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Whetre it all started

FDA NEWS RELEASE
Media Inquiries:
FOR IMMEDIATE RELEASE Karen Riley, 301-796-4674
December 17, 2008 Consumer Inquiries:
888-INFO-FDA

FDA Announces New Recommendations on Evaluating Cardiovascular Risk in Drugs Intended to
Treat Type 2 Diabetes

The U.S. Food and Drug Administration recommended today that manufacturers developing new drugs and biologics for type 2
diabetes provide evidence that the therapy will not increase the risk of such cardiovascular events as a heart attack. The
recommendation is part of a new guidance for industry that applies to all diabetes drugs currently under development.

"We need to better understand the safety of new antidiabetic drugs. Therefore, companies should conduct a more thorough
examination of their drugs' cardiovascular risks during the product's development stage,” said Mary Parks, M.D., director, Division of
Metabolism and Endocrinology Products, Center for Drug Evaluation and Research (CDER), FDA. "FDA's guidance outlines the
agency's recommendations for doing such an assessment.”

“...sponsors should demonstrate that the therapy

will not result in an unacceptable increase in
cardiovascular risk.”
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Timeline

REWIND VERTIS-CV
Dulaglutide (GLP-1ra) Ertugliflozin (SGLT2i)
N=9,622 N=8,000

LEADER CANVAS PIONEER 6 CAROLINA EMPEROR-Preserved EMPA-Kidney
Liraglutide {(GLP-1ra) Canaglifiozin (SGLT2i) Semaglutide PO (GLP-1ra) Linagliptin (DPP-4i) Empagliflozin (SGLT2i) Empagliflozin (SGLT2i)
N=9,340 N=10,142 176 6,103 N=4,126 N=5,000

EXAMINE AleCardio EMPA-REG Outcome SUSTAIN-6 EXSCEL HARMONY-Outcomes CARMELINA EMPEROR-Reduced SCORED
Alogliptin (DPP-4i) Aleglitazar (PPARa) Empaglifiozin (SGLT2i) Semaglutide SC (GLP-1ra) Exenatide (GLP-1ra) Albitglutide (GLP-1ra) Linagliptin (DPP4i) Empaglifiozin (SGLT2i) Sotagliflozin (SGLT2i)
N=5,380 N=7,226 N=3,297 N=14,752 N=8,574 N=7,003 N=2,850 N=10,500

3 Axz22 A28 R x

2019 0

1 4

SAVOR-TIMI-53 FREEDOM-CVO DECLARE-TIMI 58 Dapa-CKD SOLOIST-WHF
Saxagliptin (DPP-4i) Lixisenatide (GLP-1ra) ITCA 650 (GLP-1ra) Dapaglifiozin {SGLTZi) Dapaglifiozin (SGLT2i) Sotaglifiozin (SGLT2i)
N=16,492 N=6,068 N=17,276 N=4,000 N=4,00

TECOS OMNEON CREDENCE
Sitagliptin (DPP4i) Omarigliptin (DPP-4i) Ganaglifiozin (SGLTZi)
B completed N=14,671 N=4,202 N=4,401

B preliminary

TOSCA-IT DAPA-HF
Pioglitazone (PPARa) Dapagliflozin {SGLT2i)
N=3,371 N=4,500

B terminated

Il on-going and anticipated completion



SGLT2i: Mechanisms of action

 SGLT-2 expressed in proximal tubule
— Reabsorb ~ 90% of filtered glucose load but inhibitors only reduce ~
50% = | 70-90g/day = 300kcal/d. Upregulation of SGLT-17?
* Glucose lowering effects dependent on GFR
— Thus, | GFR = less effect on HbA1c (FDA label)
— BUT CV/renal benefit is preserved!

* Glucose lowering is independent of insulin/beta cell function

— RARELY causes hypoglycemia in absence of other therapies that would

* Insulin, sulfonylureas 7 AMERICAN
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SGLT2i: Mechanisms of benefit

reabsorption in

proximal tubule
L Nephron

hyperfiltration

SGLT2 inhibition

1 Glucose and sodium

9

T Urinary glucose

& sodium

Generalized
decongestion

l Cardiac afterload/pre-load
1 Systolic & diastolic dysfunction
1 Heart failure hospitalization
! Fatal arrhythmias?

