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Omega-3 PUFAs Composition

Plant n-3 PUFA
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J Am Coll Cardiol. 2021 Feb 9;77(5):593-608.
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Contents of EPA and DHA in Fishes
| Food | EPA(g/100g) |  DHA(g/100g)

Fish

Salmon, Atlantic farmed
Salmon, Atlantic wild
Herring, Atlantic
Anchovy, canned
Sardines, canned
Mackerel

Cod, Pacific

Fish Oil

Salmon

Sardine

Menhaden

0.86
0.32
0.71
0.76
0.47
0.90
0.042

13.02
10.14
13.17

1.10
1.11
0.86
1.29
0.51
1.40
0.005

18.23
10.66
8.56

J Am Coll Cardiol. 2021 Feb 9;77(5):593-608.



Plasma w-3 Polyunsaturated FA (EPA) and CHD
19 studies, 45’637 patients and 7973 CHD events

No. RR
Study of Cases (95% CI)
Total plasma
HPFS 123 0.95 (0.43-2.10)
KIHD 168 1.00 (0.86-1.17)
NHS | 44 0.80(0.30-2.15)
SCHS 292 0.33(0.14-0.82)
Subtotal 12=47.4%, P=.13 0.80(0.51-1.25)
Phospholipid
CHS 516 0.72 (0.47-1.11)
NSHDS Il 80 0.39(0.19-0.77)
PHS 167 0.92 (0.65-1.31)
EPIC-Norfolk 507 0.89 (0.79-1.00)
MCCS 202 0.91 (0.78-1.06)
MESA 47 0.59(0.27-1.29)
Subtotal 12=33.5%, P=.18 0.85(0.74-0.97)
Adipose tissue
ULSAM 70 74 1.08 (0.86-1.37)
Subtotal 1.08 (0.86-1.37)
Cholesterol esters
ULSAM 50 398 0.97 (0.83-1.14)
Subtotal 0.97 (0.83-1.14)
Overall 12=36.5%, P=.05 0.91 (0.82-1.00)
Total cases 2613
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1.48
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Per each 1-SD increase in

EPA, there is a reduction of
9% of the risk of CHD

JAMA Intern Med. 2016;176(8):1155-1166



Plasma w-3 Polyunsaturated FA (EPA) and CHD

19 studies, 45’637 patients and 7973 CHD events

No. RR
Study of Cases (95% CI)
Total plasma
HPFS 123 0.74 (0.43-1.26)
KIHD 168 0.84 (0.71-1.01)
NHS | 57 0.48 (0.15-1.55)
SCHS 292 0.71 (0.56-0.90)
Subtotal I12=0.0%, P=.57 0.78 (0.69-0.90)
Phospholipid
CHS 516 0.84 (0.76-0.93)
NSHDS I 80 0.67 (0.40-1.13)
PHS 167 1.01 (0.72-1.40)
EPIC-Norfolk 507 0.86 (0.78-0.96)
MCCS 202 0.98 (0.85-1.13)
MESA 47 0.86 (0.65-1.14)
Subtotal 12=0.0%, P=.46 0.88 (0.83-0.93)
Adipose tissue
ULSAM 70 81 0.98 (0.74-1.29)
SHHEC 143 1.00 (0.84-1.18)
Subtotal /12=0.0%, P=.91 0.99 (0.86-1.15)
Cholesterol esters
ULSAM 50 398 1.02 (0.91-1.15)
Subtotal 1.02 (0.91-1.15)
Overall 12=31.2%, P=.002 0.90 (0.84-0.96)
Total cases 2781
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Potential Mechanisms of w-3 PUFAs Protection

T Eff

Altered prostaglandin synthesis

\ C-reactive protein, inflammatory cytokines
Synthesis of resolvins, protectins, maresins

Pl Stabilization Effect e tabilizing Effect
! Foam cells thT; g\:izs Antiarrhythmic actions
! Plaque volume { Cholesterol oxidation

Lipid Effects Anti-thrombotic Effects
¥ Triglyceride-rich ! Cyclooxygenase-2 activity

{ Thromboxane A2
Improved endothelial function

lipoproteins
\ Apolipoprotein B
\ Apolipoprotein C3

J Am Coll Cardiol. 2021 Feb 9;77(5):593-608.



Recommendations for drug treatments of EAS! @13 @ESC
patients with hypertriglyceridaemia (1) European Soclety
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Recommendations Class

Statin treatment is recommended as the first drug of choice for reducing
CVDrisk in high-risk individuals with hypertriglyceridaemia (TG >2.3
mmol/L (>200 mg/dL)).

