Biology of Omega-3
Fatty Acids in
Cardiovascular
Disease:

What Do We Know

Jorge Plutzky, MD
Director, Preventive Cardiology
Cardiovascular Division
Brigham and Women's Hospital
Harvard Medical School
Boston, Massachusetts




H BENCH TO BEDSIDE VOLUME 15 | NUMBER 6 | JUNE 2009 NATURE MEDICINE

The mighty, mighty fatty acid .. Glycerol

H—C—OH

| Aliphatic, anhydrous carboxylic acids _:_
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« Highest energy yield AN AN
* Pack more tightly than glucose/glycogen " \EH’/\ANW
« Minimal water required for storage me™-

Glycogen: highly hydrate polymer
Triglyceride: anhydrous _
» Lighter, more portable Tri - Acyl - Glycerol

Plutzy J, Nature Medicine 2009
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Fatty Acids:

- - Glucose
Triglycerides Primordial :
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Fatty acid handling: complex, highly regulated, carefully controlled
Fatty acids as biologic active signaling molecules
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Diversity Among Fatty Acids: Structural and Beyond
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Longstanding Clues: Dietary Intake of Different Fatty Acids May Impact CV Risk

Dietary Prevention of Coronary Heart Disease: The | Sub-

Finnish Mental Hospital Study Groups Cases (n) RR(95% CI) % Weight

OSMO TURPEINEN, MARTTI J, MAIJA PEKKARINEN, MATTI MIETTINEN, REINO ELOSUO,

ERKKI PAAVILAINEN Primary and secondary prevention

International Journal of Epidemiology,Volume 8, Issue 2, June 1979, Pages 99-118, Male 110 ] 047 (031, 0.71 ) 5
Female 202 — 0.66 (0.49, 0.89) 66.67
Subtotal 2=41%, P=0.19 <_ > 0.59 (0.46, 0.75) 100.00

Primary prevention
- Prospect swap of saturated fat for .
polyunsaturated fat (or vice a versa) at Male 2 - 0.56 (0.34, 0.92) 49.08
2 psychiatric hospitals, 1222 patients; Female 73 e 0.63 (0.39, 1.04) 50.92
primary and secondary CHD. Subtotal 12=0%, P=0.71 <__—> 0.59 (0.42, 0.85) 100.00
- 6 years follow-up. 2 ( ' )

|
.25 D 1T 135
RR (95% CI)
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Circulating Blood Fatty Acid Composition

Studies, n  Participants, n  Events, n

As . . f Di Ci lati d Total saturated fatty acids 8 15 590 3758 j!—
sociation o |etar¥, |rc.u ating, an . 14:0, Myristic 5 G S
Supplement Fatty Acids With Coronary Risk D " €450 —_— S
A Systematic Review and Meta-analysis 16:0, Palmitic 10 25554 4318 T
) _ _ 17:0, Margaric 4 5490 2283
Rajiv Chowdhury, MD, PhD 88, Samantha Warnakula, MPhil, Setor Kunutsor, MD, MSt, ...  View all authors + 15:0, Pentadecanoic + 17:0, Margaric 4 5490 2283 = L
5 7 T 18:0, Steari 8 22 266 3654 = =
Fatty Acid Intake Studies, n Participanty o
Total monounsaturated fatty acids 6 14 356 3236 -
Total saturated fatty acids 20 276 763 16:1n-7, Palmitoleic 9 17 927 4127 ——
; 18:1cis-9, Oleic 22 664 3687 i
Total monounsaturated fatty acids 9 144 219
Total -3 fatty acids Total m-3 polyunsaturated fatty acids
’ . 18:3n-3, a-Linoleni 8 14 945 3426
a-Linolenic 7 15725y *PERseUMREE —&r
Total long-chain w-3 4 10 558 2753 — -
Total long-chain »-3 16 422 786  20:5n-3, Eicosapentaenoic 13 23 065 4624 .
Total -6 fatty acids 8 206 376 22:6n-3, Docosahexaenoic 13 23 065 4624 =
20:5n-3, Eicosapentaenoic + 22:6n-3, Docosahexaenoic 13 20 809 4073 @
Total trans fatty acids 5 1551270 22:5n-3, Docosapentaenoic (clupanodonic) 4

7155 2565 =@

Dietary Fats and Cardiovascular Disease: A Presidential Advisory From the American Heart
Association

Frank M. Sacks, Alice H. Lichtenstein, Jason H.Y. Wu, Lawrence J. Appel, Mark A. Creager, Penny M. Kris-Etherton, Michael Miller,
Eric B. Rimm, Lawrence L. Rudel, Jennifer G. Robinson, Neil J. Stone, and Linda V. Van Horn
and On behalf of the American Heart Association

Originally published 15 Jun 2017 | https:/doi.org/10.1161/CIR.0000000000000510 | Circulation. 2017;136:e1-e23

JAMA Intern Med. 2016 August 01; 176(8): 1155-1166. doi:10.1001/jamainternmed.2016.2925.

