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Disclaimer

Except as specifically identified, all data and information discussed below and necessary for 

approval of [NDA205060] are owned by [Omthera] or are data for [Omthera] has obtained a 

written right of reference. Any information or data necessary for approval of [NDA205060] that 

Omthera does not own or have a written right to reference constitutes one of the following: (1) 

published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, as 

reflected in the drug’s approved labeling.  Any data or information described or referenced 

below from reviews or publicly available summaries of a previously approved application is for 

descriptive purposes only and is not relied upon for approval of [NDA205060].
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1 Executive Summary

1.1 Introduction

Omthera proposes Epanova soft gelatin capsules (omefas) under NDA 205060 for the treatment 

of severe hypertriglyceridemia (≥500 mg/dL). Epanova is a novel omega-3 carboxylic acid, a 

complex mixture of polyunsaturated free fatty acids, with active components of 

eicosapentaenoic acid (EPA, 55%), docosahexaenoic acid (DHA, 20%), and docosapentaenoic 

acid (DPA, %) in their free fatty acid forms from fish oil. The proposed clinical dose is for 2 

g/day (2 capsules) and  4 g/day (4 capsules)  

. Epanova appears to have a higher absorption of EPA

and DHA compared to approved fish oil Lovaza (omega-3 ethyl ester form), which requires 

pancreatic lipases to change to the omega-3 fatty acid.  The Sponsor has filed a 505(b)(1) 

application.  

1.2 Brief Discussion of Nonclinical Findings

General toxicity

Nonclinical studies were conducted with omefas (extracted from Epanova soft gel capsules) oral 

(gavage) in mice and rats and with Epanova soft gel capsules oral in dogs. These studies 

showed the intended pharmacological effect of Epanova by decreased plasma levels of total 

cholesterol and triglycerides. The liver was the potential target organ toxicity across species

based on increased liver enzyme activities.  Increased liver enzyme activities in some studies

associated with increased liver weight and liver focal necrosis. In the 36-week dog study, 2/4 

dogs at 1000mg/kg/day were noted with microscopic findings in the heart (1/4, granuloma 

/macrophage aggregates, epicardial, focal), and in the aorta (1/4, mineralization, adventitial 

focal). Safety margins to the MHRD (4g/day based on a body surface area comparison) were 

established for 5 fold in the 4-week mouse study at 4000mg/kg/day omefas, 2 fold in the 26-

week rat study at 6oomg/kg/day omefas, and 3 fold in the 39-week dog study at 300mg/kg/day

Epanova soft gel capsules. 

A full panel of genotoxicity was completed; Epanova did not exhibit genetic toxicity in the Ames 

assay, the chromosomal aberration study, and in the in vivo rat micronucleus study. 

Two carcinogenicity studies were conducted in rats (2-year) and in Tg.rasH2 mice (26-week) 

oral (gavage) with omefas. In the Tg.rasH2 mice study, no drug-related tumors up to 2000 

mg/kg/day omefas were observed (5 fold safety margin to the MHRD of 4 g/day based on a 

body surface area comparison).

In the rat study, benign sex cord stromal tumors of the ovaries were reported in 2000mg/kg/day 

omefas treated females (5 fold to the MHRD of 4g/day based on a body surface area 

comparison). This finding was statistically significant for both trend (P=0.0005) and pairwise 

comparison (P=0.0054). The benign ovarian sex cord tumor at 2000mg/kg/day exceeded 
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concurrent control and historical controls despite deviations from the protocol regarding the 

early discontinuation of dosing and termination for all treated animals (females were dosed for 

at least 65 weeks).  Mortality for this study was statistically significant and cause of death was 

non-neoplastic based on microscopic dose-response gavage/reflux-related findings in the 

respiratory tract.  

Findings from the reproductive and developmental toxicity studies suggested no treatment 

effects on reproductive performance, early embryonic development, maternal or fetal toxicity in 

rats up to 2000mg/kg/day (5 fold to MHRD based on a body surface area). 

In pregnant rabbits, there was no effect on maternal up to 500mg/kg/day (about 2.4 fold to 

MHRD of 4g/day based on a body surface area). NOAEL for the embryo-fetal development was 

established at 100mg/kg/day (about 0.5 fold to MHRD of 4g/day) because of skeletal 

malformation and ossification effects (variations) as well as visceral variations at 500 mg/kg/day. 

At higher exposure, 750mg/kg/day omefas, mortality (with evidence of abortion) and fetal 

skeletal variation were noted. 

In the pre/post natal rat oral study, at 2000mg/kg/day, F0 animals showed mortality (9/24) due

to difficulties during or shortly after parturition.  Therefore, at this dose level, there were fewer 

live litters and fewer pups for evaluation. At F1, there were no effects on growth or development 

or on their ability to initiate and maintain a pregnancy. However, there was an increased 

incidence of pup (F2) mortality at 600 and 2000mg/kg/day. The safety margin to the MHRD 

dose (4g/day based on surface area) were established for the F0 generation 1.5 fold (at 600 

mg/kg/day omefas) and for the F1 generation 0.25 fold (at 100 mg/kg/day omefas). The TK data 

was not submitted; therefore, it is not known if pregnancy alters after exposure.

Late in the review cycle, CMC identified  as a drug substance 

impurity in Epanova capsules and requested that Pharm/Tox assess safety.  is 

an established rodent carcinogen, genotoxicant and is listed by the International Agency for 

Research on Cancer (IARC) as a likely human carcinogen.  Based on this a risk analysis was 

performed and considered along with the sponsor’s submitted justification for the proposed 

specification.  The Agency informed the Sponsor that their specification for  

ppm) should be as low as possible because of the concern.  The sponsor has indicated that 

, this specification was lower than 

those based on ICHM7 guidelines for genotoxic impurities and that they  

.  

1.3 Recommendations

1.3.1 Approvability

Pharm/Tox recommends approval of Epanova for the proposed indication of severe 

hypertriglyceridemia (≥500 mg/dL) up to 4g/day.
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the high dose group (5 times human systemic exposure following an oral dose of 4 grams/day 
based on body surface area comparison).
In pregnant rats given oral gavage doses of 100, 600, and 2,000 mg/kg/day from gestation day 
6 through  organogenesis , late embryonic deaths and embryos with skeletal variations  were 
observed (5 times human systemic exposure following an oral dose of 4 grams/day based on a 
body surface area comparison).

In pregnant rabbits given oral gavage doses of 100, 500, and 750 mg/kg/day from gestation day 
6 through organogenesis,  skeletal malformations,  variations in ossification, and visceral 
variations were observed in the fetuses in groups given up to 500 mg/kg/day (2 times human 
systemic exposure following an oral dose of 4 grams/day based on a body surface area 
comparison). At 750 mg/kg/day, several rabbits aborted and evidence of maternal toxicity was 
observed, and there was an increase in the incidence of fetuses with malformations and 
variations  (4 times human systemic exposure following an oral dose of 4 grams/day based on a 
body surface area comparison). 

In a multigenerational developmental study in pregnant rats given oral gavage doses of 100, 
600, and 2,000 mg/kg/day from gestation day 6 through lactation day 21, difficulties during and 
shortly after parturition led to morbidity/mortality  in 9/24 dams given the highest dose(5 times 
human systemic exposure following an oral dose of 4 grams/day based on a body surface area 
comparison). There were no abnormalities observed in offspring (F1) from treated dams.  
However, survival was decreased from day 10 of lactation onward in second generation 
offspring (F2) from dams given 600 mg/kg/day (1.5 times the human systemic exposure 
following an oral dose of 4 grams/day based on a body surface area comparison).

8.2   Labor and Delivery (There is no 8.2 section in the proposed labeling). 
There are no human studies that have investigated the effects of Epanova on preterm labor or 

labor at term. However, animal studies showed that omega-3 fatty acids caused delayed 

parturition and associated fetal death in rats (5 times the human systemic exposure following an 

oral dose of 4 g/day based on body surface area comparison), and premature birth and abortion 

in rabbits (4 times human systemic exposure following an oral dose of 4 grams/day based on a 

body surface area comparison).

8.3 Nursing Mothers

Studies with omega-3 fatty acids derived from fish oil have demonstrated excretion in human 

milk.  The effect of this excretion is unknown; caution should be exercised when EPANOVA is 

administered to a nursing mother. 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

“In a 6-month carcinogenicity study  Tg.rasH2 transgenic mice with oral gavage doses of 500, 

1000, 2000, and 4000 mg/kg/day,  increase in the incidence of tumors 

 

.  

In a rat carcinogenicity study with oral gavage doses of 100, 600, and 2,000 mg/kg/day, males 
were treated for 84 to 95 weeks  
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Pharmacologic Class: 

Omega – 3 Fatty acids 

Planned Clinical Route of Administration:

Oral use

2.2 Relevant INDs, NDAs, BLAs and DMFs

IND  (submitted to the Division of Gastroenterology Products on July 30, 2002); IND 

107616 (Epanova, omefas Capsules); IND ; PINDs:  and  NDA 21-654 

(Lovaza: IND ); and DMFs:  

 

2.3              Drug Formulation

Epanova is a soft gelatin capsule with 1000 mg substance (omefas), which contains  mg of 

polyunsaturated fatty acids (omega-3 fatty acids of EPA, 500-600 mg; DHA, 150-250 mg; and 

DPA  mg). These compounds obtained from crude fish oil.

Epanova capsules also have the following inactive ingredients of: 3 mg α-tocopherol (in a carrier 

of vegetable oil), gelatin, glycerol, sorbitol, and purified water (components of the capsule shell). 

Coating and ink components to the EPANOVA capsules also contain ethyl acrylate and methyl 

methacrylate copolymer dispersion, talc, titanium dioxide, iron oxide red, polysorbate 80, and 

carboxymethylcellulose sodium (coating components), pharmaceutical glaze, titanium dioxide, 

n-butyl alcohol, propylene glycol and isopropanol (ink components). 

Nonclinical studies were conducted with omefas (extracted from Epanova capsules) oral 

(gavage) in rodents and with Epanova capsules oral in dogs (Sponsor’s Tables): 
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2.5 Comments on Impurities/Degradants of Concern

The majority of impurities/degradants are related to  

 

In the late review cycle, CMC identified a process impurity in the drug substance which was 

identified as .  Pharm/Tox was requested to assess the safety the 

Sponsor’s specification limit of ( ppm) as an impurity in Epanova capsules. 

 is a rodent carcinogen and likely human carcinogen based on IARC

classifications. Drug-related sex chord stromal ovarian tumors are seen in the Sponsor’s 2-year 

rat study with omefas (extracted from capsules). Interestingly ovarian stromal tumors are part of 

the tumor profile of in the Sponsor’s justification provided by  (Table 

3.3.1-2, Page 7 of the :  ovarian granulosa-a subtype of ovarian stromal tumors).  The 

NTP 2004 carci study with , sex chord stromal tumors are also observed.

Moreover, in the ’s report, results of the mouse study for 70 weeks (not a carci study) 

suggests mg/kg  is not associated with tumors. Most carci studies are 104 

weeks duration.

Omthera’s rat carci study shows omefas-related ovarian stromal tumors at 2000 mg/kg/day and 

the rat no effect level (NOAEL) for tumors was at 600 mg/kg/day. The human equivalent dose 

is 5.8 g/day which is slightly higher (1.45X) than the human therapeutic dose of Epanova (4 

g/day).  is present at  ppm (or mg/kg) in drug lot #36355 that was used 

in the rat carci studies; human equivalent dose to the rat NOAEL was with approximately  ng 

of  with no tumors.

In the Sponsor rat carci study, at 2000 mg/kg/day, there is ovarian tumors. At this dose level, 

the human equivalent dose is 323 mg/kg or 19.38 g/day for a 60 kg person (5X higher than 

therapeutic dose of 4 g/day Epanova). ).  is present at  ppm (or mg/kg) 

in drug lot #36355 that was used in the rat carci studies; human equivalent dose to the rat 

NOAEL was with approximately  ng of ethyl carbamate.