In high-risk (or above) patients with TG between 1.5and 5.6 mmol/L (135—
499 mg/dL) despite statin treatment, n-3 PUFAs (icosapent ethyl 2 x2 g/day) lla
should be considered in combination with statin.

P PRy ar T 2019 ESC/EAS Guidelinesfor the management of dyslipidaemias lipid modification to reduce

cardiovascularrisk(European Heart Journal 2018 -doi- 10.1093/eurhearti/ehz455)



REDUCE-IT Trial (N=8179)
4 g of EPA (lcosapent ethyl) vs Placebo

* Background of

. rastingTes 134  (TGs) despite maximal statin therapy. Rl
* LDL-C41-100 m bt ethyl

e Patients with A %) A—RiizaancEad Dain
* Mean age 64y, i° Persisting residual CV risks with eIevated triglycerides

changesinTasid ©  |[cOosapent ethyl is a purified omega-3 poly-unsaturated
™1 fatty acid (EPA 4g) that reduced TGs levels without -
decreasing low-density lipoprotein cholesterol (LDL-C).

0%
-5%

-10%

* |n the REDUCE-IT trial, EPA 4g reduced major CV events
by 25% and total CV events by 32%.

O

-15%

Ml,

-20% —
nonfatal stroke, coronary revascularization, or unstable angina

-22%

-25%

N Engl J Med. 2019 Jan 3;380(1):11-22



RR on Major CV Events

Reduction of TGs and CV R

isk Protection
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0.8 4 \
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Circulation. 2019 Oct 15;140(16):1308-1317



0.75
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RR per 1 g/d EPA 0.93 (95%Cl 0.91-0.95, P<0.0001)
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Dosage of EPA vs. DHA and CV Risk Protection
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RR per 1 g/d DHA 0.96 (95%Cl 0.89-1.03, P=0.27)

Marston NA, Circulation. 2019 Oct 15;140(16):1308-1317



Marine Omega-3 Supplementation and CHD

Meta-analysis of 13 Randomized Contro

Study
ID

Excluding REDUCE-IT

Total CHD

GISSI-P —

JELIS —-—:-
GISSI-HF -

DOIT <
SU.FOL.OM3 —_—
Alpha Omega -—h—-
OMEGA —
ORIGIN | il
R&P —h—
AREDS-2 —_—
VITAL —.—5—
ASCEND —+

Subtotal (l-squared = 35.4%, p = 0.107)

REDUCE-IT

Overall (I-squared = 54.7%, p = 0.009)

-

0
<5>

[
2

1 2

RR (95% ClI)

0.87 (0.77, 0.99)
0.78 (0.59, 1.03)
0.96 (0.90, 1.02)
0.91 (0.41, 2.04)
0.90 (0.58, 1.39)
0.95 (0.74, 1.21)
1.15 (0.88, 1.49)
1.09 (0.98, 1.21)
0.96 (0.83, 1.12)
0.76 (0.50, 1.16)
0.83 (0.72, 0.97)
0.89 (0.76, 1.04)

0.95 (0.91, 0.99) 3668/59684

p=0.008

0.77 (0.68, 0.88)
p<0.001

0.93 (0.89, 0.96) 4060/63773 4375/63650 100.00

p<0.001

Events,

Treatment

424/5666
88/9326
1309/3494
11/282
37/1253
120/2404
112/1919
635/6281
310/6239
39/2147
308/12933
275/7740

392/4089

Events,

Control

485/5658
113/9319
1360/3481
12/281
41/1248
128/2433
96/1885
580/6255
324/6266
49/2056
370/12938
310/7740

3868/59560

507/4090

%
Weight

11.08
2.58
311
0.27
0.94
291
221
13.27
7.38
1.14
8.45
7.08

88.42

11.58

led Trials and 127’477 subjects

A mean treatment duration of 5.0
years, 8435 total CHD events

Without REDUCE-IT:
RR 0.95, 95%Cl 0.91-0.99, P=0.008

With REDUCE-IT:
RR 0.93, 95%CI 0.89-0.96, P<0.001.
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Effect of 4 g of EPA on Coronary Plaque

Consent
and Screening

\4

1:1 Randomization
With Continuation

Icosapent Ethyl
4 g/day (n~40)

9-month

Interim Analysis

on Stable Statin
Therapy
(N~80)

Placebo
(n~40)

9-month
Interim Analysis

A 4

18-month
Analysis*

Double-Blind Treatment/Follow-up Period

18-month
Analysis*

»

Baseline Visit
& MDCTA

3-month Visit

9-month Visit
& MDCTA

15-month Visit
(Phone)

18-month Visit
& MDCTA*

Randomized, double-blind, multi-centric, placebo-controlled trial.
Allocation 1:1 Icosapent Ethyl 4 grams/day vs. mineral oil placebo.

