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Introductory Comments: The pharm/tox reviewer and team leader concluded 
that the nonclinical data support approval of mipomersen for the indication listed 
above.  
 
The recommended pharmacologic class for mipomersen is oligonucleotide 
inhibitor of apolipoprotein B-100 synthesis. 
 
Mipomersen was not teratogenic in mice or rabbits at doses providing modest 
margins of exposure (2 to 5 times) compared to humans. Some effects were 
noted in pups from female rats treated with mipomersen from gestation day 6 
through day 20 of lactation. Decreases in pup body weights, impaired reflexes 
and grip strength were observed at approximately 2-times the anticipated human 
dose and decreased rat pup survival was observed at approximately 3-times the 
anticipated human dose. 
 
Two year carcinogenicity studies of mipomersen were conducted in rats and 
mice. The Executive Carcinogenicity Assessment Committee found the studies 
adequate. The Committee concluded that hepatocellular adenomas and 
combined hepatocellular adenomas or carcinomas were drug-related in female 
mice administered 60 mg/kg/week mipomersen. In addition, hepatocellular 
adenomas or carcinomas, combined, in both sexes were drug-related in mice 
administered 60 mg/kg/week of a mouse surrogate oligonucleotide. 
Fibrosarcoma of the skin/subcutis in males and hemangiosarcomas in females 
administered 60 mg/kg/week were also considered drug-related. Lower doses did 
not exhibit increases in drug-related neoplasms. 
Fibrous histiocytoma of the skin/subcutis in male and female rats at ≥ 10 
mg/kg/week were considered to be drug-related. In addition, fibrosarcoma of the 
skin/subcutis in females at ≥ 10 mg/kg/week and combined 
fibroma/fibrosarcoma/fibrous histiocytoma of the skin/subcutis in 
females at ≥ 10 mg/kg/week were considered to be drug-related. 
  
Conclusions: 
I agree with the division pharm/tox conclusion that mipomersen can be approved 
from the pharm/tox perspective for the indication of homozygous familial 
hypercholesterolemia. Some of the nonclinical findings occurred at doses or 
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exposures that are relatively close to clinical doses/exposures. However, some of 
the findings are likely to be of low relevance to humans or offer a risk that may be 
acceptably balanced if adequate clinical benefit has been shown for this 
particular indication. I reviewed draft labeling and provided comments to the 
division separately. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES   
Food and Drug Administration  
 

Memorandum 
 
Date:  December 3, 2012  
From:  Karen Davis-Bruno PhD; Pharmacology Supervisor; DMEP  
Subject:  Supervisory Pharmacology/Toxicology Memo 

  To:  NDA 203-568 
 
 
Reference is made to the primary Pharmacology/Toxicology Review which 
recommends approval.  I agree with this recommendation. 
 
Mipomersen (Kynamro) is a drug product with a novel mechanism of action for 
treatment of an orphan dyslipidemia indication of homozygous familial 
hypercholesterolemia (hoFH).  It is a phosphorothioate anti-sense oligonucleotide 
(ASO) that inhibits the synthesis of human apoB100.  Pharmacology studies in 
multiple species have established that apoB100 synthesis reduces the circulating 
levels of apoB containing lipoproteins (i.e. VLDL, LDL and lipoprotein a).  
Although rodent models do not imitate the atherosclerotic plaque rupture and 
ensuing myocardial infarction seen in the human disease, the mouse models of 
atherosclerosis (e.g. LDLr-KO mouse, human apoB transgenic/ LDLr-KO mouse 
and apoE-KO mouse) do show a reduction in aortic plaque burden that correlates 
with ASO mediated decreases in apoB100 expression.    
 
In contrast, phosphorothioate  ASOs are anticipated to have proinflammatory 
effects as a result of stimulation of the innate immune system, in particular 
macrophages and dendritic cells leading to release of cytokines and chemokines.  
Additionally, ASOs activate complement via the alternative pathway by inhibition 
of factor H, a negative regulator of the alternative pathway.   The proinflammatory 
signals seen in all animal species tested with mipomersen are dose-related and 
include: 

• Evidence of acute phase response 
• Changes in lymphoid organ weights 
• Infiltration of histiocytes ± lymphocytes into multiple tissues 
• Histiocyte activation (i.e.  hypertrophy/ hyperplasia) 
• Occasional infiltrates of leukocytes ( e.g. neutrophils or eosinophils) into 

multiple tissues 
• Lymphoid hyperplasia 
• Changes in leukocyte levels 
• Increased cytokine and chemokines 
• Injection site inflammation 

 
Complement activation was investigated in monkeys (not rodents) in the 
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mipomersen development program.  This is observed at a 20 mg/kg SC dose of 
mipomersen (Cmax=47 mcg/ml) in the monkey (~6-times the anticipated 
systemic exposure at the maximum clinical dose, MRHD= 200 mg qw).  In vitro 
assessments indicate an absence of direct mast cell activation in the mouse.  An 
influenza host resistance assay in mice did not find perturbations in the ability to 
resolve a viral infection, although a slight to moderate decrease in the magnitude 
of an anti-influenza IgG response at all doses (20-100 mg/kg/week) of 
mipomersen or the mouse surrogate tested was observed.   This indicates that it 
is unlikely that mipomersen induces immunosuppression directly.  It may 
however, potentiate immunosuppression at high drug exposures by an indirect 
effect through for example depletion of C3 complement levels.   
 
The immunologic effects of mipomersen by complement activation, may be 
implicated in the observed inflammatory effects observed in chronic toxicity 
studies in multiple tissues (vascular, cardiac, renal, liver) in multiple species. 
  
General Toxicology:  Chronic studies included a 6-month mouse and 12-month 
monkey toxicity study with mipomersen treatment weekly.  The mouse study also 
included dosing with a mouse specific surrogate (ISIS 147764) at a single dose 
of 75 mg/kg/wk. 
Mouse Toxicity: 
Findings in a 6-month SC mouse study 
Dose 
(mg/kg/wk) 

Human AUC 
Multiple 

Findings 

2 <1 Lymphohistiocytic infiltrate injection site 
Kupffer cell basophilic granules 

10 <1 Lymphohistiocytic infiltrate multiple tissues 
↓ RBC 
↑ MCP-1 

25 1 X ↑platelets 
↓ albumin 
Extramedullary hematopoiesis (spleen) 
↑ weight:  liver, spleen, heart (up to 1.5X) 

75 4 X ↑ ALT, AST, ALKP (2-3X) 
↓ Protein, A/G 
Bone marrow granulocyte hyperplasia 
Thymus lymphoid depletion 
↓ Liver apoB mRNA (30-50%) w/ ISIS 147764 
mouse surrogate 

 
The sponsor has performed cytokine/chemokine analysis on a variety of 
proinflammatory factors.  MCP-1 is the only factor that demonstrates a dose-
dependent increase at mipomersen doses ≥25 mg/kg/wk. MCP-1 (monocyte 
chemotactic protein) recruits monocytes, dendritic and memory T cells to sites of 
injury and infection.  It is produced by macrophages and endothelial cells.   
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Minimal- mild lymphohistiocytic infiltrates (macrophages containing basophilic 
granular material) in multiple tissues and minimal –mild lymph node sinus 
histiocytosis reflect proinflammatory effects and cellular uptake of the drug.  
Minimal-mild basophilic granules in the kidney proximal tubule and liver Kupffer 
cells (minimal-moderate) represents tissue accumulation of mipomersen (or 
surrogate).  The liver being the intended target has a greater severity of this 
finding than kidney.  The mouse specific surrogate (ISIS 147764) was associated 
with minimal-mild hepatic karyomegaly in female mice.     
 
Lymphoid depletion of the thymus (mild-severe) is considered a proinflammatory 
effect of ASOs.  The increased granulocytic hyperplasia of the bone marrow is 
likely a secondary response to the proinflammatory effects of the drug class.  
There was no evidence of steatosis in mice treated with either mipomersen or the 
mouse surrogate. 
 
Minimal to mild “foreign material” is seen in the skin of males given ≥ 10 
mg/kg/day.  It is unclear if this bears any relationship to the increased incidence 
of fibrosarcomas in male mice treated throughout their lifetime at 60 mg/kg/day 
(3X human AUC @MRHD).   
 
Monkey Toxicity: 

 
 
In the 1-year monkey toxicity study, 2 monkeys given 30 mg/kg/wk (animal # 
5007, 5603) had findings initially characterized as extensive vasculitis and /or 
perivasculitis with intimal hyperplasia and rarely reported medial hyperplasia.   
Subsequent peer review by a vascular pathology expert and macaque 
pathologist  re-characterized these lesions as intimal thickening/hyperplasia with 
lymphocytic infiltration occasionally in combination with eosinophils.  The 
endothelium in some arteries from these monkeys were reactive (rounded nuclei) 
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and were focally denuded.  These damaged areas were sporadically associated 
with light eosinophilic material suggestive of early fibrin accumulation in the 
lumen.  The etiology of these vascular lesions is unclear although complement 
activation has been implicated in the development. 
 
A deficiency in complement C3 (consumed during complement activation) 
interferes with the ability of complement to clear immune complexes which is one 
of the basic functions of complement.  The deficiency of C3 in conjunction with a 
pathogenic agent could result in high levels of antigen-antibody complexes, 
resulting in renal tubular deposition and inability to effectively clear immune 
complexes systemically.  Both of these moribund sacrificed monkeys had 
bacterial infections while others in the dose group did not.  The monkeys had 
decreases in plasma C3 and their clinical signs corresponded with transient 
increase in C-reactive protein (CRP) or IL-1β.  Animal #5007 had a very low C3 
level compared to the rest of the cohort and both monkeys had the greatest 
reductions in platelets and up-regulation of platelet activation markers (CD62P).  
Complement activation can result in activation of platelets, increased 
consumption and removal via the spleen.  Animal #5506 exhibited the most 
profound decrease in platelets.  In addition to thrombocytopenia, severe anemia 
and schistocytic RBCs were noted prior to sacrifice, consistent with 
microangiopathic hemolytic anemia.  Necropsy indicated widespread multifocal 
hemorrhage with thrombocytopenia being contributory with multifocal necrosis-
considered secondary to tissue anoxia associated anemia and altered vascular 
perfusion.  
 
Common inflammatory signs with mipo in rodents and monkeys was a dose 
dependent increase in lymphoid organ weight, lymphoid hyperplasia, and multi 
tissue lymphohistiocytic cell infiltrates.  In rodents these effects correlate with 
increases in chemokines as MCP-1.  Fibrosis and morphologic tissues changes 
are not observed.  Multi tissue lymphocytic infiltrates were observed in the 
monkey primarily at the SC injection site.  Instead basophilic granules in 
histiocytes in lymphoid tissue of multiple organs is seen in monkey with all doses 
of mipo.  Monkeys additionally had sporadic increases in CRP and IL-1β 
coincidental with signs of infection.  Repeated complement activation and 
subsequent impairment of innate immunity may have contributed to the sum total 
effects observed.  One monkey each given 10 mg/kg/wk and 30 mg/kg/wk had 
arterial cellular infiltrates without intimal thickening in the GI tract.  Arterial 
perivascular/intimal mononuclear or mixed cell infiltrates with and without intimal 
thickening in other tissues and accompanied by CRP and IL-1β and chronic 
complement activation that were considered treatment related.   The plasma IgG 
levels in these two monkeys were the highest sustained levels compared to 
others in the HD group.  The vascular pathology noted in these 2 monkeys is 
secondary and attributable to chronic repeated complement activation as 
significant decreases in plasma C3 in these two were considered sufficient to 
impair the innate immune surveillance and clearance of immune complex by the 
complement pathways leading to secondary effects on blood vessels.   
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Dose related proinflammatory response evident by detection of biomarkers of the 
acute phase response, expansion of lymphoid tissues, infiltration of lymphocytes 
into multiple tissues, establishment of lymphoid follicles in multiple tissues and 
hypertrophy of histiocytes-which contained basophilic granules possibly 
containing mipomersen are consistent with the experience with distribution of 
other ASOs.  Impaired clearance of the immune complex might also contribute to 
some of the additional inflammatory pathology observed in the liver and kidney.   
 
Liver & Kidney Effects 
The liver Kupffer cell (less in the endothelial and hepatocytes) and renal proximal 
tubular epithelium receive the highest distribution of mipomersen.  In addition to 
pro-inflammatory signals described above, the liver had increased incidence of 
minimal cytoplasmic vacuolation at high exposures.  Kupffer cell 
hypertrophy/hyperplasia is considered an adaptive response to the liver uptake of 
the ASO.  In the kidney in addition to the pro-inflammatory findings found in other 
tissues there was minimal-moderate cytoplasmic vacuolation and minimal-slight 
degeneration of the tubular epithelium in monkeys given ≥10 mg/kg/wk (3-times 
MRHD). 
 
Effects on coagulation have been observed in all species.  Mechanistic studies 
with other ASOs suggest that the interaction of the ASO with a component of the 
intrinsic tenase complex and to a lesser degree, thrombin inhibits the intrinsic 
clotting cascade resulting in increased aPTT 
 
Renal adverse effects were seen in monkeys given 12 mg/kg IV where Cmax 
was higher compared to the 20 mg/kg/wk SC dose.  The systemic AUC or renal 
tissue levels did not correlate with the adverse renal effect which further suggests 
that the renal toxicity is perhaps secondary to complement activation.  Similarly, 
no steatosis was observed in any animal species including a hyper 
cholesterolemic mouse treated for 22 weeks with a mouse surrogate (ISIS 
147764) on a high fat diet.  Hepatic findings including hepatocytes necrosis, 
increased transaminases, Kupffer cell hypertrophy/hyperplasia and decreased 
serum albumin were observed at exposures >3-times exposures at the MRHD.  
Fortunately, complement activation occurs at >3-times the maximum anticipated 
clinical exposure and can be monitored. 
 
 
Carcinogenicity:  ECAC agreed that both the mouse and rat 2-year bioassays 
were adequate, noting prior ECAC concurrence with the mouse doses as well as 
the early termination of dosing and sacrifice of the high dose of both sexes and 
mid-dose females. The primary cause of morbidity/mortality in the mice were 
either unknown causes or cardiac thrombosis.   Despite the absence of prior FDA 
concurrence on the rat doses and a high mortality rate in the drug treated groups, 
ECAC accepted the rat study as valid.  The primary cause of morbidity/mortality 
in the rat carc study was kidney failure.  Polyarteritis was seen in multiple tissues 
in the 2-year rat carcinogenicity study with a safety margin up to 3-times 
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maximum clinical systemic exposure.  These vascular inflammatory findings were 
considered secondary to the marked exacerbation of spontaneous chronic 
progressive nephropathy with uremia in this species treated with mipomersen.  
The 2-year mouse carcinogenicity study suggests that mipomersen and the 
mouse surrogate increased in the incidence of cardiac thrombus formation.  This 
finding appears confounded by the exacerbation of a spontaneous finding in 
aged mice of this strain.  Carciac thrombus formation has been observed with a 
prior, similar structure ASO (ISIS 2302) in a 2-year mouse study.   Slight-
moderate atrial/ventricular dilatation occurred in ~3% of female mice given ≥20 
mg/kg/wk (~6-times MRHD) which correlated with a slight worsening of severity 
of cardiomyopathy.  These findings were also observed with the mouse surrogate 
(ISIS 147764).   
 
The following mouse neoplasms were drug related: 
 

• Hepatocellular adenomas and combined hepatocellular adenomas or 
carcinomas in females given 60 mg/kg/w (1.5X MRHD) mipomersen. The 
mouse surrogate (ISIS 147764), increased hepatocellular adenomas or 
carcinomas, combined, in both sexes administered 60 mg/kg/w.   

 
• Fibrosarcomas of the skin/subcutis in males given 60 mg/kg/w (1.5X 

MRHD) 
 

• Hemangiosarcomas in females given 60 mg/kg/w (1.5X MRHD) 
 

The following rat skin/subcutis neoplasms were drug related and not strictly 
associated with injection site: 
 

• Fibrous histiocytoma in males and females given ≥10 mg/kg/w (2X MRHD) 
 
• Fibrosarcoma in females given ≥10 mg/kg/w (2X MRHD) 
 
• Combined fibroma/fibrosarcoma/fibrous histiocytoma in females   

 given  ≥10 mg/kg/w (2X MRHD) 
 
   
The fibrosarcomas are seen in the skin/subcutis of male mice and female rats at 
2X clinical exposure.  Soft tissue tumors consisting of 
fibromas/fibrosarcomas/fibrous histiocytomas were observed in male and female 
rats at 2X clinical exposure.  Together this suggests drug related soft tissue 
tumors in multiple species and genders at clinically relevant exposures that are 
not specific to the injection site.  Another phosphorothioate antisense oligo was 
also associated with fibrohistiocytic sarcoma, histiocytoma and 
hemangiosarcomas in mice suggesting that these soft tissue and vascular tumor 
in mice may be a class effect.  Hemangiosarcomas were seen in female mice at 
2X clinical exposure. 
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Based on the intended liver target and hepatic histopathology observed with 
mipomersen, the presence of hepatocellular adenomas and carcinomas with 
both mipomersen and the mouse surrogate support the drug related nature of 
these hepatic tumors. 
 
The potential clinical risk from these drug-related rodent tumors can be 
adequately conveyed in product labeling. 
 
Impurities:  Studies designed to qualify impurities at various tested 
concentrations were performed which included testing two different 
manufacturing  for synthesis of mipomersen were 
evaluated in 5 week mouse toxicity studies.  These studies adequately qualify the 
impurities specifications sought by the sponsor according to ONDQA and 
Pharm/Tox assessments. 
 
Juvenile Rat/Pediatric Support::   A 10-week juvenile rat (PND 22 at initiation) 
was performed with a 4-week recovery period.  There were decreases in food 
consumption and body weight gain which did not reverse in the recovery period.   
Findings seen in the juvenile rat but not in the adult included a reduction in fat 
tissue in the bone marrow (secondary to decreased food and not reversible) and 
thymic atrophy (reversible).  No meaningful effects on long bone growth, FOB or 
sexual maturation were observed.  Decreases in RBC mass and reticulocyte 
count, increases in spleen, kidney and liver weight, accumulation of foamy 
macrophages in these tissues and significant immune stimulation e.g. lymphoid 
hyperplasia in the spleen,  were similar to adults.   Injection site reactions were 
apparent in juveniles and these effects were partially reversible following 
recovery.  Females had minimal-slight tubular vacuolation which was not 
reversible.  The NOAEL in this study approximates systemic exposures at the 
MRHD.  A pediatric development plan has not been proposed to date.   
 
Labeling Recommendations: 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Pregnancy Category B 
There are no adequate and well-controlled studies in pregnant women. Reproduction 
and embryofetal development studies performed in mice at doses up to 87.5 mg/kg/wk 
given by subcutaneous administration from mating through organogenesis and in 
pregnant rabbits given 52.5 mg/kg/wk, show no evidence of impaired fertility or harm to 
the fetus at 2 (mice) to 5 (rabbits) times clinical exposure at a 200 mg/wk therapeutic 
dose. Because animal reproduction studies are not always predictive of the human 
response, this drug should be used during pregnancy only if clearly needed. 
Pregnant rats given subcutaneous doses of 7, 35, 70 mg/kg/wk mipomersen sodium 
from gestation day 6 through weaning on lactation day 20, resulted in decreased rat pup 
survival at 70 mg/kg/wk, 3-times clinical exposure at a 200 mg/wk therapeutic dose 
based on body surface area comparisons across species. Dose related decreases in 
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In a subcutaneous carcinogenicity study in rats, mipomersen sodium was administered 
for up to 104 weeks at doses of 3, 10, 20 mg/kg/wk. The incidence of fibrosarcomas of 
the skin/subcutis and the combination of fibroma, fibrosarcomas and malignant fibrous 
histiocytoma of the skin/subcutis was statistically significantly increased in female rats at 
10 mg/kg/wk, at less than clinical exposure at the 200 mg/wk dose based on body 
surface area comparisons. Both sexes of rats also had statistically significant increases 
in the incidence of malignant fibrous histiocytoma of the skin/subcutis at 20 mg/kg/wk 
(at clinical exposure at the 200 mg/wk dose based on body surface area comparisons. 
Mipomersen sodium did not exhibit genotoxic potential in a battery of studies, including 
the in vitro Bacterial Reverse Mutation (Ames) assay, an in vitro cytogenetics assay 
using a mouse lymphoma cell line, and an in vivo micronucleus assay in mice. 
Mipomersen sodium had no effect on fertility in mice at doses up to 87.5 mg/kg/wk (2- 
times clinical exposure at the 200 mg/wk dose based on body surface area 
comparisons). 
13.2 Animal Pharmacology and/or Toxicology 
The principal target organs for mipomersen sodium pathology are the kidneys and liver. 
These organs represent the highest distribution of compound, and exhibit microscopic 
changes reflective of cellular uptake in macrophages. The most widespread 
toxicological effect of mipomersen sodium was a spectrum of inflammatory changes in 
numerous organs, including lymphohistiocytic cell infiltrates and increases in lymphoid 
organ weights, associated with increases in plasma cytokines, chemokines and total 
serum IgG. In a chronic monkey study, multi-focal intimal hyperplasia with mixed 
inflammatory infiltrates was evident in vascular beds in 2 of 6 monkeys treated for 12 
months with 30 mg/kg/week with a no-observed-adverse-effect-level (NOAEL) of 10 
mg/kg/week (clinical exposures anticipated from a 200 mg/wk dose based on body 
surface area comparisons across species). 
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1 Executive Summary 

1.1 Introduction 

Mipomersen is an antisense oligonucleotide (ASO) inhibitor targeted to human 
apolipoprotein B100 (apoB100), the principal apolipoprotein of low density lipoprotein 
(LDL), its metabolic precursor, VLDL, and a component of Lp(a). Mipomersen is a 
second generation phosphorothioate (PS) oligonucleotide, which means that in addition 
to having phosphorothioate linkages in place of the natural phosphodiester linkage 
between bases, some of the bases of the 5’ and 3’ ends have a methoxyethyl (MOE) 
group on the 2’ position of the ribose sugar.  Both of these modifications serve to 
increase the stability of the oligonucleotide towards nucleases.  The MOE modifications 
in particular make an oligonucleotide highly resistant to exonucleases.  Mipomersen is a 
5-10-5 MOE gapmer, meaning that the five bases at both the 5’ and 3’ ends are MOE-
modified, while the central 10 bases are unmodified (2’-deoxy).  Cytosine bases are 
also methylated to reduce the immunostimulatory potential of mipomersen. 

     
 

The base sequence of mipomersen is complementary to a 20-nucleotide segment of the 
coding region of the messenger RNA (mRNA) for apoB100, to which it binds by Watson-
Crick base-pairing (Figure). 
 

 
 
The hybridization (binding) of mipomersen to the cognate mRNA results in reduced 
translation of the mRNA to protein by multiple mechanisms including activation of 
RNase H-mediated degradation of the cognate mRNA. This leads to decreased 
synthesis of apo-B100 in the liver (the primary site of apo-B100 generation), a reduction in 
transport of apo-B100-containing lipoprotein out of the liver and a reduction in circulating 
LDL-cholesterol (LDL-C). Based on the Sponsor’s analysis, mipomersen is not 
predicted to productively bind to any human or animal mRNA other than apoB. 
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Mipomersen is a first-in-class compound for LDL-C reduction via apoB100 inhibition. 
Unlike the statins, mipomersen is not dependent on LDL receptor (LDLr) upregulation, 
nor on LDLr function for its pharmacodynamic effects. Mipomersen is also the first 
systemically administered phosphorothioate antisense oligonucleotide (PS ASO) for 
which a marketing application has been received. 

1.2 Brief Discussion of Nonclinical Findings 

Pharmacology 

Species-specific differences in the nucleotide sequence of apoB mRNA caused a 
reduction (monkey) or complete loss (mouse, rat, dog and rabbit) of the intended 
pharmacological activity of mipomersen in these species.  For this reason, most 
pharmacology studies have been conducted with surrogate molecules that optimize 
base pairing between the ASO and the species-specific apoB target mRNA.  Pivotal 
toxicology studies in rodents have also included an arm with the species-specific 
surrogate.  Nonclinical pharmacology studies with these apoB antisense inhibitors have 
shown rapid reduction of hepatic apoB mRNA and protein, and reductions in serum 
apoB, LDL-C and total-C in mouse, hamster, rabbit and monkey models.  In mouse 
models of atherosclerosis, antisense apoB inhibition was shown to be anti-atherogenic 
(reduced aortic plaque volume or formation).  These studies provide proof-of-concept 
support for the utility of targeting apoB100 using antisense molecules.  While none of the 
pharmacology studies revealed a clear potential for apoB antisense inhibitors to cause 
or exacerbate hepatic steatosis, it is notable that studies in the models that have the 
greatest degree of hypercholesterolemia (the LDLr- Deficient Mouse, the Human ApoB 
transgenic/LDLr-Deficient Mouse, and the ApoE-Deficient Mouse) failed to assess 
hepatic lipid levels. 
 
Cardiovascular, pulmonary, and neurobehavioral safety pharmacology studies did not 
identify any safety concerns.  Mipomersen also had no effect on ApoB48 function in the 
mouse.  ApoB48 shares sequence identity to ApoB100 in the region targeted by 
mipomersen, is expressed in the intestines, and is the essential apoB lipoprotein in 
chylomicron formation and absorption of dietary fat.  The chronic toxicity studies also 
were consistent with there being no effect of mipomersen on absorption of dietary fat or 
fat soluble vitamins. 
 