If the spec is set at  ppm ( mg/kg) and the therapeutic dose of Epanova is 4 g/day (0.004 

kg/d); therefore,  mg ( ug) of  is ingested. This is  as high as the 

total daily dose associated with tumors in rat (not an acceptable level). If the spec is set at  

ppm (  mg/kg) and the therapeutic dose of Epanova is 4 g/day (0.004 kg/d) then  mg 

(  ug) of  could be ingested this is  lower than the rat exposure without 

the ovarian tumors.

Consequently, the Agency informed the Sponsor that their specification for  

( ppm) was not supported by the preclinical data which would support a specification of  

ppm. The Agency requested that the Sponsor to revise their specification as low as technically 

possible because of the safety signal for carcinogenicity. While the sponsor agreed they 

indicated that the levels present at the spec of  ppm were within ICHM7 guidelines, they 
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The Sponsor did not conduct pharmacology studies. Based on scientist literatures, dietary 

supplement with fish oil containing EPA and DHA would be therapeutically beneficial for 

inflammatory diseases (e.g. Crohn’s disease) by inhibiting inflammatory mediators such as 

prostaglandin E2 (PGE2) and leukotriene B4 (LTB4) as well as cytokines such as IL-1β and 

TNF-α.

General primary/secondary/safety pharmacology studies were not conducted with Epanova 

because pharmacology of EPA and DHA in animals and humans is well established in the 

published literature.

Based on published literature with polyunsaturated omega-3 fatty acids, these lipids inhibit 

hepatic triglycerides and have been implicated in inhibition of apoprotein synthesis. This effect 

on apolipoprotein B100 synthesis and reduction in VLDL occurs in conjunction with transcription 

factors.  EPA and DHA target the genes governing cellular triglyceride (TG) production and 

those activating oxidation of excess hepatic fatty acids.  In conjunction with transcription factors 

EPA and DHA can replace arachidonic acid in membrane phospholipids resulting in reduced 

inflammatory eicosanoids (e.g. thromboxane, leukotriene B4) from cyclooxygenase, 

lipoxygenase and cytochrome P450 pathways once released from the membrane instead of 

arachidonate which is the precursor of these inflammatory precursors.  Polyunsaturated omega-

3 fatty acids decrease lipids by inhibiting hepatic TGs and possibly apoprotein synthesis.    

The lipid lowering effects EPA have been observed in rodent, rabbits and primates including 

humans.  EPA reduces hepatic fat in cells and lipoproteins in plasma, total cholesterol, 

phospholipids and triglycerides.  The mechanism of omega-3 fatty acids in lowering TGs are by 

reducing hepatic TG secretion and enhancing the rate of clearance from the circulation.  

Apoprotein plays an important role in the development of hypertriglyceridemia, particularly in 

inhibiting the actions of lipoprotein lipase and hepatic lipase, which slows TG hydrolysis.  

Apoprotein also interferes with the interactions of TG-rich liporteins with hepatic Apo B and E 

receptors slowing the removal of these particles from plasma.  The effect of omega-3s on 

apoprotein is independent of PPARα.  EPA and DHA down regulate SREBP-1c the transcription 

factor that controls lipogenesis.  By regulating different transcription factors than EPA, DHA 

reduces apoprotein production resulting in enhanced conversion of VLDL to LDL and formation 

of larger circulating lipid particles reflected in a larger LDL/ApoB.  DHA, regulates hepatic 

nuclear factor-4α, FOXO1, and carbohydrate response element binding protein.   

5.1 PK/ADME

The Sponsor did not submit the general ADME studies. Submitted relevant information is

summarized below:

“After oral ingestion, EPA and DHA is rapidly absorbed from the small intestine and transferred
to the general circulation via the lymphatic system and distributed within tissues throughout the
body (including the brain, retina, heart and fat). The majority of EPA in plasma is bound to
plasma protein.” The speed and extent of absorption is promoted by bile. 
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The Sponsor submitted the report of GLP study “Investigation of the influence of omefas on the 
in vitro permeation of Methotrexate across Caco-2 cell monolayer- STP 033/00”. This study was 
designed to determine the effect of omefas interacts with active transporter systems in an in 
vitro model of the intestinal barrier. Findings of this study suggested that omefas at 0.5% and 
1% have no influence on the transport of Methotrexate. 
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Below publications were submitted by the Sponsor regarding the distribution of omega-3:  

Metabolism

EPA and DHA are metabolic intermediates and components of human and animal diets.  Very 

small amounts are found in a free, unesterified form.  EPA and DHA are metabolized by 

esterases in the GI tract to release unesterified forms  which can be absorbed and incorporated 

into triglycerides, cholesterol esters and phospholipids in tissues.  Elimination of EPA, DHA, 

their ethyl esters and metabolites would follow the same metabolic fate as any other lipid i.e. β=-

oxidation followed by tricarboxylic acid cycle and excretion as CO2 and water.

Based on submitted publications by the Sponsor, EPA and DHA  are inhibitors of CYP2C9 

(diclofenac 4-hydroxylation)- and CYP2C19 (mephenytoin 4-hydroxylation)-catalyzed metabolic 

reactions and to a lesser extent inhibited CYP1A2 (phenacetin O-deethylation), CYP2E1 

(chlorzoxazone 6-hydroxylation) and CYP3A4 (midazolam 1-hydroxylation). Metabolic activity of 

these two compounds decreased by CYP4A11, CYP4F2 and CYP4F12 and increased by 

CYP3Aand CYP4F3B after incubation in human microsomes.  

The Sponsor conducted studies to detect the potential inhibitory effect of omefas on different 

CYP450 isoenzymes (Study No. 03101701 and 300101). Findings of these studies suggested 

that the effect of omefas on CYP450 isoenzymes activities was concentration dependent and up 

to 10 μM showed no inhibition potential (a safety margin of up to 100-fold of the physiologically 

relevant concentration). Therefore, up to 10 μM omefas, the significant drug-drug interaction is 

not expected (Sponsor Table): 
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A large proportion (~50% of an oral dose) of radiolabeled EPA and DHA was eliminated in 

expired air.  The remainder was excreted in feces and urine.

5.2 Toxicokinetics 

The Sponsor conducted TK studies in mice, rats and dogs. Findings of these studies generally 

suggested that the levels of EPA and DHA increased over time and with dose levels (Sponsor’s 

Table): 

6 General Toxicology

6.1        Single-Dose Toxicity 

No single-dose toxicity study was submitted. 

6.2 Repeat-Dose Toxicity

Reference ID: 3479646



NDA/BLA # 205060 Reviewer: Parvaneh Espandiari

23

Mice Studies

A non-GLP 14-Day oral toxicity study was conducted orally in CByB6F1 mice up to 4000 

mg/kg/day to determine the dose-selection for the 4-week dose-range finding study. NOAEL 

was at 4000mg/kg/day. 

Study Tittle: 4-Week Dose Range-finding Oral Gavage Toxicity and Toxicokinetic Study with 

Omefas in 001178-W (wild type) Mice (Study # 1008185)

Reviewed study in DARRTS (P/T review #1). 

Key Study Findings: 

Epanova up to 4000mg/kg/day was well tolerated (no mortality, abnormal clinical signs, 

microscopic findings). Clinical chemistry changes were reported for the intended action of 

Epanova in decrease in cholesterol concentration for ≥LD-treated animals and decrease in 

triglyceride concentration in males at HD and females at ≥MD. NOAEL was at 4000 mg/kg/day

(5 fold safety margin to MRHD of 4g/day based on the body surface area comparison). 

Rat Studies:

A 14-Day dose-range-finding study was conducted with omefas up to 5000mg/kg/day for a 4-

week-dose-range finding study. NOAEL was at 5000mg/kg/day. 

Reviewed study in DARRTS (P/T review #2). 

Study Tittle: 4-WEEK SUBACUTE TOXICITY STUDY OF OMEFAS® (ACTIVE PRINCIPLE OF 

EPANOVA®) BY ORAL ADMINISTRATION TO RATS (Study #: 22004)

Reviewed study in DARRTS (P/T review #2). 

Key Study Findings:

The repeat-dose toxicity study with omefas at 0, 300, 3000, and 5000 mg/kg/day in rats by oral 

(gavage) for 28 days showed no treatment-related effects in any groups except for the liver 

enzyme activities. In this study, the plasma levels of total cholesterol and triglycerides were 

decreased (25 to 48% and 14 to 29%, respectively) in all treatment groups. In addition, the 

plasma levels of ALT and AP were increased (39 to 85% and 40 to 66%, respectively) in all the 

3,000 and 5,000mg/kg/day treated animals with no other related changes in liver. NOAEL was 

at 10000 mg/kg/day (3 fold safety margin to MRHD of 4g/day based on the body surface area 

comparison). 

Study Title: Epanova: 13 Week oral (gavage) Bridging toxicity and Toxicokinetics Study in Rats
Study no.: 518986
Study report location:
Conducting laboratory and location:
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Date of study initiation: 14 October 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Epanova, lot #:626100 and with density of 0.924 

g/cm3, a purity of 100%; Omthera, lot #:2548561 
and 1184921and purity of 100%

Reviewer: Because of the available carcinogenicity data with Lovaza, the Sponsor conducted this bridging 

toxicity study to determine the dose selection for the rat carcinogenicity study with Epanova. 

Key Study Findings

 Both formulations (Epanova or Omacor) showed expected pharmacologic effects by 

decreased in the serum levels of cholesterol and triglyceride levels (Epanova at ≥600 

mg/kg/day or Omacor at 2160 mg/kg/day). However, the higher bioavailability for omefas 

was noted compared to Omacor-treated animals (AUC for EPA and DHA was 1.7- and 

2.5-fold higher, respectively). 

 Body weight gains and food consumption were lower in omefas HD-treated animals 

compared to comparator; but not to control animals. These differences were not 

considered for the dose selection for the Epanova carcinogenicity studies. 

 At HD for both formulations, increased live enzyme activities were reported for levels of 

ALP, AP, and AST; these changes were correlated to microscopic findings in liver at the 

same dose level.

 Histopathology findings were reported mostly for HD-treated animals for both 

formulations in kidney, lung and liver as follows: Kidney: dose-related trend in mild 

microscopic basophilic cortical tubules in all Epanova-treated males and with the 

comparator and in one female at HD (more incidence at HD-treated animals compared 

to comparator treated animals). This finding was not correlated with any other renal-

related function changes. Lung: alveolar macrophage accumulation in lungs was noted 

in all treated animals; however, with higher incidence and greater severity at HD-treated 

males. Liver: cholangiohepatitis with widespread biliary proliferation with hepatocellular 

necrosis in one Epanove HD-treated male. 

 The NOAEL was established at 600mg/kg/day; 1.5 fold to MHRD of 4g/day based on the 

body surface area comparison. The Sponsor NOAEL was at 2000mg/kg/day. 

Methods
Doses: Epanova:100, 600, 2000mg/kg/day

Comparator: 2160mg/kg/day
Frequency of dosing: Once daily (7 days/week) for 13 weeks
Route of administration: Oral gavage
Dose volume: 2.2, 0.11, 0.65, 2.2 for Epanova and and 2.4 mL/kg 

for comparator
Formulation/Vehicle: Corn Oil (2.2 mL/kg)
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Species/Strain: Sprague-Dawley rats
Number/Sex/Group: 10/sex/group
Age: 6 Week old
Weight: 205-273g, while females were 147-202 g
Satellite groups: 3/sex/group
Unique study design: 10/sex/group except for control 3/sex/group
Deviation from study protocol: Not remarkable

Observations and Results

Mortality

Unremarkable

Mortality was not in a dose-response relationship. Signs of gavage injury were reported in 2 

animals (1/LD female; 1/MD male) and no histopathological findings were reported in other two 

animals (1/LD female; 1/HD male) (Sponsor’s Table):

Clinical Signs

Unremarkable

Fur staining around the muzzle was reported with a dose-response relationship (1 male at LD; 3 

males at MD; 7 males and 1 female at HD; and 1 male in Comparator). 