»-3 Polyunsaturated Fatty Acid Biomarkers and Coronary Heart

Disease:
Pooling Project of 19 Cohort Studies

Liana C. Del Gobbo, PhD, Fumiaki Imamura, PhD, Stella Aslibekyan, PhD, Matti Marklund, PhD,
Jyrki K. Virtanen, PhD, Maria Wennberg, PhD, Mohammad Y. Yakoob, PhD, Stephanie E. Chiuve,
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No double bonds z

Omega-3 vs Omega-6 Fatty Acids

Omega-n: the number carbon with

first double bond from methyl end
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OMEGA-3 FATTY ACIDS

Diet Only Plant O-3 FA Marine O-3 FA

W Y,
i o = R~
Alpha-Linolenic Acid: | EicosapentaenoicAci J Docosapentaenoic Docosahexaenoic
ALA d: EPA Acid: DPA Acid: DHA

Mozaffarian D, Lu J, JACC. 2011;58:2047-67.



FDA-Approved Prescription Omega-3 FAs

EPA+DHA EPA only EPA+DHA
EE'.2 EES FFA*

Brand Name Lovaza, Omtryg Vascepa Epanova
Generic available? Yes No No
EPA/DHA Ratio 55/45 100/0 73/27
Regimen, capsules 2 4Bg)DWvC /mrﬁjé':ls‘jr 2 BID w/ meals Zia:jéelpcégld?netal
REDUCE-IT: STRENGTH:
Population TCVD risk (30%)  TCVD risk (50%)

Clinical Trial or +CVD (70%):  or +CVD (50%):

Outcome Positive Negative

Lovaza prescribing information, generics available. 2 Omtryg prescribing information 3Vascepa prescribing information.
4Epanova prescribing information. EE: Ethyl Ester; FFA: Free Fatty Acid



Omega 3-Fatty Acids: Multiple Pleiotropic Mechanisms Underlying Clinical Effects?

Decreased TG-Rich Lipoproteins:
(Increased HDL)
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Omega 3-Fatty Acids: Multiple Pleiotropic Mechanisms Underlying Clinical Effects?

Decreased TG-Rich Lipoproteins:
(Increased HDL)
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EPA Incorporation Favorably Alters Membrane Properties

lEicosa pentaenoic Acid
(EPA) e
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Omega-3 fatty acid is
incorporated in
phospholipid at the
sn-2 position
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Docosohexaenoic Acid

T(DHA)

1

Membrane stabilizing
Physiologic holesterol distribution
Decreased lipid oxidation
Decreased cholesterol crystal formation
Modulation of signal pathways

- Inflammation

- Vasoreactivity

Increased membrane fluidity

Increased concentratioOn in brain, eye
Altered lipid domains

Decreased anti-oxidant properties
Decreased cholesterol crystal formation

|

Mason, et al. ATVB. 40: 1135-1147
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Anti-Arrhythmia Omega 3-Fatty Acids
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Anti-Arrhythmia Omega 3-Fatty Acids
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Ventricular Fib/Tachycardia
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Platelets
Platelet Reactivity
: : : / Coagulant balance
Physio-Chemical Properties
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Inflammation Resolution:
Increased Resolvin Mediators:

}nti-lnﬂammatory

Omega 3-Fatty Acids

Altered
Prostaglandin Synthesis




®

Invited review article

Omega-6 fatty acid

Allergology International _r
Volume 64, Issue 1, January 2015, Pages 27-34

Role of omega-3 fatty acids and their metabolites

in asthma and allergic diseases

Jun Miyata 22 &, Makoto Arita ® ®
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Inflammation Resolution:
Increased Resolvin Mediators:

}nti-lnﬂammatory
Endogenous

Omega 3-Fatty Acids
PPARa

0000 0006000 Activation
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PPARa Exerts Antiatherogenic Effects via Multiple Vascular Targets

PPARa Activation Limits Atherogenesis
Via Multiple Vascular and Inflammatory Targets

Monocyte adhesion
and migration

Endothelial — .
Adhesion molecules

LDL Monocyte
s

/

i Endothelin 1
Cytokines
fl ti
e \/SMC g XIBgArzma ion
* Monacytes/MP ! Tissue Factor
e Lymphocytes e
Cholesterol transport VSM cell
LDL  mMacrophage proliferation
Foam ~ and
“cell migration

VSM cell

Plutzky et al JACC 2005, Circ 2007




Endogenous PPAR Ligand

PNAS 2003

Circ Res 2006

PPARga. Activation Limits Atherogenesis
Via Multiple Vascular and Inflammatory Targets

Lipoprotein

LDL Monocyte Monoqyte gdhesion

/ = — and migration
Sl o < 3 * + Adhesion molecules

S « | Endothelin 1
* | Cytokines
* | Inflammation
|« + ABCA1

* + Tissue Factor

Cytoplasm

Nucleus

ot PPAR Cholesterol t i VSM cell
’:0\ o ,,f‘-%?- er“;)ac::pr:‘s;z: proliferation
EPA?  L9%) - “and
% . migration
5:-‘...: 4 VSM cell

< |

AN

PPAR gene regulation differs in response to distinct ligands

« VLDL hydrolysis by LPL releases specific fatty acids.

 PPARa activation by LPL/VLDL differs from fibrates.
JBC 2004 « Mechanism for TG genetic athero-protection:
ATVB 2006 LPL gain of function, ApoC3 loss of function.

« Mechanism for EPA vascular + inflammatory effects?




