Eicosapentaenoic Acid Ethyl Ester (AMR101) Therapy in Patients
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AMR101 is an omega-3 fatty acid agent containing >96% eicosapentaenoic acid ethyl ester
and no docosahexaenoic acid. Previous smaller studies suggested that highly purified
eicosapentaenoic acid lowered triglyceride (TG) levels without increasing low-density
lipoprotein (LDL) cholesterol levels. TG-lowering therapies such as fibrates, and fish oils
containing both eicosapentaenoic acid and docosahexaenoic acid, can substantially increase
LDL cholesterol levels when administered to patients with very high TG levels (>500
mg/dl). The present double-blind study randomized 229 diet-stable patients with fasting
TG >500 mg/dl and <2,000 mg/dl (with or without background statin therapy) to AMR101
4 g/day, AMR101 2 g/day, or placebo. The primary end point was the placebo-corrected
median percentage of change in TG from baseline to week 12. The baseline TG level was
680, 657, and 703 mg/dl for AMR101 4 g/day, AMR101 2 g/day, and placebo. AMR101 4
g/day reduced the placebo-corrected TG levels by 33.1% (n ⴝ 76, p <0.0001) and AMR101
2 g/day by 19.7% (n ⴝ 73, p ⴝ 0.0051). For a baseline TG level >750 mg/dl, AMR101 4
g/day reduced the placebo-corrected TG levels by 45.4% (n ⴝ 28, p ⴝ 0.0001) and AMR101
2 g/day by 32.9% (n ⴝ 28, p ⴝ 0.0016). AMR101 did not significantly increase the
placebo-corrected median LDL cholesterol levels at 4 g/day (ⴚ2.3%) or 2 g/day (ⴙ5.2%;
both p ⴝ NS). AMR101 significantly reduced non– high-density lipoprotein cholesterol, apolipoprotein B, lipoprotein-associated phospholipase A2, very low-density lipoprotein cholesterol, and total cholesterol. AMR101 was generally well tolerated, with a safety profile similar
to that of the placebo. In conclusion, the present randomized, double-blind trial of patients with
very high TG levels demonstrated that AMR101 significantly reduced the TG levels and
improved other lipid parameters without significantly increasing the LDL cholesterol
levels. © 2011 Elsevier Inc. All rights reserved. (Am J Cardiol 2011;108:682– 690)
Triglyceride (TG)-lowering therapies such as fibrates,
and fish oil agents containing a mixture of eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), often substantially increase the low-density lipoprotein (LDL) cholesterol levels in hypertriglyceridemic patients, especially
patients with very high TG levels.1,2 The treatment guide-

a

Louisville Metabolic and Atherosclerosis Research Center, Louisville,
Kentucky; bBaylor College of Medicine and Methodist DeBakey Heart and
Vascular Center, Houston, Texas; cAcademic Medical Center, Amsterdam,
The Netherlands; dMedpace, Inc., Cincinnati, Ohio; and eAmarin Pharma
Inc., Mystic, Connecticut. Manuscript received February 28, 2011; manuscript received and accepted April 24, 2011.
The MARINE study was sponsored and designed by Amarin Pharma
Inc., Mystic, Connecticut, and conducted by Medpace, Inc., Cincinnati,
Ohio, with funding from Amarin Pharma Inc. Editorial assistance was
provided by Peloton Advantage, LLC, Parsippany, New Jersey, and funded
by Amarin Pharma Inc.
Dr. Bays has received research grants and served as an advisor to
Amarin Pharma Inc., and has also received research grants and served as a
consultant and speaker for numerous other pharmaceutical companies.
A complete list of the study investigators can be found in the Appendix.
*Corresponding author: Tel: (502) 515-5672; fax: (502) 214-3999.
E-mail address: hbaysmd@aol.com (H.E. Bays).
0002-9149/11/$ – see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.amjcard.2011.04.015

