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Disclaimer 
 
Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA 204977 are owned by TRYGG Pharma Inc. or are data for which TRYGG 
Pharma Inc. has obtained a written right of reference. 
Any information or data necessary for approval of NDA 204977 that [TRYGG Pharma Inc. 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 NDA 204977. 
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Executive Summary 

1.1 Introduction: AKR-963 capsules (Proposed Trade Name: OMTRYGTM), a formulation 
of omega-3-acid ethyl esters sourced from fish oils, are indicated for the treatment of 
hypertriglyceridemia (triglycerides  >500 mg/dl), which is the same indication as the 
approved reference drug, Lovaza (NDA 21-654).    Similar to Lovaza, AKR-963 contains 
at least 900 mg omega-3 fatty acid ethyl esters per capsule.  These are predominantly a 
combination of ethyl esters of eicosapentaenoic acid (EPAee, approximately 465 
mg/capsule) and docosahexaenoic acid (DHAee, approximately 375 mg/capsule).  The 
proposed daily dosage of AKR-963 is 4 capsules per day or 60 mg/kg/day. 

1.1.2 Additional Non Clinical Recommendations:  

 No additional pre-clinical studies are required for this drug product. 
 

1.1.3 Labeling: See the recommended  labeling changes on page 95.  
 

1.2 Brief Discussion of Nonclinical Findings 

 
Sponsor conducted one 28-day comparative bridging toxicity study of AKR-963 with Lovaza in 
rats (main group= 10M + 10F rats) using doses of 200 and 4000 mg/kg/day with both AKR-963 
and Lovaza.   This study did not include control groups and only evaluated the high dose treated 
groups (AKR-963 and Lovaza) for histopathology.    There’s no evidence of pharmacologic 
activity in this study, as no effects were noted on triglycerides and total cholesterol in either 
treatment group compared to historical controls.    The historical control ranges provided by the 
CRO are inadequate based on the age of the animals and the data years of collection to 
supplant concurrent controls, which may explain the apparent lack of pharmcodynamic or PD 
effects.    In the 28-day toxicity study, AUC exposures of DHA and EPA were generally 
comparable with both drugs, and exposures were higher on day 28 than on day 1 (with both 
AKR-963 and Lovaza).    At a HD, AUC exposures of DHA on day 28 were 1992 / 790 mcg.h/m 
in male/females respectively (vs 1945/ 963 mcg.hr/ml in males/females with Lovaza).     EPA 
exposures on day 28 were 2594/ 2201 mcg.h/ml (vs 2636/1636 mcg.h/ml in males/females 
respectively with Lovaza).    Note that male rats had higher exposures of DHA, than female rats 
and drug accumulates over time.     One male rat dosed with AKR-963 at 4000 mg/kg/day was 
found dead on Day 14  from a TK group (animal # 032 died, from 6M+6F/group), which was not 
noted with Lovaza.    The cause of death is unknown but marked congestion in the liver and 
lungs was observed.  Sponsor states that pale appearance of the heart and pulmonary 
congestion without any other obvious signs of toxicity was highly suggestive of an acute cardiac 
failure in this animal.    Although the cause of a sudden death was undetermined, this condition 
was not considered treatment-related due to the lack of any other toxicity in this rat, and in the 
remainder of the rats from the same group.    Additionally, sponsor outlined literature that shows 
a single death in a 28-day rat study, as well as shortened ventricular action potential in pigs, 
along with in vitro hERG channel effects, suggesting an occasional pro-arrythmic effects of fish 
oil, despite a weight of evidence of anti-arrhythmogenic effects.    Limited histopathology data 
were provided in this toxicity study.   In general similar histopathology findings were noted with 
both drug products.  Target organs of toxicity with both drugs were liver (inflammation in 3/20 
rats vs 3/20 rats with Lovaza), kidney (inflammation in 3/20 rats vs 3/20 with lovaza) and eyes 
(focal retinal degeneration of mild severity in 1/10 female rats with both AKR-963 and Lovaza 

Reference ID: 3352223



NDA 204977   Reviewer: Indra Antonipillai 
 

 4

respectively, but at the end of drug free recovery period it was only noted with AKR-963 in 1/5 
males vs 0/5 with Lovaza).    Note that findings in the urinary bladder were noted with AKR-963, 
not noted with Lovaza (in females subchronic and diffuse mucosal inflammation in 2/10 vs 0/10 
with Lovaza).    Additionally skin findings (hypotrichosis, of moderate severity) were noted in 1/5 
female rats at the end of drug free recovery period with AKR-963, but not with Lovaza.     
 
There are several fatty acid ethyl ester components in the AKR-963 drug product that exceed 
the levels found in Lovaza by >20X  

, and some are present in clinical lots at higher concentrations than those tested 
in the lot used for toxicity testing.   The sponsor has used literature NOAELs from repeat dose 
toxicity studies to establish safety of these ‘related components’.    
 
Note that there are  limitations in the above pivotal toxicity study, these include 1) no concurrent 
controls were included in the bridging toxicity study; 2) we can-not tell if there is efficacy in 
animals, as no changes in triglycerides or total cholesterol  were noted with either drug, 3) we 
cannot set a NOAEL, since the sponsor only provided histopathology at a HD of 4 g/kg/day with 
AKR-963 and Lovaza (no histopathology was conducted on the lower dose groups), 4) the 
toxicity noted in the above study does not appear to be the toxicity seen previously with the 
approved  Lovaza (at 4X lower doses).  It is possible that the relative absence of established 
target organ toxicity reflects the short dosing duration of 4 week study conducted here, and we 
do not have a 4-week rat toxicity study with the original Lovaza NDA, to compare these results 
to lovaza or AKR-963.    
 
However the target organs of toxicity in this study with both drugs were similar, and appear to 
be liver, kidney, bladder, retina, and heart.  Other than the bladder mucosal inflammation 
showing a higher incidence than Lovaza, and one male rat that died in the toxicokinetic group 
with acute cardiac failure with AKR-963, no other differences were noted in toxicity with both 
drugs (lovaza or AKR-963).  The AUC exposures of EPA and DHA (the main ingredients of total 
omega-3-acid ethyl esters) were also in general similar with both drugs.   
 

The NOAEL or tolerated doses of AKR-963 in a 4-week oral toxicity study in rats is considered 
200 mg/kg/day (1200 mg/m2/day) which provides the safety margin of approximately 0.5X in 
humans at a recommended dose of 3600 mg/day (60 mg/kg/day  or 2220 mg/m2/day, assuming 
60 kg subject), based on body surface area.      However the HD, that produced mortality (1/6 
TK animal died) and histopathology findings in the liver, kidney and eyes (in both sexes), and in 
the urinary bladder (in females), provides safety margin of approximately 10X in humans at a 
recommended dose of 3600 mg/day (60 mg/kg/day or 2220 mg/m2/day, assuming 60 kg 
subject), based on body surface area.  Thus, nonclinical data support approval of NDA 204977 

 
 

1.2 Recommendations: The nonclinical data support approval of NDA 204977 
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2 Drug Information 

2.1 Drug 

Omega-3 polyunsaturated fatty acid ethyl esters or Omega-3 fatty acid ethyl esters 
 
Generic Name 
Omega-3 polyunsaturated fatty acid ethyl esters 
 
Code Name: N/A 
 
Proposed Trade name: OMTRYGTM 
 
Chemical Name: of EPAee is  

 
 
Chemical Name of DHAee is 

 
 
Molecular Formula/Molecular Weight:   EPAee  C22H34O2 /  330.51  
 

  DHAee  C24H36O2 /  356.55 
 
Structure:   The structures of the main components of the drug i.e EPAee and DHAee are  
shown below. 
 

 
 
 
 
 

 
 

Nonproprietary Name of Drug Substance 
Omega-3-acid ethyl esters 
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Non-clinical studies 
Since most studies have been conducted with the reference drug lovaza, only a 28-day bridging 
toxicity / toxicokinetics study, and two geno-toxicity studies have been conducted with the 
present drug AKR-963.    
 
 

5 Pharmacokinetics / ADME / Toxicokinetics 

5.2 Toxicokinetics in rats  

 

At a high dose of 4000 mg/kg/day, the AUC exposures with both drugs in general were similar. 
Plasma exposures of both DHA and EPA were higher in males than in females (both on day 1 
and on day 28) following dosing with AKR-963 or Lovaza.   Accumulation of the drug was 
generally noted on day 28 vs day 1.       
 