¥

Slow renal dysfunction

Sattar, N. J Am Coll Cardiol. 2017
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SGLT2i: Mechanisms of benefit

l Glucotoxicity

Plasma volume

Hematocrit and
hemoglobin

Systolic blood pressure

i l

Arterial stiffness l \

Cardiovascular/Renal Protection

Zelniker, T.A. ] Am Coll Cardiol. 2020

Improved cardiac
fuel energetics

T Weight-loss

l Adiposity

i Inflammation
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SGLT21i: Mechanisms of benefit

Glycosuria (SGLT-2) e+ Osmotic diuresis — | intravascular volume depletion — | preload — |
oxygen demand
* Altered insulin:glucagon ratio — 1 ketones — | weight — | inflammation
* ] glucotoxicity — 1 insulin sensitivity

Natriuresis * | blood pressure + { ventricular function £ | AF
* ?improve arterial stiffness
* 1 Tubuloglomerular feedback — afferent art. vasoconstriction (cf ACE
inhibitors) — | intraglomerular pressure —| GFR (~5ml/min) and |
albuminuria

Inhibition of NH3 In myocardium: improved mitochondrial ATP
In kidney: 1 antioxidants

Uricosuria (GLUT9)  Reduction in plasma uric acid — improved gout
B %71 § COLLEGE of
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SGLT2i: Mechanisms of AE

1 Phosphate
Glycosuria (SGLT-2)

297

Activation of FGF23-1,25(0H),-PTH axis — bone turnover/fracture

 — Favorable growth media for mycotic infections

| serum glucose — | insulin dosage or production and 1 glucagon — |
anti-lipolytic activity — increased FFA production — ketone bodies —
ketosis (with less elevation in serum glucose e.g. <200mg/dL)

e Unclear if the milieu of amplified urogenital flora (from glycosuria ),
together with a degree of neuropathy/microvascular disease may
predispose to Fournier’'s gangrene

Amputation (toe/metatarsal) signal in CANVAS. Not well understood. Initially
considered to be related to hypoperfusion but no associated signal for
AKl/dehydration. Not seen in EMPA-REG (not systematically collected),
DECLARE or CREDENCE (formal wound care plans)
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SGLT2i: Clinical outcomes
-

HbA1c reduction 10.5-1%
Blood pressure 1 4/ ImmHg
Body weight 1 2-3kg
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SGLT2i:
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Zelniker, T.A. ] Am Coll Cardiol. 2020
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SGLT2i: Renal effects

78 -
76 -
74 1
72 -

70 -

Adjusted Mean (SE) eGFR
(mL/min/1.73m?2)

68 -

66

. |4 12 28 52 66 80 94 108 122 136 150 164 178 192
Baseline Week
Patients analyzed //

—+— Placebo 2,323 2,295 2,267 2,205 2,121 2,064 1,927 1,981 1,763 1479 1,262 1123 977 731 448
—eo— Empagliflozin 4,644 4,578 4,533 4,451 4,318 4,225 4,018 4,131 3,710 3,103 2,654 2,387 2,087 1,623 1,037
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SGLT2i: Meta-analysis

Outcome # Events HR (95% CI)
MACE 3,828 0.88 (0.82-0.94) S
CV death/HHF 2460 0.76 (0.70-0.82) <l

CV death 1,506 0.83(0.75-0.92) -

HHF 1,192 0.68 (0.60-0.76) e
Composite Renal Endpoint 1,351 0.61(0.55-0.68) .
All-cause Mortality 2,493 0.85(0.79-0.92) i

0.I50 0.175 1.0 1.125

Favors SGLT2i « — Favors Placebo
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Structure of proglucagon and proglucagon-derived peptides, and
principal cell types that express the canonical GLP-1 receptor

—— Glicentin i} MPGF :
F Oxyntomodulin 4
1 30 64 69 78 107/8 126 158
GRPP Glucagon |[IP-1 GLP-1 IP-2 GLP-2
33 61 11 123 158