lines suggest LDL cholesterol is the primary lipid treatment
target to reduce atherosclerotic coronary heart disease risk.3
Thus, an increase in LDL cholesterol levels when treating
hypertriglyceridemic patients could complicate achievement of the LDL cholesterol treatment goals. Smaller trials
of patients with normal to moderately elevated TG levels
suggested that purified EPA might reduce TG levels without
increasing the LDL cholesterol levels.4 – 8 AMR101 contains
ⱖ96% of the omega-3 EPA ethyl ester, with no DHA. This
12-week study investigated the efficacy and safety of
AMR101 in reducing TG levels and other lipid parameters
in patients with very high TG levels (ⱖ500 mg/dl).
Methods
The Multi-center, plAcebo-controlled, Randomized,
double-blINd, 12-week study with an open-label Extension
(MARINE) was a Phase III study conducted in the United
States, South Africa, India, Russia, Ukraine, Finland, Germany, Italy, and The Netherlands. The study was conducted
under guidelines set forth by Good Clinical Practice, the
Declaration of Helsinki, and all local and/or national regulations and directives. The protocol was approved by the
appropriate institutional review boards, and all patients prowww.ajconline.org
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Figure 1. Study design. Eligible patients entered 4- to 6-week lead-in period (6-week washout period for patients receiving lipid-altering therapy, 4 weeks
for patients not receiving lipid-altering therapy or receiving stable statin therapy), followed by qualifying TG measurements at visits 2 and 3. If mean TG
levels were not within inclusion range, an additional week was allowed for another measurement at an adjunct visit (visit [V] 3.1). Qualifying patients were
randomized at visit 4 and entered the double-blind 12-week safety and efficacy measurement phase. Baseline was defined as the average of visit 4 and the
preceding lipid-qualifying visit (visit 3 or, if it occurred, visit 3.1) and the study end (week 12) end point was defined as the average of the measurements
at visits 6 and 7 for the TG analysis.
Table 1
Baseline characteristics
Characteristic
Age, mean (SD) (years)
Age ⱕ65 years
Men
White
Weight, mean (SD) (kg)
Body mass index, mean (SD) (kg/m2)
Statin use
Baseline triglycerides ⬎750 mg/dl
Diabetes mellitus

AMR101 4 g/day
(n ⫽ 77)

AMR101 2 g/day
(n ⫽ 76)

Placebo
(n ⫽ 76)

Total
(n ⫽ 229)

51.9 ⫾ 10.27
70 (91%)
59 (77%)
67 (87%)
93.2 ⫾ 18.27
30.4 ⫾ 4.29
20 (26%)
29 (38%)
22 (29%)

53.4 ⫾ 9.34
70 (92%)
58 (76%)
67 (88%)
92.1 ⫾ 15.57
30.8 ⫾ 4.24
19 (25%)
29 (38%)
20 (26%)

53.4 ⫾ 8.34
71 (93%)
58 (76%)
68 (90%)
93.0 ⫾ 16.92
31.0 ⫾ 4.25
18 (24%)
32 (42%)
21 (28%)

52.9 ⫾ 9.34
211 (92%)
175 (76%)
202 (88%)
92.8 ⫾ 16.89
30.8 ⫾ 4.25
57 (25%)
90 (39%)
63 (28%)

Data are reported for the randomized population.

vided written informed consent before enrollment. The first
patient was screened on December 14, 2009, and the last
patient visit for the 12-week double-blind phase was October 19, 2010. The clinical trial registration number was
NCT01047683 (available at: http://www.clinicaltrials.gov/
ct2/show/NCT01047683?).
Figure 1 describes the study design. At the screening
visit (visit 1), patients entered a diet, lifestyle, and medication stabilization period,9 wherein they were provided information regarding the National Cholesterol Education
Program Therapeutic Lifestyle Changes Diet9 and were
instructed to maintain the diet for the duration of the study.
The duration of this stabilization period was 4 weeks for
patients who were not on lipid-altering therapy or were on
a stable dose of statins (with or without ezetimibe) and 6
weeks for patients who were required to discontinue prohibited lipid-altering therapy such as fibrates, niacin, and
omega-3 fish oil. Patients were eligible to enter the 12-week
double-blind period if, after the stabilization period, the
average of the fasting TG levels at 2 visits separated by 1
week was ⱖ500 mg/dl and ⱕ2,000 mg/dl. If the average
fasting TG was outside this range, an additional optional TG
measurement was permitted 1 week later, and eligibility was
based on the average fasting TG levels from the last 2 visits.
Subjects were randomized 1 week later (visit 4) to 1 of 3
blinded treatment groups: AMR101 4 g/day (2 one-g cap-

sules taken orally twice daily), AMR101 2 g/day (1 one-g
capsule and 1 placebo capsule taken orally twice daily), or
placebo (2 capsules administered orally twice daily, each
capsule containing light liquid paraffin). All capsules contained 0.2% all-rac-␣-tocopherol as an antioxidant.
The primary study end point was the placebo-corrected
median percentage of change in TG from baseline to study
end (week 12) in the 2 active treatment groups compared to
placebo. The baseline TG value was calculated as the average of the TG levels at the randomization visit (visit 4)
and at the visit 1 week earlier. The TG value at study end
was calculated as the average of the TG levels at the week
11 and week 12 visits. Additional efficacy end points included percent change from randomization baseline (1
value) to week 12 (1 value) for the secondary variables of
very low density lipoprotein cholesterol, apolipoprotein B,
and lipoprotein-associated phospholipase A2, and the exploratory variables of total cholesterol, LDL cholesterol,
high-density lipoprotein (HDL) cholesterol, very low density lipoprotein–TG, and non-HDL cholesterol.
The study included men or women ⬎18 years of age
willing to maintain a stable diet and not alter their normal
physical activity level throughout the study. Women who
were pregnant, planning to become pregnant, or breastfeeding were excluded. Women of childbearing potential were
required to use accepted birth control methods throughout
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Figure 2. Patient disposition. Flow of patients through MARINE trial. AE ⫽ adverse event.

