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1 Executive Summary 

1.1 Introduction 
Under NDA 202057 the Applicant, Amarin Pharmaceuticals is proposing a clinical dose 
of 4 g/day Vascepa, icosapent ethyl for the treatment of hypertriglyceridemia. Icosapent 
ethyl, or ethyl-EPA/ ethyl - eicosapentaenoic acid, is rapidly converted to the omega-3 
fatty acid EPA by pancreatic lipases. EPA is then incorporated into triglycerides, 
cholesteryl ester and phospholipids in addition to a small fraction remaining as 
unesterified or free fatty acid before passing into the lymph from the small intestine. 
From the lymph, EPA is then distributed systemically where it can act in numerous 
tissues to compete for other fatty acids such as arachidonic acid and thereby influence 
cellular signaling. The mechanism for triglyceride lowering, the intended pharmacologic 
effect, is through the promotion of fatty acid degradation resulting in a reduction of 
substrate needed for VLDL synthesis, inhibition of lipogenesis in the liver and increased 
clearance of triglycerides from the plasma. Nonesterified fatty acids such as EPA can 
modulate nuclear receptors such as PPARs as well as G-protein coupled receptors 
such as GPR119 or GPR120 which also have an impact on cellular functions such as 
fatty acid oxidation or lipid synthesis.   
 
The Applicant has filed a 505(b)(2) application as they rely on published literature to 
support NDA 202057. There is extensive scientific literature on the pharmacology and 
pharmacokinetics of ethyl-EPA, EPA and omega-3 polyunsaturated acids in general, as 
mixtures of marine derived fatty acids have been used extensively in the human 
population.  The Applicant has completed nonclinical toxicology studies including a 1-
month rat, 1-month mouse, 9-month dog, 6-month Tg.rasH2 mouse for carcinogenicity, 
2-year rat for carcinogenicity, a Seg II reproductive toxicology study in the rat, an Ames 
mutagenesis assay, three chromosomal aberration assays in CHO cells, and an in vivo 
mouse micronucleus assay.  The Applicant has also submitted literature references that 
were sponsored by Mochida Pharmaceuticals in support of Japanese marketing of 
Epadel (ethyl-EPA). These literature references include single dose toxicology in the 
mouse and rat, 3- and 12- month rat repeat dose toxicology studies, a Seg I fertility 
study in the rat, a Seg II reproductive toxicology study in the rat, a Seg II reproductive 
toxicology study in the rabbit and a Seg III peri- and post-natal study in the rat. A 
bridging study was conducted so that the Applicant could rely on published literature for 
Epadel primarily for the use of reproductive toxicology data. This was a 1-month 
toxicology and pharmacokinetics study in rats comparing Epadel to AMR101. Results 
from this bridging study supported that AMR101 and Epadel were similar for the PK and 
toxicology profiles at a dose of 2000 mg/kg/day in the rat for 28 days. It was therefore 
reasonable to conclude that reproductive toxicology data from Epadel (ethyl-EPA) could 
be used to support NDA 202057 as a 505(b)(2) application. 

1.2 Brief Discussion of Nonclinical Findings 
The main sites of toxicity across multiple species including the rat, mouse and dog were 
the gastrointestinal tract, the hematopoietic system including WBCs and RBCs, the 
liver, and the skin. Multiple species had oily discharge from the anus at high doses 
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combined with localized skin irritation and fibrosis as well as skin or fur staining.  Two 
dogs (non-dose dependent) had to be sacrificed due to blockages between the small 
and large intestines. Aside from skin irritation due to direct contact with metabolized or 
oxidized ethyl-EPA near the anus or abdomen, omega-3 fatty acids can compete for 
and deplete omega-6 fatty acids in the skin causing an omega-6 deficiency resulting in 
scaly skin or tails. WBCs showed mild elevations but may have been attributed to skin 
irritation and inflammation as omega-3 fatty acids generally have an anti-inflammatory 
effect. RBC parameters showed mild declining levels that may have indicated hemolysis 
and clotting parameters were infrequently elevated. Liver enzymes such as ALT and 
ALP (also possibly GI or corticosteroid related) increased in the dog and rat. In the dog, 
the adrenal gland (where EPA has been shown to accumulate in radiolabeled rat 
studies) was affected, as histopathology showed adrenal gland vacuolar degeneration 
of the inner cortex, increased serum ALP (that may have been attributed to 
corticosteroid-ALP), and a decrease in cortisol suggesting an effect on the 
hypothalamus-pituitary-adrenal axis. 
 
A full panel of genotoxicity assays was completed and was negative for the Ames assay 
as well as the in vivo mouse micronucleus assay. Multiple replicates of the 
clastogenicity assay were completed where ethyl-EPA and EPA were shown to be 
positive in the presence and absence of metabolic activation in Chinese Hamster Ovary 
(CHO) cells. Two carcinogenicity assays were performed: 1) a 6-month transgenic 
rasH2 mouse model where male mice had an increased incidence of papillomas at the 
proximal tail at a high dose of 4600 mg/kg/day.  Given the known incidence of oily 
leakage from the anus at high AMR101 doses in rodents, it is not clear if this result is 
relevant to humans. 2) a 2-year carcinogenicity study in the Wistar rat where females 
had an increased incidence of hemangiomas + hemangiosarcomas at the mesenteric 
lymph node (the site of drug absorption before systemic distribution). As a note, the 
incidence of hemangiomas + hemangiosarcomas at all sites combined was not 
statistically significant. At this same site in the 6-month transgenic mouse, there was an 
increased incidence of thrombosis and inflammation but no hemangiomas. In the 9-
month dog study, erythrophagocytosis at the mesenteric lymph node was noted non-
dose dependently at both 3- and 9- months. The relevance of the risk of MLN 
hemangiomas and hemangiosarcomas to humans is unclear as: 1) Wistar rats may be 
genetically predisposed to developing mesenteric lymph node hemangiomas due to an 
unknown mechanism, 2) the normal rodent diet consists of ~5% total fat while a healthy 
human diet consists of 20-35% fat (i.e. humans may be better adapted at processing 
fats), and 3) the mechanism of action of hemangioma formation in rodents is unknown. 
 
Reproductive toxicology studies, most of which are relied upon from the scientific 
literature published as Mochida sponsored studies supporting Epadel marketing in 
Japan, indicated that the reproductive risk of ethyl-EPA and therefore Vascepa cannot 
be ruled out due to nonclinical findings. Visceral or skeletal abnormalities such as 
increased cervical rib, 13th reduced ribs, and incomplete ossification of skeletal bones 
was observed in the rat. An increased incidence of absent optic nerves and unilateral 
testis atrophy were observed in rats at human systemic exposure following an oral dose 
of 4 g/day, and pups from high dose treated dams had decreased copulation rate, 
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delayed estrus and decreased implantations. In rabbits, there were increased dead 
fetuses at human systemic exposure levels and at higher exposure maternal toxicity 
was noted. Ethyl-EPA did not affect fertility when administered for 9 weeks before 
mating to male rats and 14 days before mating to female rats. 
 

1.3 Recommendations 

1.3.1 Approvability 
Pharm/Tox recommends approval of Vascepa for the proposed indication of severe 
hypertriglyceridemia (≥500 mg/dL). 
 
1.3.2 Additional Non Clinical Recommendations 
The nonclinical studies are generally adequate to support the recommended dose of 4 
g/day. These include Amarin sponsored and literature references for ethyl-EPA, on 
which the Applicant relies on for their 505(b)(2) NDA application. No further nonclinical 
studies are required. 
 
1.3.3 Labeling 
The Applicant’s proposed labeling for sections 8.1 (Pregnancy), 8.2 (Labor and 
Delivery), 8.3 (Nursing Mothers), 12.1 (Mechanism of Action) and 13.1 (Carcinogenesis, 
Mutagenesis, Impairment of Fertility) are below with reviewer’s recommendations noted: 
 
8.1 Pregnancy 

“Pregnancy Category : There are no adequate and well-controlled studies in 
pregnant women. It is unknown whether VASCEPA can cause fetal harm when 
administered to a pregnant woman or can affect reproductive capacity. VASCEPA 
should be used during pregnancy if the potential benefit to the patient justifies the 
potential risk to the fetus. 
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Reviewer’s Recommended Changes: 
Pregnancy Category  C: There are no adequate and well-controlled studies in 

pregnant women. It is unknown whether VASCEPA can cause fetal harm when 
administered to a pregnant woman or can affect reproductive capacity. VASCEPA 
should be used during pregnancy if the potential benefit to the patient justifies the 
potential risk to the fetus. 

 In pregnant rats given oral gavage doses of 0.3, 1 and 2 g/kg/day 
ethyl-EPA from gestation through organogenesis all drug treated groups had 
visceral or skeletal abnormalities including: 13th reduced ribs, additional liver 
lobes, testes medially displaced and/or not descended at human systemic 
exposures following a maximum oral dose of 4 g/day based on body surface 
comparisons.  Variations including incomplete or abnormal ossification of 
various skeletal bones were observed in the 2g/kg/day group at 5 times human 
systemic exposure following an oral dose of 4 g/day based on body surface area 
comparison. 

In a multigenerational developmental study in pregnant rats given oral 
gavage doses of 0.3, 1, 3 g/kg/day ethyl-EPA from gestation day 7-17, an 
increased incidence of absent optic nerves and unilateral testes atrophy were 
observed at ≥0.3 g/kg/d at human systemic exposure following an oral dose of 4 
g/d based on body surface area comparisons across species.  Additional 
variations consisting of early incisor eruption and increased percent cervical ribs 
were observed at the same exposures.  Pups from high dose treated dams 
exhibited decreased copulation rates, delayed estrus, decreased implantations 
and decreased surviving fetuses (F2) suggesting multigenerational effects of 
ethyl-EPA at 7 times human systemic exposure following 4 g/d dose based on 
body surface area comparisons across species. 
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In pregnant rabbits given oral gavage doses of 0.1, 0.3, 3 g/kg/day from 
gestation through organogenesis there were increased dead fetuses at 0.1 
g/kg/day at human systemic exposure at 4 g/day based on a comparison of body 
surface area across species.  At higher exposures evidence of maternal toxicity 
was seen.   

In pregnant rats given ethyl-EPA from gestation day 17 through lactation 
day 20 at 0.3, 1, 3 g/kg/day complete litter loss was observed in 2/23 litters at the 
low dose and 1/23 mid-dose dams by post-natal day 4 at human exposures based 
on a maximum dose of 4 g/day comparing body surface areas across species. 
 
Reviewer’s Proposed Labeling: 

Pregnancy Category C: There are no adequate and well-controlled studies in 
pregnant women. It is unknown whether VASCEPA can cause fetal harm when 
administered to a pregnant woman or can affect reproductive capacity. VASCEPA 
should be used during pregnancy if the potential benefit to the patient justifies the 
potential risk to the fetus. 

In pregnant rats given oral gavage doses of 0.3, 1 and 2 g/kg/day ethyl-EPA from 
gestation through organogenesis all drug treated groups had visceral or skeletal 
abnormalities including: 13th reduced ribs, additional liver lobes, testes medially 
displaced and/or not descended at human systemic exposures following a maximum 
oral dose of 4 g/day based on body surface comparisons.  Variations including 
incomplete or abnormal ossification of various skeletal bones were observed in the 
2g/kg/day group at 5 times human systemic exposure following an oral dose of 4 g/day 
based on body surface area comparison. 

In a multigenerational developmental study in pregnant rats given oral gavage 
doses of 0.3, 1, 3 g/kg/day ethyl-EPA from gestation day 7-17, an increased incidence 
of absent optic nerves and unilateral testes atrophy were observed at ≥0.3 g/kg/d at 
human systemic exposure following an oral dose of 4 g/d based on body surface area 
comparisons across species.  Additional variations consisting of early incisor eruption 
and increased percent cervical ribs were observed at the same exposures.  Pups from 
high dose treated dams exhibited decreased copulation rates, delayed estrus, 
decreased implantations and decreased surviving fetuses (F2) suggesting 
multigenerational effects of ethyl-EPA at 7 times human systemic exposure following 4 
g/d dose based on body surface area comparisons across species. 

In pregnant rabbits given oral gavage doses of 0.1, 0.3, 3 g/kg/day from gestation 
through organogenesis there were increased dead fetuses at 0.1 g/kg/day at human 
systemic exposure at 4 g/day based on a comparison of body surface area across 
species.  At higher exposures evidence of maternal toxicity was seen.   
In pregnant rats given ethyl-EPA from gestation day 17 through lactation day 20 at 0.3, 
1, 3 g/kg/day complete litter loss was observed in 2/23 litters at the low dose and 1/23 
mid-dose dams by post-natal day 4 at human exposures based on a maximum dose of 
4 g/day comparing body surface areas across species. 
 
Justification for Changes: 

• The pregnancy category should be  C as the risk to pregnancy 
cannot be ruled out due to findings in nonclinical toxicology studies. It is also of 
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There are literature references that also describe an effect of ethyl-EPA on the 
cardiovascular system, such as maintenance of elasticity of the aorta in rabbits fed a 
high cholesterol diet. Literature references have also described a protective effect of 
ethyl-EPA in that it may prevent ventricular arrhythmias as described in dog studies, 
and in a rabbit model, ethyl-EPA administration decreased the duration of atrial 
fibrillation. Ethyl-EPA has also been attributed to the suppression of atherosclerotic 
lesions, and has been reported to increase migration of vascular endothelial cells while 
decreasing binding to vascular endothelial growth factor (VEGF). A protective effect in 
preventing atherosclerosis by omega-3 fatty acids is also attributed to decreased 
macrophage reactivity to pro-inflammatory cytokines (e.g. attenuation of cytokine 
release and adhesion molecule expression). 
 
This mechanism of out-competing other fatty acids for cellular membrane incorporation 
also accounts for EPA’s general anti-inflammatory effect but may also be associated 
with an increased risk of infection.  Omega-3 fatty acids such as EPA will incorporate 
into white blood cells as well as in platelets and red blood cells. Conversion of omega-3 
(versus omega-6) fatty acids into such mediators as resolvin, neuroprotectin and a 
subset of leukotrienes and prostaglandins are anti-inflammatory. The effects can include 
resolution of inflammation such as through increased phagocytosis of apoptotic 
neutrophils, and inhibition of neutrophil and eosinophil chemotaxis. Also, omega-3 fatty 
acids can inhibit inflammation as they compete with arachidonic acid membrane 
incorporation which leads to prostaglandin D2 production and COX-1 and -2 activities. 
There are however studies in nonclinical species that have also demonstrated that a 
diet high in fish oil (i.e. high omega-3 fatty acids) can also impair the immune response 
to viral infection.  While inhibition of cytokine secretion, upregulation of adhesion 
molecules and migratory behavior of white blood cells can be beneficial for attenuating 
inappropriate inflammation leading to disease, there is a possibility for decreased 
immune response to primary infection. 
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Figure 2: Pro- and Anti- Inflammatory Pathways of n-3/ n-6 Fatty Acids 

[Figure reproduced from literature reference: E. Oliver et al. Proc. Nutr. Soc. 2010 (69)] 
 

4.3 Safety Pharmacology 
There were no dedicated safety pharmacology studies conducted by the Applicant due 
to the abundant published literature studies on ethyl-EPA, and the extensive experience 
of omega-3 fatty acid intake in the human population. Literature references on ethyl-
EPA or studies conducted with AMR101 did not have specific safety pharmacology 
concerns other than already specified such as potential for increased bleeding risk due 
to the known mechanism of action of omega-3 fatty acids on platelets. A large 
randomized trial with 18,000 patients was conducted where the 1.8 g/day ethyl-EPA 
group showed a reduction in major coronary events and no evidence of sudden death. 
During the pre-IND meeting for IND 102,457, it was discussed that as there was 
favorable-to-neutral data on cardiac arrhythmias and sudden death that routine ECG 
assessments in clinical trail would be sufficient to reaffirm the electrocardiographic 
safety of ethyl-EPA. Furthermore, multiple clinical trials have been conducted with 
AMR101, and ethyl-EPA has been publicly available since 1991 as Epadel in the 
Japanese market, without known safety pharmacology issues. Due to the extensive 
human data, dedicated nonclinical safety pharmacology studies would not provide 
additional information over what is already known in the human population and what 
has been completed within published nonclinical toxicology studies. 
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5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
Limited PK studies were conducted for Vascepa with the majority of ethyl-EPA 
pharmacokinetics data published within the scientific literature and were sponsored by 
Mochida Pharmaceutical Co. in support of Epadel marketing. These Mochida sponsored 
studies were conducted in the nonclinical species of rat and dog. Amarin Pharma has 
sponsored in vitro protein binding, an in vivo rat metabolism study and in vitro CYP 
induction, inhibition and transporter assays. Toxicokinetic data is provided from Amarin 
sponsored studies in the rat, mouse and dog and were part of repeat dose toxicology 
studies. When considering PK data, AMR101 (ethyl-EPA) was usually below the level of 
detection due to the rapid conversion to EPA. Fatty acids may either be free 
(unesterified) or can be incorporated into triacylglycerol, phospholipids, cholesteryl 
esters or are part of cellular membranes as shown in Figure 3 below. The PK data 
provided is therefore presented as unesterified EPA, as assessed by liquid 
chromatography-tandem mass spectrometry (LC-MS/MS), unless otherwise indicated. It 
should be noted however that the unesterified free fatty acid fraction is a small 
percentage of the total pool of fatty acid, with the majority being incorporated into 
triglycerides, phospholipids and cholesteryl esters.  
 
