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Abstract 
Familial hypercholesterolemia is a genetic disease affecting about 10 million people around the world. 

Those who carry the disease have a very high risk of developing cardiovascular diseases and commonly 

encounter myocardial infarction at the early age of 40. Therefore, a diagnosis and immediate treatment are 

very important for these patients. Despite many combinations of available drugs, there are many patients 

who still cannot reach the desired cholesterol levels.  

Mipomersen is a new lipid-lowering drug which inhibits the synthesis of apolipoprotein B, a common 

component of lipoproteins such as low-density lipoprotein. Inhibition of this protein leads to reduced 
production of these lipoproteins and reduces the risk of cardiovascular diseases. The drug is currently only 

indicated for treating patients with homozygous familial hypercholesterolemia.  Unfortunately, there have 

been many reports of adverse events in patients using mipomersen which has proven problematic.          

The aim of this thesis is to analyze the efficacy and safety of mipomersen when treating patients with 

familial hypercholesterolemia. This has been done by searching for five clinical trials in the database Web 

of Science. The studies were required to include patients with familial hypercholesterolemia, use 

mipomersen as the study drug and analyze its effect and safety.    

 

The studies showed that mipomersen has a very good effect in decreasing low-density lipoproteins as well 

as other lipoproteins in comparison to placebo. Many of the patients who were treated with mipomersen 

displayed several adverse events and the most common were injection-site reaction and influenza-like 

symptoms. Elevated levels of aminotransaminase and increased fat deposit in the liver were also common. 
 

Based on the five clinical trials analyzed in this thesis, mipomersen is an effective lipid-lowering drug 

which reduces low density lipoprotein cholesterol, apolipoprotein B and lipoprotein (a) in patients with 

familial hypercholesterolemia. Elevations in alanine aminotransferase and aspartate aminotransferase are 

common in patients treated with mipomersen. This could indicate a negative impact on the liver.  To be 

more certain of its safety profile, more research could be needed. There are however, new treatments that 

combines statins and a proprotein convertase subtilisin/kexin 9 inhibitor, which could be the future of lipid-

lowering treatments and mipomersen would then likely be substituted.        

 

           

 

 

Discussion 

Conclusions 
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SUMMARY 
 

 

Familjär hyperkolesterolemi är en genetisk sjukdom som drabbar ungefär 10 

miljoner människor runt om i världen. De som bär på sjukdomen har en ökad risk för 

hjärtkärlsjukdomar och det är vanligt med hjärtinfarkter redan i 40-års åldern. Det är 

därav viktigt att dessa patienter snabbt får en diagnos och påbörjar en 

kolesterolsänkande läkemedelsbehandling. Trots olika kombinationer av läkemedel 

är det många patienter som fortsätter ha ett kolesterolvärde som överstiger det man 

eftersträvar och därav fortfarande är i riskzonen. Det finns alltså ett behov av nya 

läkemedel som har en starkare kolesterolsänkande effekt. 

 

Mipomersen är ett nytt kolesterolsänkande läkemedel som hämmar syntesen av 

apolipoprotein B (ApoB) vilket är en viktig beståndsdel i flera lipoproteiner som 

exempelvis low-density lipoproteinkolesterol. Hämning av detta protein leder till en 

minskad produktion av dessa lipoproteiner och minskar risken för 

hjärtkärlsjukdomar. Mipomersen har dock visat sig ge många oönskade biverkningar 

vilket visat sig problematiskt. 

 

Syftet med denna litteraturstudie är att analysera effekt och biverkningar hos 

mipomersen vid behandling av familjär hyperkolesterolemi. Detta har gjorts genom 

att söka efter fem kliniska studier på databasen Web of Science. Studierna skulle ha 

patienter med familjär hyperkolesterolemi, använda sig av mipomersen som 

läkemedel och analysera dess effekt och biverkningar.  

 

Dessa studier visade att mipomersen hade en mycket bra förmåga att minska low-

density lipoprotein samt flera andra lipoproteiner i jämförelse med placebo. Många 

av patienterna som behandlades med mipomersen fick flera biverkningar och de 

vanligaste var reaktion vid injektionsstället samt influensa-liknande symtom. Det var 

även vanligt för patienterna att få förhöja värden av aminotransaminaser samt 

fettinlagring i levern.      

      

Baserat på de fem studier som analyserats i denna litteraturstudie så är mipomersen 

ett effektivt kolesterolsänkande läkemedel som reducerar low-density 

lipoproteinkolesterol, apolipoprotein B och lipoprotein (a) hos patienter med familjär 

hyperkolesterolemi. Ökade värden av alaninaminotransferaser och 

aspartataminotransferaser visade sig vanligt hos patienter som behandlades med 

mipomersen vilket kan tyda på att läkemedlet har en negativ inverkan på levern. Det 

behövs dock mer studier för att ytterligare undersöka säkerheten hos mipomersen. 