Figure 3. Change in lipid levels, baseline to week 12 (intent-to-treat population). Percentage of change from baseline to study end of placebo-corrected lipid
levels in patients with very high TG levels receiving AMR101 4 g/day or AMR101 2 g/day. Median values are reported for all end point values. *p ⬍0.0001;
†
p ⬍0.01; ‡p ⬍0.05; §p ⬍0.001. Apo B ⫽ apolipoprotein B; HDL-C ⫽ high-density lipoprotein cholesterol; LDL-C ⫽ low-density lipoprotein cholesterol;
Lp-PLA2 ⫽ lipoprotein associated phospholipase A2; non–HDL-C ⫽ non– high-density lipoprotein cholesterol; NS ⫽ not significant; TC ⫽ total cholesterol;
TG ⫽ triglyceride; VLDL-C, very-low-density lipoprotein cholesterol; VLDL–TG, very-low-density lipoprotein–triglycerides.

Preventive Cardiology/AMR101 Therapy for Very High Triglycerides

685

Table 2
Primary end point: change in triglyceride (TG) levels from baseline to week 12 (intent-to-treat population)
Variable

Intent-to-treat population
(n ⫽ 76, 73, 75)
Baseline triglyceride ⬎500
mg/dl (n ⫽ 66, 61, 64)
Baseline triglyceride ⱕ750
mg/dl (n ⫽ 48, 45, 43)
Baseline triglyceride ⬎750
mg/dl (n ⫽ 28, 28, 32)
Statin use at baseline
(n ⫽ 19, 19, 18)
No statin use at baseline
(n ⫽ 57, 54, 57)

AMR101 4 g/day
(n ⫽ 76)

AMR101 2 g/day
(n⫽73)

Baseline TG
(mg/dl)

End-of-Treatment
TG (mg/dl)

Change from
Baseline (%)

Baseline TG
(mg/dl)

End-of-Treatment
TG (mg/dl)

Change from
baseline (%)

679.5 (265.3)

502.0 (302.0)

⫺26.6 (41.2)

656.5 (303.5)

605.5 (415.00)

⫺7.0 (48.7)

710.3 (234.5)

565.3 (389.0)

⫺27.4 (40.8)

706.0 (295.5)

628.5 (408.5)

⫺10.4 (44.0)

613.8 (155.5)

454.5 (255.0)

⫺26.6 (32.0)

568.0 (125.0)

512.0 (219.0)

⫺7.0 (46.5)

902.0 (477.3)

680.5 (720.8)

⫺26.6 (48.7)

947.5 (230.0)

864.8 (460.0)

⫺7.3 (48.8)

650.0 (210.5)

448.5 (249.5)

⫺29.5 (42.7)

591.5 (490.5)

651.0 (340.0)

11.1 (47.7)

679.5 (251.0)

579.5 (389.0)

⫺26.4 (34.1)

672.8 (263.0)

595.8 (444.0)

⫺10.2 (45.6)

Data are presented as median (interquartile range) for end point values.
Table 3
Secondary and exploratory efficacy end points (intent-to-treat population)
AMR101 4 g/day
(n ⫽ 76)

Very-low-density lipoprotein
cholesterol (mg/dl)
(n ⫽ 76, 73, 75)
Lipoprotein-associated
phospholipase A2 (ng/ml)
(n ⫽ 73, 70, 70)
Apolipoprotein B (mg/dl)
(n ⫽ 75, 70, 73)
Total cholesterol (mg/dl)
(n ⫽ 76, 73, 75)
High-density lipoprotein
cholesterol (mg/dl)
(n ⫽ 76, 73, 75)
Low-density lipoprotein
cholesterol (mg/dl)
(n ⫽ 76, 73, 75)
Non–high-density
lipoprotein cholesterol
(mg/dl) (n ⫽ 76, 73, 75)
Very-low-density
lipoprotein–triglycerides
(mg/dl)
(n ⫽ 76, 73, 75)

AMR101 2 g/day
(n ⫽ 73)

Baseline Value

End-of-Treatment
Value

Change from
Baseline (%)

Baseline Value

End-of-Treatment
Value

Change from
Baseline (%)

122.5 (94.0)

104.0 (91.0)

⫺19.5 (55.3)

119.0 (62.0)

115.0 (59.0)