Body Weights

Unremarkable

No dose-response relationship was reported for body weight gain (increased body weight gain 

at LD- treated animals and MD- treated females); body weight gain was lower (ss) in HD-

treated animals compared to the Comparator group (not to the control).
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Feed Consumption

Increased food consumption (ss) was reported in all Epanova- treated animals from Week 4 

(males) and Week 5 (females) compared to controls. In addition, HD- Epanova- treated animals 

had lower food consumption compared to the Comparator (ss from week 4 in males and at 

week 4 for females). The comparator- treated- males had higher (ss) food consumption 

compared to controls.  

Ophthalmoscopy

Unremarkable

Hematology

Unremarkable

Clinical Chemistry

Clinical chemistry findings were summarized as follows: 

 The expected pharmacological actions of both compounds were reported as decreased 

levels of cholesterol and triglyceride (ss for cholesterol at Week 7 and ss for both 

cholesterol and triglyceride at Week 14) for all MD and HD-treated animals and for the 

Comparator-treated animals. Epanove HD-treated-males compared to the Comparator-

treated-animals had ss lower cholesterol levels at Week 14. 

 Other clinical chemistry changes were reported mostly at HD for both formulations at 

Week 14 for increases levels of alkaline phosphatase (ALP), alanine aminotransferase

(ALT), and aspartate aminotransferase (AST). The levels of calcium were lower (ss) at 

both time points in MD and HD- females (not in a dose response at week 14) and the 

Comparator. The levels of globulin  were lower (ss) for MD (week 7) and HD (Week 14) 

in Epanove-treated-males and the Comparator at week 7 and in Epanova HD- treated-

males at Week 14. 

Sponsor’s Tables below were modified by reviewer to only show these data: 
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Urinalysis

Unremarkable

Gross Pathology

No significant changes were reported except for pale pancreas in two HD- treated- females. 

Organ Weights

Observed changes were not remarkable and not associate to any other changes. 

Histopathology
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Adequate Battery? Yes

Peer Review Performed? Yes

Histopathology findings were reported mostly for HD- treated animals for both formulations in 

kidney, lung, liver and hearts.

Kidney: dose-related trend in mild microscopic basophilic cortical tubules in all Epanova treated 

males and with the comparator and in one female at HD. This finding was reported with more 

incidences at HD-omefas treated animals compared to comparator treated animals (not 

correlated with any other renal-related function changes).

Lung: treatment-related alveolar macrophage accumulation in lungs in all treated animals; this 

finding was not in a dose response trend; however, higher incidence with greater severity was 

reported at HD- treated males. 

Liver: cholangiohepatitis with widespread biliary proliferation with hepatocellular necrosis in one 

Epanove HD-treated male. 

Heart: moderate inflammation of the epicardial surface of the heart and mild inflammation of the 

pleura (probably due to gavage injury) in one Epanova HD- treated-female (Sponsor’s Tables): 

Sponsor’s Tables were modified by reviewer to show below significant histopathological 

findings:
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Sponsor’s Table: 
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Toxicokinetics

In general, the levels of DHA and EPA after a single dose or repeat dose increased with 

increasing dose in all animals. The Tmax for these compounds was reported for 1 to 4 h 

(Sponsor’s Tables):
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reported with abnormal sneezing, wheezing respiration, subdued behavior, piloerection, excess 

salivation, and coughing. Therefore, the cause of death probably was due to oral (gavage) 

administration of oily, low pH of omefas. It appears that males were more sensitive to higher 

dose of Epanova compared to female and als levels of EPA and DHA were higher in males 

compared to females. 

See Table below from the Sponsor for premature decedent details:
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Clinical Signs 

Clinical signs of excessive salivation and coughing in males at both HD and MD and females at 

HD were noted. 

Body Weights

Lower body weight and body weight gain were observed in the LD (ss from Week 7) and HD (ss

from Week 14) treated animals.

Feed Consumption

No treatment-related effect 

Ophthalmoscopy

No treatment-related effect

Hematology

No-treatment-related findings

Clinical Chemistry

Most significant changes were noted for the levels of cholesterol at Weeks 13 and 27 in all

treated males and for MD- and HD- treated females. Increased (ss) levels of alkaline

phosphatase activities were reported in MD- and HD-treated males at Weeks 13 and 27 (no 

histological correlates). 

Urinalysis

No treatment-related effect

Gross Pathology

In the lung, at HD, pale/dark foci, discoloration, reddened, spongy and failure to collapse were 

noted (Sponsor’s Table):  
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Organ Weights

Changes were reported for HD-treated animals as follows: 

 Liver: increased (ss) at HD for all treated animals; this change was correlated with 

increased ALP activity. 

 Lung: increased (ss) at HD for all treated animals.

 Thyroid: increased at ≥600 mg/kg/day in females (ss at 600 mg/kg/day). This change 

was not in a dose–response manner and was ss at MD with a large variability. Increased 

thyroid, liver and higher ALP activity were due to the effect of Epanova on lipid synthesis 

and lipid metabolism.

 Other changes: Increased (ss) at HD for males for brain, kidney, spleen and testes 

weights (body weight-relative).  Sponsor’s Tables: 
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Histopathology

Battery Considered Adequate? Yes

Only tissues for control and high dose animals were examined; however, kidney tissues were 

evaluated from all treated animals. 

Peer Review Performed? Yes

Histopathology findings were summarized as follows: 

Kidney: Chronic progressive nephropathy (CPN) was reported in all treated-males and HD-

treated females. This finding was not correlated with any other-related findings. 

Reviewer: This finding has little or no relevance to humans because CPN is a common, age-

related renal disease in laboratory rats (Hard and Khan, 2004). 

Respiratory tract (lung, nasal cavity, trachea): at HD, microscopic findings were reported for 

degeneration, necrosis, inflammation, alveolar edema, accumulation of alveolar macrophages, 

epithelial desquamation, and atrophy. These findings in HD-treated animals were correlated 

with higher lung weights and abnormal sneezing and/or wheezing respiration, which were due to 

reflux associated with the administration procedure (Sponsor’s Tables):
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Toxicokinetics

Findings suggested that levels of EPA and DHA increased over time and with dose level (except 

for males at Weeks 13 and 26 for MD and HD). In addition, levels of EPA and DHA were higher 

in males compared to females (Sponsor’s Table): 
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Dog Studies:

The 2-week dose-range-finding study up to 3000mg/kg/day was conducted to select the doses 

for the 4-week subacute toxicity study in dogs. NOAEL was at 3000mg/kg/day.  

Reviewed Study in DARRTS (P/T review#2). 

Study title: a 4-week Subacute Toxicity Study of Epanova® Coated Capsules by Oral 

Administration to Beagle Dogs (Study #: 22005)

Reviewed Study in DARRTS (P/T review#2).

Key Findings:

In this study, dogs were treated up to 3000mg/kg/day with Epanova coated capsules by oral for 

4 weeks. In this study, expected pharmacological action of Epanova was noted for decreased in 

serum levels of triglyceride and levels of cholesterol. Target organ toxicity was liver. At 3000

mg/kg/day, increased in ALP activity and liver weights were noted, which correlated with 

microscopically findings of increased in the severity of plant cell structures/increased glycogen 

in the liver. NOAEL was at 1000 mg/kg/day (about 8 fold to MHRD of 4g/day based on a body 

surface area comparison).

Study title:  Epanova: 39 Week Oral (Gavage) Toxicity Study in Dogs
Study no.: Epanove: 39 Week Oral (Gavage) Toxicity 

Study in Dogs
Study report location: 519026
Conducting laboratory and location:

Date of study initiation: 19 Oct 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Epanova, lot#: 143948, Density, 0.924 g/mL, 

Purity, 100%

Key Study Findings

• Expected the pharmacological action of Epanova was noted for decreased in cholesterol 

levels in all treated animals (ss in females). 

• At 1000mg/kg/day, microscopic findings were reported for 2/4 male dogs as follows: in 

the heart: 1/4 dog with granuloma /macrophage aggregates, epicardial, focal; and in the aorta: 

1/4 dog with mineralization, adventitial, focal. In one of these two dog, liver necrosis (focal) was 

noted.   

• NOAEL was at 300mg/kg/day (2.4 fold safety margin to MHRD of 4 g/day based on a 

body surface area comparison). The Sponsor’s NOAEL was at 1000mg/kg. 
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Methods
Doses: 0, 50, 300, 1000 mg/kg/day
Frequency of dosing: 7 days/week for 39 weeks
Route of administration: Oral gavage
Dose volume: 1.1, 0.06, 0.33, 1.1 mL/kg
Formulation/Vehicle: Corn Oil
Species/Strain: Beagle dog
Number/Sex/Group: 4/Sex/Group
Age: 6-7 months old 

Weight: 4.9-7.2 kg for males and 4.4-7.1 kg for females
Satellite groups: None
Unique study design: None
Deviation from study protocol: None that affected study outcome

Observations and Results

Mortality

None

Clinical Signs

Treatment-related incidences of liquid/loose faeces were noted at MD and HD-treated animals 

(control, 4/8; LD, 3/8; MD, 5/8; and HD, 8/8 animals).

Body Weights

Unremarkable (Sponsor’s Figures): 

Feed Consumption

Unremarkable

Ophthalmoscopy

Unremarkable

ECG

Unremarkable

Hematology

Unremarkable - Statistical significant changes were reported in some values such as haemoglobin,

red blood cell count, haematocrit, reticulocytes, white blood cell count and neutrophils. These changes

were not in a dose- or time-response manner and did not correlate to any histopathological-related

changes.
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Clinical Chemistry

Decreased cholesterol levels (pharmacological effect of Epanova) were reported in all Epanova treated

animals (11 to 50%); this effect was reported ss only for treated females (at LD and MD for Weeks 

13, 26 and 39 and at HD for all intervals). Sponsor’s Table:

Other changes were noted as follows:

Alkaline phosphatase (ALP) values increased (nss) in a dose-response in males at Week 13, 

26, 39 (large variability) and decreased in females (ss) at LD and HD at Week 39 (not in a dose-

response). Aspartate aminotransferase (AST) increased in males and was ss only in HD 

animals at week 26 (not at the end of the study). 

Table below was formed from the Sponsor’s Tables: 
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Urinalysis

Unremarkable

Gross Pathology

At HD in males, one dog was reported for dilation of heart and two dogs for discolouration of 

lymph nodes. 

Organ Weights

Unremarkable

Histopathology

Adequate Battery: Yes

Peer Review: Yes

Histological Findings

Microscopic findings were reported for 2/4 male dogs at 1000mg/kg/day as follow: heart: 1/4 

dog with granuloma /macrophage aggregates, epicardial, focal; and aorta: 1/4 dog with 

mineralization, adventitial, focal. One of these 2 dogs also was noted with liver necrosis, focal.   

Sponsor’s Tables: 
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Reviewer: In the aorta, mineralization, adventitial, focal were noted in 2 HD-treated males (#13 

and 16)  vs. one male in the control.  The animal #13 also was reported with liver necrosis

(focal). The #16 was also noted with about two times higher level of ALP compared to the 

control animals.

Sponsor’s Tables: 
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Special Evaluation

None

Toxicokinetics

Systemic exposure to DHA and EPA was similar between males and females on Day 1 and Week 39,

with the exception of systemic exposure to EPA being 2 to 3-fold greater on Day 1 in males than females 

at MD (Sponsor’s Tables):

Dosing Solution Analysis

No analysis was conducted for this study; stability analysis was previously performed for the test 

item extracted from the capsules. 