Multidetector computed tomography (MDCT) at baseline, at 9-months

(interim) and 18-months (final).
Outcome: Plague volume progression (low-attenuation plaque)
Funded by Amarin Pharma.

Budoff et al. Eur Heart J (2020) doi:10.1093/eurheartj/ehaa652



Coronary CT angiography (CCTA) plaque analysis

Circulation 2020 May 5: 141(18): 1452-1462.

Plaque composition was based on predefined fixed intensity cut-off Hounsfield
units (HU) values of CT attenuation:

Low-attenuation Plaque

e -50to 50 HU for low-attenuation plague => necrotic + vulnerable plaque
. 51-130 HU for fibrofatty plaque.

. 131-350 HU for fibrotic plaque.

e >350 HU for dense calcium.




Changes in Plague with Icosapent Ethyl in EVAPORATE

Primary endpoint of low-attenuation plaque

4g of icosapent ethyl per day demonstrated significantly regression of low-attenuation plaque
volume compared with placebo (mineral oil) over 18 months in the EVAPORATE trial (N=68)

-‘ 20.9 mm3
g s +109% of plague increase
in the mineral oil arm
IPE - | 2
- 6—-8 mm3
Placebo . 5.4 mm3
Baseline interim final

Eur Heart J (2020) doi:10.1093/eurheartj/ehaa652 Cardiovascular Research doi:10.1093/cvr/cvaal84



2021 ESC Prevention Guidelines

Recommendations for drug treatments of patients with hypertriglyceridaemia

In patients taking statins who are at LDL-C goal
brate or bezafibrate may be considered.

Recommendations lass® Level®
with triglycerides >2.3 mmol/L (200 mg/dL), fenofi-

In high-risk (or above) patients with triglycerides

>1.5 mmol/L (135 mg/dL) despite statin treat-

ment and lifestyle measures, n-3 PUFAs (icosa-

pent ethyl 2 x 2 g/day) may be considered in

combination with a statin.**

Statin treatment is recommended as the first
drug of choice for reducing CVD risk in high-risk
individuals with hypertriglyceridaemia [triglycer-
ides >2.3 mmol/L (200 mg/dL)].>*?
.534-536
Eur J Prev Cardiol. 2021 Oct 23:zwab160.

©ESC 2021



REDUCE-IT vs STRENGTH Trials

4 g of EPA (lcosapent ethyl) vs Mineral Oil

4 g of Omega-3 CA (EPA+DHA) vs Corn Oil

Changes in TGs levels from baseline to last visit

Icosapent ethyl Placebo

0%

-5%

-7%

-10%

-15%

-20%

-22%

-25%

-10%

-15%

-25%

Changes in TGs levels from baseline to last visit

Omega-3 CA Placebo

L
-1%

0%

-5%

20% -19%

N Engl ) Med. 2019 Jan 3;380(1):11-22

JAMA. 2020;324(22):2268-2280.




STRENGTH vs REDUCE-IT Trials

We believe that STRENGTH
demonstrates that REDUCE-IT is a
false-positive result.

There is no effect of fish oil on CV
outcomes, just as all of the other
trials have shown. REDUCE-IT we
think is positive because it used a
negative control rather than a
neutral control.

Prof Steven Nissen, Pl of STRENGTH

| think at a certain point it’s just
ridiculous to not believe something.
All omega-3 fatty acids aren’t created
equal. They have different
physiochemical properties, different
biochemical properties, and therefore
could have different effects on

human health in different situations.

Prof Deepak Bhatt, Pl of REDUCE-IT




Risk of Major CV events (%)

30
25
20
15
10

o un

STRENGTH vs REDUCE-IT Trials

Why different results?
Secondary Prevention

HR 0.94 (95%Cl 0.84-1.05) HR 0.73 (95CI 0.65-0.81)
Omega3 Placebo Omega-3 Placebo
25.5

19.3
! .16.6 .