246.0 (116.0)

201.0 (100.0)

⫺17.1 (24.4)

235.0 (106.0)

220.5 (101.0)

121.0 (34.0)

117.0 (33.0)

⫺3.8 (15.7)

117.5 (35.0)

117.0 (39.0)

2.1 (12.3)

253.5 (86.5)

237.0 (75.5)

⫺7.3 (18.3)

236.0 (79.0)

243.0 (67.0)

0.7 (19.3)

26.5 (10.0)

26.0 (10.0)

⫺3.5 (22.3)

26.0 (6.0)

29.0 (10.0)

0.0 (26.6)

90.5 (42.5)

86.0 (55.0)

⫺4.5 (40.5)

84.0 (58.0)

94.0 (58.0)

⫺2.5 (33.3)

225.0 (89.5)

205.5 (79.5)

⫺7.7 (21.6)

210.0 (75.0)

214.0 (68.0)

0.0 (23.1)

522.5 (325.0)

384.0 (349.5)

⫺25.2 (67.7)

488.0 (416.0)

512.0 (357.0)

0.0 (51.8)

⫺5.1 (24.1)

⫺6.4 (63.7)

Data are presented as median (interquartile range) for end point values.

the study. Other than the TG criteria of ⱖ500 mg/dl and
ⱕ2,000 mg/dl, no other lipid criteria were required for
eligibility. Other exclusion criteria included a history of
pancreatitis; body mass index ⬎45 kg/m2; weight change
⬎3 kg during the lead-in period; hemoglobin A1c ⬎9.5%
(patients with diabetes mellitus were required to be receiving stable therapy); history of stroke, myocardial infarction,
life-threatening arrhythmia, or coronary vascularization
within 6 months before screening; thyroid-stimulating hor-

mone ⬎1.5 ⫻ upper limit of normal; clinical evidence of
hypothyroidism or thyroid hormonal therapy that had not
been stable for ⱖ6 weeks before screening; alanine aminotransferase or aspartate aminotransferase ⬎3 ⫻ upper limit
of normal; an unexplained creatine kinase concentration ⬎3 ⫻
upper limit of normal or creatine kinase elevation owing to
known muscle disease (e.g., polymyositis, mitochondrial
dysfunction); blood donation of ⱖ1 pint (0.5 L) within 30
days before screening or plasma donation within 7 days
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Table 2
Continued
Placebo (n ⫽ 75)
Baseline TG
(mg/dl)

End-of-Treatment
TG (mg/dl)

Placebo-Corrected Median TG Change from Baseline
Change from
baseline (%)

AMR101
4 g/day vs Placebo (%, p Value)

AMR101
2 g/day vs Placebo (%, p Value)

703.0 (426.5)

745.5 (886.5)

9.7 (61.6)

⫺33.1, ⬍0.0001

⫺19.7, 0.0051

749.5 (455.5)

902.8 (899.3)

10.1 (57.4)

⫺35.7, ⬍0.0001

⫺24.9, 0.0007

564.5 (144.5)

592.5 (327.0)

2.2 (58.7)

⫺25.1, 0.0006

⫺9.1, 0.282

1,052 (541.3)

1,423 (828.3)

19.0 (56.6)

⫺45.4, 0.0001

⫺32.9, 0.0016

713.3 (471.0)

949.5 (1,001.0)

32.2 (95.0)

⫺65.0, 0.0001

⫺40.7, 0.0276

650.0 (379.5)

675.5 (783.5)

6.4 (56.1)

⫺25.8, 0.0002

⫺16.4, 0.0360

Table 3
Continued
Placebo (n ⫽ 75)

Placebo-Corrected Median Change from Baseline

Baseline Value

End-of-Treatment Value

Change from
Baseline (%)

124.0 (81.0)

156.0 (141.0)

13.7 (68.8)

⫺28.6, 0.0002

⫺15.3, 0.038

253.0 (126.0)

256.0 (146.0)

⫺2.4 (29.4)

⫺13.6, 0.0003

⫺5.1, 0.153

118.0 (39.0)
256.0 (97.0)

122.0 (41.0)
274.0 (113.0)

4.3 (22.1)
7.7 (27.8)

⫺8.5, 0.0019
⫺16.3, ⬍0.0001

⫺2.6, 0.237
⫺6.8, 0.0148

27.0 (8.0)

27.0 (12.0)

0.0 (21.5)

⫺3.6, 0.217

1.5, 0.523

86.0 (58.0)

78.0 (55.0)

⫺3.0 (44.6)

⫺2.3, 0.677

5.2, 0.302

229.0 (85.0)

243.0 (124.0)

7.8 (30.8)

⫺17.7, ⬍0.0001

543.0 (459.0)

619.0 (862.0)