 

Det finns i nuläget nya kombinationsbehandlingar som består av statiner och 

hämmare av Proprotein convertase subtilisin/kexin 9 vilket visat sig ha en mycket 

god effekt som kolesterolsänkande läkemedel hos patienter med familjär 

hyperkolesterolemi. Det finns därav risk för att mipomersen som kolesterolsänkande 

behandling kommer bli substituerad i framtiden.    
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ABBREVIATIONS 
 

 

ALT – Alanine aminotransferase 

ApoA1 – Apolipoprotein A1 

ApoB – Apolipoprotein B 

ASCVD – Atherosclerotic cardiovascular disease 

AST – Aspartate aminotransferase 

CAD – Coronary artery disease 

CHD – Congenital heart disease 

CVD – Cardiovascular disease 

FH – Familial hypercholesterolemia  

HeFH – Heterozygous familial hypercholesterolemia 

HDL – High-density lipoprotein  

HoFH – Homozygous familial hypercholesterolemia 

hsCRP – High sensitivity C-reactive protein 

IDL – Intermediate-density lipoprotein 

LDL – Low-density lipoprotein 

LDL-C – Low-density lipoprotein cholesterol 

Lp(a) – Lipoprotein(a) 

PCSK9 – Proprotein convertase subtilisin/kexin 9. 

TC – Total cholesterol 

ULN – Upper limit of normal 

VLDL – Very low-density lipoprotein 
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INTRODUCTION 
 

 

Familial Hypercholesterolemia 

 

Background 

 

 

Familial hypercholesterolemia (FH) is a genetic disorder which is classified as a  

severe hypercholesterolemia phenotype because it leads to elevations in low-density 

lipoprotein cholesterol (LDL-C) levels which often exceed 5.0 mmol/L and can reach 

radical levels above 10 mmol/L (1). In perspective, less than 3.0 mmol/L is 

considered a normal LDL-C level. A high LDL-C level is the most significant risk 

factor for developing atherosclerosis in coronary arteries and other vasculature (2). 

Studies have shown that a reduction of LDL-C from >5 mmol/L to <1.5 mmol/L by 

lifestyle changes (e.g. exercise and quit smoking) and treatment is associated with a 

>60% decrease in vascular events and death. The risk of coronary heart disease 

(CHD) for patients with untreated severe hypercholesterolemia is assessed to be 20 

times higher than in controlled patients (1). The frequency of cardiac events is 

therefore common in these patients before the age of 50-60.  

 

The primary target for lipid-lowering therapy is LDL-C in patients with risk of 

cardiovascular disease (CVD) (3). Although, there are many potent lipid-lowering 

drugs and an increase in different combination therapies to treat these patients, there 

are still high-risk patients who cannot meet the desirable levels of cholesterol with 

treatment. The reasons for this are that many patients are intolerant of the primary 

treatment option, lipid-lowering statins, and develop myalgia. Also, because of their 

genetic condition, they reach a very high LDL which makes treatment even more 

difficult (4). This is the case in FH, where some patients struggle to decrease their 

cholesterol despite treatment. There is therefore a demand for new therapeutic agents 

to help treat these patients.     

 

 

 

Symptoms, Cause and Prevalence 

 

Hypercholesterolemia does not often lead to visible symptoms unless it is severe (5). 

A severe hypercholesterolemia such as FH can lead to a deposition of cholesterol 

which is called xanthoma and can develop in skin and tendons. In skin it has a 

yellowish color and often appears in joints such as knees and elbows. The symptoms 

of hypercholesterolemia mostly affect the cardiovascular system because of the 

increased build-up of plaque in the endothelia. This can lead to atherosclerosis 

related conditions as myocardial infarction, angina pectoris and claudicatio 

intermittens.            
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The cause of FH is a mutation in the gene for the LDL-receptor which results in a 

dysfunctional receptor with low or no ability to transport LDL-C (1). This leads to a 

high LDL-C plasma concentration which cannot be absorbed in the liver. FH can be 

expressed in two forms, homozygous FH (HoFH) and heterozygous FH (HeFH) 

based on if both alleles for the LDL-receptor are mutated or only one of them.  

Almost 600,000 people in the US and around 14 to 35 million worldwide exhibit 

severe hypercholesterolemia (1). The prevalence of HeFH is 1 in every 200-500 

persons with roughly 10 million affected in the world. HoFH is rare and occurs in 

only around 1 per 1,000,000 persons. Patients with HoFH are prone to have cardiac 

events as early as in the first decade of their life (1).  

Lipoprotein(a) (Lp[a]) is known to be a factor in increasing the risk of CHD and an 

overproduction can be seen in patients with FH (1). The supposed cause of this might 

partially be the overproduction of apolipoprotein B (ApoB) in FH patients which is 

an essential subunit incorporated in Lp(a).                