In the 28-day rat toxicology study, AMR101 detection was only present in nine samples 
near the LLOQ=20 ng/mL, indicating that AMR101 was almost completely converted to 
EPA before systemic exposure. Exposure of unesterified EPA in rats increased more 
than dose proportional between 0.3 and 1.0 g/kg/day and less than dose proportional 
between 1.0 and 2.0 g/kg/day. There was some evidence of accumulation between 
days 1 and 28 in the rat. Following repeat dosing with AMR101 in a 28-day mouse 
study, exposure of unesterified EPA increased less than dose proportionally with some 
increase in systemic exposure between days 1 and 28 at doses of 1.0 and 2.0 g/kg/day.  
In the 9-month dog toxicology study, exposure of AMR101 was low but detectable and 
increased more than dose proportionally between 0.3 – 1.0 g/kg/day. Between a dose of 
1.0 – 2.0 g/kg/day AMR101, there was no further increase in systemic AMR101 
exposure. EPA exposure in the dog increased more than dose proportionally across all 
doses and in both sexes. In the literature references sponsored by Mochida Pharma in 
support of Epadel marketing, no TK data was published in any repeat dose toxicology 
study in rats.  
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Figure 3: Structure of Fatty Acids (Unesterified) and Lipids that Carry Fatty Acids in an 
Esterified Form 

 
[Figure reproduced from applicant’s NDA 202057, Module 2.6.4] 

 
 
Following absorption from the small intestine and distribution to the systemic circulation 
via the lymphatic system, steady state levels are reached within 7-10 days. In rats, the 
highest concentrations of radiolabeled EPA were found in the GI tract, brain, liver, skin, 
fat and muscle. As part of a study (submitted by Amarin) in mice to assess ethyl-EPA 
levels in different tissues in P-gp knockout animals, it was observed that in WT mice, 
ethyl EPA increased over baseline levels to the greatest extent in adipose, spleen, 
intestines, kidney, liver and lung. Literature references have also observed that EPA is 
unique from other fatty acids in that following intravenous administration in the rat, EPA 
levels in the adrenal cortex remained high 18-hours after injection. EPA can be further 
metabolized to docosapentaenoic acid (DPA) or docosahexaenoic acid (DHA) or by cell 
membrane incorporation. Elimination of EPA is primarily through beta-oxidation and 
expired breath.  EPA is rapidly taken up into phospholipids with a slower incorporation 
into cell membranes; however EPA also slowly declines from lipid membranes if 
administration is stopped. 
 
Plasma protein binding was assessed from rat, dog and human samples. EPA (free) 
distributed predominantly to the plasma fraction where it was highly bound to plasma 
proteins in the rat, dog and human. There was a low association of EPA to red blood 
cells; however this non-dose dependent interaction was highest in human samples. 
EPA was found to be a weak inhibitor of all CYPs tested such as CYP2C19, 2C9, 2C8, 
and 2B6 in human liver microsomes.  The lowest IC50 for EPA from in vitro human liver 
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Table 2: Summary of EPA Inhibition of CYP Isoforms 

 
[Table reproduced from NDA Submission 202057] 

 
Figure 5: Ratio of Cmax/IC50 for EPA for Different CYP Isoforms Based on the Plasma 

(Unesterified) EPA Cmax After Dosing with 2 and 4 g/day AMR101 for 28 Days in Healthy 
Volunteers 

 
[Figure reproduced as is from NDA Submission 202057] 
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AMR-NC-11-02: Induction of Human Cytochromes P450 by Eicosapentaenoic Acid 
 
The purpose of this study was to evaluate the potential of EPA to induce CYP3A4, 
CYP2C9 and CYP1A2 in human cultured hepatocytes.  EPA did not significantly induce 
any of the tested CYP enzymes at the concentrations tested. 
 

Table 3: Metabolic Activity of CYP Isoforms Following Incubation with EPA 

 
[Table reproduced from NDA Submission 202057] 

 
Study 789867: Determination of the In Vitro Binding of EPA (Free Acid) to the Plasma 
Proteins and Partitioning into the Blood Cells of Rat, Dog and Human  
 
Study conducted at  
 
The purpose of this study was to assess the potential for EPA (free acid, Sigma-Aldrich) 
to bind to plasma proteins and blood cells in various species.  Blood was collected from 
three male CD(Crl:CD(SD)) Sprague Dawley rats, from three male Beagle dogs, and 
from three male human volunteers. Concentrations of EPA tested included 750, 1500, 
7500 and 15,000 ng/mL and endogenous EPA concentrations were subtracted from 
EPA measured in the ultrafiltrate. EPA (free acid) was highly bound to plasma proteins 
where dog (100%) > human > rat and increased slightly with concentration in human 
and rat.  EPA had a low association with blood cells; however the highest binding was 
to human cells (non-dose dependent). Results indicated that EPA (free acid) was 
predominantly distributed to the plasma fraction. 
 

Table 4: Percent EPA Binding to Plasma Protein and Blood Cells 
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[Tables reproduced from NDA Submission 202057] 

 
Study OPT-2010-157 and OPT-2010-158: Assessment of EPA as a potential inhibitor of 
human P-gp, BCRP, OAT1, OAT3, OCT2, OATP1B1 and OATP1B3-mediated 
transport, and AMR101 as a potential inhibitor of human P-gp 
 
Study conducted  
 
The purpose of this study was to determine if EPA can inhibit the OAT1, OAT3, OCT2, 
OATP1B1 and OATP1B3 transport proteins expressed on MDCK-II or the BCRP 
transporter in Caco-2 cells. Additionally, AMR101 and EPA were tested to determine if 
they would inhibit the transport of substrate by P-glycoprotein (P-gp) in MDCK-MDR1 
cells. A vehicle control of 0.5% DMSO was used for comparison of substrate uptake. 
 
At a concentration of 1 μM EPA, there was no inhibitory effect on P-gp, BCRP, OCT2, 
OAT1, OATP1B1 or OATP1B3. OAT3 was significantly inhibited by 1 μM EPA by 
24.2%. At a 15μM EPA or AMR101 concentration, there was no effect on P-gp inhibition 
of substrate transport (maximum of approximately 5% inhibition). 
 

Figure 6: Inhibition of Probe Substrate Transport by 1 μM EPA 
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Figure 7: Inhibition of P-gp Mediated Probe Substrate Transport by 15 
μM EPA and 15 μM AMR101 

 
[Above figures reproduced from NDA Submission 202057] 
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The Effects of Ethyl-EPA in P-gp Knockout Mice 
 
It was stated that this study was performed for Amarin Neuroscience Limited  

. The purpose was to determine the effect of ethyl-EPA on the 
hypothalamus-pituitary-adrenocortical (HPA) axis in male wild-type (FVB/N) and p-
glycoprotein knockout mice (P-gp; disruption of both ABCB1a and ABCB1b genes), as 
compared to placebo. 50 mg ethyl-EPA was mixed into 950 mg chocolate nut cream 
versus 1000 mg chocolate nut cream given as placebo, and administered once every 2 
days for 50 days followed by every day from Day 51 to Day 65. The average weight of 
wild type mice administered ethyl-EPA was 34.06 g (estimated 1468 mg/kg ethyl-EPA) 
and for P-gp KO mice was 33.86 g (estimated 1477 mg/kg ethyl-EPA). The following 
steroid hormones were measured in the brain, serum, kidney, lung, spleen, liver, testis, 
intestine and adipose tissue: corticosterone, progesterone and testosterone. Ethyl-EPA, 
EPA and DHA levels were also measured in the brain and other tissues. 
 
Results showed that when compared to placebo (in both animal models, wild type and 
P-gp knockout); ethyl-EPA decreased brain concentrations of corticosterone and may 
influence the HPA-axis, but was not dependent upon P-gp. The concentration of 
corticosterone in the liver was decreased in the presence of ethyl-EPA, also in both 
animal models. 
 

Table 5: Plasma and Tissue Concentrations of Corticosterone 
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[Table reproduced from NDA Submission 202057] 
 
Testosterone levels were higher in the testis in both mouse models; however there was 
a large standard error and no statistical significance. 
 

Table 6: Plasma and Tissue Concentrations of Testosterone 

 
[Table reproduced from NDA Submission 202057] 

 
Progesterone was detected in the serum, testis and adipose with a small non- 
significant decrease in progesterone in the testis with ethyl-EPA in both mouse models. 
Significant increases in ethyl-EPA and EPA were observed in the serum as well as in 
tissues, with the largest increases versus placebo observed in the adipose, spleen, 
intestine, liver, lung, cerebrum and kidney (both animal models). Ethyl-DHA was 
increased but DHA was decreased in P-gp mice versus wild type mice administered 
ethyl-EPA. 
 
 
Study No. 309365: Validation of an Analytical Method for the Determination of AMR101 
and EPA in Dog, Rat, and Mouse Plasma by LC-MS/MS 
 
Test Facility:  
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Analytical methods were validated to detect AMR101 (ethyl eicosapentaenoate) as well 
as EPA (eicosapentaenoic acid) from dog, rat and mouse plasma over a concentration 
range of 20.0 – 2000 ng/mL AMR101 and 50.0 – 5000 ng/mL EPA. The assay was 
performed following protein precipitation and solid phase extraction and quantified by 
liquid chromatography-tandem mass spectrometry (LC-MS/MS). Samples of control 
matrix (5% Fatty Acid Free Bovine Serum Albumin prepared in phosphate buffered 
saline) were also spiked with AMR101 and EPA. 
 
The assay was found to be specific for differential determination between EPA and 
ethyl-EPA in rat, dog and mouse plasma. AMR101 was stable in dog, rat and mouse 
plasma after 3 freeze/thaw cycles, and EPA was found to be stable in dog, mouse and 
rat plasma after 4, 3 and 2 freeze/thaw cycles, respectively. AMR101 was stable for 4 
hours at room temperature in rat and dog plasma without the addition of any inhibitors 
of degradation. EPA was stable for 2 hours in dog plasma, and for 4 hours in rat plasma 
at room temperature without any inhibitors of degradation.  Both AMR101 and EPA 
were stable in mouse plasma for 4 hours on ice with the addition of inhibitors of 
degradation. 
 
Study No. 314194: Validation of an Analytical Method for the Determination of Total 
Eicosapentaenoic Acid (EPA) in Rat Plasma by LC-MS/MS 
 
Test Facility:  
 
Analytical methods were validated to detect total EPA, eicosapentaenoic acid, in rat 
plasma which includes un-esterified EPA as well as EPA liberated from phospholipids, 
triglycerides, and cholesteryl esters. 
 

Figure 8: EPA distribution  

 
[Figure reproduced from Applicant’s NDA 202057 submission] 

 
The method was validated for use to detect total EPA in rat plasma over the 
concentration range of 1 – 1000 μg/mL in a volume of 10 μL. Stability of EPA in rat 
plasma was determined to be at least 24 hours at room temperature, through 4 
freeze/thaw cycles and for at least 3 weeks at -80°C, and for at least 208.5 hours at 
4°C. 
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6 General Toxicology 

6.1 Single-Dose Toxicity 
There were no Amarin sponsored single dose toxicology studies conducted with 
AMR101 (ethyl-EPA). There was a single literature reference to assess the acute 
toxicity of ethyl-EPA (EPA-E) and its metabolites in mice and rats (Shibutani et al. 
Iyakuhin Kenkyu. 1989; 20: 801-7; Amarin provided a certified translation), which was 
sponsored by Mochida Pharmaceutical. Ethyl-EPA was administered as a single dose 
(20 g/kg) by oral, intraperitoneal and subcutaneous methods to Slc:ICR mice and 
Slc:Wistar rats. In addition, oral administration of the following ethyl-EPA metabolites 
and impurities (  were also given to assess toxicity: 

•  
• 5,8,11,14,17-eicosapentaenoic acid (EPA), a metabolite 
• 7,10,13,16,19-docosapentaenoic acid (DPA), a metabolite 
• 4,7,10,13,16,19-docosahexaenoic acid (DHA), a metabolite 

 
For the parent compound, ethyl-EPA, the LD50 for oral and subcutaneous routes of 
administration in both species and sexes was >20 g/kg. Following intraperitoneal 
injection of ethyl-EPA in female rats, the LD50 was 15-20 g/kg, and was >20 g/kg for 
mice (both sexes) and for male rats. For DPA,  
oral administration resulted in an LD50 of >20 g/kg in both species and sexes. For the 
metabolites EPA and DHA, the LD50 in mice (both sexes) was >20 g/kg, but for rats 
(both sexes) was 10-20 g/kg. 
 
Toxicities presenting from oral administration of ethyl-EPA and its metabolites included 
oily leakage from the anus in mice and rats. Intraperitoneal injection of EPA-E as well as 
some metabolites/ impurities in mice and rats led to weight loss for several days after 
dosing but eventually recovered. In surviving animals, no gross pathology abnormalities 
were noted upon necropsy. 
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Table 8: Chemical Structures of Ethyl-EPA, Metabolites and Impurities 

[Literature reference: Shibutani et al. Iyakuhin Kenkyu, Vol. 20(4) 1989.] 
 

6.2 Repeat-Dose Toxicity 
 
Repeat-Dose toxicology studies in the rat and mouse up to 4 weeks and in the dog up 
to 39 weeks were sponsored by Amarin Pharma. Mochida sponsored repeat dose 
toxicology studies performed in support of Epadel (ethyl-EPA) marketing included 3- 
month and 12-month rat studies. In general, the main target organs of toxicity included 
the GI tract, the hematopoietic system including WBCs, RBCs and clotting parameters, 
the liver, the skin and the adrenal gland (dog).  High doses of ethyl-EPA in the rat and 
dog frequently led to GI tract related findings that may have been due to excess oil as 
an oily discharge was observed from the anus. Two dogs (one high dose (HD) and one 
low dose (LD)) were moribund sacrificed due to intussusception of the ileocecocolic 
junction in the HD male and an infarcted jejunum followed by a blockage between the 
large and small intestines in the LD male. The skin was frequently irritated either 
through direct interaction with oil, such as near the anus or tail and presented as red, 
flaky/ dry skin and hair loss or may have been due to systemic depletion of omega-6 
fatty acids also leading to hair loss, scabbing, and fibrosis/ epidermal hyperplasia. WBC 
increases were observed which may have been due to skin irritation and inflammation 
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although RBC and clotting parameters were also affected. Liver enzymes such as ALT 
and ALP were increased in both the rat and dog. In the dog, ethyl-EPA also showed an 
effect on the adrenal gland which included vacuolar degeneration of the inner cortex 
and decreased cortisol production. The effect on the adrenal gland is noted as 
published literature has shown that EPA accumulates in the adrenal gland in the rat 
(Becker and Bruce 1985); however cortisol levels were not tested in the rat. 
 
Mochida sponsored studies published in the scientific literature were performed in the 
Wistar rat for 3 or 12 months at oral doses of 100, 300, 1000 and 3000 mg/kg/day (plus 
an additional 6000 mg/kg/day group in the 3 month study). Following 3 months of ethyl-
EPA repeat oral dosing, clinical signs included an oily substance leaking from the anus, 
scabbing and hair loss associated with skin irritation (fibrosis, inflammation, granuloma 
and hyperkeratosis) at 3000 and 6000 mg/kg. Increased WBCs and eosinophils may 
reflect the inflammation observed in the skin. At the highest dose tested, 6000 mg/kg, 
both sexes presented with increased ALP which frequently in the rat is indicative of 
intestinal toxicity and may reflect the inability to absorb excess oil. Also at this high 
dose, increased urine protein and increases in organ weights such as the heart, thyroid, 
testes, adrenals, and kidney were observed that persisted through recovery. The 
pharmacodynamic (PD) effect of ethyl-EPA was observed as cholesterol, triglycerides 
(TG) and HDL levels all declined. The NOAEL in the 3-month rat study using ethyl-EPA 
(Epadel) was determined to be 3000 mg/kg (HED = 484 mg/kg with a body surface area 
exposure margin of 7X based on a clinical dose of 4g/day icosapent ethyl). 
 