7.8 (112.2)

⫺25.8, 0.0023

before screening; the consumption of ⬎2 alcoholic beverages per day after screening; a history of illicit drug use
within 1 year before screening; a history of symptomatic
gallstone disease unless treated with cholecystectomy;
known nephrotic syndrome or ⬎3 g/day proteinuria; and a
history or evidence of major and clinically significant disease that could adversely affect the conduct of the study or
patient safety. Prohibited drugs included those for weight
loss (including over-the-counter or supplemental agents);
human immunodeficiency virus protease inhibitors; cyclophosphamide; isotretinoin; routine or anticipated use of systemic corticosteroids (local, topical, inhalation, or nasal
corticosteroids were permitted). Other medications, including antihypertensives, antidiabetes mellitus drug therapies,
tamoxifen, estrogens, and progestins were permitted as long

AMR101
4 g/day vs Placebo (%, p Value)

AMR101
2 g/day vs Placebo (%, p Value)

⫺8.1, 0.0182
⫺17.3, 0.0733

as the doses were stable ⱖ4 weeks before screening and
were continued unchanged throughout the study. Any lipidaltering drug therapy other than statins and ezetimibe, including niacin ⬎200 mg/day, fibrates, fish oil, other products containing omega-3, or other herbal products or dietary
supplements with potential lipid-altering effects were discontinued on entering the lead-in period. Patients deemed at
high risk of coronary heart disease were able to continue
with their stable dose of statins with or without ezetimibe. In
other patients, lipid-altering therapies, including statins,
were discontinued at the screening visit.
All laboratory measurements were performed by the central laboratory, Medpace Reference Laboratories (Cincinnati, Ohio, Navi Mumbai, India, and Leuven, Belgium),
which maintained Part III certification by the Centers for
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Disease Control Lipid Standardization Program10 for lipids
and accreditation from the College of American Pathologists.11 TGs and cholesterol were measured using enzymatic
colorimetric tests (Olympus AU2700 or AU5400 Analyzer,
Olympus, Center Valley, Pennsylvania) with calibration directly traceable to the Centers for Disease Control reference
procedures. HDL was isolated by precipitating apolipoprotein B– containing lipoproteins and chylomicrons with dextran sulfate, and HDL cholesterol was measured in the
supernatant.12 LDL cholesterol, very low density lipoprotein cholesterol, and very low density lipoprotein–TG were
measured after preparative ultracentrifugation (␤ quantification).13 Serum apolipoprotein B was measured using rate
immune-nephelometry (Dade Behring BNII nephelometer,
Siemens Healthcare Diagnostics, Deerfield, Illinois). NonHDL cholesterol was calculated by subtracting HDL cholesterol from total cholesterol. Berkeley Heart Laboratory
(Burlingame, California) measured lipoprotein-associated
phospholipase A2 concentration using the PLAC sandwich
enzyme-linked immunosorbent assay (diaDexus, South San
Francisco, California).
A standard deviation of 45% in the TG measurements
and a significance level of p ⬍0.01 required a sample size
of 69 completed patients per treatment group to provide
ⱖ90% power to detect a difference of 30% between
AMR101 and placebo in the percentage of change from
baseline in the fasting TG levels. Assuming a 15% dropout
rate from randomization to completion of the double-blind
treatment period, a total of 240 randomized patients was
planned (80 patients per treatment group). The randomized
population was defined as all patients who signed the informed consent form and were assigned a randomization
number at visit 4. The intent-to-treat population consisted of
all randomized patients who had a baseline efficacy measurement, received ⱖ1 dose of study drug, and had ⱖ1
postrandomization efficacy measurement. The per protocol
population consisted of all intent-to-treat patients who completed the 12-week, double-blind treatment period without
any major protocol deviations. The safety population was
defined as all randomized patients who had received ⱖ1
dose of study drug. The efficacy evaluations were performed on the intent-to-treat population. The primary efficacy analysis was performed using a Wilcoxon rank sum
test with the Hodges-Lehmann median and interquartile