Pharmacokinetics 

The pharmacokinetic profile of mipomersen is similar in all evaluated species (mice, 
rats, dogs & monkeys).  Mipomersen is rapidly systemically absorbed following 
subcutaneous (SC) injection, with high bioavailability (> 80%).  In circulation, 
mipomersen, like other PS ASOs, is highly protein bound (>85%), binding primarily to 
albumin at non-specific, low-affinity hydrophilic sites.  PS ASOs do not displace drugs 
that are hydrophobically bound to plasma proteins.  Upon absorption, mipomersen is 
rapidly cleared from the plasma by distribution to tissues.  Across species Tmax is 
typically between 0.5 to 2 hours.  Tissue concentrations show accumulation due to slow 
tissue clearance, reaching steady state after ~3 months in rodents and ~6 months in 
monkeys.  Consistent with slow tissue clearance, terminal plasma half-life was 16 to 30 
days across species. 
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Notably, organ uptake is highly heterogeneous and cell type specific, and exhibits 
saturability, especially in the mouse kidney.  Cellular entry of PS ASOs is by 
endocytosis or phagocytosis, and some of the differences in oligo uptake likely arise 
from intrinsic differences in the rates of endocytosis/phagocytosis in different cell types.  
Kidney uptake is primarily to the proximal tubule endothelium, where ASOs are taken up 
by pinocytosis in a manner similar to that normally involved in reabsorption of filtered 
proteins.  The organs showing the highest tissue levels in all species are kidney, liver, 
spleen, lymph nodes and bone marrow, with the kidney and liver showing the highest 
concentrations.  Little to no drug distributes to skeletal muscle, eye or the brain.  Based 
on a comparison of interspecies tissue levels of mipomersen in the liver and kidneys at 
steady state, it is apparent that extrapolation of administered dose between species on 
a mg/m2 basis provides a good prediction of tissue levels, while mg/kg extrapolations 
poorly predict tissue levels 
 
Mipomersen is metabolized in tissues by intracellular nucleases to produce chain-
shortened oligonucleotide metabolites, which are subsequently eliminated by renal 
clearance.  The urinary metabolites of mipomersen are shorter oligonucleotides typically 
in the range of 5 to 15 bases long, consistent with a model of endonuclease cleavage 
within the central ten 2’-deoxynucleotides, followed by sequential exonuclease cleavage 
primarily of the residual 2’-deoxynucleosides.  Notably mipomersen is neither a 
substrate, an inhibitor or an inducer of the major drug-metabolizing cytochrome P450 
enzymes, nor a substrate or inhibitor of P-glycoprotein.   
 
Toxicity 

Mipomersen toxicity has been assessed primarily in the mouse, rat and monkey, with 
studies of up to 2-years duration (carcinogenicity studies) available for evaluation in the 
rodents and up to 1-year for the monkey.  The effects of mipomersen on reproductive 
function, embryofetal development, pre- and postnatal development and development in 
juvenile animals has also been assessed.  In general the toxicities seen are consistent 
with the expected toxicities of a PS ASO1. 
 
Immunological Effects 

Proinflammatory effects were generally dose-related, and were seen in all nonclinical 
species, and included 1) evidence of an acute phase response, 2) changes in lymphoid 
organ weight (↑ spleen weight,  thymus weight), 3) infiltration/expansion of histiocytes 
+ lymphocytes into myriad tissues, 4) activation of histiocytes (hypertrophy, and/or 
hyperplasia), 5) occasional infiltration of other leukocytes (e.g., neutrophils or 
eosinophils) into multiple tissues, 6) lymphoid hyperplasia, 7) changes in circulating 
levels of leukocytes, 8) elevation of certain cytokines/chemokines, 9) increased 
immunoglobulin levels, 10) decreased platelet count and platelet activation, and 11) 
injection site inflammation.  Not all findings were seen in all species, and not all findings 

                                            
1 Henry, S.P., et al., Toxicologic Properties of 2’-O-Methoxyethyl Chimeric Antisense Inhibitors in Animals and Man, 
in Antisense Drug Technology, Crooke, S.T., ed., CRC Press, Boca Raton, 2008. 
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were seen at all doses.  At lower doses the effects were generally confined to the 
injection site and secondary lymphoid tissues (e.g., lymph nodes and spleen). 
 
Complement activation was apparent in monkeys at SC doses of > 20 mg/kg (~7x 
clinical exposure) and at intravenous (IV) doses as low as 12 mg/kg, as evidenced by 
transient rises in the level of the complement factor B split product, Bb, and the 
depletion of complement factor C3 with repeated dosing.  The observation that IV 
dosing is more potent in activating complement is consistent with literature evidence 
indicating that activation of complement by PS ASOs is a Cmax-driven response.  Per the 
scientific literature, primates are considered to be more sensitive to PS ASO-mediated 
complement activation, and the ability of mipomersen to activate complement was only 
assessed in monkeys.  Acutely, complement activation produces anaphylactic split 
products (i.e., C3a and C5a), and secondarily affects hemodynamic and inflammatory 
responses.  Persistent activation of the complement pathway can result in consumption 
of some complement factors at a rate faster than they are synthesized, resulting, for 
example, in depletion of complement C3, which can alter innate immune surveillance 
and clearance of immune complex. 
 
An in vitro assessment revealed no potential for direct activation of murine Mast cells by 
mipomersen; however, this study does not address the potential for indirect activation of 
Mast cells, for example via complement activation.  An influenza host resistance assay 
in mice found no clinically meaningful effect on the ability to control and clear the 
infection, although there was a slight to moderate decrease in the magnitude of anti-
influenza IgG response at all doses (20-100 mg/kg/week [7x-33x clinical exposure]) of 
mipomersen and the mouse surrogate.  While these data indicate that it is unlikely that 
mipomersen has high potential for inducing immunosuppression by itself, they also 
suggest that mipomersen has the potential for augmenting immunosuppression, albeit 
at relatively high exposures. 
 
Cardiovascular Effects 

Mipomersen was associated with various vascular effects in the long-term studies in 
rodents (2-year) and monkeys (1-year).  In rats, polyarteritis was seen in multiple 
tissues in males at doses > 10 mg/kg/week (< 1x clinical exposure) and in females at 20 
mg/kg/week (highest dose [~1x clinical exposure]); however, these findings may be of 
limited clinical relevance, as it seems likely that these changes were secondary to a 
marked exacerbation of spontaneous chronic progressive nephropathy (with uremia) 
that was elicited by mipomersen only in rats. 
 
In the mouse 2-year (lifetime) study, mipomersen at doses > 20 mg/kg/week (< 1x 
clinical exposure) (and the mouse surrogate at 60 mg/kg/week) increased the incidence 
of cardiac thrombus.  However clear attribution to the test items is confounded by the 
fact that this is a common finding in aged mice of this strain, and the highest incidence 
in each sex lies just outside of the highest incidence in the historical background 
database.  It is notable though that a different PS ASO also exhibited an apparent 
increase in the incidence of cardiac thrombus in a long-term mouse study.  Given the 
absence of a mipomersen-related increase in incidence of thrombotic events in other 
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tissues, or an increase in thrombotic events in other species, these data may be 
interpreted as indicating a propensity to worsen or accelerate formation of spontaneous 
lesions in the mouse.  The significance of this finding to humans with pre-existing 
vascular lesions is unclear. 
 
Another cardiovascular finding in the mouse apparently related to lifetime PS ASO 
exposure is slight-moderate atrial/ventricular dilatation in ~3% of females at doses > 20 
mg/kg/week, which was correlated with a slight worsening of severity and incidence of 
cardiomyopathy in these dose groups.  Comparable findings were observed with the 
mouse surrogate (ISIS 147764). 
 
In the 1-year monkey study, 2 monkeys (animals 5007 and 5603) treated with 
mipomersen at 30 mg/kg/week (highest dose [~10x clinical exposure]) had findings that 
were initially characterized as extensive vasculitis and/or perivasculitis, with intimal 
hyperplasia (and rare medial hyperplasia).  Upon subsequent peer review by a vascular 
pathology expert (Dr. Kerns) and an expert in the pathology of macaques (Dr. Palate), 
these lesions were re-characterized as intimal thickening/hyperplasia with lymphocytic 
infiltration, occasionally in combination with eosinophils.  Dr. Palate also noted that the 
endothelium in some arteries from these animals appeared reactive (with rounded 
nuclei) and appeared focally denuded.  Moreover, these areas of damaged endothelial 
cells were sporadically associated with light eosinophilic material suggestive of early 
fibrin accumulation in the lumen. 
 
The precise etiology of these lesions is unclear.  Sponsor posits that a deficiency in 
complement C3 (which is consumed during complement activation) interferes with the 
ability of complement to clear immune complexes from the vasculature, which is one of 
the recognized functions of basal complement activity.  This deficiency, especially in the 
face of an immune response to a pathogenic agent (resulting in high levels of antigen-
antibody complexes), could result in vascular lesions.  In support of such an etiology, it 
is notable that both monkeys #5007 and 5603 were diagnosed with bacterial infections 
(Campylobacter and Shigella, respectively) around study day 310.  Indeed, animal 
#5007 had very low C3 levels compared to the rest of the high-dose monkeys; however, 
animal #5603 had C3 levels that were comparable to the rest of the dose cohort.  It is 
also notable that these two animals had among the greatest reductions in platelets, and 
also the greatest percentage of platelets with upregulated activation markers (CD62P).  
Complement activation can cause consumption of platelets by inducing platelet 
activation and subsequent removal in the spleen. 
 
It is also notable that the HD monkey (#5506) that exhibited the most profound 
decrease in platelets was ultimately sacrificed moribund.  In addition to 
thrombocytopenia, this animal also had severe anemia (RBCs ~13% of baseline), and 
schistocytic RBCs 2 days prior to sacrifice, consistent with microangiopathic hemolytic 
anemia (although microangiopathy was not noted in the histopathology report).  The 
postmortem was notable for widespread multifocal hemorrhage (with thrombocytopenia 
presumably being contributory), and multifocal necrosis (possibly secondary to local 
tissue anoxia associated with anemia and altered tissue perfusion).  The etiology of the 
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vascular findings in this animal, and its relevance to humans is unknown.  A contribution 
of complement activation is possible. 
 
In ascribing significance to the CV findings noted above, it should be borne in mind that 
the animals studied in the toxicology program have normal LDL-C levels, and therefore 
can derive little or no (presumed) CV benefit from the LDL-C lowering effect of inhibition 
of apoB100 synthesis.  Based on the anti-atherogenic effect of apoB synthesis inhibition 
in mouse models of atherosclerosis, it is plausible that inhibition of apoB synthesis 
would provide a protective CV effect on a background of elevated LDL-C. 
 
Renal Effects 

The kidneys are generally the site of highest tissue exposures, especially in the renal 
cortex proximal tubules, where PS ASOs concentrate.  Following 5 to 6 months with a 
comparable dose of 25-30 mg/kg/week, the highest kidney concentration of 
mipomersen was seen in the monkey (~2000 g/g), the lowest was seen in mice (182 
g/g), and the rat was intermediate (~1350 g/g).  All species show a dose-related 
finding of the presence of basophilic granules in the cytoplasm of kidney tubule 
epithelial cells.  These granules represent oligonucleotide (mipomersen or surrogate) 
taken up by these cells. 
 
In mice there was no indication of mipomersen-related renal toxicity.  But, as noted 
above, mice had the lowest levels of mipomersen in the kidney of any of the assessed 
species (~10-fold lower than the monkey).  Mipomersen loading of the kidney appears 
to saturate at relatively low doses in mice, compared to monkeys and rats, and mice are 
not likely to be a good model for renal toxicity. 
 
In rats, doses > 10 mg/kg/week (<1x clinical exposure) were associated with a profound 
worsening of chronic progressive nephropathy (CPN) in males and a worsening and 
increase in incidence of CPN in females.  This was associated with proteinuria, 
increased blood urea nitrogen, and increased deaths due to CPN/uremia in both sexes 
in the 2-year rat study.  Given the apparent etiology of the toxicity as an exacerbation of 
an underlying condition, the clinical significance of this finding is unclear, but does 
suggest caution in administering to patients with underlying kidney disease. 
 
In monkeys, SC doses > 10 mg/kg/week (~1x clinical exposure) were associated with 
minimal to moderate multifocal cytoplasmic vacuolation and minimal to slight 
degeneration of the tubular epithelium.  Sponsor considers that the vacuoles are an 
artifact of fixation, arising from fluid influx into oligonucleotide-laden (hydroscopic) 
phagolysosomes, resulting in washing out of the drug and swelling of the 
phagolysosomes, and notes that basophilic material (presumably residual 
oligonucleotide) was visible in some of the vacuoles.  While plausible, this etiology has 
not been rigorously established.  Intravenous dosing at 12 mg/kg q4d (21 mg/kg/week) 
for 3 months was additionally associated with minimal-moderate tubular epithelial cell 
regeneration.  This IV dose was also associated with minimal-moderate intratubular 
hemorrhage in 4/6 monkeys, accompanied by hematuria.  This finding was not seen in 
the concurrent 20 mg/kg q4d (35 mg/kg/week) SC dose group, following 3 months of 
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dosing, despite a higher plasma and tissue AUC.  This suggests that it is the higher 
Cmax associated with the 12 mg/kg q4d IV dose that was instrumental in the higher 
degree of renal toxicity; possibly implicating complement activation, which was much 
greater in the monkeys treated with 12 mg/kg q4d IV than in the monkeys treated with 
the 20 mg/kg q4d SC dose.  Minimal multifocal tubular hemorrhage (positive for occult 
blood) was also seen in the 12-month study in 1/6 monkeys dosed at 30 mg/kg/week, a 
dose that was also associated with marked complement activation.  This monkey 
(#5007) also had elevated urine 2-microglobulin beginning Week 27 and proteinuria 
beginning Week 39.  This animal also had high levels of serum 2-microglobulin during 
Week 39 (4.6-fold the mean control value and 2.7-fold the mean of the rest of 30 
mg/kg/week dose cohort).  
 
On the basis of tubular epithelial cell degeneration (mild) with tubular vacuolation 
(moderate) in 1/6 monkeys after 1 year of treatment with 10 mg/kg/week of mipomersen 
by SC injection, the NOAEL is considered to be 3 mg/kg/week SC (<1x clinical 
exposure) for kidney toxicity. 
 
Liver Effects 

The liver is generally the organ with the second highest tissue concentration (except for 
mice where liver concentrations typically exceed kidney concentrations). Liver 
concentrations of mipomersen follow the same general pattern as the kidney, with the 
lowest level in mice (~280 g/g), the highest in monkeys (~1090 g/g) and an 
intermediate level in rats (~750 g/g) following a comparable exposure of 25-30 
mg/kg/week for 5-6 months.  Unlike in the kidney (where oligonucleotide remains largely 
confined to the proximal tubule), oligonucleotide in the liver is distributed to all cell 
types.  Nonetheless, the highest levels of mipomersen are seen in Kupffer cells, which 
concentrate the oligo in the lysosomes, giving rise to basophilic granules. 
 
Liver findings in mice following 3 to 6 month of mipomersen treatment included 
accumulation of basophilic granules in Kupffer cells at all doses and increased liver 
weight at doses > 25 mg/kg/week (<1x clinical exposure).  Higher doses (> 44 
mg/kg/week [~1x clinical exposure]) were also associated with elevations in ALT, AST & 
ALP and decreases in albumin.  Treatment with the mouse surrogate, ISIS 147764, at a 
dose of 75 mg/kg/week for 6 months was associated with hepatocyte Karyomegaly, and 
occasionally with single cell necrosis. 
 
After 2 years of dosing, the findings in mice also include an increase in the incidence of 
basophilic foci of cellular alteration in males at all doses > 5 mg/kg/week and 
eosinophilic foci of cellular alteration in both sexes at doses of 60 mg/kg/week.  Foci of 
cellular alteration often occur as a precursor to neoplastic changes.  There was also an 
increase in the incidence and severity of minimal-moderate single cell necrosis at all 
doses of mipomersen (> 5 mg/kg/week) in both sexes.  An increased incidence and/or 
severity of extramedullary hematopoiesis was seen at 60 mg/kg/week in both sexes.  
Counterintuitively, given the proinflammatory action of PS ASOs, the incidence of 
mononuclear cell infiltration was decreased in females at doses > 5 mg/kg/week, and in 
males at 60 mg/kg/week of mipomersen, but were unaffected by 60 mg/kg/week of ISIS 
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147764 (mouse surrogate).  The mouse surrogate was however associated with the foci 
of cellular alteration (both basophilic and eosinophilic) and increases in single cell 
necrosis noted above as well as a > 3-fold increases in ALT and > 2-fold increase in 
AST in both sexes.  Whether this apparent increase in hepatotoxicity (elevated 
transaminases) over that seen with mipomersen is a consequence of antisense 
inhibition of apoB synthesis is unknown. 
 
In the rat, treatment with mipomersen for 5 months at doses > 10 mg/kg/week (<1x 
clinical exposure) was associated with increased liver weight in both sexes, and all 
doses were associated with accumulation of basophilic granules in the Kupffer cells.  
There was no increase in inflammatory infiltrates noted, and, as in mice, the incidence 
of monocyte cell infiltration was actually decreased at mipomersen > 10 mg/kg/week in 
females and > 30 mg/kg/week (~2x clinical exposure) in males.  There were no changes 
in serum transaminases in males, but females had elevated AST and ALT at doses > 30 
mg/kg/week.  Cholesterol (total, HDL & LDL) was increased at 50 mg/kg/week (~3x 
clinical exposure).  VLDL and triglyceride were decreased at mipomersen > 3 
mg/kg/week in males and > 30 mg/kg/week in females. 
 
In the 2-year rat study, liver weights were increased at doses > 10 mg/kg/week, and 
accumulation of basophilic granules in Kupffer cells was seen at all doses.  As for the 5-
month study, there was no increase in inflammatory infiltrates, and the incidence of 
monocyte cell infiltration was decreased by mipomersen at all doses (> 3 mg/kg/week).  
Doses > 10 mg/kg/week (mipomersen or rat surrogate) were associated with an 
increased incidence of centrilobular vacuolation and necrosis.  Both sexes saw 
decreases in AST and albumin (but no change in ALT) at > 10 mg/kg/week mipomersen 
(but not the rat surrogate).  There were marked increases in triglycerides and 
cholesterol (total, HDL, LDL and VLDL) at 20 mg/kg/week, but not with the surrogate. 
 
Mipomersen treatment in monkeys for 1 year was likewise associated with accumulation 
of basophilic granules in Kupffer cells at all doses and increases in liver weight at 30 
mg/kg/week.  Doses > 3 mg/kg/week (<1x clinical exposure) were also associated with 
diffuse hypertrophy/hyperplasia of Kupffer cells (a finding that was not seen in rodents).  
Unlike rodents there were no changes in serum transaminases and no effect on serum 
lipid parameters.  There was a reversible decline in albumin levels at 30 mg/kg/week, 
possibly related to an acute phase response. 
 
Steatosis was not apparent with mipomersen or species-specific surrogates in any 
species in any study, including a 22-week study in mice rendered hypercholesterolemic 
by consumption of a high fat diet and treated with a mouse surrogate (ISIS 147764) or a 
5-week study in monkeys rendered hypercholesterolemic by feeding a high fat diet and 
treated with a monkey surrogate (ISIS 326358).   
 
Based on the foregoing, the NOAEL for liver toxicity is considered to be < 5 mg/kg/week 
(<1x clinical exposure) in mice on the basis of the increased incidence/severity of single 
hepatocyte necrosis at all doses examined in the 2-year study; 3 mg/kg/week (<1x 
clinical exposure) in the rat on the basis of increased incidence/severity of centrilobular 
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vacuolation and necrosis in the 2-year study; and 30 mg/kg/week (>3x clinical exposure) 
in the monkey (the highest dose tested in the 1-year study).  
 
Carcinogenicity 

2-year carcinogenicity studies were conducted in both the mouse and the rat with 
mipomersen and the relevant species-specific surrogate.  Mipomersen treatment was 
associated with multiple tumors in both species: 1) Hepatocellular adenomas and 
combined hepatocellular adenomas or carcinomas in female mice administered 60 
mg/kg/week mipomersen (2x clinical exposure); 2) Hepatocellular adenomas or 
carcinomas, combined, in both sexes of mice administered 60 mg/kg/week ISIS 147764 
(mouse surrogate); 3) Fibrosarcoma of the skin/subcutis in male mice administered 60 
mg/kg/week mipomersen; 4) Hemangiosarcomas in female mice given 60 mg/kg/week 
mipomersen; 5) Fibrous histiocytoma (malignant) of the skin/subcutis in male and 
female rats at ≥ 10 mg/kg/week (<1x clinical exposure); 6) Fibrosarcoma of the 
skin/subcutis in female rats at ≥ 10 mg/kg/week; 7) Combined 
fibroma/fibrosarcoma/fibrous histiocytoma of the skin/subcutis in female rats at ≥ 10 
mg/kg/week. 
 
The hepatocellular adenomas are of particular note as they are occurring at a clinically 
relevant exposure in the target tissue of intended pharmacology.  It is also notable that 
the pharmacologically active surrogate oligonucleotide caused ~2x the tumor incidence 
of mipomersen.  On the other hand, this is not a malignant neoplasm, and conversion of 
hepatocellular adenoma to hepatocellular carcinoma in humans is reportedly rare.  The 
clinical significance of the remaining tumors is doubtful.  Mice are reportedly susceptible 
to formation of hemangiosarcoma under conditions of hypoxia and macrophage 
activation, both of which were apparent in the 2-year study.  With regard to the 
observed fibrohistiocytic tumors (fibrosarcomas, malignant fibrous histiocytoma) of the 
skin/subcutis, rodents are reportedly highly susceptible to these tumors with chronic 
irritation/inflammation of the subcutis, which was observed in the 2-years studies.  
Overall, it is judged that the possible tumor risk attending mipomersen treatment in 
humans can be adequately addressed in the label. 
 
Reproductive & Developmental Toxicity 

Reproduction and embryofetal development studies performed in mice at doses up to 
87.5 mg/kg/wk mipomersen given by subcutaneous administration from mating through 
organogenesis and in pregnant rabbits given 52.5 mg/kg/wk, show no evidence of 
impaired fertility or harm to the fetus at 2 (mice) to 5 (rabbits) times clinical exposure at 
a 200 mg/wk therapeutic dose. 
 
Pregnant rats given subcutaneous doses of 7, 35, 70 mg/kg/wk mipomersen from 
gestation day 6 through weaning on lactation day 20, resulted in decreased rat pup 
survival at 70 mg/kg/wk, 3-times clinical exposure at a 200 mg/wk therapeutic dose 
based on body surface area comparisons across species.  Dose related decreases in 
pup body weights, impaired reflexes (visual placing) and grip strength were observed at 
35 mg/kg/wk (2-times the anticipated human dose).  Levels of mipomersen in rat milk 
were very low (≤0.92 µg/mL at subcutaneous doses up to 70 mg/kg/wk). Due to the 
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poor oral bioavailability of mipomersen sodium, it was considered unlikely that these low 
milk exposure levels adversely affected the pups during lactation. 
 
A juvenile toxicity study was conducted in rats at doses up to 50 mg/kg/wk (2-times the 
systemic exposure for a 200 mg/wk clinical dose based on body surface area 
comparisons).  Doses > 10 mg/kg/wk were associated with reduced body weight gain in 
young rats, but had no effect on long bone growth or sexual development.  Body 
weights and food consumption remained lower throughout a 4-week treatment-free 
recovery period. 
 

1.3 Recommendations 

1.3.1 Approvability 

The nonclinical data submitted in this application support the marketing approval of 
mipomersen for the treatment of HoFH. 

1.3.2 Additional Non Clinical Recommendations 

None. 

1.3.3 Labeling 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Pregnancy Category B  

There are no adequate and well-controlled studies in pregnant women.  Reproduction 
and embryofetal development studies performed in mice at doses up to 87.5 mg/kg/wk 
given by subcutaneous administration from mating through organogenesis and in 
pregnant rabbits given 52.5 mg/kg/wk, show no evidence of impaired fertility or harm to 
the fetus at 2 (mice) to 5 (rabbits) times clinical exposure at a 200 mg/wk therapeutic 
dose. Because animal reproduction studies are not always predictive of the human 
response, this drug should be used during pregnancy only if clearly needed. 

Pregnant rats given subcutaneous doses of 7, 35, 70 mg/kg/wk mipomersen sodium 
from gestation day 6 through weaning on lactation day 20, resulted in decreased rat pup 
survival at 70 mg/kg/wk, 3-times clinical exposure at a 200 mg/wk therapeutic dose 
based on body surface area comparisons across species.  Dose related decreases in 
pup body weights, impaired reflexes and grip strength were observed at 35 mg/kg/wk 
(2-times the anticipated human dose.  Levels of mipomersen in rat milk were very low 
(≤0.92 µg/mL at subcutaneous doses up to 70 mg/kg/wk). Due to the poor oral 
bioavailability of mipomersen sodium, it was considered unlikely that these low milk 
exposure levels adversely affected the pups during lactation.   
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statistically significant increases in the incidence of hemangiosarcomas in female mice 
and fibrosarcomas of the skin/subcutis in male mice.   
In a subcutaneous carcinogenicity study in rats, mipomersen sodium was administered 
for up to 104 weeks at doses of 3, 10, 20 mg/kg/wk.  The incidence of fibrosarcomas of 
the skin/subcutis and the combination of fibroma, fibrosarcomas and malignant fibrous 
histiocytoma of the skin/subcutis was statistically significantly increased in female rats at 
10 mg/kg/wk, at less than clinical exposure at the 200 mg/wk dose based on body 
surface area comparisons.  Both sexes of rats also had statistically significant increases 
in the incidence of malignant fibrous histiocytoma of the skin/subcutis at 20 mg/kg/wk 
(at clinical exposure at the 200 mg/wk dose based on body surface area comparisons. 
Mipomersen sodium did not exhibit genotoxic potential in a battery of studies, including 
the in vitro Bacterial Reverse Mutation (Ames) assay, an in vitro cytogenetics assay 
using a mouse lymphoma cell line, and an in vivo micronucleus assay in mice. 
Mipomersen sodium had no effect on fertility in mice at doses up to 87.5 mg/kg/wk (2-
times clinical exposure at the 200 mg/wk dose based on body surface area 
comparisons). 
 