The longest toxicology study sponsored by Mochida was a 12 month rat study with daily 
oral doses of ethyl-EPA up to 3000 mg/kg. Similar findings were reported in the 3-month 
rat study such as an oily substance observed leaking from the anus; nodulation of the 
tail (hyperkeratosis, fibrosis, and abscess around tail) increased ALP, and increased 
leukocytes predominantly at 3000 mg/kg/day.  Other findings included enhanced liver 
toxicity as observed by increased ALT at 3000 mg/kg and an increase in the severity of 
bile duct hyperplasia and liver weight. Heart weight increased at 3000 mg/kg with an 
increase in the severity of fibrosis and bronchopneumonia (lung) was dose dependently 
increased. Retinal hemorrhage was only observed transiently at week 26 in males 
treated with 3000 mg/kg (3/20), but was not observed by ophthalmoscopy after 50 
weeks. A decrease in hemoglobin and hematocrit were also observed at 3000 mg/kg. In 
summary, following 12 month administration of ethyl-EPA to rats, the skin was affected 
and presented with inflammation and nodulation at the site of oil leakage from the anus, 
liver enzymes and liver histopathology indicated toxicity, and changes in RBC 
parameters were observed with transient retinal hemorrhage at the HD of 3000 mg/kg. 
Although increased bronchopneumonia may have been attributed to inadvertent 
inhalation of oil, a possible suppression of WBC function cannot be dismissed due to 
the known immune modulating mechanism of omega-3 fatty acids. The NOAEL 
following 12 months of repeat oral dosing of ethyl-EPA to the rat was 1000 mg/kg/day 
(HED = 161 mg/kg with a body surface area exposure margin of 2.4X based on a 
clinical dose of 4 g/day icosapent ethyl). 
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Amarin Pharma sponsored five repeat dose nonclinical toxicology studies in three 
species including: a 4-week GLP study in the rat, a 4-week GLP bridging toxicology and 
PK study in the rat comparing AMR101 to Epadel, a 4-week oral gavage dose-ranging 
toxicity study in wild-type CByB6F1 (rasH2) mice, a 14-day non-GLP dose range finding 
study in the Beagle dog and a 39-week GLP study in the Beagle dog with an interim kill 
and recovery at 13-weeks. In the 4-week AMR101 toxicology study in the rat, excessive 
salivation and hair loss was observed in both sexes and mean prothrombin times were 
slightly increased up to 10% at the HD of 2000 mg/kg. The PD effect of ethyl-EPA was 
noted with dose-dependent decreasing cholesterol, HDL and TG. The bridging study 
also completed in the rat, used oral repeat daily doses of 1000 and 2000 mg/kg 
AMR101, as well as 2000 mg/kg of Epadel for comparison.  Again there was mild 
toxicity observed with scabs, fur staining and hyperkeratosis of the skin in both AMR101 
and Epadel treated groups at 2000 mg/kg. A mild increase in RBCs and decreases in 
reticulocytes and RDW were also noted at 2000 mg/kg in both AMR101 and Epadel 
groups. A PD effect was noted as cholesterol, and TG decreased in all ethyl-EPA 
treated groups (AMR101 and Epadel). The NOAEL for both of these 4-week studies in 
the rat based on toxicology findings was 2000 mg/kg/day (HED = 323 mg/kg with a body 
surface area exposure margin of 5X based on a clinical dose of 4g/day icosapent ethyl). 
 
The AMR101 and Epadel 4-week bridging study in the rat was to support the use of 
published literature conducted for the marketing of Epadel by Mochida Pharmaceutical, 
in the Applicant’s 505(b)(2) NDA submission. The toxicology profiles of these two ethyl-
EPA compounds in this study were similar with no obvious differences at the same dose 
of 2000 mg/kg. When the PK profile was examined, mild differences in Cmax or AUC 
usually less than 2-fold were observed in a single sex or following Day 1 administration. 
Both un-esterified EPA (free EPA) as well as total EPA (un-esterified EPA and EPA 
liberated from phospholipids, triglycerides and cholesteryl esters) were quantitated from 
rat plasma on Day 1 and Day 28. Overall, the PK profiles were similar between AMR101 
and Epadel with accumulation of total EPA and un-esterified EPA observed between 
day 1 and day 28 of dosing. Tmax was approximately at 2 hours in both AMR101 and 
Epadel treated rats on day 28. Epadel had mild increases in exposure (AUC and Cmax) 
primarily in females over AMR101 but it is unlikely that these differences are 
toxicologically relevant as no difference in the toxicology profile was noted in the 
bridging study conducted for 28 days.  Furthermore, when assessing the general 
variability of un-esterified EPA exposure, a comparison can be made between the 2000 
mg/kg AMR101 dose administered in the rat 4-week bridging study and the 4-week 
AMR101 toxicology study in the rat (#ZOC0001). Again although these were two 
separate studies, there was a higher exposure of un-esterified EPA in the bridging study 
versus the original rat toxicology study using the same test compound, AMR101. 
Comparison of toxicology results between these two 28-day studies also did not show 
any significant differences. It is therefore likely that at least in the rat, where there is a 
less than dose proportional increase in EPA exposure from AMR101 doses higher than 
1000 mg/kg, that a certain variability or range in exposure levels will result in similar 
toxicity profiles. If the rate of absorption has been exceeded however, certainly 
additional toxicities such as that related to the GI tract and excess oil leakage from the 
rectum could be expected at least in the rat.  
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vacuolar degeneration of the inner adrenal cortex was observed (persisted throughout 
recovery following 13 weeks of AMR101 administration) and cortisol levels at 39 weeks 
were decreased at ≥1000 mg/kg in females and at 2000 mg/kg in males. There was an 
increase in ALP levels that could theoretically be attributed to a dog specific 
corticosteroid-ALP (C-ALP); however it is not known which ALP isotype was elevated in 
this study. EPA can localize to the adrenal cortex and poly-unsaturated fatty acids such 
as omega-3s have been shown to have corticosteroid-like activity and affect the 
hypothalamus-pituitary-adrenal axis; thereby decreasing the need for and production of 
cortisol by the adrenal glands. Therefore, in the dog, there is evidence that ethyl-EPA 
can alter cortisol production and affect adrenal function. Additionally, there was an 
increase in the incidence (3/4 animals) of anterior lobe pituitary cysts in both sexes at 
the HD of 2000 mg/kg following 39 weeks of ethyl-EPA administration (HED = 1111 
mg/kg; 17X exposure margin to a clinical dose of 4g/day). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 3140606





NDA # 202057                              Reviewer: Stephanie Leuenroth-Quinn, Ph.D. 
 

44 

#ZOC0001 
GLP? – YES  
 

Wistar Rat 
10/ sex/ 
group 

0 (mineral 
oil), 300, 
1000, 2000 
mg/kg/day 
 
4 Weeks 
 
NOAEL: 
2000 mg/kg 
(HED = 323 
mg/kg; Exp 
5X) 

• Excessive salivation, hair loss (2000 
mg/kg) 

• ↓ eosinophils ~40% at 2000 mg/kg 
(♀/♂) 

• ↓ Cholesterol, TG, HDL 
• Mean PT slight increase ~10% at 

2000 mg/kg 

#522093 
GLP? -YES 

SD Rat 
 
10/sex/ 
group 
(3/sex/ 
group for 
TK) 

0 (water), 
1000 or 
2000 mg/kg 
AMR101; 
2000 mg/kg 
Epadel 
 
4 Weeks 
 
NOAEL: 
2000 mg/kg 
(HED = 323 
mg/kg; Exp 
5X) for 
both 
AMR101 
and Epadel 

• Scabs, fur staining, sparse hair with 
hyperkeratosis of skin at 2000 mg/kg 

• ↑ RBC, ↓ RDW and reticulocytes (♂) 
at 2000 mg/kg 

• ↓ cholesterol, TG ≥ 1000 mg/kg 
• Mild ↑ ALP at 2000 mg/kg 

#515147 
GLP? - NO 
 
 

Beagle Dog 
(non-naïve) 
2/sex/group 

0 (mineral 
oil), 2000 
mg/kg/day 
 
14 Days 

• Skin reddening/ flaky skin on 
abdomen and groin (♀/♂) 

• ↑ PMN and WBC (♀/♂) 
• ↑ spleen weight (♀/♂) 
• ↓ cholesterol, TG, LDL/HDL 
• ↑ ALP (♀/♂) and ALT (♀) 

#515194 
GLP? - YES 
 
 
 
 
 
 
 

Beagle Dog 
 
4/sex/group 
for 39 
weeks; 
3/sex/group 
for 13 
weeks 

0 (2000 
mg/kg 
mineral oil), 
300, 1000, 
2000 
mg/kg/day 
 
39 Weeks 
(with a 13 
week 
interim kill) 

13 Weeks: 
• 2000 mg/kg: premature sacrifice of 

one male with intussusception of the 
ileocecocolic junction 

• ≥ 1000 mg/kg: red, flaky dry skin with 
hair loss in the anogenital region 

• ≥ 1000 mg/kg : ↑ WBC and PMN 
(possibly skin related) 

• ≥ 1000 mg/kg: ↑ ALP 3-9X 
• Adrenal: ≥ 300 mg/kg vacuolar 
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NOAEL: 
300 mg/kg 
(HED = 167 
mg/kg; Exp 
2.5X) 

degeneration of inner cortex 
• Heart: ≥ 1000 mg/kg papillary 

mineralization 
• Skin: ≥ 300 mg/kg epidermal 

hyperplasia 
• Lung: ≥ 1000 mg/kg (♀) alveolar 

foamy macrophages 
 
39 Weeks: 
• One male in the 300 mg/kg dose 

group was sacrificed early on Day 
154 due to deterioration in general 
condition.  It was found that he had an 
infarcted jejunum followed by a 
blockage between the small and large 
intestines. 

• ≥ 1000 mg/kg: red, flaky dry skin with 
hair loss in the anogenital and 
abdominal region; corresponding 
histopath showed increased severity 
of epidermal hyperplasia  

•  (♀): slight decrease in Hb and Hct at 
2000 mg/kg 

• ↑ALP at 2000 mg/kg (♀/♂) 
• ↓Cortisol at 2000 mg/kg (♂) and ≥ 

1000 mg/kg (♀) 
• Urine: intermittent increases in urine 

protein at 1000 and 2000 mg/kg (♀/♂)
• Spleen: ↑ absolute and relative weight 

(♀/♂) at 1000 and 2000 mg/kg 
• Heart: ↑ absolute weight (♀) at 1000 

and 2000 mg/kg; histopath (♀/♂) 
showed valvular endocarditis and 
inflammatory cells at 1000 and 2000 
mg/kg (not dose dependent) 

• Pituitary: ↑ incidence of anterior lobe 
cysts at 2000 mg/kg 

• Adrenal:  Increased severity of 
vacuolar degeneration of inner cortex 
at 1000 and 2000 mg/kg (♀/♂) 

HED = Human Equivalent Dose 
Exp = Exposure margin based on body surface area using a 60 kg human and a clinical 
dose of 4.0 g/day ethyl-EPA (icosapent ethyl) 
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Study title:  A 4 Week Study of AMR101 and Epadel by Oral Gavage 
Administration in Rats 

Study no.: 522093 
Study report location:

Conducting laboratory and location:

Date of study initiation: January 26, 2012 
GLP compliance: Yes, page 7 

QA statement: Yes, page 8 
Drug, lot #, and % purity: AMR101 (icosapent ethyl; ethyl-EPA) 

from Nisshin Pharma Inc.: Lot # 264818A 
1/3, 97.9% purity 
 
Epadel (ethyl EPA) from Mochida 
Pharmaceutical (gelatin capsules with 
300 mg ethyl-EPA): Lot # 073, 96.1% 
purity 

 
Key Study Findings 

• The purpose of this study was to provide a bridge from AMR101 (ethyl-EPA, 
icosapent ethyl) to the Japanese marketed ethyl-EPA product, Epadel. Toxicity 
and TK was compared between AMR101 and Epadel after 4 weeks oral 
administration to SD rats. 

• There was one unscheduled death of a 2000 mg/kg AMR101 treated female on 
Day 24; however there was evidence that this death was due to a gavage-related 
injury. 

• Clinical signs for both AMR101 and Epadel included scabs, fur staining and 
sparse hair. Skin discoloration at necropsy was noted at low incidence at 2000 
mg/kg AMR101 or Epadel. 

• Females treated with 2000 mg/kg AMR101 or Epadel had an increase in BW 
gain over control that reached statistical significance with AMR101. 

• In males administered 2000 mg/kg AMR101 or Epadel, there were minor 
increases in RBC count and minor decreases in RDW and reticulocytes. There 
were individual animals in both AMR101 and Epadel groups that had elevated 
LDH levels (above that observed in control animals) and may be indicative of 
hemolysis.  One additional finding was that two females (one administered 2000 
mg/kg AMR101 and one administered 2000 mg/kg Epadel) had increased urine 
urobilinogen as compared to the control range for this urinary parameter, and 
also may indicate the potential for hemolysis. 

• Cholesterol and triglyceride levels decreased in both AMR101 and Epadel 
treated groups from control, and were an expected pharmacologic effect. 

• ALP had only a minor increase in 2000 mg/kg AMR101 or Epadel treated groups, 
but is noted as this change in a clinical chemistry parameter was observed in 
several other repeat dose toxicology studies with ethyl-EPA. “Prominent lobular 
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architecture” of the liver was noted upon necropsy in all AMR101 and Epadel 
treated groups (both sexes) but was most prevalent at a 2000 mg/kg dose. No 
corresponding histopathology or organ weight change was reported. 

• There was a low incidence of histopathology findings without dose dependence 
or difference between AMR101 or Epadel treatment. This included 
cardiomyopathy in 1000 mg/kg AMR101 treated males, lung infiltration and 
histiocytosis, and skin hyperkeratosis. 

• Pharmacokinetic assessment between 2000 mg/kg AMR101 and 2000 mg/kg 
Epadel was completed. Total EPA as well as un-esterified (free) EPA was 
analyzed from rat plasma. Total EPA: Initial exposure on Day 1 in males was 1.6 
– 2.1X greater for Epadel than AMR101. By Day 28 there was evidence of some 
accumulation for both substances and exposures were roughly equivalent 
between AMR101 and Epadel for both sexes. One difference of note was that 
females had a 2.2X higher Cmax when administered Epadel by Day 28. Tmax at 
Day 28 for all groups and both sexes was approximately 2 hours. Un-esterified 
EPA: The un-esterified fraction was only 3-5% of total EPA following repeat 
dosing.  Similar to total EPA, the un-esterified EPA fraction also showed some 
accumulation in all dose groups and both sexes.  Systemic exposure again was 
roughly equivalent between AMR101 and Epadel in both sexes, with a slightly 
higher AUC in Epadel treated females.  Tmax was approximately at 2 hours. In 
sum, while there were minor differences in Cmax values between AMR101 and 
Epadel in females and between male and females treated with AMR101 in 
general, the overall exposure profile between an equivalent dose of Epadel and 
AMR101 are relatively comparable. There is normal variability in total EPA 
incorporation into phospholipids, triglycerides and cholesteryl esters as well as 
differences observed in exposures of EPA in AMR101 treated animals at 
identical dose in other toxicology studies (i.e. ZOC0001). The exposure 
differences observed between Epadel and AMR101 are not likely toxicologically 
meaningful as no differences in toxicity were observed under the design of this 
study. 
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Methods 

Doses: 

[Reproduced from Sponsor’s Study No. 522093] 
Frequency of dosing: Once daily for 28 or 29 days 

Route of administration: Oral gavage 
Dose volume: 1.10 mL/kg for 1000 mg/kg AMR101; 2.20 mL/kg for all 

other dose groups 
Formulation/Vehicle: Neat test-article, no vehicle 

Species/Strain: Crl:CD(SD) Sprague-Dawley Rat 
Number/Sex/Group: 10/sex/group 

Age: 8-9 weeks at commencement of dosing 
Weight: Males: 300 - 405 g 

Females: 208 – 270 g 
Diet: PMI Nutrition International Certified Rodent Diet No. 

5CR4 (14% protein) 
Satellite groups: 3/sex/group for TK analysis 

Unique study design: None 
Deviation from study protocol: On Day 18, animal 75F was observed to reflux some 

Epadel immediately after dosing and did not receive 
the full dose on this day. 