range. To control the family-wise error rate when performing multiple pairwise tests between the 2 dose levels of
AMR101 and placebo, a predefined step-down testing procedure was followed with a fixed testing order. First, the
percentage of change in the fasting TG from baseline to
study end (week 12) was compared between AMR101 4
g/day and placebo. If this first comparison showed a statistically significantly greater TG-reducing effect compared to
placebo at the prespecified significance level of p ⫽ 0.01,
AMR101 2 g/day was also tested versus placebo as a primary end point. For the secondary and exploratory end
points, the comparison of each variable from baseline to
week 12 was made for each AMR101 treatment group with
the placebo treatment group, using a significance level of
p ⫽ 0.05.
The safety evaluation was done using reported adverse
events, clinical laboratory assessments, 12-lead electrocar-
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diographic findings, physical examination findings, weight,
body mass index, and vital signs (heart rate and blood
pressure). Adverse events were recorded by the investigator
(who was unaware of the treatment regimen) as related or
not related to the study drug. Treatment-emergent adverse
events were defined as those adverse events that had newly
occurred or had worsened in severity during the doubleblind treatment period. The trial was designed and sponsored by Amarin Pharma Inc. (Mystic, Connecticut). Medical monitoring, data management, and statistical analyses
were performed by Medpace Inc. (Cincinnati, Ohio). Dr.
Bays (principal investigator) wrote the first draft of the
present report, and subsequent drafts were revised and edited by all the investigators, who vouch for the accuracy and
completeness of the data.
Results
The baseline demographics of the patients are listed in
Table 1 and were comparable across the treatment groups.
In general, most patients were overweight (mean body mass
index 30.8 kg/m2), white (88%), and male (76%), with a
mean age of 52.9 years. Of the randomized patients, 24.9%
received background statin therapy, 27.5% had diabetes
mellitus, and 55.0% were at a high risk of coronary heart
disease according to the patients’ medical histories. For the
randomized population, the median TG level was 679.5
mg/dl, with 39.3% of these patients having a baseline TG
level ⬎750 mg/dl. The median baseline LDL cholesterol
level was 86.0 mg/dl in the intent-to-treat population.
Figure 2 details the disposition of the 610 patients initially screened and the 229 subjects ultimately randomized.
Of the 333 patients who were not included according to the
inclusion/exclusion criteria, most (n ⫽ 250) had TG levels
out of the specified range. More than 90% of each group
completed the 12-week study.
The results of the primary end point are shown in Figure
3 and listed in Table 2. In the intent-to-treat population,
AMR101 4 g/day reduced placebo-corrected median TG
levels by 33.1% (p ⬍0.0001); AMR101 2 g/day reduced
placebo-corrected median TG levels by 19.7% (p ⫽
0.0051). The results for the per-protocol population were
consistent with the results for the intent-to-treat population.
Table 2 also includes the median percentage of reductions in
TG levels in subgroups of the intent-to-treat population. In
statin-treated patients, AMR101 4 g/day reduced the placebo-corrected median TG levels by 65% (p ⫽ 0.0001) and
AMR101 2 g/day reduced the placebo-corrected median TG
levels by 40.7% (p ⫽ 0.0276). Among the patients with a
baseline TG level ⬎750 mg/dl, AMR101 4 g/day reduced
the placebo-corrected median TG levels by 45.4% (p ⫽
0.0001). AMR101 2 g/day reduced the placebo-corrected
median TG levels in this subgroup by 32.9% (p ⫽ 0.0016).
Neither AMR101 4 g/day nor 2 g/day significantly increased the LDL cholesterol levels in either the overall
intent-to-treat population or the intent-to-treat population
subgroup with a baseline TG level ⬎750 mg/dl (Table 3).
Regarding other end points, AMR101 4 g/day significantly
reduced non-HDL cholesterol by 17.7% (p ⬍0.0001), lipoprotein-associated phospholipase A2 by 13.6% (p ⫽
0.0003), very low density lipoprotein–TG by 25.8% (p ⫽
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Table 4
Treatment-emergent adverse events occurring in ⬎3% of patients
Preferred Term

