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Visual Abstract

IMPORTANCE It remains uncertain whether the omega-3 fatty acids eicosapentaenoic acid [ Editorial page 2262 and
(EPA) and docosahexaenoic acid (DHA) reduce cardiovascular risk. Editor's Note page 2280
OBJECTIVE To determine the effects on cardiovascular outcomes of a carboxylic acid Supplemental content

formulation of EPA and DHA (omega-3 CA) with documented favorable effects on lipid and
inflammatory markers in patients with atherogenic dyslipidemia and high cardiovascular risk.

DESIGN, SETTING, AND PARTICIPANTS A double-blind, randomized, multicenter trial
(enrollment October 30, 2014, to June 14, 2017; study termination January 8, 2020; last
patient visit May 14, 2020) comparing omega-3 CA with corn oil in statin-treated participants
with high cardiovascular risk, hypertriglyceridemia, and low levels of high-density lipoprotein
cholesterol (HDL-C). A total of 13 078 patients were randomized at 675 academic and
community hospitals in 22 countries in North America, Europe, South America, Asia,
Australia, New Zealand, and South Africa.

INTERVENTIONS Participants were randomized to receive 4 g/d of omega-3 CA (n = 6539) or
corn oil, which was intended to serve as an inert comparator (n = 6539), in addition to usual
background therapies, including statins.

MAIN OUTCOMES AND MEASURES The primary efficacy measure was a composite of
cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary
revascularization, or unstable angina requiring hospitalization.

RESULTS When 1384 patients had experienced a primary end point event (of a planned 1600
events), the trial was prematurely halted based on an interim analysis that indicated a low
probability of clinical benefit of omega-3 CA vs the corn oil comparator. Among the 13 078
treated patients (mean [SD] age, 62.5 [9.0] years; 35% women; 70% with diabetes; median
low-density lipoprotein [LDL] cholesterol level, 75.0 mg/dL; median triglycerides level,

240 mg/dL; median HDL-C level, 36 mg/dL; and median high-sensitivity C-reactive protein
level, 2.1 mg/L), 12 633 (96.6%) completed the trial with ascertainment of primary end point
status. The primary end point occurred in 785 patients (12.0%) treated with omega-3 CA vs
795 (12.2%) treated with corn oil (hazard ratio, 0.99 [95% Cl, 0.90-1.09]; P = .84). A greater
rate of gastrointestinal adverse events was observed in the omega-3 CA group (24.7%)
compared with corn oil-treated patients (14.7%).

CONCLUSIONS AND RELEVANCE Among statin-treated patients at high cardiovascular risk, the
addition of omega-3 CA, compared with corn oil, to usual background therapies resulted in no
significant difference in a composite outcome of major adverse cardiovascular events. These
findings do not support use of this omega-3 fatty acid formulation to reduce major adverse
cardiovascular events in high-risk patients.
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Omega-3 Fatty Acids vs Corn Oil and Major Adverse Cardiovascular Events in Patients at High Risk

onsiderable interest has focused on the potential car-

diovascular benefits of omega-3 fatty acids. Observa-

tional studies have demonstrated an inverse associa-
tion between dietary consumption of either fatty fish or
omega-3 fatty acids and incident cardiovascular events? and
that circulating concentrations of eicosapentaenoic acid
(EPA) or docosahexaenoic acid (DHA) inversely correlate with
cardiovascular risk.>* Omega-3 fatty acid supplementation
exerts favorable effects on lipoprotein metabolism and
inflammatory, oxidative, thrombotic, vascular, and arrhyth-
mogenic factors implicated in cardiovascular disease.>-®
One study, prior to routine clinical use of statins, demon-
strated cardiovascular benefit with 1 g/d of an EPA and DHA
supplement,” but subsequent larger trials failed to replicate
these findings.®°

Most trials recruited a broad cohort of patients and
administered low doses of omega-3 fatty acids that did not
produce substantial increases in EPA or DHA concentrations.
Recent trials have studied higher dosages of omega-3 fatty
acids, reporting a cardiovascular benefit in 2 trials of purified
EPA.1°:!! However, other recent trials studying lower doses
of omega-3 fatty acids in a broader range of patients failed to
demonstrate significant reductions of total cardiovas-
cular events.'>?

Omega-3 CA (Epanova; AstraZeneca) is a carboxylic acid
formulation of omega-3 fatty acids (EPA and DHA) that does
notrequire hydrolysis by pancreatic lipase during intestinal ab-
sorption, eliminating the need for consumption with a high-
fat meal, resulting in greater bioavailability compared with
standard omega-3 ethyl ester formulations. Administration of
4 g/d of omega-3 CA produces similar increases in plasma EPA
levels as doses of purified EPA approved for clinical use, and
also increases DHA concentrations.'*'* Initial trials of omega-3
CA demonstrated dose-dependent lowering of plasma triglyc-
eride levels up to 31%.'*"

This trial, the Long-Term Outcomes Study to Assess Statin
Residual Risk with Epanova in High Cardiovascular Risk Pa-
tients with Hypertriglyceridemia (STRENGTH), evaluated the
effects of omega-3 CA on clinical outcomes in patients at high
cardiovascular risk.

Methods

Study Organization and Oversight

The trial was coordinated by the Cleveland Clinic Coordinat-
ing Center for Clinical Research (C5Research). The protocol
was developed by members of the independent academic
executive steering committee in conjunction with the spon-
sor. The study protocol and statistical analysis plan are
available in Supplement 1 and Supplement 2. The study
design was approved by responsible regulatory agencies
and ethics committees or institutional review boards at each
site prior to commencing patient enrollment. All potential
patients provided written informed consent prior to study
entry. IQVIA provided operational management of sites and
collected the data. A data monitoring committee (DMC) that
was independent from the executive steering committee
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Key Points

Question In statin-treated patients with high cardiovascular risk,
high triglycerides, and low HDL cholesterol levels, does adding a
carboxylic acid formulation of omega-3 fatty acids
(eicosapentaenoic acid and docosahexaenoic acid) to background
therapy improve cardiovascular outcomes?

Findings In this randomized clinical trial of 13 078 patients that
was stopped early, daily supplementation with omega-3 fatty
acids, compared with corn oil, resulted in no significant difference
in a composite outcome of major adverse cardiovascular events
(hazard ratio, 0.99).

Meaning These findings do not support use of this omega-3 fatty
acid formulation to reduce major adverse cardiovascular events in
patients with high cardiovascular risk.

and sponsor monitored the trial and performed analyses of
unblinded data supported by an independent data analysis
center at Statistics Collaborative Inc.

Study Population

Details of the study design have been published previously.'®
Adult patients (=18 years) considered at high risk for a future
cardiovascular event were eligible to participate. High cardio-
vascular risk was defined as (1) the presence of established
atherosclerotic cardiovascular disease involving the coro-
nary, peripheral, carotid, or aortic territories (secondary pre-
vention); (2) type 1 or 2 diabetes with age 40 years or older for
men and 50 years or older for women with at least 1 addi-
tional risk factor including chronic smoking, hypertension,
high-sensitivity C-reactive protein (hs-CRP) level of 2 mg/L or
higher, or moderately increased albuminuria; or (3) high-risk
primary prevention patients aged at least 50 years for men or
at least 60 years for women with at least 1 additional risk fac-
tor, including a family history of premature coronary artery
disease, chronic smoking, hs-CRP level of 2 mg/L or higher,
impaired kidney function, or coronary calcium score greater
than 300 Agatston units.