On day 28, AUC exposures of EPA were slightly higher in females at a high dose of AKR-963 vs 
Lovaza (2201 vs 1636 mcg.hr/ml with Lovaza on day 28).   Also, the AUC exposures of DHA 
were significantly higher in females at a low dose of AKR-963 vs Lovaza (536 vs 135 mcg.hr/ml 
with Lovaza).   
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Table.   AUC exposure comparisons of DHA and EPA following administration of AKR-963 and 
Lovaza in a 28-day bridging toxicity study in rats. 
  
 DHA EPA 
 AUC0-24 hrs mcg.hr/ml 

 
Day 1 / Day 28 

AUC0-24 hrs mcg.hr/ml  
 
Day 1 / Day 28 

Dose: mg/kg/day  
With AKR-963   
Males     
200 492 /  1185 482 / 891 
4000 1248 / 1992 2333 / 2594 
Females   
200 119 / 536 398 / 576 
4000 435 / 790 1597/ 2201 
 
 With Lovaza  
Males   
200 664 / 921 755 /615 
4000 1204 / 1945 2566 /2636 
Females   
200 258 / 135 344 /408 
4000 701 / 963 1592 / 1636 
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Table. Sponsor’s summary of TK data from a 28-day toxicity study in rats is shown below: 
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Table. Sponsor’s summary of TK data from a 28-day toxicity study in rats (continued). 
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Table. Sponsor’s summary of TK data from a 28-day toxicity study in rats (continued). 
 
 

 
 
Thus in general in rats, systemic exposure to AKR-963 and lovaza was similar, it was higher in 
males than in females, generally did not increase in a dose proportional manner from 200 to 
4000 mg/kg in both sexes and exposures (more of DHA than EPA) increased over time 
suggesting accumulation over the 4-week period.  
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Pharmacokinetic in humans 
 
Sponsor has conducted a total of 5 clinical trials: these include four bioequivalence studies in 
healthy subjects (Studies: TRGG-963-003, TRGG- 963-004, TRGG-963-005; TRGG-963-006), 
and one Phase 3 study in patients with high triglycerides levels (TRGG-963-002, with fasting 
triglycerides levels of  500 mg/dL-1500 mg/dL).   
 
The bioavailability studies were conducted under a variety of fed and fasted conditions to 
evaluate the comparative bioavailability of AKR-963 versus Lovaza.    This series of studies 
used the same comparative dose of AKR-963 and Lovaza (3600 mg of omega-3- 
acid ethyl esters [4 capsules] as a single dose).     Studies examined from testing total EPA and 
DHA lipid plasma concentrations after a moderate-fat meal (34% of total kcal) over a 24 hours 
period, to a replicate study after 1) either a high fat meal (50% of total kcal) or 2) in the fasting 
state, over a 72-hour period.   The sponsor measured total EPA and DHA lipids (as well as EPA 
and DHA fatty acids) and also the EPA and DHA ethyl esters. 
 
 
See sponsor’s description below: 
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Initially, sponsor conducted  two PK studies in humans (TRGG-963-003, TRGG- 963-004), see 
the Table below.  Based on the above studies, definite bioequivalence studies were conducted  
in subjects after a high fat meal or in a fasting state (TRGG-963-005; TRGG-963-006) to show 
that the AKR-963 was bioequivalent to Lovaza  
 
 

 
 
 
 
Bioequivalence of AKR-963 (studies TRGG-963-005 and TRGG-963-006) 
 
Trygg determined that the most appropriate bioequivalence approach was a full replicate, 
single-dose study (Study TRGG-963-005) to evaluate the comparative bioavailability and 
bioequivalence of single doses of AKR-963 and Lovaza following a standardized high-fat (50% 
of kcal), high-caloric breakfast.    In addition, Trygg conducted a full replicate, single-dose study 
to evaluate the comparative bioavailability and bioequivalence of single doses of AKR-963 and 
Lovaza in the fasting state (study TRGG-963-006).  Note that all subjects in above study were 
healthy, and no low fat diets were tested in these studies. 
 
 
 
Methods 
Treatment A: AKR-963 (omega-3-acid ethyl esters) capsules (Trygg Pharma Inc., USA) 
Lot No.: 0003559500 [4 capsules administered after a high fat, high calorie breakfast], total 
dose of 3600 mg 
 
Treatment B: Lovaza® capsules (GlaxoSmithKline, USA) Lot No.: 1ZP2915 
[4 capsules administered after a high fat, high calorie breakfast], total dose of 3600 mg. 
 
Thus subjects were given AKR-963 soft gelatin capsule containing a mixture of at least 900-mg 
omega-3-acid ethyl esters, including approximately 465 mg of EPAee and 375 mg of DHAee. 
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Study design is described below: 

 
 
 
 Results 

   
Pharmacokinetic data showed that AKR-963 was bioequivalent to Lovaza under fed and fasted 
conditions in healthy subjects.  As seen in Tables below,  after taking the single dose of 4 g/day 
dose of AKR-963 under high-fat diet, the mean total EPA Cmax and AUC 0-72h  values were ~61 
mcg/mL and ~2243 mcg.h/mL respectively.   The total Cmax and AUC 0-72h values of DHA  
values were 79 mcg/mL and 4252 mcg.h/mL respectively. 
 
However, after taking a single 4g dose of AKR under fasted state,  mean total EPA Cmax was 
~18 mcg/mL and AUC 0-72h was ~1003 mcg.h/mL; and for total DHA the Cmax of ~54 mcg/mL 
and AUC 0-72h of ~3462 mcg.h/ml. 
 
In general similar Cmax and AUC values were noted with Lovaza, see the Tables below 
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Table. Mean total EPA Cmax and AUC 0-72 hrs values in healthy subjects under fasted and 
under high fat diet with AKR-963 single dose of 4 g/day.  
 
                   EPA 

 
                 DHA 

 Cmax  
(mcg/ml) 
 

AUC 0-72 hrs 
mcg.hr/ml) 

Cmax  
(mcg/ml) 
 

AUC 0-72 hrs 
(mcg.hr/ml) 

Fasted state 18 1003  54  3462 
 
High fat diet 61  2243  79  4252 
 
 
 
Table. Mean total EPA Cmax and AUC 0-72 hrs values in healthy subjects under fasted and 
under high fat diet with Lovaza single dose of 4 g/day.  
 
                   EPA 

 
                 DHA 

 Cmax  
(mcg/ml) 

AUC 0-72 hrs 
(mcg.hr/ml) 

Cmax  
(mcg/ml) 
 

AUC 0-72 hrs 
(mcg.hr/ml) 

Fasted state 19  1053  53  3435 
 
High fat diet 66 mcg/mL 2326  81  4299 
 
 
Sponsor states that the results of both studies (TRGG-963-005 and  TRGG-963-006) 
demonstrate that AKR-963 is bioequivalent to Lovaza with respect to EPA and DHA, as well as 
for the parent compounds EPA ethyl ester and DHA ethyl ester (the latter relevant to Study 
TRGG-963-005 only).    Thus for total EPA lipids and total DHA lipids, the 90% confidence 
intervals of the test to reference ratio were entirely contained within the 80%-125% 
bioequivalence range for both Cmax and AUC0-72 hr using the unscaled approach.    
 
The Tables below provide the sponsor’s summary data on the pharmacokinetic and statistical 
analyses for the EPA and DHA on: 1) Total Lipids of Plasma, 2)  Ethyl-esters 3) Free Fatty 
Acids of Plasma. 
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Results from study TRGG-963-005 
 
Table.  EPA data in study TRGG-963-005. 
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Table.  DHA data in study  TRGG-963-005. 
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Table.  Total EPA and DHA ethyl esters from study TRGG-963-005. 
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Table. Free EPA data from study TRGG-963-005. 
 

 
 
 
Table. Free DHA data from study TRGG-963-005 
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Results from study TRGG-963-006 
 
 
Table.  EPA data from study TRGG-963-006. 
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Table.  DHA data from study TRGG-963-006. 
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 As stated before after a 4g single dose under fasted state, mean total EPA Cmax was ~17 
mcg/mL and AUC 0-72h was ~1000 mcg.h/mL; and for total DHA the Cmax of ~53 mcg/mL and 
AUC 0-72h of ~3400 mcg.h/mL.   Under high-fat diet these values were ~60 mcg/mL and ~2200 
mcg.h/mL for total EPA Cmax and AUC 0-72h respectively; and for  total DHA was 80 mcg/mL 
and 4000 mcg.h/mL 
 
 
Efficacy study (TRGG-963-002) 
The results of Phase 3 study in patients with high triglycerides (TRGG-963-002) showed that the 
reduction in median fasting TG compared to placebo was 14.0% (p = 0.0234) for Lovaza, and 
12.2% (p = 0.0412) for AKR-963, demonstrating the assay sensitivity for evaluating non-
inferiority of the 2 active treatments.   
 