APQOCJ3 mutation carriers
have 40% LOWER risk for CHD

ApoC3: Endogenous LPL Inhibitor
Consistent with:

- Increased LPL action
- Increased ENDOGENOUS PPARa ligand generation

IPM AA 0.62 [0.12, 2]

ATVB+Verona EA  0.43 [0.17, 1]

Ottawa EA 0.35 [0.066, 1.2]

PROCARDISEA 056 [0.23, 1.3]

HUNT EA 0.86 [0.24, 3]

GoDARTS CAD EA 0 [0, 1.4]

EPIC CAD EA 1 [0.11, 4.8]

FIA3 EA 0 [0, 0.36] 0.0015 —
German CAD EA  0.54 [0.33, 0.86] 0.0068 ——
WTCCC EA 0.98 [0.47, 2] 1

All 0.6 [0.47,0.75] 0.0000041 -

4 5

odds ratio, 95% CI

TG and HDL Working Group of the Exome Sequencing Project, National Heart, Lung, and Blood Institute.
N Engl J Med 2014;371:22-31.




Do CV Benefits of EPA Alone Derive from the Absence of DHA?
DHA vs EPA: Differing Nuclear Receptor Activation

DHA is an RXR Ligand; Untoward Effects of RXR Activation?

oxysterols
a <

<
BPoR e <

SCD, UCP1,

cell differentiation
ABCG1, ABCA1

ApoE, SREBP-1c

<> 9c-RA, other retinoids

ANAAANN "
RXR, COUP-TF1, DHA

HNF-4

D,
i o | PBREM, PPRE-like RXR: Partner for many
<

< CYP2B, L-PBE nuclear rece ptOrS-

[ Eicosanoids
(LTB,, 8s-HETE,
15d-PGJ,) PPARaresponsive genes:
ACS2, AOX, L-PBE, 3-KATZ2, PTE-1b, CYP2B, A6D

PPARyresponsive genes: CD36, PEPCK, aP2 n omega-3 fatty acids and the

PPARS responsive genes: view of the independent and
L-PBE, UCP2, UCP3, HMG-CS, CD36, B-FABP ects of EPA, DPA and DHA

@ Simon C. Dyall*

Perlmann et al Science 2000



Decreased TG-Rich Lipoproteins:
(Increased HDL)

Omega 3-Fatty Acids

Direct
Anti-Atherosclerotic Effects




Triglyceride-Rich Lipoproteins Increase Cholesterol Delivery to Macrophages and the Arterial Wall

P Foam Cell Formation

TLRs
TGRLs *PRL
Saturated
Fatty Acids
ApoCill — Leukocyte
Recruitment
Cholesterol
IakLs cam daliver miore
chalesterolfparticle to
macraphages than LOL Iinflammation VCAM-1
Arteriosclerosis, Thrombosis, and Vascular Biology *'-l_
Omega-3
Fatty Acids
BRIEF REVIEW

Emerging Mechanisms of Cardiovascular
Protection for the Omega-3 Fatty Acid
Eicosapentaenoic Acid

R. Preston Mason, Peter Libby, Deepak L. Bhatt

Mason, et al. ATVB. 40: 1135-1147, 2020




EPA: Potential Direct Effects On Atherosclerosis

Plaque formation/progression
Inflammation Platelet aggregation
Cytokine production Thrombus formation
Plaque rupture

Ll
I‘ : ¥ ;;.5
e M
‘o-‘ >

Endothelial function
Oxidative stress
Foam cell formation

Necrotic core
TG-rich /
lipoprotein gy =
O , ”

CE-rich \ @  SMC-derived @ ”

- remnant 9> .. foam cells 4 /

& Macrobhage foam cell

e - A
e Effect of Vascepa (icosapent ethyl) on progression of coronary
S atherosclerosis in patients with elevated triglycerides (200-499
mg/dL) on statin therapy: Rationale and design of the
EVAPORATE study

Matthew Budoff, J. Brent Muhlestein, Viet T. Le, Heidi T. May, Sion Roy, John R. Nelson =4




Biology of Omega-3 Fatty Acids in Cardiovascular Disease:

What We Know

Decreased TG-Rich Lipoproteins:
(Increased HDL)

: EPA
Other Direct

/ Omega 3-Fatty Acids
Anti-Arrhythmia

Inflammation Resolution:

Ncreased Resolvin Mediators

Anti-Inflammatory

Anti-Atherosclerotic Effects

Physio-Chemical Properties

Endogenous
PPARa
Activation

Anti-Thrombotic

What We Need to Find Out /

Altered

Prostaglandin Synthesis

New Era of Lipid Biology and CV Risk Reduction




Exogenous Endogenous

Dietary lipids
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ApoC-Illl and ApoA-V in Plasma Triglyceride Metabolism

Hepatic Lipoprotein
Receptors

Atherosclerotic
Plaque

Small Intestine

Khetarpal, Rader ATVB 2015;35:e3-e9



Fatty Acid
Transport

PPAR Res 2014:432647
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Atherogenic Dyslipidemia
« 1 TG/VLDL-C

- 1SD LDL/1LDL-P
| HDL-C & Apo A-I
* TF Free FAs

entral NN A .
idi;osity ‘EDL;‘: IHDL P S |
FrA/TG | DO AT

MVLDL

FFA/TG Synthesis
and

Fructose
(glucose)

Fatty liver & ’]‘VLDL synthesis are
key to TMTG

TG
J LDL size

IL-/_epatic
@ pase 6 % Apo B & LDL-P

Apo=apolipoprotein; CETP=CE transfer protein; FFA=free fatty acid; HDL=high-density lipoprotein; HDL-C=HDL cholesterol; HDL-P=HDL
particle; LDL=low-density lipoprotein; LDL-P=LDL particle; SD=small dense; VLDL=very-low-density lipoprotein; VLDL-C=VLDL cholesterol.