13.2 Animal Pharmacology and/or Toxicology 

The principal target organs for mipomersen sodium pathology are the kidneys and liver. 
These organs represent the highest distribution of compound, and exhibit microscopic 
changes reflective of cellular uptake in macrophages.  The most widespread 
toxicological effect of mipomersen sodium was a spectrum of inflammatory changes in 
numerous organs, including lymphohistiocytic cell infiltrates and increases in lymphoid 
organ weights, associated with increases in plasma cytokines, chemokines and total 
serum IgG.   In a chronic monkey study, multi-focal intimal hyperplasia with mixed 
inflammatory infiltrates was evident in vascular beds in 2 of 6 monkeys treated for 12 
months with 30 mg/kg/week with a no-observed-adverse-effect-level (NOAEL) of 10 
mg/kg/week (clinical exposures anticipated from a 200 mg/wk dose based on body 
surface area comparisons across species).   

 

2 Drug Information 

2.1 Drug 

CAS Registry Number (Optional) 

629167-92-6 
 
Generic Name 

Mipomersen Sodium 
 
Code Name 

ISIS 301012 
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Chemical Name 

2'-O-(2-methoxyethyl)-P-thioguanylyl-(3'→5')-2'-O-(2-methoxyethyl)-5-methyl-P-
thiocytidylyl-(3'→5')-2'-O-(2-methoxyethyl)-5-methyl-P-thiocytidylyl-(3'→5')-2'-O-(2-
methoxyethyl)-5-methyl-P-thiouridylyl-(3'→5')-2'-O-(2-methoxyethyl)-5-methyl-P-
thiocytidylyl-(3'→5')-2'-deoxy-P-thioadenylyl-(3'→5')-2'-deoxy-P-thioguanylyl-(3'→5')P-
thiothymidylyl-(3'→5')-2'-deoxy-5-methyl-P-thiocytidylyl-(3'→5')-P-thiothymidylyl-(3'→5')-
2'-deoxy-P-thioguanylyl-(3'→5')-2'-deoxy-5-methyl-P-thiocytidylyl-(3'→5')-P-
thiothymidylyl-(3'→5')-P-thiothymidylyl-(3'→5')-2'-deoxy-5-methyl-P-thiocytidylyl-(3'→5')-
2'-O-(2-methoxyethyl)-Pthioguanylyl-( 
3'→5')-2'-O-(2-methoxyethyl)-5-methyl-P-thiocytidylyl-(3'→5')-2'-O-(2-methoxyethyl)-P-
thioadenylyl(3'→5')-2'-O-(2-methoxyethyl)-5-methyl-Pthiocytidylyl-(3'→5')-2'-O-(2-
methoxyethyl)-5 methylcytidine nonadecasodium salt 
 
Molecular Formula/Molecular Weight 

C230H305N67Na19O122P19S19/ 7595 
 
Structure or Biochemical Description 

 
 
Pharmacologic Class 

Antisense Oligonucleotide Apolipoprotein B Synthesis Inhibitor 
 -this would be a novel pharmacologic class 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

IND 70,969 (ISIS 301012, IND supporting this NDA, IsisGenzyme) 

2.3 Drug Formulation 

Sterile solution in pH adjusted (7.5 to 8.5) water, for injection.   
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observed in the 1-year monkey study (Study ISIS 301012-AS15) and their implications 
for the continued clinical development of mipomersen. 
 
On 29 January 2008 clinical development was placed on a partial clinical hold, which 
prohibited administration of mipomersen to patients who were not at high risk of 
cardiovascular disease.  The basis of the partial clinical hold was the adverse vascular 
findings in the 1-year monkey study.  These vascular findings and their significance to 
further clinical development were also discussed at an internal Regulatory Briefing on 
15 February 2008. 
 
Sponsorship of the IND was transferred from Isis Pharmaceuticals to Genzyme on 23 
July 2008. 
 
On 19 December 2008 FDA concurred with Sponsor’s plan to discontinue dosing in a 
given dose group in the ongoing mouse carcinogenicity study when the number of 
surviving animals in a dose group falls to 20 and early sacrifice of the dose group when 
the number of survivors in a dose group drops to 15. 
 
On 24 September 2010 Sponsor requested a pre-NDA meeting with the Agency, which 
was granted on 29 September 2010, and scheduled for 13 December 2010. 
 
NDA was submitted on 29 March 2012 and accepted for filing. 
 
This application was discussed by the Endocrinologic and Metabolic Drugs Advisory 
Committee on 18 October 2012. 

3 Studies Submitted 

3.1 Studies Reviewed  

With the exception of studies noted in section 3.2, all submitted studies (see tables, 
below) were reviewed. 
 
Pharmacology 
Genzyme (ISIS) 
Study Number 

Study Title 

GT-348-EF-8 
(EX/2401-170) 

Concentration-Response Effect of Multiple Apo B Antisense Oligonucleotides on the 
Levels of Apo B mRNA after 24 Hr in HepG2 Cells 

GT-348-EF-9 
(EX/2359-75) 

Effect of Concentration on the Inhibition of Apo B mRNA after 24 and 48-Hour 
Treatment with ISIS 301012 in Hep3B and HepG2 Cells 

GT-348-EF-33 SNP Discovery for Antisense Oligonucleotide Target Regions 
GT-348-EF-34 BLAST and Complimentary Gene Expression Analysis for ISIS 301012 
GT-348-EF-1 
(EX/2551-31) 

Effect of a Murine Apo B ASO (ISIS 147764) Upon Intestinal [14C]-Oleic Acid 
Absorption in C57BL/6 Mice 

GT-348-EF-12 
(EX/2293-06) 

Onset of Action of Apo B ASO Treatment in a High Fat Fed Mouse Model 

GT-348-EF-6 
(EX/1848-13) 

Evaluation of Murine Apo B Antisense Oligonucleotide in Lean C57BL/6 Mice 

GT-348-EF-7 Evaluation of Apo B ASO Treatment in a Lean Mouse Model 
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(EX/2551-03) 
GT-348-EF-10 
(EX/2016-03) 

Dose Response Evaluation of Apo B ASO Treatment in a High Fat Mouse Model 

GT-348-EF-4 
(EX/2293-12) 

Dose Response Evaluation of Apo B ASOs in High Fat Fed C57BL/6 Mice 

GT-348-EF-11 
(EX/2016-22) 

Evaluation of Apo B ASO Effects in Combination with Atorvastatin in a High Fat 
Mouse Model 

GT-348-EF-3 
(EX/2293-07) 

Duration of Action Evaluation of Apo B ASO Treatment in High Fat Fed C57BL/6 Mice 

GT-348-EF-19 
(MA7) 

Global Gene Expression Profiling in Mice Treated with Atorvastatin and Apo B ASO 

GT-348-EF-18 
(MA11) 

Kinetics of Global Gene Expression Changes in Liver RNA of Mice Treated with Apo 
B ASO (ISIS 147764) Over 4 Weeks as Determined by Affymetrix Gene Chips 

GT-348-EF-24 
(EX/3309-059) 

Analysis of Lipoprotein Secretion and Liver Lipid Concentrations in High- Fat Fed 
Mice Administered Apo B ASO (ISIS 147764) or MTP ASO (ISIS 144477) for Six 
Weeks 

GT-348-EF-25 
(EX/3309-172) 

Analysis of Fatty Acid Synthesis and Other Metabolic Parameters in DIO C57BL/6 
Mice Treated with Either Apo B or MTP ASOs 

GT-348-EF-22 
(EX/3315-49) 

Metabolomic Analysis of DIO C57BL/6 Mice Treated with a Murine Specific Apo B 
Antisense Oligonucleotide 

GT-348-EF-30 
(EX/2551-32) 

Effect of a Murine Apo B ASO on Apo B-48 Levels in High Fat Fed C57BL/6 Mice  

GT-348-EF-5 
(EX/2293-20) 

Long Term Evaluation of Apo B Treatment in High Fat Fed C57BL/6 Mice 

GT-348-EF-20 
(EX/3261-01) 

A 12-Week Onset of Activity Study in High Fat Fed C57BL/6 Mice: Metabolomic and 
Transcriptional Comparison of an Apo B ASO, MTP ASO and a Small Molecule MTP 
Inhibitor 

GT-348-EF-20a 
(EX/3261-01a) 

Effect of Murine ApoB and MTP ASO Treatment on Hepatic Endoplasmic Reticulum 
Stress and Heat Shock Proteins 

GT-348-EF-21 
(EX/3310-29) 

Analysis of Fatty Acid Synthesis and Other Metabolic Parameters in DIO C57BL/6 
Mice Treated with Apo B Antisense Oligonucleotides 

GT-348-EF-14 
(EX/2293-10) 

Evaluation of Apo B ASO Dose-Dependent Effects in LDLr-/-Deficient Male and 
Female Mice 

GT-348-EF-27 
(EX/3309-244) 

Analysis of Lipoprotein Particles in Western Diet-Fed LDLr-/- Mice Administered Apo 
B and MTP Antisense Oligonucleotides 

GT-348-EF-26 
(EX/3309-152) 

Apo B vs. MTP ASO Comparison in LDLr-/- Mice Fed a High Fat, High Cholesterol 
Diet 

GT-348-EF-17 
(EX/3381-47) 

Effect of ISIS 147764 on Atherosclerosis in LDLr-Deficient Mice 

GT-348-EF-16 
(EX/2947-01) 

Effect of ISIS 301012 on Atherosclerosis in Human Apo B-100, LDLr -/- Transgenic 
Mice 

GT-348-EF-15 
(EX/2551-41) 

Effect of ISIS 147764 on Atherosclerosis in ApoE-Deficient Mice 

GT-348-EF-2 
(EX/2016-06) 

Evaluation of Increasing Doses of a Murine Apo B ASO in ApoE-Deficient Mice 

GT-348-EF-13 
(EX/2016-19) 

Kinetic Evaluation of a Murine Apo B-ASO in ApoE-Deficient Mice 

GT-348-EF-29 
(EX/2653-12) 

Effect of Species-Specific Apo B ASOs in Lean Hamsters After 3 Weeks of Treatment 

GT-348-EF-28 
(GL/1521-101) 

An Exploratory Study to Evaluate the Potential Effects of Four Rabbit Apo B Antisense 
Oligonucleotides on Hepatic mRNA Levels in Male New Zealand White Rabbits 

GT-348-EF-31 
(301012-AS10) 

Investigation of Effects of ISIS 301012 and ISIS 326358 on Apo B and Cholesterol in 
Cynomolgus Monkeys Fed a High Fat Diet 

GT-348-EF-35 
In Vitro Pharmacology: High-Throughput Profile 
Study of Compound 301012 
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301012-AS13 
Study on the Effects of ISIS 301012 on Respiration Rate, Tidal Volume and Minute 
Volume in ICR Mice Following a Single Subcutaneous Administration 

301012-AS16 
Effect of ISIS 301012 on Neurobehavior (Irwin’s Test) and Body Temperature in Mice 
After a Single Subcutaneous Administration 

301012-IS03 Effects of ISIS 301012 on cloned hERG Channels Expressed in Mammalian Cells 

301012-AS02 
13-Week Toxicity Study and Pharmacokinetic Study of ISIS 301012 Administered by 
Intravenous Infusion or Subcutaneous Injection to Cynomolgus Monkeys, with a 13-
Week Recovery Perioda 

a toxicology study with cardiac endpoints 
 
 
Pharmacokinetics 
 
Genzyme (ISIS) 
Study Number 

Study Title 

301012-MV01 ELISA Analysis of ISIS 301012 in Mouse EDTA Plasma 

301012-MV02 
Validation of a Method for the Extraction of ISIS 301012 from Monkey Tissues with 
Analysis by Capillary Electrophoresis 

301012-MV03 
Partial Validation for the Extraction of ISIS 301012 From Mouse Tissues with 
Analysis by Capillary Electrophoresis 

301012-MV04 ELISA Analysis of ISIS 301012 in Monkey EDTA Plasma 

301012-MV05 
Validation of a Method for the Determination of ISIS 301012 in Monkey, and Cross-
Validation to Mouse Urine, Using 96- Well Plate Extraction with Analysis by Capillary 
Gel Electrophoresis 

301012-MV08 ELISA Analysis of ISIS 301012 in Beagle EDTA Plasma 

301012-MV09 
Partial Validation for the Extraction of ISIS 301012 From Dog Tissues with Analysis 
by Capillary Electrophoresis 

301012-MV10 
Partial Validation for the Extraction of ISIS 301012 from Fetal Mouse Tissues with 
Analysis by Capillary Electrophoresis 

301012-MV13 
Partial Validation for the Extraction of ISIS 301012 From Fetal and Adult Rabbit 
Tissues with Analysis by Capillary Electrophoresis 

301012-MV18 ELISA Analysis of ISIS 301012 in Rat K3 EDTA Plasma 

301012-MV19 
Partial Validation for the Extraction of ISIS 301012 From Rat Tissues with Analysis 
by Capillary Gel Electrophoresis 

301012-APK01M 
Characterization of ISIS 301012 Concentrations in Selected Plasma, Tissue and 
Urine Samples from Study 301012-APK01 Using ISIS 301012-Specific Non-
Radiolabel Analytical Methods 

301012-AS06 
A pharmacokinetic Study with lSlS 301012 Administered Orally and Subcutaneously 
to Dogs 

301012-APK01 
Pharmacokinetics, Excretion and Mass Balance of Radioactivity in Rat and Tissue 
Distribution in Rat and Mouse Following a Single Intravenous Bolus Injection of 3H-
ISIS 301012 

DMPK10-R024 
Assessment of Human Cytochrome P450 Involvement in the Metabolism of ISIS 
301012 

301012-IS07 
Mipomersen (ISIS 301012) Metabolites Identified by Ion-Pair HPLC 
Electrospray/Mass Spectrometry (IPHPLC-ES/MS) in Liver and Kidney from Mice, 
Rats, and Monkeys and Urine from Rats, Monkeys, and Humans 

301012-IS05 
Determination of the Inhibitory Potential of ISIS 301012 on the Activities of CYPlA2, 
CYP2C9, CYP2Cl9, CYP2D6, and CYP3A4 in Cryopreserved Human Hepatocytes 

DMPK10-R015 In Vitro Assessment of CYP450 Induction Potential in Human Hepatocytes 
DMPK09-R037 In Vitro Evaluation of the P-Glycoprotein Substrate and Inhibition of ISIS 301012 
301012-IS04 ISIS 301012: In Vitro Plasma Protein Binding Studies 
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Toxicology 
 
Genzyme (ISIS) 
Study Number 

Study Title 

301012-AS01 
3-Month Repeat-Dose Subcutaneous Toxicity Study of ISIS 301012 in CD-1 Mice 
With 3-Month Recovery 

301012-AS14 
6-Month Repeat-Dose Subcutaneous Toxicity Study of ISIS 301012 and ISIS 147764 
in CD-1 Mice with 3-Month Recovery 

301012-AS21 
5-Month Repeat-Dose Subcutaneous Toxicity Study of ISIS 301012 in Sprague-
Dawley Rats with a 3-Month Recovery 

301012-AS02 
A 13-Week Toxicity Study and Pharmacokinetic Study of ISIS 301012 Administered 
by Intravenous Infusion or Subcutaneous Injection to Cynomolgus Monkeys, with a 
13-Week Recovery Period 

301012-AS15 
A One Year Toxicity Study of ISIS 301012 Administered by Subcutaneous Injection to 
Cynomolgus Monkeys 

301012-IS01 
Bacterial Reverse Mutation Study of ISIS 301012 in the Salmonella 
typhimurium/Escherichia coli Plate Incorporation Assay 

301012-IS02 In Vitro L5178Y/TK+/- Mouse Lymphoma Cell Gene Mutation Assay of ISIS 301012 
301012-AS12 Mammalian Erythrocyte Micronucleus Assay of ISIS 301012 in ICR Mice 

GT-348-TX-1 
2-Year Subcutaneous Carcinogenicity Study of ISIS 301012 and ISIS 147764 in CD-1 
Mice 

GT-348-TX-2 2-Year Subcutaneous Carcinogenicity Study of ISIS 301012 in Sprague-Dawley Rats 

301012-AS07 
Combined Fertility and Development Toxicity Study of ISIS 301012 and ISIS 147764 
Administered by Subcutaneous Injection in Mice 

301012-AS08 
Subcutaneous Developmental Toxicity Study of ISIS 301012 and ISIS 233183 in 
Rabbits 

GT-348-TX-6 Study of Pre and Postnatal Development in the Rat 
GT-348-TX-5 10-week toxicity study in the Juvenile Rat with a 4 week recovery Period 
GT-348-TX-8 Effects of Three Oligonucleotides in a Mouse Mast Cell Degranulation Assay 
301012-AS20 Evaluation of ISIS 301012 in the Mouse Influenza Host Resistance Model 

301012-AS18 
Repeat-Dose Subcutaneous Injection Toxicity Study with lSlS 301012 Manufactured 
by  with Process-Related 
Impurities in Mice 

GT-348-TX-7 5 Week Subcutaneous (Impurities Qualification) Toxicity Study in the Mouse 
 

3.2 Studies Not Reviewed  

1. 301012-AS04: 13-Week Oral Dietary Admix Toxicity Study with lSlS 301012 and 
Penetration Enhancer in Mice with a 4-Week Interim Sacrifice 

-Not the intended route of administration.  Cursory review revealed no 
findings material to the review of this NDA. 

2. 301012-AS05: 13-Week Oral Tablet Toxicity and Toxicokinetic Study with lSlS 
301012 in Dogs with a 4-Week Interim Sacrifice 

-Not the intended route of administration.  Cursory review revealed no 
findings material to the review of this NDA. 

3. 301012-AS09: A 5-Week Toxicity Study of ISIS 326358 Administered by 
Subcutaneous Injection Alone or in Combination with Atorvastatin Administered 
by Oral Gavage to Cynomolgus Monkeys, Followed by a 3-Month Recovery 
Period 
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-Not the clinical candidate.  Cursory review revealed no findings uniquely  
material to the review of this NDA. 

4. GT-348-TX-4: Subcutaneous Range-Finding Study of Pre- and Postnatal 
Development in the Rat. 

-Cursory review revealed no unique findings compared to the definitive study 
(GT-348-TX-6). 

5. GT-348-TX-3: Subcutaneous Range-Finding Toxicity Study in the Juvenile Rat 
-Cursory review revealed no unique findings compared to the definitive study 
(GT-348-TX-5). 

6. 301012-AS17: A 13-Week Dose-Range Finding Study of ISIS 301012 
Administered by Weekly Subcutaneous Injection to Sprague-Dawley Rats 

-Cursory review revealed no unique findings compared to the definitive 5-
month study (301012-AS21). 

3.3 Previous Reviews Referenced 

A. 13-JAN-2006, Initial safety review of IND 70,969 by Dr. Gemma Kuijpers 

B. 15-MAY-2007, Review of 6-month interim data from 1-year monkey study by Dr. 
Gemma Kuijpers 

C. 04-JUN-2007, Special protocol assessment (SPA) for mouse 2-year 
carcinogenicity study by Dr. Gemma Kuijpers 

  

4 Pharmacology 

4.1 Primary Pharmacology 

Mipomersen exerts its intended pharmacology through an antisense mechanisms that 
relies upon its ability to selectively bind, in a base-pair sequence specific manner, to the 
messenger ribonucleic acid (mRNA) of apolipoprotein B-100 (apoB100) through Watson-
Crick base-pairing.  Once bound to the mRNA, mipomersen disrupts translation of the 
mRNA into apoB100 protein via activation of RNAse H-dependent cleavage of the 
mipomersen-mRNA duplex.  Decreased translation of apoB100 mRNA into protein 
results in a reduction in apoB100 protein level and therefore reduced apoB100 activity. 
 
Mipomersen is a second generation phosphorothioate oligonucleotide.  The five bases 
on both the 5’ and 3’ ends are modified by attachment of a methoxyethyl (MOE) group 
on the 2’ position of the ribose ring, giving rise to a chimeric RNA-DNA-RNA structure 
referred to as a MOE-gapmer.  The “gap” refers to the ten 2’-deoxynucleosides in the 
middle that are necessary to support enzymatic cleavage of the mRNA.  The 2’ MOE 
modifications protect mipomersen from DNA exonuclease cleavage, and also decrease 
the degree of unintended immune stimulation.  Additionally each of the nine cytosine 
bases carry a methyl group at the 5 position of the ribose ring to further reduce the 
proinflammatory activity of mipomersen. 
 
Apolipoprotein B is a critical component of lipoproteins such as VLDL and LDL-C and  
provides structural stability to the lipoprotein.  A lipoprotein consists of an apoprotein, 
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triglycerides, cholesteryl esters, and/or  free cholesterol.  ApoB also functions as a 
ligand in lipoprotein-receptor (e.g., LDL receptor) interactions.  ApoB is synthesized 
primarily in the liver. ApoB-VLDL containing particles are atherogenic. 
 
Overproduction of ApoB has been observed in an autosomal dominant disease (familial 
hypercholesterolemia) and is associated with premature atherosclerosis.  By contrast, in 
individuals with hypobetalipoproteinemia (low apoB levels due to mutation) the 
incidence of cardiovascular disease is low. 
 
Mipomersen is 100% complementary to a 20 base-pair portion of the coding region of 
human apoB, and targets a region that appears to have a low frequency of SNPs (single 
nucleotide polymorphisms). No SNPs were observed in the complementarity region of 
ApoB from 213 donor sequences.  This is significant since single base-pair mismatches 
can significantly reduce binding. BLAST analyses show that ApoB is the only human 
gene that is 100% complementary to the sequence of mipomersen.  There were no 
human genes with a single base-pair mismatch.  Six genes were identified that have a 2 
base-pair mismatch.  Two of these were only complementary to the negative strand 
(and therefore incapable of having an antisense effect).  The expression levels of the 
other 4 genes (hypothetical protein FLJ32642, MDM2, EST similar to B cell growth 
factor, cGMP-dependent protein kinase-2) were not affected my mipomersen. 
 
The mouse AboB sequence is only 81% homologous and the monkey sequence ~95% 
homologous to the mipomersen sequence.  Because of the base-pair mismatches 
between mipomersen and ApoB mRNA in the animal models, species-specific 
surrogate ASOs with 100% complementarity to the corresponding ApoB mRNA were 
used for most pharmacology assessments. 
 
The in vitro pharmacologic activity of mipomersen was characterized in human 
hepatoma cell lines (HepG2, Hep3B) and in human and cynomolgus monkey primary 
hepatocytes. In these experiments, mipomersen selectively reduced apo B mRNA, 
protein and secreted protein in a concentration- and time-dependent manner. The 
effects of mipomersen were shown to be highly sequence-specific. Mipomersen 
significantly reduced both apo B mRNA and protein levels after 24-hour treatment in 
human primary hepatocytes. The half maximal inhibitory concentration (IC50) for mRNA 
reduction in these cells was <10 nM. When a series of mismatches were introduced into 
the mipomersen sequence and tested in HepG2 cells, a single mismatch abolished 
pharmacologic activity. 
 
The pharmacology of inhibiting apo B with species-specific ASOs was examined in 
mouse, hamster, rabbit and monkey models. Studies were performed in animals with 
normal cholesterol levels, as well as several rodent models of hyperlipidemia and 
atherosclerosis. Mipomersen itself was also evaluated in mice containing the human 
apo B genomic transgene. 
 
Results showed that apo B antisense inhibition reduced hepatic apo B mRNA and 
protein and serum apo B, low density lipoprotein (LDL-C) and total cholesterol in a 
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dose-, drug-, concentration- and time-dependent manner. In addition to effects on lipids, 
reduction of apo B resulted in the reduction of atherosclerosis (aortic sinus plaque 
volume) in 3 murine models. 
 
Interfering with hepatic VLDL assembly and transport, as seen with microsomal 
triglyceride protein (MTP) inhibitors, can produce hepatic and intestinal steatosis 
(Cuchel, 2007, N Engl J Med; Chandler, 2003, J Lipid Res). Hepatic and intestinal 
steatosis has not been observed following chronic treatment with apo B ASOs in mice 
or monkeys. This may be accounted for by favorable secondary changes in the 
transcription of key hepatic genes involved in lipid synthesis and fatty acid oxidation 
(Crooke, 2005, J Lipid Res), which were demonstrated in mice using gene expression 
array, quantitative reverse transcription PCR and metabolic pathway analyses. 
 
Apolipoprotein B exists in the plasma in 2 main isoforms, apo B-48 and apo B-100. In 
man, apo B-48 is synthesized exclusively by the gut while apo B-100 is synthesized in 
the liver (Powell, 1987, Cell). Apo B-48, which is essential for chylomicron formation, is 
derived from the same mRNA as apo B-100, which includes the mipomersen binding 
site. In preclinical pharmacology studies, it has been shown that while intestinal apo B-
100 mRNA is reduced by approximately 50%, no reduction in apo B-48 protein is 
observed with apo B ASO treatment, and intestinal fat absorption is not affected. 
Enterocytes of the intestinal brush border have a half life of several days, mediate fat 
absorption and are the site of synthesis and export of chylomicrons. The lack of effect of 
apo B ASOs on chylomicron synthesis is likely due to several factors, including the low 
distribution of antisense drugs to the gastrointestinal tract and the rapid turnover of the 
intestinal brush border that together preclude accumulation of mipomersen to reach 
steady state concentrations. 
 
Acute safety pharmacology studies to evaluate functional effects on cardiovascular, 
respiratory or central nervous system functions were conducted. No adverse effects 
were seen in any of these potential target organ systems. 
 