As far as the efficacy is concerned, after 12 week of therapy, the non-inferiority of AKR-963 to 
Lovaza for reduction in TG was supported clinically and statistically by a demonstrated lack of 
difference between each treatment on the secondary efficacy parameters of non-HDL-C, VLDL-
C, LDL-C, and HDL-C.   In the above study, there were no clinically significant, treatment 
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emergent changes in clinical laboratory parameters, vital signs, or other physical examination 
findings for any subject in the trial. The study drugs were both well tolerated by all subjects in 
the study. 
 
Sponsor’s Overall Conclusion: 
Sponsor states that the test product AKR-963 (omega-3-acid ethyl esters capsules from Trygg 
Pharma Inc., USA) is bioequivalent to the reference product (Lovaza® capsules from 
GlaxoSmithKline, USA) in healthy subjects after a single, oral dose, under fasted and fed 
conditions.  
 
In conclusion as far as both Plasma total EPA and plasma total DHA are concerned, AKR-963 
appears to be bioequivalent to LOVAZA under fasted state (Trial TRGG-963-006) as well as 
under fed high-fat diet state (Trial TRGG-963-005).     
 
 
Comparison of PK between rat and human studies 
In summary, the pharmacokinetic data between rat and human studies are hard to compare.    
In rats, the AUC exposures were measured for up to 24 hours, while in humans these were 
measured for up to 72 hrs.   The pharmacokinetic data in rats after 28-day treatment were more 
meaningful, while data after a single dose in rats had more variability.   The drug was given to 
humans only as a single dose for pharmacokinetic studies.    Thus safety factor in rats (at the 
high dose of 4000 mg/kg/day) to humans (at therapeutic dose of 3600 mg/day or 60 mg/kg/day) 
was approximately 10X, based on the body surface area, see the integrated summary and 
evaluations.  
 
 
 

6 General Toxicology 
Following toxicity studies have been conducted by the current sponsor: 

Reference ID: 3352223







NDA 204977   Reviewer: Indra Antonipillai 
 

 37
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The comparator drug: Lovaza.  The details on the comparator are provided below: 
 

 
 
 
Formulation/vehicle: 0.4% w/v aqueous methylcellulose.  Dosing volume was 5 ml/kg.   
 
Doses in administered units: 0.2 and 4 g/kg/day.   Note that this toxicity study is deficient, as 
no control group was included in the study, see below why the control group was not included: 
 
  A control group was not included as the objective of the study was to compare the safety and 
toxicokinetic profile of AKR-963 directly to that of Lovaza.  As such, a control group was 
considered to be of limited value and an unnecessary use of animals.  Historical control data for 
rats of similar age were used in lieu of a control group.   
 
Route, form, volume, and infusion rate: Oral, gavage, at dose volumes of 5 ml/kg given once 
daily for 4 consecutive weeks, followed by a 14-day drug free recovery period. 
 
 
Methods (unique aspects): Methods are described below. 
 
The objective, study duration and parameters measured are described below: 
 
This study examined the potential systemic toxicity and target organs for toxicity of fish oil 
product AKR-963 in comparison to Lovaza®, the marketed product, following a 28-day repeated 
oral dose administration in Sprague-Dawley rats.  
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Table. Study design is shown below: 
 

 
 

 
 
Rats were dosed either with test article or comparator for twenty-eight (28)  consecutive days 
(Study Days 1 to 28). On Study Day 29, Main Study animals underwent necropsy.   Recovery 
group animals underwent necropsy on Study Day 43. 
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Following parameters were monitored: 
 
Clinical reactions to treatment were monitored as well as body weight assessment, 
food consumption, clinical pathology, organ weights, and gross pathology.    
 
At the end of the treatment period, all Main Study animals were sacrificed and submitted for 
gross necropsy. The recovery animals were sacrificed at the end of the 14-day recovery period.  
 
 
Gross pathology: At sacrifice.   
 
 
Organs weighed: The list of organs weighed is provided below. 

 
 
Histopathology:  Histopathology evaluations were performed on a comprehensive range of 
organs from all high dose main and recovery Study animals.  With the exception of one TK 
animal that died during the study and which was subjected to gross necropsy and 
histopathology, all other TK animals were euthanized at the end of the study without further 
evaluations. 
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Results 
Mortality:  One male TK rat dosed with AKR-963 at 4 g/kg was found dead on Day 14 (032).  
This death was classified as incidental and not related to the treatment 
 
Here is the sponsor description of these mortalities in the main group animals 

Estimated time of death was sometime after 10-11 pm on the preceding day. The only gross 
finding was well demarcated discoloration (paleness) of the apex of the heart, and histologically 
there was moderate lung and liver congestion.   Pale appearance of the heart and pulmonary 
congestion without any other obvious signs of toxicity was highly suggestive of an acute cardiac 
failure.    Although the cause of a sudden death was undetermined, this condition was not 
considered treatment-related due to the lack of any other toxicity in this rat, and in the remainder 
of the rats from the same group.       Sudden deaths are known to occasionally occur in the 
laboratory rats, and it is usually associated with stress (single housing, bleeding, manipulations, 
gavaging, etc.), vagal stimulation and/or diabetes/hypertension. 
 
Under clinical signs on this animal (in individual animal), sponsor states the following:  
Retrospective analysis of rodent toxicity and carcinogenicity studies revealed that 
approximately 20% of deaths of rats in these studies were classified as undetermined 
(8). Historically at , 1-2 sudden deaths per year occur (in different 
studies ranging from acute to 6-month repeated dose studies). 
 
 
 
The following histopathology was provided on 3/6/13 (after request was made to the sponsor to 
submit this information).   One male was found dead on day 14 at a HD of 4 g/kg/day. 
 

 
 
 
Further explanation on this animal’s death is provided below:  
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 3352223

(b) (4)





NDA 204977   Reviewer: Indra Antonipillai 
 

 46

Clinical signs: Sporadic soft feces were noted in 2/20 and 6/30 rats 0.2 and 4 g/kg/day of AKR-
963 respectively; these were not noted with Lovaza.  Alopecia was noted in 3/25 rats with AKR-
963 vs 2/25 rats with Lovaza (these findings were with combined doses of 0.2 and 4 g/kg). 
 
No summary Table on clinical signs were provided and only descriptions were provided as 
stated below.     
 
Soft feces was observed in 2 out of 20 rats dosed with AKR-963 at 0.2 g/kg and in 6 out 
of 30 rats (gender combined) dosed at 4 g/kg. This observation was only sporadically 
noted and did not last for more than a day.    In addition, alopecia was observed in 3 of 25 rats 
(Low and High dose combined) dosed with AKR-963 and in 2 of 25 rats (Low and High dose 
combined) dosed with Lovaza®.   This finding was considered to be incidental and not related to 
the treatments. 
 
 
Body weights: No significant differences in Mean body weight were noted.  Mean body weighs 
on day 28 in males were 437, 442, at 0.2, 4 g/kg of AKR-963respectively; these with Lovaza 
were 444, and 460 g  respectively.    In females these values were 63, 66 g respectively (vs 67, 
61 g respectively with Lovaza).  The  weight gains were similarly not significantly different 
between AKR-963 and Lovaza (males 132, 133 g with AKR-963 vs 134, 146 g respectively with 
Lovaza;  females 63, 66 g vs 67, 61 g respectively with Lovaza).   
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Food consumption: No drug related effects on Food consumption (FC) were observed. 
 
 
 

 
  
  
Ophthalmoscopy:   With both drug ophthalmological findings were noted, these included 
cataracts only in male rats (2/10 and 2/10 at 0.2 and 4.0 g/kg of AKR-963 respectively vs 3/10 
and 0/10 with Lovaza), hyper-reflective lesions in the posterior segment (in both sexes 
combined in 1/20 and 3/20 rats with AKR-963 respectively vs 1/20 and 2/20 rats with Lovaza), 
and crystalline corneal deposits (in 2/20 and 1/20 rats, respectively vs in 5/20 and 1/20 rats with 
Lovaza).   
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Here is sponsor’s description of these findings: 
 
At the end of the treatment period, crystalline corneal deposits were observed in 2 
and 1 rats in groups dosed with AKR-963 at 0.2 and 4.0 g/kg, respectively, and 5 and 
1 rats dosed with Lovaza® at 0.2 and 4.0 g/kg, respectively, which were not present 
pre-study. 
 
Cataracts were observed at the end of the treatment period in 2 and 2 rats in groups 
dosed with AKR-963 at 0.2 and 4.0 g/kg, respectively, and 3 and 0 rats dosed with 
Lovaza® at 0.2 and 4.0 g/kg, respectively, which were not present pre-study. 
Hyper-reflective lesions (Posterior Segment) were also observed in 1 and 3 rats in 
groups dosed with AKR-963 at 0.2 and 4.0 g/kg, respectively, and 1 and 2 rats dosed 
with Lovaza® at 0.2 and 4.0 g/kg, respectively, which were not present pre-study. 
 
