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Efficacy and Safety of Eicosapentaenoic Acid Ethyl Ester
(AMR101) Therapy in Statin-Treated Patients With Persistent High

Triglycerides (from the ANCHOR Study)
Christie M. Ballantyne, MDa,*, Harold E. Bays, MDb, John J. Kastelein, MD, PhDc,
Evan Stein, MD, PhDd, Jonathan L. Isaacsohn, MDd, Rene A. Braeckman, PhDe, and

Paresh N. Soni, MD, PhDe

AMR101 is an �-3 fatty acid agent containing >96% pure icosapent-ethyl, the ethyl ester of
eicosapentaenoic acid. The efficacy and safety of AMR101 were evaluated in this phase 3,
multicenter, placebo-controlled, randomized, double-blinded, 12-week clinical trial (ANCHOR)
in high-risk statin-treated patients with residually high triglyceride (TG) levels (>200 and
<500 mg/dl) despite low-density lipoprotein (LDL) cholesterol control (>40 and <100 mg/dl).
Patients (n � 702) on a stable diet were randomized to AMR101 4 or 2 g/day or placebo. The
primary end point was median percent change in TG levels from baseline versus placebo at 12
weeks. AMR101 4 and 2 g/day significantly decreased TG levels by 21.5% (p <0.0001) and
10.1% (p � 0.0005), respectively, and non-high-density lipoprotein (non-HDL) cholesterol by
13.6% (p <0.0001) and 5.5% (p � 0.0054), respectively. AMR101 4 g/day produced greater TG
and non-HDL cholesterol decreases in patients with higher-efficacy statin regimens and greater
TG decreases in patients with higher baseline TG levels. AMR101 4 g/day decreased LDL
cholesterol by 6.2% (p � 0.0067) and decreased apolipoprotein B (9.3%), total cholesterol
(12.0%), very-low-density lipoprotein cholesterol (24.4%), lipoprotein-associated phospholipase
A2 (19.0%), and high-sensitivity C-reactive protein (22.0%) versus placebo (p <0.001 for all
comparisons). AMR101 was generally well tolerated, with safety profiles similar to placebo. In
conclusion, AMR101 4 g/day significantly decreased median placebo-adjusted TG, non-HDL
cholesterol, LDL cholesterol, apolipoprotein B, total cholesterol, very-low-density lipoprotein
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cholesterol, lipoprotein-associated phospholipase A2, and high-sensitivity C-reactive protein in
statin-treated patients with residual TG elevations. © 2012 Elsevier Inc. All rights reserved.
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In association with an increasing prevalence of obesity
and diabetes in recent decades, the number of patients with
elevated serum triglycerides (TGs) has markedly increased.1

In patients with fasting TG levels �200 and �500 mg/dl,

aBaylor College of Medicine and the Methodist DeBakey Heart and
Vascular Center, Houston, Texas; bLouisville Metabolic and Atheroscle-
rosis Research Center, Louisville, Kentucky; cAcademic Medical Center,
Amsterdam, The Netherlands; dMedpace, Cincinnati, Ohio; eAmarin
Pharma, Inc., Bedminster, New Jersey. Manuscript received March 2,
2012; revised manuscript received and accepted May 23, 2012.

The trial was designed and sponsored by Amarin Pharma, Inc., Bedmin-
ster, New Jersey, and conducted by Medpace, Inc., Cincinnati, Ohio, with
funding from Amarin Pharma, Inc. Writing assistance was provided to the
authors by Peloton Advantage, LLC, Parsippany, New Jersey, and funded by
Amarin Pharma, Inc. Dr. Ballantyne has received research grants from Abbott
Laboratories, Abbott Park, Illinois, Amarin Pharma, Inc., AstraZeneca, Wil-
mington, Delaware, Bristol-Myers Squibb, New York, New York, diaDexus,
South San Francisco, California, GlaxoSmithKline, Research Triangle Park,
North Carolina, Kowa Pharmaceuticals America, Inc., Montgomery, Alabama,
Merck & Co., Whitehouse Station, New Jersey, Novartis Pharmaceuticals
Corp., East Hanover, New Jersey, Roche, Basel, Switzerland, Sanofi-Syn-
thelabo, Paris, France, Takeda, San Diego, California, National Institutes of
Health, Bethesda, Maryland, American Diabetes Association, Alexandria, Vir-
ginia, and American Heart Association, Dallas, Texas, speakers bureau fees
from Abbott, GlaxoSmithKline, and Merck & Co.; honoraria from Abbott,

Amarin, AstraZeneca, GlaxoSmithKline, Merck & Co., Sanofi-Synthelabo,
and Takeda; and has provided consultancy services for Abbott, Adnexus,

0002-9149/12/$ – see front matter © 2012 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.amjcard.2012.05.031