4.2 Secondary Pharmacology 

Potential secondary pharmacodynamic effects of mipomersen were evaluated in a high 
throughput in vitro screen with a broad collection of ~80 transmembrane and soluble 
receptors, ion channels and monamine transporters. The assay was performed at a 
single concentration of 10 μM. At this concentration, mipomersen inhibited ligand 
binding to various degrees to six receptors: Cholecystokinin A-R (59%), 
Cholecystokinin-B-R (53%), Galanin-R2 (75%), PDGF-R (72%), CXCR2 (70%) 
and Melanocortin-R4 (59%). These results likely reflect a non-specific interaction of 
mipomersen with these six specific receptors.  The inhibitory activity of mipomersen at 
these receptors is unlikely to be clinically significant since: 1) the mean clinical Cmax at 
the intended clinical dose of 200 mg is only 0.6 M, and 2) these are all cell surface 
receptors, and mipomersen is rapidly internalized intracellularly. 
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4.3 Safety Pharmacology 

Cardiovascular 
Heart rate, mean arterial pressure and EKG were evaluated by telemetry in monkeys 
after single and repeat doses of 3 to 35 mg/kg/wk for 13 weeks (Study AS02). EKG’s 
were also performed in all monkeys pre-study and prior to sacrifice using external leads. 
There were no effects on CV function. 
 
hERG assay was performed in stably transfected human embryonic kidney cells (HEK 
293)  (Study ISIS 301012-IS03). No effect on ion current at concentrations up to 150 
M. Conclusion was mipomersen was negative in hERG assay. 
 
Neurobehavioral 
(AS16) Mice received a single SC dose of ISIS 301012 at 0, 50, 100 or 250 mg/kg. 
Body temperature and performance in a modified Irwin’s test were measured at time 
zero (predose) and then 30, 60, 120, 360 min and 24 h after dosing.  ISIS 301012  
treatment was without effect on behavior at any dose.  250 mg/kg was associated with 
small s.s. s in body temperature between 120 and 360 min after dosing; however the 
body temperatures remained within the range of control values.  
 
Renal 
Renal function was evaluated in the repeat dose studies in mice (AS01) and monkeys 
(AS02) after single or repeat dosing up to 13 weeks. There were no effects on renal 
function at doses up to 35 mg/kg/wk (monkey) or 88 mg/kg/wk (mouse), based on 
serum chemistry (BUN, creatinine) and urinalysis. 
 
Pulmonary 
A pulmonary safety pharmacology study was conducted to evaluate the effects of a 
single subcutaneous administration of ISIS 301012 on lung compliance, airway 
resistance, respiration rate, or tidal volume in ICR mice (AS13). Doses were selected at 
25, 50, and 200 mg/kg ISIS 301012. Mice were positioned into a plethysmometer and 
pulmonary function was measured at 30, 60, 120, 360 minutes and 24 hours after 
administration. No changes on the respiratory rate, tidal volume and minute volume 
were observed. 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

METHODS 
A variety of bioanalytical methods were used to quantitate mipomersen and its short- 
chain oligonucleotide metabolites. Several non-competitive hybridization nuclease-
based enzyme-linked immunosorbent assay (ELISA) procedures were developed to 
quantitate mipomersen in plasma in nonclinical species. Capillary gel electrophoresis 
with UV detection (CGE-UV) was used to determine concentrations of mipomersen and 
its metabolites in urine and various tissues to support in vivo metabolism and excretion 
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studies. Liquid scintillation counting (LSC) was used to determine total radioactivity 
concentrations in plasma, urine, and tissue homogenates to support rat mass balance 
and tissue distribution study using [3H]-mipomersen. Quantitative whole-body 
autoradiography (QWBA) was used to quantify the radioactivity concentration in tissues 
when [3H]-mipomersen was administered to mouse and rat to study organ distributions. 
Liquid chromatography with tandem mass spectrometry (LC-MS/MS) assays were 
developed to quantify mipomersen concentration in microsome and hepatocyte 
incubations used in in vitro metabolism studies. Analyses of plasma, tissue and urine 
concentrations of mipomersen and its related oligonucleotide metabolites were 
conducted with fully validated methods during development of mipomersen.  
 
 
ABSORPTION 
The plasma pharmacokinetic properties of mipomersen were consistent across multiple 
nonclinical species and man. Following SC administration, mipomersen was rapidly 
absorbed into the systemic circulation with a mean bioavailability close to 100% and 
Tmax values between 0.5 and 2 hours across the evaluated species. The disposition 
kinetics of mipomersen in plasma following SC administration was generally biphasic, 
with a rapid tissue distribution phase (half-life <5 hours) followed by a prolonged 
elimination phase (half-life >16 days). The mean apparent plasma terminal half-life of 
mipomersen was in the range of 16 to 30 days in the species evaluated. 

Following a single SC dose in mouse, rat, and monkey, the mean plasma Cmax and 
AUC of mipomersen were shown to be dose-dependent across species, with Cmax 
increasing in a roughly dose proportional manner in mouse and monkey but not rat, and 
AUC increasing approximately 2- to 3-fold greater than that predicted based on dose 
proportionality. 

Following repeated SC administration of mipomersen to mouse (5 to 25 mg/kg, once 
every fourth day [Q4D]), rat (3 to 30 mg/kg, once weekly [QW]), dog (2 mg/kg, once 
daily [QD]), and monkey (1 to 30 mg/kg, QW), the mean plasma Cmax and AUC of 
mipomersen were shown to be dose-dependent across species, and the Cmax and 
AUC increases were either dose-proportional or greater than dose-proportional, 
depending on the dose level.  

Following repeated SC administration, mean trough plasma concentrations (Ctrough) of 
mipomersen increased by 2- to 5-fold in mouse and monkey (once weekly dosing) and 
10-fold in dog (QD dosing) compared to the plasma Ctrough post loading doses, 
consistent with mipomersen accumulation in major tissues. Plasma Ctrough reached 
steady-state in approximately three months in rodents and six months in monkey, 
consistent with the observed long terminal half-life. 

Following IV dosing, the mean plasma clearance of mipomersen was 0.135 and 0.0616 
L/h/kg in rat and monkey, respectively. The apparent volume of distribution was close to 
the total body water volume, indicating tissue distribution. 
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DISTRIBUTION 

 Mipomersen is highly bound to plasma protein in all tested species (>=85%) 
o Extent of binding is independent of mipomersen concentration over 2 logs 

(0.1 to 10M) 
o Mipomersen does not displace statins from plasma protein, nor do statins 

displace mipomersen binding 
o Mipomersen binds to multiple different human plasma proteins 

 Tissue distribution: highest in kidney (especially cortex), liver, spleen, lymph 
nodes, thyroid/parathyroid, stomach and bone marrow 

 Minimal distribution to muscle or brain 

 Mipomersen does not cross the placenta 

 Tissue concentration is dose-dependent, and scales best between species on a 
mg/m2 basis 

 Mipomersen distribution to the mouse kidney saturates at relatively low drug 
levels compared to the rat and monkey 

 Tissue half-life  is 10-35 days 
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 Chain-shortened metabolites (primarily 7-15 bases in length) were observed in 
tissues and urine.  The metabolite profiles were similar across species.  No 
unique metabolites were identified in human urine samples. 

 Chain-shortened oligos are unlikely to exhibit pharmacologic activity due to their 
relatively low levels in tissues and the intrinsically reduced binding affinity 
towards RNA of shorter oligonucleotides. 
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EXCRETION 

 Mipomersen is cleared from the body through urinary excretion of parent and 
chain-shortened metabolites (mouse, rat, monkey and human. 

 In rats, ~32% of an administered dose of [3H]-mipomersen was eliminated from 
the body within 2 weeks of a single IV dose (5 mg/kg): 26% in urine, 4% in feces.  
Less than 17% of the dose was eliminated within 24 h: 15% in urine, <1% in 
feces, and ~50% of the total radioactivity in urine was attributed to intact 
mipomersen. 
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PHARMACOKINETIC DRUG INTERACTION 

 Mipomersen is not metabolized by CYP450 enzymes, nor does it inhibit the 
activity of CYP450 enzymes commonly involved in metabolism of other drugs: 
CYP1A2, CYP2B6, CYP3A4, CYP2C9, CYP2C19 or CYP2D6. 

 Mipomersen did not induce expression of CYP1A2, CYP2B6 or CYP3A4. 

 Mipomersen is not a substrate for nor an inhibitor of P-glycoprotein. 

 Mipomersen did not disrupt atorvastatin or simvastatin plasma protein binding, 
nor did the statins disrupt mipomersen binding to plasma protiens.  
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o There is proteinuria by Day 29 in both sexes at > 10 mg/kg/week and by 
Day 148 in the LD group (3 mg/kg/week). 

o Clinical chemistry is also consistent with impaired renal function. 

 There were hyperplastic/neoplastic changes in some tissues 

o Squamous cell hyperplasia of the tongue in 2♀s at > 30 mg/kg/week 

o Cervical fibromuscular hyperplasia in 1 HMD♀ 

o 1 HD♂ had a kidney tubular cell adenoma and tubular hyperplasia 

o Kidney transitional cell hyperplasia in 1 HD♀ 

o Bile duct hyperplasia (liver) in 5/10 HDr♀s 

o Mammary gland adenocarcinoma in 1 LMD♀ 

o I HD♀ had transitional cell hyperplasia of the urinary bladder and ureter 

 

Methods 
Doses: 0, 3, 10, 30 & 50 mg/kg 
Frequency of dosing: Weekly 
Route of administration: SC injection 
Dose volume: 10 mL/kg 
Formulation/Vehicle: Phosphate buffered saline, pH 7.4 
Species/Strain: Sprague-Dawley Rats 
Number/Sex/Group: 20 
Age: ~8 weeks of age at initiation of dosing 
Weight: ♂: 236 to 280 g   ♀: 174 to 211 g 

Recovery: 10/s/g (C, LMD & HD only) Satellite groups: 
TK: 24/s/g (LD & HD only) 

Unique study design: Total IgG & IgM levels were measured (C & HD) 
Cytokine/chemokine analysis (C, HMD, HD) 

Deviation from study protocol: None material to interpretation of the data. 
 

Observations and Results 

Mortality 

I HDr♂ (# 5025) was found dead on Day 237 (2 days before scheduled recovery 
sacrifice) from chronic progressive nephropathy (CPN).  While Sponsor considered this 
to be unrelated to mipomersen, it is likely that mipomersen contributed to the speed of 
onset and severity of CPN in this animal. 

All other animals survived to scheduled sacrifice. 
 

Clinical Signs 

Unremarkable during the dosing phase; however, HD recovery animals exhibited 
multiple findings (reviewer’s table below) during the recovery phase. 
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Urinalysis 

No effect on urine volume, specific gravity or pH. 

Protein to creatinine ratio was s.s. at the end of dosing in all dose groups.  24 h 
quantitative urine protein was elevated all doses > 10 mkw.  The 10 mkw dose may 
have been associated with recovery to some degree.  There was no recovery at 50 
mkw, indeed there was a marked deterioration in ♂s at this dose, with s.s.  in urinary 
creatine and marked increases in 24 h quantitative urine protein.  The progression in 
kidney deterioration may account for the poor clinical signs observed during the 
recovery period in the HD group. 
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Gross Pathology 

Epididymides 
Small: 1 HD♂ (moderate) 

Kidney 
Cyst (mild-moderate): none at terminal sac; 3 HDr♂ 
Enlarged (moderate): 1 HD♂; 1HDr♂ 
Discolored, tan (mild): 1 HD♂, 1 HMD♀, 1 HD♀ 
Dilatation, pelvic (mild): 1 HD♀; 1 HDr♀ 
Irregular surface (moderate): none at terminal sac; 1 HDr♂ 

Liver 
Enlarged (mild): 1 HD♂ 
Discoloration, black (mild): none at terminal sac; 1 HDr♂ 

Lung 
Focus/foci (white) (mild): 1 HD♂  

Lymph Node (mandibular) 
Enlarged (mild): 1 HD♂  

Lymph Node (mediastinal) 
Enlarged (moderate): 1 HD♂ 
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Skin/Subcutis 
Discoloration, white (moderate): none at terminal sac; 1 HDr♂ 

Spleen 
Enlarged (mild-moderate): 5 HD♂  
Discoloration, white (moderate): none at terminal sac; 1 HDr♂ 

Testes 
Small (moderate): 1 HD♂  
Discoloration, white (moderate): none at terminal sac; 1 HDr♂ 

Thymus 
Small (mild-moderate): 3 HD♂, 2 HMD♀, 1 HD♀ 

 

Organ Weights 

Numerous s.s. organ weight effects were seen, but the majority of these were deemed 
to arise from the  bodyweight of treated animals, compared to controls.  Those 
changes judged likely to be related to mipomersen and independent of the effects on 
bodyweight are captured below.  All organs in the table except the thyroid gland had 
macroscopic and microscopic findings consistent with the observed changes in weight.  
The changes in thyroid weight may be spurious, but it is notable that absolute thymus 
weight went up at all doses <50 mkw, even while bodyweight went down. 
 
Organ Weight -- Fold Changes from Control 

Dose (mg/kg/week) 
3 10  30  50  Organs 

M F M F M F M F 
Term 1.0 1.0 1.0 0.9* 0.9* 0.9* 0.9* 0.8* 

Body weight 
Reco - - 1.0 1.1 - - 0.7* 0.9* 
Term 1.0 1.1* 1.0 1.1* 1.0 1.2* 1.1* 1.4* 

Kidney (BWt%) 
Reco - - 1.1 1.1 - - 2.0* 1.5* 
Term 1.0 1.0 1.1 1.1* 1.2 1.3* 1.4* 1.5* 

Liver (BWt%) 
Reco - - 1.0 1.1 - - 1.7* 1.4* 
Term 1.0 1.1 1.2* 1.3* 1.8* 2.1* 2.3* 2.3* 

Spleen (BWt%) 
Reco - - 1.2 1.0 - - 2.0* 1.5* 
Term 1.1 1.0 0.9 0.8* 0.7* 0.6* 0.7* 0.6* 

Thymus (BWt%) 
Reco - - 0.9 1.1 - - 0.5* 1.2 
Term 1.3* 1.3* 1.4* 1.3* 1.4* 1.4* 1.0 1.0 

Thyroid  
Reco - - 1.0 1.0 - - 0.9 1.0 

* Statistically significant compared to controls 
“-“ = no data 
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Histopathology 

Adequate Battery 

Yes 
 
Peer Review 

No 
 
Histological Findings 

Proinflammatory changes were observed in the adrenal glands, choroid plexus of the 
brain, coagulating gland, epididymides, heart, injection sites, kidneys, larynx, lung, 
lymph nodes, mediastinum, ovaries, oviducts, pancreas, pituitary gland, prostate gland, 
seminal vesicles, skin, spleen, testes, tongue, urinary bladder, uterus with cervix, and 
vagina. Findings were primarily lymphohistiocytic infiltrates in non-lymphoid tissues, 
lymphohistiocytic infiltrates and lymphoid hyperplasia in the spleen, and sinus 
histiocytosis in lymph nodes (see Sponsor’s tables below).  Other immune effects 
include lymphocytic infiltration in the kidneys, increased incidence of alveolar 
histiocytosis, ymphoid or lymphocyte/plasmacyte hyperplasia in lymph nodes and 
generalized thymic lymphoid depletion (see Reviewer’s table below).   
 
The “lymphohistiocytic infiltrates” were characterized as generally being comprised of 
macrophages containing a basophilic granular material indicative of oligo uptake.  
Likewise the “sinus histiocytosis” observed in multiple lymph nodes represented 
accumulation of oligo-laden macrophages in the sinuses of lymph nodes.  Similarly 
basophilic granules in the Kupffer cells of the liver and proximal tubular cells of the 
kidney are thought to represent uptake and accumulation of oligo in these cells. 
 
At terminal sacrifice male rats show an increased incidence and severity of chronic 
progressive nephropathy (CPN) at doses > 30 mkw (minimal- moderate).  HD♀s also 
appear to have an increased incidence of minimal CPN.  HD recovery animals (both 
sexes) show a further worsening (not recovery) of CPN, along with other findings 
suggestive of deteriorating kidney health and function.  The two HDr♂s that had the 
most severe CPN (#5024 had the highest BUN at recovery sampling [222 vs. 15 for rest 
of cohort], #5025 died on study with CoD of CPN) had findings likely to be secondary to 
kidney failure/uremia: 

 5024: polyarteritis (epididymides, seminal vesicles, testes), mineralization (aorta, 
testes tubules), oligospermia/germ cell debris (epididymides), depletion secretory 
(seminal vesicles), degeneration/atrophy, seminiferous tubules (testes). 

 5025: vascular mineralization (aorta, heart, kidney), osteodystrophy. 
 

Other notable kidney findings include lymphocytic infiltration (not lymphohistiocytic) at 
doses > 30 mkw at terminal sacrifice and hyperplastic/neoplastic findings in two HD 
recovery animals (1 ♂ & 1 ♀): 

 #5029 had tubular cell hyperplasia (minimal) and adenoma 
 #5525 had transitional cell hyperplasia (mild) 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

57 

 
Vascular events (other than those noted above) include polyarteritis (rectum) in HD♂ 
5020, aneurysm (aorta) in HDr♀ 5521, and thrombus (brain) in HDr♂ 5024.  Given the 
low incidence, the relationship between these findings and the test item are unclear.  
Interestingly, doses > 30 mkw appear to be associated with a reduction in the incidence 
of cardiomyopathy (minimal). 
 
Liver findings (aside from basophilic granules in Kupffer cells) are limited to a decrease 
in the incidence of minimal mononuclear cell infiltration.  This effect persists after the 
recovery period.  While intriguing, this is of no known toxicological significance.  
Following recovery sacrifice there is minimal bile duct hyperplasia in 5/10 HDr♀s, 
possible increase in incidence in focal necrosis in HDr♀s, and centrilobular or midzonal 
vacuolation in HDr♂s. 
 
Other findings captured in reviewer’s table below are of uncertain relationship to the test 
item. 
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Cytokine/Chemokine Analysis 

A multiplex ELISA approach was used to measure the levels of IL-1, IL-1, IL-6, TNF-
, MCP-1, MIP-1, GRO (functional homolog to IL-8) and IFN- in samples from the C, 
HMD & HD animals at the end of the dosing period. 

Insufficient information was provided in the study report to fully assess the extent to 
which the assay system is suitable for the intended analysis.  The assay is not 
validated.   

MCP-1, IL1, IL-10, IFN and MIP1 all showed dose-related increases.  There was no 
clear effect on GRO or TNF. 
 
Mean Cytokine/Chemokine Levels 

Dose 
(mg/kg/week) 

MCP1 
(pg/mL) 

GRO(IL-8) 
(pg/mL) 

IL1 
(pg/mL) 

IL-10 
(pg/mL) 

IFN 
(pg/mL) 

TNF 
(pg/mL) 

MIP1 
(pg/mL) 

0 2128 6.0 <1.6 43.9 10.8 
30 5422 8.8 10.6 79.4 19.4 
50 8438 

no  
8.2 19.6 100.6 

no  
30.3 
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Toxicokinetics 

Plasma TK was only determined for the LD (3 mkw) and the HMD (30 mkw).  Exposure 
increased hyperproportionally between these two doses.  Tmax was 0.5 to 2 hr.  Terminal 
half-life ranged from 2.4 days (following the 1st 3 mg/kg dose) to 22.4 days (following the 
last 30 mg/kg dose). 

 
 
The kidney was the major site of distribution, followed by the liver.  While plasma 
exposure increased hyperproportionally to dose (above), tissue exposures increased 
with dose hypoproportionally. 
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 Consistent with tissue distribution of the oligos, the liver was a target tissue.  Liver 
weight as a % of bodyweight was increased in both sexes, and this was correlated 
with the incidence/severity of basophilic granules in Kupffer cells.  ALT was ↑ ~3- to 
6-fold at 75 mkw (for both oligos) in both sexes.  AST was ↑ ~60-70 % at 75 mkw 
(both sexes) and ALP was ↑ ~2-fold in HD♂s.  In addition albumin was mildly 
decreased ( 14-23%) at doses > 25 mkw.  Karyomegaly (minimal-mild) was seen in 
13/16 surrogate-treated ♀s.  This same dose group had 2/16 mice with minimal 
single hepatocyte necrosis. 

 Other than the presence of basophilic granules in tubule cells (though to represent 
drug accumulation), there were no clear effects on the kidney, despite relatively high 
exposure levels in this tissue. 

 At doses > 10 mkw, ISIS 301012 was associated with the presence of “foreign 
material” in the skin at time of histopathological examination, with 14/16 HD♂s 
exhibiting this finding.  Sponsor provides no additional characterization of the foreign 
material, nor an explanation for this finding.  

 The NOAEL is considered to be 2 mg/kg/week. 

Methods 
Doses ISIS 301012: 0, 2, 10, 25, and 75 mg/kg 
Doses ISIS 147764( mouse surrogate): 75 mg/kg 
Frequency of dosing: Weekly 
Route of administration: SC Injection 
Dose volume: 10-15 mL/kg 
Formulation/Vehicle: Phosphate buffered saline 
Species/Strain: CD-1 Mouse 
Number/Sex/Group: 16 
Age: ~8 weeks at initiation of dosing 

♂: 27.4 to 33.4 g Weight: 
♀: 21.7 to 27.2 g 
6/s/g (C, LMD & HD only) [recovery] Satellite groups: 
30♂s/g (HMD & HD only) [TK] 

Unique study design: None 
Deviation from study protocol: No material deviations 
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Observations and Results 

Mortality 

No test item related effect. 
 

Clinical Signs 

No test item related effect. 
 

Body Weights 

There were slight, generally dose-related increases in mean body weight gain when 
compared to controls throughout the study, which appeared to be related to increased 
food consumption in those groups. 
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Feed Consumption 
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Ophthalmoscopy 

No treatment-related ophthalmoscopic findings were observed at the examinations 
conducted prior to the terminal and recovery sacrifices. The few findings seen were 
typical of those commonly seen in mice of this age and strain. 
 

Hematology: 8/s/g terminal and recovery sac 

ISIS 301012 was associated with a dose-related  in RBC mass in both sexes and a 
dose-related ↑ in platelet count in ♂s.  Reversibility was incomplete by 3 months; 
absence of values in Sponsor’s table indicates lack of s.s. (NB n=3 for recovery groups), 
not reversal of the numerical difference.  The murine surrogate (ISIS 147764) was 
without effect on these parameters. 

Coagulation parameters were not assessed. 

 
 

Clinical Chemistry: 8/s/g terminal and recovery sac 

In addition to the findings captured in Sponsor’s table below: 
 Dose-dependent  in total bilirubin in F, s.s. at > 25 mkw (52% at HD) 
 Chloride s.s. ↑ in HDr♂, n.s.s. ↑ in HDr♀ 
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Special Evaluation 

Immunoglobulin 

No effect of test item on total serum IgM or IgG. 
 
Cytokine/Chemokine Analysis 

A multiplex ELISA approach was used to measure the levels of IL-1, IL-1, IL-6, TNF-
, MCP-1 (JE), MIP-1, RANTES, IL-8 and IFN-. 
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Insufficient information was provided in the study report to fully assess the extent to 
which the assay system is suitable for the intended analysis.  The assay is not 
validated.  The only parameter that appeared to demonstrate a clear relationship to test 
item was MCP-1 (JE), which showed a dose-dependent (sequence independent) 
increase at doses > 25 mg/kg. 
 

 
 

Toxicokinetics 

ISIS 301012 is rapidly cleared from plasma, presumably reflecting distribution to 
tissues.  By Day 94 steady state plasma levels appear to have been achieved at HD (75 
mkw); however at a lower dose (10 mkw) moderate accumulation continues after Day 
94. (See Sponsor’s tables 2 & 3, below.) 
 
Exposure (AUC and Cmax) increase roughly dose proportionally in plasma.  Tissue 
exposures increase with dose, but generally hypoproportionally.  The major sites of 
distribution are the kidney, liver and spleen, with the liver predominating at higher doses 
and the kidney at lower doses.  In the assessed tissues, at most doses, intact ISIS 
301012 represented >75% of measured oligonucleotide. (See Sponsor’s tables 4 & 5, 
below.) 
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Pharmacodynamic Analysis 

The expression level of ApoB mRNA in the liver was assessed as a means of testing 
whether the mouse surrogate (ISIS 147764) was demonstrating the intended 
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Two other monkeys (#s 5505 [interim sacrifice] and 5506 [moribund sacrifice 
noted above]), both HD monkeys, also had evidence of immune-mediated 
(macrophage/histiocyte) extravascular destruction of RBCs and/or platelets, and 
may also have had an HLH-like syndrome.  

 Thrombocytopenia was elicited in 3 HD monkeys, requiring dosing holidays of 
various durations.  Platelet counts recovered following drug withdrawal with the 
exception of HD♀ # 5506, which was subsequently sacrificed moribund (above).  
Notably, the other 2 HD monkeys developing thrombocytopenia sufficient to 
require a dosing holiday were found to have vascular lesions at necropsy 
(below).  Splenomegaly, with sequestration of platelets, may have contributed to 
the thrombocytopenia, although an immune-mediated loss of platelets (due to 
HLH and/or complement activation) cannot be ruled out. 

 Mipomersen initiated a dose-related proinflammatory response, as evidenced by 
biomarkers of the acute phase response, expansion of lymphoid tissues, 
infiltration of lymphocytes into multiple tissues, establishment of lymphoid follicles 
(tertiary lymphoid tissue) in multiple tissues and hypertrophy/hyperplasia of 
histiocytes.  Histiocytes in multiple tissues were found to contain basophilic 
granules, considered to represent mipomersen or its metabolites. 

 Although the greatest concentrations of mipomersen were found in the kidney 
and liver, aside from the inflammatory and lymphoproliferative responses noted 
above, there was little demonstrably adverse effect of mipomersen treatment on 
the liver, with the exception of a possible increase in the incidence of minimal 
cytoplasmic vacuolation in hepatocytes at HD.  In the kidney, doses of 
mipomersen of > 10 mg/kg/week were associated with minimal-moderate 
cytoplasmic vacuolation of the tubular epithelium and minimal-slight degeneration 
of the tubular epithelium. 