At least 50% of randomized patients were required to sat-
isfy criteria for secondary cardiovascular prevention. All eli-
gible patients were also required to be treated with a statin
for at least 4 weeks; have a low-density lipoprotein (LDL)
cholesterol level lower than 100 mg/dL or be treated with
maximally tolerated statin therapy; and have atherogenic
dyslipidemia, defined as triglyceride levels of 180 to less than
500 mg/dL and high-density lipoprotein (HDL) cholesterol
levels lower than 42 mg/dL for men or lower than 47 mg/dL
for women. Patients were excluded from enrollment if they
had a prior ischemic cardiovascular event within the preced-
ing 30 days or consumed more than one capsule (1 g) per day
of omega-3 dietary supplements or any prescription medica-
tion containing EPA or DHA. Use of fibrates or weight loss
drugs was also prohibited. Patient race and ethnicity were
reported by participants using an open-ended question to
account for ethnic variability in baseline systemic omega-3
fatty acid concentrations.
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Figure 1. Recruitment, Randomization, and Patient Flow in the STRENGTH Clinical Trial

33047 Patients assessed for eligibility

19969 Excluded
16675 Not following stable diet and
statin therapy 4 wk prior
501 Not at high risk for CVD event
391 Investigator decision

326 Known hypersensitivity to
fish or shellfish

260 Hemoglobin A; >12%
152 Uncontrolled hypothyroidism
1664 Other?

(13078 Randomized

6539 Randomized to receive omega-3 CA
6532 Received intervention as randomized
7 Did not receive intervention
as randomized
4 Refused, no reason given
2 Refused pill due to size
1 Withdrew due to fears over
gastric issues

v

6539 Randomized to receive corn oil
6535 Received intervention as randomized
4 Did not receive intervention
as randomized
2 Refused, no reason given
2 Refused pill due to size

229 Lost to follow-up
105 Withdrew consent
3 Unable to be contacted
4 Site closed
117 Vital status only available

5426 Discontinued intervention
3561 Participation terminated by sponsor

708 Patient decision

708 Adverse event?

155 Died

42 Nonadherent with study drug

3 Unable to be contacted
3 Protocol deviation

246 Other®

212 Lost to follow-up
78 Withdrew consent
2 Unable to be contacted
3 Site closed
129 Vital status only available

5391 Discontinued intervention
3623 Participation terminated by sponsor

766 Patient decision

526 Adverse event?

151 Died

41 Nonadherent with study drug

2 Unable to be contacted
2 Protocol deviation
2 Pregnancy

|

278 Other®

6539 Included in primary analysis

‘ 6539 Included in primary analysis

Study Procedures

Study End Points

CA indicates carboxylic acid
formulation; CVD, cardiovascular
disease.

@ Other reasons for not meeting
inclusion/exclusion criteria include
not meeting age requirement;
elevated liver enzymes; use of
fibrates, bile acid sequestrants, or
niacin within 4 weeks of
randomization; not following a
stable diet; poorly controlled
hypertension; and occurrence of
myocardial infarction or coronary
bypass graft surgery within 30 days
of randomization.

b Adverse events leading to study
drug discontinuation by system
organ class (omega-3 CA/corn oil;
multiple events are possible):
gastrointestinal (403/202),
neoplasms (81/78), cardiac (39/46),
nervous system (36/42), infections
(32/30), skin (24/20),
kidney/urinary (16/25),
investigations (21/14), metabolic
disorders (18/17), musculoskeletal
(14/18), hepatobiliary (13/14), injury
(11/13), vascular (13/11), respiratory
(13/10), and psychiatric (11/7).

¢ Other reasons abstracted from free
text (omega-3 CA/corn oil):
investigator decision (22/22),
patient decision (26/33), potential
lost to follow-up (113/129), reached
end point (18/18), moved (31/36),
social reasons (7/13), comorbid
condition (11/8), pill burden (5/10),
study terminated (9/4), and site
closed (4/5).

2270

The protocol specified that enrolled patients receive treat-
ment with a stable dose of statin therapy for at least 4 weeks
and lifestyle advice for the prevention of cardiovascular dis-
ease. Patients who met all inclusion criteria and volunteered
to participate were randomized in a 1:1 ratio to treatment with
omega-3 CA, 4 g/d, or a matching corn oil comparator for a
maximum duration of 5 years (Figure 1). Randomization was
performed using a computer-generated random number with
a blocking size of 6. Corn oil was selected because it was con-
sidered an inert comparator without effects on biochemical
parameters associated with cardiovascular risk.!”!® Patients re-
ported for study visits at 3, 6, and 12 months following ran-
domization and then every 6 months thereafter. Additional
telephone calls were made on a 3-month basis commencing
at month 9. A visit for assessment of any adverse events was
performed 3 weeks after the last dose of study medication.
Plasma and red blood cell concentrations of EPA and DHA were
determined by OmegaQuant.

JAMA December 8,2020 Volume 324, Number 22

The primary efficacy end point was a composite of cardiovas-
cular death, nonfatal myocardial infarction, nonfatal stroke,
coronary revascularization, and hospitalization for unstable
angina. Secondary efficacy end points included the follow-
ing: (1) composite of cardiovascular death, nonfatal myocar-
dial infarction, nonfatal stroke, coronary revascularization, and
hospitalization for unstable angina in patients with estab-
lished cardiovascular disease at baseline, (2) composite of car-
diovascular death, nonfatal myocardial infarction, and non-
fatal stroke in the whole cohort and in patients with established
cardiovascular disease at baseline, (3) composite of cardiac
death, nonfatal myocardial infarction, coronary revascular-
ization, and hospitalization for unstable angina in the whole
cohort and in patients with established cardiovascular dis-
ease at baseline, (4) cardiovascular death in the whole cohort
and in patients with established cardiovascular disease at base-
line, and (5) all-cause death in the whole cohort and in pa-
tients with established cardiovascular disease at baseline.
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The primary end point and key secondary end points
(1) through (5) were evaluated in a hierarchical manner (see
eAppendix in Supplement 3). Prespecified tertiary efficacy end
points included new-onset atrial fibrillation, thrombotic events,
and new-onset heart failure. Changes in lipid levels, inflam-
matory markers, and levels of both EPA and DHA were also pre-
specified efficacy parameters. A post hoc analysis investi-
gated the association between both plasma and red blood cell
concentrations of EPA and DHA with cardiovascular event
rates. Allinvestigator-reported primary and secondary events,
as well as heart failure events, were adjudicated by a core labo-
ratory at C5Research.

Sample Size Calculation and Power

The primary efficacy analysis was based on time to first
occurrence of any positively adjudicated primary end point
including all randomized patients regardless of treatment
adherence. Time-to-event analysis was calculated from ran-
domization date to the date of the event, or censored at the
last known follow-up for each patient. The trial was designed
to enroll 13 000 patients and study completion required posi-
tive adjudication of 1600 primary events to provide 90%
power to detect a 15% reduction in relative risk in the
omega-3 CA group. A 15% reduction in the risk of cardiovas-
cular events was selected because it was deemed the mini-
mally important difference of clinical significance by consen-
sus among the trial executive committee.