 
None of these were considered significant by the sponsor, see the following explanation: 
 

 
 
Note that increased incidences of crystalline corneal deposits/cataracts/ hyper-reflective lesions 
were noted with Lovaza as well as with AKR-963.  
 
 
Hematology: No effects on Platelet counts, WBC counts and differential counts were noted by 
both drugs.  However, during the drug free recovery period in male rats at a HD, Hct was 
significantly lower with Lovaza  (45 vs 43* % with Lovaza), while reticulocytes were significantly 
higher with lovaza (178 vs 204* 109 /L with Lovaza), but these were not toxicologically relevant 
as the differences were small, and no histological correlates were observed. 
 
Sponsor describes above findings here “only statistically significant difference was noted at the 
end of the recovery period for Hct and reticulocytes between the AKR-963 and Lovaza® groups 
treated at 4 g/kg. Hct was lower and reticulocytes were higher in the Lovaza® group although 
all values remained within the historical ranges. These differences were not biologically 
significant”. 
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Table.  Hematology findings in males at the end of the treatment period with AKR-963 and the 
comparator Lovaza. 
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Table.  Hematology findings in females at the end of the treatment period with AKR-963 and 
the comparator Lovaza. 
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Table.  Hematology findings in males at the end of the of recovery period with AKR-963 and 
the comparator lovaza. 
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Table.  Hematology  findings in females at the end of the recovery period with AKR-963 and 
the comparator lovaza. 
 
 

 
 
 
Coagulation:  During the drug free recovery period in male rats at a HD, Fibrinogen levels were  
higher with Lovaza (304* vs 261 % with Lovaza).  See sponsor’s description of these findings 
below. 
 
Activated partial thromboplastin time (APTT) and prothombin time (PT) were within 
the normal ranges in all test groups of rats at the end of study and recovery periods. 
At the end of recovery, fibrinogen in Lovaza® treated male rats was significantly 
(p<0.05) higher than fibrinogen in the AKR-963-treated group, but this difference 
was not biologically relevant and was well within the historical range. 
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Clinical chemistry:  At a HD, no effects of AKR-963 or Lovaza on triglycerides or cholesterol 
levels were noted in both male or female rats, when compared to the historical controls, 
suggesting no evidence of pharmacologic activity in this study in either treatment group when 
compared to historical controls.     
 
 In male rats (at the end of treatment), ALT levels were increased at a HD with both drugs (73 vs 
74 u/L with lovaza, low dose values were 59 u/L with both drugs); these in the historical control 
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group were 26-71 u/L, however these were reversible at the end of the drug free recovery 
period (50 u/L with both drugs).    At the end of the recovery period at a HD with AKR-963 in 
male rats, creatinine (43 vs 38* μmol/L with Lovaza), and in the female rats globulin levels (30 
vs 28* g/L with Lovaza) were significantly increased with AKR-963 vs lovaza. but these were not 
toxicologically relevant as the differences were small, and no histological correlates were 
observed.    Also in female rats at a HD at the end of recovery period, LDH was increased with 
both drugs (5263 μ/L by 22% with AKR-963 vs  6767 μ/L by 57% with Lovaza).  See sponsor’s 
description of these findings.  
 
 
Table.   Clinical chemistry  findings in males at the end of the treatment period with AKR-963 
and the comparator Lovaza. 
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Table. Clinical chemistry  findings in females at the end of the treatment period with AKR-963 
and the comparator lovaza. 
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Table. Clinical chemistry  findings in males at the end of the recovery period with AKR-963 
and the comparator lovaza. 
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Table. Clinical chemistry findings in females at the end of the recovery period with AKR-963 
and the comparator lovaza. 
 

 
 
Sponsor describes these findings below: 
 
In females dosed with AKR-963 at 0.2 g/kg, both LDH and CK slightly exceeded the 
upper limits of the normal ranges at the end of the study (34% increase for LDH, and 
12% increase for CK). In the groups dosed with AKR-963 or Lovaza® at 4 g/kg, 
LDH and CK levels were within the normal ranges. A similar trend was noted in 
males, where LDH and CK were higher in the 0.2 g/kg AKR-963 and Lovaza® 
groups compared to the 4 g/kg groups (although all values remained within historical 
control ranges for males).    LDH levels were also increased in females dosed with 
either AKR-963 or Lovaza® at 4 g/kg at the end of the recovery period (22% and 
57% increase for AKR-963 and Lovaza®, respectively). CK was also increased in 
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Lovaza® treated recovery females (8% increase). Overall, the trends for LDH and 
CK were similar for AKR-963 and Lovaza®-treated groups. None of the clinical chemistry 
parameters were considered to be significant. 
 

 
Urinalysis: All urinalysis were considered unremarkable.  No summary data were provided. 

 
Organ weights: No effects on changes in organ weights were noted, see below. 
 
Since no control animals were used in this study, the difference in organ weights was 
considered only if the organ weights were outside the normal historical ranges for the age and 
sex of the animals and if the difference in the organ weights was more than 10% (Low dose 
compared to Low dose, and High dose compared to High dose). 
 
Based on these criteria there was no apparent difference in the organ weights (gender 
matched) for spleen, liver, adrenals, testes, kidneys, prostate, lungs, heart, thymus, 
brain, pituitary, ovaries, and uterus.    
 
The summary weights in males and females were provided here, see below: 
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Table.  Organ weights in male rats with AKR-963 and Lovaza. 
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Table.  Organ weights in male rats with AKR-963 and Lovaza (continued). 
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Table.  Organ weights in female rats with AKR-963 and lovaza. 
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Table.  Organ weights in female rats with AKR-963 and Lovaza (continued). 
 
 
 

 
 
 
 
 
Gross pathology: At a HD with AKR-963, findings were noted in the sternum (thickening in 
1/10 male rats), and uterus (fluid-filled in 1/10 rats both at 0.2 and 4 g/kg of AKR-963).  During 
the drug free recovery period at a HD, these were observed in 1/5 female rats (alopecia) and 
1/5 male rats in the right cerebrum (clear fluid-filled cavity, 3-4 mm size). 
 
 
No summary Table was provided.   Sponsor states that there were occasional findings in some 
animals that were considered to be incidental: 
 
• sternum thickening: 1 male rat at 4 g/kg AKR-963; 
• alopecia: 1 female at 0.2 g/kg AKR-963, 2 females at 0.2 g/kg Lovaza® and 1 
recovery female at 4 g/kg AKR-963; 
• fluid-filled uterus: 1 rat from each of 0.2 and 4 g/kg AKR-963; 
• clear fluid-filled cavity (3-4 mm size) in the right cerebrum in 1 recovery male at 
4 g/kg AKR-963; and 
• adrenals small in size in 1 male recovery rat at 4 g/kg Lovaza® 
 
None of these were considered significant. 
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It is not clear if the drug itself had any effects on these parameters because the control group 
was not included. 
 
Histopathology:  Initially, no summary Table was provided.   This information was requested 
on 2/6/13 and sponsor provided it on 3/6/13, however the histopathology data provided was not 
very rigorous one, as not all tissues were included in the histopathology Table, see below.    
Earlier only individual report on each animal was provided and it was hard to make any sense of 
the individual animal data, and no individual histopathology report on the animal (male # 32) that 
died was provided.    
 
Note that similar histopathology findings were noted with both drugs (AKR-963 and Lovaza).  
Target organs of toxicity with both drugs were liver (inflammation in 3/20 rats vs 3/20 rats with 
Lovaza) and kidney (inflammation in 3/20 rats vs 3/20 with lovaza), as seen in the Table below.    
However, histopathology findings were noted in the urinary bladder with AKR-963 (in females 
subchronic and diffuse mucosal inflammation in 2/10 vs 0/10 with Lovaza), these were not noted 
with Lovaza.    Similarly in eyes, focal retinal degeneration of mild severity was noted during 
treatment in 1/10 female rats with both AKR-963 and Lovaza respectively, but at the end of drug 
free recovery period it was only noted with AKR-963 in 1/5 male rats (1/5 vs 0/5 with Lovaza).    
Additionally skin findings (hypotrichosis, of moderate severity) were noted in 1/5 female rats at 
the end of drug free recovery period with AKR-963, but not with Lovaza, see the Table below.     
 
 
Table.  Histopathology findings with AKR-963 and Lovaza are summarized below.   Animals that 
had findings in the recovery group, are shown in the parenthesis. 
 