 Two HD monkeys, ♂ # 5007 and ♀ #5603 had vascular lesions in multiple 
tissues.  These lesions were characterized by basophilic intimal thickening 
(hyperplasia) and infiltration of lymphocytes (including plasma cells), occasionally 
with eosinophils.  The degree of intimal thickening was pronounced in some 
cases, sometimes nearly occluding the lumen.  Although originally characterized 
as vasculitis, subsequent expert review states that the lesions, should not be 
characterized as a “vasculitis;” nonetheless the changes noted are considered to 
be adverse. 

 In this reviewer’s opinion, the HD♀ sacrificed moribund (5506) should also be 
considered as suffering from vascular lesions.  The finding of anemia, coupled 
with the presence of schistocytes is suggestive of microangiopathic anemia, even 
though this was not documented as a histopathology finding in this animal.  
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Methods 
Doses: 0, 1, 3, 10 & 30 mg/kg 
Frequency of dosing: Weekly (except for 2 week loading period, during which 

doses were administered twice a week) 
Route of administration: Subcutaneous Injection 
Dose volume: 0.2 mL/kg 
Formulation/Vehicle: Phosphate buffered saline, pH 7.4 
Species/Strain: Cynomolgus monkeys 
Number/Sex/Group: Terminal sac: 3 
Age: 2.8 to 4.6 years old 
Weight: ♂: 2.0 to 3.3 kg     ♀: 1.9 to 2.9 kg 
Source: China 
Satellite groups: Recovery (6 month): 2 (C & HD only) 

Interim sac (6 month): 2/s/g 
Unique study design: Complement (C3 and Bb) were assessed. 

Cytokine/chemokine levels were assessed. 
Acute Phase markers were assessed. 

Deviation from study 
protocol: 

Several HD monkeys received dosing holidays due to 
low platelet counts: HD♂ 5007: Days 211-232 & 309 to 
330; HD♀ 5506: Day 246 to unscheduled sac on Day 
271; HD♀ 5603: Day 309. 

After Day 134 the number of injection sites was 
increased from 4 to 8 to avoid reinjection of sites that 
were swollen and or red from the previous injection. 
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Observations and Results 

Mortality 

HD♀ 5506 was sac’d moribund on Day 271 (Week 39).  At the time of sacrifice, this 
animal was on a dosing holiday due to marked thrombocytopenia and anemia (last dose 
was on Day 239).  In the weeks prior to euthanasia, the monkey appeared to be 
dehydrated and was treated with SC Lactated Ringer’s Solution and fruit 
supplementation.  On Day 249 this animal was noted to have sustained a cage injury 
that resulted in severe swelling and bruising of one of its arms.  On Day 251 this animal 
was noted to have a mass on both legs (~2 x 1 centimeter), which persisted until Day 
268.  Following blood collection on Day 269, it was noted that that the venipuncture site 
bled for ~30 min after sample collection and became severely swollen.  The animal was 
lethargic thereafter, and was sacrificed on Day 271 after failing to respond to IV 
Lactated Ringer’s Solution/dextrose and hetastarch.  Postmortem analysis revealed 
widespread multifocal hemorrhage (presumably secondary to thrombocytopenia), and 
multifocal necrosis (possibly secondary to local tissue anoxia associated with anemia 
and altered tissue perfusion).  Sponsor considered that thrombocytopenia, cage injury 
and anemia were the major factors of morbidity leading to euthanasia of this animal.  
Sponsor concluded that the relationship of the ISIS 301012 was unclear. 
 
LMD♀ 3504 was sac’d moribund on Day 299 (Week 43) because of reduced body 
temperature and rapidly deteriorating condition.  This monkey had a history of diarrhea 
and watery or red feces associated with mucus on 96 of 299 days on study; however, 
the incidence was reduced in the month preceding necropsy.  Beginning on Week 41, 
this monkey had a severely swollen face.  From Days 296 to 299 the animal continued 
to have facial swelling, reduced activity, hunched appearance, low food consumption 
and hypothermia.  Necropsy revealed fluid accumulation in the abdominal cavity, which 
upon cytologic examination was revealed to be purulent exudate with a predominance 
of neutrophils (90%) along with intra- and extra-cellular bacteria.  Histopathologic 
examination of the gastrointestinal tract showed widespread submucosal edema, with 
marked inflammation in the cecum that extended through the mucosa and may have 
resulted in the observed purulent exudate.  The kidney was remarkable for diffuse 
membranous glomerulonephritis.  Sponsor considered that the moribund state of this 
animal could be attributed to large intestinal inflammation (with probable consequent 
sepsis) and glomerulonephritis (possibly secondary to chronic gastroenteritis and 
sepsis).  Sponsor concluded that while a contribution of ISIS 301012 administration to 
the moribund sate of this animal was unlikely, it could not be completely ruled out. 
 

Clinical Signs 

Other than the clinical signs noted above associated with the early decedents, clinical 
signs were generally limited to the injection sites: transient, generalized raised and 
circular redness and slight to moderate (occasionally severe) swelling.  These signs 
were seen in all groups, but their severity and incidence were dose-related. 
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Body Weights 

No test item-related effect. 

Feed Consumption 

No test item-related effect. 

Ophthalmoscopy 

No test item-related effect. 

ECG 

No test item-related effect. 

Hematology 

Sponsor-provided group mean data a statistical analyses combine both sexes. 

 < 3 mg/kg: no test item-related effect. 

10 mg/kg: Minimal increase in lymphocytes in males 

30 mg/kg:  platelet counts in both sexes (19-31% throughout the study),  in 
neutrophils (♂&♀) and sporadic ↑ in lymphocytes, eosinophils, basophils and/or 
unclassified cells, especially in ♂s, suggests immune perturbation in some animals.  1 
HD♀ (5506) had severe thrombocytopenia that likely contributed to early sacrifice, as 
discussed above.  Monkey 5506 was also notable for the presence of abnormal RBCs, 
beginning Day 233, anisocytosis & spherocytes; Day 245, polychromasia; Day 250, 
microcytosis & nucleated red cells; and Day 269, hypochromasia, macrocytosis & 
schistocytes.  By Day 250, monkey 5506 was moderately anemic (RBCs 55% of 
baseline), and by Day 269 she was severely anemic (RBCs 13% of baseline).  The 
presence of the schistocytes is suggestive of microangiopathic anemia.  The etiology of 
the  in platelets is unclear, but does not appear to be due to reduced production, as 
analysis of bone marrow finds normal or elevated levels of magakaryocytes.  Also there 
is a correlation between reduced platelet count and increased mean platelet volume 
(MPV) in affected animals, indicating increased thrombopoiesis. 

Splenic sequestration may account for some of the  in platelet count, since the spleen 
is enlarged in HD animals, especially so in HD monkeys 5007, 5506 and 5603, which 
experienced some of the greatest s and had the largest spleens (~3.5x the rest of their 
dose cohort).  Alternatively, platelets can be activated (and thereby consumed) by 
complement activation.  Acquired hemophagocytic lymphohistiocytosis (LHL) may also 
have played a role in platelet, RBC and/or neutrophil destruction.  This would be 
consistent with the increased number and activity of lymphocytes and histiocytes in 
treated monkeys and increased erythrophagocytosis documented in some monkeys. 
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Coagulation 

Group mean data were not provided by the Sponsor, only individual data. 

No clear effect of test item on PT, APTT or Fibrinogen. 
 
On Days 352 & 353 (24 and 48 h after most recent dose) Sponsor measured the 
percentage of circulating platelets (CD61 positive cells) that are activated (double 
positive for CD62P and CD61) in samples from groups 1, 4 & 5.  None of the C group 
samples gave values within the positive control range, while 1/6 group 4 sample was 
and 2/9 group 5 samples were.  This may indicate an effect of test item to activate 
platelets. 
 

 
 

Complement 

C3 (intact) and the split product of B (Bb) were measured.   

The HD (30 mkw) was associated with acute and chronic activation of the alternative 
pathway for complement activation (generation of the Bb split product of factor B and 
consumption of C3).  This is consistent with the known propensity for phosphorothioate 
oligonucleotides to activate the alternative complement pathway.  While less clear, there 
is some indication that the HMD (10 mkw) may activate complement chronically to a 
lesser extent. 
 

Reference ID: 3224500







 NDA # 203568                                                        Ronald Wange, Ph.D. 

92 

 
 

 
 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

93 

 
 
 

 
 
 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

94 

 

Serum Immunoglobulins 

All monkeys were assessed for serum IgG and IgM levels.  There was no effect of 
mipomersen except at HD.  It is notable in particular that monkey 3504 (moribund sac’d 
on Day 299) did not have elevated IgG or IgM compared to baseline.  At 30 mkw, IgG 
levels (but not IgM) were elevated 2-3-fold compared to concurrent control or baseline.  
This effect was s.s. at Weeks 39 and 51, and was reversible. 
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Clinical Chemistry 

Sponsor-provided group mean data a statistical analyses combine both sexes. 

CRP was markedly elevated (> 2 mg/dL) at one or more timepoints in the majority of HD 
animals (10/14).  This finding was rare in other dose groups: 2/14 in C, 0/10 in LD, 2/10 
in LMD and 1/10 in HMD. 

8/14 HD monkeys (♂&♀) had > 20%  in albumin at one or more timepoints (mostly 
later in the study.  With the exception of a single LMD monkey, this was not seen in any 
other animals on the study.  7/14 HD monkeys (♂&♀) had a > 20% ↑ in serum globulin.  
A comparable decrease was not seen in any other animals on the study.  The affected 
animals also exhibited slight to marked s in the A:G ratio, with 6/14 animals exhibiting 
s of > 50%. 

There was no effect of test item on serum transaminase levels. 

No convincing effect of mipomersen on lipid levels (CHOL or LDL-C) was apparent in 
these normolipidemic animals at any dose. 
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Acute Phase Markers 

Sponsor identified 6 HD monkeys (#s 5001, 5002, 5007, 5501, 5506 & 5603) having 
evidence of an acute phase response.  This was defined as two or more of the following 
concurrent changes: 1) > 20%  in serum albumin from baseline, 2) > 20% ↑ in serum 
globulin from baseline, 3) CRP > 2 mg/dL, 4) > 50% ↑ in plasma fibrinogen from 
baseline or 5) 2-microglobulin of > 100 nmol/L (see table below).  One C (# 1005) and 
one HMD (# 4505) monkey also showed signs of an acute phase response. 

Dose-dependent ↑ in serum 2-microglobulin measured at Week 39.  Serum 2-
microglobulin was not measured at any other timepoint.  Urinary 2-microglobulin 
(expressed as a ratio to creatinine) was generally unaffected by treatment at all 
assessed timepoints (Weeks 17, 27, 39 & 51); however 1 HD♂ (# 5007) had unusually 
high values at Week 27 (1.03) and Week 39 (4.75), which correspond to high serum 
levels in this animal.  No other animal in the study have a ratio of greater than one at 
any timepoint.  Notably though, # 5007’s values returned to the normal range by Week 
51.     
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2-Microglobulin Week 39 (nmol/L) 
Control 1 mg/kg/week 3 mg/kg/week 10 mg/kg/week 30 mg/kg/week 

  

      

  

Mean 90.96  95.23  101.87  118.76  182.05 

S.D. 22.38  10.71  8.43  21.00  90.82 

NEC = animal necropsied 

Fecal Culture 

Fecal culturing was performed on samples from HD monkeys 5006 (Day 324), 5501 
(Day 346), 5603 (Days 306 & 333) and 5507 (Days 315 & 359).  Monkey 5507 was 
found to be positive for Campylobacter sp. on Day 315, and monkey 5603 was found to 
be positive for Shigella sp.  Both animals were treated with Baytril at 5mg/kg for 1 
week, and were subsequently negative for the respective bacteria.  All other cultures 
were negative for Campylobacter sp, Shigella sp, and Salmonella sp. 

Urinalysis 

HD♂ #5007 was positive for protein in the urine (+1 to +3) and occult blood (small to 
large) by dipstick, and had an elevated microprotein-to-creatinine ratio beginning on 
Study Day 269.  This same animal also had an pronounced elevations of serum 2-
microglobulin at this time and urine 2-microglobulin on Days 185, 248 and 269.  Urine 
2-microglobulin was near normal on Day 353.  Other HD monkeys were unremarkable. 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

99 

 

Urine 2-microglobulin in HD♂ 5007 

 Day 119 <2.54 nmol/L 

 Day 185 26.82 nmol/L 

 Day 248 26.37 nmol/L 

 Day 269 97.34 nmol/L  (serum = 421.24 nmol/L on this day) 

 Day 353 3.39 nmol/L 

Gross Pathology 

In the absence of Sponsor-provided summary tables, the following is reproduced from 
the pathologists report. 

5.1.   Gross Pathology 

5.1.1.   Interim Necropsy Animals (Day 185) 
 

Macroscopic findings attributed to the subcutaneous injection of ISIS 301012 in 
cynomolgus monkeys euthanized at Day 185 (after 27 weeks of dosing) were limited to 
the enlargement of one or more lymph nodes (inguinal, axillary, sublumbar, iliac, 
bronchial, and cervical) in 1 of 4, 1 of 4, and 2 of 4 monkeys dosed with 1, 3, and 30 
mg/kg/week ISIS 301012, respectively. Lymph node enlargement was attributed to 
lymphoid hyperplasia, medullary, or subcapsular sinus histiocytosis (accumulation of 
macrophage-like cells) and/or histiocyte hypertrophy. Although lymphoid hyperplasia 
and sinus histiocytosis were present in control article and test article-treated monkeys, 
these findings were generally more frequent and/or severe in monkeys dosed with ISIS 
301012.  The histologic finding of histiocyte hypertrophy (with intracellular basophilic 
granules) was only identified in monkeys dosed with ISIS 301012.  Lymphoid 
hyperplasia, sinus histiocytosis, histiocyte hypertrophy, and intracellular basophilic 
granules have been observed previously with oligonucleotide administration and, as 
such, were considered an effect of the test article in the present study.  All other 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

100 

macroscopic findings were randomly distributed across control and test article-treated 
monkeys, or were considered common incidental findings for cynomolgus monkeys. 
 

5.1.2.   Unscheduled Necropsy Animals 
 

Two monkeys were euthanized moribund prior to the Day 360 terminal necropsy. 
Monkey 3504-MF23342F (Group 3 female, 3 mg/kg/week ISIS 301012) was euthanized 
in moribund condition on Day 299/Week 43 because of reduced body temperature and 
rapidly deteriorating condition. Monkey 5506-MF4071F (Group 5 female, 30 
mg/kg/week ISIS 301012) was euthanized moribund on Day 271/Week 39.  Prior to 
euthanasia, the monkey was weak and was determined to be anemic and 
thrombocytopenic.  Gross findings and associated histologic correlates are presented in 
the Individual Animal Data Reports that constitute Table 14. 
 

Macroscopic findings (and histologic/cytologic correlates) in monkey 3504 consisted 
of fluid accumulation in the abdominal cavity (purulent exudate based on cytologic 
evaluation); increased size of the adrenals (cortical hyperplasia); a red focus on the 
cecum (acute inflammation); decreased thickness of the colon (no histologic 
correlate); red discoloration of the ileum (hemorrhage); increased thickness of 
injection sites 1, 2, 3, and 4 (subcutaneous edema); pale discoloration of the kidney 
(glomerulonephritis); decreased size of the thymus (involution); and pale 
discoloration of the thyroid (no histologic correlate).  None of the above 
findings were consistent with typical changes in cynomolgus monkeys dosed with 
oligonucleotides.  Gross findings that were associated with an oligonucleotide-based 
histologic 
correlate were limited to an accentuated lobular pattern, increased size, and 
friability of the liver; all three macroscopic observations were correlated to 
Kupffer cell hypertrophy/hyperplasia. 
 

Gross observations (and associated histologic correlates) in monkey 5506 included red 
discoloration of the bone marrow, heart (hemorrhage), multiple lymph nodes 
(erythrophagocytosis), and gastric mucosa (hemorrhage), pale discoloration of the 
kidney (multifocal cellular infiltrates), and liver (multifocal extramedullary 
hematopoiesis), and an increase in size of multiple lymph nodes (extramedullary 
hematopoiesis and/or plasmacytosis/plasma cell hyperplasia).  With the exception of 
an increase in size of lymph nodes associated with plasmacytosis, none of the above 
gross findings were considered typical test article-associated gross observations. 
 

5.1.3.   Terminal Necropsy Animals (Day 360) 
 

Macroscopic findings ascribed to the subcutaneous administration of ISIS 301012 in 
cynomolgus monkeys euthanized at Day 360 (after 52 weeks of dosing) consisted of 
lymph node enlargement, accentuation of the follicular pattern in the spleen, and an 
increase in the thickness of the subcutaneous tissue in one or more of injection sites 1, 2, 
3, and 4 (left and right thigh area).  Enlargement of one or more lymph nodes (axillary, 
cervical, iliac, inguinal, mandibular, mesenteric, pancreatic, popliteal, sublumbar, and 
tracheobronchial) was identified in 1 of 5, 3 of 6, and 6 of 6 monkeys dosed with 3, 10, 
and 30 mg/kg/week ISIS 301012, respectively.  Lymph node enlargement was most 
consistently associated with microscopic findings of lymphoid hyperplasia and 
plasmacytosis, although sinus histiocytosis and histiocyte hypertrophy contributed to the 
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increase in size of a small number of lymph nodes.  Accentuation of the follicular pattern 
in the spleen was observed in a single control monkey and in 4 of 6 monkeys dosed at 30 
mg/kg/week ISIS 301012.  Accentuation of the follicular pattern in the spleen correlated 
to lymphoid hyperplasia; the single occurrence in a control monkey was consistent with 
the background incidence at this facility.  Enlargement of lymph nodes and accentuation 
of the follicular pattern in the spleen were attributed to immune stimulation secondary to 
ISIS 301012 administration.  Increased thickness of the subcutaneous tissue in one or 
more of injection sites 1 thru 4 was identified in 1 of 5, 1 of 6, and 3 of 6 monkeys 
from the 3, 10, and 30 mg/kg/week ISIS 301012 groups, was attributed to fibrosis 
and/or edema, and considered secondary to ISIS 301012-induced inflammation.  All 
other macroscopic findings were randomly distributed across control and test article-
treated monkeys, or were considered incidental. 

5.1.4.   Recovery Necropsy Animals (Day 540/542) 
There were no gross observations in monkeys at the Recovery Necropsy that were 
attributed to ISIS 301012 administration.  All macroscopic findings were considered 
incidental. 

 

Organ Weights 

Liver, kidney, spleen and testis exhibited s.s. ↑s in mass, while testis exhibited a n.s.s. 
.  Comparable effects were also apparent following the interim sacrifice.  Effects on 
organ weight are partially reversed following the recovery period. 
 
 
 
12-month Changes in Organ to Body Weight Ratio (fold over controls; ♂&♀ combined) 

Dose Level 
Organ 1 mg/kg/week 3 mg/kg/week 10 mg/kg/week 30 mg/kg/week
Kidney 1.01 1.18 1.18 1.43* 
Liver 1.01 1.05 1.11 1.43* 
Lung 0.97 1.07 1.21* 1.17* 

Spleen 1.33 1.25 1.61* 6.30* 
Testis 1.43 0.46 0.18 0.39 

Inguinal Lymph Node 1.12 1.36 2.14 4.41* 

* Statistically significant compared to controls 
 

Histopathology 

Adequate Battery Yes 

 
Peer Review Yes  
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Histological Findings 

The major toxicologically significant target appears to be the immune system.  
Lymphoid tissue throughout the body (e.g. lymph nodes, spleen, Peyer’s patches) 
exhibit dose-dependent minimal-marked lymphoid hyperplasia.  Lymph nodes also 
exhibit minimal-moderate histiocyte hypertrophy (presumably reflecting activation of 
histiocytes), minimal-mild sinus histiocytosis, and minimal-moderate accumulation of 
basophilic granules in the histiocytes (reflecting drug accumulation).  These effects are 
seen at all doses. 

Immune stimulation is disseminated as well.  Multiple (non-immune) tissues have 
evidence of an ongoing proinflammatory response, primarily at HMD & HD (see notable 
exceptions below).  These tissues had one or more of the following findings: the 
presence of lymphocytic infiltration, lymphoid follicles (neogenesis of tertiary lymphoid 
tissue), lymphoid hyperplasia, infiltration of mononuclear cells, sinus histiocytosis and 
histiocyte hypertrophy.  Severity was generally minimal to mild.  Nearly all examined 
tissues at HD showed some degree of lymphoid/monocyte immune infiltration/activation, 
which was partially reversible (these findings appear in their own table after the general 
histopathology findings).   

The injection sites also showed dose-dependent immune cell infiltration (lymphocytes, 
histiocytes, neutrophils) and inflammation.  Minimal-marked edema, minimal-moderate 
fibroplasia/fibrosis, minimal-marked hyperplasia (epidermis) was also observed. 

Some tissues, particularly those with high levels of mipomersen, also have infiltration of 
histiocytes containing basophilic granules.  This is thought to represent uptake of 
mipomersen by tissue resident macrophages (histiocytes).  This finding showed partial 
reversibility. 

Of potential interest are inflammatory effects in the nervous system and the vasculature 
(considered in more detail below).  For example, minimal-mild lymphocytic infiltration of 
the choroid plexus is seen at all dose levels: 

(♂ & ♀ together): C = 0, LD = 3, LMD = 2, HMD = 3, HD = 4 

This finding (minimal) was still apparent in 2/3 HD recovery animals.  Nonetheless it is 
not clear that this finding is adverse, and may reflect immune response to uptake of 
mipomersen by the choroid plexus. 
 

Perivascular and intimal cellular infiltrates, often accompanied by intimal thickening in 
one or more arteries, in multiple tissues was seen in some mipomersen treated 
monkeys at terminal sacrifice, but were not seen at the interim (or recovery) sacrifice.  
Arterial intimal cellular infiltrates consisted of mononuclear (lymphocytes and plasma 
cells) or mixed (lymphocytes, plasma cells and eosinophils) cells immediately beneath 
the endothelium; similar cells were occasionally observed within the vascular media of 
some affected arteries.  Arterial perivascular infiltrates occupied the loose adventitial 
connective tissue around affected vessels and were of a similar mononuclear or mixed 
cell character to infiltrates present in the intima. Intimal thickening was usually 
associated with intimal/perivascular cell infiltrates and consisted of increased basophilic 
matrix intermixed with rare to abundant spindle cells in the subendothelial space. 
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the basophilic appearance of the intima could result from influx and proliferation of 
smooth muscle cells.  The findings in other animals were considered likely to be 
incidental. 

 

Arising largely from the vascular findings noted above, sections from the heart and 
kidney were stained with antibodies to C3, IgG or IgM to determine the distribution of 
these molecules and assess what role (if any) they played in the etiology of the vascular 
lesions.   

C3 Kidney: No positive staining in any of the C samples.  Positive in 1/2 HMD and 
11/13 HD monkeys.  Positive staining was of the cortical tubular epithelial cells. 

C3 Heart: No positive staining in any of the samples examined from any dose group. 

IgG Kidney & Heart: No positive staining in any of the samples examined from any 
dose group. 

IgM Kidney: 2/14 C and 7/13 HD monkeys were positive.  Positive cells identified as 
very rare to rare plasma cells within interstitial and/or subcapsular lymphoid cell 
aggregates/follicles. 

IgM Heart: 4/13 HD monkeys were positive.  Positive cells identified as very rare 
plasma cells within lymphoid cell aggregates in the myocardium. 

-- No specific vascular-associated staining was detected with anti-C3, IgG or IgM 

These same tissues were also stained for the presence of mipomersen (ISIS 301012) 
using an anti-mipomersen antibody.  The results of this investigation were reported as 
follows: 
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   Infiltrate, Lymphocyte, Choroid     1/3     1/3 
   Infiltrate, Lymphocyte, Ciliary body  1/3  1/3 1/3     1/3 
   Infiltrate, Lymphocyte, Sclera     1/3      
   Lymphoid Follicle, Sclera     1/3      
Gallbladder           
   Infiltrate, Mononuclear cell, Submucosa     2/3    1/3  
   Lymphoid Follicle, Submucosa     1/3   1/2   
Heart           
   Infiltrate, Mononuclear cell, Myocardium 1/3 2/3 3/3 3/3 3/3 2/3 2/2 1/2 2/3 3/3 
   Infiltrate, Mononuclear cell, Epicardium   1/3  1/3  1/3 1/2  2/3 
   Infiltrate, Mononuclear cell, Endocardium   1/3  1/3  1/3   1/3 
   Lymphoid Follicle, Myocardium     1/3      
   Lymphoid Follicle, Epicardium     1/3      
Injection Site 1 (representative of all sites)           
   Infiltrate, Mixed cell, Intramuscular          1/3 
   Infiltrate, Mixed cell, Dermis          1/3 
   Infiltrate, Mononuclear cell, Intramuscular     2/3    1/3 1/3 
   Infiltrate, Mononuclear cell, Subcutaneous         1/3  
   Infiltrate, Mononuclear cell, Perivascular     2/3    1/3 1/3 
   Infiltrate, Histiocyte, Intramuscular     1/3     1/3 
   Infiltrate, Histiocyte, Subcutaneous     1/3    1/3 2/3 
   Infiltrate, Histiocyte, Dermis     1/3    1/3  
   Inflammation, Mixed, Subcutaneous     1/3    1/3 1/3 
   Inflammation, Neutrophilic, Subcutaneous     1/3     1/3 
   Lymphoid Follicle, Subcutaneous         1/3  
Jejunum           
   Hyperplasia, Lymphoid, Peyer’s patches   1/3 1/3 1/3  1/3 1/2   
Kidney           
   Infiltrate, Mononuclear Cell, Capsule, diffuse     1/3      
   Infiltrate, Mononuclear Cell, Interstitium 1/3 3/3 2/3 2/3 3/3 2/3 3/3 2/2 3/3 3/3 
   Lymphoid Follicle, Interstitium          1/3 
   Lymphoid Follicle, Subcapsular    1/3 2/3      
   Lymphoid Follicle, Hilus    1/3 1/3  1/3   1/3 
   Inflammation, Mixed cell, Hilus     1/3     1/3 
Liver           
   Hypertrophy/Hyperplasia, Kupffer cell  1/3 3/3 3/3 3/3  2/3 2/2 3/3 3/3 
   Infiltrate, Mononuclear Cell, Periportal 1/3   1/3 2/3  1/3 1/2 1/3 2/3 
   Infiltrate, Mononuclear Cell, Periductal     1/3      
   Lymphoid Follicle, Parenchyma    2/3    1/2 1/3 1/3 
Lung           
   Lymphoid Follicle, Alveolar wall     1/3     1/3 
   Infiltrate, Lymphocyte, Alveolar wall     1/3      
Lymph Node, Mesenteric (representative of LNs)           
   Hypertrophy, Histiocyte   2/3 3/3 3/3   2/2 3/3 3/3 
   Sinus Histiocytosis   1/3 3/3 3/3  1/3 1/2 2/3 1/3 
   Hyperplasia, Lymphoid  2/3 3/3 2/3 3/3  3/3 2/2 3/3 2/3 
   Plasmacytosis          1/3 
   Lymphoid Follicle, Mesentery     1/3      
Nerve, Sciatic           
   Infiltrate, Mononuclear cell, Epineurium    2/3 2/3     1/3 
   Infiltrate, Mononuclear cell, Endoneurium, 
   Multifocal 

    1/3     1/3 

   Infiltrate, Mixed cell, Perineural          1/3 
   Lymphoid Follicle, Epineurium     1/3      
Pancreas           
   Hyperplasia, Lymphoid, Lymphoid tissue, 
   Mesentery 

  1/3 2/3 1/3      

   Sinus Histiocytosis, Lymphoid tissue    1/3 1/3    1/3 1/3 
   Hypertrophy, Histiocyte, Lymphoid tissue     1/3      
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Toxicokinetics 

Dose-related, hyperproportional increases were seen in plasma AUC exposure.  
Accumulation is apparent for all doses at 6 months, compared to Day 1.  Plasma trough 
levels, measured 7 days after dosing, increased 2- to 3-fold with repeated dosing 
following 27 weeks of dosing, compared to Day 22, and essentially plateaued thereafter. 