Assuming a 4% annual primary end point event rate in
the corn oil group, a trial duration of 4.5 years was pro-
jected. Interim analyses for superiority or futility were
specified at 50% and 75% of the required primary end point
events. A group sequential design was used with superiority
boundaries for both interim analyses set at an absolute
value for a z score of 3.719 and futility boundaries set at a z
score of 0.3085 at the first interim analysis and 1.2375 for
the second interim analysis.

Statistical Analysis

The full analysis set included all patients according to their ran-
domization group. A safety analysis population was defined
as any patient who took at least 1 dose of study drug. The ef-
ficacy objectives were evaluated in all randomized patients
using analysis of time from randomization to the first event.
Censoring rules are described in Supplement 1. Estimates of
hazard ratios (HRs) and 95% ClIs for omega-3 CA compared with
corn oil were calculated using Cox proportional hazards mod-
els with covariates for established cardiovascular disease at
baseline (yes/no) and region. The proportionality assump-
tion was assessed by including a time-dependent covariate
(treatment x time interaction) to the model. Biochemical
parameters are presented as median with first (Q1) and third
(Q3) quartiles.

The differences in percentage change from baseline be-
tween the omega-3 CA and corn oil groups were estimated from
an analysis of covariance model (ANCOVA) with treatment
group as a main effect and natural log of the baseline as a co-
variate. The dependent variable was calculated as the natural
log of the ratio of the follow-up visit to the baseline visit:
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log[100 x log(follow-up/baseline)]. The least-squares esti-
mates for differences between treatment groups were then
back-transformed from the log scale and expressed as the geo-
metric mean ratio. A sensitivity analysis was conducted using
multiple imputation methods to assess the effect of missing
biomarker data.

Significance testing was performed using 2-sided tests
(a=.05). Primary and key secondary efficacy end points were
evaluated sequentially to control the type I error rate. Other
end points were not adjusted for multiplicity, and findings
for analyses of these end points should be interpreted as
exploratory. The statistical analysis plan (Supplement 1) pre-
specified that a hierarchical testing strategy was to be used,
and that once an end point was not statistically significant at
an a of .05, all subsequent comparisons will be considered
exploratory and nominal P values will be reported. Subgroup
analyses of the primary end point were conducted as pre-
specified, with any potential difference determined by the
presence of a nominally significant P value on formal interac-
tion testing.

All analyses were conducted using SAS version 9.4. Addi-
tional analytic methods are described in the study protocol and
statistical analysis plan (Supplement 1 and Supplement 2).

Early Trial Termination

On January 8, 2020, when 1384 primary end points had been
recorded in 13 078 randomized patients, the independent
DMC recommended termination of the trial due to a low
probability of demonstrating a clinical benefit of omega-3 CA
compared with corn oil. This decision was based on the data
crossing the futility boundary prespecified in the group
sequential monitoring plan in conjunction with an increased
risk of atrial fibrillation (oral communication, DMC chair
Mark Pfeffer, MD, PhD, to executive committee chair Steven
E. Nissen, MD, August 2020). The executive steering commit-
tee and sponsor accepted this recommendation and termi-
nated the trial on this date, and patients were recommended
to stop study medication. End-of-study visits were scheduled
for all patients, with the last patient visit completed by May
14, 2020. The executive steering committee and others
involved in the conduct of the trial remained blinded to treat-
ment allocation and results until the conclusion of the trial
and finalization of the database.

Study drug was stopped as soon as feasible following the
termination of the trial. Because the study was terminated
during the early phases of the coronavirus disease 2019
(COVID-19) pandemic, the end-of-treatment visit was permit-
ted to be completed by telephone to allow the study to close
in a timely and orderly manner, with the least possible effect
on study integrity.

. |
Results

Study Population

A total of 33 047 patients were assessed for eligibility; after
exclusions, 13 078 patients were enrolled at 675 sites in 22
countries in North America, Europe, South America, Asia,
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Table 1. Patient Characteristics and Medication Use in a Trial of Omega-3
Fatty Acids to Reduce Major Adverse Cardiovascular Events

No. (%)
Omega-3 CA Corn oil
(n =6539) (n =6539)
Age, mean (SD), y 62.5(9.0) 62.5(9.0)
Sex
Male 4250 (65.0) 4260 (65.1)
Female 2289 (35.0) 2279 (34.9)
Body mass index, 32.2(5.7) 32.2(5.6)
mean (SD)
Race
White 5341 (81.7) 5382(82.3)
Asian 698 (10.7) 657 (10.0)
Black 180(2.8) 166 (2.5)
Other® 320(4.9) 334(5.1)

Ethnicity: Hispanic
or Latino

264/4647 (5.7) 268/4675 (5.7)

Comorbidities

Established CVD at baseline 3638 (55.6) 3678 (56.2)
Coronary disease 30009 (46.0) 3026 (46.3)
Cerebrovascular disease 536 (8.2) 512 (7.8)
Peripheral vascular disease 227 (3.5) 257 (3.9)
Aortic disease 214 (3.3) 244 (3.7)
Diabetes at baseline® 4608 (70.5) 4562 (69.8)
Hypertension 5732 (87.7) 5688 (87.0)

eGFR,“ mean (SD), 77.2(19.9) 77.5(19.7)

mL/min/1.73 m?

Medication use
RAAS blockers 5315(81.3) 5310(81.2)
Antiplatelet agents 4623 (70.7) 4700 (71.9)
B-Blockers 4347 (66.5) 4348 (66.5)
High-intensity statin 3255 (49.8) 3273 (50.1)
Other statin 3284 (50.2) 3266 (49.9)
Ezetimibe 234 (3.6) 245 (3.7)

Abbreviations: CA, carboxylic acid formulation; CVD, cardiovascular disease;

eGFR, estimated glomerular filtration rate; RAAS, renin-angiotensin

aldosterone system.

@ The “other” category included American Indian or Alaska Native; Native
Hawaiian or other Pacific Islander; multiple races; and unknown.

b Diabetes on or before the first dose of study medication, defined by patient
self-report, chart review, or use of diabetes medications.

¢ Estimated glomerular filtration rate was estimated using the CKD-EPI formula:
eGFR =141 x min(SCr/x, 1)a x max(SCr /k, 1) - 1.209 x 0.993Age x 1.018 [if
female] x 1.159 [if Black]; where k = 0.7 for females or 0.9 for males and
a = -0.329 for females or -0.411 for males.

Australia, New Zealand, and South Africa between October
30, 2014, and June 14, 2017, and entered into the primary
analysis. The disposition of patients during the study is sum-
marized in Figure 1. At study closure the median patient
follow-up was 42.0 months (interquartile range [IQR], 37.5-
48.3). Patients were treated with study drug for a median of
38.2 months (IQR, 30.5-44.9).

Vital status was recorded in 99.8% of patients and 96.6%
of patients had complete follow-up for assessment of the pri-
mary end point. Baseline characteristics of patients at

JAMA December 8,2020 Volume 324, Number 22
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randomization were similar in the 2 treatment groups (Table 1).
Patients (mean age, 62.5 years; men, 65%; White race, 82%)
demonstrated a high rate of cardiovascular risk factors, in-
cluding diabetes (70%) and established atherosclerotic dis-
ease (56%), in both groups. All patients were treated with stat-
ins (50% high-intensity) at randomization. A high rate of use
of other evidence-based preventive therapies was observed in
both groups.