7 Genetic Toxicology

Findings from genotoxicity studies suggested that omefas was not genotoxic or clastogenic in 

the Ames assay, the chromosomal aberration study and in the in vivo rat micronucleus study.

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title:  Epanova: Testing for Mutagenic Activity with Salmonella typhimurium TA 1535, TA
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100, TA 1537 and TA 98 and Escherichia coli WP2uvrA                                                                                                                             
Study no.: Test Facility No:789390; Report No: 31890
Study report location: eCTD
Conducting laboratory and location:
Date of study initiation: September 10th 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Drug: Epanova; Lot#: 36355 from capsules; Batch #:

143948; % purity: 100%
Key Study Findings

Epanova was not mutagenic in this test system.

Methods
Strains: TA1535, TA1537, TA98, TA100 and E. coli WP2 uvrA
Concentrations in definitive study: 160, 320, 640, 1280, 2560, 5000�g/plate

Basis of concentration selection: Limit dose recommended by regulatory guidelines
(concentrations: 17, 50, 167, 500, 1667 and 5000μg/plate)

Negative control: DMSO with each strain (+S9 and –S9)
Positive control: +S9: 2AAN and -S9: NaN3, 2-NF, ENNG, 9-AA
Metabolic activation system Aroclor 1254-treated induced rat liver S9
Formulation/Vehicle: Same as negative control
Incubation & sampling time: The plate incorporation method was used (+S9 and –S9) 

with incubation at 37C for 3days. 

Study Validity

Epanova was tested with positive controls and all positive controls gave the expected results.  

Therefore, the study was valid.

Results

Epanova was not mutagenic when was tested to a max concentration of 5000 ug/plate in the 

present of S9 (Sponsor’s Tables): 
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Formulation/Vehicle Vehicle control 

Incubation & sampling 
time

Study Validity

Results

Epanova did not induce structural aberrations when tested with Chinese hamster ovary cell in 

vitro. Epanova induced polyploidy in cultures at 20 and 22.5 μg/mL in present of S9 (not in the 

absent of S9).

Reviewer: Increased polyploid cells usually showed the test article’s potential to inhibit mitotic 

processes and to induce numerical chromosome aberrations including aneuploidy. 

Sponsor’s Tables.
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

Study title:  Epanova: Micronucleus Test in Bone Marrow Cells of CD Rats: 0h+24h oral 
Dosing and 48 h sampling
Study no.: Test Facility No:789411; Report No: 31929
Study report location: eCTD
Conducting laboratory and location:
Date of study initiation: November 19 h 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Epanova (Lot# 36355 from capsules Batch # 

143948), 100%
Key Study Findings

Epanova at oral doses up to 2000mg/kg (2.2mL/kg) did not induce micronuclei in the in vivo rat 

micronucleus study.  

Methods
Doses in definitive study: 2.2 mL/kg or 2000mg/kg
Frequency of dosing: at 0 h and 24 h with test or control
Route of administration: Oral gavage
Dose volume: 2.2 mL/kg body weight
Formulation/Vehicle: Corn oil (2.2ml/Kg)
Species/Strain: CD rats (Crl:CD(SD))
Number/Sex/Group: Epanova (7M/5F);  Corn Oil (5/sex); Positive control (3M)
Satellite groups: None
Basis of dose selection: 2000mg/kg/day;  based on the highest dose level 

recommended in the OECD 
Negative control: Corn oil (2.2mL/kg)
Positive control: Cyclophosphamide (10 mL/kg or 50 mg/kg)

Study Validity

The mean incidence of micronucleated polychromatic erythrocytes did not exceed 5/1000 

polychromatic erythrocytes (0.5%) in the negative control, and the incidence of micronucleated 

polychromatic erythrocytes increased significantly in the positive control group. Therefore, the 

study was valid.

Results

There were no reports regarding the adverse clinical signs during the course of the study.

With the maximum recommended dose of 2000mg/kg/day, Epanova did not induce micronuclei 

in bone marrow cells after dosing (at 0, 24 hrs) and sampling (at 48hrs). 
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8 Carcinogenicity

The Sponsor conducted two carcinogenicity studies in rats (2-year) and transgenic mice (26-

week). Regulatory background regarding the carcinogenicity studies summarized as follows:

1) A 104-week Rat Carcinogenicity Study was designed with Epanova at 100, 600, 2000 

mg/kg/day (or 0.11, 0.65, and 2.2 mL/kg/day) by oral gavage.  The SPA was not submitted 

for review to ECAC. The HD was selected due to tolerance of the HD in the subchronic and 

chronic studies in rats and available carcinogenicity data for approved fish oil, Lovaza. 

During the conduct of the study, the Sponsor requested guidance from the Agency as 

follows:

o On 1/5/2012, the Sponsor requested concurrence from the Agency for early termination of 

HD-treated females when the number of survivors reached 25 and if the number of the 

survivors in males at HD reached 25. On 2/5/2012, the Agency responded that the HD 

groups could be discontinued when the number of surviving animals reached 20; then, 

dosing should be discontinued. If the number of surviving animals fell to 15 before week 

100, then all surviving members of this dose group should be sacrificed.  

o On 11/9/2012, the Sponsor requested to terminate females at MD when survivors reached 

15. Also, the Sponsor proposed to terminate all of the male groups when the number of 

survivors reached 15 at MD and HD groups prior to Week 100. On 11/12/2012, the Agency 

recommended that for females, LD continue till the end of the study (week 104), if possible. 

The ECAC noted that the deaths at MD and HD are dose related, so these groups can be 

terminated when the survivors reach n=15. On 20/11/2012, the Division agreed with the plan 

to stop LD groups, and the Division also stated that because the LD group is the only 

treatment group left in the study, the controls should be terminated as well. 

2) A 26-week carcinogenicity study in transgenic mice was conducted twice with the approved 

dose levels from the Agency. The 1st study (01/21/2011) was seriously flawed  
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TK parameters were not calculated; based on other Epanova non-clinical studies, Epanova at 

HD (2000mg/kg/day) is up to 5 fold human systemic exposure to MRHD of 4g/day (based on 

body surface area).

Adequacy of Carcinogenicity Study

ECAC concurred that the study was acceptable despite being suboptimal.

Appropriateness of Test Models

ECAC did not concur with dose selection. The sponsor selected doses based on MTD from the 

repeat-dose toxicity study and available data from another 2-year carci study with approved 

Lovaza. 

Despite a lack of ECAC concurrence on dose selection, and early termination (with ECAC 

advice), this study was considered valid.  The basis of this assessment is that tumors were 

observed, including statistically significant ovarian tumors following adjustment for mortality.  

This omega-3 product uses the free fatty acid form, and approved omega-3 products use an 

ester form.  This may have contributed to the early mortality since the acid form is irritating, oily 

and low pH, contributing to the respiratory problems of gavaging relatively large volume 

substances.  

Note: The rat is considered an appropriate test model for tumorigenicity of Epanova.  Overall 

treatment was not well tolerated, supporting establishment of a MTD and the study was 

terminated prematurely.

Evaluation of Tumor Findings

In HD (2000mg/kg/day) treated females, there were significant tumor increases for benign sex 

cord stromal that was considered drug-related (at HD, there is 5 fold to MHRD for 4 g/day based 

on surface area) 

Methods
Doses: 0, 100, 600 or 2000 mg/kg/day
Frequency of dosing: Once daily: males 84-97 weeks; females 66-95 weeks
Dose volume: 2.2, 0.11, 0.65 or 2.2 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: Corn Oil 
Basis of dose selection: 1. Based on MTD from the 13-week repeat-dose toxicity study 

in rats (mortality in this study was unremarkable).
2. *Based on available data from 2-year carcinogenicity study 

in rats from approved Lovaza (NDA 21-654) at 90, 540 and 
1800 mg/kg/day (mortality in this study was unremarkable). 

Species/Strain: Rat, Sprague-Dawley (crl:CD(SD))
Number/Sex/Group: 60/sex/group
Age: 8 weeks 
Animal housing: **4 animals/cage/group of the same sex in the polycarbonate 
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cages with stainless steel grid tops and solid bottoms
Paradigm for dietary restriction: PMI Nutrition International Certified Rodent Diet No. 5CR4 (14% 

protein) was available ad libitum
Dual control employed: No
Interim sacrifice: No
Satellite groups: TK: 5/sex/group 
Deviation from study protocol: Dosing was stopped prematurely and animals were removed 

from the study before the scheduled termination (ECAC 
notification). 

Reviewer:  
* Combinations of these two compounds DHA and EPA, with free fatty acid (Epanova) or ethyl 
ester (Lovaza) formulations along with a significant difference in ratio of these compounds 
probably make different in pharmacological properties of each formulation. In addition, based on 
nonclinical studies, AUC to DHA and EPA is ~ 1.6- to 2.6-fold greater for the Epanova 
formulation (form of free fatty acids) compared to Lovaza (form of ethyl esters). Therefore, the 
dose-selection for the 2-year carcinogenicity study with Lovaza was not valuable for Epanova in 
this study. 
**4animals/cage caused stress for animals. 

Observations and Results

Mortality

Mortality was statistical significant in both genders with both the CDER and the Sponsor 

analyses (Sponsor’s Table): 

Summary of survivorship 

CDER analysis: 
Statistical Significances of Tests of Homogeneity and Trend in Survival in Rats
Hypotheses Males Females

Logrank Wilcoxon Logrank Wilcoxon

Homogeneity over  all four groups   0.0004   0.0002 <0.0001 <0.0001

No Trend over all four groups    0.0004 <0.0001 <0.0001 <0.0001
No difference between high dose and vehicle   0.0003 <0.0001 <0.0001 <0.0001

Sponsor Tables:
In Males: 
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Sponsor Figure for survival males as a function of time: 

In Females: 
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Cause of Death: 

Cause of death was non-neoplastic and was due to respiratory tract lesions based on clinical 
signs (excess salivation, and abnormal respiration) and gross / microscopic lesions findings in 
the respiratory tract.
Also, respiratory problems caused other stress-related issues in MD- and HD-treated animals 
based on stress-related microscopic findings in the adrenal glands (diffuse hypertrophy of the 
zona fasciculata), mesenteric lymph node (decreased size/lymphocyte density), spleen 
(decreased size/lymphocyte density), and thymus diffuse necrosis/loss of lymphocytes
(Sponsor’s Tables): 

Reviewer: Mortality was less in the Control- treated animals compared to the Epanova HD-
treated animals despite the same volume of dosing.  This difference might be due to the acidic 
formulation of Epanova that leads to irritative/reflux of dosing in the HD-treated animals. 

Clinical Signs

An increased incidence of excess salivation, and abnormal respiration were observed in all 

Epanova treated animals in a dose-response. At HD, higher incidences of the fur staining 
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around the face/muzzle/nose, subdued behavior, hunched posture, piloerection, and eyes 

partially closed were observed (Sponsor’s Table):

Body Weights 

HD-treated animals showed reduce in mean body weights, significant for males from Week 24 

and for females from Week 56 (Sponsor’s Table and Figures):
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Feed Consumption

No significant treatment-related effect.

Hematology

No significant treatment-related effect.

Gross Pathology

Gross pathology findings were reported as follows: decreases subcutaneous masses (in dose-

response in both sexes), decrease incidence of enlargement of the adrenal gland (in dose-

response in females), increase lesions in the respiratory tract (in dose-response in all groups), 

decrease adrenal glands (HD females), swelling of the gastro-intestinal tract, and abnormal 

content in the small intestine (males, MD and HD). In addition, injury-related to gavage 

treatment was reported as thickening of the diaphragm, adhesions in the lung, abnormal 

appearance and abnormal shape of the esophagus, abnormal consistency, discoloration and 

raised area of skeletal muscle, fluid accumulation, abnormal content and thickening in thoracic 
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cavity, mass and enlargement of thymus, and adhesions of trachea (Sponsor’s Tables): 

Organ Weights

Organ weights changes were summarized as follows: 

 Thymus: Increased relative to body weight in HD-treated animals and also MD-treated

females with no correlating histopathological findings (probably due to gavage treatment) 

 Adrenal and pituitary gland: Increased relative to body weight in HD-treated males with 

gross pathology and microscopic findings (diffuse hypertrophy of the zona fasciculata). 