 
Observations and Results 
 
Mortality 
Animals were checked for mortality in the early morning and as late as possible on each 
study day.  One female animal was found dead from the 2000 mg/kg AMR101 treated 
group (No. 66F) on Day 24 and was attributed to a gavage related injury. Gross 
pathology correlates included a rupture of the esophagus, white accumulation on the 
heart, red discoloration of lungs and an enlarged bronchial lymph node. 
 
Clinical Signs 
Detailed clinical observations were recorded once each week beginning in pretrial 
period.  Examination included appearance, movement, behavior, skin and hair 
condition, eyes and mucous membranes, respiration and excreta. Additionally, 
treatment related clinical observations were recorded from pre-dose through 1 hour 
post-dose (for days 1-2 only, observations were made through 4 hours post-dose). 
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Histopathology 
Adequate Battery: Yes 
Tissues were collected from main study animals and preserved in 10% neutral buffered 
formalin, except for the optic nerve, eye, harderian gland (Davidson’s fixative) and the 
testis (Modified Davidson’s fixative).  Bone marrow smears were prepared and stained 
but not evaluated. The following tissues were examined:  
 

Table 19: Histopathology Tissues Examined in the Rat 

 
[Reproduced from Applicant’s Study No. 522093] 

 
Peer Review: Yes, with at least 20% of the animals conducted by  

 
 
Histological Findings: 
In general, there was a low incidence of histopathology findings in rats treated with 
AMR101 or Epadel for 28 days. There was a slight increase in lymphocytic infiltration of 
the Harderian gland in Epadel treated rats, although there is no human clinical correlate 
to this finding.  Three males and one female administered 1000 mg/kg AMR101 (but not 
at higher dose) had focal cardiomyopathy; however since this was not present at 2000 
mg/kg the finding is equivocal. Hyperkeratosis of the skin (focal or multifocal) was 
observed at all doses of AMR101 or Epadel. There were other sporadic histopathology 
findings in one or both sexes, but were not dose dependent and no clear differences in 
AMR101 versus Epadel histopathology were observed in this study. 
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Table 24: Mean Values of Toxicokinetic Parameters of Total EPA in Rat Plasma 

 
 

Table 25: Mean Values of Toxicokinetic Parameters of Un-Esterified EPA in Rat 
Plasma 

 
[Tables reproduced from Applicant’s NDA submission; Study report 522093] 
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7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
The Ames assay was negative in the presence and absence of S9 metabolic activation 
when used at a maximum concentration of 25 μL/plate (neat oil at a density of 0.910 
mg/μL) in the bacterial strains TA98, TA100, TA1535, TA1537 and WP2. Although the 
assay was considered negative, it was noted that in one tester strain TA100, there was 
a non-statistically significant increase (1.2 fold) in revertant colonies in the presence of 
metabolic activation that was reproducible in the confirmatory assay. As this did not 
meet the positive criteria of at least a 2-fold increase for this bacterial strain, Ethyl-EPA 
was considered to be non-mutagenic in the Ames assay. 
 

7.2 In Vitro Assays in Mammalian Cells 
Several clastogenicity studies were completed as ethyl-EPA induced chromosome 
aberrations in CHO cells, and were therefore considered clastogenic.  In the first study, 
four concentrations were used (0.5, 1, 2, and 5 μl/mL) in the presence and absence of 
S9 metabolic activation. There was an apparent dose dependent increase in the 
number of chromosome aberrations (-S9) up to 2 μl/mL, where 5 μl/mL resulted in 
significant cellular toxicity and an insufficient number of analyzable cells. In the 
presence of S9 (+S9) there was an increase in the number of cells with aberrations at a 
dose of ≥ 1 μl/mL. There was an apparent dose-dependent increase in the number of 
chromosome aberrations ± S9 and therefore ethyl-EPA was considered clastogenic 
under the conditions of this study. 
 
In the second ethyl-EPA clastogenicity assay in CHO cells ethyl-EPA, ethyl-oleate 
(omega-9 fatty acid) and ethyl linoleate (omega-6 fatty acid) were tested. The top dose 
of ethyl-EPA (+S9) was 40 μg.ml-1 and (-S9) was 150 μg.ml-1. Ethyl-EPA was again 
considered clastogenic -S9 at 150 μg.ml-1 and there were indications of clastogenicity 
(including and excluding gaps) +S9 at 25-30 μg.ml-1 (30-40 μg.ml-1 was toxic in cell 
culture). The omega-9 and omega-6 fatty acids, ethyl-oleate and ethyl-linoleate, 
respectively, were not considered clastogenic ±S9 metabolic activation. 
 
As ethyl-EPA is rapidly converted to EPA in all species, this omega-3 fatty acid was 
tested along with oleic (omega-9) and linoleic acids (omega-6) for clastogenicity. In this 
third assay in CHO cells, the highest doses of EPA were 40 μg.ml-1 (+S9) and 100 
μg.ml-1 (-S9). EPA was clastogenic in the presence and absence of S9 and was also 
considered toxic to cells. EPA was positive at 25 μg.ml-1 (+S9) and 80 μg.ml-1 (-S9). 
Oleic acid was toxic and clastogenic at 20 μg.ml-1 (+S9); however was negative (-S9) up 
to a top concentration of 70 μg.ml-1. Linoleic acid was toxic and clastogenic at a 
concentration of 20 μg.ml-1 (+S9) and had mixed findings (one positive/ one negative) 
for clastogenicity (-S9) at a concentration of 70 μg.ml-1. 
 
The high concentration of fatty acids could have been excessively toxic leading to cell 
rupture (detergent effect) as ethyl-EPA or EPA was directly added to cells in culture; 
however positive results were observed even in the absence of toxicity.  Three separate 
chromosomal aberration assays were performed ± S9 in CHO cells.  Results from these 
assays showed that ethyl-EPA was positive (using gap exclusion, the most relevant 
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8 Carcinogenicity 
Two carcinogenicity studies were completed: 1. A 2-year rat carcinogenicity 
study which did not receive ECAC concurrence, and 2. A 6-month HRAS 
transgenic mouse carcinogenicity study that received ECAC concurrence. Both 
carcinogenicity studies were positive for tumors. In the rat 2-year carcinogenicity 
study, the following tumors were statistically significant by trend analysis when 
compared to corn oil or undosed control: hemangiomas at the mesenteric lymph 
node in both sexes, hemangiomas (all sites) in males, combined hemangiomas 
and hemangiosarcomas of the mesenteric lymph node in females.  Additionally, 
pairwise statistical significance was also achieved for combined hemangiomas 
and hemangiosarcomas at the mesenteric lymph node in HD females. In the 6-
month transgenic mouse, there was a positive finding for squamous cell 
papillomas of the proximal tail in male mice; however these neoplasms are 
attributed to fecal excretion of excess oil and dermal irritation. Due to the 
hemangioma findings of the mesenteric lymph node in the 2-year rat, it is of note 
that the 6-month mouse had a non-neoplastic histopathology finding of increased 
thrombosis of the mesenteric vein (ileum) and the perimesenteric vein 
(mesenteric lymph node), indicating this site is vulnerable to ethyl-EPA mediated 
toxicity due to its route of absorption. 
 
Based on body surface area, there were low safety margins to the HD in both rat 
(2.2X) and mouse (5.5X).  Both of these high doses had increased incidence of 
tumor findings including mesenteric lymph node hemangiomas (both sexes) and 
combined skin fibromas, fibrosarcomas and NOS sarcomas (males) that were 
predominantly associated with the abdomen in rats, and skin papillomas of the 
proximal tail in male mice.  An increase in mesenteric lymph node hemangiomas 
was also identified in female rats at the MD with a safety margin of <1X.  
 
There were also low safety margins based on EPA plasma exposure (derived 
from a 28-day human PK study) as compared to the MRHD of 4 g/day Vascepa.  
Ethyl-EPA (Vascepa) is rapidly converted to EPA by pancreatic lipase; therefore 
free (unesterified) EPA was measured in the plasma.  As omega-3 fatty acids are 
incorporated into triacylglycerol (TAG) and chylomicrons it should be noted that 
exposure levels are only based on one fraction of the EPA pool (i.e. free fatty 
acid). In the rat, the safety margin is 7X to the HD rat where mesenteric lymph 
node hemangiomas were present in both sexes and 3.7X to mouse papillomas.  
Given the method of absorption of omega-3 fatty acids from enterocytes of the 
small intestine into the lymph, the site of these hemangiomas would indicate that 
they are related to ethyl-EPA and would be relevant to humans.  Additionally, in 
the 6-month transgenic mouse study, although no hemangiomas formed, there 
was a significant increase in the incidence of thrombosis of the mesenteric vein 
(ileum) and perimesenteric vein (mesenteric lymph node) predominantly at the 
HD in both sexes. 
 
Amarin conducted one 28-dat rat repeat dose toxicology study and one 9-month 
dog repeat dose toxicology study, although neither had histopathology findings of 
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hemangiomas.  The 9-month dog study did have two events of premature 
sacrifice related to the GI tract where at week 7, a HD dog (2000 mg/kg = HED 
1111 mg/kg) was sacrificed due to intussusception of ileocecocolic junction, and 
at week 22 a LD dog (300 mg/kg = HED 167 mg/kg) was sacrificed due to an 
infarcted jejunum and blockage between the small and large intestine.  The only 
pathology reported at the mesenteric lymph node at 3 months (interim sacrifice) 
and 9 months was a low incidence of erythrophagocytosis at all doses. The 
combined toxicologically relevant events at the mesenteric lymph nodes in 
multiple species indicate that this site is sensitive to EPA, given its known 
absorption route from the small intestine into the lymph before systemic 
absorption. The 6-month transgenic HRAS mouse had increased mesenteric 
lymph node thrombosis/ inflammation (perimesenteric vein) in both sexes at 
terminal sacrifice and the 9-month dog had increased erythrophagocytosis at the 
mesenteric lymph node that was assessed by histopathology due to a necropsy 
finding (reddened mesenteric lymph node). These findings in two species may 
indicate red blood cell or endothelial cell damage at this site that could be 
explained by a localized high EPA fatty acid concentration. Continual absorption 
at this site could alter membrane fluidity and cellular signaling due to omega-3 
FA incorporation into the endothelium, which may then affect RBC or platelet 
interaction leading to further cellular damage/ clumping and inflammation. One 
hypothesis may be that the rat hemangioma findings at the mesenteric lymph 
following 2-year administration by oral gavage began with continual damage at 
this site and led to a regenerative angiogenic response and ultimately 
hemangioma formation. Amarin did not conduct a rat toxicology study longer than 
1 month so it is difficult to know if there were histopathology findings in this 
species with intermediate dosing duration. However, the Applicant relies on 
literature references conducted on ethyl-EPA for marketing of Epadel where a 3-
month and a 1-year rat toxicology study were conducted. In these studies, the 
mesenteric lymph nodes were not assessed by histopathology, so it is not known 
if physiological changes were occurring earlier than 2 years in this species. 
 
In all studies (conducted by Amarin or from literature references for Epadel), 
animals from a 9 month dog, 1 month rat, 3 month rat and 12 month rat all had 
some type of skin finding and severity increased with dose and length of 
treatment.  In the 9 month dog study, reddened, flaky and dry skin was noted 
with hair loss around the anogenital region and abdomen and was associated 
with epidermal hyperplasia histologically at doses ≥300 mg/kg/day. A one month 
rat study (Amarin) showed hair loss from the back at most doses but increased at 
the HD of 2000 mg/kg/ day. The 3 month rat study (literature reference) had 
findings of yellow coat discoloration, hair loss, edema, scabbing and nodulation 
of the tail near the base at ≥3000 mg/kg/day (HED = 484 mg/kg) with 
histopathology correlates of inflammation, fibrosis and granuloma. The 12 month 
rat study (literature reference) had fur discoloration and nodulation at the tail 
(3000 mg/kg = HED 484 mg/kg) which correlated to hyperkeratosis, fibrosis, 
abscess and acanthosis. In the 6-month transgenic mouse carcinogenicity study, 
there was a prominent finding of nodule(s) at the proximal tail in both sexes at 
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the HD, acanthosis and hyperkeratosis, with only males having papilloma 
formation following 6 months of dosing.  It is plausible that the papillomas may 
have been due to irritation and a hyperplastic response to oxidation of fatty acids 
on the skin.   
 
In summary, it is likely that the findings of mesenteric lymph node hemangiomas 
are related to the long term administration of Vascepa (ethyl-EPA) to rats over 
the duration of 2 years, as the results were statistically significant by trend 
analysis even if considered a common tumor in both sexes, are relevant to the 
route of absorption of omega-3 fatty acids, and occur at a low margin of safety as 
compared to the proposed MRHD of 4 g/day in humans. The findings of 
papillomas (proximal tail) in mice are noted as there is a signal for dermal toxicity 
in all previous toxicology studies conducted.  The vascular and skin tumors in two 
rodent species may translate to human risk as omega-3 fatty acids have the 
potential to cause cutaneous reactions and hemorrhage as treatment-emergent 
adverse events. 
 
The following were the Executive CAC Recommendations and Conclusions for 
the two Carcinogenicity Studies conducted for ethyl-EPA (Vascepa, AMR101): 
 
Tg.rasH2 Mouse: 

• The Committee agreed that the study was adequate. 
• The Committee concurred that there were no drug-related neoplasms in 

females and that the skin/subcutis papillomas in the tail of males were 
drug-related but not relevant to humans. 

Rat: 
• The Committee agreed that the study was adequate. 
• The Committee concurred that there were no neoplasms clearly drug-

related in male rats. Mesenteric lymph node hemangiomas/ 
hemangiosarcomas appeared to be drug related in female rats. However 
the incidences of hemangiomas/ hemangiosarcomas at all sites, 
combined, were not statistically significantly increased. The Committee 
noted that the increased incidence of mesenteric lymph node thrombosis 
of the perimesenteric vein as well as ileum mesenteric vein thrombosis 
and inflammation, both seen in the TgRasH2 mice and the high drug 
exposure at the mesenteric lymph nodes in the rats suggest that the 
mesenteric lymph node hemangiomas/ hemangiosarcomas in rats are 
drug-related. 
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Study title:  EPA-E (5, 8, 11, 14, 17-Eicosapentaenoic Acid Ethyl Ester) 104 
Week Carcinogenicity Study in Rats with Administration by Gavage 
 

Study no.: 456223 
Study report location:

Conducting laboratory and location:
Date of study initiation: 21 February 2002 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: EPA-E (5, 8, 11, 14, 17-eicosapentaenoic 
acid ethyl ester) obtained from Nisshin 
Pharma Inc., Japan, Batch No. EE141IS 
(97.3% purity), Batch No. EE030HU 
(99.1% purity) 

CAC concurrence: No 
 
Key Study Findings 

• There was a statistically significant increase in the number of HD female decedents 
and this dose group was sacrificed early at week 98 due to declining survival. 

• Although there was no overall common cause of death in the female decedents, 
there was a slight increase in the incidence of pituitary adenomas as the cause of 
death in HD females. 

• There was an increase in fibromas and fibrosarcomas in males as the cause of 
death. 

• Body weights trended to be higher in HD males and females throughout the majority 
of the study.  After week 87, HD females began to lose weight which correlated with 
decreased food consumption, declining clinical condition and decreased survival. 

• Hematology parameters were assessed and female platelet counts significantly 
decreased at all doses (non-dose dependent). 

• Prostate weight significantly decreased in MD and HD males. 
• Non neoplastic findings included: 1. an increased incidence of thyroid C-cell 

hyperplasia in male decedents at all doses versus corn oil control; 2. hyperplasia of 
the non-glandular stomach mucosa in MD and HD decedents of both sexes; 3. an 
increase in the total incidence of pancreas islet cell hyperplasia in HD males. 

• Neoplastic findings included an increased incidence of hemangiomas predominantly 
localized to the mesenteric lymph node in both sexes at HD and additionally at MD 
in females. The combined incidence of hemangiomas and hemangiosarcomas at 
this same site also reached statistical significance only in females. Males additionally 
had significant increases in brain/ spinal cord astrocytomas (only benign; but not 
with the combination with malignant astrocytomas) as well as the combined 
incidence of fibromas/fibrosarcomas/ and sarcoma (not otherwise specified, NOS) 
by trend analysis. These were not significant by pairwise statistical analyses. 