Preferential Incorporation of Administered Eicosapentaenoic Acid Into Thin-Cap
Atherosclerotic Plaques
Tomohito Sato, Makoto Horikawa, Shiro Takei, Fumiyoshi Yamazaki, Takashi K. lto, Takeshi Kondo, Takanobu Sakurai, Tomoaki Kahyo,

Koji lkegami, Shumpei Sato, Ryota Sato, Yasutaka Jinno, Hiroyuki Kawano, Satoko Naoe, Makoto Arita, Yukiyasu Kashiwagi,
Mitsutoshi Setou

Originally published 1 Aug 2019 | https://doi.org/10.1161/ATVBAHA.119.313093 | Arteriosclerosis, Thrombosis, and Vascular Biology. 2019;39:1802-1816
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Use of Omega-3 Fatty Acids
In Patients with Diabetes

Deepak L. Bhatt, MD, MPH

Executive Director of Interventional Cardiovascular Programs,
Brigham and Women’s Hospital Heart and Vascular Center
Professor of Medicine, Harvard Medical School
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Low Dose Omega-3 Mixtures Show

No Significant Cardiovascular Benefit

No. of Events (%)

Source Treatment Control Rate Ratios (Cl)
Coronary heart disease
Nonfatal myocardial infarction 1121 (2.9) 1155 (3.0) 0.97 (0.87-1.08)
Coronary heart disease 1301 (3.3) 1394 (3.6) 0.93 (0.83-1.03)
Any 3085 (7.9) 3188 (8.2) 0.96 (0.90-1.01)
P=.12
Stroke
Ischemic 574 (1.9) 554 (1.8) 1.03 (0.88-1.21)
Hemorrhagic 117 (0.4) 109 (0.4) 1.07 (0.76-1.51)
Unclassified/other 142 (0.4) 135 (0.3) 1.05 (0.77-1.43)
Any 870 (2.2) 843 (2.2) 1.03 (0.93-1.13)
P=.60
Revascularization
Coronary 3044 (9.3) 3040 (9.3) 1.00 (0.93-1.07)
Noncoronary 305 (2.7) 330 (2.9) 0.92 (0.75-1.13)
Any 3290 (10.0) 3313 (10.2) 0.99 (0.94-1.04)
P=.60
Any major vascular event 5930 (15.2) 6071 (15.6) 0.97 (0.93-1.01)

P=.10

Adapted with permission” from Aung T, Halsey J, Kromhout D, et al. Associations of omega-3 fatty acid supplement use with
cardiovascular disease risks: Meta-analysis of 10 trials involving 77917 individuals. JAMA Cardiol. 2018;3:225-234. ['https://creativecommons.org/licenses.org/by-nc/4.0/]
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Contrasting Effects of EPA and DHA

& o
EPA "oy Pyt DHA ¥ &

d sn-2 position go
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DHA incorporated
in phospholipid at
sn-2 position

o
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\ * Preserves membrane structure and
Free normal distribution of cholesterol
cholesterol

* Inhibits lipid oxidation and related
cholesterol crystal formation

* Influences signal transduction pathways
related to inflammation and vasodilation

Mason RP, Libby P, Bhatt DL. Arteriosclerosis, Thrombosis, and Vascular Biology 2020.

CINATI QU R

DHA

* Increases membrane fluidity and
promotes lipid domain changes

* Has reduced antioxidant activity due to
lipid disordering effects

e |s concentrated in brain and retinal
membranes




REDUCE'IT DeSign reduce-it

Key Inclusion Criteria Icosapent Primary Endpoint
» Statin-treated men Ethvl 4 months, End-of-study i
Lead-in : y ——| 12months, F—| follow-up Time from
and women 245 yrs 1:1 4 a/d lly visit randomization to the
. * Statin Randomization Sl annually !

* Established CVD stabilization with (n=4089) first occurrence of
(~70% of patients)or Modicati L | continuation of composite of CV death,
DM + 21 risk factor * Medication

washout stable statin nonfatal Ml, nonfatal
* TG 2150 mg/dL and therapy P End-of-study stroke, coronary
* * Lipid 5 -of- L
<500 mg/dL qlf’aliﬁcation (N=8179) Placebo | .| omonihs, ——|  follow-up revafcsl'ar'zat.'on’

* LDL-C >40 mg/dL (n=4090) annually visit unstable angina

and <100 mg/dL requiring hospitalization
<+<—— Screening Period > < Double-Blind Treatment/Follow-up Period >
I T 1
Randomization End of Study
Year 0 » Up to 6.2 yearst
Months -1 Month 0—4 — 12 —— Every 12 months >
Visit 1 2-3 4 5 6 7 8 9 » Final Visit

Lab values Screening Baseline

v

*Due to the variability of triglycerides, a 10% allowance existed in the initial protocol, which permitted patients to be enrolled with qualifying triglycerides 2135 mg/dL.
Protocol amendment 1 (May 2013) changed the lower limit of acceptable triglycerides from 150 mg/dL to 200 mg/dL, with no variability allowance.

TMedian trial follow-up duration was 4.9 years (minimum 0.0, maximum 6.2 years).