According to the Sponsor, this finding was non-specific secondary lesions due to stress-

related for the treatment.  
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 Lung: Increased relative to body weight in HD-treated animals. Most animals had similar 

lung weights; however, 4 animals in both genders had very high values (probably due to 

gavage treatment).  

Histopathology

Peer Review: yes

Neoplastic: 

Ovaries: 

Benign sex cord stromal tumors of the ovaries in the high dose (2000mg/kg/day) females were 

statistically significant by trend (P=0.0005) and pairwise comparison (P=0.0054):(control, 5/64; 

low dose, 4/62; mid dose, 6/62; and high dose,11/64) by both statistical analyses from the 

sponsor and the CDER. Moreover, 10 tumors were seen after dosing was stopped. 

The benign ovarian sex cord tumor in this study at HD exceeded concurrent control and 

historical controls and was drug-related.  

Reviewer: The sponsor did not submit the historical control database; however, based on the 

online historical control database (  Cri:CD(SD) rats; March2012), the incidence of 

this tumor for the control group was higher than the historical control database (7% in this study

vs. 2% in the historical database).  Moreover, the sex cord stromal tumors is about 8% of all 

ovarian tumors in humans; development of these tumors requires a high level of gonadotrophin 

stimulation (Dittrich et al., J cancer Res Clin Oncol  2001). 

Sponsor’s Table:   
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Statistical evaluation from Sponsor:  

Statistical evaluation from CDER:                                    
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Tumor Incidence Significant Levels
Organ/Tumor C LD MD HD Trend HD vs C MD vs. C LD vs. C
Females: Number Evaluated 64 62 62 64
Benign Sex Cord Stromal 
Tumour                 

5 4 6 11 0.0005 0.0054  0.2417 0.7172

Cause of death mostly was non -neoplastic in respiratory tract with no significant incidence of 
bronchial-alveolar neoplastic findings:

Statistical evaluation from CDER:
Tumor Incidence Significant Levels

Organ/Tumor C LD MD HD Trend HD vs C MD vs. C LD vs. C
Males: Number Evaluated 64 62 62 64
Bronchiolo-alveolar Adenoma          2 0 1 1 0.4201 0.7656  0.8069  1
Females: Number Evaluated 65 63 65 63
Bronchiolo-alveolar Adenoma 0 0 1 0 0.379 - 0.4032 -

Statistical evaluation from Sponsor:
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Pituitary gland: In LD-treated females, adenomas in the pars distalis was noted (p = 0.0418) 

with no incidence of focal hyperplasia. The historical control database was not submitted; 

however, this incidence is common in aged control rats, and significant finding at LD (~70%) in 

this study is within the online historical control database ( ; Cri:CD(SD)rats; 

March2012; males:41% to 84% and females: 40% to 84%.)  

Sponsor’s Table: 

Statistical evaluation from CDER:
Tumor Incidence Significant Levels

Organ/Tumor *C LD MD HD Trend HD vs C MD vs. C LD vs. C
Males: Number Evaluated 65 65 63 64
Par Distalis Adenoma                38 37 25 28 0.4764 0.5723 0.8742 0.6108
Females: Number Evaluated 65 64 65 64
Par Distalis Adenoma                51 45 35 35 0.604 0.8226 0.9525 0.8897

*C=Negative Control 

Skin: squamous cell papilloma was reported with a positive-dose related trend in males and for 

sexes combined (p<0.01; sponsor’s analysis). This incidence was 1/controls, 1/MD and 6/HD. 

This finding occurs in aged control rats and incidence of 9.3% at HD is within the historical 

control database range for males (online; ; Cri:CD(SD)rats; March2012). 
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Sponsor’s Table: 

Statistical evaluation from CDER:
Tumor Incidence Significant Levels

Organ/Tumor *C LD MD HD Trend HD vs C MD vs. C LD vs. C
Males: Number Evaluated 65 65 65 65
Squamous cell Papilloma                 1 0 0 4 0.0060 0.0759 1 1
Females: Number Evaluated 65 65 65 65
Squamous cell Papilloma                 0 0 1 0 0.3793 - 0.4032 -
*C=Negative Control

Mammary gland tumors were not statistically significant (Sponsor’s Table): 

Statistical evaluation from CDER:
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Tumor Incidence Significant Levels
Mammary gland tumors *C LD MD HD Trend HD vs C MD vs. C LD vs. C

Males: Number Evaluated 65 64 62 64
Fibroadenoma                1 0 1 3 0.0284 0.1569  0.6513  1
Fibroadenoma/Adenoma                   2 0 1 3 0.0633  0.2889  0.7975 1
Females: Number Evaluated 65 64 65 64

Fibroadenoma                26 21 13 6 0.9883  0.9933  0.9350  0.7624
Fibroadenoma with Atypia 8        4 6    3    0.5532  0.8146  0.5297  0.9170
Fibroad./Adenocarc./ Adenoma    46   37 32 15 0.9970 0.9992 0.8794 0.8989
          *C=Negative Control

Non Neoplastic

Non-neoplastic findings were reported for animals that were dosed for the same period of 

treatment (males: up to 84 weeks and females up to 66 weeks). Dose-response gavage/reflux-

related non neoplastic findings in the larynx (squamous metaplasia), lungs (bronchus-

associated lymphoid tissues in males), nasal cavity (squamous metaplasia), and trachea. 

Additional non-neoplastic findings were noted in MD and HD-treated animals in the kidneys 

(tubular dilatation); large and small intestine (lumen dilation and crypt hyperplasia); and liver 

(focal mononuclear cell inflammatory infiltrates). Sponsor’s Tables: 
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Toxicokinetics

TK parameters were not calculated; samples were collected at several time points to measure 

the plasma concentration of EPA and DHA. Findings of these data suggested that at LD level, 

both EPA and DHA levels increased in all treated animals over time. However, at MD and HD, 

saturation for both EPA and DHA was reported for all treated animals. In females, both 

compounds levels increased from Day 1 to Week 13 and then stayed at the same level. In 

males, both compounds levels stayed in the same levels at all-time points. Sponsor’s Table: 
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Dosing Solution Analysis: 

Epanove was extracted every day from the capsules. 

Study title:  Epanova: 26-Week Repeated Dose Oral Carcinogenicity Study in Tg.rasH2 
Mice
Study no.: AD29PL.7G8R.BTL
Study report location: eCTD
Conducting laboratory and location:
Date of study initiation: 19 July, 2011
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Epanova, lot#: 3130616 with batch 

number:36355; Purity: NA
CAC concurrence: Yes

Key Study Findings

Statistically Significant Neoplastic Findings:
None

Non-Neoplastic Findings:
 HD (4000mg/kg/day) treated animals were removed from the study on Day 73 (Week 10) 

with 50% surviving. There was an increase in mortality in males (in all LD, MD and HD) and 
females (in MD and HD) with no evidence of an increase in incidence of tumors in either 
sex. Cause of death was due to respiratory system injury. 

 Body weights (gain) decreased in all animals at 2000 and 4000 mg/kg/day.  
 Microscopic findings were observed for hyperplasia in the non-glandular portion of the 

stomach and for inflammatory lesions in the nasal cavity, trachea, and lungs.
Maximum Clinical Exposure:

TK parameters were not calculated. Exposure multiples for transgenic studies are not typically 

included in labeling.
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Adequacy of Carcinogenicity Study

The Committee concurred that the study was adequate.

Appropriateness of Test Models

The test model was appropriate to assess the carcinogenic potential of Epanova. Positive 

control animals exhibited the expected results

Evaluation of Tumor Findings 

There were no tumor increases in any Epanova treatment group that were considered 

treatment-related (ECAC concurred). 

Methods
Doses: 0 (water), 500, 1000, 2000, and 4000 mg/kg/day

1000 mg/kg/day for urethane (positive control)
Frequency of dosing: Daily for 26 weeks
Dose volume: 4.4 (Water; negative control), 10.0 (urethane, positive 

control), 0.55, 1.1, 2.2 and 4.4 mL/kg/day (Epanova)
Route of administration: Oral gavage except for urethane formulated (3 i.p. 

injections on Days 1, 3, and 5) 
Formulation/Vehicle: Sterile Water for Injection, USP
Basis of dose selection: ECAC concurrence and was based on 2-week non-GLP 

pilot study and maximum feasible dose at HD in mice.
Species/Strain: Hemizygous Tg.rasH2 mice
Number/Sex/Group: Epanova/30 mice/sex/group

Positive control (Urethane in Saline) /20 mice/sex/group
Age: 5 to 6 weeks
Animal housing: Individually housed in polycarbonate cages
Paradigm for dietary restriction: Harlan TEKLAD Global Diet: #2018CM (Certified 18% 

Protein Rodent Diet, Harlan TEKLAD, Madison WI) in 
meal form, in stainless steel rodent feeders, ad libitum.

Dual control employed: There were Positive and negative control groups
Interim sacrifice: No
Satellite groups: 8/sex/Epanova groups
Deviation from study protocol: Because of mortality and sings of toxicity in HD-treated

males, surviving males, were sacrificed on Day 73. 

Observations and Results

Mortality

There was an increased incidence of dose-response mortality in both genders. HD 

(4000mg/kg/day) treated animals were removed from the study on Day 73 (Week 10) with 50% 

surviving. Mortality was higher in males than females and at HD, was higher than the positive 

Control (urethane).
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Cause of death was due to aspiration of the test article based on pathological findings in the 

respiratory system (nasal cavity, trachea, lungs). 

Positive control animals showed expected mortality (6/20 males and 7/20 females). 
Sponsor’s Table:    

CDER statistical analysis: 
Survival Times in Male Tg.rasH2 Mice

Dose Group Dosage Survival Time in Days

1. Water       0                                                                                                               *183(30)
2. Urethane 1000   4,  58,  66,  83,101,115,                                                                      *122 (14)
3. Low       0.55   5,109,113,116,134,                                                                             *184(25)
4. Low-Med.       1.1 10,  69,113,                                                                                           *184(27)
5. High-Med.       2.2 14,  38,  40,  45,  76, 112,113,117,118,143,145,161,163, 179,            *183(16)  
6. High       4.4 27,  31,  36,  36,  38,  44,   45,  48,  48,  54,  59,   62,  71,  71, *73(16)     

Table 5. Survival Times in Female Tg.rasH2 Mice
Dose Group Dosage Survival Time in Days

1. Water       0 113,                                                                                                     *183(29)
2. Urethane 1000   93,103,106,112,117,118,120,                                                           *120 (13)
3. Low       0.55 117,128,132,132,154,179,                                                                  *184(24)
4. Low-Med.       1.1 49,  95,107,111,150,                                                                         *184(25)
5. High-Med.       2.2   73,  80,  83,  84,110,114,114,116,137,175,                                      *183(20)  
6. High       4.4    15, 34,  41, 49,  80,110,113,117,126,140,141,153,157,174,176,   *183(16)            

Sponsor’s Figures: 
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Clinical Signs

Clinical signs of hypothermia, thinness, decreased motor activity, ruffled fur, hunched or 

prostrate (rarely) posture, and labored or rapid and shallow breathing were seen in a dose-

response in Epanova treated animals. 

Positive control animals were reported for expected clinical signs of decrease motor activity, 

thinness, hunched posture, ruffled fur and masses; hypothermia and rapid and shallow 

breathing.  