Histopathology findings AKR-963  

(R=animals in the recovery 
group) 

Lovaza  
(R=animals in the recovery 
group) 

 Males Females Males Females 
Liver-inflammation 0/10 3/10  2/10 1/10 
Kidney -inflammation 0/10  

(1/5 R) 
2/10  1/10 2/10  

(1/5 R) 
Urinary bladder- mucosal 
inflammation 

0/10 2/10  0/10 0/10 

Eyes-focal retinal 
degeneration 

0/10 
 (1/5 R) 

1/10 0/10 1/10 

Heart-Focal subchronic 
inflammation 

0/10 0/10 0/10 1/10 

Skin-Hypotrichosis 0/10 0/10 (1/5 R) 0/10 0/10 
R= recovery animas 
 
Thus the target organs of toxicity in this study appear to be liver, kidney, urinary bladder, retina, 
and heart (1/10 female rats with Lovaza).     Other than the bladder mucosal inflammation 
showing a higher incidence than Lovaza, and one male rat that died in the toxicokinetic group 
with acute cardiac failure with AKR-963, it appears that the toxicity with both drugs (AKR-963 
and  lovaza) in general is similar with regard to incidence and severity in the current study.   
 
However, previously, more toxicity was noted with lovaza in several organs at lower doses, not 
noted with either lovaza or AKR-963 (using 4-fold higher doses) in the current study..    
Additionally because there are no control data in the current toxicity study, we can-not tell if 

Reference ID: 3352223



NDA 204977   Reviewer: Indra Antonipillai 
 

 64

there is efficacy in animals.   We cannot set a NOAEL, since the sponsor only provided 
histopathology at a HD of 4 g/kg/day with AKR-963 and Lovaza, and no histopathology was 
conducted on the lower dose groups.   Thus there is no evidence of efficacy in animals, and the 
toxicity studies do not have concurrent controls.   
   
See the sponsor’s description of these findings 
 

 
 
Following is sponsor’s submitted histopathology summary Table (corrected was provided on 
7/12/13) 

.Values are scored according to grades of responses: none = 0; minimal = 1; mild = 2; moderate 
= 3; marked = 4; severe = 5. 
Empty values indicate not examined. 
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Toxicokinetics:  

With both AKR-963 or Lovaza at a high dose, plasma exposures of both DHA and EPA in 
general were similar; exposures were higher in males than in females, both on day 1 and on day 
28.   Accumulation of the drug was noted on day 28, as the average plasma exposure of both 
DHA and EPA were generally higher (1.9- and 1.2-fold, respectively) than on day 1 with both 
drugs.       
 
Sponsor states that the increases of plasma exposure were only statistically significantly greater 
for AKR-963 low-dose males (day 28 versus day 1), but not for Lovaza low-dose males.    
 
AUC exposures of EPA were 33% higher in females at a high dose of AKR-963 vs Lovaza 
(2201 vs 1636 mcg.hr/ml with Lovaza on day 28).   Also, the AUC exposures of DHA were 
significantly higher in females at a low dose of AKR-963 vs Lovaza (536 vs 135 mcg.hr/ml with 
Lovaza).   
 
 
 
Table.   AUC exposure comparisons of DHA and EPA following administration of AKR-963 and 
Lovaza in a 28-day bridging toxicity study in rats. 
  
 DHA EPA 
 AUC0-24 hrs mcg.hr/ml 

 
Day 1 / Day 28 

AUC0-24 hrs mcg.hr/ml  
 
Day 1 / Day 28 

Dose: mg/kg/day  
With AKR-963   
Males     
200 492 /  1185 482 / 891 
4000 1248 / 1992 2333 / 2594 
Females   
200 119 / 536 398 / 576 
4000 435 / 790 1597/ 2201 
 
 With Lovaza  
Males   
200 664 / 921 755 /615 
4000 1204 / 1945 2566 /2636 
Females   
200 258 / 135 344 /408 
4000 701 / 963 1592 / 1636 
 
Thus systemic exposure of AKR-963 and lovaza at a HD in general were similar, the exposures 
were higher in males than in females, generally did not increase in a dose proportional manner 
from 200 to 4000 mg/kg in both sexes, and exposures increased over time suggesting 
accumulation over the 4-week period.  
 
 
Sponsor’s explanation of TK is provided below: 

Toxicokinetic evaluations of DHA and EPA revealed that on Day 1, oral administration of 
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AKR-963 and Lovaza® resulted in elevation of DHA from endogenous levels by 2.1-fold for 
AKR-963 and 2.3-fold for Lovaza and elevation of EPA from endogenous levels by 31.3- 
fold for AKR-963 and 35.2-fold for Lovaza.    Plasma exposure to DHA and EPA on Day 1 
following oral administration of Low and High dose AKR-963 and Lovaza® was not 
proportional to dose, possibly due to saturation of omega-3 fatty acid transport in the 
gastrointestinal tract. 
 
Cmax was higher in males compared to females (e.g., Day 1; DHA Cmax males 2.2 - 3.1-fold 
vs. females 1.6 - 1.8-fold; EPA Cmax males 15.5-36.0 fold vs. females 8.5 - 16.2-fold, 
respectively) both on Day 1 and on Day 28 following repeated dosing.    These gender-specific 
observations may possibly be related to differences in metabolism and distribution of omega- 
3 fatty acids in males and females.   Following repeated dosing and in general on Day 28, the 
average plasma exposure increased to both DHA and EPA on Day 28 (1.9- and 1.2-fold, 
respectively) compared to Day 1 and dose accumulation was observed; the increases of 
plasma exposure were slightly greater for AKR-963 compared to Lovaza®. In addition to 
dose accumulation, changes in the metabolism and distribution of omega-3 fatty acids may 
have contributed to the increase of plasma concentrations on Day 28. 
 
Overall, there were no statistically significant differences in toxicokinetic parameters between 
AKR-963 and Lovaza groups, when inter-group statistical comparisons were made, and the 
products were found to produce similar toxicokinetic profiles for DHA and EPA with similar 
gender-specific differences and accumulation upon repeated dosing. 
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Overall, oral dosing of rats with the fish oil products AKR-963 and Lovaza resulted 
in plasma exposures of DHA and EPA that displayed similar gender specific differences and 
dose accumulation upon repeated dosing. 
 
 
 
Sponsor’s Tabulated  summary findings are described below: 
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Sponsor’s overall summary of this study is provided below: 

 
This study examined the potential systemic toxicity and target organs for toxicity of fish oil 
product AKR-963 in comparison to Lovaza®, the marketed product, following a 28-day 
repeated oral dose administration in Sprague-Dawley rats.  The animals were dosed at 0.2 or 4 
g/kg with either AKR-963 or Lovaza®. The doses represent the total dose of omega-3-acid ethyl 
esters, docosahexaenoic acid (DHA) ethyl ester and eicosapentaenoic acid ethyl (EPA) ester. 
 
Four groups were used in the study (2 Low dose, and 2 High dose, test or comparator). Each 
Main Study group consisted of 10 male and 10 female rats [strain: Crl:CD®(SD)BR-Sprague- 
Dawley;      Five (5) additional rats per sex were assigned for a 14-
day recovery period in the High dose groups (4 g/kg) only. An additional 6 rats per sex were 
allocated to all groups for toxicokinetics evaluation of EPA and DHA on Days 1 and 28. 
The dose volumes were based on the dose concentrations and a specific gravity of fish oil 
(0.928 g/mL at 15ºC); the concentration of total omega-3-acid ethyl ester in AKR-963 was 
0.777 g/g oil (based on the minimum specification) and in Lovaza® it was 0.90 g/g oil. Based 
on the concentration and specific gravity, the animals in the Low dose (0.2 g/kg) groups were 
dosed at 0.28 and 0.24 mL/kg, for AKR-963 and Lovaza®, respectively.    For High dose (4 
g/kg) groups, the dose volumes were 5.5 mL/kg and 4.8 mL/kg, respectively. 
 
At the end of the treatment period, all Main Study animals were sacrificed and submitted for 
gross necropsy.   The recovery animals were sacrificed at the end of the 14-day recovery 
period. Clinical reactions to treatment were monitored as well as body weight assessment, 
food consumption, clinical pathology, organ weights, and gross pathology. Histopathology 
evaluations were performed on a comprehensive range of organs from all High dose Main 
and Recovery Study animals. With the exception of one TK animal that died during the 
study and which was subjected to gross necropsy and histopathology, all other TK animals 
were euthanized at the end of the study without further evaluations. 
One male TK rat dosed with AKR-963 at 4 g/kg was found dead on Day 14. Estimated time 
of death was sometime after 10-11 pm on the preceding day. The only gross finding was 
well demarcated discoloration (paleness) of the apex of the heart, and histologically there was 
moderate lung and liver congestion. Pale appearance of the heart and pulmonary congestion 
without any other obvious signs of toxicity was highly suggestive of an acute cardiac failure. 
 