 

Classic FH is defined as mutation in the gene for the LDL-receptor, however, there 

are other mutations that produce the same outcome and are defined as FH. These 

mutations occur in the genes for ApoB or Proprotein convertase subtilisin/kexin 

(PCSK9). ApoB is a protein bound to e.g. LDL as well as other lipoproteins and 

function as the ligand for the LDL-receptor which transports LDL from the plasma 

into the hepatocytes. PCSK9 is a terminator of the lifecycle of the LDL-receptor 

which leads to a decrease of LDL-receptors on the hepatocytes. A dysfunction of 

these will lead to a much higher plasma concentration of LDL-C (1).    

 

 

 

Diagnosis 

 

 

Familial hypercholesterolemia can be diagnosed using different criteria. Some of the 

ones used are the Simon Broome criteria, the Dutch Lipid Clinic Network or the US 

MedPed Criteria (6). These are the Simon Broome criteria (7):  

 

• Definite FH: LDL-C >5 mmol/L and/or total cholesterol >7.5 mmol/L and 

xanthoma in patient’s/relatives’ tendons or positive DNA-test for FH.    

 

• Possible FH: LDL-C >5mmol/L and coronary disease in patient’s first degree 

relative < 60 years old or total cholesterol >7.5 mmol/L in first/second degree 

relative. 

 

The American Heart Association has made simplified guidelines for diagnosing FH 

(6). These are shown in the table below (Table I).  
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Table I. Simplified guidelines for diagnosis of familial hypercholesterolemia. 

 

Heterozygous FH Homozygous FH 

Clinical criteria 

• LDL-C >5 mmol/L 

(children: LDL-C >4 mmol/L) 

 

• At least one first degree relative 
similarly affected or with premature 

Atherosclerotic Cardiovascular Disease 

(ASCVD) or with positive genetic 

testing for LDL-C-raising gene defect 
(LDL-receptor, ApoB or PCSK9) 

 

Clinical criteria 

• LDL-C >10 mmol/L 

 

• One or both parents having diagnosed 

FH, positive genetic testing for LDL-C 
increasing gene defect or autosomal 

recessive FH 

 

• Homozygous FH most likely if LDL-C 

>14 mmol/L or >10 mmol/L with aortic 
valve disease or xanthoma in patients 

<20 years old 

With gene testing performed 

• Presence of one abnormal LDL-C–
raising gene defect (LDL receptor, apoB 

or PCSK9) 

 

• Diagnosed as heterozygous FH if LDL-

C–raising defect positive and LDL-C 
<160 mg/dL (4 mmol/L) 

 

• Occasionally, heterozygotes will have 

LDL-C >10 mmol/L; they should be 
treated similarly to homozygotes 

 

• Presence of both abnormal LDL-C–

raising gene defect(s) (LDL receptor, 
apoB or PCSK9) and LDL-C–lowering 

gene variant(s) with LDL-C <4 mmol/L 

With gene testing performed 

• Presence of two identical (true 
homozygous FH) or nonidentical 

(compound heterozygous FH) abnormal 

LDL-C–raising gene defects (LDL 

receptor, apoB or PCSK9); includes the 
rare autosomal-recessive type 

 

• Occasionally, homozygotes will have 

LDL-C <10 mmol/L 

ASCVD = atherosclerotic cardiovascular disease, FH = familial hypercholesterolemia, LDL-

C = low-density lipoprotein cholesterol, PCSK9 = proprotein convertase subtilisin/kexin 9. 

 

 

 

Treatment 

 

 

The most common treatment for FH is high-dose statin therapy (rosuvastatin 20-40 

mg/day or atorvastatin 40-80 mg/day) (2). However, there are very few patients who 

reach the goal of LDL-C <1.8 mmol/L which is why the International 

Atherosclerosis Society Severe Familial Hypercholesterolemia Panel has 

recommended a more realistic goal of reducing LDL-C by >50% (2).    
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The combination therapy for FH is usually high-dose statins and ezetimibe as a 

primary step. Other drugs which could be suggested for treating 

hypercholesterolemia are bile acid sequestrants or niacin based on toxic effects, 

availability and costs for the patient. There is also a secondary step if the goal is still 

not achieved which adds drugs like lomitapide or mipomersen or even procedures 

like lipoprotein apheresis or liver transplantation. Lipoprotein apheresis is however 

not widely available, is invasive and requires frequent treatment (8). There have been 

recent studies (9-11) that report a high success in LDL-C reduction when using 

statins in combination with PCSK9 inhibitors evolocumab or alirocumab as a 

combination therapy in patients with FH which could replace the need for lomitapide 

and mipomersen in the future if shown to have a higher efficacy and safety.  