Hikma Pharmaceuticals IPR2022-00f 
Find authenticated court document
w-density lipoprotein (LDL) cholesterol is the primary
id target, with statins being first-line therapy for prevent-

g atherosclerotic coronary heart disease.2 If TG levels
main �200 and �500 mg/dl after optimization of LDL
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cholesterol levels with statin therapy, adjunctive treatment
options include lifestyle interventions, fibrates, niacin,
ezetimibe, and �-3 fatty acids.3 AMR101 is an �-3 fatty
acid investigational new drug containing �96% pure ico-
sapent-ethyl (the ethyl ester of eicosapentaenoic acid
[EPA]; United States Adopted Name [generic] and Interna-
tional Nonproprietary Name). This study (ANCHOR) as-
sessed the efficacy and safety of AMR101 in statin-treated
patients at high cardiovascular risk with well-controlled
LDL cholesterol and residually high TG levels (�200 and
�500 mg/dl).

Methods

The ANCHOR study was a phase 3, multicenter, pla-
cebo-controlled, randomized, double-blinded, 12-week
clinical trial conducted at 97 sites in the United States
from December 2009 through February 2011. The proto-
col was approved by the appropriate institutional review
boards, and all patients underwent the informed consent
process before enrollment, as evidenced by their written
informed consent. The clinical trial registration number
was NCT01047501 (available at: http://clinicaltrials.gov/
ct2/show/NCT01047501).

The study design is explained in Figure 1. Inclusion
criteria included patients �18 years of age and at high risk
for cardiovascular disease as defined by the National Cho-
lesterol Education Program Adult Treatment Panel III
guidelines2 who were willing to maintain stable diet and
exercise throughout the study; at the first TG-qualifying
visit, patients were required to have been on �4 weeks of
stable statin therapy (atorvastatin, rosuvastatin, or simvasta-

Figure 1. Study design. The screening period consisted of a 4- to 6-week lea
nonstatin lipid-altering treatment washout if necessary. At the first screening
achieve a low-density lipoprotein cholesterol goal of �100 mg/dl and all
Therapeutic Lifestyle Changes diet.2 Patients then entered a 2- to 3-week qua
�200 and �500 mg/dl and an average fasting low-density lipoprotein chole
visits. If the average triglyceride and/or low-density lipoprotein cholesterol le
at a third visit 1 week later, with eligibility determined based on the last 2
AMR101 1-g capsules 2 times/day), AMR101 2 g/day (1 AMR101 1-g capsu
capsules 2 times/day). Investigators and patients were blinded to treatment as
period. Visit 1 (V1) was 6 weeks for patients requiring washout and 4 wee

2 The American Journal of C
tin; with or without ezetimibe) at doses likely to achieve
“optimal” LDL cholesterol for high-risk patients (�40 and

ph
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100 mg/dl) and continue such treatment throughout the
dy. To facilitate enrollment, a protocol amendment was
plemented after approximately 1/2 of patients were ran-
mized: the hemoglobin A1c exclusion criterion was in-
eased from 9.0% to �9.5%; based on known within-
tient variability for TG and LDL cholesterol, entry criteria
re expanded so the mean of the 2 TG-qualifying values
s �185 mg/dl with �1 of the 2 values �200 mg/dl; and

e upper limit of the LDL cholesterol entry criteria was
creased by 15% to �115 mg/dl.
Exclusion criteria included body mass index �45 kg/m2,

weight change �3 kg from the first visit to the end of the
alifying period, non-high-density lipoprotein (non-HDL)
olesterol levels �100 mg/dl, known nephrotic range (�3
day) proteinuria, malignancy, bariatric surgery, long-term
atment with antihypertensive and antidiabetic medica-
ns, treatment with weight-loss drugs, thyroid-stimulating
rmone �1.5 times upper limit of normal, alanine amino-
nsferase or aspartate aminotransferase �3 times upper
it of normal, and unexplained creatine kinase concentra-

n �3 times upper limit of normal or creatine kinase
crease from known muscle disease.
The primary end point was median placebo-adjusted

rcent change in TG levels from baseline to week 12
udy end). Baseline TG level was calculated as the average
levels at randomization and 1 week previously. TG value
study end was calculated as the average of weeks 11 and
. Prespecified secondary efficacy end points included
edian placebo-adjusted percent change in non-HDL cho-
terol, LDL cholesterol, apolipoprotein B, very-low-den-
y lipoprotein (VLDL), and lipoprotein-associated phos-

iod during which patients underwent diet and lifestyle stabilization and
atients not taking a statin were initiated on statin therapy and likely to
received counseling on the National Cholesterol Education Program

eriod. Lipid qualifications included an average fasting triglyceride level
vel �40 and �100 mg/dl based on the average (arithmetic mean) of 2
outside the required range, an additional measurement could be obtained
ligible patients were randomized 1 week later to AMR101 4 g/day (2
matching placebo capsule 2 times/day), or placebo (2 matching placebo
t throughout the double-blinded, placebo-controlled, 12-week treatment

atients not requiring washout. V2 to V7 � visits 2 to 7.