 
Adequacy of Carcinogenicity Study 
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This study was valid as rats developed tumors in response to EPA-E and declining 
female survival before planned study termination also indicated that an MTD had been 
reached. 
Appropriateness of Test Models 
The 2 year rat carcinogenicity study was an appropriate model however it is noted that 
although the diet did not contain any fish meal, there was 0.06% C18:3ω3 linolenic acid 
which can be metabolically converted to EPA and DHA. Neither control (undosed or 
corn oil) was appropriate for this model. 
Evaluation of Tumor Findings 
A complete tumor evaluation was conducted by CDER statistical review. Additionally, 

 (a contracted company by the applicant) evaluated the hemangioma/ 
hemangiosarcoma tumor findings as well as the decrease in mortality of females in the 
HD group.  CDER analysis found an increased incidence of hemangiomas in both sexes 
by trend analysis, as well as a combined increase in hemangiomas and 
hemangiosarcomas in females.  As this site (mesenteric lymph node) is relevant to the 
absorption of omega-3 fatty acids from the small intestine, the formation of this tumor is 
physiologically relevant.  Although the  analysis confirmed that the incidence of 
hemangiomas was higher in high-dose animals than in control it was within levels 
reported in background historical control data and not likely biologically relevant to 
humans. The applicant also originally conducted their own statistical analysis (Peto 
analysis) but did not report any statistically significant differences in tumor incidence. 
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Methods 
Doses: 0.1, 0.3 and 1.0 mL/kg/day (~91, 273 and 911 

mg/kg/day) 
Frequency of dosing: Once daily 

Dose volume: Variable (0.1, 0.3 or 1.0 mL/kg) 
Route of administration: Oral gavage 

Formulation/Vehicle: No vehicle used, doses were adjusted by changing 
the dosing volume of the neat test article 

Basis of dose selection: At the time of the carcinogenicity study initiation, dose 
level limitations were based on the percent caloric 
intake (Kcal intake/day) from the test article relative to 
that of the diet to no more than approximately 5% (7% 
and 5% at HD for males and females, respectively).  

Species/Strain: Rat/ Wistar (Crl:WI)BR) 
Number/Sex/Group: 50/sex/group 

Age: ~7 weeks at dosing initiation 
Animal housing: Animals were housed in suspended polypropylene 

cages with stainless steel grid tops and solid bottoms. 
Sterilized white wood shavings were used as bedding, 
which was changed up to 3 times per week.   

Paradigm for dietary 
restriction: 

None. Rat and mouse No. 1 Expanded SQC Diet, 
supplied by Special Diets Services Limited, Stepfield, 
Witham, Essex, UK.  Note: the mouse feed contained 
no fish meal, and therefore no marine-derived omega-
3 fatty acids. 

Dual control employed: Yes 
Control 1: corn oil + 0.2% α-tocopherol (1.0 
mL/kg/day) 
Control 2: undosed 

Interim sacrifice: No 
Satellite groups: No (no TK analysis) 

Deviation from study 
protocol: 

On 29 November 2003 (Week 61), all Group 3 
females (351-400) were dosed with the incorrect 
volume of test item formulation (received 1.0 
mL/kg/day instead of 0.1 mL/kg/day) in error. There 
were also sporadic dates when animals in all dose 
groups were not dosed due to condition or behavior. 
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Figure 9: Mortality (Kaplan-Meier Plots) in 2-year Male and Female Rats 
Kaplan-Meier Plot: MALES     Kaplan-Meier Plot: FEMALES 

                               
[Figures reproduced from NDA 202057 submission; Study No. 456223] 

 
Female Mortality 
There was a statistically significant increase in the number of HD female decedents 
versus the corn oil control (p<0.001). Due to the deteriorating condition of the HD 
females, this group was terminated early after 98 weeks of treatment. 
 
Anterior lobe pituitary adenoma as a cause of death was slightly increased in incidence 
in treated females at 1.0 mL/kg/day compared to Group 1 females as follows:  
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[Table reproduced from NDA 202057 submission; Study No. 456223] 
 
Neoplastic 
Major neoplastic findings include the following: 

1. In males and females there was an increased incidence of hemangiomas 
primarily of the mesenteric lymph nodes. As this is the site where ethyl-EPA is 
absorbed from the gut into the lymph, it has physiological relevance. Combined 
hemangiomas at all sites in both sexes were also highly statistically significant. 
There are differing results (depending on the study or database) as to whether 
hemangiomas and hemangiosarcomas (all or mesenteric lymph node) are 
common or uncommon in the Wistar rat; however the incidence of hemangiomas 
in the MLN in both sexes were significant even if considered a common tumor. 
Combined hemangioma + hemangiosarcomas of the MLN were significant in 
females if common but were not significant in males.  

2. The combined incidence of skin/ subcutis fibromas, fibrosarcomas and sarcomas 
(not otherwise specified) was statistically significant in males when considered a 
common tumor by trend analysis. 

3. Although the number of benign astrocytomas (brain alone or brain + spinal cord 
combined) was low, it did reach statistical significance in males when considered 
an uncommon tumor by trend analysis. If one spinal cord malignant astrocytoma 
was included in the analysis, statistical significance was lost. 
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Study title:  26-Week Oral Gavage Oncogenicity Study with AMR101 in 
001178-T (Hemizygous) Mice 
 

Study no.: 8222196 
Study report location:

Conducting laboratory and location:

Date of study initiation: April 7, 2010 
GLP compliance: Yes, page 2 

QA statement: Yes, page 3 
Drug, lot #, and % purity: AMR101 (ethyl-EPA), Lot # EE070IX, 

98.2% Purity 
CAC concurrence: Yes; ECAC Meeting held March 2, 2010 

 

Key Study Findings 

• Mortalities (aside from accidental causes) included sacrifice of one HD male for skin 
ulceration/ inflammation of the proximal tail on day 88 and one HD male was found 
dead with a histopathology correlate of squamous cell carcinoma on day 122.  One 
female in the 1 g/kg dose group was sacrificed with histopathology evidence of 
erythroleukemia. One HD female was found dead with an ovarian carcinoma and 
one HD female died from an undetermined cause.  

• Clinical signs included nodules around the tail associated with swelling, scabs, sores 
and alopecia in both sexes predominantly at the 4.6 g/kg HD but also to a lesser 
extent at the Mid-High dose of 2.0 g/kg. Histopathology correlates of acanthosis/ 
hyperkeratosis, erosion/ ulceration and inflammation were observed at doses of ≥2.0 
g/kg. In HD males, benign squamous cell papilloma was observed histologically. 

• Although HD females tended to have a decrease in food consumption, their overall 
body weight gain was higher than control animals, which might be explained by the 
high caloric intake of AMR101. Males had an overall decrease in BW gain when 
compared to control and correlated with an intermittent decrease in food 
consumption. 

• There was an increase in neutrophils at the HD in both sexes that may have been 
due to the skin irritation observed in these animals (nodules, swollen, alopecia, 
sores, scabs). 

• There were minor organ weight changes including an increase in spleen weight in 
both sexes at HD (possibly attributed to inflammation of the skin at the site of the 
proximal tail), increased kidney weight and decreased seminal vesicle weight in HD 
males, and a decrease in uterine weight in HD females. 

• Non-neoplastic lesions predominantly consisted of acanthosis/ hyperkeratosis, 
erosion/ ulceration and inflammation of the skin/ subcutis of the proximal tail as well 
as perirectal skin at doses ≥2.0 g/kg; mesenteric lymph node vein thrombosis and 
inflammation was observed in males at doses ≥2.0 g/kg and in females at 4.6 g/kg; 
ileum mesenteric vein thrombosis predominantly at HD in both sexes; bone marrow 
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Observations and Results 

Mortality 
Animals were checked twice daily for mortality, abnormalities and signs of pain or 
distress. 
 

1. One male administered 4.6 g/kg AMR101 was sacrificed in moribund condition 
on Day 88 due to skin ulceration/inflammation of the proximal tail (No. A15900). 
One control male was found dead on Day 29 after struggling during dosing (No. 
A15798). 

2. One male administered 4.6 g/kg AMR101 was found dead on Day 122. 
Squamous cell carcinoma of the non-glandular stomach was noted histologically 
(No. A15880). 

3. One control female was found dead on Day 46 and was attributed to a cage 
injury (No. A16094).  

4. One female administered 1.0 g/kg was sacrificed on Day 89 after presenting with 
few feces, irregular respiration, brown perineal haircoat, hypoactivity, and cold to 
the touch. Erythroleukemia was noted histologically (Animal No. A16121).  

5. One female administered 1.0 g/kg was found dead on Day 123 (No. A16141). 
This death was determined at necropsy to be accidental.  

6. Three females administered 4.60 g/kg were found dead:  
No. A16176 died on Day 39 as a result of a gavage error  
No. A16182 was found dead on Day 149, and an ovarian carcinoma was noted  
No. A16185 died on Day 148 and the cause was undetermined.  
Clinical signs for these females included nodules, sores or swelling on the 
proximal tail, rough haircoat, and/or hunched posture.  

7. In the positive control group, ten males and four females were found dead or 
sacrificed early. Overall survival was 73% for females and 33% for males 

 
Adjusted survival at week 27 was ≥92% for all groups given AMR101. 
 

Table 60: Adjusted Survival at Week 27 in the Tg.rasH2 mouse study 

 
[Table reproduced from NDA 202057 submission; Study No. 8222196] 

 
Reviewer’s Note: When calculating the absolute percent survival (not adjusted to 
accidental deaths), female survival at the HD of 4.6 g/kg was 88%. 
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thymus from all animals in Group 6 (positive control) were processed and examined 
microscopically. The following tissues were preserved: 
 

Table 70: Tissues Examined for Histopathology (Tg.rasH2 Mice) 

 
[Table reproduced from NDA 202057 submission; Study No. 8222196] 

 
Note: Protocol Amendment 1 removed the femoro tibial joint and added the sciatic 
nerve and harderian gland (Davidson’s fixative). Protocol Amendment 6 stated that 
although incisors were collected they were not processed for histology as it was not 
specified in the study design. 
 
Protocol Deviations: 
The listed tissues for the following animals were recorded as missing and not examined 
microscopically. For tissues marked with an asterisk, only one of the pair was missing: 
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Table 71: Missing Tissues from Individual Animals (Tg.rasH2 Mice) 

 

  
 

[Table reproduced from NDA 202057 submission; Study No. 8222196] 
 
Neoplastic 
There was a statistically significant increased incidence of benign squamous cell 
papilloma (5/25 animals) in the skin/ subcutis (proximal tail) of males given 4.60 g/kg 
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Table 77: Incidence of Thrombosis and Inflammation in the Mesenteric Vein 

 
[Table reproduced from NDA 202057 submission; Study No. 8222196] 

 
Reviewer’s Note:  

1. Statistical analysis for the mesenteric lymph node thrombosis: females p= 0.0070, males 
p<0.0001 (trend analysis); females p=0.0070 (pairwise), males p=0.0050 (pairwise) 

2. Statistical analysis for the ileum mesenteric vein thrombosis: females p= 0.0170, males p<0.0001 
(trend analysis); females p=0.0550 (pairwise), males p=0.0030 (pairwise) 

 
Table 78: Incidence of Histopathology Findings in Tg.rasH2 Mice 

 
[Table reproduced from NDA 202057 submission; Study No. 8222196] 

 
Toxicokinetics 
Blood samples were collected via cardiac puncture from non-fasted TK animals on Days 
1 and 28 of the dosing phase as follows:  

• Group 7 (water control): 3/sex, approximately 2 hours post-dose  
• Groups 8, 9, and 10 (AMR101 dose groups): 4/sex/group/time point 

approximately 0.5, 1, 2, 4, 8, and 24 hours post-dose 
 
EPA (hydrolyzed from AMR101) was detected in all plasma samples from Groups 8, 9, 
and 10 (0.5, 2.0 and 4.6 mg/kg AMR101, respectively). The increase in EPA exposure 
was less than dose proportional between groups, there was an increase in exposure 
from Day 1 to Day 28 for both sexes and females had a slightly higher systemic 
exposure than males. EPA was detected in some samples from control animals but is 
expected as it is an endogenous fatty acid. 
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plasma (6-14 fold higher). The rabbit was a second species used to assess 
teratogenicity; however malformations were not observed. Body weight and food 
consumption decreases were observed in HD dams (1.0 g/kg) that were associated in 
one case with total litter loss.   In the F1 generation in rats, females had a non-
statistically significant delay in the estrus cycle of 10 days that could be correlated with 
decreased copulation and decreased implantation at the HD of 3.0 g/kg. F1 males also 
at the HD had a slight increase in the incidence of testis atrophy.  While these results 
are equivocal, they are mentioned here as development and maintenance of the retina 
(optic nerve) and reproductive organs are very sensitive to levels of the omega-3 fatty 
acid DHA.  While fatty acids compete for cell membrane incorporation and are not 
necessarily interchangeable in their biologic action, one could argue that the high levels 
of EPA outcompete for DHA; however EPA can be readily converted to DHA through 
chain elongation and desaturation reactions in the cell or in the liver.  
 
A tabulated summary of referenced reproductive toxicology studies for ethyl-EPA (used 
in support of Epadel marketing) sponsored by Mochida as well as one Amarin 
sponsored rat developmental reprotox study is below: 
 

Table 82: Reproductive Toxicology Studies (Ethyl-EPA) – Summary Table 

Study Type 
Study No.  

GLP Status 

Species/ 
strain 

Number/ 
group 

Dose 
Levels Study Findings 

Literature 
Reference:  
Saito 1989 
 
GLP? – Not 
stated 
 
 
 
 

Wistar Rat 
Fertility 
 

0, 300, 
1000, 3000 
mg/kg/day 
 
♂: Treat 63 
days 
before 
mating 
♀: Treat 14 
days 
before 
mating 
through 
GD7; 
sac GD21 
 

• ↓ BW gain/ ↓ food consumption at 
3000 mg/kg (♂) 

• No fertility or copulation effect (♂/♀) 
• ↑ placental weight 
• Skeletal abnormality: cervical rib 0-2-

2-5 
• 3000 mg/kg: Soiling of fur around 

anus; lower jaw rubbing and 
salivation 

• 1 HD ♂ (parent) had slight atrophy of 
the optic nerve 

Literature 
Reference: 
Saito 1989 
(20:853-66) 
 
GLP? – Not 
stated 

Wistar Rat 
Teratogen-
icity 
 

0 (H2O), 
300, 1000, 
3000 
mg/kg 
 
GD7-17 
Sac GD21 

• Soiling of fur and slight hair loss 
around anus at 3000 mg/kg 

• Optic nerve missing in one pup each 
dose GD21 

• One PD21 F1 was missing optic 
nerve (3000 mg/kg); PD56 one LD 
and 1 HD also missing optic nerve.   
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or F1 to 
PD21/ 
PD56 
 

• Total animals missing optic nerve: 
0-2-2-2 

• Micro/ano-phthalmia in one LD 
pup (300 mg/kg) – originates as 
retinal defect 

• Unilateral testis atrophy (1 each in all 
dose groups) on PD56 

• One infertile F1 ♂, testis atrophy at 
3000 mg/kg 

• Increase in % cervical rib in all doses 
• F1: ↓ copulation rate 3000 mg/kg; ♀ 

delayed estrus cycle 10 days (3000 
mg/kg) 

• Early eruption of lower incisors at 
1000 and 3000 mg/kg 

• Water T-maze test: increase in time 
to goal for 300 and 1000 mg/kg on 
2nd day only 

 
Literature 
Reference: 
Shibutani 
1989 
(20:867-72) 
 
GLP? – Not 
stated 
 
 
 
 

Rabbit (New 
Zealand 
white) 

0 (H2O), 
100, 300, 
1000 
mg/kg 
 
GD6-18; 
Sac GD29 
 

• Preliminary tests with 6000 
mg/kg/day led to 3/6 ♀ deaths or 
moribund sacrifice (stomach erosion 
or ulceration) 

• One ♀ at 1000 mg/kg had an entire 
litter of absorbed fetuses with 
extreme ↓ in food consumption 

• ↓ BW and ↓ food consumption at 
1000 mg/kg but recovered after 
dosing 

• ↑ cervical rib at 1000 mg/kg 
 

Literature 
Reference: 
Shibutani 
1989 
(20:873-84) 
 
GLP? – Not 
stated 
 
 
 

Wistar Rat 0 (H2O), 
300, 1000, 
3000 
mg/kg 
 
GD17- 
PD20 
(perinatal 
and 
nursing) 
F0, F1, F2 
assess-
ment 

• F0 ♀ at 3000 mg/kg: oily substance 
leakage from anus 

• F1 ♀ at 1000 mg/kg autopsy: atrophy 
of cerebral cortex from right lobe to 
occipital lobe 

• F2 fetus at 3000 mg/kg had cervical 
rib 

 

Study # Crl:WI(Han) 0 (2000 • Slight increase in staining of ear/ 
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494981 
 
GLP? - YES 
 
 
 

Rat mg/kg 
mineral 
oil), 300, 
1000, 2000 
mg/kg 
 
GD6-16; 
Sac GD20 

muzzle/ head at 1000 and 2000 
mg/kg (♀) 

• Minor Variants/Abnormalities: 
13th Vestigial Ribs: 0-0-0-2 
13th Reduced Ribs: 0-1-3-5 

cervical rib = supernumerary rib arising from a cervical vertebra 

9.1 Fertility and Early Embryonic Development 
 
One fertility study (segment I) in the Wistar rat was referenced from the scientific 
literature (M. Saito et al. Iyakuhin Kenkyu, 1989; 20:845-852; certified translation 
provided) where ethyl-EPA was administered at doses of 0 (distilled water), 0.3, 
1.0 and 3.0 g/kg/day by oral gavage. Ethyl-EPA was administered to male rats 63 
days before mating until successful copulation and to female rats from 14 days 
before mating until gestation day 7. On gestation day 21, all dams were 
sacrificed and the fetuses were examined. Clinical signs of adult animals 
included soiling of fur at 3.0 g/kg in both sexes as well as lower jaw rubbing and 
salivation.  Males administered 3.0 g/kg had a significant inhibition of weight gain 
and in females body weights initially decreased but quickly recovered to control 
levels. One adult male necropsied from the 3.0 g/kg had slight atrophy of the 
right optic nerve. There was no effect of ethyl-EPA on copulation rate (100%) or 
fertility (91.7% - 100%) in adult animals of both sexes. There was a minor but 
statistically significant increase in the placental weights at the 3.0 g/kg dose. 
There was a dose dependent increased incidence of cervical rib observed that 
reached statistical significance at the high dose (0-2-2-5 for 0, 0.3, 1.0 and 3.0 
g/kg/day, respectively). The NOAEL for this fertility study in male and female rats 
was 3.0 g/kg (3.0 g/kg = HED 0.484 g/kg = 29 g/day for a 60 kg human = 7-fold 
higher than the MRHD of 4g/day). 
 