Tissue levels increased dose-dependently, but generally hypoproportionally, especially 
at higher doses.  The highest concentrations were measured in the kidney and liver.  
There were no consistent increases in tissue levels at 12 months, compared to 6 
months, suggesting that tissue steady state may have been reached by 6 months. 
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7 Genetic Toxicology 

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

Study title:  Bacterial Reverse Mutation Study of ISIS 301012 in the 
Salmonella typhimurium/Escherichia coli Plate Incorporation Assay 

Study no.: 301012-IS01 
Study report location: 4.2.3.3.1 

Conducting laboratory and location:  
Date of study initiation: 10 July 2003 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: ISIS 301012, CA301012-001, 92.8% 
 

Key Study Findings 

 Mipomersen was negative in the Ames assay for genetic toxicity. 
 

Methods 
Strains:

 Concentrations in definitive study:
Basis of concentration selection:

Negative control:
Positive control:

Formulation/Vehicle:
Incubation & sampling time:

See Sponsor’s Table Below 

 

Study Validity 

The study is judged to be valid. 

Results 

Reference ID: 3224500

(b) (4)



 NDA # 203568                                                        Ronald Wange, Ph.D. 

121 

 
 
 

 
 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

122 

 
 

7.2 In Vitro Assays in Mammalian Cells 

Study title:  In Vitro L5178Y/TK+/- Mouse Lymphoma Cell Gene Mutation 
Assay of ISIS 301012 

Study no.: 301012-IS02 
Study report location: 4.2.3.3.1 

Conducting laboratory and location:  
Date of study initiation: 3 July 2003 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: ISIS 301012, CA301012-001, 92.8% 
 

Key Study Findings 

 Mipomersen was negative for genetic toxicity in the mouse lymphoma assay. 
 
Methods 

Cell line:
 Concentrations in definitive study:

Basis of concentration selection:
Negative control:
Positive control:

Formulation/Vehicle:
Incubation & sampling time:

See Sponsor’s Table Below 
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Study Validity 

Study is judged to be valid. 

Results 
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

Study title:  Mammalian Erythrocyte Micronucleus Assay of ISIS 301012 in 
ICR Mice 

Study no: 301012-AS12 
Study report location: 4.2.3.3.2 

Conducting laboratory and location:  
Date of study initiation: 18 April 2005 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: ISIS 301012, CA301012-001, 92.8% 
 

Key Study Findings 

 Mipomersen was negative for genetic toxicity in the mouse micronucleus assay. 
 
Methods 

Doses in definitive study: 
Frequency of dosing: 

Route of administration: 
Dose volume: 

Formulation/Vehicle: 
Species/Strain: 

Number/Sex/Group: 
Satellite groups: 

Basis of dose selection: 
Negative control: 
Positive control: 

See Sponsor’s Table Below 
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Study Validity 

Study is judged to be valid. 

Results 

 
 
 

 
 

7.4 Other Genetic Toxicity Studies 

None. 
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Adequacy of Carcinogenicity Study 

The protocol was approved by ECAC.  Interpretation of the study is somewhat 
confounded by early termination of dosing and early sacrifice in several dose groups.  
ECAC was consulted and conferred with Sponsor’s plans prior to early termination of 
dosing and early sacrifice.  While on the one hand the excess deaths confounds 
analysis of the effect of the test item on age-related tumor development, it does indicate 
that the study adequately explored the potential carcinogenic effect of maximally 
tolerated doses of the test item.  The study is judged to be adequate, pending ECAC 
concurrence. 
 

Appropriateness of Test Models 

The mouse is a commonly used test model for carcinogenesis.  The route and 
frequency of dosing was consistent with the intended clinical use of mipomersen. 
 

Evaluation of Tumor Findings 

There are 3 tumor types that appear likely to be related to administration of test item: 1) 
fibrosarcoma in ♂s at 60 mg/kg QW (also s.s. ↑ for mouse surrogate); 2) hepatocellular 
adenoma in ♀s at 60 mg/kg QW (also s.s. ↑ for mouse surrogate); and 3) 
hemangiosarcoma in ♀s at 60 mg/kg QW.  Other tumors types that showed s.s. ↑s are 
considered to likely be unrelated to the test item on the basis on lack of dose response 
and/or marginal ↑s over concurrent and/or historical controls.  
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Methods 
Doses (ISIS 301012, clinical candidate): 5, 20, 60, mg/kg/week or 80 mg/kg/month 
Doses (ISIS 147764, mouse surrogate): 60 mg/kg/week 
Frequency of dosing: see above 
Dose volume: 6.4 to 16.7 mL/kg 
Route of administration: SC injection to the back 
Formulation/Vehicle: soln. in phosphate buffered saline 
Basis of dose selection: MTD 
Species/Strain: Crl:CD-1 Mouse 
Number/Sex/Group: 70 
Age: ~8 weeks old at dosing initiation 
Animal housing: Individually 
Paradigm for dietary restriction: ad libitum 
Dual control employed: No 
Interim sacrifice: No 
Satellite groups: Sentinel animals (3-5/sex) were scarified at 6 

month intervals to check for various 
infectious agents 

Deviation from study protocol: None material to study interpretation 

 
 

Observations and Results 

Mortality 

Test item was associated with increased mortality at HD (♂&♀) and in MD ♀, requiring 
early cessation of dosing when surviving animals in dose group dropped to 20, and 
early sacrifice (when surviving animal number dropped to 15). 
 60 mg/kg/week 
  M dosing stopped at week 95, sac'd Day 672 
  F dosing stopped at week 83, sac'd Day 614 
 20 mg/kg/week 
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F dosing stopped at week 98, sac’d Day 717 
 
Sponsor considers that there was no definitive determination of the cause of early 
death.  Heart atrial thrombi and undetermined were the two most commonly recorded 
causes of death (see Sponsor’s table, below).  Notably there was a dose-related ↑ in 
probable fibrosarcoma-related deaths in ♂s: 0, 0, 1, 4, 0, 1 (C, LD, MD1, HD, MD2, 
MS). 
 
The ♀ mice receiving the mouse surrogate (ISIS 147764) appeared to have better 
survival than the C group. 
 

Table 1 Number of Animals Surviving to Scheduled Terminal Necropsy 
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Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

132 

 
 

 
 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

133 
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Clinical Signs 

There were several findings (e.g., distended abdomen) that exhibited a reduction in 
incidence at HD (data not shown), most likely as a consequence of high intercurrent 
death and early sacrifice of the HD group (group 4), and a normally late age of onset of 
the finding. 
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Feed Consumption 

No clear effect of test item on food consumption. 
 

Ophthalmoscopy 

Unremarkable 
 

Hematology 

There were mild test item related decreases in red cell mass (erythrocytes, hemoglobin, 
and hematocrit) (12 to 33%) in both sexes at all dose levels in those animals receiving 
ISIS 301012 relative to controls. Sporadic s.s. changes in some immune cell levels were 
also recorded; however the toxicological significance of these findings is unclear due to 
either their small magnitude, sporadic nature, presence in only a single sex and/or 
absence of a dose response. 

Notably, especially in light of the apparent dose-dependent increase in fatal cardiac 
thrombotic events, there was no assessment of coagulation parameters. 
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hepatocellular carcinoma: 

LD5QW: 2/70 
MD20QW: 8/70 or 11.43% overall rate, 16.27% adjusted rate 
MD80QM: 1/70 
HD60QW:  2/70 
S60QW:  4/70 
C:   1/70 or 1.43% overall rate, 2.04% adjusted rate 
HC:  0-10%, mean incidence of 3.8% (common tumor) 

 
malignant lymphoma: 

LD5QW: 5/70 
MD20QW: 3/70 
MD80QM: 9/70 or 12.86% overall rate, 18.50% adjusted rate 
HD60QW:  3/70 
S60QW:  0/70 
C:   1/70 or 1.43% overall rate, 2.00% adjusted 
HC:  0-13.3%, mean incidence of 6.2% (common tumor) 
 

fibrosarcoma: 
LD5QW: 0/70 
MD20QW: 1/70 
MD80QM: 0/70 
HD60QW:  4/70 or 5.71% overall rate, 11.05% adjusted rate 
S60QW:  3/70 or 4.29% overall rate, 5.99% adjusted 

C:   0/70 or 0.00% overall rate and adjusted rate 
HC:  0-3.3%, mean incidence of 0.4% (rare tumor) 
 

 
Females 

hepatocellular adenoma: 
LD5QW: 0/70 
MD20QW: 5/70 
MD80QM: 5/70 
HD60QW:  11/67 or 16.42% overall rate, 34.56% adjusted rate 
S60QW:  23/69 or 33.33% overall rate, 41.51% adjusted rate 
C:   4/70 or 5.71% overall rate, 9.38% adjusted rate 
HC:  0-5.7%, mean incidence of 1.4% (common tumor) 

Blue s.s. by one or more: Cochran-Armitage trend test, the Peto test, the Poly-3 trend test, 
the Fisher Exact and the Poly-3 pair-wise comparisons 

 
hemangiosarcoma: 

LD5QW: 8/70 
MD20QW: 6/70 
MD80QM: 9/70 
HD60QW:  11/70 or 15.71% overall rate, 32.79% adjusted rate 
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  Dilatation     No data reported 

  Endocarditis, valvular, vegetative  No data reported 

   
 
Male 
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Toxicokinetics 

Oligonucleotides are rapidly removed from circulation, and therefore plasma oligo levels 
are not a meaningful means of assessing exposure.  Sponsor collected samples from 
the liver (target organ), kidney and spleen which were flash frozen.  The oligonucleotide 
concentration in these organs was subsequently determined by a validated method.  
ISIS 301012 was recoverable in all three tissues assessed, and concentrations 
exhibited a generally dose-dependent increase. 
 

Pharmacodynamic Analysis 

In order to confirm that the mouse surrogate (SIS 147764) was having the anticipated 
pharmacological effect during the course of the study, Sponsor collected liver samples 
(10/sex) from ISIS 147764-treated mice and analyzed them for apoB mRNA level.  A 
statistically significant 37% decrease in hepatic apoB mRNA was observed, compared 
to control. 
 

Dosing Solution Analysis 

Stability analyses conducted by ISIS Pharmaceuticals showed that the test article 
solutions provided for this study remained stable throughout their period of use at the 
range of concentrations utilized in this study. 
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Appropriateness of Test Models 

The rat is a commonly used model for assessment of carcinogenicity.  The route and 
frequency of administration used in this study is the same as that intended clinically. 
 

Evaluation of Tumor Findings 

A few tumor types exhibited s.s. increases at doses > 10 mg/kg.  Of particular interest 
are malignant fibrous histiocytomas of the skin/subcutis, as these were s.s. ↑ in both 
sexes at doses > 10 mg/kg.  Sponsor attributes this increase to multiple SC injections; 
however this explanation does not account for the apparent dependence on ISIS 
301012, nor that the finding, while associated with the skin/subcutis, was not associated 
with the injection sites.   

Fibrosarcomas of the skin/subcutis  were also increased in ♀s, s.s. at HD.  ♀s also 
exhibited an apparent dose-related increase in benign granular cell tumors of the uterus 
(s.s. at HD). 

The relationship of the test item to other tumors identified by the Sponsor as showing 
s.s. ↑s is uncertain. 
 
Methods 

♂: 3, 10, 302520 mg/kg  
(HD  to 25 m/k at Week 2 & 20 m/k at Week 25) 

Doses ISIS 301012 (clinical candidate): 

♀: 3, 10, 2520 mg/kg 
(HD  to 20 m/k at Week 25) 

Doses ISIS 147768 (rat surrogate): ♂ & ♀: 10 mg/kg 
Frequency of dosing: Weekly 
Dose volume: 1.6 to 5 mL/kg 
Route of administration: Subcutaneous injection 
Formulation/Vehicle: Soln. in phosphate buffered saline 
Basis of dose selection: MTD 
Species/Strain: Crl:CD(SD) Rats 
Number/Sex/Group: 60 
Age: 8 weeks at initiation of dosing 
Animal housing: Individually 
Paradigm for dietary restriction: ad libitum 
Dual control employed: No 
Interim sacrifice: No 
Satellite groups: Sentinel animals (5/sex) were scarified at 6 

month intervals to check for various 
infectious agents (serological health screen) 

Deviation from study protocol: None material to study interpretation 
 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

157 

 

Observations and Results 

Mortality 

Test item was associated with increased mortality in both sexes.  With the exception 
only of LD♂s, all ISIS 301012 treatment groups experienced early discontinuation of 
dosing and early sacrifice of surviving members of each dose cohort.  Dosing was 
discontinued when surviving animals in a dose group dropped to 20, and all surviving 
members of the dose group were sacrificed when the surviving animal number dropped 
to 15. 
 302520 (M), 2520 (F) mg/kg/week 
  M dosing stopped at week 70, sac'd Day 517 
  F dosing stopped at week 88, sac'd Day 641 
 10 mg/kg/week 

M dosing stopped at week 94, sac'd Day 666 
F dosing stopped at week 98, Day 697 

 3 mg/kg/week 
  F dosing stopped at week 96, sac'd Day 681 
 
COD included an exacerbation of chronic progressive nephropathy and associated 
uremia in ♂s at MD & HD and in HD♀s.  Fibrosarcoma/Fibroma and fibrous 
histiocytoma as a COD was higher in treated ♀s.  Fatal cardiac thrombosis was also 
seen in HD♀s. 
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Feed Consumption 

Slight treatment-related decreases in FC were noted during the study when compared 
to controls, correlating with (and generally preceding) the dose-dependent mean body 
weight decreases noted above. Statistical significance was variably noted among the 
treated groups, and was most often reached at the high dose of ISIS 301012 in both 
sexes. 
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Ophthalmoscopy 

No treatment related effect. 
 

Hematology 
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fold change - 1.5x - - 

(pg/mL) 12  14 18  20  30  29 34  50 
IL-10 

fold change - 1.6x 2.6x 2.9x 

(pg/mL) 177  164 170  170 158  166 289  512 
TNF- 

fold change - 0.96x 0.89x 1.6x 

(pg/mL) 132  178 3394  6573 25,929  79,116 258  316 
IFN- 

fold change - 26x 196x 2.0x 

(pg/mL) 10  5 14  5 17  10 24  13 
MIP-1 

fold change - 1.3x 1.7x 2.4x 

(pg/mL) 1662  530 2472  1776 2988  1915 4336  2387 
MCP-1 

fold change - 1.5x 1.8x 2.6x 

(pg/mL) 9.1  10 11  8 28  23 66  84  
MIP-1 

fold change - 1.2x 3.1x 7.3x 

*♂: 352520, ♀: 2520 
NA: not applicable (all individual values below the lower limit of quantification) 

 
 

Urinalysis 

Based on previous toxicity studies that identified the kidney as a target organ for 
toxicity, C & HD animals were subjected to periodic urinalysis.  HD ISIS 301012 clearly 
has adverse effects on renal function in both sexes.  Proteinuria is seen in both sexes at 
the earliest timepoint assessed (4 months).   At 12 months, both sexes also show  24-
hour creatinine, and males begin to show s.s. effects on urine volume and specific 
gravity. 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

173 

 
 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

174 

 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

175 

 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

176 

 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

177 

 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

178 

 
 
 
 

Gross Pathology 

See table below.  For discussion of these findings, please refer to the Non-neoplastic 
Histopathology section. 
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x = not calculated per current table for “Combining Tumors for Statistical Analysis” 
The column for group 5 is slightly shaded to indicate that it should be analyzed separately from groups 1-4. 

 
Sponsor’s statistical analysis:  

Males 

No statistically significant increases in any type of neoplasm in male rats with 
the Fisher Exact test for pair-wise comparisons, the Cochran-Armitage Trend test, the 
Peto test, or the Onset Rate test. The Poly-3 pair-wise or trend analysis gave the 
following positive results: 

malignant fibrous histiocytoma: 
LD: 1/60, n.s.s. 
MD: 3/60 or 5.00% overall rate, 9.36% adjusted rate 
HD:  3/60 or 5.00% overall rate, 18.46% adjusted rate 
C:  0/60 
HC: 0-2%, mean incidence of 0.4% (rare tumor) 

-- Sponsor concluded this tumor was related to the method of administration, 
rather than the test item per se. 

 
thyroid follicular cell carcinoma:  

LD: 2/60, n.s.s. 
MD: 2/60 or 3.33% overall rate, 6.36% adjusted rate 
HD:  1/60, n.s.s. 
C:  0/60 
HC: 0-2.9%, mean incidence of 0.5% (rare tumor) 

-- Sponsor concluded this tumor was incidental based on lack of dose 
dependence, absence of comparable effect in ♀s, and marginal numerical 
increase over HC (historical control). 

 
large granular lymphocyte leukemia: 

LD:  0/60 
MD:  0/60 
HD:   0/60 
C:   0/60 
Surrogate: 2/60 or 3.33% overall rate, 4.49% adjusted rate 
HC:  0-1.4%, mean incidence of 0.5% (rare tumor) 

-- Sponsor concluded this tumor was incidental and not test article-related as 
the overall rate was only slightly greater than the historical control range, the 
concurrent control was at the bottom of the historical control range, and there 
was not a similar effect in the females.. 

 
Females 

No statistically significant increases in any type of neoplasm in male rats with 
the Fisher Exact test for pair-wise comparisons, the Cochran-Armitage Trend test, the 
Peto test, or the Onset Rate test or the Poly-3 trend test. The Poly-3 pair-wise analysis 
gave the following positive results: 
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malignant fibrous histiocytoma: 

LD: 0/60 
MD: 3/60 or 5.00% overall rate, 7.91% adjusted rate 
HD:  4/60 or 6.67% overall rate, 13.58% adjusted rate 
C:  0/60 
HC: 0-3.3%, mean incidence of 0.2% (rare tumor) 

-- Sponsor concluded this tumor was related to the method of administration, 
rather than the test item per se. 

 
 

fibrosarcoma  
LD: 1/60, n.s.s. 
MD: 4/5, n.s.s. 
HD:  5/60 or 8.33% overall rate, 17.08% adjusted rate 
C:  0/60 
HC: 0-4.6%, mean incidence of 1.1% (common tumor) 

-- Sponsor concluded this tumor was related to the method of administration, 
rather than the test item per se. 

 
adenoma, pars distalis, pituitary 

LD: 51/60 or 85.00% overall rate, 93.75% adjusted rate 
MD: 45/60, n.s.s. 
HD: 27/60, n.s.s. 
C: 43/60 or 71.67% overall rate, 78.41% adjusted rate 
HC: 60.0 to 88.3%, mean incidence of 76.7% (common tumor) 

-- Sponsor concluded this tumor was incidental and not test article-related as 
the overall rate was within the historical control range, the increase was not 
dose related, and the combined incidence of adenoma and carcinoma of the 
pars distalis of the pituitary was not statistically significant as compared to the 
control group. 

 
granular cell tumors, uterus 

LD: 1/60, n.s.s. 
MD: 3/60, n.s.s. 
HD:  8/60 or 13.33% overall rate, 26.46% adjusted rate 
C: 2/60 or 3.33% overall rate, 4.81% adjusted rate 
HC: 0-10%, mean incidence of 1.6% (common tumor) 

-- Sponsor concluded this tumor was incidental and not test article-related as 
the overall rate was only slightly greater than the  historical 
control range, the concurrent control group was on the low side of the 
historical control range, and the overall incidence was within the range of that 
reported for nine control groups from 104 week studies with  
Sprague-Dawley rats. 
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A number of findings exhibited an inverse relationship to test item dose.  These are 
spontaneous findings whose incidence/severity generally increases with age.  
Therefore, the apparent decrease in the incidence/severity of these findings (depicted 
by green text in reviewer’s table below) is considered an artifact of early death/sacrifice 
in the ISIS 301012-treated animals.  
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Methods 
Doses (ISIS 301012): 0, 3, 10, 25 mg/kg/dose (0, 10.5, 35, 87.5 mg/kg/week) 
Doses (ISIS 147764; 
mouse surrogate): 

25 mg/kg/dose (87.5 mg/kg/week) 

Frequency of dosing: every other day 
Dose volume: 10 mL/kg 
Route of administration: SC injection 
Formulation/Vehicle: Phosphate buffered saline, pH 7.4 
Species/Strain: Crl:CD-1 (ICR) BR mice 
Number/Sex/Group: 25 
Satellite groups: none 
Study design: ♂s: alternate day dosing initiated 28 days before 

cohabitation period (maximum of 16 days) and continuing 
through the day before sacrifice. 
♀s: alternate day dosing initiated 15 days before 
cohabitation, through cohabitation to day 16 of presumed 
gestation (GD16). 

Deviation from study 
protocol: 

None material to the interpretation of the study 

Observations and Results 

Mortality 

No test item-related deaths. 

Clinical Signs 

No test article-related effects in either sex. 
 

Body Weight 

S.s. d.d. ↑ in body weight gain in both sexes, most pronounced in ♂s. 
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Due to rapid distribution of mipomersen out of the circulation and into tissues, the tissue 
levels of mipomersen in the maternal kidney and liver were used as a proxy of systemic 
exposure.  Distribution to the placenta, fetal kidney and fetal liver was also assessed.  

Dose-dependent systemic exposure of the dams is confirmed by dose-proportional 
increases in mipomersen level in the maternal liver at all doses (see Sponsor’s table 
below).  Exposure level is highest in kidney and lowest in placenta.  At high dose, 
relative maternal tissue levels were 416>252>23 g/g for kidney, liver and placenta 
respectively.  Mipomersen metabolites were seen in all examined maternal tissues, 
generally representing < 20% of total oligo.  Notably, the largest mipomersen metabolite 
seen was N-6 (14-mer) and the smallest is N-15 (5-mer), consistent with endonuclease 
cleavage, followed by exonuclease cleavage of the newly exposed non-MOE protected 
3’- and 5- termini. 

Consistent with the absence of any clear test item-related effects on embryofetal 
development, intact mipomersen was not detected in fetal liver or fetal kidney.  1 of 5 
MD fetal kidneys analyzed did show low levels (3.47 g/g) of an N-12 metabolite of 
mipomersen, but no parent oligo or any other metabolites (see Sponsor’s table below).  
However none of the other MD fetal kidneys, nor any of the HD fetal kidneys had any 
measurable level of oligos.  Similarly, 1/3 LD fetal liver samples had low levels (1.70 
g/g) of an N-11 metabolite.  Again, no parent compound, nor any other metabolite was 
seen in this sample, and no positive signals (parent or metabolite) were seen in any of 
the other LD, MD or HD fetal liver samples.  Sponsor suggests that these are artifactual 
results resulting from interfering peaks arising from the analyte matrix, and this reviewer 
agrees that this is the most likely explanation. 
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Dosing Solution Analysis 

Formulation is a solution, so no assessment of homogeneity was required or conducted.  
Mipomersen was reportedly stable under the conditions employed in this study. 
 

Necropsy 

♂: No effect on reproductive organ weight or gross lesions. 

♀: No treatment-related gross lesions were observed. 
 
Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, etc.) 

♂: No significant effect on sperm count or motility, nor any effect on mating or any 
fertility parameter. 

♀: No effect on estrous cyclicity nor any other mating or fertility parameter.  No 
Caesarean-sectioning or litter parameters were affected by ISIS 301012 or ISIS 147764 
at any tested dose. The litter averages for corpora lutea, implantations, litter sizes, live 
fetuses, early and late resorptions, fetal body weights, percentage of resorbed 
conceptuses, and percentage of live male fetuses were comparable among the five 
dose groups and did not significantly differ. All placentas appeared normal. 
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was also seen with the rabbit surrogate.  This effect of ISIS 233183 does not 
appear to arise from its pharmacological activity, since there was no effect on 
LDL-C in this dose group. 