Body Weights
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Animals were treated at MD and HD showed loss of body weight gain as follows: 

In males:  On Day 73 (termination), at 4000mg/kg/day, the mean body weight gain from the first 

Day was 30% lower that the control group; and on Day 183 (scheduled termination), at 2000 

mg/kg/day, the mean body weight gain from the first day was 44% lower than the control group 

(ss on Days 127, 141 and 183). 

In females: On Day 183 (scheduled termination), at 4000mg/kg/day, the mean body weight gain 

was 64% lower than the control group (ss from Day 57); and at 2000mg/kg/day, the mean body 

weight gains from the first day was 35% lower than the control group (ss from Day 155). 

Positive Control: Body weight means decreased significantly from Day 8 due to decreased 

motor activity, and caused increased body weights toward the end of the study due to the 

development of lung and spleen tumors. 

Sponsor’s Figures:  
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Feed Consumption

Changes in food consumption were not in a dose-response. Food consumption was lower (ss) 

for HD-treated females compared to control from Day 64 to day 113. 

Gross Pathology

Only positive control-treated animals were observed with pulmonary and splenic lesions as 

expected for urethane treatment.

Organ Weight

Sponsor’s Table below shows all changes for organ weight; these changes were not correlated 

with any gross or microscopic lesions. 
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According to the Sponsor, the decrease in absolute organ weight of liver was due to glycogen 

depletion of liver noted in animals in this group. 

Histopathology

Peer Review

Yes

Neoplastic

In female mice, the test of trend for the alveolar-bronchiolar adenoma of the lungs was identified 

statistical significant by the CDER biostatistics (p = 0.009); however, the comparison between 

Epanova treated groups to the negative control group was not significant (Sponsor’s Table):
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Tumor Summary: Females
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Non Neoplastic

Treatment-related non-neoplastic lesions were observed in a dose-response for hyperplasia of 
non-glandular portion of the stomach (probably due to the irritation from treatment with no 
tumors) and for inflammatory lesions in the nasal cavity, trachea, and lungs (due to aspiration of 
the test article) (Sponsor’s Tables):

Reviewer: The hyperplasia of non-glandular stomach in group 6 was reported  with no  tumors 
in stomach; however, these animals were removed from the study earlier due to the survival 
rate.  
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According to the Sponsor, “The lesions in the trachea of moderate to marked intensity were 

characterized by necrosis of the tracheal epithelium, accumulation of necrotic debris and 

degenerate neutrophils in the lumen. The lesions of minimal to mild intensity were characterized 

by attenuation of tracheal epithelium and infiltration of mixed inflammatory cells in the 

proliferating fibrous tissue that caused fronds or papillary projections to protrude in the lumen of 

the trachea.”  “Lesions in the lungs were mostly present in the primary bronchi at the bifurcation 

as the trachea enters the lungs. The lesions in the bronchi were similar to those noted in the 

trachea and were mostly of moderate to marked intensity, with only a few being of mild or less 

intensity.” 

Reviewer: The lack of tracheal lesions and inflammatory lung lesions in the HD Epanova-treated 

males probably were due to early termination of this group.

Other histopathology findings in those animals that were removed early because of either 
natural death or moribund sacrifice were involution of thymus (stress-related) and necrosis of 
lymphoid tissue (in thymus, mandibular lymph nodes, mesenteric lymph nodes, and spleen).  
According to the Sponsor, depletion of glycogen in the liver was considered by lack of 
vacuolation of hepatocytes that would be seen normally. Sponsor’s Table:
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In the positive control groups, there were incidences of tumors in the lung and spleen of both 
males and females, indicating that the model was sensitive to the induction of tumors. 

Toxicokinetics

TK parameters were not calculated; samples were collected (Day 1 and 29) to measure plasma 
EPA and DHA concentrations (Sponsor’s Table): 
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Dosing Solution Analysis:

Epanove was extracted every day from the capsules. 

Submitted historical database Tables: 
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Clinical Signs

Excess salivation was noted after dosing in the HD-treated animals (males; 24/24; females: 

15/24) and in the MD-treated animals (males: 17/24; females: 3/24). No salivation at LD- or 

control-treated animals. 

Body Weight and Feed Consumption

Unremarkable

Toxicokinetics

NA

Dosing Solution Analysis

Dosing formulations were extracted from the capsules and administered as supplied. No dosing 

analysis was submitted. 

Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, etc.)

There were no treatment related changes with treatment of Epanova up to 2000mg/kg/day 

(Sponsor’s Tables): 
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Necropsy

No treatment related changes were observed in males and females at scheduled necropsy. 

Organ Weights

No treatment related changes were observed in male organ weights.

Histopathological changes:

A section of each epididymis and testis were evaluated microscopically and no drug-related 

effects were noted (Sponsor Table):

None of these observations had an effect on male endpoints. 

9.2 Embryonic Fetal Development

The effect of Epanova on prenatal development was investigated in rats and rabbits and on 

embryo-fetal development in rats. 

Study title:  Epanova: A Development Toxicity Study of Epanova by Oral Gavage in Rats.
Study no.: 495634
Study report location: eCTD
Conducting laboratory and location:
Date of study initiation: April 6, 2011
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Epanova, 36355 (API); 143948 (capsules); purity not 

provided used as supplied (Density: 0.924g/mL) 
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Key Study Findings

No maternal or fetal toxicity was observed in treated rats up to 2000mg/kg/day. NOAEL was 

established for maternal and for embryo-fetal development at MD (500mg/kg/day); 2.4 fold 

equivalent to MHRD of 4g/day based on a body surface area comparison based on increased 

late embryonic deaths (2%), and various variations (ribs sternebrae and pelvis) at HD.

Methods

Doses: 0, 100, 500, 2000 mg/kg/day
Frequency of dosing: Daily
Dose volume: 2.2, 0.11, 0.65, 2.2 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: Corn oil
Species/Strain: Sprague-Dawley  (Crl:  CD®(SD))
Number/Sex/Group: 20/females/group
Satellite groups: None
Study design: Animals dosed on Days 6-16 of gestation, all 

animals were euthanized on GD 20
Deviation from study protocol: None

Observations and Results

Mortality

None 

Clinical Signs

 At HD, 5/20 animals was reported with salivation for after dosing

 Abnormal red discharge around the vagina (ca Day 15 of gestation) was reported (LD, 

1/20; MD,1/20; HD, 5/20). This finding did not correlate to the pregnancy performance 

data (similar within groups). 

Body Weight 

Unremarkable

Feed Consumption

Unremarkable

Toxicokinetics

NA

Pregnancy Performance and Foetal Weights
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Pregnancy performance was unremarkable within groups; foetal weights were reported slightly 

lower (nss) at HD.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
No treatment related changes were observed in viable fetuses, corpora lutea, resorptions, pre-
and post-implantation losses and fetal body weight (Sponsor’s Table): 
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Offspring (Malformations, Variations, etc.)

At HD, slightly higher malformation was reported for foetuses with incidences of cervical 

remnant of thymus, tendinous region of diaphragm (locally thinned with minimal lump of liver 

lobe), and the costal cartilages of ribs (asymmetrically aligned). According to the Sponsor, these 

incidences were within the current background range (data not submitted). See Sponsor’s 

Tables:
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Reviewer: No TK data was  submitted; therefore, no data to see if pregnancy alters after 

exposure. 

Study title:  Epanova: Development Toxicity Study in Rabbits Dosed by oral Gavage
Study no.: 495660
Study report location: eCTD
Conducting laboratory and location:
Date of study initiation: January 20, 2011
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Epanova, 36355 (API); 143948 (capsules); purity not 

provided used as supplied (Density: 0.924g/mL) 

Key Study Findings

 Maternal toxicity was established at HD (750mg/kg/day) based on mortality (3/20) on GD 

Days 19 to 23 due to abortion, increased incidence of clinical signs, lower weight gains 

during treatment, and reduced feed consumption during dosing period.

 Embryofetal toxicity was observed at HD for increased incidences fetuses with 

incomplete/reduced ossification of the hyoid, epiphyses of the fore/hind limb, and of 

sternebrae, and with rib(s) costal cartilage not attached to sternum. 

 NOAEL was established for maternal at MD (500mg/kg/day) about 2.4 fold to MHRD of 

4g/day (based on surface area) because of mortality and fetal skeletal variation at HD.

 NOAEL was established for embryo-fetal development at LD (100mg/kg/day) about 0.5 

fold to MHRD of 4g/day (based on surface area) because of skeletal malformation and 

ossification effects (variations) as well as visceral variations at 500 mg/kg/day.
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Methods

Doses: 0, 100, 500, 750 mg/kg/day
Frequency of dosing: Daily
Dose volume: 0.81, 0.11, 0.54,0.81 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: Corn oil
Species/Strain: female New Zealand White rabbits
Number/Sex/Group: 20/females/group
Satellite groups: None
Study design: Dosed on Days 6-18 of gestation, all animals were 

euthanized on GD 29
Deviation from study protocol: None

Observations and Results

Mortality

There were 6 premature decedents (2/control; 4/HD). At HD, cause of death was treatment-

related for three animals based on evidence of abortion (red lumps/fetuses). Cause of death for 

other animals (2/Control; 1/HD) was due to the dosing procedure based on mechanical damage 

findings at necropsy in lungs, trachea blood and month/nose. 

Clinical Signs

Not remarkable
At HD, decreased and altered fecal appearance was noted more than other groups, which 
correlates with the reduced feed consumption.

Body Weight 

At HD, lower group mean body weight gains (nss) were reported at different GD (Sponsor’s 

Table):
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Feed Consumption

Lower food consumptions were reported at HD, which was correlated to decrease and alter 

fecal appearance at high dose.

Toxicokinetics

NA

Dosing Solution Analysis

Epanova was used as supplied (density of 0.924 g/ml). 

Necropsy

Necropsy findings were primarily noted in animals that were killed prematurely (Sponsor’s 

Table): 
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Pregnancy Performance and Foetal Weights

No treatment-related findings

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
No treatment related changes in viable fetuses, corpora lutea, resorptions, pre- and 
postimplantation losses and fetal weight were observed (Sponsor’s Table): 
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Reviewer: there are two issues with this study: 

 No TK data was submitted to know  if pregnancy alters exposure and how exposure 

compares to that seen at similar dosages in other species. 

 The number of control and high dose animals evaluated by scheduled C-section is less 

than the desired number of at least 16 litters and differs considerably from the number of 

litters/fetuses evaluated in the low and mid dose groups.  Raises questions about the 

true incidence of anomalies in the control and high dose groups given that, there are 

somewhere around 25% fewer litters and 30% fewer fetuses that were evaluated. 

9.3 Prenatal and Postnatal Development

Effects of Epanova on prenatal/postnatal development were investigated with the GLP-

compliant study in rats. 
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Study title:  Epanova: Pre and Post Natal Oral (Gavage) Study in Rats
Study no.: 495440
Study report location: eCTD 
Conducting laboratory and location:
Date of study initiation: January 19, 2011
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Epanova, 36355 (API); 143948 (capsules); purity not 

provided; used as supplied 

Key Study Findings

F0 dams: 

Mortality was reported at HD (2000mg/kg/day) for 9/24 animals due to difficulties during or 

shortly after parturition. These animals had lower body weight gain/food consumption. The 

necropsy of these animals revealed abnormal stomach and/or intestinal contents and glandular 

mucosa abnormalities.  As a result, there were fewer live litters able to be evaluated at this 

dosage.  Furthermore, there were fewer pups surviving to day 4 at the HD.

F1 generation:

Although there were no effects on growth or development of the F1 animals or on their ability to 

initiate and maintain a pregnancy, there was an increased incidence of pup (F2) mortality at the 

mid and high dosages, with the majority occurring on day 4 or later following birth.  In all groups, 

including controls, there were 1 to 3 litters that lost 1 or 2 pups each.  However, the proportion 

of litters in which 3 or more pups died was slightly higher at the MD and HD groups (13%, 17%, 

22%, and 21% at C, LD, MD, and HD, respectively).  