Adapted with permission* from Bhatt DL, Steg PG, Brinton EA, et al; on behalf of the REDUCE-IT Investigators. Rationale and design of REDUCE-IT: Reduction of
Cardiovascular Events with Icosapent Ethyl-Intervention Trial. Clin Cardiol. 2017;40:138-148. REDUCE-IT ClinicalTrials.gov number, NCT01492361.
[*https://creativecommons.org/licenses/by-nc/4.0/]



Primary and Key Secondary Composite reduce-it
Endpoints

Primary Composite Endpoint: Key Secondary Composite Endpoint:
CV Death, MI, Stroke, Coronary Revasc, Unstable Angina CV Death, MI, Stroke
307 Hazard Ratio, 0.75 28.3% 307 Hazard Ratio, 0.74
(95% Cl, 0.68-0.83) (95% ClI, 0.65-0.83)
@ RRR = 24.8% Placebo @ RRR = 26.5%
9; ARR =4.8% 9; ARR = 3.6% 20.0%
o 204 NNT =21 (95% Cl, 15-33) & 204 NNT =28 (95% ClI, 20-47) 7o
> >
E P=0.00000001 23.0% L:‘% P=0.0000006 Placebo
= s
i Icosapent Ethyl z 16.2%
= 10- £ 10 ]
Q Q@
& & Icosapent Ethyl
0 I I I I I O I I I I I
0 1 2 3 4 5 0 1 2 3 4 5
Years since Randomization Years since Randomization

Bhatt DL, Steg PG, Miller M, et al. N Engl J Med. 2019; 380:11-22. Bhatt DL. AHA 2018, Chicago.



First and Subsequent Events — Full Data reduce-it

TOTAL EVENTS

RR 0.69
- 31% Reduction in Total Events
o 2,000 - | (95% Cl, 0.61-0.77) °
g 1,724 P=0.0000000004
Ll
- 24 Events No. of
3 L T~ RRO6 Fewer
2 1,500 176 (95% Cl, 0.36-0.60) Cases
c
L 3" Events 1,185 -539
% 463 HR 0.70 \ 85 99
o (95% Cl, 0.59-0.83) -
g- 1,000 - \ ond E o >0 80
S vents
o HR0.68 —— 299 -164
- (95% Cl, 0.60-0.77)
£
o 500
- 901 T {stEvents
- HR0.75 — 705 -196
3 (95% CI, 0.68-0.83)
= P=0.00000002
z 0
Placebo lcosapent Ethyl
[N=4090] [N=4089]
Full Dataset Event No. 1st 2nd 3rd >4 Note: WLW method for the 15t events,

2 events, and 3 events categories;
Negative binomial model for 24t events

Bhatt DL, Steg PG, Miller M, et al. J Am Coll Cardiol. 2019;73:2791-2802. Bhatt DL. ACC 2019, New Orleans. and overall treatment comparison.
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Number of Baseline Anti-Diabetes

reduce-it
DIABETES
Medications: Diabetes Subgroup
Anti-Diabetes Medications Taken at Icosapent Ethyl Placebo Overall
Baseline, n (%) (N=2394) (N=2393) (N=4787)
No Anti-Diabetes Medications 221 (9.2) 208 (8.7) 429 (9.0)
Anti-Diabetes Medications 2173 (90.8) 2185 (91.3) 4358 (91.0)
One Anti-Diabetes Medication 951 (39.7) 1038 (43.4) 1989 (41.6)
Two Anti-Diabetes Medication 806 (33.7) 792 (33.1) 1598 (33.4)
Three Anti-Diabetes Medication 347 (14.5) 288 (12.0) 635 (13.3)
Four or more Anti-Diabetes Medications 69 (2.9) 67 (2.8) 136 (2.8)

Note: Percentages were based on the number of patients randomized to each treatment group in the ITT population with diabetes at baseline (N).

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).



Time to First and Total Primary and reduce-it

Key Secondary Endpoint Events: T
Diabetes Subgroup: N=4787

Primary Composite Endpoint
0.6 1

0.5+
0.4
0.3+

0.2

Cumulative Events per Patient

0.1+

0.0 T T T T I
0 1 2 3 4 5
Years Since Randomization

Placebo: Total Events

Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events

. . . . Total events analyses are based on reduced dataset accounting for statistical handling
Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual). of multiple endpoints occurring in a single calendar day by counting as a single event.



Time to First and Total Primary and reduce-it

Key Secondary Endpoint Events: T
Diabetes Subgroup: N=4787

Primary Composite Endpoint

0.6
) 0.5 7
c
2
©
o
= 041
]
o
2
o

0.3
it HR, 0.77
2 _ (95% Cl, 0.68-0.87)
S 02 P=0.00005
£
=
(&)

0.1+

/
o
0.0 T T T T I
0 1 2 3 4 5
Years Since Randomization
Placebo: Total Events Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events

. . . . Total events analyses are based on reduced dataset accounting for statistical handling
Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual). of multiple endpoints occurring in a single calendar day by counting as a single event.



Time to First and Total Primary and reduce-it

Key Secondary Endpoint Events: T
Diabetes Subgroup: N=4787

Primary Composite Endpoint

0.6
51.6%

) 0.5 7
c
2
©
o
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]
o
2
o

0.3
it HR, 0.77
2 _ (95% Cl, 0.68-0.87)
S 029 P=0.00005
£
=
(&)

0.1+

/
e
0.0 T T T T I
0 1 2 3 4 5
Years Since Randomization
Placebo: Total Events Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events

. . . . Total events analyses are based on reduced dataset accounting for statistical handling
Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual). of multiple endpoints occurring in a single calendar day by counting as a single event.