2 GLP-1(7-37)

GLP-1(7 36)amide)
IEL GLP 1R c
' EECs

Brunners u Islet

Gland SAN Cells

Neurons

Acmar
Cells
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Pancreatic endocrine and exocrine actions of
GLP-1 on islet and acinar cells

Acinar cells %&p-m
A Pancreas protein & enzyme biosynthesis \
A Pancreatic enzyme secretion %/\
2 g - - SMS

a-Cell - Cel fegcw-m

Glucagon

Secretion ,ﬁ
GLP-1 "i
N B-Cell ﬁemm

4 Insulin Secretion
# Insulin Biosynthesis

¥ Apoptosis

‘?GLPJ

EEC
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GLP-1RA: Mechanisms of benefit
Meohanism [Physology

Downstream eNOS signaling — vasodilatation

Endothelial cell (EC)
GLP1

Gastric GLP1

CNS GLP1
Renal GLP1

Adipocyte GLP1
Hepatic GLP1

Improved insulin/nutrient delivery
Improved tissue oxygenation and glucose utilization

Reduced EC apoptosis

Slowing of gastric emptying — satiety (? short term) — reduce post
prandial glycemic spikes

Sensation of satiety — weight loss

Increases diuretic and natriuretic rate (?inconsistent)
Reduced expression of pro-apoptotic caspase-3/Bax/Bcl-2
Increased anti-oxidant heme oxygenase-1

Stimulation of brown adipose thermogenesis via PPARy

Unknown mechanism, reduce liver fat and fibrosis ?exendin-4//mTOR

~—



GLP-1RA:; Clinical outcomes
-

HbA1c reduction 1 0.6 - 1.5%
Blood pressure 1 3/ (L) mmHg
Body weight 1 2-3kg
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GLP-1RA benefits: homology?

Drug Lixisenatide Liraglutide Semaglutide Exenatide XR Albiglutide Dulaglutide
od od qw qw qw qw
Structure Exendin-4 GLP-1 GLP-1 Exendin-4 GLP-1 GLP-1
(sequence (50%) (97%) (94%) (53%) (97%) (90%)
homology)
In vivo EC5, 0.02 0.5 NA 0.01 1.4
nmol/kg)*
(&%) 2-4h 11.6-13h 7 days 2 weeks ~ 5 days ~ 5 days
Dose 20 ug 0.6-1.8 mg 0.5,1 mg 2mg 30,50 mg 0.75,1.5mg
sood 6600096, sececsececseny
{::.. %X\:Mmm«w: —Vqﬁxggﬁ
.3 Yean600s08 JUR—
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GLP-1RA: Meta-analysis

Kristensen, S.L.. Lancet Diabetes Endocrinol. 2019

GLP-1 receptor Placebo Hazard ratio NNT p value
agonist n/N (%) n/N (%) (95% Cl) (95% Cl)
* Three-component MACE
ELIXA 400/3034 (13%) 392/3034 (13%) —— 1.02 (0-89-1-17) 078
LEADER 608/4668 (13%) 694/4672 (15%) —— 0-87 (0-78-0-97) 0.015
SUSTAIN-6 108/1648 (7%) 146/1649 (9%) —_— 0.74 (0-58-0-95) 0.016
EXSCEL 839/7356 (11%) 905/7396 (12%) e | 0.91 (0-83-1.00) 0-061
Harmony Outcomes 338/4731 (7%) 428/4732 (9%) e 0.78 (0:68-0-90) <0-001
REWIND 594/4949 (12%) 663/4952 (13%) + 0-88 (0.79-0-99) 0-026
PIONEER 6 61/1591 (4%) 76/1592 (5%) —_— 0-79 (0-57-1-11) 017
Overall 2948/27977 (11%)  3304/28027 (12%) <> 0-88 (0-82-0-94) 75(50-151)  <0-001
("=40.9%, p=0-118) .
* Cardiovascular death :
ELIXA 156/3034 (5%) 158/3034 (5%) e 0-98 (0.78-1-22) 0-85
LEADER 219/4668 (5%) 27814672 (6%) - 0-78 (0-66-0-93) 0-007
SUSTAIN-6 44/1648 (3%) 46/1649 (3%) S 0-98 (0-65-1-48) 092
EXSCEL 340/7356 (5%) 383/7396 (5%) Bl 0-88 (0-76-1-02) 0-096
Harmony Outcomes 122/4731 (3%) 130/4732 (3%) — 0-93 (0-73-1-19) 0.58
REWIND 317/4949 (6%) 346/4952 (7%) et 0-91(0-78-1-06) 018
PIONEER 6 15/1591 (1%) 30/1592 (2%) < . ; 0-49 (0-27-0.92) 0.021
Overall 1213/27977 (4%) 1371/28027 (5%) @ 0-88(0-81-0-96)  175(110-524)  0.003
(I*=13-5%, p=0-327) T
‘._
Favours GLP-1  Favours
receptor agonist  placebo AMERICAN