NOAEL for the treated F0 generation was at 600 mg/kg/day  (1.5x  to MRHD), based on issues 

with parturition and F1 pup survival.  

NOAEL for the F1 animals was at 100 mg/kg/day ( 0.3 fold to MRHD) based on a decrease in 

survival of the F2 generation pups during lactation.

Reviewer: The administration of Epanova clearly affects parturition and pup viability as 

demonstrated by difficulties with parturition and reduced pup survival.  However, there is no 

explanation in this study for the poor survival rate in F2 generation. Findings from the 

reproductive studies with the Lovaza (approved fish oil) also showed effects on lower live birth 

index and F1 postnatal survival; however, there was no indication that the F2 was affected 

based on evaluation of embryofetal viability at a mid-gestation C-section.

Methods
Doses: 0 (corn oil), 100, 600 and 2000 mg/kg/day
Frequency of dosing: Once daily 
Dose volume: 2.2, 0.11, 0.65 and 2.2 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: Corn oil
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prostaglandin synthesis (refer to the sponsor response to question 2 in the regulatory 

background).

Clinical Signs

Salivation, was noted in all HD-treated animals and 4/24 animals (on single days) at the MD.

Clinical signs for HD-treated animals that were killed prematurely were: body hunched, walking 

on tiptoes and red discharge from vagina, skin cold and piloerection. At MD, one animal (1/24) 

was observed with hunched and piloerection at the time of parturition. This animal had a total 

litter loss with no necropsy findings at the schedule necropsy.

Body Weight

Unremarkable for all treated animals except for the premature decedent animals at HD; these 

animals were reported with reduced weight gains.   

Feed Consumption

Unremarkable for all treated animals except for the premature decedent animals at HD; these 

animals were reported with reduced food consumptions.

Reproductive Performance on Preweaning Survival

There were no effects on the number of animals pregnant.  However, because of difficulties with 

deliveries, multiple HD animals were euthanized/found dead during or shortly after parturition. 

Therefore, there were fewer litters with pups at this dosage available for remaining study 

activities (23, 24, 24, and 14 litters at Control, LD, MD and HD, respectively).

For animals that did deliver successfully (ie, therefore not including those that were killed or 

found dead during parturition or shortly thereafter), there were no effects on gestation length.  In 

this same population of animals, there also were no effects on the mean number of pups/litter, 

the number of implant sites/litter (as determined at their necropsies), or sex ratio.  

Pup loss during lactation did occur in each group, including controls.  When it did occur, it was 

typically a loss of multiple pups from a few litters rather than the loss of a few pups from multiple 

litters.  In the C, L, and M dose groups, there were 4/23, 2/24, and 2/24 litters, respectively, that 

lost 4 or more pups during the lactation phase, including 3, 1, and 1 litter in each of these 

respective groups with total litter loss.  At the HD, in addition to the 9 litters with total litter loss 

resulting from parturition difficulties or death, 1 additional dam lost her entire litter.  In the 

majority of cases across groups, the deaths occurred prior to day 4.  At HD, the mean number 

of pups/litter was lower than controls by day 4, and overall survival during the weaning period 

(mean number of pups/litter at day 21 ÷ mean number of pups/litter at day 0) was slightly lower 

as a result (96%, 95%, 97%, and 91% at C, L, M, and H dosages, respectively) although the 

observed number of pups/litter remained within the historical range of the test facility (see 

sponsor response to question 1 of the information request in the Appendix).  These data are 

summarized in the sponsor table below:
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Reviewer:  In the control group, 4/23 litters lost approximately half or more of their offspring 

before the completion of weaning.  Although the overall viability during the weaning period is 

within historical range, the high incidence of pup loss in a few litters raises questions about the 

population of animals used.  

Necropsy Observations

Postmortem observations were unremarkable.  The only animals with significant findings were 

those in the HD that were terminated early or found dead.  The postmortem observations of 

these animals were previously summarized in the Mortality section above.

F1 Generation Growth, Physical, and Functional Development

As a result of the F0 mortality and litter loss occurring amongst the various groups, pups from 

20, 23, 23, and 13 litters in the Control, LD, MD, and HD groups (respectively) were available for 

use in assessing growth and development.  No treatment-related effects were noted as 

summarized in the table below:

F1 Generation

Survival: No-treatment effect

Clinical signs: No-treatment effect

Body weight: No-treatment effect

Feed consumption: No-treatment effect

Physical development: No-treatment effect
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Neurological assessment: No-treatment effect

Reproduction: No-treatment effect

Necropsy No-treatment effect

F1 Generation Reproductive Performance

There were no apparent effects on the numbers of animals for mating, the time to mate, or 

gestation length. Although 2, 4, and 1 pairings in the Control, LD, and MD groups (respectively), 

did not result in a pregnancy.  As a result, there were 18, 19, 22, and 13 pregnancies in the 

Control, LD, MD, and HD groups (respectively). Sponsor’s Table: 

Reviewer:  The sponsor did not collect estrous cycle data or evaluate sperm parameters of F1 

animals so it is not possible to ascertain the reason for the unsuccessful matings.  However, 

given that the highest incidence was at the low dose while no effect was seen at the high dose, 

the reason for these infertile pairings is not considered drug-related.

There were no effects on the number of implant sites/litter, the number of pups born/litter, or sex 

ratio.  These data are shown in the Sponsor Table below (modified by reviewer to only show 

these data:
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F2 Generation Survival

Pup mortality occurred in all groups, although the number of litters affected was lower in the 

drug-treated groups than in controls.  In all groups (including controls), there were multiple 

animals that lost 3 or more pups during the 14 day observation period which demonstrated a 

dose response in terms of proportion affected, although the fewer number of litters at the HD

somewhat confounds the interpretation.  These data are summarized in the reviewer Table 

below:

Offspring Survival

Control LD MD HD

Number of pups found dead or killed 
prematurely / number of litters affected

31 / 9 40 / 6 46* / 8* 30 / 6

Number litters losing ≥3 pups / number of 
litters

3/18
17%

4/19
21%

5*/22
23%

4/13
31%

* Includes 1 animal with total litter loss

In the Control and LD groups, most pup loss occurred within days 0 - 4 postnatally while in the 

MD group the loss occurred later in the postnatal phase; at HD, pup deaths occurred throughout 

the postnatal period, with most occurring after Day 7. Data are summarized in the reviewer table 

below:

Viability Index

Number litters losing ≥3 pups Control   (3) LD         (4) MD         (5) HD        (4)

Days 0 - 4 2 4 1 3*

Days 4 - 14 1 0 4 2*

* Includes 1 animal with a loss of greater than 3 pups both before day 4 and a second time after day 7
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The increased proportion of litters with higher incidence of mortality had no effect on the mean 

number of live pups/litter at various ages as shown in the sponsor table (Table modified by 

reviewer to show only the litter size data) below:

Reviewer:  Although there appeared to be an increase in pup mortality at the mid and high 

dosages during the post-weaning observational period, the observed number of pups/litter 

remained within the historical range of the test facility (see sponsor response to question 1 of 

the information request in the regulatory background).  

The sponsor was requested to explain the increased mortality (see sponsor response to 

question 3 of the information request under regulatory background).  It was suggested the 

combination of high mortality in few litters, postmortem exams revealing no milk in pup stomach 

along with gas distention in the stomach, and large litters leading to weaker pups not being able 

to compete for nursing were responsible which led to their interpretation that this effect was 

incidental.  However, this explanation is in contrast to the conclusion in the report which 

identifies the low dosage as the NOAEL based on the mortality of the F2 occurring at the mid 

and high dosages.  The data do not also fully support this interpretation as there were also 

larger litters in the various groups in which there was no pup loss, there were no obvious effects 

on litter weight, and data regarding the presence of milk in stomach was not collected except as 

a necropsy observation in the few pups evaluated.

Regardless of the absence of an effect on litter size at the various ages, the increased mortality 

occurring during the last week of the observation period at the mid and high dosages led to the 

identification of the low dose as the NOAEL by the sponsor.  At this point the sponsor has not 
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identified a mechanism to account for the mortality.  This reviewer agrees with the identification 

of the NOAEL as the low dose.

F2 Generation Clinical Signs, Body Weight, and Necropsy Observations

Clinical signs were noted in some of the F2 pups leading to a decision to necropsy selected 

pups.  At the H dose, 7 pups from 3 litters were reported with respiration irregularities and 

distended intestines from ca Day 8 of lactation (similar to F0). Necropsy findings of these 

animals included intestines distended with gas and abnormal (yellow) stomach contents. 

At the M dose, a total 16 pups from 6 litters were killed prematurely (7/16) or found dead (9/16) 

from ca Day 10 of lactation with clinical signs of slow /irregular breathing, swollen abdomen and 

darkened skin. Necropsy findings from selected animals revealed swollen abdomen distended 

by contents (yellow) and stomach distended by gas.

At the L dose a single pup was killed prematurely (Day 17 of lactation) due to irregular 

breathing, lump on abdomen, cold to touch, and appeared unfed. This pup had no necropsy 

findings.   

There were no effects on body weight during the 14 day observation period.

Reviewer, issues with the study: Some typical study parameters were not included in the report 

and/or protocol that may have helped identify potential reasons for some of the observations.  

For example, the protocol indicated F1 and F2 pups will be evaluated for the presence of milk in 

the stomach but these data were not provided in the report, estrous cycle evaluations of F1 

females would have provided info on the reproductive readiness, and it appears that necropsies 

were only performed on selected F2 pups.

The low number of F1 animas at the HD may have masked potential drug-related effects on 

growth and development. The low number of F1 animals at HD may also have affected the 

magnitude of the observations on the F2 generation. 

Note: Based on the preliminary review of the reproductive studies, an information request was 

sent to the sponsor asking for additional information.  The questions and sponsor responses are 

rovided below:
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Reviewer: Regarding Response 4, peri/postnatal studies typically include a mid-gestation C-

section of F1 animals (eg, pregnancy status, the numbers of live and dead fetuses) rather than 

allowing them to deliver and nurse the F2 offspring for a period of time.

10 Special Toxicology Studies

None
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reproductive toxicology. Oral (gavage) administration was conducted in rodent with omefas 

(extracted from Epanova soft gel capsules) and in dogs with oral Epanova soft gel capsules.

Pharmacology: Based on available data, long chain polyunsaturated fatty acids (PUFAs) are 

absorbed from the small intestine and transported by the lymph to systemic distribution. 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. Omega-3 fatty acids EPA and DHA inhibit inflammatory mediators such as 

prostaglandin E2 (PGE2) and leukotriene B4 (LTB4) as well as cytokines such as IL-1β and 

TNF-α.  Therefore, fish oil containing EPA/DHA is beneficial for inflammatory diseases (e.g. 

Crohn’s disease). Its potential safety concerns are possible increased bleeding time (risk of 

hemorrhage), increased liver function enzymes, skin hypersensitivity, and gastrointestinal upset.

Furthermore, omega-3 fatty acids can 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. 

The Sponsor conducted no pharmacology studies. Based on repeat-dose toxicology studies, no 

safety concern for cardiovascular or neurological toxicities is evident. The respiratory toxicity in 

rodents studies was due to gavage-treatment and was not relevant to humans. Potential safety 

concerns have been identified for increased liver function enzymes. 

PK/ADME: The Sponsor did not submit the general ADME studies. Findings of limited 

submitted studies suggested that Epanova at concentrations of 0.5% to 1%, in vitro permeation 

of Methotrexate across Caco-2 cell monolayer, showed no influence on the transport of 

Methotrexate in vitro model of the intestinal barrier. Epanova effects on different CYP450 

isoenzymes were concentration dependent. In addition, significant drug-drug interaction is not 

expected up to 10 μM omefas. Moreover, EPA and DHA are inhibitors and substrates of several 

cytochrome P450 isoenzymes.  