Time to First and Total Primary and reduce-it

Key Secondary Endpoint Events: T
Diabetes Subgroup: N=4787

Primary Composite Endpoint

0.6
51.6%

w 05 RR, 0.77
c
2 (95% ClI, 0.66-0.88)
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% 0.4 38.9% P=0.0003
8
2
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5 o021 P=0.00005
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/
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Years Since Randomization
Placebo: Total Events Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events

. . . . Total events analyses are based on reduced dataset accounting for statistical handling
Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual). of multiple endpoints occurring in a single calendar day by counting as a single event.



Time to First and Total Primary and reduce-it

Key Secondary Endpoint Events: T
Diabetes Subgroup: N=4787

Primary Composite Endpoint Key Secondary Composite Endpoint

0.6 1 0.6 1

51.6%

= 057 RR, 0.77 w 057
2 (95% Cl, 0.66-0.88) @
© — ©
T 041 38.9% P=0.0003 & 4
2 )]
o o
£ @
§ 0.3 § 0.3
w HR, 0.77 o
2 | (95% Cl,0.68-0.87) 2
5 %% P=0.00005 8 o2-
g £
S 3

0.1 0.1+

7
0.0 T T T T T 0.0 T T T T I
0 1 2 3 4 5 0 1 2 3 4 5
Years Since Randomization Years Since Randomization

Placebo: Total Events

Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events

. . . . Total events analyses are based on reduced dataset accounting for statistical handling
Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual). of multiple endpoints occurring in a single calendar day by counting as a single event.



Time to First and Total Primary and reduce-it

Key Secondary Endpoint Events:
Diabetes Subgroup: N=4787

Primary Composite Endpoint Key Secondary Composite Endpoint

0.6 - 0.6 -

51.6%

= 057 RR, 0.77 = 057
8 (95% Cl,0.66-0.88) 2
© — ©
& 04 38.9% P=0.0003 & 04
Q Q
Q. Q.
a a8
S 03 S 03
a HR, 0.77 o
g ' (95% Cl, 0.68-0.87) £
5 o2 P=0.00005 8 02 HR, 0.70
g g (95% CI,0.60-0.81)
3 o P=0.000003

0.1- 0.1-

Z -
0.0 T T T T I 0.0 T T T T I
0 1 2 3 4 5 0 1 2 3 4 5
Years Since Randomization Years Since Randomization

Placebo: Total Events

Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events

. . . . Total events analyses are based on reduced dataset accounting for statistical handling
Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual). of multiple endpoints occurring in a single calendar day by counting as a single event.



Time to First and Total Primary and reduce-it

Key Secondary Endpoint Events: T
Diabetes Subgroup: N=4787

Primary Composite Endpoint Key Secondary Composite Endpoint
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51.6%
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Placebo: Total Events Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events

. . . . Total events analyses are based on reduced dataset accounting for statistical handling
Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual). of multiple endpoints occurring in a single calendar day by counting as a single event.



Time to First and Total Primary and reduce-it

Key Secondary Endpoint Events:
Diabetes Subgroup: N=4787

Primary Composite Endpoint Key Secondary Composite Endpoint
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51.6%

w 05- RR, 0.77 o 05-
3 (95% Cl, 0.66-0.88) @
© — ©
R 38.9% P=0.0003 R
8 3
2 2 RR, 0.71
S 034 3 034 30.1%  (95% Cl,0.60-0.84)
" HR, 0.77 o
w y Ve L P=0.00005
2 ' (95% Cl,0.68-0.87) £
5 %] P=0.00005 & o2 "I HR, 0.70
= = 21.2% Y (95% CI,0.60-0.81)
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Placebo: Total Events Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events

. . . . Total events analyses are based on reduced dataset accounting for statistical handling
Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual). of multiple endpoints occurring in a single calendar day by counting as a single event.



Prespecified Hierarchical Testing: reduce-it
Diabetes Subgroup

Risk
Hazard Ratio Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
Endpoint (95% CI) n/N (%) n/N (%)
Primary Composite Endpoint —— 433/2394 (18.1%) 536/2393 (22.4%) 0.77 (0.68-0.87) 23% <0.0001
0.4 0.6 1 2
< >

Icosapent Ethyl Better Placebo Better

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).



Prespecified Hierarchical Testing: reduce-it
Diabetes Subgroup

Risk
Hazard Ratio Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
Endpoint (95% CI) n/N (%) n/N (%)
Primary Composite Endpoint —— 433/2394 (18.1%) 536/2393 (22.4%) 0.77 (0.68-0.87) 23% <0.0001
Key Secondary Composite Endpoint —— 286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
0.4 0.6 1 2
< >

Icosapent Ethyl Better Placebo Better

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).



Prespecified Hierarchical Testing: reduce-it
Diabetes Subgroup

Risk

Hazard Ratio Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
Endpoint (95% CI) n/N (%) n/N (%)
Primary Composite Endpoint —— 433/2394 (18.1%) 536/2393 (22.4%) 0.77 (0.68-0.87) 23% <0.0001
Key Secondary Composite Endpoint —— 286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
Cardiovascular Death or o o .
Nonfatal Myocardial Infarction el 243/2394 (10.2%) 324/2393 (13.5%) 0.72(0.61-0.85) 28% <0.0001

04 0.6 1 2
< >

Icosapent Ethyl Better Placebo Better

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).