y (www.ajconline.org)
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cholesterol, VLDL-TG, and high-sensitivity C-reactive pro-
tein. Safety assessments, blood and urine tests, and efficacy
end-point assessments were analyzed as previously de-
scribed; high-sensitivity C-reactive protein was measured
with the same assay as previously described for lipoprotein-
associated phospholipase A2.4

A sample size of 194 completed patients per treatment
arm was required to provide 90.6% power to detect a dif-
ference of 15% between AMR101 4 g/day and placebo in
percent change from baseline in fasting TG levels, assuming
an SD of 45% in TG measurements and a significance level
(p value) �0.05, and 80% power to demonstrate noninferi-
ority (p �0.025, 1-sided) of the LDL cholesterol response
between AMR101 4 g/day and placebo with a �6% margin.
To accommodate a 10% drop-out rate, recruitment was
planned for 648 randomized patients.

All efficacy analyses were performed on the intent-to-
treat population (randomized patients who received �1
dose of study drug and had baseline and �1 postrandom-
ization efficacy measurements) using an analysis of covari-
ance model with treatment, type of statin, gender, and pres-
ence of diabetes as factors and baseline TG as a covariate.
If no significant departure from normality was observed,
parametric testing was planned for each comparison be-
tween AMR101 and placebo. For each efficacy end point, if

Figure 2. Pat

Preventive Cardiolo
a significant departure from normality was observed
(p �0.01, Shapiro–Wilk test), the median and interquartile

ba
(n
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nge would be calculated for each treatment group and
edian differences and Hodges–Lehmann 2-tailed 95%
nfidence interval would be calculated for each compari-
n between AMR101 and placebo.
Nonparametric analysis p values were planned using

ilcoxon rank-sum test for each comparison between
R101 and placebo. Missing data were imputed using the

t-observation-carried-forward method. To control the
mily-wise error rate when performing multiple pairwise
ts between the 2 dose levels of AMR101 and placebo, a

especified step-down testing procedure was followed for
e primary end point: differences in TG-lowering between

R101 4 g/day and placebo were tested; if this first
mparison showed a statistically significantly greater de-
ease in TG at the prespecified significance level of 0.05,
e TG-lowering effects of AMR101 2 g/day versus placebo
re also analyzed. For all end points, comparisons be-
een AMR101 and placebo were made using a significance
el of 0.05. The Hommel procedure was used to test the

equate control of type 1 error for multiple secondary end
ints. For non-HDL cholesterol, VLDL cholesterol, lipo-
otein-associated phospholipase A2, and apolipoprotein B,
atment groups were compared using the Dunnett test to
ntrol the type I error rate within each parameter. Changes
TG and non-HDL cholesterol were analyzed by select

position.

3NCHOR Study
gy/The A
seline characteristics in prespecified (TG) and post hoc
on-HDL cholesterol) analyses. All safety analyses were
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performed in the safety population (randomized patients
who received �1 dose of study medication). For hemoglo-
bin A1c and fasting plasma glucose, differences in change
from baseline between AMR101 and placebo were analyzed
using an analysis of covariance model with treatment as a
factor and baseline value as a covariate using a significance
level of 0.05.

Results

Figure 2 shows the patient disposition; 663 patients
(�90% in each treatment group) completed the 12-week
double-blinded treatment phase. Baseline characteristics of
randomized patients are listed in Table 1 and were compa-
rable across treatment groups (p �0.14 for all comparisons;
not presented in Table 1). Patients with diabetes had well-
controlled diabetes with mean baseline hemoglobin A1c
�7% and fasting plasma glucose �136 mg/dl for all groups.
Median LDL cholesterol level was 83.0 mg/dl and 21% of
patients had baseline LDL cholesterol levels �70 mg/dl.
Most patients (93.2%) were taking medium- or high-effi-
cacy statin regimens (as defined a priori) and 90.2% were on

Table 1
Baseline characteristics

Characteristic AMR101 Dose Placebo
(n � 233)

4 g/day
(n � 233)

2 g/day
(n � 236)

Age (years),
mean � SD

61.1 � 10.03 61.8 � 9.42 61.2 � 10.05

Age �65 years 91 (39%) 95 (40%) 87 (37%)
Men 142 (61%) 144 (61%) 145 (62%)
White 226 (97%) 226 (96%) 224 (96%)
Weight (kg),

mean � SD
94.5 � 18.30 95.5 � 18.29 97.0 � 19.14

Body mass index (kg/
m2), mean � SD

32.7 � 4.99 32.9 � 4.98 33.0 � 5.04

Diabetes mellitus 171 (73%) 172 (73%) 171 (73%)
Fasting plasma glucose

(mg/dl), mean � SD
(n � 225, 234, 227)