9.2 Embryonic Fetal Development 
In a segment II developmental toxicity study in SD rats sponsored by Amarin, twenty 
pregnant females per group were dosed once daily by oral gavage with control (2000 
mg/kg mineral oil), 300, 1000 and 2000 mg/kg ethyl-EPA (AMR101), between gestation 
days (GD) 6 – 16. As a note, the breeding diet used contained fish meal and therefore 
was an additional source of omega-3 fatty acids. Fetuses were collected by cesarean 
section on GD 20 and dams were also necropsied. Mid-dose and high-dose dams had a 
slight increase in staining of the ears/muzzle/head/ and limbs; however no other effect 
on mortality, body weight or food consumption was observed. There was no effect on 
embryo survival, embryo weight or sex ratio.  There was a minor variation in that there 
was an increased incidence of 13th reduced ribs in fetuses (0-1-3-5 for control, 0.3, 1.0 
and 3.0 g/kg AMR101, respectively/ litter incidence was 0-1-2-2) from MD and HD 
animals, and no effect was observed for skeletal ossification.  Also there was a slight 
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increase in 13th vestigial ribs at the 2.0 g/kg dose (0-0-0-2 for control, 0.3, 1.0 and 3.0 
g/kg AMR101, respectively). TK studies were not performed to verify levels of systemic 
EPA exposure. The maternal NOAEL was 2000 mg/kg (2.0 g/kg = HED 0.323 g/kg =19 
g/day for a 60 kg human = 5-fold higher than the MRHD of 4g/day) and the embryo-fetal 
NOAEL was 1000 mg/kg (1.0 g/kg = HED 0.16 g/kg = 9.6 g/day for a 60 kg human = 
2.4-fold higher than the MRHD of 4g/day). 
 
In a referenced literature study (segment II) in Wistar rats (M. Saito et al. Iyakuhin 
Kenkyu, 1989; 20:853-866; certified translation provided), animals were dosed with 0 
(distilled water), 0.3, 1.0 and 3.0 g/kg/day ethyl-EPA.  Thirty-nine rats per group were 
used and were administered ethyl-EPA by oral gavage from GD7-17. Fetuses were 
collected at GD21 from two-thirds of the dams and the remaining surviving offspring 
were observed following parturition (one-third of dams). Soiling of the fur and slight hair 
loss around the anus was observed in the HD treated dams and although food 
consumption decreased in MD and HD animals, there was no significant change in 
weight gain. In fetuses examined on Day 21, the optic nerve was missing from one 
animal in each of the ethyl-EPA dose groups (LD, MD and HD) and microphthalmia/ 
anophthalmia were observed in one LD fetus. F1 offspring were assessed on postnatal 
days (PD) 21 and 56, where one HD animal on PD 21 had an absent optic nerve and 
one LD and one MD animal had an absent optic nerve identified on PD 56 (total 
incidence of absent optic nerve from GD21 – PD56 was 0-2-2-2 for 0, 0.3 ,1.0 and 3.0 
g/kg ethyl-EPA, respectively). Unilateral testis atrophy was also observed in one animal 
in each of the EPA-E dose groups at day 56 and an infertile F1 male was also found to 
have testicular atrophy at HD. Other findings included a non-statistically significant 
increase in the percent of cervical rib at all EPA-E doses (1.9%, 5.4%, 6.8%, 6.1% for 0, 
0.3, 1.0 and 3.0 g/kg ethyl-EPA, respectively), a decrease in the number of rearings of 
both males and females (open field test) at HD and a non-dose dependent increase in 
time to goal for the T-Maze Test at LD and MD (in the first maze attempt, but no 
difference in second attempt). F1 offspring were tested for fertility and there was a 
significant decrease in the copulation rate from the HD group in both the first and 
second mating attempts, and females were found to have a delayed estrus cycle of 10 
days.  The number of implantations at LD and HD was decreased with an increased 
corresponding fetal weight.  Only one F2 embryo had an external malformation of 
exencephaly at the LD. The NOAEL for reproductive toxicity for the dam was 3.0 g/kg 
(3.0 g/kg = HED 0.484 g/kg = 29 g/day for a 60 kg human = 7-fold higher than the 
MRHD of 4g/day) as the number of implantations, number of corpora lutea, the number 
of live fetuses and number of total fetuses was similar between dosed and control 
groups. The NOAEL for the developmental toxicity of the F1 generation was 1.0 g/kg 
(1.0 g/kg = HED 0.161 g/kg = 10 g/day for a 60 kg human = 2.5-fold higher than the 
MRHD of 4 g/day) as HD animals had a higher combined incidence of retina/ optic 
nerve defects, testis atrophy, decreased copulation rate, delayed estrus cycle, and 
decreased number of implantations for the F1 generation. As a note, The optic nerve 
finding may be related to the genetic strain of rat (Wistar) as a literature reference has 
reported unilateral optic nerve aplasia in young (6 wk) Slc:Wistar rats (K. Shibuya et al. 
Vet Pathol. 26; 1989); however optic nerve atrophy is usually observed in rats greater 
than 1 year of age. 
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In a referenced literature teratogenicity study (segment II) in New Zealand White rabbits 
(Y. Shibutani et al. Iyakuhin Kenkyu, 1989; 20:867-872; certified translation provided), 
16-18 pregnant animals per group were administered 0 (distilled water), 0.1, 0.3 and 1.0 
g/kg/day ethyl-EPA from GD 6-18. On GD 29, dams were sacrificed and the fetuses 
were examined. One low-dose (LD) dam died on GD 16 but was due to a liver parasite 
discovered upon necropsy. It is noted however that preliminary testing at 6.0 g/day 
ethyl-EPA resulted in 3 of 6 animal deaths or moribund sacrifice where pathology 
showed erosion or ulceration of the fundus gland of the stomach. While no overt clinical 
signs were observed up to a 1.0 g/kg dose to the dam, a preliminary study with 6 g/kg 
resulted in an oily substance leaking from the anus, soiling of the fur, decreased body 
weight and food consumption, blue-white discoloration of the eyes and ears, decreased 
motility, increased respiration rate and lowered body temperature.  HD dams (1.0 g/kg) 
had a significant decrease in body weight and food consumption that likely led to the 
resorption of one whole litter in a HD female noted with an extreme decrease in food 
consumption. There were no treatment related malformations or skeletal anomalies. 
There was one discrepancy in the literature report as the text stated 2 cases of cervical 
rib from the HD group (not present in any other dose or control group), but the tabulated 
data reported only one (of 99 fetuses examined). The NOAEL for reproductive and fetal 
toxicity is 0.3 g/kg (0.3 g/kg = HED 0.1 g/kg = 6 g/day for a 60 kg human = 1.5-fold 
higher than the MRHD of 4 g/day) due to decreased body weight, decreased food 
consumption and loss of one litter at the HD. 
 

9.3 Prenatal and Postnatal Development 
In a referenced literature prenatal and postnatal development study (segment III) in 
Wistar rats (Y. Shibutani et al. Iyakuhin Kenkyu, 1989; 20:873-884; certified translation 
provided), 23 pregnant animals per group were administered 0 (distilled water), 0.3, 1.0 
and 3.0 g/kg/day ethyl-EPA by oral gavage from GD 17-PD 20 (perinatal and nursing 
period). All dams were examined during the study and at necropsy, F1 offspring were 
evaluated for physical development, behavioral differences and reproduction, and F2 
offspring were examined for abnormalities. HD dams had leakage of an oily substance 
from the anus during ethyl-EPA administration. All of the offspring of two dams in the LD 
group and one dam in the MD group died by PD 4. There were no physical or 
behavioral differences in F1 offspring with the exception of one MD female that upon 
necropsy was noted with atrophy of the cerebral cortex from the right lobe to the 
occipital lobe. No differences in F1 reproduction rate or fertility were noted and F2 
offspring had only one incidence of cervical rib from the HD of 3.0 g/kg. The NOAEL for 
the reproductive toxicity to F0 dams and the developmental toxicity to F1 and F2 
offspring was 3.0 g/kg (3.0 g/kg = HED 0.484 g/kg = 29 g/day for a 60 kg human = 7-
fold higher than the MRHD of 4g/day) under the conditions of this study. 
 

10 Special Toxicology Studies 
No studies were conducted. 
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11 Integrated Summary and Safety Evaluation 
 
Background 
Under NDA 202057, Amarin Pharmaceuticals proposes the use of Vascepa (icosapent 
ethyl/ ethyl-EPA/ AMR101) for the treatment of severe hypertriglyceridemia (≥500 
mg/dL) at a clinical dose of 4g/day. This 505(b)(2) application relies on scientific 
literature references that were published in support of Epadel marketing on Japan, an 
ethyl-EPA product used at a clinical dose of 1.8 g/day for the indications of 
hyperlipidemia, arteriosclerotic ulceration and alleviation of pain and feeling of cold. It is 
noted on the package insert for Epadel that when an excess of triglycerides are present, 
dosage may be increased to 900 mg, three times daily for a total dose of 2.7 g/day. 
Amarin Pharma relies predominantly on the reproductive toxicology literature for Epadel 
as well as supplemental studies for repeat dose toxicology (3- and 12- month rat), single 
dose toxicology in rodents and an extensive literature database on the pharmacology of 
ethyl-EPA, EPA, and omega-3 fatty acids in general. 
 
There is a long history of human consumption of fish oil containing omega-3 fatty acids 
as these are available as dietary supplements in both the United States and the 
European Union.  Additionally, menhaden oil (fish oil composed of multiple fatty acids 
including 18% EPA) at a dose of 3g/day (EPA + DHA) is designated as GRAS by the 
FDA.  This level was set as there remains a concern that both EPA and DHA may 
increase bleeding times, increase LDL levels and have an effect on glycemic control in 
non-insulin dependent diabetics. It should be noted however that fish oil is a complex 
mixture of multiple fatty acids with varying degrees of unsaturation. Even among 
omega-3 fatty acids, they are not considered as biologically interchangeable as there 
are differential effects on cellular signaling, receptor targets and even on cell type 
specificity. 
 
EPA is an essential omega-3 fatty acid (FA) available naturally in the diet predominantly 
through the consumption of fish, fish oil or at low level in some types of nuts or seeds. 
Ethyl-EPA is the ethyl-ester of EPA and therefore is a pro-drug. It is hydrolyzed very 
quickly to EPA by esterases such as pancreatic lipase in the intestine and is usually 
below the level of analytical detection in serum.  As EPA is a long-chain fatty acid (≥20 
carbons), it is absorbed into the villi of the small intestine, incorporated into 
chylomicrons and transported to the blood via the intestinal lymphatics and ultimately 
distributed to the systemic circulation.  As FA compete with each other for membrane 
incorporation, increases in the available fraction of omega-3 FA such as EPA would 
result in decreases in other FA such as the omega-6 FA arachidonic acid or linoleic 
acid.  At a cellular level, EPA as well as other omega-3 fatty acids can activate PPAR 
signaling, regulate leukotriene and prostaglandin production (anti-inflammatory), alter 
the synthesis of triglycerides and cholesterol production by the liver, affect the 
hypothalamus-pituitary-adrenal (HPA) axis and may also modulate thyroid hormone 
production. 
 
Human experience with purified ethyl-EPA is limited to the product Epadel, which has 
been marketed in Japan since 1991. The package insert for Epadel lists the following 
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side effects that have been observed in incidence between 0.1 – 5%: hypersensitivity 
(rash, tingling), tendency to hemorrhage, anemia, diarrhea/ stomach pain/ heartburn/ 
nausea, liver function abnormalities (AST, ALT, LDH), and increased CK (CPK).  
Additionally, Mochida conducted the JELIS trial in Japan to evaluate the effect of 1.8 
g/day Ethyl-EPA ± statin over a 5-year follow-up period. The results of this study were 
published (M. Yokoyama et al. Lancet 369: 2007) and the two adverse events that had 
the highest statistical significance were GI disturbance (nausea, diarrhea, epigastric 
discomfort) and skin abnormalities (eruption, itching, eczema, exanthema).  
Hemorrhage (cerebral, fundal, epistaxis, subcutaneous) was also highly statistically 
significant followed by an increase in GOT (glutamic oxaloacetic transaminase or AST) 
and pain (joint, lumbar, muscle).        
 
The Applicant has conducted repeat dose toxicology studies in two species, a full panel 
of genotoxicity studies, limited pharmacology/ pharmacokinetics, one Seg II 
reproductive toxicology study, two carcinogenicity studies and a 28 - Day bridging study 
in the rat directly comparing the pharmacokinetics and toxicology profile of Epadel to 
AMR101. In addition to these Applicant sponsored studies, there is reliance on Seg I, II, 
and III reproductive toxicology studies, two additional repeat dose toxicology studies in 
the rat and several pharmacology and pharmacokinetics literature references conducted 
to support Epadel marketing. Amarin’s product Vascepa (AMR101/ icosapent ethyl/ 
ethyl-EPA) is similar to Epadel (ethyl-EPA) in that both are derived from fish, 
specifications for purity of ethyl-EPA are identical, the use of  tocopherol 
is identical, related substances/ impurity/ degradant profiles are similar but not identical,  
and the nonclinical toxicology profiles are similar in the rat. The combined scientific and 
toxicologic information provided in addition to a well established understanding of fatty 
acid absorption, biological activity and metabolism is sufficient to support this 505(b)(2) 
application. 
 
Pharmacology 
There is sufficient information in the published scientific literature pertaining to omega-3 
fatty acids and their pharmacologic actions.  In general, long chain polyunsaturated fatty 
acids (PUFAs) are absorbed from the small intestine and transported by the lymph 
before systemic distribution. Fatty acids can be incorporated into triglycerides, 
cholesteryl esters, phospholipids or may remain as unesterified (free) fatty acids. Fatty 
acids are incorporated into the cell and can affect the fluidity of the membranes, 
regulate cellular signaling and alter the production of prostaglandin and leukotriene to 
modulate the immune response.  The omega-3 fatty acids EPA and DHA inhibit the 
conversion of arachidonic acid by the cyclooxygenase pathway and reduce the 
production of platelet activating factor (PAF).  PUFAs have also been shown to be 
endogenous agonists for PPARs such as PPARα and GPCR receptors such as 
GPR119.  In addition to PPARs and GPCRs, other nuclear receptors such as farnesol X 
receptor (FXR) and liver X receptor (LXR) can be modulated by nonesterified fatty 
acids. The downstream activation of these receptors includes the regulation of gene 
products that modulate lipid synthesis, glucose metabolism and fatty acid oxidation.  
PUFAs such as EPA are therefore poor substrates for triglyceride (TG) synthesis, 
promote fatty acid degradation (peroxisomal or mitochondrial β-oxidation), inhibit 
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lipogenesis in the liver and increase triglyceride clearance from the plasma.  Therefore 
the net effect of omega-3 polyunsaturated fatty acids such as EPA (derived from 
hydrolysis of ethyl-EPA) is a metabolic shift from triglyceride production and storage to 
oxidation and elimination. 
 