Clinical End Points

At the completion of the study, 1580 patients had experi-
enced an adjudicated first primary end point event. The
primary end point of cardiovascular death, myocardial
infarction, stroke, coronary revascularization, or unstable
angina requiring hospitalization occurred in 785 patients
(12.0%) treated with omega-3 CA and 795 (12.2%) treated
with corn oil (HR, 0.99 [95% CI, 0.90-1.09]; P = .84) (Table 2,
Figure 2).

Similarly, the secondary end point of cardiovascular death,
myocardial infarction, or stroke occurred in 541 patients (8.3%)
treated with omega-3 CA and 517 (7.9%) treated with corn oil
(HR, 1.05[95% CI, 0.93-1.19]; nominal P = .40). An additional
secondary end point—cardiac death, myocardial infarction,
coronary revascularization, or hospitalization for unstable an-
gina—occurred in 556 patients (8.5%) treated with omega-3 CA
and 616 (9.4%) treated with corn oil (HR, 0.91 [95% CI, 0.81-
1.02]; nominal P = .09).

There were no significant differences between the treat-
ment groups with regard to the risk of individual compo-
nents of the primary end point (Table 2). Survival curves for
the primary end point in patients with and without estab-
lished cardiovascular disease are shown in eFigure 1 in
Supplement 3.

Prespecified subgroup analyses (Figure 3) revealed an HR
for the primary end point of 0.94 (95% CI, 0.84-1.05) in the
secondary prevention population and 1.16 (95% CI, 0.95-1.41)
in the primary prevention population, with a nominal inter-
action P value for these 2 subgroups of .07. There were
numerically fewer cardiovascular events in the omega-3 CA
group among patients treated with ezetimibe (nominal inter-
action P = .008). There was a nominally significant reduction
in the risk of cardiac death, myocardial infarction, coronary
revascularization, and hospitalization for unstable angina in
patients with established cardiovascular disease at baseline,
although this finding was unadjusted for multiplicity
(Table 2). All-cause mortality occurred in 373 patients (5.7%)
in the omega-3 CA group and 333 (5.1%) in the corn oil group
(nominal P = .11).

With regard to prespecified tertiary end points, an in-
creased rate of investigator-reported new-onset atrial fibril-
lation was observed in the omega-3 CA group (2.2% vs 1.3%;
HR, 1.69[95% CI, 1.29-2.21]; nominal P < .001) compared with
corn oil (number needed to harm, 114) (eFigure 2 in Supple-
ment 3). There were no significant differences between the
groups with regard to new-onset heart failure (2.2% vs 2.0%;
HR,1.12[95% CI, 0.88-1.42]; nominal P = .35) or venous throm-
boembolic events (0.41% vs 0.26%; HR, 1.62 [95% CI, 0.88-
2.97]; nominal P = .12).
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Table 2. Incidence of Adjudicated Clinical Events in a Trial of Omega-3 Fatty Acids to Reduce Major Adverse Cardiovascular Events®

Omega-3 CA (n = 6539)

Corn oil (n = 6539)

Omega 3 CA vs corn oil

IR per No. of IR per No. of
100 patients 100 patients
Person-  person-  with events Person- person-  with events Differencein IR
years years (% of total)  years years (% of total)  (95% CI) HR (95% CI) P value
Primary end point
MACE® 21908 3.58 785(12.0) 21920 3.63 795(12.2) -0.04(-0.40t00.31) 0.99(0.90-1.09) .84
Components of the
composite outcome
Cardiovascular death 23500 0.97 228 (3.5) 23575 0.90 211(3.2) 0.07 (-0.10t0 0.25) 1.09(0.90-1.31) .37
Nonfatal MI 22650 0.96 218(3.3) 22725 0.99 226 (3.5) -0.03 (-0.21 t0 0.15) 0.97 (0.81-1.17) .77
Nonfatal stroke 22786 0.62 142 (2.2) 22871 0.55 125(1.9) 0.08 (-0.06 to 0.22) 1.14(0.90-1.45) .28
Revascularization 22236 1.86 414 (6.3) 22270 1.98 441 (6.7) -0.12(-0.38t00.14) 0.94 (0.83-1.08) .41
Hospitalization 22854 0.38 87 (1.3) 22895 0.45 104 (1.6) -0.07 (-0.19 to 0.04) 0.84(0.63-1.12) .23
for unstable angina
Secondary end points©
MACE in patients 11695 4.87 569 (15.6) 11751 5.19 610(16.6)  -0.32(-0.90t0 0.25) 0.94 (0.84-1.05) .27
with established CVD
at baseline
Cardiovascular events? 22425 241 541(8.3) 22507 2.30 517 (7.9) 0.11(-0.17 to 0.40) 1.05(0.93-1.19) .40
Cardiovascular events 12091 3.17 383(10.5) 12223 3.15 385(10.5)  0.02(-0.43t00.46) 1.01(0.87-1.16) .94
in patients with
established CVD
at baseline
Coronary events® 22121 2,51 556 (8.5) 22127 2.78 616 (9.4) -0.27 (-0.57 t0 0.03) 0.91(0.81-1.02) .09
Coronary events 11826  3.53 417 (11.5) 11892 4.15 493(13.4) -0.62(-1.12t0-0.12) 0.85(0.75-0.97) .02
in patients with
established CVD
at baseline
Cardiovascular death 12722 1.19 152 (4.2) 12927 1.07 138(3.8) 0.13(-0.13t00.39) 1.12(0.89-1.41) .34
in patients with
established CVD
at baseline
All-cause death 23500 1.59 373 (5.7) 23575 1.41 333(5.1) 0.17 (-0.05 to 0.40) 1.13(0.97-1.31) .11
All-cause death 12722 184 234 (6.4) 12927 1.56 202 (5.5) 0.28 (-0.04 to 0.60) 1.18(0.97-1.42) .09
in patients with
established CVD
at baseline
Tertiary end points
Heart failure event: 22830 0.62 142 (2.2) 22899 0.56 128 (2.0) 0.06 (-0.01 to 0.20) 1.12(0.88-1.42) .35
hospitalization
or urgent outpatient visit
for heart failure
Atrial fibrillation 22740 0.63 144 (2.2) 22916 0.38 86 (1.3) 0.26 (0.13t0 0.39) 1.69(1.29-2.21) <.001
Stent thrombosis’ 23009 0.05 12 (0.18) 23063 0.07 17 (0.26) -0.02 (-0.07 to 0.02) 0.71(0.34-1.48) .36
Venous thromboembolism 22987  0.12 27 (0.41) 23061 0.07 17 (0.26) 0.04 (-0.01 t0 0.10) 1.62(0.88-2.97) .12

or pulmonary embolismf

Abbreviations: CA, carboxylic acid formulation; CVD, cardiovascular disease;
IR, incidence rate; MACE, major adverse cardiovascular events; Ml, myocardial
infarction.

2 Pvalues were generated from the Wald test using a Cox proportional hazards
model containing factors for randomized treatment group, established
cardiovascular disease at baseline, and region. Estimates for the subgroup of
patients with established cardiovascular disease at baseline adjusted only for
treatment group and region. The proportionality assumptions were met for all
adjudicated end points.

® MACE: first occurrence of cardiovascular death, nonfatal myocardial infarction,
nonfatal stroke, emergent/elective coronary revascularization, and
hospitalization for unstable angina.