STRENGTH REDUCE-IT




STRENGTH vs REDUCE-IT Trials
Why different results?

* Icosapent ethyl (pure EPA) produces higher EPA Levels?

\LIET Omega-3 CA (STRENGTH) Icosapent ethyl (REDUCE-IT)

value Baseline Follow-up Absolute % Baseline Follow-up Absolute %
(12 Change Change (12 Change Change
months) months)

LBS.04 Presentation at AHA 2020



STRENGTH vs REDUCE-IT Trials

. DHA toxic? Neutralized favorable effects of EPA?

Do Eicosapentaenoic Acid and Docosahexaenoic Acid

Have the Potential to Compete against Each Other?  \tients. 2020 Dec 2:12(12):3718

59 Q"t
EPA { Sla
d“ "P

RN e TR ot
SETNEI e i

Monomeric
cl

Cholesterol crystalline domain
EPA DHA
» More extended structure in membrane « Rapid conformational changes
» Contributes to membrane stability * Increased membrane fluidity
« Inhibits lipid oxidation » Promotes cholesterol domains
« Inhibits cholesterol domain formation » Reduced antioxidant activity

J Am Coll Cardiol. 2021 Feb 9;77(5):593-608.



Placebo in STRENGTH vs. REDUCE-IT

Corn-Qil Mineral oil: safety and use as placebo in REDUCE-IT
and other clinical studies

Fatty acid composition of corn oil comprises a relatively
high level of omega-6 FA (linoleic acid, 58—-62%),

monounsaturated FA (27-28%) and saturated FA. 0 Mineral Oil — _, 0 Light Mineral Oil
~C15 - C50 ~C15-C26

Increasing Purity (Refinement)

Increasing Regulatory Requirements for Manufacturing and Release

'd I A
Technical/ _¥, FoodGrade _¥ Pharmaceutical
Industrial Grade (Direct/indirect Grade
(No food contact) food contact)

« Composed of saturated & * Composed of saturated + Composed of saturated,
branched alkanes, & branched alkanes straight-chain n-alkanes
cycloalkanes, aromatics » Specifications: 21 CFR - Specifications: USP-NF/

« Characterized by 178.3620, 172.878, etc. Ph. Eur. monographs, etc.

. . performance factors Manufactured under cGMP
https.//www.hsph.harvard.edu/nutritionsour (viscosiy, density, boling regulations at facilfies subject o
. . . . . . i ti by the FDA and oth
ce/2014/11/05/dietary-linoleic-acid-and-risk- point, etc.) R roglatory bodtes.
\. AN A

of-coronary-heart-disease/
10.1093/eurheartj/suaall?


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/linoleic-acid

STRENGTH vs REDUCE-IT Trials

Why different results?

* Unfavorable effects of mineral oil placebo control led to exaggerated efficacy of icosapent
ethyl in REDUCE-IT?

Corn Oil Mineral Oil
(STRENGTH) (REDUCE-IT)
TG -0.9% +2.2%
LDL-C -1.1% +10.1%  (+9.0 mg/dL)
ApoB -1.0% +7.8%
hsCRP -6.3% +32.3%  (+0.5 mg/L)

e LDL-C reduction of 38.67 mg/dL is associated with a reduction of MACE by 21%.
=>+ 9 mg/dL equals to a relative increased risk of ~5%

* CRP reduction of 1.6 mg/L is associated with a reduction of MACE by 17%
=>+ 0.5 mg/L equals to a relative increased risk of ~5-6%

=> At least half of the effect size in REDUCE-IT is explained by the mineral oil



Next trial lcosapent ethyl vs. corn oil?

Editor’s Note by Dr Gregory Curfman (JAMA):

«Only a new clinical trial of icosapent ethyl vs corn oil would settle the question definitively,
but this is unlikely to be undertaken. Given the current uncertain state of knowledge, neither
patients nor physicians can be confident that omega-3 fatty acids have any health benefits,
yet in 2019 the global market for omega-3 fatty acids reached 54.1 billion and is expected to
double by 2025. To resolve the discrepancy between STRENGTH and REDUCE-IT, the FDA
should require a postmarketing clinical trial of high-dose icosapent ethyl vs corn oil in
patients at risk for cardiovascular events. This is a critical next step to shed further light on

this perplexing clinical issue and research question.»