Toxicokinetics: The Sponsor conducted TK studies in the repeat-dose toxicity studies in mice, 

rats and dogs. Findings of these studies generally suggested that the levels of EPA and DHA 

increased over time and with dose levels. 

Toxicology Studies

In general, repeat-dose toxicity studies showed the intended pharmacological effect of Epanova 

by decreased plasma levels of total cholesterol and triglycerides. In rodent, Epanova (omefas) 

up to 4g/kg/day showed generally no mortality; however, after three months, all studies showed 

mortality in a dose-response manner with clinical signs of abnormal sneezing, wheezing 

respiration, subdued behavior, piloerection, and excess salivation. In general, mortality in these 

studies was treatment-related because of gavage procedure with oily, acidic formulation of 

omefas, which caused abnormal sneezing and/or wheezing respiration and excessive salivation 

(dose-response) and the respiratory tract lesions. The liver was the target organ toxicity across 

species (rat, dog) based on increased serum liver enzyme activities.   
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Epanova is comprised of the free fatty acid forms of EPA and DHA and is acidic.  The sponsor 

indicates that the acidity is  

.  It is thought that aspiration of the formulation either as a single event or as multiple 

aspirations over time results in irritation and subsequent changes to the respiratory tract.  These 

changes to the respiratory tract appear to be dose volume related and where therefore more 

pronounced in rodents, especially rats given the highest volume of 2.2 ml/kg/dose (2000 

mg/kg/day).  

Mice study:  Dose-range study was conducted in the wild type rasH2 mice with omefas up to 

4000mg/kg/day to select dose levels for the 6-month transgenic carcinogenicity study. The MTD 

exceeded 4000mg/kg/day omefas; therefore, this dose level was established for NOAEL (5 fold 

safety margin to MRHD of 4g/day based on the body surface area comparison). 

Rat studies: The 4-week oral toxicity study was conducted with omefas up to 5000mg/kg/day. 

The NOAEL was established at 1000 mg/kg/day based on increased the plasma levels of ALT 

and ALP activities at dose levels above 1000mg/kg/day. 

The 13-week oral (gavage) bridging toxicity TK study was conducted with two formulations of 

omefas (up to 2000mg/kg/day) and approved fish oil, Lovaza (Omacor, at 2160 mg/kg/day) to 

determine the dose-selection for the rat carcinogenicity study with omefas. Findings of this study 

showed the higher bioavailability for omefas (AUC for EPA and DHA was 1.7- and 2.5-fold 

higher, respectively) compared to omacor treated animals. This higher bioavailability was based 

on free fatty acid form of omefas, which does not require lipases prior to absorption. Also, in 

this study, differences existed in body weight gains and food consumptions between animals 

that were treated at similar dose levels with these two formulations (lower in omefas-treated 

animals). These differences were not considered for the dose-selection for the 2-year-

carcinogencity study. In addition, combinations of these two compounds DHA and EPA, with 

free fatty acid (Epanova) or ethyl ester (Lovaza) formulations along with a significant difference 

in ratio of these compounds probably make different in pharmacological properties of each 

formulation. Therefore, the dose-selection for the 2-year carcinogenicity study with Lovaza was 

not valuable for Epanova in this study. 

Target organ toxicity was at 2000mg/kg/day for liver, lung and kidney. In the liver, changes in 

liver enzymes activities for ALP, ALT, and AST were reported, which were correlated with higher 

liver weight at 2000 mg/kg/day omefas and microscopic findings of cholangiohepatitis with 

widespread biliary proliferation with hepatocellular necrosis in one 2000mg/kg/day treated male. 

In the kidney, dose-related trend in mild microscopic basophilic cortical tubules was reported in 

all 2000mg/kg/day treated males and one female in comparator. In the lung, dose-response 

alveolar macrophage accumulation was reported in all animals. Moreover, in the heart, in one 

2000 mg/kg/day treated female, moderate inflammation of the epicardial surface of the heart 

and mild inflammation of the pleura were reported (probably was due to gavage injury).  NOAEL 

was at 600mg/kg/day for omefas treated animals. 

The 26-week oral toxicity study was conducted with omefas up to 2000 mg/kg/day. Findings of 

this study showed mortality in a dose-response manner (more in males).  The cause of death 
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was treatment-related because of gavage procedure and microscopic findings in the respiratory 

tract lesions. Target organ treatment-related toxicity was liver at 2000 mg/kg/day (liver weight 

increased with increased ALP enzyme activity).  NOAEL was at 600mg/kg/day omefas.

Dog studies: The 4-week subacute toxicity study in dogs was conducted with Epanova soft gel 

capsules (oral) up to 3000mg/kg/day.  Target organ toxicity was identified for liver based on 

increased serum levels of ALP, liver weights, and microscopic finding of increased in the 

severity of plant cell structures in the liver. NOAEL was at 1000 mg/kg/day Epanova soft gel 

capsules. 

In the 39-week oral toxicity study in dogs, Epanova soft gel capsules were given (oral) to dogs 

up to 1000 mg/kg/day.  Dogs had incidences of liquid/loose feces in a dose response manner.  

The target organ toxicity was liver, based on changes in serum enzymes activities of ALP and 

AST and microscopic finding of focal necrosis (1/4). Microscopic findings were reported for 2/4 

male dogs at 1000mg/kg/day as follows: in the heart: 1/4 dog with granuloma /macrophage 

aggregates, epicardial, focal; and in the aorta: 1/4 dog with mineralization, adventitial, focal. 

One of these 2 dogs also was noted with liver focal necrosis. 

Genotoxicity Studies:

Epanova was not mutagenic in a battery of genetic toxicology studies, including the Ames 

bacterial assay, the chromosomal aberration study, and in the in vivo rat micronucleus study. 

Carcinogenicity Studies:

The 2-year rat study: Rats were given omefas orally (gavage) at 0 (corn oil), 100, 600, and 

2000 mg/kg/day or 2.2, 0.11, 0.65, or 2.2 mL/kg/day, respectively. The dose-selection was not 

submitted to the Agency. The HD was selected based on MTD from the 13-week oral repeat-

dose toxicity study and available carcinogenicity data from approved fish oil Lovaza. There was 

no mortality issue for these two studies. However, because of the low survival rate, there were 

deviations from the protocol regarding the early discontinuation of dosing and termination of all 

groups (with ECAC consultation). Therefore, animals were treated for at least 83 weeks for 

males and at least for 65 weeks for females. Treatment-related mortality was statistically 

significant for the trend in dose and in the comparison among groups (CDER biostatistics Males: 

p≤ 0.0004, Females: p<0.0001). The cause of death was non-neoplastic and was due to 

respiratory tract lesions based on clinical signs (excess salivation, and abnormal respiration) 

and gross / microscopic lesions findings.

Drug-related benign sex cord stromal tumors of the ovaries at 2000mg/kg/day were observed, 

which were statistically significant for both trend (P=0.0005) and pairwise comparison

(P=0.0054). The benign ovarian sex cord tumor at 2000mg/kg/day (5 fold to the MHRD of 

4g/day) exceeded concurrent control and historical controls and was drug-related dispute early

discontinuation of dosing and termination of 2000mg/kg/day treated females. 

Non-neoplastic findings were reported in the respiratory tract (larynx: squamous metaplasia; 

lungs: bronchus-associated lymphoid tissues in males; nasal cavity: squamous metaplasia; and 
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trachea), in the kidney (tubular dilatation); large and small intestine (lumen dilation and crypt 

hyperplasia); and liver (focal mononuclear cell inflammatory infiltrates). 

Late in the review cycle, CMC identified the safety issue for the Sponsor’s specification limit of 

 as an impurity in Epanova capsules.  is a rodent carcinogen 

and likely human carcinogen based on the International Agency for Research on Cancer (IARC) 

classifications. The sex chord stromal ovarian tumors reported in the Sponsor’s 2-year rat study 

were also noted in the Sponsor’s justification for the tumor profile of provided

by  (Table 3.3.1-2, Page 7 of the report as well as ovarian granulosa from the 

NTP 2004 carci study with ; sex chord stromal tumors are a subtype of ovarian 

granulosa tumors). The preclinical data would support a specification of  ppm. In addition, 

the Agency requested that the Sponsor revise their specification as low as possible because of 

the potential concern.  

The sponsor has indicated that  

this specification was lower than those based on ICHM7 guidelines for genotoxic impurities and 

that .  

The 26-week Tg.rasH2 mice study: Mice were treated with omefas at 0 (water), 500, 1000, 

2000, and 4000 mg/kg/day or 4.4 (Water), 0.55, 1.1, 2.2 and 4.4 mL/kg/day, respectively (ECAC 

concurred). Mortality in this study increased statistically significantly in all dose groups for both 

genders. The high dose (4000mg/kg/day) animals were removed from the study on Day 73 with 

50% surviving. The cause of death was considered to be non-plastic based on pathological 

findings in the respiratory tract. No drug-related neoplasms were found in mice that were 

considered treatment-related up to 2000mg/kg/day (5 fold to the MHRD of 4 g/day based on a 

body surface area comparison). Non-neoplastic findings were reported for hyperplasia in the 

non-glandular portion of the stomach and for inflammatory lesions in the nasal cavity, trachea,

and lungs. 

Reproductive Toxicology Studies:

Findings from these studies in rats suggested no treatment effects on reproductive 

performance, early embryonic development, maternal or fetal toxicity were in treated rats up to 

2000mg/kg/day (5 fold to MHRD of 4 g/day; based on systemic exposure). In rabbits, NOAELs 

were established for the maternal at 500 mg/kg/day and for the embryo-fetal development at 

100 mg/kg/day (about 2.4 and 0.5 fold, respectively to MHRD of 4g/day; based on a body 

surface area). At higher exposure, 750 mg/kg/day, there was mortality due to abortion, body 

weight loss and fetal skeletal variation in treated animals.

In the pre/post natal rat oral study, F0 animals showed mortality (9/24 at 2000mg/kg/day) due to 

difficulties during or shortly after parturition. In addition, these animals showed lower body 

weight gain/food consumption with macroscopic revealed abnormal stomach and/or intestinal 

contents and glandular mucosa abnormalities.  Therefore, at this dose level, there were fewer 

live litters and fewer pups (surviving to day 4) for evaluation. At F1, there were no effects on 

growth or development or on their ability to initiate and maintain a pregnancy. However, there 
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Histopathological Tables for the 26-Week Repeated Dose Oral Carcinogenicity Study in
Tg.rasH2 Mice:
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regulations and guidelines for format 
and content in a manner to allow 
substantive review to begin?   

X  

The eCTD submission has 5 modules – 
regional, common technical document 
summary, quality, nonclinical study 
reports, and clinical study reports. 

 
2 

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

X 
  

 
 

 
3 

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

X 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505b1 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)? 

X 
 

 
 

 
Nonclinical studies were conducted based 
on the Agency’s recommendation during 
the PNDA meeting.  
The Sponsor conducted carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, and repeat dose toxicity studies. 
No formal safety pharmacology and ADME 
studies have been conducted with 
Epanova because of well-established 
information in the published literatures. 
  

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 oral route, some studies 
may be by routes different from the 
clinical route intentionally and by desire 
of the FDA). 

X 
 

 
 

All nonclinical studies were conducted 
with the same formulation and the route of 
the administration that are planned to be 
marketed.   
 
 

 
6 
 
 

Does the route of administration used in 
the animal studies appear to be the 
same as the intended human exposure 
route?  If not, has the applicant 
submitted a rationale to justify the 
alternative route? 

X 
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Please identify and list any potential review issues to be forwarded to the Applicant for 
the 74-day letter. 
 
Parvaneh Espandiari, Ph.D 
Reviewing Pharmacologist      Date 
 
Karen Davis Bruno, Ph.D 
Team Leader/Supervisor      Date 
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