Prespecified Hierarchical Testing:
Diabetes Subgroup

Endpoint
Primary Composite Endpoint

Key Secondary Composite Endpoint

Cardiovascular Death or
Nonfatal Myocardial Infarction

Fatal or Nonfatal Myocardial Infarction

0.4

reduce-it
DIABETES
Relative
Risk
Hazard Ratio Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
(95% Cl) n/N (%) n/N (%)
i 433/2394 (18.1%) 536/2393 (22.4%) 0.77(0.68-0.87) 23% <0.0001
e 286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
e 243/2394 (10.2%) 324/2393 (13.5%) 0.72(0.61-0.85) 28% <0.0001
el 147/2394 (6.1%) 212/2393 (8.9%) 0.67 (0.54-0.83) 33%, 0.0002

0.6

2

<

Icosapent Ethyl Better

>

Placebo Better

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).



Prespecified Hierarchical Testing:
Diabetes Subgroup

Endpoint
Primary Composite Endpoint

Key Secondary Composite Endpoint

Cardiovascular Death or
Nonfatal Myocardial Infarction

Fatal or Nonfatal Myocardial Infarction

Urgent or Emergent Revascularization

0.4

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).

Hazard Ratio
(95% CI)

+
+
+
+
+

0.6

reduce-it
DIABETES
Relative
Risk
Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
n/N (%) n/N (%)

433/2394 (18.1%) 536/2393 (22.4%) 0.77(0.68-0.87) 23% <0.0001
286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
243/2394 (10.2%) 324/2393 (13.5%) 0.72(0.61-0.85) 28% <0.0001
147/2394 (6.1%) 212/2393 (8.9%) 0.67 (0.54-0.83) 33% 0.0002
136/2394 (5.7%) 173/2393 (7.2%) 0.76 (0.61-0.95) 24% 0.02

2

<

Icosapent Ethyl Better

>

Placebo Better



reduce-it
DIABETES

Prespecified Hierarchical Testing:
Diabetes Subgroup

Relative
Risk

Hazard Ratio Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
Endpoint (95% CI) n/N (%) n/N (%)
Primary Composite Endpoint —— 433/2394 (18.1%) 536/2393 (22.4%) 0.77 (0.68-0.87) 23% <0.0001
Key Secondary Composite Endpoint —— 286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
Cardiovascular Death or o o 5 ’ . ’
Nonfatal Myocardial Infarction e 243/2394 (10.2%) 324/2393 (13.5%) 0.72(0.61-0.85) 28% <0.000
Fatal or Nonfatal Myocardial Infarction e 147/2394 (6.1%) 212/2393 (8.9%) 0.67 (0.54-0.83) 33% 0.0002
Urgent or Emergent Revascularization i 136/2394 (5.7%) 173/2393 (7.2%) 0.76 (0.61-0.95) 24% 0.02
Cardiovascular Death e 123/2394 (5.1%) 151/2393 (6.3%) 0.79(0.62-1.00) 21% 0.05

0.4 0.6 1 2

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).

<

Icosapent Ethyl Better

>

Placebo Better



reduce-it
DIABETES

Prespecified Hierarchical Testing:
Diabetes Subgroup

Relative
Risk

Hazard Ratio Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
Endpoint (95% CI) n/N (%) n/N (%)
Primary Composite Endpoint —— 433/2394 (18.1%) 536/2393 (22.4%) 0.77 (0.68-0.87) 23% <0.0001
Key Secondary Composite Endpoint —— 286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
Cardiovascular Death or o o .
Nonfatal Myocardial Infarction e 243/2394 (10.2%) 324/2393 (13.5%) 0.72(0.61-0.85) 28% <0.0001
Fatal or Nonfatal Myocardial Infarction e 147/2394 (6.1%) 212/2393 (8.9%) 0.67 (0.54-0.83) 33% 0.0002
Urgent or Emergent Revascularization i 136/2394 (5.7%) 173/2393 (7.2%) 0.76 (0.61-0.95) 24% 0.02
Cardiovascular Death i 123/2394 (5.1%) 151/2393 (6.3%) 0.79(0.62-1.00) 21% 0.05
Hospitalization for Unstable Angina = 72/2394 (3.0%) 74/2393 (3.1%) 0.96 (0.69-1.33) 4% 0.81

0.4 0.6 1 2

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).

<

Icosapent Ethyl Better

>

Placebo Better



Prespecified Hierarchical Testing:
Diabetes Subgroup

Endpoint
Primary Composite Endpoint

Key Secondary Composite Endpoint

Cardiovascular Death or
Nonfatal Myocardial Infarction

Fatal or Nonfatal Myocardial Infarction
Urgent or Emergent Revascularization
Cardiovascular Death

Hospitalization for Unstable Angina

Fatal or Non-Fatal Stroke

0.4

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).

Hazard Ratio

<

(95% Cl)
S —
+
+
+
+
*
i
i
0.6 1

reduce-it
DIABETES
Relative
Risk
Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
n/N (%) n/N (%)

433/2394 (18.1%) 536/2393 (22.4%) 0.77(0.68-0.87) 23% <0.0001
286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
243/2394 (10.2%) 324/2393 (13.5%) 0.72(0.61-0.85) 28% <0.0001
147/2394 (6.1%) 212/2393 (8.9%) 0.67 (0.54-0.83) 33% 0.0002
136/2394 (5.7%) 173/2393 (7.2%) 0.76 (0.61-0.95) 24% 0.02
123/2394 (5.1%) 151/2393 (6.3%) 0.79(0.62-1.00) 21% 0.05
72/2394 (3.0%) 74/2393 (3.1%) 0.96 (0.69-1.33) 4% 0.81
62/2394 (2.6%) 92/2393 (3.8%) 0.65(0.47-0.90) 35% 0.009