Although the cause of a sudden death was undetermined, this condition was not considered 
treatment-related due to the lack of any other toxicity in this rat, and in the remainder of the 
rats from the same group. Sudden deaths are known to occasionally occur in the laboratory 
rats, and it is usually associated with stress (single housing, bleeding, manipulations, gavaging, 
etc.), vagal stimulation and/or diabetes/hypertension.  Daily cage side observations and detailed 
weekly physical examinations showed no treatment-related systemic toxicity in animals of both 
genders in all groups. Soft feces was observed in 2 out of 20 rats dosed with AKR-963 at 0.2 
g/kg and in 6 out of 30 rats (gender combined) dosed at 4 g/kg. This observation was only 
sporadically noted and did not last for more than a day. 
 
There were no treatment-related ophthalmological findings, and there was no apparent 
difference in body weights, body weight gains, and food consumption (gender matched) 
between groups.   There were no clinical pathology (hematology, serum chemistry and 
urinalysis) parameter findings that were considered to be treatment-related, with the exception 
of marginally increased ALT in both groups of male rats dosed at 4 g/kg with either AKR-963 or 
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Lovaza®.   ALT levels were 73 ± 13 u/L and 74 ± 18 u/L, for AKR-963 and Lovaza®-treated 
groups, respectively (normal ranges: 26-71 u/L).    This may be the result of hepatocellular 
leakage due to higher lipid turnaround in the liver, although histopathological evaluation did not 
indicate hepatic lipidosis in either group dosed at 4 g/kg.   At the end of the recovery period, 
ALT levels were normal in both groups of male rats.  Therefore, since these increases were 
marginal, reversible, and without histopathological correlation, they were not considered 
clinically relevant. Gross necropsy and histopathology findings revealed no observations of 
toxicological significance. 
 
In summary in a 28-day comparative oral (gavage) toxicity study of AKR-963 with Lovaza 
in rats (7-8-weeks old, n=10/sex/group), doses of 200, and 4000 mg/kg/day were used.    The 
control group was not included in the study.  The doses represent the total dose of omega-3-
acid ethyl esters, i.e. mostly docosahexaenoic acid (DHA) ethyl ester and eicosapentaenoic acid 
ethyl (EPA) ester.   
 
In general the toxicity of two drugs (AKR-963 and Lovaza) was similar.  At a high dose, the AUC 
exposures of DHA and EPA were higher on day-28 vs day-1 with both drugs.   AUC exposures 
of DHA in males/females were 1992/790 mcg.hr/ml (vs 1945/963 mcg.hr/ml with Lovaza).   
Same was generally true for EPA exposures on day 28 for males (2594 vs 2636 mcg.h/ml with 
Lovaza), but in females these were slightly higher with AKR-963 (2201 vs 1636 mcg.h/ml with 
Lovaza).    At low doses, the exposures of DHA were different with AKR-963 vs lovaza in 
females (AUC values on days 1/28 were 119/536 vs 258/135 mcg.hr/ml with Lovaza) 
 
In a TK group, 1/6 male rat dosed with AKR-963 at 4 g/kg was found dead on Day 14 
(rat # 032), which was not noted with Lovaza.   The cause of death is unknown but marked 
congestion in the liver and lungs was observed.  Sponsor states that pale appearance of the 
heart and pulmonary congestion without any other obvious signs of toxicity was highly 
suggestive of an acute cardiac failure in this animal.   Although the cause of a sudden death 
was undetermined, this condition was not considered treatment-related due to the lack of any 
other toxicity in this rat, and in the remainder of the rats from the same group.  Clinical signs 
such as soft feces were noted in 2/20 and 6/30 rats at 0.2 and 4 g/kg/day of AKR-963 
respectively; these clinical signs were not noted with Lovaza.   No effects on body weights, 
weight changes or food consumption were noted with either drug.    Similar ophthalmologic 
findings were noted with both drugs at a HD,  including cataracts (in males only 2/10 and 2/10 
rats at 0.2 and 4.0 g/kg/day respectively vs 3/100 and 0/10 with Lovaza), hyper-reflective 
lesions in the posterior segment (in both sexes combined in 1/20 and 3/20 rats with AKR-963 
respectively vs 1/20 and 2/20 rats with Lovaza), and crystalline corneal deposits (in 2/20 and 
1/20 rats respectively vs in 5/20 and 1/20 rats with Lovaza).    Hematological findings (mostly 
with Lovaza) were noted during the drug free recovery period in male rats at a HD, these 
included significantly lower hematocrit (45 vs 43* % with Lovaza), and significantly higher 
reticulocyte counts (178 vs 204* 109 /L with Lovaza).   
 
Clinical chemistry showed no evidence of pharmacologic activity, as no effects on triglycerides 
or cholesterol were noted in this study in either treatment group compared to historical controls.  
The control ranges provided by the contract Research Organization or CRO are inadequate, 
based on the age of the animals and the data years of collection to supplant concurrent 
controls.   This may explain the apparent lack of pharmacodynamic or PD effects.   Other 
clinical chemistry findings included  higher LDH levels in females with AKR-963 at both doses 
(5752 & 3992 vs 4375 & 2533 μ/L with lovaza at 200 and 4000 mg/kg/day respectively).    At the 
end of the drug free recovery period, these LDH levels were above the historical control range 
with both drugs (5263 vs 6767 with lovaza), historical controls ranges were 1455-4306 u/L.     
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Key Study Findings 
AKR-963 was tested in duplicates using four strains of Salmonella typhimurium, TA98, TA1537, 
TA100, TA1535 and also the E. coli strain, WP2 uvrA, in the absence and in the presence of rat 
S9-mix.    AKR-963 was not  mutagenic in any of the above tested strains in the absence and in 
the presence of S9-mix.  In conclusion, AKR-963 was not mutagenic in the Ames assay. 
 
 
Methods 

Strains: S. typhimurium strains, TA98, TA100, TA1535,  
TA1537, and the E. coli strain, WP2 uvrA, 

 Concentrations in definitive study: 0, 0.31, 0.63, 1.3, 2.5, and 5.0 mg per plate. 
Basis of concentration selection: No toxicity was observed at the highest dose 

Negative control: 10% (v/v) Tween 80 in DMSO 
Positive control: Without S9   

sodium azide (NaAz),  
2-nitrofluorene (2-NF),  
methyl methanesulfonate  (MMS), 
9-aminoacridine (9-AA). 
With S9  
Benzo[�]pyrene (B[�]P)   
2- aminoanthracene (2-AMA),  
Cyclop-hosphamide monohydrate (CP). 

Formulation/Vehicle: 10% (v/v) Tween 80 in DMSO 
 

 
 
Methods: AKR-963 drug product was dissolved in 10% (v/v) Tween 80 in dimethyl sulfoxide 
(DMSO) for the experiments. The concentrations of AKR-963 investigated for both the plate 
incorporation and preincubation tests with or without metabolic activation were 0, 0.31, 0.63, 
1.3, 2.5, and 5.0 mg per plate.    Once plated, a white emulsion was observed only at the 
highest concentration of 5.0 mg per plate, both in the presence and absence of S9.  No white 
emulsion, nor the small droplets of oil were visible at the lower concentrations.  There was no 
indication of toxicity at any concentration as evidenced by a normal background lawn and 
colony counts similar to the negative control. 
 
Incubation and sampling times:  Both plate incorporation and pre-incubation methods were 
used.    In the plate incorporation test, 0.1 mL of a test article,0.5 mL of phosphate buffer (0.1 
M), 0.5 mL of S9 mix and 0.1 mL of an overnight bacterial culture and 2 mL of appropriate 
molten top agar were combined.  The contents were mixed and layered onto the appropriate 
bottom agar.     In the pre-incubation test, these test components were preincubated at 370C for 
20 minutes prior to adding the top agar and plating.    Negative control plates were similarly 
treated.   Positive controls plates contained 0.1 mL of a mutagenic agents.   Triplicate plates 
were used for each dose level.   The plates were incubated at 37°C for 48 to 72 hrs and 
revertant colonies were counted. 
 