% § COLLEGE of
¢ CARDIOLOGY



GLP-1RA: Meta-analysis

receptor agonist  placebo

Kristensen, S.L.. Lancet Diabetes Endocrinol. 2019

GLP-1 receptor Placebo Hazard ratio p value
agonist n/N (%) n/N (%) (95% Cl) (95% (@)
* Fatal or non-fatal myocardial infarction
ELIXA 270/3034 (9%) 261/3034 (9%) - 1:03(0-87-1:22) 071
LEADER 292/4668 (6%) 339/4672 (7%) ——] 0-86 (0-73-1.00) 0046
SUSTAIN-6 54/1648 (3%) 67/1649 (4%) —— 0-81(0:57-1:16) 0-26
EXSCEL 483/7356 (7%) 493/7396 (7%) —— 0-97 (0-85-110) 0-62
Harmony Outcomes 181/4731 (4%) 240/4732 (5%) —_— 0-75 (0-61-0-90) 0-003
REWIND 223/4949 (5%) 231/4952 (5%) — 0-96 (0-79-1-15) 063
PIONEER 6 37/1591 (2%) 35/1592 (2%) —_— 104 (0-66-1-66) 0-49
Overall 1540/27977 (6%) 1666/28027 (6%) <> 0-91(0-84-1.00) 193 (108-NA)  0.043
(P=27-4%, p=0-219) T : ]
* Fatal or non-fatal stroke
ELIXA 67/3034 (2%) 60/3034 (2%) ———— 112 (0.79-1:58) 054
LEADER 173/4668 (4%) 199/4672 (4%) e e 0-86 (0-71-1.06) 0-16
SUSTAIN-6 30/1648 (2%) 46/1649 (3%) — 065 (0-41-1:03) 0-066
EXSCEL 187/7356 (3%) 218/7396 (3%) — 1 0-85 (0-70-1:03) 0-095
Harmony Outcomes 94/4731 (2%) 108/4732 (2%) —_—t— 0-86 (0-66-1-14) 0-30
REWIND 158/4949 (3%) 205/4952 (4%) —— 076 (0-62-0-94) 001
PIONEER 6 13/1591 (1%) 17/1592 (1%) 0.76 (0:37-1:56) 043
Overall 722/27977 (3%) 853/28027 (3%) <> 0-84(0-76-0-93)  209(139-477) <0-001
(1*=0-0%, p=0.557) T 2 T
05 1 1.5
‘._
Favours GLP-1  Favours
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GLP-1RA: Meta-analysis