Other secondary pharmacologic effects of EPA as described in the literature include its 
ability to reduce platelet aggregation (due to membrane incorporation of this PUFA), 
support cardiovascular health by the reduction of thrombus formation and increased 
vasodilation, and reduce inflammation.  Changes in cellular membrane lipid composition 
can, for example, alter the production of pro-inflammatory mediators such as 
prostaglandins, leukotrienes and clotting factors (PAF).  Intracellular signaling is 
affected as increased PUFAs can increase the cell membrane fluidity and decrease the 
formation of lipid rafts such as required in T-cell activation. Once PUFAs such as EPA 
are incorporated into cell membranes such as in RBCs or WBCs, the half-life is long 
and can influence the cell’s activity for an extended period of time. 
 
Amarin Pharmaceuticals did not conduct any dedicated safety pharmacology studies; 
however repeat dose toxicology studies did not indicate a concern for cardiovascular, 
neurological or respiratory toxicities. Potential safety concerns have been identified 
such as the potential to increase bleeding time or increased risk of hemorrhage, 
increased liver function enzymes, skin hypersensitivity and gastrointestinal upset. 
Additionally, a large randomized trial was conducted in humans administered 1.8 g/day 
ethyl-EPA where results demonstrated a favorable-to-neutral effect on cardiac 
arrythmias and sudden death. Due to the extensive data available from human subjects, 
dedicated nonclinical safety pharmacology studies would not provide additional 
information required for a regulatory decision. 
 
In summary, the pharmacology of ethyl-EPA and EPA has been well described in 
nonclinical and clinical studies either submitted under NDA 202057 or available within 
the scientific literature. For the proposed indication of severe hypertriglyceridemia, EPA 
has been shown to reduce triglyceride and cholesterol levels in multiple species. In 
addition to this intended pharmacologic effect, EPA can also decrease platelet 
aggregation, can have a potential beneficial effect on cardiovascular function and can 
reduce inflammation. 
 
Pharmacokinetics 
Amarin conducted limited ADME studies with the remainder of published literature 
studies on ethyl-EPA conducted by Mochida Pharmaceutical Company in support of the 
marketed product Epadel. Ethyl-EPA is rapidly converted to free (unesterified) EPA by 
esterases in the stomach and small intestine following oral administration, and 
absorption is rapid from the small intestine as triacylglycerol/ phospholipids/ cholesteryl 
esters as well as unesterified EPA. EPA is then absorbed into the lymphatic system 
before systemic distribution where plasma steady state levels are reached within 7-10 
days in nonclinical species.  As ethyl-EPA is rapidly converted to EPA, it is frequently 
below the LLOQ in PK studies.   
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Clearance of EPA from the serum can be through conversion to DHA, membrane 
incorporation, or beta-oxidation and elimination in expired air.  Omega-3 FAs are 
extremely prone to peroxidation due to the high level of unsaturation; therefore the 
administration and storage of ethyl-EPA must be in the presence of  such 
as α-tocopherol. 
 

Figure 12: Conversion of Ethyl-EPA to EPA and Subsequent Intestinal Absorption 

 
[Figure reproduced from Applicant’s NDA 202057 submission] 

 
Supplementation with EPA promoted the omega-3 fatty acid metabolic pathway and led 
to the displacement of omega-6 and omega-9 fatty acids in different lipid fractions.  EPA 
is rapidly taken up into phospholipids with a slower incorporation into cell membranes; 
however EPA also slowly declines from lipid membranes if administration is stopped. 
When rats were given an oral administration of 14C-EPA-E, the majority of absorption 
was found to be from the small intestine (95.4%) with only 3.7% absorption from the 
stomach and was found to be through a lymphatic route. While bile increased 
absorption, the purity of EPA-E had no effect on absorption. In rats, aside from the GI 
tract, the highest concentrations of radiolabeled EPA were found in the brain, liver, skin, 
fat and muscle although EPA had a wide distribution to most tissue types including the 
heart, arteries, adrenals, urinary bladder, ovaries, and bone marrow.  All radioactivity 
present in the total lipids of lymph was de-ethylated EPA with no detection of ethyl-EPA 
or its metabolites.  In plasma, only EPA was detected at 1 hour post dose, DPA (a chain 
elongated metabolite) was detected at 9 hours post-dose and DHA (chain elongated 
and desaturated) was detected after 24 hours. Clearance of EPA is through metabolism 
to DPA/DHA or by cell membrane incorporation, and elimination is primarily through 
beta-oxidation by the mitochondria or peroxisomes primarily in the liver but also in other 
tissues and released as CO2 and H2O in expired air. 
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Figure 13: Chain Elongation and Desaturation Metabolites of EPA 

[Literature reference: CE Childs et al. Proc. Nutr. Soc. 2008 (67), p.19-27] 
 
Toxicokinetic studies indicated that in rats, there was a less than dose proportional 
increase in exposure above a dose of 1.0 g/kg/day AMR101 while in dogs there was a 
greater than dose proportional increase in exposure. Rats also showed some evidence 
of accumulation with repeat exposure as did the male dog (between 3 and 9 months of 
dosing).     
 
Unesterified EPA (free) distributed predominantly to the plasma fraction where it was 
highly bound to plasma proteins in the rat, dog and human and had low association with 
RBCs. EPA was found to be a weak inhibitor of all CYPs tested such as CYP2C19, 
2C9, 2C8, and 2B6 in human liver microsomes where the lowest IC50 for EPA was 8.4 
μM for CYP2C19. For reference, the calculated Cmax plasma levels of un-esterified EPA 
in humans (28 day study with 4g/day) was 5.04 μM, making it theoretically possible that 
EPA may cause DDIs. In cultured human hepatocytes, there was no CYP induction of 
CYPs 2C9, 3A4 or 1A2 at a concentration up to 100 μM. Studies with drug transporters 
(P-gp, OAT1, OAT3, BCRP, OCT2, OATP1B1 and OATP1B3) showed that 1 μM EPA 
had the potential to inhibit OAT3 by 24.2% in the Caco-2 cell line. Taken together, EPA 
has the potential to cause DDI however considering the extensive clinical human data 
available for EPA, the risk may be low. 
 
Toxicology 
Single and Repeat Dose Toxicology 
A single dose toxicology study was completed in the rat and mouse for ethyl-EPA, its 
metabolites and impurities to assess acute toxicity (Mochida sponsored literature 
reference). Routes of administration included oral, intraperitoneal and subcutaneous. 
Toxicities present from a single dose of ethyl-EPA (20g/kg) or one of its metabolites (10-
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20 g/kg) resulted in oily leakage from the anus when delivered orally and led to 
recoverable weight loss when administered intraperitoneally.  
 
Repeat dose toxicology studies were completed in the rat (a combination of cited 
literature references conducted by Mochida as well as Amarin studies), in the mouse 
(Amarin) and in the dog (Amarin).  Combined, these studies included a 28-day dose 
range finding study in the mouse (Amarin); 28-day (including a bridging study with 
comparison to Epadel, Amarin), 90-day and 12-month rat studies (Mochida sponsored 
literature references); and a 14 day as well as a 39-week with 13-week interim kill dog 
study (Amarin sponsored). The pharmacologic effect of ethyl-EPA was noted across 
species as triglycerides and cholesterol levels decreased variably but reproducibly. 
 
The toxicology profile of ethyl-EPA (AMR101) supports that this test article is relatively 
well tolerated.  At high doses of this fatty acid, an oily anal discharge was noted that 
was associated with skin irritation and oily or discolored fur.  In dogs, there was skin 
irritation and two dogs were euthanized due to GI tract related issues involving blockage 
between the small and large intestines (intussusception of the ileocecocolic junction and 
an infarcted jejunum at 2000 mg/kg and 300 mg/kg, respectively).  The skin was 
frequently affected in all species with scabs, reddened areas, fur discoloration, fibrosis, 
hyperkeratosis and hyperplasia. These findings, localized near the anus, tail or 
abdomen, are likely related to the topical irritation of EPA (including metabolites or 
oxidation) as anal leakage of oil has been frequently noted. The skin findings cannot 
however be completely dismissed as depletion of omega-6 fatty acids from cell 
membranes (and replacement with omega-3 fatty acids) has been shown to induce 
scaly and necrotic skin in rats in scientific literature. Human correlates of skin 
hypersensitivity to ethyl-EPA have also been reported and therefore it is possible that 
systemic distribution of EPA can lead to adverse skin manifestations. 
 
Additional toxicities observed include increased liver enzymes such as ALT or ALP 
(however increased ALP may have been due to a GI effect or even due to a 
corticosteroid effect in the dog). Altered liver morphology (prominent lobular 
architecture) has also been observed in nonclinical studies with AMR101 and may be 
related to the pharmacologic effect of decreased TG and cholesterol synthesis. 
Elevations in liver enzymes have been reported in human clinical studies with ethyl-EPA 
as adverse effects; therefore these nonclinical findings are relevant to humans. Multiple 
nonclinical studies had altered WBC counts that could translate into altered immune 
function that may increase the risk of infection if suppressed and may indicate skin 
hypersensitivity and inflammation if increased. The effect of omega-3 fatty acids such as 
EPA have been studied in the scientific literature with results including down-regulation 
of adhesion molecules on endothelial cells, decreased chemotaxis of neutrophils and 
suppression of viral clearance from the lung. The net effect may be an increased risk of 
infection or pathogen clearance; however this risk is theoretical based only on a 
plausible mechanism of action. The effect of EPA on clotting, RBC parameters, and the 
risk of increased hemorrhage has been repeatedly shown in nonclinical studies.  Small 
increases in clotting times (PT), decreased RBC, RDW, Hb, Hct and reticulocytes were 
noted in multiple species, a low incidence of hemorrhage was noted in the rat, 
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increased erythrophagocytosis was reported in the dog, the Epadel bridging study had 
findings of individual animals treated with either AMR101 or Epadel having increased 
lactate dehydrogenase (high concentration present in RBCs), or increased urobilinogen 
in urine (possible hemolysis and anemia). It is also worth mentioning here that in the 6-
month transgenic mouse carcinogenicity study that there was a statistically significant 
increase in the incidence of perimesenteric vein and mesenteric vein thrombosis in both 
sexes. Given the already known theoretical human risk of increased bleeding and 
tendency to hemorrhage with EPA or high dose omega-3 fatty acids, these nonclinical 
toxicology findings are relevant to humans. 
 
In the dog, there was an increased incidence of adrenal vacuolar degeneration of the 
inner adrenal cortex in both sexes that was associated with a decrease in cortisol levels. 
In the rat, radioactively labeled EPA has been shown to not only distribute to the 
adrenal gland but remains at a high level at least 24 hours after administration while 
other tissue levels have subsided. EPA has been reported to have a corticosteroid like 
effect and in fact has been shown to permit a decrease in the dose of administered 
glucocorticoids in dogs. As EPA stimulates a corticosteroid like effect there is a negative 
feedback on the hypothalamus, pituitary gland and ultimately the adrenal gland to 
decrease cortisol production. As cortisol was not measured in any other species, it is 
unknown if EPA is affecting this pathway in rodents. 
 
An important comparison between AMR101 and Epadel (both ethyl-EPA preparations) 
was completed in the 28-day bridging study in the rat where both PK and toxicology 
profiles were assessed. At an identical dose (2000 mg/kg/day) of AMR101 or Epadel, 
the toxicology profile was similar for both ethyl-EPA compounds with expected findings 
of skin/ fur clinical signs, RBC parameter decreases, increased ALP (possibly intestinal 
or liver) and decreased lipids. These were compared to a previous Amarin sponsored 
28-day rat toxicology study which had slightly different toxicities but all within the 
expected scope of the overall EPA profile (i.e. clotting, WBC, RBC changes). The 
bridging study also demonstrated a reasonably similar PK profile between Epadel and 
AMR101 with a slightly higher mean exposure for Epadel over AMR101 but almost 
identical mean Cmax values. Certain variability is to be expected as even exposures 
between studies using the same compound (i.e. AMR101) can vary even when the 
same dose, species and length of administration is used. The results from this bridging 
study together with comparable toxicity profiles in nonclinical studies conducted by 
Mochida in support of Epadel marketing, and a similar chemical profile of ethyl-EPA 
(use of tocopherol, high purity ethyl-EPA derived from fish oil, and similar degradants 
and impurities ) are supportive of comparability between AMR101 and 
Epadel.  
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Carcinogenicity 
Two carcinogenicity studies were conducted with AMR101: a 2-year rat study and a 6-
month Tg.rasH2 mouse study. The 2-year rat study did not receive ECAC concurrence 
for protocol approval, and despite the absence of an appropriate control group (corn oil 
control and an undosed control were used), the study was considered adequate. The 6-
month transgenic mouse study received ECAC concurrence for the protocol and was 
also adequate. 
 
In the 6-month transgenic mouse study, there were no drug related neoplasms in 
females. There was a positive finding in males only for papilloma(s) of the skin/subcutis 
at the tail. The incidence was 0-0-0-1-5 for doses of 0, 0.5, 1, 2 and 4.6 g/kg/day. As 
multiple nonclinical studies have shown that with increasing dose of ethyl-EPA, there is 
an increased incidence of oil leakage from the anus and depositing on the skin or fur it 
is possible that these papillomas are due to direct interaction with metabolized or 
oxidized EPA. Other histopathology findings at the proximal tail included acanthosis/ 
hyperkeratosis, erosion/ ulceration and inflammation. All of these findings are consistent 
with a localized skin irritant effect of the oil that may have led to increased proliferation 
resulting in papilloma formation. If this was the mechanism of this tumor type in the 
mouse, then it is not likely relevant to humans. As EPA has been shown to cause skin 
hypersensitivity or deplete omega-6 fatty acids from epithelial cell membranes, it is also 
possible that systemic exposure could also lead to this skin neoplasm. Given the 
location of the papillomas at the proximal tail, the evidence would support that in this 
model the cause of these lesions is likely localized oil deposition on the skin leading to 
irritation/ inflammation and a corresponding proliferative response. 
 
Non-Neoplastic histopathology findings in the transgenic mouse included a statistically 
significant increase in both sexes of thrombosis and inflammation at the ileum 
(mesenteric vein) and thrombosis at the mesenteric lymph node (perimesenteric vein) 
as well as increased pigment at the mesenteric lymph node (MLN) in both sexes. These 
findings were particularly of interest as the small intestine to the mesenteric lymph is the 
primary route of EPA absorption and is likely at the highest concentration before 
systemic distribution.  
 
In the 2-year rat carcinogenicity study, there were no neoplasms clearly drug-related in 
male rats. In female rats, there was a statistically significant increase in the incidence of 
hemangiomas + hemangiosarcomas at the mesenteric lymph node. If all hemangiomas 
and hemangiosarcomas from all sites across the body were added together, there was 
no statistical significance; however it should be noted that the majority of these tumors 
were present at the mesenteric lymph node. Again, as in the mouse, the mesenteric 
lymph node was of particular interest as this is the primary site of absorption from the 
small intestine. From early decedents in the study, the earliest hemangiosarcoma was 
found in a 58 week old male rat, although MLN hemangiosarcoma was the cause of 
death only in one low-dose male (91 mg/kg) at week 77. The 12-month rat toxicology 
study conducted by Mochida in support of Epadel marketing did not report the 
mesenteric lymph nodes to be examined at necropsy or for histopathology; therefore no 
additional information from a chronic repeat dose study on this finding is available. 
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mouse where increased MLN pigment and thrombosis with inflammation was present. 
Given the high concentration of EPA transiting through this site and EPA’s know risk of 
increasing bleeding and altering RBCs, it is likely that the MLN is a site of toxicity or at 
least of cellular stress to these species.  In the dog, the erythrophagocytosis was 
observed at the 3-month interim kill as well as at the 9 month terminal sacrifice; 
however no progression of severity was noted.  It is possible that continual absorption of 
EPA in the dog leads to an adaptive response where potential hemolysis does not 
progress into a proliferative response.  
 