 
Study Validity:  The validity of the study was examined by use of several positive controls and 
a negative control (vehicle).  The tester strain characteristics were checked for genotype 
(requirement of amino acid, ability of DNA repair and ampicillin resistance).      The results were 
considered negative based on the results of statistics (Dunnetts test significance of p<0.05), and 
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the absence of a clear dose response, and the low magnitude of the response.   The negative 
controls for each tester strain were within the historical negative control data.  All concurrent 
positive controls induced at least 3-fold increase in colony counts per plate when compared to 
the corresponding negative controls 
 

Results: 

For the plate incorporation test, with or without metabolic activation, AKR-963 did not produce 
any statistically significant increases in revertants over the concurrent negative controls. 
The pre-incubation test confirmed the negative results.    The negative controls for each tester 
strain were within the historical negative control (DMSO) data.     All concurrent positive controls 
induced significant increases (p<0.001) of at least 3-fold in colony counts per plate when 
compared to the corresponding negative controls. 
  
Thus, it was concluded that AKR-963 was not mutagenic to S. typhimurium strains and E. coli 
strain (WP2 uvrA) in the plate incorporation test, with or without metabolic activation.    The 
preincubation test confirmed the above negative results.  
 
 
Summary of these findings are also described below 
 
Table.  Assay 1-Plate incorporation method (without and with metabolic activation 
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Table.  Assay 2, pre-incubation method-without metabolic activation 
 

 
 
Table.  Assay 2, pre-incubation method-with metabolic activation 
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Methods 
Cell line: Primary human lymphocyte 

 Concentrations in definitive study: Following doses of  AKR-963 were used in the 
experiment:  
 
For 3 hours treatment: in the absence of S9 mix 
doses were: 0, 25, 50, 100 and 200 mcg/mL.    
 
For 20 hours treatment in the absence of S9 
mix, the doses  were: 0, 20, 40, 80, and 160 
mcg/mL.   
 
 For 3 hours in the presence of S9 mix, the 
used doses were: 0, 8.2, 21, 51, 130, 320, 800, 
2000 and 5000  mcg/mL 

Basis of concentration selection: No toxicity was observed at the highest 
concentration.  

Negative control: DMSO or DMSO/Tween 80 were used to 
dissolve the test article and were used as the 
negative control. 

Positive control: Mitomycin C (MMC, at 0.1 and 0.5 mcg/ml)  for 
cells  without S9, and cyclophosphamide (CP-
529414,  at 10 and 20 μg/mL) with S9. 

Formulation/Vehicle: DMSO with S9, or in 10% (v/v) Tween 80 in 
DMSO without S9 

Incubation & sampling time: The AKR-963 was used in the experiment with 
3 hours treatment in the absence of S9 mix (0, 
25, 50, 100 and 200 mcg/mL).   Cells were 
incubated for 20 hours  in the absence of S9 
Mix (at 0, 20, 40, 80 and 160 mcg/mL).   For 
experiments in the presence of S9, 3 hr 
incubation was carried out (at 0, 8.2, 21, 51, 
130, 320, 800, 2000 and 5000 mcg/mL). 

 
 
Methods 
Cultures of human lymphocytes were exposed to varying concentrations of AKR-963 
under three different conditions: 1) a 3-hour exposure in the absence of S9 metabolic 
activation; 2) a 3-hour exposure in the presence of S9, and 3) a 20-hour exposure in 
absenceof S9 activation.     Cells were harvested at approximately 20 hours, or approximately 
1.5 x the normal cell cycle length.    None of the concentrations tested generated precipitates in 
the treatment medium, and the pH and osmolality of all treated cultures were well within the 
normal physiological ranges.   The health status of the cultures was observed under a 
microscope.  The cultures were free of Mycoplasma by direct culture test as indicated on the 
Certificates of Analysis supplied by vendor. 
 
 
Study Validity:  The dose design was appropriate, using concentrations that covered a range 
of no toxicity to severe toxicity in accordance with the current OECD guideline (OECD, 1997).     
Treatment with AKR-963 did not change the pH and osmolality of the treatment system. The 
amount of DMSO in the test system increased the osmolality as expected and was not a factor 
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that interfered with the testing as the osmolality levels were all within the physiological ranges of 
the cultures.  The negative and positive controls presented levels of chromosome aberrations 
similar to the historical data described for human lymphocytes from this Laboratory.    Most of 
the aberrations observed were chromatid breaks (tb).      Moreover, there was no dose-related 
increase in the percent of cells with structural aberrations for all three conditions of treatment 
indicating that AKR-963 was not clastogenic, or an inducer of structural chromosome 
aberrations.    No increase in the number of polyploidy or endo-reduplicated cells was noted for 
any of the treatments. 
 
 

Results: 

Three hours exposure without S9 to 25, 50, 100, and 200 μg/mL AKR-963, yielded 
relative cell growth (RCG) of 104, 84, 79, and 35% and relative mitotic indices (RMI) of 
89, 109, 91, and 16%, respectively, Tables 1 and 2.     Because of the increase in the length of 
treatment, cells exposed to 20 hours without S9, were exposed to a slightly lower concentration 
range of 20, 40, 80 and 160 mcg/mL AKR-963.   This treatment resulted in RCG of 92, 94, 64, 
and 23%, respectively.    The RMI were 89, 74, and 45%, while the highest concentration was 
not scored due to extreme toxicity.  
 
Cell cultures were exposed to AKR-963 for 3 hours with S9 at doses of 8.2, 21, 51, 130, 320, 
800, 2000, and 5000 mcg/mL.  These treatments resulted in RCG of 109, 97, 89, 54, 54, 55, 53, 
and 6%, respectively.    The RMI were 95, 74, 60, and 19%, while the four highest 
concentrations (320, 800, 2000, and 5000 mcg/mL) were not scored due to an extreme 
reduction in RMI (see Tables 1 and 2).  
 
Under these test conditions, no structural or numerical chromosome aberrations were observed 
in the AKR-963-treated cultures beyond those seen in concurrent solvent controls, see Tables 
below. 
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Table 1.  Relative cell growth after 3 and 20 hour treatment( without  S-9 metabolic activation), 
and 3 hours after treatment (with S-9 metabolic activation, middle panel) 
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Table 2.  Relative mitotic index after (3 and 20 hour treatment without S-9 metabolic activation), 
and 3 hours after treatment (with S-9 metabolic activation, middle panel) 
 

  
 
 
Table 3.1. Chromosome aberrations without S-9 (after 3 hour treatment) 
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Table 3.2. Chromosome aberrations with S-9 (after 3 hour treatment) 
 
 

 
 
 
 
Table 3.3. Chromosome aberrations without S-9 (after 20 hour treatment) 
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A low level of chromosome aberrations were observed at all concentrations, including solvent 
control, as tabulated below. 
 

 
 
 
 
 
The assay details and summary of these findings is also provided below: 
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Conclusions 
It was concluded that exposure to AKR-963 did not induce chromosome aberrations in 
cultured human lymphocytes under the conditions of the test. 
 
 
Sponsor’s overall conclusion are stated below (section 2.4.6) 
Trygg is relying on FDA’s finding of safety for the RLD, Lovaza.    In support of the scientific 
validity of this extrapolation, a 28-day repeat administration study comparing AKR-963 and 
Lovaza was conducted.   In this study, no toxicity was observed with either oil, and the 
toxicokinetics of AKR-963 and Lovaza were found to be similar.   The NOAEL from the GLP 
28-day repeat-dose toxicity study with AKR-963 in rats was 4000 mg/kg/day (based on nominal 
concentration of DHAee and EPAee in the oil).   When compared with the proposed clinical 
dose of 60 mg/kg/day AKR-963 capsules (3.6 g/day in 4 capsules) on the basis of body surface 
area,the margin of safety was 10.7.   Additionally, the safety of DHAee- and EPAee-rich oils is 
supported by reports from the published literature for GLP and non-GLP nonclinical studies. 
The difference in fatty acid profile for AKR-963 and Lovaza was further qualified in 
2 genotoxicity studies in which AKR-963 was without genotoxic effect.   The differences in fatty 
acid profile between AKR-963 and Lovaza are not expected to have any impact on the safety of 
the product, based on qualification in the 28-day repeat administration study in rats comparing 
AKR-963 and Lovaza, and genotoxicity studies with AKR-963, the exposure estimated for the 
clinical dose, and adequate safety profile for individual fatty acids, based on calculated safety 
margins or comparison with levels in GRAS oils and dietary sources. 
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In a TK group (6M+6F/group), one male rat dosed with AKR-963 at 4000 mg/kg/day was found 
dead on Day 14 (animal # 032), which was not noted with Lovaza.  The cause of death is 
unknown but marked congestion in the liver and lungs was observed.  Sponsor states that pale 
appearance of the heart and pulmonary congestion without any other obvious signs of toxicity 
was highly suggestive of an acute cardiac failure in this animal.    Although the cause of a 
sudden death was undetermined, this condition was not considered treatment-related due to the 
lack of any other toxicity in this rat, and in the remainder of the rats from the same group.  .  
Additionally, sponsor outlined literature that shows a single death in a 28-day rat study, as well 
as shortened ventricular action potential in pigs, along with in vitro hERG channel effects 
(Verkerk, 2006, Guizy, 2005), suggesting an occasional pro-arrythmic effects of fish oil, despite 
a weight of evidence of anti-arrhythmogenic effects.   
 