GLP-1 receptor Placebo Hazard ratio NNT p value
agonist n/N (%) n/N (%) (95% Cl) (95% Cl)
* All-cause mortality
ELIXA 211/3034 (7%) 223/3034 (7%) P o 0:94 (0-78-113) 0:50
LEADER 381/4668 (8%) 447/4672 (10%) e 0-85 (0-74-0-97) 0.02
SUSTAIN-6 62/1648 (4%) 60/1649 (4%) —_—e 1.05 (0-74-1-50) 079
EXSCEL 507/7356 (7%) 584/7396 (8%) - 0-86 (0-77-0-97) 0-016*
Harmony Outcomes 196/4731 (4%) 205/4732 (4%) e 0-95 (0-79-1-16) 0-64
REWIND 536/4949 (11%) 592/4952 (12%) — 0-90 (0-80-1-01) 0-067
PIONEER 6 23/1591 (1%) 45/1592 (3%) ¢——— 0-51(0-31-0-84) 0-008
Overall 1916/27977 (7%)  2156/28027 (8%) @ 0-88(0-83-0-95) 113(80t0271)  0-001
(P=16:5%, p=0-304)
* Hospital admission for heart failure
ELIXA 122/3034 (4%) 127/3034 (4%) ——— 0-96 (0-75-1-23) 0-75
LEADER 218/4668 (5%) 24814672 (5%) — 0-87 (0-73-1:05) 014
SUSTAIN-6 59/1648 (4%) 54/1649 (3%) —_— 111 (0-77-1-61) 0-57
EXSCEL 219/7356 (3%) 231/7396 (3%) — 0:94 (0-78-113) 051
Harmony Outcomes 79/4731 (2%) 111/4732 (2%) S 0.71(0-53-0-94) 0019
REWIND 213/4949 (4%) 226/4952 (5%) e 0:93(0-77-1-12) 0-46
PIONEER 6 21/1591 (1%) 24/1592 (2%) j 0-86 (0-48-1.55) 059
Overall 931/27977 (3%) 1021/28027 (4%) <> 0-91(0-83-0-99) 311(164t02797) 0-028
(=0-0%, p=0-595) '

+—
Favours GLP-1  Favours
receptor agonist  placebo

Kristensen, S.L.. Lancet Diabetes Endocrinol. 2019
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GLP-1RA: Meta-analysis

GLP-1 receptor Placebo Hazard ratio p value
agonist n/N (%) n/N (%) (95% Cl) (95% (@)
Composite kidney outcome including macroalbuminuria :
ELIXA 172/2647 (6%) 203/2639 (8%) ! 0-84 (0-68-1-02) 0-083
LEADER 268/4668 (6%) 337/4672 (7%) — 078 (0-67-0-92) 0-003
SUSTAIN-6 62/1648 (4%) 100/1649 (6%) - 0-64 (0-46-0-88) 0-006
EXSCEL 366/6256 (6%) 407/6222 (7%) — 0-88 (0-76-1-01) 0-065
REWIND 848/4949 (17%) 970/4952 (20%) - 0-85 (0-77-0-93) <0-001
Overall 1716/20168 (9%)  2017/20134 (10%) @ 0-83(0:78-0-89) 62 (48 to 96) <0-001

(=0.0%, p=0-413) r )

*Worsenlng of kidney function

ELIXA 41/3031 (1%) 35/3032 (1%) ————— 116(074-183) 0-513

LEADER 87/4668 (2%) 97/4672 (2%) —_— 0-89 (0-67-1-19) 0-43

SUSTAIN-6 18/1648 (1%) 14/1649 (1%) : . » 128 (0-64-2-58) 0-48

EXSCEL 246/6456 (4%) 27316458 (4%) — 0-88 (0.74-1.05) 0164

REWIND 169/4949 (3%) 237/4952 (5%) —_— 0-70 (0-57-0-85) <0.001
Overall 561/20752 (3%) 656/20763 (3%) <> 0.87(0:73-1-03) 247 (119 to-10721) 0-098
(P=427%, p=0-137) y

05 1 15

Favours GLP-1  Favours
receptor agonist placebo
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Summary: MACE

| sowlipin alogliptin sitagliptin linagliptin | | |
— I —

I
DPP-4 inhibitor I I I I
NEUTRAL NEUTRAL NEUTRAL NEUTRAL

— —
GLP-1 RA \/ = \/ I \/ \/

BENEFICIAL NEUTRAL BENEFICIAL NEUTRAL BENEFICIAL  BENEFICIAL
v v —
SGLT2-Inhibitor R Q2 2020
BENEFICIAL.  BENEFICIAL NEUTRAL
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Summary: HF

| I |

DPP-4 inhibitor x I [ | [ ]
INCREASED RISK NEUTRAL NEUTRAL NEUTRAL
I I — [ | | I
GLP-1 agonist [ | [ | L [ ] [ | [ |
NEUTRAL NEUTRAL NEUTRAL NEUTRAL NEUTRAL NEUTRAL

SGLT2-Inhibitor / / / Q2 2020

BENEFICIAL BENEFICIAL BENEFICIAL
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