€ The statistical analysis plan (Supplement 1) prespecified that a hierarchical

testing strategy was to be used and that once an end point was not statistically
significant at a = .05 all subsequent comparisons would be considered
exploratory and nominal P values reported.

d Cardiovascular event: defined as the first occurrence of any of the
components of cardiovascular events, including cardiovascular death, nonfatal
myocardial infarction, and nonfatal stroke.

€ Coronary events: defined as the first occurrence of any of the components of
coronary events, including cardiac death, nonfatal myocardial infarction,
emergent/elective coronary revascularization, or hospitalization for
unstable angina.

f Not adjudicated.

In a post hoc exploratory analysis, no association was
observed between either plasma or red blood cell EPA or DHA
concentrations after 12 months of treatment and subsequent
cardiovascular event rates (Table 3).

jama.com

Biochemical Parameters

Prespecified exploratory biochemical parameters at baseline,
follow-up, and their percentage change during the course of
the study are summarized in Table 4. At randomization,
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Figure 2. Time to First Incidence of Any Component of the Primary Composite End Point and Time to Core MACE
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A, The primary composite end point consisted of cardiovascular death, nonfatal
myocardial infarction, nonfatal stroke, coronary revascularization, and
hospitalization for unstable angina. Median (Q1-Q3) observation time was 41.3
(36.0-47.5) months for patients receiving omega-3 CA and 41.4 (35.9-474)
months for patients receiving corn oil. B, Core major adverse cardiovascular

events (MACE) included cardiovascular death, nonfatal myocardial infarction,
and nonfatal stroke. Median (Q1-Q3) observation time of 41.5 (36.6-47.8)
months for patients receiving omega-3 CA and 41.6 (36.8-47.4) months for
patients receiving corn oil.

median levels of LDL cholesterol were 75 mg/dL; HDL choles-
terol, 36 mg/dL; triglycerides, 240 mg/dL; and hs-CRP, 2.1
mg/L. During the course of the study, greater reductions in
triglycerides (-19.0% vs —0.9%; geometric mean ratio [GMR],
0.82 [95% CI, 0.81-0.83]; P < .001), non-HDL cholesterol
(-6.1% vs -1.1%; GMR, 0.95 [95% CI, 0.94-0.96]; P < .001),
and hs-CRP (-20.0% vs -6.3%; GMR, 0.89 [95% CI, 0.84-
0.95]; P < .001) were observed in the omega-3 CA treatment
group compared with corn oil group, respectively.

LDL cholesterol levels increased in the omega-3 CA group
but not in the corn oil group (1.2% vs -1.1%; GMR, 1.03 [95% ClI,
1.01-1.04]; P < .001), while greater increases in HDL choles-
terol were observed in the omega-3 CA group (5.0% Vs 3.2%;
GMR, 1.01[95% CI, 1.00-1.02]; P = .002). Apolipoprotein CIII lev-
els decreased in the omega-3 CA group but not in the corn oil
group (-7.0% vs 5.9%; GMR, 0.88 [95% CI, 0.87-0.89]; P < .001).
In contrast, no significant difference was observed with regard
to percentage change in apolipoprotein B levels (-2.0% vs -1.0%;
GMR, 0.99 [95% CI, 0.98-1.01]; P = .34) between the omega-3
and corn oil treatment groups, respectively.

Administration of omega-3 CA resulted in greater in-
creases in concentrations of EPA as compared with corn oil
(Table 4). Concentrations of DHA in plasma and in red blood
cells were also increased by omega-3 CA administration, com-
pared with corn oil (Table 4).

Adverse Events

The number of adverse events and serious adverse events are
summarized in Table 5. Drug-related adverse events were more
commonly observed in the omega-3 CA group than the com-
parator group (22.2% vs 12.9%, respectively). Discontinua-
tion of study drug treatment (10.8% vs 8.0%) and dose reduc-
tion (12.0% vs 6.1%) for adverse events occurred more
frequently in patients treated with omega-3 CA compared with
those treated with corn oil. There were more gastrointestinal

JAMA December 8,2020 Volume 324, Number 22

adverse events in the omega-3 CA group (24.7%) compared with
corn oil-treated patients (14.7%).

|
Discussion

In this randomized clinical trial, administration of omega-3 CA
did not result in a significant reduction in the composite end
point of cardiovascular death, myocardial infarction, stroke,
coronary revascularization, or hospitalization for unstable an-
gina compared with use of corn oil. The findings of this trial
contribute to a large body of clinical research that has inves-
tigated whether administration of omega-3 fatty acids has a
role in the prevention of cardiovascular disease. The origins
of this research were based on observations that dietary con-
sumption of fatty fish or omega-3 fatty acids were associated
with lower rates of incident cardiovascular events in large co-
hort studies."?!9:2° The potential value of omega-3 fatty ac-
ids was supported by epidemiological studies demonstrating
aninverse relationship between circulating concentrations of
omega-3 fatty acids and cardiovascular risk.>* Preclinical stud-
ies demonstrated favorable effects of EPA and DHA on lipo-
protein metabolism and a range of other biological factors im-
plicated in atherosclerosis,” but several large clinical trials failed
to demonstrate any cardiovascular benefit with administra-
tion of low doses of omega-3 fatty acids.®'>!> Despite these
findings, over-the-counter use of low-dose omega-3 fatty ac-
ids is widespread.?%-22

Two large clinical trials have suggested potential benefit
of purified formulations of EPA alone. The Japan EPA Lipid In-
tervention Study (JELIS), an open-label trial that adminis-
tered EPA, 1.8 g/d, in combination with a statin for a median
of 4.6 years in 18 645 Japanese patients with hypercholester-
olemia, resulted in fewer major coronary events compared with
statin therapy alone (2.8% vs 3.5%; HR, 0.81 [95% CI,
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Figure 3. Effect of Omega-3 CA on the Primary Composite Cardiovascular End Point in Prespecified Subgroups