The question remains as to the relevance of the hemangioma/ hemangiosarcoma 
finding at the MLN in female rats, to humans. Certainly, the route of absorption and lipid 
distribution into the lymph would be similar across species including humans. As the 
mechanism of action of hemangioma formation in the rat is unknown it is difficult to 
predict if the same risk is present in humans. There has been active debate on whether 
or not hemangiomas(sarcomas) are relevant to humans when compared to rodents (SM 
Cohen et al. Tox Sci. 2009, 111(1), 4-18). The spontaneous incidence in mice is higher 
than in rats and humans; therefore less weight is given to this finding in this species.  
One theory of a potential mechanism of action for hemangioma formation in rodents 
involves hemolysis (and is certainly relevant to the toxicity profile of ethyl-EPA). Upon 
hemolysis, there is an increase in reactive oxygen species, recruitment of WBCs such 
as macrophages, increased cytokines and ultimately increased endothelial cell 
proliferation. If the site of the MLN at the mesenteric or perimesenteric vein has a high 
concentration of EPA as it distributes into the systemic circulation, then this site is 
predisposed to increased hemolysis. This may account for the multiple histopathology 
findings including increased pigment (e.g. heme), erythrophagocytosis, thrombosis and 
inflammation and in the rat hemangioma(sarcoma) formation.  While this is certainly 
plausible, this hypothesis is unproven and does not take into account differences in 
human physiology that may or may not alleviate this concern. 
 
For example, if antioxidants would dampen the initial ROS burst following hemolysis 
perhaps humans have higher circulating concentrations of antioxidants than rodents or 
dogs. Another factor to consider may be one of a genetic predisposition to dietary intake 
of fat and oil. The rat, whose optimized dietary intake of all fats combined is 5%, is 
much less than that of a healthy human diet of 20 – 35% total fat intake. Furthermore, 
the normal composition of any omega-3 fatty acid in the rat diet is less than 0.5%. The 
point being that species differences in dietary requirements may result in a difference in 
how fats are processed and adding additional fat into the human diet may be less of a 
“stress” on absorption than for a rodent. It is also not clear how normal proliferative 
rates of endothelial cells may compare across species and how that may influence 
hemangioma formation. Finally, it is noted that although a clinical dose of 4g/day is 
proposed for humans, this total daily dose is to be administered as 2g twice per day; 
therefore decreasing the amount of oil being absorbed at any one given time. 
 
In summary, the finding of hemangiomas/hemangiosarcomas at the mesenteric lymph 
node in female rats is drug-dependent and it is important that this finding is included in 
labeling as it is mechanistically plausible that increased absorption of EPA at this site 
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can lead to hemolysis and potentially induce a proliferative endothelial cell repair 
response.  While this is hypothetically possible, it should also be countered with the 
human experience that at doses of 1.8 -2.7 g/day of ethyl-EPA (Epadel) marketed since 
1991, in a Japanese population whose diet consists of high omega-3 fatty acid intake 
(fish), there are no reports of an increased incidence of hemangiomas(sarcomas). 
 
Reproductive Toxicology 
Reproductive toxicology studies were primarily referenced from the literature from 
Mochida sponsored studies in support of Epadel (ethyl-EPA) marketing.  These studies 
included fertility, embryo-fetal (teratogenicity) and peri-and post-natal developmental 
studies in the Wistar rat as well as an embryo-fetal study in the rabbit.  Amarin 
supplemented these studies with one embryo-fetal study in the SD rat. Pharmacokinetic 
studies conducted in support of Epadel marketing, demonstrated that placental transfer 
of EPA in the rat was low; however accumulation of 14C-EPA-E in fetal brain was higher 
than in maternal brain.  14C-EPA-E was also detected in milk at a higher concentration 
than in plasma (6-14 fold higher). 
 
There was no effect on fertility of adult rats when ethyl-EPA was administered for 9 
weeks before mating to males and 14 days before mating to females. Reproductive 
toxicity showed the potential for mild skeletal variations such as cervical rib, vestigial rib 
or increased 13th rib and an equivocal developmental abnormality of missing optic nerve 
and micro/ano-phthalmia (originates as a retinal defect) that was not dose dependent 
and could be due to genetic strain differences in the Wistar rat.  The overall incidence 
was 0-2-2-2 for 0, 300, 1000 and 3000 mg/kg ethyl-EPA administered to the dam from 
GD 7-17 (1.4 -1.7%). In the Wistar rat historical database  there was no 
listing of missing optic nerve.  In the Crl(CD) rat, retina agenesis (failure to develop) had 
an incidence of 0.006% (fetal) and 0.044% (litter).  Upon aging, atrophy of the optic 
nerve in rats is observed but usually occurs after 1 year of age.  One literature reference 
(K. Shibuya et al. Vet Path. 1989) states that unilateral optic nerve aplasia was 
observed in two young female Slc: Wistar rats at 6 weeks of age (from 200 male and 
200 females = 0.5% incidence); however the incidence with ethyl-EPA although not 
dose dependent is at least 3-fold higher than any of the literature or historical control 
data. 
 
In the F1 generation, females had a non-statistically significant delay in the estrus cycle 
of 10 days that could be correlated with decreased copulation and decreased 
implantation at the HD of 3000 mg/kg.  F1 males also at the HD of 3000 mg/kg had a 
slight increase in the incidence of testis atrophy.  While these results are equivocal, they 
are mentioned here as development and maintenance of the retina (optic nerve) and 
reproductive organs are very sensitive to levels of the omega-3 fatty acid DHA.   
 
DHA is the most prominent fatty acid present in certain tissues such as the brain, retina 
and spermatozoa.  It was therefore of interest that in the embryo-fetal toxicity study 
sponsored by Mochida in support of Epadel marketing, missing optic nerve and testis 
atrophy was found at low incidence.  While one could argue that increased EPA levels 
would out-compete DHA for membrane incorporation and alter cellular function, EPA 
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can be readily converted to DHA by chain elongation and desaturase activity.  Provided 
that these mechanisms in the cell (or via liver conversion) were functional, DHA levels 
should also increase in the presence of EPA administration; therefore a mechanistic 
theory of developmental abnormalities due to an out-competition of DHA with EPA is 
unclear. 
 
In summary, reproductive toxicology studies conducted by Mochida in support of Epadel 
marketing in addition to one Seg II study in the rat conducted by Amarin Pharma 
indicated that skeletal variations and visceral abnormalities were present in multiple 
studies. Although the incidence of these findings was low, the potential risk to the 
developing fetus cannot be ruled out.  
 
Potential Human Toxicities Based Upon Non-Clinical Studies Sponsored by 
Amarin or Mochida and Scientific Literature References 
As an omega-3 fatty acid, ethyl-EPA (hydrolyzed to EPA) has multiple roles within the 
cell and can influence not only cellular function but organ function as well (e.g. brain/ 
retinal development).  Polyunsaturated fatty acids (PUFA) such as EPA and DHA 
influence the fluidity of cell membranes and therefore can modulate receptor mediated 
signaling or cellular adhesion (e.g. influence lipid raft and caveolae formation); are 
endogenous ligands for PPARs (e.g. PPARα); can bind to orphan GPCRs that may 
mediate insulin secretion and glucose homeostasis (e.g. GPR119); and can influence 
prostaglandin and leukotriene synthesis or cytokine release (e.g. immune modulatory).   
 
While PUFAs all share similar effects, this should not be taken as all PUFAs are 
interchangeable in their signaling mechanisms and biological properties; therefore 
products with mixtures of fatty acids or fish oil dietary supplements may have differing 
toxicologic and biologic properties from high dose ethyl-EPA alone.  For example, 
published literature (Review: R. Gorjao et al. Pharmacology & Therapeutics 2009) has 
demonstrated that EPA and DHA have different effects on leukocyte function such as 
phagocytosis as well as signaling pathways involved in lymphocyte proliferation.  In 
particular, high dose EPA (4g/day for 8 weeks) has been shown to decrease neutrophil 
chemotaxis by as much as 70% in humans (DG Payan et al. J. Clin. Immunol. 1986).   
 
Based upon submitted non-clinical toxicology studies, there are several concerns for 
toxicity that are further reinforced by scientific MOA studies and/or correlative findings in 
human clinical trials.  These include a possible effect on clotting time and hemorrhagic 
effects, alterations in WBCs and increased susceptibility to infection, GI tract 
disturbances, an HPA axis effect including decreased cortisol production, alteration in 
liver enzymes, and skin abnormalities or hypersensitivity.  
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12 Appendix/Attachments 
 
The following are amended Toxicokinetic Parameter Tables from Studies No. 459549 
(4-Week wild-type CByB6F1 rasH2 mice), No. ZOC0001 (28-Day rat) and No.515194 
(39- week dog). These studies were amended as the original EPA results were 
incorrectly calculated for samples that were diluted with control matrix; therefore 
reported EPA values were higher than they actually were at the time of the initial review. 
 

Table 88: Toxicokinetic Parameters for Plasma Concentrations of EPA in Mice 
(Amendment 1 Study No. 459549) 

 
 
 

Table 89: Toxicokinetic Parameters for Plasma Concentrations of EPA in Rats 
(Amendment 1 Study No. ZOC0001) 
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Table 90: Toxicokinetic Parameters for Plasma Concentrations of AMR101 and EPA in 
Dogs (Amendment 1 Study No. 515194) 

 
[The above tables were reproduced from the Applicant’s NDA 202057 submission] 
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2. The specifications for purity of ethyl-EPA are identical (≥96%). 
3. The specifications for , tocopherol, are identical. 
4. The  impurities for each product are similar but not identical; however the 

concentration limits for these  are generally low, they are intermediates in fatty 
acid synthesis/ metabolism and are part of the complex mixture of unsaturated fatty acids 
in fish. 

5. The pharmacology of poly-unsaturated fatty acids is well understood including their 
metabolism, synthesis, distribution and excretion. As fatty acids compete with one 
another for phospholipid and membrane incorporation, a purity of ≥96% icosapent-ethyl 
will likely have a similar biological effect even in the presence of other  
impurities. 

6. Nonclinical repeat dose toxicology study results were similar but not completely identical 
between both products for the rat (possibly due to acceptable experimental variability 
between studies). Similarities included for example, fur/skin changes with oily discharge, 
WBC changes, clotting parameter alterations, and liver enzyme increases. 

 
From a regulatory perspective, it is not clear if Amarin has fulfilled the bridging study 
requirements for a 505(b)(2) application for the following reasons:   

1. Although the sponsor was informed at the pre-IND meeting that a rat study including a 
comparator dose group with Epadel would be required to establish a scientific basis to 
rely on the published literature, they chose not to do this citing multiple reasons.   

2. No comparison to PK data could be made, as PK studies with AMR101 and Epadel were 
not completed by Amarin and PK data was not published in the referenced literature for 
Epadel. 

3. Although the identities of  impurities present in Epadel and Vascepa (AMR101) 
are similar, there are differences in the specifications of these biologically active 

 
4. The 505(b)(2) FDA Guidance states that a 505(b)(2) application should include, “A 

Bioavailability/Bioequivalence (BA/BE) study comparing the proposed product to the 
listed drug (if any)”. It further states that, “Before submitting the application, the 
applicant should submit a plan to the appropriate new drug evaluation division 
identifying the types of bridging studies that should be conducted”. As Amarin originally 
submitted their NDA application as a 505(b)(1) and changed this to a 505(b)(2) before 
the filing meeting, they did not adequately plan for this type of submission. 

 
Based upon scientific evidence of similar toxicologic profiles, similar (not identical) chemical 
profiles of highly purified icosapent-ethyl, and the well understood pharmacology of 
polyunsaturated fatty acids, it would be reasonable to conclude that Epadel and Vascepa are 
similar products. However, from a regulatory perspective, Amarin Pharma has not conclusively 
demonstrated direct comparability between Epadel and Vascepa due to the absence of any direct 
bridging study conducted by Amarin Pharma or an acceptable PK comparison to the literature 
references.  Unless we may defer to scientific rationale, the regulatory recommendation based on 
the lack of a traditional bridging study, is a RTF. 
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On initial overview of the NDA/BLA application for filing:  
  

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

 
  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

 
 

 
 
 

 
Lack of Adequate Bridging Study: 
1. There was no non-clinical bridging 

study submitted with a direct 
comparison between Vascepa and the 
referenced product Epadel (PK or 
toxicology). The sponsor was informed 
during the PIND meeting on July 14, 
2008 that “…Before the initiation of 
Phase 3 clinical studies, at a minimum, 
a 3-month rat study including a 
comparator dose group with Epadel will 
be required to establish a scientific basis 
to rely on the published data…”.  The 
sponsor subsequently stated that this 
study was “impractical and 
unnecessary” given the quality of 
Epadel data that exist. 

2. Referenced literature for Epadel 
submitted in tabulated form for the pre-
NDA meeting did not have acceptable 
PK data for comparison to AMR101 PK 
parameters upon review (Toxicology or 
Pharmacokinetic Studies); therefore 
bridging to Epadel via PK parameters 
could not be used. 

3. A chemical bridge was considered; 
however in the absence of a toxicology 
bridge reliance on a CMC bridge would 
require extensive side-by-side 
characterization of Vascepa to Epadel, 
which also has not been provided.  

5 
 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 

 
 
 

 
 

 
The formulation to be marketed is the same 
as used in the toxicology studies. 
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on previous human use of ethyl-EPA.  It was repeatedly conveyed to the sponsor that it was 
unclear how AMR101 compared with the referenced literature product (Ethyl-EPA/ Epadel) and 
scientific justification would need to be provided to allow for reliance on the published data.  
Furthermore, the following was also communicated to the sponsor, “Before the initiation of 
Phase 3 clinical studies, at a minimum, a 3-month rat study including a comparator dose group 
with Epadel will be required to establish a scientific basis to rely on the published data and a 9-
month toxicity study in a nonrodent species will be required because of the apparent lack of 
nonrodent toxicity data.” While the sponsor did not provide a 3 month rat study with a 
comparator Epadel group, they did complete a 28-day rat and 9-month dog (with 3 month interim 
results) study to address the toxicologic safety profile of AMR101, and clinical trials were 
permitted to proceed.  Amarin subsequently stated that an Epadel comparator study was 
“impractical and unnecessary” given the quality of Epadel data that exist. 
 
Preliminary review of submitted studies at pre-NDA appeared appropriate and studies reviewed at 
that time supported that a sufficient toxicologic profile to assess the safety of ethyl-EPA was 
scientifically established. Based upon submitted study titles of Mochida’s published literature 
studies in the meeting package, it was reasonable to conclude that Amarin referenced PK studies 
that included sufficient data to compare (bridge) to AMR101. Upon complete review of all 
published studies conducted by Mochida in support of Epadel, there was no sufficient PK data to 
use as a bridge to AMR101 in support of Amarin’s 505(b)(2) application.  Epadel repeat dose 
toxicology studies as well as single and repeat dose PK studies either did not contain PK data or 
did not experimentally compare with the measurement of PK parameters in the Amarin sponsored 
28-day rat toxicology study.  
 
In the absence of a clinical bioequivalence bridging study with Epadel, a nonclinical bridging 
study is needed to demonstrate comparability between the referenced literature (Epadel) and 
AMR101.  Given the lack of any non-clinical bridging study, such as a 3-month toxicology study 
with an Epadel comparator group recommended at the pre-IND meeting, there is no sufficient 
bridging study to adequately compare AMR101 (Vascepa) to Epadel. Additionally, while product 
specifications for the main active ingredient, ethyl-EPA (icosapent ethyl), are identical for the 
two products (≥96%) the concentration specifications of the biologically active  
impurities present in the two products are not identical.  
 
Comments To The Applicant: 
Not applicable as the NDA will be filed. 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
1.  There is not sufficient evidence of the comparability of Epadel to Vascepa due to a lack of 
adequate toxicologic or pharmacokinetic bridging data.  While Epadel and AMR101 have 
specifications for high purity icosapent ethyl (ethyl-EPA), the impurities in these products are 
biologically active  that are not identical in their concentrations.  As you did not 
complete a repeat dose toxicology study with an Epadel comparator group, an acceptable bridge 
would have been to show comparability of PK parameters between Epadel and AMR101. 
 
The referenced toxicology literature studies that Mochida conducted in support of Epadel do not 
contain PK parameter data.  Furthermore, referenced pharmacokinetic studies also conducted by 
Mochida do not contain experimentally comparable PK data to that of the 28-Day rat toxicology 
study with AMR101. For example, 14C-EPA-E PK parameter data from published studies cannot 
be directly compared to PK data from the AMR101 28-day rat toxicology study as the 
methodology for analysis and reported values are not similar.  
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As there is no adequate bridging information to Epadel, please conduct a 28-Day repeat dose 
toxicology study in the rat with an Epadel comparator group including PK analysis to provide an 
adequate bridge to the published Epadel (ethyl-EPA) literature, so that you may rely on these 
studies for your 505(b)(2) application. 
 
2. Please submit all chemical analyses completed for Epadel to NDA 202057. 
 
 
Stephanie Leuenroth-Quinn, Ph.D.    11/18/2011 
Reviewing Pharmacologist      Date 
 
Karen Davis-Bruno, Ph.D. 
Team Leader/Supervisor      Date 
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