Any treatment-emergent
adverse event
Diarrhea
Nausea
Eructation

Patients With TEAEs (n)
AMR101
4 g/day
(n ⫽ 77)

AMR101
2 g/day
(n ⫽ 76)

Placebo
(n ⫽ 76)

27 (35)

26 (34)

28 (37)

1 (1)
1 (1)
0

4 (5)
5 (7)
1 (1)

5 (7)
4 (5)
3 (4)

Data are presented as n (%) and are reported for the safety population.
TEAEs ⫽ treatment-emergent adverse events.

0.0023), and apolipoprotein B by 8.5% (p ⫽ 0.0019).
AMR101 2 g/day significantly reduced non-HDL cholesterol by 8.1% (p ⫽ 0.0182). Both AMR101 4 and 2 g/day
significantly reduced very low density lipoprotein cholesterol and total cholesterol, with no significant effect on HDL
cholesterol.
The treatment-emergent adverse events with an incidence of ⬎3% in any treatment group, irrespective of causality, are listed in Table 4. The incidence of treatmentemergent adverse events was generally similar across the 3
treatment groups. Most treatment-emergent adverse events
were mild to moderate in severity and were not related to
the study drug (as assessed by the investigators who were
unaware of the treatment groups). Also, the severity of the
treatment-emergent adverse events was comparable among
the treatment groups. The most common treatment-emergent adverse events were gastrointestinal (i.e., diarrhea,
nausea, and eructation), with the greatest numerical incidence in the placebo group. Eructations were not reported in
the AMR101 4-g/day group but were reported by 1 patient
in the AMR101 2-g/day group and 3 patients in the placebo
group. No deaths occurred, and 2 serious adverse events
occurred during the present trial (coronary artery disease in
the AMR101 4-g/day group and noncardiac chest pain in the
AMR101 2-g/day group), neither of which were deemed by
the investigators to be related to study drug. Four patients
discontinued the study medication because of a treatmentemergent adverse event: 1 patient in the AMR101 2-g/day
group (diarrhea) and 3 patients in the placebo group (arthralgia, gout, and nausea). Changes in the fasting plasma
glucose levels (4 g/day, ⫹1.6 mg/dl, p ⫽ 0.6371; 2 g/day,
⫺0.6 mg/dl, p ⫽ 0.8668) and hemoglobin A1c (4 g/day,
⫹0.04%, p ⫽ 0.4563; 2 g/day, ⫹0.03%, p ⫽ 0.6046) did
not significantly differ compared to the placebo group.
AMR101 at either dose produced no significant changes in
vital signs, electrocardiographic parameters, alanine aminotransferase, aspartate aminotransferase, or creatine kinase
values.
Discussion
AMR101 is a novel lipid-altering agent that contains
ⱖ96% EPA ethyl ester and no DHA. The MARINE study
(to our knowledge, the largest reported clinical trial of its
kind) was a Phase III, 12-week, multicenter, placebo-controlled, randomized, double-blind study evaluating 229 pa-

tients with fasting TGs ⱖ500 mg/dl and ⱕ2,000 mg/dl
(with or without statin therapy), who were randomized to
AMR101 4 g/day, AMR101 2 g/day, or placebo. AMR101
4 g/day significantly reduced the placebo-corrected median
TG levels (primary end point) by 33.1% and 2 g/day by
19.7%. AMR101 4 g/day also significantly reduced nonHDL cholesterol by 17.7%, lipoprotein-associated phospholipase A2 by 13.6%, very low density lipoprotein–TG by
25.8%, and apolipoprotein B by 8.5%. AMR101 2 g/day
significantly reduced non-HDL cholesterol by 8.1% and had
no significant effect on HDL cholesterol levels. Finally,
both doses significantly reduced very low density lipoprotein cholesterol and total cholesterol (Tables 2 and 3). Importantly, neither dose significantly increased the LDL cholesterol levels. AMR101 was generally well tolerated, with
an incidence and severity of treatment-emergent adverse
events similar to that seen in patients administered placebo.
In several small previous studies,4,5,14 –16 including headto-head comparisons of EPA and DHA in patients with
dyslipidemia, both EPA and DHA lowered TG levels. However, although DHA treatment generally increased LDL
cholesterol levels, EPA therapy did not. In a study of 110
subjects, EPA (0.6 and 1.8 g/day) was compared to DHA
(0.6 g/day) and placebo.17 In that study, with a mean baseline TG level of 112.4 mg/dl, EPA demonstrated no effect
on the LDL cholesterol levels (EPA 0.6 g/day, ⫺2.5%; EPA
1.8 g/day, ⫺2.0%; p ⬎0.05 vs baseline). In contrast, DHA
significantly increased the LDL cholesterol levels by 14.2%
(p ⬍0.05).17 These previous studies were generally in patients with normal to borderline high TG levels, and none
included patients with very high TG levels (⬎500 mg/dl). In
contrast, the MARINE study examined the hypothesis that
in a much larger controlled trial of patients with very high
TG levels, AMR101 (a pure EPA agent) would significantly
reduce the TG levels with smaller increases in the LDL
cholesterol levels than found with agents containing both
EPA and DHA (typical 40% to 50% increase).2 An unexpected finding was that AMR101 produced no significant
increase in the LDL cholesterol levels.
TG-lowering agents often lower the TG levels more in
patients with higher baseline TG levels and less so in those
with lower baseline TG levels,4,18 a finding borne out in this
trial. In the subgroup analysis of the MARINE trial, in
patients with TG ⬎750 mg/dl (median baseline TG level
902.0 mg/dl, 947.5 mg/dl, and 1,052 mg/dl for AMR101 4
g/day, AMR101 2 g/day, and placebo, respectively),
AMR101 4 g/day significantly reduced the placebo-corrected median TG levels by 45.4% and 2 g/day by 32.9%. In
the subgroup treated with statins, AMR101 4 g/day significantly reduced placebo-corrected median TG levels by 65%
and 2 g/day by 40.7%. The TG-lowering effect was even
greater in patients receiving background statin therapy, suggesting a possible synergy between AMR101 and statins.
The findings of the MARINE trial could have practical
implications for the clinical management of hypertriglyceridemic patients. Fibrates significantly reduce the TG levels
in patients with very high TG levels but can also substantially increase the LDL cholesterol levels by as much as
45%.1 Previous studies with prescription fish oils rich in
EPA and DHA in patients with very high TG report significant TG reduction, from 26% to 47%, but with an increase