Omega-3 CA Corn oil
Events Events
Total per 100 Total per 100 Absolute
No. of person- person- No.of person- person- rate Hazard ratio Favors : Favors
Subgroup events years years events years  years difference (95% Cl) omega-3 CA | cornoil P value for
Age at baseline, y interaction?
<65 391 12721 3.07 390 12493 3.12 -0.05 0.98(0.85-1.13) ——
65-75 305 7642 399 327 7964  4.11 -0.12 0.97 (0.83-1.14) —— 72
>75 89 1545 576 78 1463 533 0.43 1.12(0.82-1.51) —_——
Diabetes on or before the first dose of study medication
Yes 565 15452 3.67 576 15345 3.75 -0.08 0.97 (0.87-1.09) —m— &5
No 220 6456  3.41 219 6576  3.33 0.08 1.02 (0.85-1.24) -
Sex
Men 583 14132 4.13 579 14163 4.09 0.04 1.01(0.90-1.13) —— 54
Women 202 7776 2.60 216 7758 2.78 -0.18 0.94 (0.78-1.14) —
Race
White 644 18085 3.56 644 18246 3.53 0.03 1.02 (0.91-1.13) ——
Asian 81 2234 3.63 103 2028 5.08 -1.45 0.72(0.54-0.96) ——=&—— 08
Black 22 579 3.80 14 540 2.59 1.21 1.44(0.73-2.81) =
Other 38 996 3.81 33 1073 3.08 0.73 1.20(0.76-1.91) R e
BMI at baseline
<30 309 8341 3.70 297 8126 3.66 0.04 1.03(0.88-1.20) — 58
230 475 13552 3.51 496 13780 3.60 -0.09 0.97 (0.85-1.10) —a—
Region
Asia 134 3457  3.88 166 3364 4.93 -1.05 0.78 (0.62-0.98) ——
Australia and New Zealand 21 441 4.76 14 442 3.17 1.59 1.48(0.75-2.90) -
Europe 384 11755 3.27 359 11771 3.05 0.22 1.07 (0.93-1.24) — .14
Latin America 11 474 2.32 11 506 2.17 0.15 1.03(0.45-2.37) o
North America 235 5781 4.06 245 5838 4.20 -0.14 0.98(0.82-1.18) ——
Established CVD at baseline
Yes 569 11695 4.87 610 11751 5.19 -0.32 0.94 (0.84-1.05) —— 07
No 216 10214 2.11 185 10169 1.82 0.29 1.16 (0.95-1.41) -
Statin use at baseline
High intensity 371 10905 3.40 393 10944 3.59 -0.19 0.94 (0.81-1.08) —— 5
Other 414 11003 3.76 402 10976 3.66 0.10 1.04 (0.91-1.20) ——
Ezetimibe at baseline
Yes 29 795 3.65 49 768 6.38 -2.73 0.54 (0.34-0.86) <#—— 008
No 756 21114 3.58 746 21152 3.53 0.05 1.02 (0.92-1.13) ——
eGFR at baseline, mL/min BSA
<60 223 4185 5.33 231 4047 5.71 -0.38 0.94 (0.78-1.13) — 5
260 562 17716 3.17 564 17869 3.16 0.01 1.01(0.90-1.13) —a—
hsCRP at baseline, mg/dL
<0.2 381 10483 3.63 348 10702 3.25 0.38 1.11(0.96-1.28) —a— 04
20.2 404 11425 3.54 447 11218 3.98 -0.44 0.90 (0.79-1.03) —
Non-HDL-C at baseline, mg/dL
<140 505 14394 3,51 516 14169 3.64 -0.13 0.97 (0.85-1.09) —— 18
2140 280 7515 3.73 279 7752 3.60 0.13 1.04 (0.88-1.23) —
Triglycerides at baseline, mg/dL
<300 562 15905 3.53 566 15794 3.58 -0.05 0.99(0.88-1.11) —— 96
2300 223 6003 3.71 229 6127 3.74 -0.03 0.99(0.83-1.19) ——
VLDL
<46 347 10373 3.35 368 10283 3.58 -0.23 0.94 (0.81-1.08) —a— 31
246 414 10844 3.82 403 10934 3.69 0.13 1.04 (0.91-1.91) —
Apolipoprotein CllI
<16 346 9980 3.47 338 9890 3.42 0.05 1.02 (0.88-1.81) — 75
216 433 11634 3.72 446 11802 3.78 -0.06 0.98 (0.86-1.12) —a—
0‘.5 1 2.‘5
Hazard ratio (95% Cl)
BSA, body surface area; eGFR, estimated glomerular filtration rate; HDL-C, 2 Pvalue estimated using a Cox proportional hazards model with factors for
high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; treatment, established cardiovascular status at baseline, region, subgroup (only if
and VLDL, very low-density lipoprotein. Sl conversion factors are in Table 4. not one of the covariates), and treatment x subgroup interaction in the model.
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Table 3. Primary Event Rate by Tertile of Percent Change in Fatty Acid From Baseline to Month 12°

Tertile 1° Tertile 2 Tertile 3
Person- Person- Person-
No./No. (%) years No./No. (%) years HR (95% CI) No./No. (%) years HR (95% CI)
Plasma EPA
Omega-3 CA 180/1725(10.4) 5933 191/1725(11.1) 6035 1.04(0.85-1.28)  204/1725(11.8) 5951 1.13(0.92-1.38)

(<144%, 144%
to 435%, >435%)

Corn oil 195/1735(11.2) 6005 194/1736 (11.2)
(<-28%, -28%
to 10%, >10%)

RBCEPA

Omega-3 CA 185/1716 (10.8) 5887 182/1717 (10.6)
(<117%, 117%

to 450%, >450%)

Corn oil 193/1728 (11.2) 5980 194/1728 (11.2)
(<-20%, -20%

to 3%, >3%)

Plasma DHA
Omega-3 CA 178/1725(10.3) 5992 192/1725 (11.1)
(<16%, 16%-68%,
>68%)
Corn oil 198/1735(11.4) 6067 187/1736 (10.8)

(<-17%, -17%
to 6%, >6%)

RBC DHA

Omega-3 CA 186/1716 (10.8) 5960 189/1717 (11.0)
(<12%, 12%-41%,
>41%)

Cornoil (<-9%,-9%  191/1728 (11.1) 6024 191/1729 (11.1)
to 3%, >3%)

6059 0.99(0.81-1.20)  185/1736(10.7) 5956 0.96 (0.78-1.17)

6011 0.96(0.78-1.18)  202/1716(11.8) 5945 1.08 (0.89-1.32)

6015 0.99(0.82-1.22)  186/1729(10.8) 5945 0.97 (0.79-1.19)

5989 1.08(0.88-1.32)  205/1725(11.9) 5937 1.16 (0.95-1.42)

6052 0.95(0.78-1.16)  189/1736(10.9) 5901 0.98 (0.80-1.20)

5949 1.02(0.83-1.25)  194/1716(11.3) 5935 1.05(0.86-1.28)

6052 1.00(0.82-1.22) 191/1728(11.1) 5864 1.03 (0.84-1.26)

Abbreviations: CA, carboxylic acid formulation; DHA, docosahexaenoic acid;

EPA, eicosapentaenoic acid; HR, hazard ratio; RBC, red blood cell.

2 Primary cardiovascular end point rate and hazard ratio estimated using a Cox
proportional hazards regression model in patients treated with omega-3 CA

and corn oil, according to tertiles of percentage change in either plasma or red
blood cell EPA and DHA concentrations in a post hoc exploratory analysis.
Tertile range for percentage change provided for individual fatty acid species.

bThe first tertile is the reference category.

0.69-0.95]).1° The JELIS trial was not conducted using con-
temporary standards of care: patients were enrolled with mean
LDL-Clevels of 180 mg/dL, but treated with very low doses of
statins (pravastatin 10 mg or simvastatin 5 mg), and elective
revascularization was included in a broad composite clinical
end point.

