194 7232.30
295 15649.20
570 36027.60
201 5717.40
254 8241.00

282 7232.30
466 15649.20
803 36027.60
269 5717.40
327 8241.00

95 723230
134 15649.20
286 36027.60
141 5717.40

99 8241.00

14 7232.30
13 15649.20
27 36027.60
105 5717.40
14 8241.00

001{{11}][

<><>1+++*

S —

—_

—_—
S

0.2

1

0.5 1

IRR  95% CI

0.69 [0.57; 0.83]
0.89 [0.76; 1.04]
0.93 [0.82; 1.04]
0.83 [0.68; 1.02]
0.93 [0.80; 1.08]
0.87 [0.81; 0.94]
0.86 [0.78; 0.95]

0.86 [0.75; 1.00]
0.86 [0.76; 0.98]
0.94 [0.85; 1.04]
0.81 [0.67; 0.96]
1.00 [0.87; 1.14]
0.91 [0.86; 0.96]
0.90 [0.84; 0.97]

0.66 [0.51; 0.86]
0.64 [0.50; 0.82]
0.74 [0.62; 0.88]
0.63 [0.48; 0.82]
0.70 [0.54; 0.91]
0.69 [0.62; 0.76]
0.69 [0.62; 0.76]

0.46 [0.22; 0.98]
0.46 [0.19; 1.11]
0.41 [0.20; 0.82]
0.74 [0.55; 0.99]
0.96 [0.51; 1.84]
0.67 [0.53; 0.84]
0.64 [0.47; 0.86]




Diabetologia (2022) 65:2000-2010
https://doi.org/10.1007/500125-022-05773-8

ARTICLE )

Chock for
Updiates

SGLT2 inhibitors in type 2 diabetes: a systematic review
and meta-analysis of cardiovascular outcome trials balancing their
risks and benefits

Elisa Marilly" - Judith Cottin" - Natalia Cabrera? - Catherine Cornu® - Remy Boussageon* - Philippe Moulin® -
Jean-Christophe Lega® - Frangois Gueyffier? - Michel Cucherat? - Guillaume Grenet'

EXperimental

Study Events Time
Amp

EMPA-REG OUTCOME 88 14529.70

CANVAS 130 20862.00

DECLARE-TIMI58 123 36044.40

CREDENCE 70 5725.20

VERTIS-CV 111 16497.00

Fixed effect model
Random effects model
Heterogeneity: I = 52%, % = 0.0292, p = 0.08

Keto
EMPA-REG OUTCOME 4 14529.70
CANVAS 13 20862.00
DECLARE-TIMIS8 27 36044.40
CREDENCE 11 5725.20
VERTIS-CV 19 16497.00

Fixed effect model
Random effects model
Heterogeneity: I? = 0%, t° = 0, p = 0.54

Gen
EMPA-REG OUTCOME 301 14529.70
CANVAS 890 20862.00
DECLARE-TIMI5S8 76 36044.40
CREDENCE 50 5725.20
VERTIS-CV 297 16497.00

Fixed effect model
Random effects model
Heterogeneity: I? = 42%, 1> = 0.0206, p = 0.14

Control
Events Time

43 7232.30
53 15649.20
113 36027.60
63 5717.40
45 8241.00

7232.30
15649.20
12 36027.60
5717.40
8241.00

o =

M =

42 7232.30
202 15649.20
9 36027.60
13 5717.40
42 8241.00

0.1

0.51 2

10

IRR

1.02
1.84
1.09
1.1
1.23
1.22
1.23

1.99
1.95
2.25
10.99
4.75
2.59
2.59

3.57
3.31
8.44
3.84
3.53
3.50
3.70

95% ClI

[0.71; 1.47]
[1.34; 2.53]
[0.84; 1.40]
[0.79; 1.56]
[0.87; 1.74]
[1.06; 1.41]
[1.00; 1.51]

[0.22; 17.81]
[0.70; 5.47]
[1.14; 4.44]
[1.42; 85.08]
[1.11; 20.37]
[1.57; 4.27]
[1.57; 4.27]

[2.58; 4.93]
[2.84; 3.85]
[4.23; 16.84]
[2.09; 7.07]
[2.56; 4.88]
[3.09; 3.95]
[3.03; 4.53]



Symptoms and severity

THE PROGRESSIVE NATURE OF HF

NYHA2 NYHA3
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DELIVER HFPEF: NA

EMPEROR REDUCED: NNT 19
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BRIEF REPORT

Bidirectional Relationship Between
Kidney Disease Progression and
Cardiovascular Events in Type 2 Diabetes

Brendon L. Neuen, PuD,*>€ John W. Ostrominski, MD,"¢ Brian Claggett, PuD, Iris E. Beldhuis, MD,>¢
Safia Chatur, MD,” Finnian R. McCausland, MBBCg,® Sunil V. Badve, PuD,*&" Clare Arnott, PuD,*!
Hiddo J.L. Heerspink, PuD,* Min Jun, PuD,* Michael Falster, PuD,* Juliana de Oliveira Costa, PuD,*
Carol Pollock, PrD,*! Meg J. Jardine, PuD,™" Kenneth W. Mahaffey, MD,® Vlado Perkovic, PuD,?

Scott D. Solomon, MD,” Muthiah Vaduganathan, MD, MPH®

FIGURE 1 Cardiovascular, Kidney, and Mortality Risk Before and After Nonfatal Cardio-Kidney Outcomes

Incidence of Cardiovascular Events Before and After CKD Progression

Overall and by Treatment Group in a Pooled Analysis of CANVAS and CREDENCE
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Time to kidney replacement therapy
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*The difference in the time to kidney failure corresponds to the values in the figure on the previous slide for baseline e GFR 20 and 85 mil/min/1.73m?2.
eGFR, estimated glomerular filtration rate
Ferndndez-Fernandez B et al. Clin Kidney J 2023;0:1



CARDIOVASCULAR CONTINUUM EARLY TREATMENT
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LITTLE, ON TIME MUCH, DELAYED TOO MUCH, TOO LATE
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