Preventive Cardiology/AMR101 Therapy for Very High Triglycerides

in LDL cholesterol levels of 17% to 46%.2 The increase in
LDL cholesterol can present treatment challenges because,
according to current treatment guidelines, LDL cholesterol
is the primary treatment target for cholesterol-lowering therapy for the prevention of coronary heart disease.3,9 Therapeutic interventions that increase the LDL cholesterol levels
can complicate or compromise the achievement of guideline-directed lipid treatment targets. The results of the present study have demonstrated that in patients with very high
TG levels, AMR101 is the first non-statin TG-lowering
therapy to reduce TG levels without significantly increasing
the LDL cholesterol levels.
Although the entry criteria for the patients selected in the
present study were based on hypertriglyceridemia (very
high TG), 55% of patients in the study were at high risk of
cardiovascular disease according to their medical histories
and 25% of the patients were also treated with statins.
Previous studies have reported that prescription omega-3
fatty acid therapies containing both EPA and DHA reduce
non-HDL cholesterol levels,19,20 with effects on apolipoprotein B levels ranging from a mild decrease,19 to no
change,20 to an increase.21 In the present study, AMR101
significantly reduced both non-HDL cholesterol and apolipoprotein B levels. This could have clinical significance
because non-HDL cholesterol represents the totality of cholesterol carried by all atherogenic lipoproteins [e.g., the
cholesterol carried by LDL, very low density lipoprotein
cholesterol, intermediate-density lipoproteins, remnant lipoproteins, chylomicrons (and their remnants), and lipoprotein
(a)].2 Established lipid treatment guidelines recommend the
reduction in non-HDL cholesterol as a secondary treatment
target in hypertriglyceridemic patients.9 Similarly, a reduction in apolipoprotein B is also a component of lipid treatment guidelines.22 This is because 1 molecule of apolipoprotein B is found on each atherogenic lipoprotein particle;
thus, apolipoprotein B level is often considered a surrogate
marker for atherogenic lipoprotein particle concentration.2
Given that non-HDL cholesterol and apolipoprotein B
might be better predictors of coronary heart disease than
LDL cholesterol,23,24 reducing these lipid parameters with
AMR101 could be of clinical significance. Lipoproteinassociated phospholipase A2 is a lipid-modifying circulating
lipase enzyme that attaches to LDL particles; when these
atherogenic particles attach to the arterial walls, lipoproteinassociated phospholipase A2 can facilitate LDL oxidation.25
Oxidized LDL enhances the inflammatory process of atherosclerosis. Specific lipoprotein-associated phospholipase
A2 inhibitors such as darapladib are currently in development to evaluate the efficacy in reducing coronary heart
disease events.26 Low levels of lipoprotein-associated phospholipase A2 have been associated with a very low risk of
cardiovascular events in both low- and high-risk populations.27,28 In the present study, AMR101 significantly reduced lipoprotein-associated phospholipase A2.
The mechanistic explanation as to why EPA differs from
DHA regarding the lipid effects is unknown. Although
speculative, EPA and DHA could differ in their relative
effects on the hepatic TG metabolism, very low density
lipoprotein cholesterol secretion, and/or clearance of lipoproteins, including clearance of LDL particles. This would
be supported by the important finding in the present study
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that AMR101 reduced apolipoprotein B levels, which is not
a consistent finding with EPA/DHA mixtures. Additional
research is required to elucidate the mechanisms responsible
for the multiple effects of omega-3 fatty acids in general, as
well as for any differential metabolic effects of EPA and
DHA.
A limitation of the present study was that it was not a
coronary heart disease outcomes study; no previous coronary heart disease outcomes study of hypertriglyceridemic
patients has been conducted to demonstrate the coronary
heart disease benefit of TG lowering as a primary end point.
To prove that AMR101 has coronary heart disease benefits
would require a coronary heart disease outcomes trial.
Nonetheless, the health benefits of omega-3 fatty acid therapies are supported by favorable results from coronary heart
disease outcomes trials,29 with 1 large trial of EPA-only
omega-3 therapy reporting favorable coronary heart disease
outcomes, despite a modest but statistically significant
change in TG levels.30 Another common patient population
not evaluated in the MARINE study was patients with
elevated TG levels of 200 to 500 mg/dl. This dyslipidemic
patient population was evaluated in a separate AMR101
clinical trial (the ANCHOR study).
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