2

Icosapent Ethyl Better

>

Placebo Better



Prespecified Hierarchical Testing:
Diabetes Subgroup

Endpoint
Primary Composite Endpoint

Key Secondary Composite Endpoint

Cardiovascular Death or
Nonfatal Myocardial Infarction

Fatal or Nonfatal Myocardial Infarction
Urgent or Emergent Revascularization
Cardiovascular Death

Hospitalization for Unstable Angina

Hazard Ratio
(95% CI)

+
+
+
+
+
*

Fatal or Non-Fatal Stroke

Total Mortality/Nonfatal Myocardial Infarction,
or Nonfatal Stroke

0.4
<

0.6 1

reduce-it
DIABETES
Relative
Risk
Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
n/N (%) n/N (%)

433/2394 (18.1%) 536/2393 (22.4%) 0.77 (0.68-0.87) 23% <0.0001
286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
243/2394 (10.2%) 324/2393 (13.5%) 0.72(0.61-0.85) 28% <0.0001
147/2394 (6.1%) 212/2393 (8.9%) 0.67 (0.54-0.83) 33% 0.0002
136/2394 (5.7%) 173/2393 (7.2%) 0.76 (0.61-0.95) 24% 0.02
123/2394 (5.1%) 151/2393 (6.3%) 0.79(0.62-1.00) 21% 0.05
72/2394 (3.0%) 74/2393 (3.1%) 0.96 (0.69-1.33) 4% 0.81
62/2394 (2.6%) 92/2393 (3.8%) 0.65(0.47-0.90) 35% 0.009
335/2394 (14.0%) 435/2393 (18.2%) 0.73(0.64-0.84) 27% <0.0001

2

Icosapent Ethyl Better

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).

>

Placebo Better



Prespecified Hierarchical Testing:
Diabetes Subgroup

Endpoint
Primary Composite Endpoint

Key Secondary Composite Endpoint

Cardiovascular Death or
Nonfatal Myocardial Infarction

Fatal or Nonfatal Myocardial Infarction

Urgent or Emergent Revascularization

Cardiovascular Death

Hospitalization for Unstable Angina

Hazard Ratio
(95% CI)

+
+
+
+
+
*

Fatal or Non-Fatal Stroke

Total Mortality/Nonfatal Myocardial Infarction,
or Nonfatal Stroke

Total Mortality

0.4
<

0.6 1

reduce-it
DIABETES
Relative
Risk
Icosapent Ethyl Placebo Hazard Ratio (95% Cl) Reduction P-value
n/N (%) n/N (%)

433/2394 (18.1%) 536/2393 (22.4%) 0.77(0.68-0.87) 23% <0.0001
286/2394 (11.9%) 391/2393 (16.3%) 0.70(0.60-0.81) 30% <0.0001
243/2394 (10.2%) 324/2393 (13.5%) 0.72(0.61-0.85) 28% <0.0001
147/2394 (6.1%) 212/2393 (8.9%) 0.67 (0.54-0.83) 33% 0.0002
136/2394 (5.7%) 173/2393 (7.2%) 0.76 (0.61-0.95) 24% 0.02
123/2394 (5.1%) 151/2393 (6.3%) 0.79(0.62-1.00) 21% 0.05
72/2394 (3.0%) 74/2393 (3.1%) 0.96 (0.69-1.33) 4% 0.81
62/2394 (2.6%) 92/2393 (3.8%) 0.65(0.47-0.90) 35% 0.009
335/2394 (14.0%) 435/2393 (18.2%) 0.73(0.64-0.84) 27% <0.0001
180/2394 (7.5%) 202/2393 (8.4%) 0.86 (0.71-1.06) 14% 0.15

2

Icosapent Ethyl Better

Bhatt DL, Brinton EA, Miller M, et al. ADA 2020, Chicago (virtual).

>

Placebo Better



Time to First and Total Primary Endpoint reduce-it
Events by CV Risk Category and Diabetes
Status at Baseline

Patients without Established CVD
With Diabetes and Other Risk Factors
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2
®
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o
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Placebo: Total Events Icosapent Ethyl: Total Events Placebo: First Events Icosapent Ethyl: First Events
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Safety: Diabetes Subgroup reduce-it

DIABETES

Safety was generally consistent with the full study, including
increases in atrial fibrillation/flutter (3.5% vs 2.2%; p=0.13) and
bleeding (13.1% vs 10.9%; p=0.02).

Serious bleeding was not significantly different (3.2% vs 2.5%;
p=0.19).

There were no meaningful between-group differences in HbA1c or
glucose control across study visits, including placebo-corrected
median changes from baseline to year 1 for HbA1c (0%, p=0.19)
and glucose (-0.06 mmol/L, p=0.34).



Conclusions rYeduce-it

DIABETES

Compared with placebo, icosapent ethyl 4g/day significantly reduced both first
and total primary endpoint events in patients with diabetes at baseline by 23%
and 24%, respectively.

For the key secondary endpoint of hard MACE, reductions for first and total
events were 30% and 29%, respectively.

Reductions were consistent and robust across the prespecified hierarchy of
endpoints, among patients with diabetes with or without cardiovascular disease,
as well as those with established CVD and no diabetes at baseline.

These data highlight the substantial impact of icosapent ethyl on the underlying
atherothrombotic burden in the at-risk REDUCE-IT population, both in those
with but also in those without diabetes mellitus.
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