The Reduction of Cardiovascular Events with Icosapent
Ethyl-Intervention Trial (REDUCE-IT) trial reported that ad-
ministration of EPA, 4 g/d, compared with mineral oil for a me-
dian duration of 4.9 years in 8179 statin-treated patients with
a fasting triglyceride level between 135 and 499 mg/dL (me-
dian, 216 mg/dL) resulted in fewer cardiovascular events (17.2%
vs 22.0%; HR, 0.75[95% CI, 0.68-0.83])." Concerns emerged
in the scientific community and during hearings by the US Food
and Drug Administration (FDA) whether mineral oil repre-
sented a neutral comparator, particularly in the context of a
greater than 30% increase in CRP in the mineral oil treatment
group.?® Additional analyses of both EPA studies suggested an
inverse association between plasma EPA concentration dur-
ing treatment and the rate of cardiovascular events.?*2°

The current trial similarly administered a 4-g dose of
omega-3 fatty acids in high-risk patients with evidence of ath-
erogenic dyslipidemia treated with a statin. In contrast to the
trials of purified EPA, this trial administered an omega-3 CA
formulation composed of both EPA and DHA. While the ad-
ministered EPA content of omega-3 CA was less than that dis-
pensed with icosapent, the carboxylic acid formulation has

JAMA December 8,2020 Volume 324, Number 22

greater bioavailability, permitting substantial elevations in EPA
concentrations, confirmed in phase 2 studies.!*' Although the
achieved EPA levels in plasma and red blood cells were higher
with icosapent in REDUCE-IT compared with this trial, ' it is
uncertain whether these differences would be sufficient to ex-
plain the completely different results observed. This uncer-
tainty is heightened by the observation of no significant re-
duction in the risk of cardiovascular events in those patients
with greater, compared with those with lesser, increases in EPA
levelsin the current trial. Furthermore, triglyceride levels were
reduced 18% in both trials after 12 months, which also sug-
gests similar biochemical effects of these treatments. It re-
mains unknown whether administration of omega-3 fatty ac-
ids in a carboxylic acid formulation, as opposed to an ethyl
ester, might have differential cardiovascular effects.

This trial was stopped prematurely when it became
apparent that the probability of clinical benefit was likely to
be low and there was evidence of risk, including a higher,
albeit small, incidence of investigator-reported atrial fibrilla-
tion in the omega-3 CA treatment group. A number of poten-
tial factors may have contributed to the differences in out-
comes of these clinical trials. While the duration of follow-up
was longer in both studies of purified EPA, there was no
separation of event curves in this trial in patients treated for a
median of more than 3 years (Figure 2). There were differ-
ences in the patient populations, with this trial recruiting a
greater percentage of patients with diabetes and somewhat
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Table 4. Baseline, Follow-up, and Percentage Change in Biochemical Measures

Median (Q1-Q3)

Omega-3 CA Corn oil Between groups
Baseline 12-mo Follow-up % Change Baseline 12-mo Follow-up % Change Geometric
(n = 6539) (n =5821)? (n = 5821) (n = 6539) (n = 5907)? (n =5907) mean ratio® P value®
Total cholesterol, 160.0(139.0  154.0(131.0 -3.4(-14.6 160.0(138.0 161.0(137.0 0(-10.9 0.97 (0.96 <.001
mg/dL to0 188.0) to 185.0) t09.0) to 188.0) t0 191.0) to 12.5) t0 0.97)
LDL cholesterol, 75.0(56.0 76.0 (56.0 1.2(-18.2 75.0(56.0 75.0(55.0 -1.1(-19.7 1.03(1.01 <.001
mg/dL t099.0) t0 102.0) t0 25.7) t0 99.0) t0 100.0) t021.8) t0 1.04)
HDL cholesterol, 36.0(31.0 37.0(32.0 5.0(-4.9 36.0(31.0 37.0(32.0 3.2(-5.7 1.01 (1.00 .002
mg/dL t0 40.0) to 43.0) t0 15.8) t0 40.0) t042.0) to 14.3) t01.02)
Triglycerides, 239.0(192.0 191.0(146.0 -19.0(-39.2  240.0(191.0 235.0(178.0 -0.9(-25.2 0.82(0.81 <.001
mg/dL t0 307.0) to 255.0) t06.4) t0 309.0) t0 315.0) t0 27.8) t0 0.83)
Non-HDL cholesterol, 125.0 (104.0 116.0 (94.0 -6.1(-20.3 125.0(103.0 123.0(100.0 -1.1(-14.9 0.95 (0.94 <.001
mg/dL t0152.0) to 146.0) t09.6) to 152.0) to 152.0) to 14.5) t0 0.96)
Apolipoprotein B, 56.2 (43.8 54.9(43.8 -2.0(-24.5 55.6 (43.6 55.3(44.3 -1.0(-235 0.99 (0.98 .34
mg/dL t072.3) t069.7) t027.6) to 71.7) t0 69.4) to 27.1) to 1.01)
Apolipoprotein CllI, 17.0(14.0 16.0(13.0 -7.0(-25.0 17.0(14.0 18.0(14.0 59(-14.3 0.88(0.87 <.001
mg/dL t021.0) t020.0) t0 15.0) t021.0) t023.0) t0 30.0) t0 0.89)
hs-CRP, mg/L? 2.1(1.1 1.7 (0.8 -20.0(-53.2  2.1(1.1 1.8(0.9 -6.3(-45.3 0.89(0.84  <.001
to4.2) t03.6) t0 36.5) t04.2) t0 4.0) t0 55.9) t0 0.95)
EPA, pg/mL
Plasma 21.0(12.7 89.6 (46.7 268.8 (85.7 21.3(13.3 19.0(11.6 -10.5(-36.9  3.75(3.65 <.001
t033.9) to 131.5) t0549.1) t033.7) t030.7) t026.3) t0 3.86)
RBC 0.60(0.39 2.81(1.50 298.6(112.9 0.61(0.40 0.55(0.36 -8.7(-26.2 4.02 (3.92 <.001
t00.96) t0 3.96) t0 558.0) t0 0.95) t0 0.86) to 11.1) t04.12)
DHA, pg/mL
Plasma 61.9(46.3 90.7 (71.4 39.7(5.4 62.5(46.9 58.1(43.4 -6.9(-23.7 1.50 (1.48 <.001
t0 83.8) to 114.0) t0 86.1) to 84.4) t079.9) to 13.8) to 1.52)
RBC 5.0(3.9 6.6(5.7 23.9(5.7 5.0(3.9 4.8(3.8 -3.3(-11.9 1.33(1.32 <.001
t06.2) to7.3) t052.0) t0 6.1) t0 6.0) t06.3) to 1.34)

Abbreviations: CA, carboxylic acid formulation; DHA, docosahexaenoic
acid; EPA, eicosapentaenoic acid; HDL, high-density lipoprotein;

hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein.
Sl conversion factors: To convert cholesterol to mmol/L, multiply values by
0.0259; to convert triglycerides to mmol/L, multiply values by 0.0113.

2 All follow-up measures were at 12 months, except for hs-CRP, which was measured
at 60 months (n = 1499 in corn oil placebo and n = 1467 in omega-3 CA).

b Geometric mean ratios >1.0 represent an x-fold increase in omega-3 CA
compared with corn oil, while values <1.0 represent an x-fold decrease.
P values were generated from the analysis of covariance model.

Table 5. Key Adverse Events in the Safety Population®

No. (%)
Omega-3 CA Corn oil
(n =6532) (n = 6535)
Drug-related adverse event 1451 (22.2) 843(12.9)
Adverse event leading 708 (10.8) 525 (8.0)
to drug discontinuation
Gastrointestinal 1616 (24.7) 959 (14.7)
disorders®
Diarrhea 780(11.9) 323(4.9)
Nausea 207 (3.2) 113 (1.7)
Dyspepsia 90 (1.4) 42 (0.6)
Abdominal discomfort 87 (1.3) 36 (0.6)
New onset of diabetes® 286/1929 280/1975
(14.8) (14.2)
Syncope 35(0.5) 17 (0.3)
Any bleeding event 322 (4.9) 322 (4.9)
TIMI criteria major 52(0.8) 46 (0.7)

bleeding event

Abbreviations: CA, carboxylic acid formulation; TIMI, Thrombolysis in
Myocardial Infarction.