133.0 � 37.1 135.4 � 43.2 130.1 � 35.8

Hemoglobin A1c (%),
mean � SD
(n � 226, 234, 227)

6.6 � 0.9 6.7 � 1.1 6.5 � 0.9

Statin use
Atorvastatin 44 (19%) 43 (18%) 45 (19%)
Simvastatin 134 (58%) 136 (58%) 133 (57%)
Rosuvastatin 55 (24%) 57 (24%) 55 (24%)

Statin efficacy regimens*
Lower 16 (7%) 17 (7%) 15 (6%)
Medium 148 (64%) 148 (63%) 144 (62%)
Higher 69 (30%) 71 (30%) 74 (32%)

Data are reported for the randomized population, with the exception of
fasting plasma glucose and hemoglobin A1c, which are reported for the
intent-to-treat population.

* Lower-efficacy statin regimens � simvastatin 5 to 10 mg; medium-
efficacy statin regimens � rosuvastatin 5 to 10 mg, atorvastatin 10 to 20
mg, simvastatin 20 to 40 mg, simvastatin 10 to 20 mg plus ezetimibe 5 to
10 mg; higher-efficacy statin regimens � rosuvastatin 20 to 40 mg, ator-
vastatin 40 to 80 mg, simvastatin 80 mg, simvastatin 40 to 80 mg plus
ezetimibe 5 to 10 mg.

4 The American Journal of C
statin therapy before screening. Median baseline TG level
was 259.0 mg/dl.
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AMR101 produced significant decreases in TG and var-
us efficacy end points in placebo-adjusted changes from
seline to study end (Figure 3 and Table 2). Because a
nificant departure from normality was observed for all

ficacy end points (p �0.01, Shapiro–Wilk test), nonpara-
etric statistics were used. For the 2 AMR101 treatment
oups, the maximum TG-lowering effect was reached by
proximately week 4 (data not shown). AMR101 did not
nificantly increase LDL cholesterol at either dose. The
ninferiority criterion for LDL cholesterol was met for the
AMR101 doses because the prespecified upper boundary

the 97.5% confidence interval (�1.7 to �0.5 for
R101 4 and 2 g/day, respectively) did not cross the

6% noninferiority threshold (data not shown).
Analysis of subgroups by prespecified statin efficacy

gimen indicated that patients treated with more effective
tin regimens exhibited greater TG and non-HDL choles-
ol decreases with AMR101 compared to lower-efficacy

gimens (Table 3). Statistically significant decreases in TG
els with AMR101 4 g/day were observed for patients
ated with atorvastatin, simvastatin, and rosuvastatin and
th AMR101 2 g/day for patients treated with simvastatin.
alysis of subgroups by median baseline TG tertiles indi-

ted that higher baseline TG levels resulted in greater TG
creases. Median decreases in TG levels were statistically
nificant versus placebo and similar in patients with and
thout diabetes mellitus.
During the double-blinded treatment period, 46.2% of

tients had �1 treatment-emergent adverse event regard-
s of cause: 106 patients (45.5%) in the AMR101 4 g/day

oup, 106 patients (44.9%) in the AMR101 2 g/day group,
d 112 patients (48.1%) in the placebo group. Most treat-
ent-emergent adverse events were mild or moderate in
verity and considered unrelated to study drug. Diarrhea,
usea, nasopharyngitis, and arthralgia occurred in �3% of
tients, and only arthralgia occurred in a larger percentage
patients treated with AMR101 versus placebo (Table 4).
e most common treatment-emergent adverse events were
strointestinal disorders, which occurred in a larger per-
ntage of patients in the placebo group. Eructations were
ported by 2, 1, and 4 patients receiving AMR101 4 g/day,

R101 2 g/day, and placebo, respectively. Twenty-five
tients (3.6%) discontinued treatment during the double-
inded treatment phase because of a treatment-emergent
verse event (5 patients in AMR101 4 g/day group, 8
tients in AMR101 2 g/day group, and 12 patients in
acebo group). In total, 18 serious adverse events were
ported during the study (7 patients in AMR101 4 g/day
oup, 6 patients in AMR101 2 g/day group, and 5 patients
placebo group including 1 death related to myocardial

farction). No serious adverse events were considered re-
ed to study drug. No clinically significant increases in
nine aminotransferase, aspartate aminotransferase, and

eatine kinase were observed in the AMR101 treatment
oups. One patient in the AMR101 4 g/day group had an
crease in alanine aminotransferase �3 times the upper

it of normal detected at week 12, which decreased during
llow-up after the study. No statistically significant in-
eases in fasting plasma glucose or hemoglobin A1c were

y (www.ajconline.org)
served in either treatment group compared to placebo. No
nically meaningful changes in safety laboratory parame-
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