Clinical signs such as soft feces (sporadically) were noted in 2/20 and 6/30 rats at 200 and 
4000 mg/kg/day of AKR-963 respectively; these clinical signs were not noted with Lovaza.   No 
effects on body weights, weight changes or food consumption were observed with either drug.   
Ophthalmologic findings were similar with both drugs at a HD; these included cataracts (in 
males only 2/10 and 2/10 rats at 0.2 and 4.0 g/kg/day respectively vs 3/100 and 0/10 with 
Lovaza), hyper-reflective lesions in the posterior segment (in both sexes combined in 1/20 and 
3/20 rats with AKR-963 respectively vs 1/20 and 2/20 rats with Lovaza), and crystalline corneal 
deposits (in 2/20 and 1/20 rats respectively vs in 5/20 and 1/20 rats with Lovaza).     Small 
differences in hematological findings were noted during the drug free recovery period in male 
rats at a HD with Lovaza, but were not toxicologically relevant; these included lower Hct (45 vs 
43* % with Lovaza), and higher reticulocyte counts (178 vs 204* 109 /L with Lovaza).   
 
Clinical chemistry findings showed no evidence of pharmacologic activity, as triglycerides or 
total cholesterol were not different in this study in either treatment group compared to historical 
controls.  The control ranges provided by the contract Research Organization or CRO are 
inadequate, based on the age of the animals and the data years of collection to substitute 
concurrent controls.   This may explain the apparent lack of pharmacodynamic or PD effects.   
Note that ALT levels were increased at a HD with both drugs in males (73 vs 74 u/L with lovaza, 
low dose values were 59 u/L with both drugs); these in the historical control group were 26-71 
u/L), however these were reversible at the end of the drug free recovery period (50 u/L with both 
drugs).   Other clinical chemistry findings included higher LDH levels in females with AKR-963 
(5752 & 3992 ul/L at 200 and 4000 mg/kg/day respectively vs 4375 & 2533 μ/L with lovaza).    
At the end of the drug free recovery period these LDH levels were above the historical control 
range with both drugs in females (5263 vs 6767 with lovaza), historical controls ranges were 
1455-4306 u/L.    Also at the end of the recovery period at a HD, increases in globulin levels in 
female rats were noted with AKR-963 (30 vs 28* g/L with Lovaza).    No changes in organ 
weights were noted.       AKR-963 produced gross pathologic findings at a HD in the sternum 
(thickening in 1/10 male rats), in uterus (fluid filled in 1/10 female rats at 0.2 and 4 g/kg of AKR-
963), in the right cerebrum (clear fluid-filled cavity, 3-4 mm size in 1/5 recovery male at 4 g/kg 
AKR-963) and alopecia (in 1/5 female rats in a recovery group at 4 g/kg AKR-963).   
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       Signed off in DARRTS on  3/13/13 
 

45 Day Meeting Checklist 
NONCLINICAL PHARMACOLOGY/TOXICOLOGY 

 
NDA 21-654: This NDA is a 505(b)(2) application.  
Submission date: 1/31/13 
Sponsor: Trygg Pharma Inc., Arlington, VA. 
Drug: AKR-963 soft gelatin capsules.  The proposed dose of AKR-963 is 4 capsules/day.  
 
Introduction: AKR-963 soft gelatin capsule (liquid filled) drug product contains at least 
900 mg of omega-3-acid ethyl esters, for oral administration. The major components are 
eicosapentaenoic acid ethyl ester (EPAee, approximately 465-mg) and 
docosahexaenoic acid ethyl ester (DHAee, approximately 375 mg), and  (4.6-
mg as ).    
 
AKR-963 lowers triglyceride (TG) by increasing mitochondrial and proximal beta 
oxidation of fatty acid.  This is a 505(b)(2) application.  The reference drug is Lovaza 
(NDA 21-654).   Lovaza has been approved in USA and in several European countries 
for treatment of hypertriglyceridmia (at doses of 2-4 g/day) and myocardial infarction.   
Both drugs (Lovaza and AKR-963) contain ≥ 900 mg of omega-3-acid ethyl 
esters/capsule.  
 
TEM: NDA 21-350 YES NO COMMENT 

1)  Does this section of the NDA appear 
to be organized (according to 21 CFR 
314 and current guidelines for format 
and content) in a manner that would 
allow a substantive review to be 
completed? 
 

 Yes  We recommended that the sponsor 
conduct a comparative bridging 
toxicology study (1-month, one species) 
with AKR-963 and Lovaza, and in vitro 
genotoxicity testing as per ICH Q3A and 
ICH Q3B). The sponsor has conducted 
a 28 day bridging toxicity study with 
AKR-963 and Lovaza, but did not 
include the control group.  Additionally, 
they did not provide the tabulated 
summary of histopathology data during 
the  treatment and recovery periods.  
Also tabulated summaries of  gross 
pathology, and urine-analysis are 
missing in the above submission.  The 
histopathology summary Tables were 
requested on 2/14/13, this information 
was provided by the sponsor on 3/6/13.

2)  Is this section of the NDA indexed 
and paginated in a manner to enable a 
timely and substantive review? 

Yes   
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3)   Is this section of the NDA 
sufficiently legible so that a substantive 
review can be done? Has the data been 
presented in an appropriate manner 
(consider tables, graphs, complete 
study reports, inclusion of individual 
animal data, appropriate data analysis, 
etc.)? 

Yes  Sponsor has conducted the 
recommended toxicology studies,  but 
have not provided the summary Tables 
of gross pathology, and urine analysis 
(at the end of treatment and recovery 
period),  
 
The tabulated summary of 
histopathology data was  provided by 
the sponsor on 3/6/13. 

4) Are all necessary and 
appropriate studies for this agent, 
ncluding special studies/data requested 
by the Division during pre-submission 
communications/discussions, 
completed and submitted in this NDA? 
Please itemize the critical studies 
ncluded and indicate any significant 
studies that were omitted from the NDA 
(genotox, reprotox, adequate duration 
      of chronic tox, carcinogenicity) 

Yes  Have electronic files of the 
carcinogenicity studies been submitted 
for statistical review?  
 
The carcinogenicity and other pre-
clinical studies have previously been 
reviewed on the reference drug Lovaza, 
so carcinogenicity study is not required 
Most of the non-clinical studies were 
conducted under reference drug 
Lovaza, previously submitted under 
NDA 21-654.  
 
We had recommended a comparative 
bridging toxicology study (1-month, one 
species) with AKR-963 and Lovaza and 
in vitro genotoxicity testing (as per ICH 
Q3A and ICH Q3B), which would likely 
provide the necessary information as 
well as provide qualification of any 
differences in impurity/ degradant 
profiles between the products.  As 
stated earlier, sponsor has conducted 
the above toxicology studies. 
    

 
 
 
TEM YES NO COMMENT 

5)   Were the studies adequately 
designed (i.e., appropriate number of 
animals, adequate monitoring 
consistent with the proposed clinical 
use, state-of-the art protocols, etc.)? 

Yes  n general the studies are adequate, 
however, the control group was not 
ncluded in the 28-day bridging toxicity 
study in rats, which is a review issue.  
Other non-clinical studies have been 
reviewed under the reference drug NDA 
21-654. 
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TEM YES NO COMMENT 

9)   From a pharmacology/toxicology 
perspective, is this NDA fileable? If not, 
please state in item # 10 below why it is 
not. 

Yes  From the Pharmacology /toxicology 
point of view, the application is fileable.  
However note that the above pivotal 
toxicity study for the 505(b)(2) 
submission lacks a vehicle control; and 
there are differences between the 
products, which may be attributed to 
the finding of the drug (AKR-963), since 
there is no control included in the study. 
 
However, we will determine if there are 
clinical comparative PK data that would 
allow the sponsor to refer to the finding 
of safety and effectiveness of their 
product to Lovaza, such that the animal 
head-to-head comparison is not 
needed.  Also there may be CMC issues 
n terms of impurities/ degradents / 
excipients of a concern, which will be 
considered. 
 
Additionally, we will evaluate if the 
tabulated histopathology and other data 
submitted by the sponsor are adequate 
based on the historical / background 
data submitted (instead of a control 
group in the bridging toxicity study). 
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Reasons for refusal to file:   N/A 

 
 
Reviewing Pharmacologist:  Indra Antonipillai, HFD-510 
 
Supervisory Pharmacologist:  Karen Davis-Bruno  
File name: 204977-filing.  
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