JAMA 2020;324(22):2280-2281



Risk of Atrial Fibrillation (AF) in STRENGTH

AF (%) in REDUCE-IT

Atrial Fibrillation

10— N=230 P=0.003

5.3
— Omega-3 CA
— Corn Oil 3.9
8_
HR = 1.69, 95% CI (1.29, 2.21) EPA Placebo
6_
4_

Number Needed to Harm=114 2.2% (N=144)

—

Patients with an Event (%)

it

T | | T |
0 6 12 18 24 30 36 42 48 54

Months from Randomization

Number at Risk
Omega-3 CA 6539 6452 6348 6264 6168 6053 5178 3174 1641 613

Corn Oil 6539 6461 6385 6311 6209 6112 5231 3237 1657 612

LBS.04 Presentation at AHA 2020



Omega-3 Supplements and risk of AF

ORIGINAL RESEARCH ARTICLE Q1%

“ffect of Long-Term Marine -3 Fatty Acids
Supplementation on the Risk of Atrial
-ibrillation in Randomized Controlled Trials of
Cardiovascular Outcomes: A Systematic Review
and Meta-Analysis

Baris Gencer™®, MD, MPH; Luc Djousse, MD, ScD, MPH; Omar T. Al-Ramady, MD; Nancy R. Cook, ScD;
JoAnn E. Manson, MD, DrPH; Christine M. Albert®=, MD, MPH

Circulation 2021 Dec 21;144(25):1981-1990.



Omega-3 Supplements and risk of Atrial Fibrillation

81 210 patients from 7 trials, 2905 incident AF events

HR and 95%CI  Weight

Study with 95% CI (%)
Low dose (=1 gr per day)
VITAL = 1.09[ 0.96, 1.24] 21.85 .
s - (osre; 1Rk Tk Low dose (<1 g/d) of omega-3 trials:
RP i 1.22[0.93, 1.61] 11.43
GISSEHR o 110[ 0.96, 1.26] 21.50 +12% risk of AF events (95%Cl + 3%-22%)
Heterogeneity: T° = 0.00, I = 0.00%, H? = 1.00 @ 1.12[ 1.03, 1.22]
Testof 8,=6:Q(3) =1.28, p=0.73
High dose (> 1 gr per day) Hi . .

igh >1 f omega-3 trials:
STRENGTH —— 1.69[ 1.29, 2.21] 11.70 8 dose ( g/d) of omega-3
REDUCE-IT - 1.35[ 1.1, 1.65] 16.13
OMEMI [——=—— 1.84[098, 3.45] 3.18 + 49% risk of AF events (95%Cl + 4%-46%)
Heterogeneity: 12 = 0.00, I* = 9.90%, H? = 1.11 o 1.49[ 1.04, 2.15]
Testof 8 =6:Q(2) =222, p=0.33
Overall R 1.25[ 1.07, 1.46) M
Heterogeneity: 1° = 0.01, I’ = 54.57%, H* = 2.20
Test of 6,= 6 Q(6) = 13.21,p = 0.04 +25% risk of AF events (95%Cl + 7%-46%)
Test of group differences: Q (1) = 8.82, p =0.00

0.l25 O.ISO 1.00 2.60 4.60
Random-effects DerSimonian-Laird model
Knapp-Hartung standard errors

Circulation 2021 Dec 21;144(25):1981-1990.



Omega-3 Supplements and risk of Atrial Fibrillation

81 210 patients from 7 trials, 2905 incident AF events
Meta-regression

GISSI-HF,

Bubble plot
(,Q = o OMEM'
© STRENGTH
tr. -
o REDUCE-IT
= ASCEND
i
L ™ rp ©
L=

HR per 1 grincrease 1.11 (95%CI 1.06-1.15, P=0.001)

Residual heterogeneity 12=0.00%, P=0.54

I I

2 3
Omega-3 g/day

95% CI + Studies
Linear prediction

Weights: Inverse-variance

I J

4 5

+ 11% risk of Afib per 1 gr
Increase in omega-3
supplements (P=0.001)

Circulation 2021 Dec 21;144(25):1981-1990.



Conclusion

Guidelines recommend =2 servings per week of fish

Marine omega-3 supplementation may reduce the risk of CV disease in some patients,
especially with a higher dosage

Marine omeage-3 supplementation in doses of 2 to 4 g/day lower blood triglycerides
levels

The potential risk of developing atrial fibrillation should be discussed with the patients
when prescribing marine omega-3 supplementation, especially when prescribing a higher
dosage.



Merci pour votre attention