2 The safety population includes all randomized patients who received at least
one dose of study drug.

b Gastrointestinal disorders reported by the patient.

€ In those without diabetes on or before first dose of study medication.

jama.com

fewer with clinically manifest cardiovascular disease.
Although the study was terminated prematurely, the number
of adjudicated primary end point events was consistent with
the original sample size assumptions (1580 vs 1600 events),
reducing concerns that the trial may have been underpow-
ered. A high level of follow-up of patients was achieved
despite the challenges imposed by closing a large, multina-
tional clinical trial during the COVID-19 pandemic.

A possible explanation for the different outcomes relates
to the comparators used. The decision was made with the
design of this trial to administer corn oil because it was con-
sidered to be a neutral comparator with the least effects on a
range of biochemical parameters associated with cardiovas-
cular risk.'”'® In contrast, the cardiovascular effects of icosa-
pent were compared with mineral oil, with adverse effects,
compared with baseline, on apolipoprotein B, LDL choles-
terol, and hs-CRP levels.!! These effects were not observed
with the corn oil group in this trial, highlighting differences
between the comparator used in the studies. Given that these
parameters are well-established risk factors associated with
differences in cardiovascular event rates in clinical trials,?°28
the adverse biochemical effects in the mineral oil group may
have contributed to the apparent cardiovascular benefit
observed with icosapent. However, the FDA subsequently
awarded a label claim for cardiovascular event reduction for
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icosapent ethyl based on analyses that concluded that the
effects of mineral oil could not entirely explain the observed
differences in outcome.

The omega-3 fatty acid formulations differed in terms of
their composition. While cardiovascular benefit has been re-
ported with administration of purified formulations of EPA,
omega-3 CA is a combination of EPA and DHA, with the po-
tential to achieve similar tissue EPA concentrations. Theoreti-
cally, thelack of cardiovascular benefit with omega-3 CA could
reflect adverse effects from coadministration of DHA. Al-
though preclinical studies have reported potentially differen-
tial biological effects of EPA and DHA in studies of endothe-
lial cells and vascular reactivity,?°! DHA has not demonstrated
an adverse effect on atherosclerosis®*3* and DHA levels have
been reported to associate with cardiovascular protection.>*
Furthermore, while the increases in plasma and red blood cell
concentrations of EPA were substantial, the percentage in-
creases in DHA concentrations were modest (Table 2) and did
not correlate with event rates (Table 3). Accordingly, it seems
unlikely that the DHA component of the omega-3 CA formu-
lation caused harm.

Administration of omega-3 CA was associated with a
greater rate of both gastrointestinal adverse events and study
drug discontinuation (Table 5). Investigator-reported new-
onset atrial fibrillation was more common in patients receiv-
ing omega-3 CA, a finding also reported with purified EPA ad-
ministration in REDUCE-IT (5.3% vs 3.9% with icosapent vs
mineral oil)."! These are potentially important findings that
must be considered in the context of the possibility that the
observed benefit of purified EPA may have been related to an
increase in event rates in the mineral oil placebo treatment
group. Accordingly, there is some uncertainty whether there
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isnet benefit or harm with administration of any omega-3 fatty
acid formulation. Given that 2 large clinical trials have now
demonstrated a higher incidence rate, albeit small, of atrial fi-
brillation with high-dose omega-3 fatty acid administration,
the mechanisms underscoring this observation require addi-
tional investigation. In contrast, it was reassuring to observe
no excess bleeding with omega-3 CA, despite the high rate of
use of background antiplatelet agents in the study.

Limitations

This study has several limitations. First, all patients were at
high risk of future cardiovascular events, and background statin
therapy was required. Whether benefits might be observed in
a lower-risk primary prevention population remains uncer-
tain. Second, this trial evaluated the effect of administration
of 4-g/d of a combination of EPA and DHA in fixed propor-
tion. While different doses and proportions were not evalu-
ated, elevations in plasma concentrations of both EPA and DHA
were achieved, yet no cardiovascular benefit was observed.
Third, no large clinical trial has evaluated the effect of puri-
fied DHA at any dose on cardiovascular outcomes.

. |
Conclusions

Among statin-treated patients at high cardiovascular risk, the
addition of omega-3 CA, compared with corn oil, to usual back-
ground therapies resulted in no significant difference in a com-
posite outcome of major adverse cardiovascular events. These
findings do not support use of this omega-3 fatty acid formu-
lation to reduce major adverse cardiovascular events in high-
risk patients.
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Do Omega-3 Fatty Acids Benefit Health?

Gregory Curfman, MD

An important clinical trial of omega-3 fatty acids in patients
at high risk of cardiovascular disease is published in JAMA.!
In the STRENGTH trial (the Long-Term Outcomes Study to
Assess Statin Residual Risk with Epanova in High Cardiovas-
= cular Risk Patients with Hy-
pertriglyceridemia), 13078
patients were randomized to
< receive 4 g/d of a carboxylic
Related article page 2268 acid formulation of omega-3

fatty acids (a combination of
eicosapentaenoicacid [EPA] and docosahexaenoic acid [DHA])
or corn oil as a comparator. After a median follow-up of 42
months, there was no significant difference between the
omega-3 fatty acid group (6539 patients) and the corn oil group
(6539 patients) in the primary end point, a composite of car-
diovascular death, nonfatal myocardial infarction, nonfatal
stroke, coronary revascularization, and hospitalization for un-
stable angina. This end point was observed in 12% of the
omega-3 patients vs 12.2% of the corn oil patients (hazard ra-
tio, 0.99 [95% CI, 0.90-1.09]; P = .84).

Thenull result is similar to another recent, large (25 871 par-
ticipants) omega-3 clinical trial, VITAL (Vitamin D and Omega-3
Trial), that also reported no significant benefit of an omega-3
preparation, compared with placebo, on cardiovascular events
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in a primary prevention population (hazard ratio, 0.97 [95%
CI, 0.85-1.12]; P = .69).2 However, in this trial, the daily dose
of the omega-3 preparation (1 g/d of a combination of EPA and
DHA) was much lower than in the STRENGTH trial.

By contrast, the results of STRENGTH directly contradict
the results of the REDUCE-IT trial (Reduction of Cardiovascu-
lar Events with Icosapent Ethyl-Intervention Trial).? In this
clinical trial, 8179 participants were randomized to a high dose
(4 g/d) of an omega-3 fatty acid preparation consisting of pu-
rified EPA (icosapent ethyl) or mineral oil as a comparator. Af-
ter a median follow-up of 4.9 years, icosapent ethyl resulted
in a 25% reduction in the primary end point, a composite of
cardiovascular events, compared with mineral oil (icosapent
ethyl, 17.2%; mineral oil, 22.0%; hazard ratio, 0.75 [95% CI,
0.68-0.83]; P < .001). In both trials, an increased risk of atrial
fibrillation was observed.

Why did these 2 high-quality clinical trials, both using the
same high dose of omega-3 fatty acids, come to opposite con-
clusions? One possibility is that in STRENGTH, a beneficial ef-
fect of EPA was offset by a detrimental effect of DHA. There
is, however, no obvious biological rationale for this explana-
tion, and it would be a remarkable coincidence that a puta-
tive beneficial effect of EPA and a detrimental effect of DHA
would be virtually identical.
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