 
Methods 
Doses ISIS 301012: 0, 2.5, 5, 15 mg/kg QOD (0, 8.75, 17.5, and 52.5 mg/kg/week) 
Doses ISIS 233183: 15 mg/kg QOD (52.5 mg/kg/week) 
Frequency of dosing: every other day 
Dose volume: 0.25 mL/kg 
Route of 
administration: 

SC injection 

Formulation/Vehicle: Phosphate buffered saline, pH 7.4 
Species/Strain: New Zealand White Rabbits (timed-mated) 
Number/Sex/Group: 20 
Satellite groups (TK): 3 (LD, MD & HD only) 
Study design: Timed-mated does were dosed from presumptive gestation day 

(GD) 6 through GD 18.  Does necropsied on GD 29 and uterine 
contents examined.  The number of corpora lutea, implantation 
sites, early/late resorptions and live/dead fetuses were 
recorded. The fetuses were weighed, examined for gross 
external alterations 
and individually identified with a tag noting study number, litter 
number and uterine distribution. Live fetuses were sacrificed 
and examined internally to identify sex. All fetuses were 
examined for skeletal alterations after staining with alizarin red 
S. Portions of maternal liver and kidney  were retained from 
three rabbits per dose group on DG 20 (TK group) and five 
rabbits per dose group on DG 29 for toxicokinetic evaluation. 
The placentas, fetal livers and fetal kidneys (bilateral) were 
collected from all fetuses from three litters per dose group on 
DG 20 and five fetuses from five litters per dose group on DG 
29. Individual fetal tissues were pooled per litter to provide 
adequate samples for analysis. 

Deviation from study 
protocol: 

None. 

 

Observations and Results 

Mortality & Abortions 

No treatment-related mortality. 

No mipomersen-treated animals aborted.  On doe treated with the rabbit surrogate 
aborted on GD 27 and was sacrificed.  This doe lost 220 g of bodyweight from GD 6-26, 
had ungroomed coat (GD 15-18), scant feces (GD 22-26) and consumed little feed (2 to 
74 g) from GD 16-26. 
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Feed Consumption 

FC was s.s.  at HD in the period between GD24 to GD29, and in the rabbit surrogate-
treated does in all time periods assessed after GD 15. 
 

 
 

Pharmacodynamic Marker 

LDL/VLDL was measured, and showed no decrease with mipomersen or the rabbit 
surrogate (ISIS 233183). 

 C = 3.9 LD = 3.9 MD= 3.0 HD = 4.8 RbS = 5.7 
 

Toxicokinetics 

Due to rapid distribution of mipomersen out of the circulation and into tissues, the tissue 
levels of mipomersen in the maternal kidney and liver were used as a proxy of systemic 
exposure.  Distribution to the placenta, fetal kidney and fetal liver was also assessed.  

Dose-dependent systemic exposure is confirmed by dose-related (although 
hypoproportional) increases in mipomersen level in the maternal liver and kidney at all 
doses (see Sponsor’s table below).  Exposure level is highest in kidney and lowest in 
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placenta.  At high dose on GD20, relative maternal tissue levels were 2336>194>15 
g/g for kidney, liver and placenta respectively.  Mipomersen metabolites were seen in 
all examined maternal tissues, generally representing as much as 46% of total oligo in 
the liver and < 20% in the kidney.  Notably, the largest mipomersen metabolite seen 
was N-6 (14-mer) and the smallest is N-15 (5-mer), consistent with endonuclease 
cleavage, followed by exonuclease cleavage of the newly exposed non-MOE protected 
3’- and 5- termini. 

Consistent with the absence of any clear test item-related effects on embryofetal 
development, intact mipomersen was not detected in fetal liver or fetal kidney.  1 of 5 
GD29 MD fetal kidneys analyzed did show low levels (1.53 g/g) of an N-15 metabolite 
of mipomersen, but no parent oligo or any other metabolites.  No other MD fetal kidneys 
(including those from GD20), nor any of the HD fetal kidneys had any measurable level 
of oligos.  Sponsor suggests that these are artifactual results resulting from interfering 
peaks arising from the analyte matrix, and this reviewer agrees that this is the most 
likely explanation. 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

207 

 
 

Reference ID: 3224500







 NDA # 203568                                                        Ronald Wange, Ph.D. 

210 

Methods 
Doses (ISIS 301012): 0, 2, 10, 20 mg/kg/dose (0, 7, 35 & 70 mg/kg/week) 
Doses (ISIS 147768): 10 mg/kg/dose (35 mg/kg/week), rat surrogate (RS) 
Frequency of dosing: Twice per week 
Dose volume: 5 mL/kg 
Route of administration: SC Injection (rotated between 4 sites) 
Formulation/Vehicle: Phosphate buffered saline, pH 7.4 
Species/Strain: Mated ♀ Crl:CD(SD) rats 

F0: 25 ♀/group Number/Sex/Group: 
F1: 20/sex/group 

Satellite groups: None 
Study design: Test article was administered from gestation day 6 to post 

partum Day (PPD) 21, inclusive.  Dams were allowed to 
litter and rear offspring to weaning.  On PP Day 4 litters 
were culled to a maximum of eight pups.  In addition to 
standard assessments of growth, survival and physical 
development, offspring were subjected to the following 
assessments: pinna unfolding, incisor eruption, eye 
opening, surface righting reflex (PPD 1), air righting reflex 
(PPD 17), grip strength (PPD 21), pupillary reflex (PPD 
21), auditory response (PPD 21), visual placing response 
(PPD 21), learning ability (water maze) PPW 5 & 6, and 
motor activity (PPW 4).  20/sex selected to form F1 
mating generation.  ~12 weeks post weaning these 
animals were paired for mating.  Mated F1 ♀s were 
sacrificed on gestation Day 13 and the uterine contents 
examined. 

Deviation from study 
protocol: 

None material to the interpretation of the study 
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Observations and Results (Optional Table) 

F0 Dams 
Survival: No unscheduled deaths 

Clinical signs: ↑ incidence (animals & # of days) of stained fur dorsally and on the 
head 

Body weight: No effect of test item during gestation or lactation 
Feed consumption: No effect of test item during gestation. 

During lactation there is a slight, dose-related in food consumption 
(see Sponsor’s figure, below). 

Hematology: D.d. (s.s. at > MD)  in reticulocytes (0.93x to .79x C) 
Clinical Chemistry: D.d. (s.s. at > MD)  in ALT & AST (0.92x to 0.82x C) 

D.d. (s.s. at HD & RS) ↑ in CRE (↑10% at HD) 
Uterine content: 1 RS♀ had total embryo/fetal loss 

Total litter loss in 1, 0, 1, 2, 1 (C, LD, MD, HD, RS) litters 
Necropsy observation: Kidney pale: 0, 0, 1, 1, 4                                  (C, LD, MD, HD, RS) 

Liver large: 0, 1, 1, 5, 1  
Liver mottled: 0, 0, 0, 0, 2 
Urinary bladder distended: 0, 0, 1, 1, 4  
D.d. ↑ in Liver weight s.s. at HD 
D.d. s.s. ↑ spleen weight 

Toxicokinetics: D.d. hypoproportional ↑ in ISIS 301012 in maternal kidney, liver 
and spleen (see Sponsor’s table below). 

Dosing Solution Analysis Ranged between 98 to 104% of nominal 
Other: Milk was collected from lactating rats 24 h after that final dose and 

the level of ISIS 301012 measured (study GT-348-TX-11).  ISIS 
301012 was transferred to rat milk in a dose proportional manner 
(see Sponsor’s figure below)  

 

Reference ID: 3224500



 NDA # 203568          Ronald Wange, Ph.D. 

212 

 
 

Reference ID: 3224500

BEST AVAILABLE COPY



 NDA # 203568                                                        Ronald Wange, Ph.D. 

213 

 
 
 

 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

214 

F1 Generation 
Survival: HD had a n.s.s.  in viability index between PPD 4-7 

(98.6 vs. 100) and between PPD 7-14 (99.2 vs. 100). 
After weaning there were no unscheduled deaths.  

Clinical signs: No effect of test item. 
Body weight: Comparable at birth and start of lactation, but by LD7 

there were d.d. s.s.  in mean pup weight in MD, HD 
& RS, such that by LD21 HD pups were ~10% lighter 
than C pups. 
After weaning ♂s continued to show reduced 
bodyweight gain (0.98x, 0.94x, 0.91x, 0.93x of C at 
LD, MD, HD, RS, respectively).  ♀ weight gain was 
comparable to C after weaning through mating and 
gestation. 

Feed consumption: Males had reduced food consumption, generally 
consistent with reduced body weight gain.  No effect 
on FC in ♀. 

Physical development: No effect of test item on Pinna unfolding, incisor 
eruption, eye opening, 
S.s. delay in balano-preputial separation in RS♂ 
(PPD50 vs. 47 in C [see Sponsor’s table below]).  
Delay in vaginal opening in treated ♀s (s.s. at HD; 
PPD37 vs. 35) [see Sponsor’s table below]. 

Neurological assessment: No effect of test item on surface righting, auditory 
response, motor activity or learning and memory. 
S.s. impairment in visual placing response and grip 
strength at MD, HD & RS (see Sponsor’s table 
below). 

Reproduction: No effect on time to mating. 
 % of pregnant ♀s (85% at HD vs. 95% in C). 
No effect on intrauterine parameters. 

Other:  
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 Despite effects on FC & BW gain there was no effect on long bone growth, and 
no biologically meaningful effects on sexual maturation.  There was no effect on 
performance in the functional observational battery. 

 Hematological perturbations, primarily at 50 mkw.  Minimal  in measures of 
RBC mass and reticulocyte count (Hct was normal following recovery period).  
Minimal to slight  in lymphocytes at all doses (recoverable).  Minimal ↑ in 
neutrophils at 50 mkw (recoverable).  At recovery sacrifice ↑ mean platelet 
volume and platelet distribution width (but no change in platelet count), 
suggesting increased platelet turnover. 

 ↑ weight (% of BW) of spleen, liver and kidney at doses > 10 mkw.   weight (% 
of BW) of heart at 50 mkw.  Organ weight effects demonstrated only partial 
reversibility over the recovery period. 

 Pale liver > 10 mkw; large spleen, pale kidney and small thymus at 50 mkw.  No 
clear recovery. 

 Depletion of marrow fat at 50 mkw (not reversible over the recovery period) is 
likely a consequence of reduced food consumption. 

 Foamy macrophages (minimal-moderate) in multiple tissues (liver, spleen, lymph 
nodes, adrenals, ovary) (partially reversible over the recovery period). 

 Lymphoid hyperplasia in the spleen (minimal-slight) (not reversible over the 
recovery period). 

 Thymic atrophy (minimal-slight) at 50 mkw in both sexes (reversible). 

 Injection site reactions (cellulitis [minimal] and myositis/myopathy [minimal-
slight]) at all doses (partially reversible). 

 

Methods 
Doses ISIS 301012: 0, 3, 10 & 50 mg/kg 
Doses ISIS 147768: 10 mg/kg (rat surrogate, RS) 
Frequency of dosing: Weekly 
Route of administration: SC injection 
Dose volume: 5mL/kg 
Formulation/Vehicle: phosphate buffered saline, pH 7.4 
Species/Strain: Crl:CD(SD) rats 
Number/Sex/Group: 10 
Age: 22 days old at initiation of dosing 

10 recovery (C, HD & RS only) Satellite groups: 
27 TK (LD, MD & HD only) 

Unique study design: None of note 
Deviation from study protocol: None affecting study interpretation. 
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Observations and Results 

Mortality 

No unscheduled deaths. 
 

Clinical Signs 

HD ♂&♀: ↑ of sores/lesion, staining of fur, thinning fur.  All signs showed improvement 
during the recovery period. 
 

Body Weights 

Beginning in Week 5 body weight gain was reduced in MD, HD & RS groups for both 
sexes, which correlated with reduced food consumption.  After cessation of dosing body 
weight gain was somewhat more comparable between C & treated animals; however, 
there was no ‘catch-up’ bodyweight gain. 
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Feed Consumption 

Mipomersen-treated and surrogate-treated rats consumed less food during the 
treatment period than controls.  This deficit continued into the treatment-free period; 
however this may reflect the lower body weight (and therefore lower caloric 
requirement) of the previously mipomersen/surrogate-treated rats.  Sponsor did not 
conduct an analysis of food consumption per unit mass of body weight. 
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Physical Development 

Despite the effect on FC and BW gain, there was no discernable effect on long bone 
growth of either mipomersen or the rat surrogate. 

No effect on ♂ sexual maturation. 

S.s. effect of rat surrogate to accelerate sexual maturation in ♀s (PND 38.9 vs. 39.6).  
Also MD achieved sexual maturation at a s.s. lighter weight (125.1 vs. 136.9 g). 
 

Functional Observational Battery 

No effect of either mipomersen or the rat surrogate. 
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Organ Weights  

Spleen (BW adjusted): d.d. ↑ in ♂&♀, s.s. at MD (♀ only), HD and RS.  Max ↑ (at HD) = 52-76% 

Liver (BW adjusted): ♀s only had a d.d. ↑ in liver weight (s.s. at MD & HD). Max ↑ (at HD) = 29% 

Kidneys (BW adjusted): s.s. ↑ (↑ 10%) in HD♀ 

Heart (BW adjusted): 8-9%  in both sexes at HD (s.s. in HD♀) 

These effects were only partially reversed during the recovery period. 

Histopathology 

Adequate Battery 

Yes 
 
Peer Review 

No 
 
Histological Findings 

Most findings are consistent with those seen in adult rats: injection site reactions, foamy 
macrophages in multiple tissues, basophilic granules (accumulated drug) in the kidney, 
inflammatory cell foci, lymphoid hyperplasia.   

Findings that appear to be more pronounced in (or confined to) juvenile animals include: 
depletion of marrow fat at HD, minimal focal nephropathy (♀s, all doses), minimal-slight 
tubular vacuolation (HD♀s) and minimal-slight thymic atrophy (HD).  The depletion in 
marrow fat is likely secondary to reduced food consumption in the treated animals.  
Except for thymic atrophy, these findings were not clearly reversible following the 
recovery period. 
 

Reference ID: 3224500



 NDA # 203568                                                        Ronald Wange, Ph.D. 

225 

 
 
 

 

Reference ID: 3224500









 NDA # 203568                                                        Ronald Wange, Ph.D. 

229 

Key Study Findings 

 There was no appreciable difference after 5 weeks of dosing in the toxicity profile of 
ISIS 301012 prepared with either the . 

 There was no toxicologically significant differences after 5 weeks of dosing in the 
toxicity profile of ISIS 301012 with our without either cocktail of impurities. 

 The NOAEL is considered to be 25 mg/kg BIW (50 mg/kg/week). 
 
Methods 
Doses: See below 
Duration of dosing: 5 weeks 
Frequency of dosing: twice weekly 
Route of administration: SC injection 
Dose volume: 10 mL/kg 
Formulation/Vehicle: phosphate buffered saline 
Species/Strain: Cr1jBgi:CD 1 (ICR) mice 
Number/Sex/Group: 6/s/g 
Age: 6 weeks 
Weight: ♂: 28.8 to 34.1 g     ♀: 23.3 to 29.3 g 
Satellite groups: none 
Unique study design: Intent is to compare ISIS 301012 prepared by 

two different methods of synthesis, as well as 
toxicologic profile of process-related impurities.  
See Sponsor’s table below for additional details. 

Deviation from study protocol: None material to the interpretation of the study 
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Clinical Signs 

Limited to infrequent findings of skin ulceration at injection sites and associated 
alopecia.  No clear relationship to either  or process 
impurities. 

Body Weights 

No effect. 

Feed Consumption 

No effect. 

Hematology 

Monocytes ↑ in ♂s  with API from both types .  No effect of impurities.  No 
effect in ♀s. 

Neutrophils n.s.s.  in ♀s with API from both types ; however  lot has 
moderately stronger effect.  Addition of impurity cocktail 2 appeared to augment this 
effect.  No effect on neutrophils of  or impurities in ♂s. 

The effects observed were generally slight to mild and not of toxicological concern. 

Clinical Chemistry 

Albumin s.s.  in HD♂ with impurity cocktail 2 (3.28 vs. 3.56 g/dL).  Given the small 
magnitude of the decrease, this change is not considered to be toxicologically 
significant. 

Urinalysis 

No conducted. 

Gross Pathology 

No clear effect of any of the test items. 

Organ Weights 

Brain, kidneys, liver with gall bladder, ovaries, spleen, testes and thymus were 
assessed. 

Unremarkable. 

Histopathology 

Adequate Battery 

Limited panel: Kidney, Urinary bladder, Liver, Heart, Spleen, Thymus, Pancreas, Lung, 
Cecum, Colon, Mesenteric lymph node, Femur, Marrow (femur), Injection site, GALT, 
Testes, Ovaries, Uterus/Cervix, Abnormal lesions. 
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Only the 50 mg/kg/week dose groups and control group tissues were examined 
histopathologically. 

The tissue panel and group sampling are deemed adequate for the intended purpose of 
the study. 
 
Peer Review 

No. 
 
Histological Findings 

Primary findings included changes indicative of a proinflammatory effect: increase in 
lymphohistiocytic cell infiltrates in the liver, extramedullary hematopoiesis in the spleen, 
sinus histiocytosis in the lymph nodes, and subcutaneous edema or granuloma in the 
subcutaneous injection site skin in the dose groups receiving 50 mg/kg/week ISIS 
301012.  Because of the general mildness (minimal to slight) of the effects, these are 
not considered adverse. 

 

2 G5♂s had minimal cardiomyopathy.  This finding is considered to be incidental since it 
was not seen in groups 7 and 9, which received the same dose and source of 
mipomersen as group 5. 
 
No clear differential effects of the  or the impurities was apparent. 

Special Evaluation 

None. 

Toxicokinetics 

Levels of ISIS 301012 in the kidney were measured.  There was no effect of either 
 or impurities on drug exposure. 
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Observations and Results 

Mortality 

Male 11, group 2 (5 mg/kg drug lot 2, no added impurities) was found dead on Day 24.  
Was noted to have rapid breathing beginning Day 15, hunched posture beginning Day 
22 and abnormal gait and piloerection beginning Day 23.  Necropsy revealed a mass on 
the left auricle of the heart.  This death is not considered to be related to test article. 

Male 99, group 17 (25 mg/kg drug lot 2 + impurity  escaped from its cage, had a 
convulsion and died on Day 12.  This death is not considered to be related to test 
article. 

Female 134, group 6 (5 mg/kg drug lot 2 + impurity ) was euthanized on Day 22.  
This animal was observed to be twitching and unable to right itself.  There were no 
findings at necropsy.  As there were no comparable observations in other animals in this 
dose group nor in the higher dose group ( group 7), this death is not considered to be 
related to test article. 

Clinical Signs 

No test item-related signs were noted. 

Body Weights 

No test item-related signs were noted. 

Feed Consumption 

No test item-related signs were noted. 

Ophthalmoscopy 

Not assessed. 

Hematology 

No toxicologically significant differences between the various dose groups. 

Clinical Chemistry 

No toxicologically significant differences between the various dose groups. 

Urinalysis 

Not assessed. 

Gross Pathology 

Injection site discoloration (reddening) was seen, but no differences between the 
various dose groups (aside from C, which did not show this finding). 
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Organ Weights 

No toxicologically significant differences between the various dose groups. 

Histopathology 

Adequate Battery 

Yes 
 
Peer Review 

No 
 
Histological Findings 

1 G2 male (early decedent) had a (moderate) atrial thrombus. 

Chronic tenosynovitis (slight to moderate) was seen in 1/6 ♂s in G6, G8, G15. 

Dose-related injection site reactions (subcutaneous fibroplasia  hemorrhage 
occasionally with inflammation) was seen in some animals in most dose groups in both 
sexes.  There was no apparent difference between mipomersen with or without 
impurities. 

No test item (or impurity) related findings were seen in the kidney in either sex.  Oddly, 
the presence of basophilic granules was not reported in the proximal tubule epithelial 
cells. 

There were occasional liver findings in the treated groups, including: minimal-moderate 
centrilobular hepatocyte degeneration, minimal-slight occasional degenerate 
hepatocytes, minimal-moderate erythrocytes in hepatocytes, and minimal-slight focal 
hepatocyte degeneration/inflammation.  However, there was no clear dose-relationship, 
nor any clear effect of any of the impurity cocktails.  It is peculiar that there was no 
mention of basophilic granules in the Kupffer cells. 

Extramedullary hematopoiesis was seen in the spleen of both sexes (even C), severity 
was ↑ at HD in ♂s, but there was no effect of impurities. 

Special Evaluation 

None. 

Toxicokinetics 

Plasma samples were not collected.  Concentrations of ISIS 301012 in kidney samples 
collected at necropsy were dose-dependent but hypoproportional to dose. 
Concentrations of ISIS 301012 in liver samples collected at necropsy were dose-
dependent and essentially dose-proportional. 
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Dosing Solution Analysis 

Dosing formulations were true solutions, so no homogeneity assessment was 
conducted.  Reported concentrations were similar at the start and end of the dosing 
period. 
 
 
IMMUNOTOXICOLOGY 
 
Title: Effects of Three Oligonucleotides in a Mouse Mast Cell Degranulation Assay 

Study no.: GT-348-TX-8 

Study design:  This study was designed to address whether mipomersen, in the range 
of 300 ng/mL to 300 g/mL, could directly stimulate macrophage degranulation, as read 
out by histamine release.  Cultured murine MC/9 cells (a mast cell line) were used for 
this assessment.  Phorbol myristate acetate (PMA) and A23187 (a calcium ionophore) 
were used as in combination as a positive control.  Triton X-100 (a detergent that 
solubilizes the plasma membrane) served as a maximum release control. 

Results:  No dose of mipomersen appreciably stimulated histamine release under the 
conditions of the assay. 

 
Conclusion:  The assay found no evidence that mipomersen at concentrations up to 
300 g/mL could directly stimulate mast cell degranulation.  This assay does not 
however address whether mipomersen could indirectly stimulate mast cell degranulation 
(e.g., via complement). 

 

Title: Evaluation of ISIS 301012 in the Mouse Influenza Host Resistance Model 

Study no.: 301012-AS20 

Study design: The mouse influenza host resistance model was used to assess whether 
mipomersen or ISIS 147764, a mouse surrogate, adversely affects the ability of female 
balb/c mice to mount a protective immune response.  Mice were treated biweekly with 
10, 25 or 50 mg/kg (20, 50, or 100 mg/kg/week) Mipomersen or 50 mg/kg BIW ISIS 
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147764 for 4 weeks prior to challenge with influenza virus and for 3 weeks after 
infection.  A separate group of animals were treated with 20 mg/kg/day dexamethasone 
(positive control) for 3 weeks prior to infection and 3 weeks after infection.  Another 
group of animals received no treatment prior to or after influenza infection (negative 
controls).  In this model, immunotoxicity is defined as impaired clearance of the 
infectious agent, influenza virus, from the lung.  Additional endpoints examined included 
anti-influenza IgG levels in the lungs.  Other assessments conducted outside of the 
scope of the immunotoxicity endpoints are not discussed, but have been reviewed. 

Results:  While all doses of mipomersen and the mouse surrogate did s.s.  the levels 
of influenza-specific IgG in lung homogenates (Sponsor’s Table 5), the oligonucleotides 
did not impair clearance of virus from the lungs (Sponsor’s Figure 4a).   
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Conclusion: Neither mipomersen or the mouse surrogate exhibited functional 
immunosuppression in this assay.  There were however subclinical reductions in the 
lung levels of anti-influenza IgG, suggesting that mipomersen has the potential for 
exacerbating immunosuppression, albeit at relatively high doses. 

 

11 Integrated Summary and Safety Evaluation 
Mipomersen is a phosphorothioate antisense oligonucleotide (PS ASO) that inhibits the 
synthesis of human apoB100, the intended consequence of which is a reduction in the 
levels of VLDL-C, LDL-C and Lp(a) in patients with familial homozygous 
hypercholesterolemia.  The expectation being that these changes would have a 
favorable effect on cardiovascular health in these individuals.  Sponsor’s analysis 
suggests that mipomersen is selective for apoB, and that neither mipomersen nor its 
metabolites are likely to materially affect the expression level of other proteins.  
 
Proof of concept studies in multiple species have established that antisense 
oligonucleotide inhibition of apoB100 synthesis effectively reduces the levels of 
circulating apoB-containing lipoproteins (e.g. VLDL, LDL and Lp(a)).  Moreover, in 
rodent models of atherosclerosis (the LDLr- KO Mouse, the Human ApoB 
transgenic/LDLr-KO Mouse, and the ApoE-KO Mouse), ASO inhibition of apoB100 
synthesis significantly decreased aortic plaque burden.  Although these are imperfect 
models of human atherosclerotic disease (e.g., they do not accurately model plaque 
rupture and myocardial infarction), the results are consistent with the potential for 
favorable cardiovascular effects in the HoFH population. 
 
The toxicity profile of mipomersen (and species-specific surrogate oligonucleotides) has 
been studied in the mouse, rat, monkey and rabbit. The effects seen are largely 
consistent with what would be expected, based on the literature, for a phosphorothioate 
oligonucleotide2.  In general, the nonclinical program has not identified any toxicity 
specifically associated with reduction in apoB100 expression (via use of species-specific 
surrogates) that was not also seen with mipomersen (which is only partially active in 
monkeys and not active in rodents or rabbits). 
 
The observed systemic toxicities were generally dose-dependent, and primarily involved 
the immune system (discussed below), the hematopoietic system ( RBC mass, ↑ 
extramedullary hematopoiesis), the coagulative pathways (transient ↑ in APTT,  in 
platelets in monkeys), the vasculature (discussed below) and the organs exhibiting the 
highest concentrations of drug -- the kidney and the liver (discussed below). 
 
Immunological Effects 

Based on the literature, PS ASOs are expected to induce proinflammatory effects, 
primarily through activation of cells of the innate immune system, especially 

                                            
2 Henry, S.P., et al., Toxicologic Properties of 2’-O-Methoxyethyl Chimeric Antisense Inhibitors in Animals and Man, 
in Antisense Drug Technology, Crooke, S.T., ed., CRC Press, Boca Raton, 2008. 
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macrophages and dendritic cells, which subsequently produce proinflammatory 
cytokines and chemokines.  Proinflammatory effects were generally dose-related, 
appearing at all doses, and were seen in all nonclinical species, and included 1) 
evidence of an acute phase response, 2) changes in lymphoid organ weight, 3) 
infiltration of histiocytes + lymphocytes into myriad tissues, 4) activation of histiocytes 
(hypertrophy, and/or hyperplasia), 5) occasional infiltration of other leukocytes (i.e., 
neutrophils or eosinophils) in to multiple tissues, 6) lymphoid hyperplasia, 7) changes in 
circulating levels of leukocytes, 8) elevation of certain cytokines/chemokines, and 9) 
injection site inflammation. 
 
PS ASOs are also known to activate complement, primarily through the alternative 
pathway by inhibiting factor H, a negatively regulator of the alternative pathway.  
Complement activation was apparent at SC doses of > 20 mg/kg in the monkey (and at 
an IV dose of 12 mg/kg) , as evidenced by transient rises in the level of the complement 
factor B split product, Bb, and the depletion of C3 with repeated dosing.  The literature 
indicates that activation of complement by PS ASOs results from plasma concentrations 
exceeding a certain threshold, and are therefore Cmax-driven.  The monkey toxicity 
studies with mipomersen tend to support this hypothesis. 
 
An in vitro assessment revealed no potential for direct activation of murine Mast cells; 
however, it should be noted that this study does not address the potential for indirect 
activation of Mast cells, for example via complement activation.  An influenza host 
resistance assay in mice found no clinically meaningful effect on the ability to control 
and clear the infection, although there was a slight to moderate decrease in the 
magnitude of anti-influenza IgG response at all doses (20-100 mg/kg/week) of 
mipomersen and with the mouse surrogate.  While these data indicate that it is unlikely 
that mipomersen has high potential for inducing immunosuppression by itself, they also 
suggest that mipomersen has the potential for augmenting immunosuppression, albeit 
at high relative doses. 
 
Cardiovascular Effects 

Perhaps the most significant inflammatory effect of mipomersen observed in the 
nonclinical studies, especially given the intended patient population for this product, are 
inflammatory vascular changes.  Polyarteritis was seen in multiple tissues in rats in the 
2-year carcinogenicity study in ♂s at doses > 10 mg/kg/week and in ♀s at 20 
mg/kg/week; however, these findings may be of limited clinical relevance, as it seems 
likely that these changes were secondary to a marked exacerbation of spontaneous 
chronic progressive nephropathy (w/ uremia) that was elicited by mipomersen in this 
study. 
 
In the mouse 2-year study there is a suggestion that mipomersen (and the mouse 
surrogate) increased the incidence of cardiac thrombus.  However attribution to the test 
item is confounded by the fact that this is a common finding in aged mice of this strain, 
and the highest incidence in each sex lies just outside of the highest incidence in the 
historical background database.  It is notable though that a different PS ASO (ISIS 
2302) also exhibited an apparent increase in the incidence of cardiac thrombus in a 
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mouse 2-year study.  Given the absence of a mipomersen-related increase in incidence 
of thrombotic events in other tissues, nor an increase in thrombotic events in other 
species, perhaps these data are best interpreted as indicating a propensity to worsen or 
accelerate formation of spontaneous lesions in the mouse.  Another cardiovascular 
finding in the mouse that may be related to mipomersen exposure is slight-moderate 
atrial/ventricular dilatation in ~3% of females at doses > 20 mg/kg, which was correlated 
with a slight worsening of severity and incidence of cardiomyopathy.  These effects 
were also apparent with the mouse surrogate (ISIS 147764).  Atrial/ventricular dilatation 
was not reported in the historical background database. 
 
In the 1-year monkey study, 2 monkeys at 30 mg/kg/week (animal #s 5007 and 5603 
had findings that were initially characterized as extensive vasculitis and/or perivasculitis, 
with intimal hyperplasia (and rare medial hyperplasia).  Upon subsequent peer review 
by a vascular pathology expert (Dr. Kerns) and an expert in the pathology of macaques 
(Dr. Palate), these lesions were re-characterized as intimal thickening/hyperplasia with 
lymphocytic infiltration, occasionally in combination with eosinophils.  Dr. Palate also 
noted that the endothelium in some arteries from these animals appeared reactive (with 
rounded nuclei) and appeared focally denuded.  Moreover, these areas of damaged 
endothelial cells were sporadically associated with light eosinophilic material suggestive 
of early fibrin accumulation in the lumen. 
 
The precise etiology of these lesions is unclear.  Sponsor posits that a deficiency in 
complement C3 (which is consumed during complement activation) interferes with the 
ability of complement to clear immune complexes from the vasculature, which is one of 
the recognized functions of basal complement activity.  This deficiency, especially in the 
face of an immune response to a pathogenic agent (resulting in high levels of antigen-
antibody complexes), could result in vascular lesions.  In support of such an etiology, it 
is notable that both monkeys #5007 and 5603 were diagnosed with bacterial infections 
(Campylobacter and Shigella, respectively) around study day 310 (while no other 
assessed HD monkey had similar findings.  Animal #5007 had a very low C3% (18% vs. 
58% for the rest of the dose cohort); however, animal #5603 had a C3% that was 
comparable to the rest of the dose cohort.  It is also notable that these two animals had 
among the greatest reductions in platelets, and also the greatest percentage of platelets 
with upregulated activation markers (CD62P).  This is relevant to the discussion, since it 
is recognized that activated complement can cause consumption of platelets by 
inducing platelet activation and subsequent removal in the spleen. 
 
It is also notable that the HD monkey (#5506) that exhibited the most profound 
decrease in platelets was ultimately sacrificed moribund.  In addition to 
thrombocytopenia, this animal also had severe anemia (RBCs ~13% of baseline), and 
schistocytic RBCs 2 days prior to sacrifice, consistent with microangiopathic hemolytic 
anemia (although microangiopathy was not noted in the histopathology report).  The 
postmortem was notable for widespread multifocal hemorrhage (with thrombocytopenia 
presumably being contributory), and multifocal necrosis (possibly secondary to local 
tissue anoxia associated with anemia and altered tissue perfusion). 
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Renal & Hepatic Effects 

The kidney is generally the site of highest tissue exposures, especially in the renal 
cortex proximal tubules.  All species show a dose-related finding of the presence of 
basophilic granules in the cytoplasm of kidney tubule epithelial cells.  These granules 
are thought to represent drug taken up by the cells.  The liver is generally the organ with 
the second highest tissue concentration (except for mice where liver concentrations 
typically exceed kidney concentrations), and all species have dose-related basophilic 
granules in the Kupffer cells.  Again, these granules are thought to reflect mipomersen 
taken up by the cells.  Steady state tissues levels are reached by ~26 weeks.  A 
comparison between kidney and liver tissue concentrations of mipomersen in mice, rat 
and monkeys (and the toxicities accompanying these exposures) is provided by 
Sponsor’s tables below. 
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KIDNEY 

At 5 to 6 months with a comparable dose of 25-30 mg/kg/week, the highest kidney 
concentration of mipomersen was seen in the monkey (~2000 g/g), the lowest was 
seen in mice (182 g/g), and the rat was intermediate (~1350 g/g). 
 
There was no indication of mipomersen-related renal toxicity in mice, but, as noted 
above, mice had the lowest levels of mipomersen in the kidney of any of the assessed 
species (~10-fold lower than the monkey). 
 
In rats, doses > 10 mg/kg/week were associated with a profound worsening of chronic 
progressive nephropathy (CPN) in males and a worsening and increase in incidence of 
CPN in females.  This was associated with proteinuria, increased blood urea nitrogen, 
and increased deaths due to CPN/uremia in both sexes in the 2-year rat study.  Given 
the apparent etiology of the toxicity as an exacerbation of an underlying condition, the 
clinical significance of this finding is unclear, but does suggest caution in administering 
to patients with underlying kidney disease. 
 
In monkeys, SC doses > 30 mg/kg/week were associated with minimal-moderate 
multifocal cytoplasmic vacuolation and minimal-slight degeneration of the tubular 
epithelium.  Sponsor considers that the vacuoles are an artifact of fixation, arising from 
fluid influx into oligonucleotide-laden (hydroscopic) phagolysosomes, resulting in 
washing out of the drug and swelling of the phagolysosomes, and notes that basophilic 
material was visible in some of the vacuoles; however this etiology has not been 
rigorously established.  12 mg/kg q4d (21 mg/kg/week) administered intravenously for 
13 weeks was additionally associated with minimal-moderate tubular epithelial cell 
regeneration (see Sponsor’s table below).  Sponsor’s table fails to capture that this dose 
was also associated with minimal-moderate intratubular hemorrhage in 4/6 monkeys, 
accompanied by hematuria; this finding was not seen in the concurrent 20 mg/kg q4d 
(35 mg/kg/week) SC dose group.  It is interesting that while the 12 mg/kg q4d IV dose 
was associated with greater renal toxicity and a higher Cmax than the 20 mg/kg q4d SC 
dose used in the same study, it did not result in a higher AUC, nor a higher local 
concentration in the kidney, suggesting that the increased degree of renal toxicity may 
be related to complement activation, which was much greater in the monkeys treated 
with 12 mg/kg q4d IV than in the monkeys treated with the 20 mg/kg q4d SC dose.  
Minimal multifocal tubular hemorrhage (with hematuria) was also seen in the 52-week 
study in 1/6 monkeys dosed at 30 mg/kg qw, a dose that was also associated with 
marked complement activation. 
 
On the basis of the monkey findings at 30 mg/kg qw of minimal tubular epithelial cell 
degeneration in 4/6 monkeys and minimal-mild tubular vacuolation in 6/6 monkeys, the 
NOAEL is considered to be 10 mg/kg/week SC for kidney toxicity.  Note that the 1/6 
monkeys in the 1-year study at 10 mg/kg/week with similar findings had kidney levels of 
drug twice that of its cohort and similar to the 30 mg/kg/week cohort, and was not 
considered to be representative of the 10 mg/kg/week cohort. 
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LIVER 

Liver concentrations of mipomersen follow the same general pattern as the kidney, with 
the lowest level in mice (~280 g/g), the highest in monkeys (~1090 g/g) and an 
intermediate level in rats (~750 g/g) following a comparable exposure of 25-30 
mg/kg/week for 5-6 months.  Unlike in the kidney (where oligonucleotide remains largely 
confined to the proximal tubule), oligonucleotide in the liver is distributed to all cell 
types.  The relative cellular distribution of PS ASOs is reported to be similar across the 
evaluated species.  The highest levels of mipomersen are seen in Kupffer cells, which 
concentrate the oligo in the lysosomes, giving rise to basophilic granules. 
 
Liver findings in mice following 3-6 month included basophilic granules accumulation in 
Kupffer cells at all doses and increased liver weight at doses > 25 mg/kg/week.  Higher 
doses (> 44 mg/kg/week) were also associated with elevations in ALT, AST & ALP and 
decreases in albumin.  Treatment with the mouse surrogate, ISIS 147764, at a dose of 
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75 mg/kg/week for 6 months was associated with hepatocyte Karyomegaly, and 
occasionally with single cell necrosis.  After 2 years of dosing, the findings also include 
an increase in the incidence of basophilic foci of cellular alteration in males at all doses 
> 5 mg/kg/week and eosinophilic foci of cellular alteration in females at doses of 60 
mg/kg/week.  There was also an increase in the incidence and severity of minimal-
moderate single cell necrosis at all doses of mipomersen (> 5 mg/kg/week) in both 
sexes.  An increased incidence and/or severity of extramedullary hematopoiesis was 
seen at 60 mg/kg/week in both sexes.  Counterintuitively, given the proinflammatory 
action of PS ASOs, the incidence of mononuclear cell infiltration was decreased in 
females at doses > 5 mg/kg/week, and in males at 60 mg/kg/week of mipomersen, but 
were unaffected by 60 mg/kg/week of ISIS 147764 (mouse surrogate).  The mouse 
surrogate was however associated with the foci of cellular alteration and increase in 
single cell necrosis noted above.  Foci of cellular alteration often occur as a precursor to 
neoplastic changes.  Indeed the Executive CAC found that 60 mg/kg/week of 
mipomersen was associated with an increased incidence of hepatocellular adenoma 
and hepatocellular adenoma + carcinoma in females.  They also found that 60 
mg/kg/week of the surrogate (ISIS 147764) was associated with an increased incidence 
of hepatocellular adenoma or carcinoma (combined) in both sexes.  The neoplastic 
effects of mipomersen are considered more fully below.  
 
In the rat, treatment with mipomersen for 5 months at doses > 10 mg/kg/week was 
associated with increased liver weight in both sexes, and all doses were associated with 
accumulation of basophilic granules in the Kupffer cells.  There was no increase in 
inflammatory infiltrates noted, and, as in mice, the incidence of monocyte cell infiltration 
was actually decreased at mipomersen > 10 mg/kg/week in females and > 30 
mg/kg/week in males.  There were no changes in serum transaminases in males, but 
females had elevated AST and ALT at doses > 30 mg/kg/week.  Cholesterol (total, HDL 
& LDL) was increased at 50 mg/kg/week.  VLDL and triglyceride were decreased at 
mipomersen > 3 mg/kg/week in males and > 30 mg/kg/week in females.  In the 2-year 
study, liver weights were increased at doses > 10 mg/kg/week, and accumulation of 
basophilic granules in Kupffer cells was seen at all doses.  As for the 5-month study, 
there was no increase in inflammatory infiltrates, and the incidence of monocyte cell 
infiltration was decreased by mipomersen at all doses (> 3 mg/kg/week).  Doses > 10 
mg/kg (mipomersen or rat surrogate) were associated with an increased incidence of 
centrilobular vacuolation and necrosis.  Both sexes saw decreases in AST (but no 
change in ALT) and albumin at > 10 mg/kg/week mipomersen (but not the rat 
surrogate).  There were marked increases in triglycerides and cholesterol (total, HDL, 
LDL and VLDL) at 20 mg/kg/week, but not with the surrogate. 
 
Mipomersen treatment in monkeys for 1 year was likewise associated with accumulation 
of basophilic granules in Kupffer cells at all doses and increases in liver weight at 30 
mg/kg/week.  Doses > 3 mg/kg/week were also associated with diffuse 
hypertrophy/hyperplasia of Kupffer cells (a finding that was not seen in rodents).  Unlike 
rodents there were no changes in serum transaminases and no effect on serum lipid 
parameters.  There was a reversible decline in albumin levels at 30 mg/kg/week. 
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Steatosis was not apparent with mipomersen or species-specific surrogates in any 
species in any study, including a 22-week study in mice rendered hypercholesterolemic 
by consumption of a high fat diet and treated with a mouse surrogate (ISIS 147764) or a 
5-week study in monkeys rendered hypercholesterolemic by feeding a high fat diet and 
treated with a monkey surrogate (ISIS 326358).   
 
Based on the foregoing, the NOAEL for liver toxicity is considered to be < 5 mg/kg/week 
in mice on the basis of the increased incidence/severity of single cell (hepatocyte) 
necrosis at all doses examined; 3 mg/kg/week in the rat on the basis of increased 
incidence/severity of centrilobular vacuolation and necrosis; and 30 mg/kg/week in the 
monkey (the highest dose tested). 
 
REPRODUCTIVE TOXICITY 

Mipomersen (and ISIS 147764) was without effect on fertility, maintenance of 
pregnancy or embryofetal development in mice at dose up to 87.5 mg/kg/week.  
Likewise mipomersen and a rabbit surrogate (ISIS 233183) did not affect effect 
embryofetal development in the rabbit at doses up to 52.5 mg/kg/week.  The rabbit 
surrogate (but not mipomersen) was associated with reduced bodyweight in the dams 
and early delivery in 1 dam.  Mipomersen does not appear to cross the placenta, and it 
was undetectable in fetal liver or kidney in either the combined fertility/embryofetal 
development study in the mouse or the embryofetal development study  in the rabbit. 
 
The NOAEL for fertility and embryofetal development was > 87.5 mg/kg/week in mice 
and > 52.5 mg/kg/week in rabbits. 
 
The pre- and post-natal study in rats found that mipomersen caused a decrease in food 
consumption in dams during lactation (all doses, s.s. at 70 mg/kg/week).  Mipomersen 
was without effect on birth weight of the pups, but by LD 7 maternal doses of > 35 
mg/kg/week were associated with reduced pup bodyweight, and reduced survival at 70 
mg/kg/week.  Mipomersen treatment of the dams was associated with a slight, 
statistically significant delay in vaginal opening at 70 mg/kg/week.  There was no effect 
of mipomersen on surface righting, auditory response, motor activity or learning and 
memory.  There were a statistically significant impairment in visual placing response 
and grip strength at mipomersen doses > 35 mg/kg/week (and with the rat surrogate).  
These deficits may relate the decreased body mass in these cohorts at the time of 
assessment.  Notably, mipomersen is present in milk; however, absorption of PS ASOs 
from the oral route is considered to be negligible (~5% bioavailable). 
 
The NOAEL for pre- and post-natal development in the rat is considered to be 7 
mg/kg/week based on reduced bodyweight gain and impaired performance in the visual 
placing response and grip strength. 
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JUVENILE TOXICITY 

In general, the toxicity profile in the juvenile rats resembles that in adult rats.  There 
were decreases in food consumption and bodyweight gain (which did not reverse in a 4-
week recovery period), but no meaningful effects on long bone growth, performance in 
the functional observational battery, or sexual maturation.  Decreases in RBC mass and 
reticulocyte number are similar to those seen in adults, and hematocrit was normal 
following the recovery period.  As in adults there are increases in spleen, kidney and 
liver weight, and accumulation of foamy macrophages in these tissues, and other signs 
of immune stimulation (i.e., lymphoid hyperplasia in the spleen.  Injection site reactions 
were also apparent.  These effects were partially reversible following the recovery 
period.  Reactions that seemed novel or exaggerated compared to adults was a 
reduction in fat tissue in the bone marrow (not reversible), and thymic atrophy 
(reversible) at 50 mg/kg/week, which were not reported in adults.  The reduction in 
marrow fat is likely to be secondary to the reduced food consumption, and therefore 
caloric reserves, in the treated animals.  Also, females had minimal-slight tubular 
vacuolation at 50 mg/kg/week (not reversible).  The NOAEL in juvenile rats was 
considered to be 10 mg/kg/week. 
 
GENETIC TOXICITY 

Mipomersen was assessed for genotoxicity in a full battery of studies: 1) Ames assay, 
2) mouse lymphoma assay and 3) in vivo micronucleus assay.  All three assays were 
considered to be valid and to have yielded negative results. 
 
CARCINOGENICITY 

The carcinogenic potential of mipomersen or species-specific PS ASO targeting of 
ApoB100 was assessed in 2-year bioassays conducted in the mouse and the rat.  The 
Executive Carcinogenicity Assessment Committee (ExecCAC) met on 31 July 2012 to 
examine the results of these studies.  The ExecCAC concluded that mipomersen was 
associated with neoplasms in both species, as follows (excerpted from the ExecCAC 
minutes: 

Mouse: 

 The Committee agreed that the study was adequate, noting prior FDA concurrence 
with the doses as well as with Sponsor’s proposal for early termination of dosing and 
early sacrifice in the high-dose group of both sexes and in mid-dose females. 

 The Committee concurred that the following neoplasms were drug related: 

 Hepatocellular adenomas and combined hepatocellular adenomas or carcinomas 
in females administered 60 mg/kg/week mipomersen. 

 Hepatocellular adenomas or carcinomas, combined, in both sexes administered 
60 mg/kg/week ISIS 147764 (mouse surrogate). 

 Fibrosarcoma of the skin/subcutis in males administered 60 mg/kg/week 
mipomersen.  

 Hemangiosarcomas in mice given 60 mg/kg/week mipomersen. 
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Rat F 3 mg/kg qw 0.3x 
Combined Fibroma/Fibrosarcoma/Fibrous Histiocytoma 

(Skin/Subcutis) 
Rat F 3 mg/kg qw 0.3x 

Malignant Fibrous Histiocytoma (skin, subcutis) Rat M/F 3 mg/kg qw 0.3x 
Hemangiosarcoma Mouse M/F 20 mg/kg qw 0.5x 

a -- Based on NOEL/NOAEL dose using body mass scaling for toxicity judged to arise from intra-vasculature/ Cmax-
related exposures, and body surface area scaling for all others. Comparisons are to a clinical dose of 200 mg qw = 
3.3 mg/kg/week = 110 mg/m2. 

b -- Although the titer of anti-influenza antibodies were dose-dependently , there was no effect on viral clearance 
c -- May not be clinically relevant (secondary to chronic progressive nephropathy/uremia) 
d -- May not be clinically relevant, since this is an exacerbation of a spontaneous lesion in this species 
e -- A single monkey at 30 mkw had thrombocytopenia, anemia, and schistocytes 
f -- Possibly secondary to complement activation 
g -- Sponsor proposes that the vacuoles are not indicative of cellular injury, but of drug uptake 
h -- 1/6 monkeys in the 10 mkw dose group had min. epithelial degeneration and mod. cytoplasmic vacuolation; 
however drug concentrations in the liver (2046 g/g) were 2x the group mean (~1000 g/g), and more similar to the 
group mean of the 30 mkw dose group (~2200 g/g) 
i -- May not be clinically relevant, since bioavailability from the oral route is estimated to be ~5% 

 
 
SAFETY EVALUATION 

Mipomersen clearly has the potential to cause adverse events in the liver, kidney, 
cardiovascular and immune systems in animals at what the Agency considers to be 
clinically relevant doses.  It is notable thought that most of these adverse effects are 
clinically monitorable.  Indeed, Dr. Criag’s review of the clinical data shows that AEs 
related to the proinflammatory effects of mipomersen (e.g., injection site reactions and 
flu-like symptoms) were detected and were a common cause of discontinuation in the 
clinical trials, as were elevated liver transaminases. 
 
Potentially more problematic are the adverse cardiovascular effects seen in mice during 
the 2-year (lifetime) bioassay and in the 1-year monkey study.  These findings warrant 
further consideration both from the standpoint that they would not be easily clinically 
monitorable, and that these effects (should they become manifest in the clinic) could 
potentially counteract the presumed benefit of the lowering of LDL-C and Lp(a).  As 
discussed above, the clinical relevance of an increase in the incidence/severity of 
cardiac thrombosis (a background lesion) in a lifetime study in the mouse is unclear.  
Uncertainty of clinical relevance also extends to vascular lesions seen in the 1-year 
monkey study, since the affected monkeys clearly experienced complement activation 
and significant chronic reductions in C3 complement levels (not seen in the clinic), 
which likely contributed to the vascular lesions.  It is also bears keeping in mind that 
these animals did not have elevated LDL-C levels, and therefore could not derive any 
(presumed) benefit from the pharmacologic activity of mipomersen (or the species-
specific surrogate).  Moreover, antisense inhibition of apoB synthesis was associated 
with significant decreases in plaque burden in mouse models of atherosclerosis.  It is 
not possible to tell from the aggregate of nonclinical data whether, on balance, the 
presumed beneficial effects on cardiovascular health of lowering LDL-C and Lp(a) will 
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outweigh the possible adverse effects suggested by the toxicology data in 
normolipidemic animals, but such an outcome is at least plausible. 
 
The other concern raised by the nonclinical program is the tumorigenic potential of 
mipomersen.  The hepatocellular adenomas are of particular note as they are occurring 
at a clinically relevant exposure in the target tissue of intended pharmacology.  It is also 
notable that the pharmacologically active surrogate oligonucleotide caused ~2x the 
tumor incidence of mipomersen.  On the other hand, this is not a malignant neoplasm, 
and conversion of hepatocellular adenoma to hepatocellular carcinoma in humans is 
reportedly rare.  The clinical significance of the remaining tumors is doubtful.  Mice are 
reportedly susceptible to formation of hemangiosarcoma under conditions of hypoxia 
and macrophage activation, both of which were apparent in the 2-year study.  With 
regard to the observed fibrohistiocytic tumors (fibrosarcomas, malignant fibrous 
histiocytoma) of the skin/subcutis, rodents are reportedly highly susceptible to these 
tumors with chronic irritation/inflammation of the subcutis, which was observed in the 2-
year studies.  Overall, it is judged that the possible tumor risk attending mipomersen 
treatment in humans can be adequately addressed via labeling 
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File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
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NDA/BLA Number: 203568 Applicant: Genzyme Stamp Date: 03/29/2012 

Drug Name: Mipomersen NDA/BLA Type: NDA  

 
On initial overview of the NDA/BLA application for filing:  
  

 
 

Content Parameter 
 

Yes
 

No
 

Comment 

1 

Is the pharmacology/toxicology section 
organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

X  

 

 
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 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

X 
 

 
 

 
 

 
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 
 

 
 

 
 

 
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 

 
 

 
 

7 

Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X 
 

 
 

 
 

8 
Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

X  
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Content Parameter 

 
Yes

 
No

 
Comment 

9 

Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

 X 

 
Only doses used in animals are presented.  
Human dose multiples are not presented.  

NB - mg/kg dose extrapolations may be 
reasonable for 2-MOE-substituted 

phosphorothioate oligos. 

10 
Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

X  
Impurity qualifying studies were conducted in 

mice, which evaluated the effected of 
concentrated process impurities, in order to 
support process changes in manufacturing.   

11 Has the applicant addressed any abuse 
potential issues in the submission?  X However, there is no basis for supposing 

that mipomersen has any abuse potential. 

12 
If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

  

 
 
Not applicable. 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___Yes_____ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
 
 
 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
None. 
 
 
 
 
Reviewing Pharmacologist      Date 
 
 
Team Leader/Supervisor      Date 
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