 

When treating hypercholesterolemia there are guidelines for the ideal goals of 

cholesterol values depending on how high the risk is for the patient (5). These values 

are shown in the table below (Table II). 

 

 
Table II. Hypercholesterolemia treatment goals for different patient groups. 
 

Patient group LDL-C goal 

(mmol/L)  

ApoB goal 

(mg/ml) 

Non-HDL-C goal 

(mmol/L) 

Very high risk: Patient 
with SCORE*-risk >10% 

with diagnosed 

cardiovascular disease 
(CVD), diabetes, other risk 

factors and/or organ injury 

and patients with chronic 
kidney disease (GFR < 30 

ml/min).    

≤ 1.8 ≤ 0.8 ≤ 2.6 

High risk: SCORE-risk 5-

10%, patients with diabetes, 
other distinct risk factors 

e.g. FH.  

≤ 2.5  ≤ 1.0 ≤ 3.3 

Moderate risk: SCORE-
risk 1-5 %. 

≤ 3.0 - ≤ 3.8 

Low risk: Other - - - 

*SCORE is a European cardiovascular disease risk assessment model based on gender, age, 

total cholesterol, systolic blood pressure and smoking status, with relative risk chart, 
qualifiers and instructions.   

LDL-C= low-density lipoprotein cholesterol, ApoB= apolipoprotein B, non-HDL-C = non-

high-density lipoprotein cholesterol   
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In addition to pharmacological treatment, patients were motivated to eat a more 

heart-healthy diet which is low in saturated fat and cholesterol (12). The importance 

of diet in increasing the risk of CAD has however been questioned currently and 

because of lack of evidence it has been decided to not be encouraged anymore (13). 

Patients are encouraged to increase their level of physical activity. There are several 

risk factors which patients should avoid or control to increase the benefit of 

treatment. These are smoking, hypertension, diabetes and obesity. However, a 

pharmacological intervention is necessary to have significant decrease in non-HDL-

C and LDL-C which lowers the risk of CVD in patients with FH.  

 

 

 

Mipomersen 

 

Background 

 

 

Mipomersen (also known as ISIS 301012) is an antisense oligonucleotide inhibitor of 

apolipoprotein B synthesis and has been given the trade name Kynamro® (8). It was 

discovered and developed by ISIS Pharmaceuticals and then licensed to Genzyme 

Corporation in 2008. In January 2013 it was approved by the US Food and Drug 

Administration (FDA) with an orphan drug status as an adjunct to lipid-lowering 

therapies and diet to reduce LDL-C, ApoB, non-HDL-C and total cholesterol (TC) in 

patients with HoFH. The European Medicines Agency (EMA) rejected the drug in 

2012 and then again in 2013 because of concern regarding its cardiovascular and 

liver related adverse effects (14). The drug is available as a single-use vial with 1 mL 

to be administrated subcutaneously and has a concentration of 200 mg/mL (15). The 

recommended dosage is 200mg/L weekly and the average cost for one week of 

therapy is $5,759.65.                  

 

 

 

Indications, Contraindications and Warnings 

 

 

Mipomersen was developed for patients who were unable to reach their LDL-C 

target goal despite using several lipid-lowering combination therapies (15). This is 

often the case for patients with homozygous familial hypercholesterolemia. The drug 

is only indicated for adult patients with HoFH to be used as an adjunct to other lipid-

lowering treatments and diet to reduce LDL-C, non-HDL-C, ApoB and TC. It is not 

indicated for the pediatric population due to not having safety and efficacy 

established. The drug is contraindicated in patients with moderate or severe liver 

impairment and also patients with persistent elevated serum transaminase levels or 

active liver disease (15). The patient is therefore monitored throughout the treatment 

for deviations concerning the liver. There is also an increased risk of increased 

hepatic fat when using mipomersen. 
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Alanine transaminase (ALT) and aspartate transaminase (AST) are two enzymes 

which contribute in liver gluconeogenesis and intermediate metabolism (16). These 

are released by the liver to the circulation in correlation to the amount of 

hepatocellular damage which could be caused by toxins, viral infections or other 

substances resulting in liver damage (17). Clinicians are directed to obtain alanine 

transaminase (ALT), aspartate transaminase (AST), total bilirubin and alkaline 

phosphate levels at baseline of treatment. Monitoring of ALT and AST is thereafter 

performed during the treatment. If there is an elevation of ALT or AST surpassing 3 

times the upper limit of normal (ULN), the drug treatment should be temporarily 

stopped until other causes are excluded. Recommendations for elevated liver 

transaminase levels can be seen in the table below (Table III) (15).  
 

 

Table III. Recommendations for elevated liver transaminase levels when treated with 
mipomersen. 
 

ALT or AST Recommendations 

≥ 3x ULN and <5x ULN Repeat laboratory tests within 1 week. 

If results are confirmed, withhold the dose and identify 

cause of elevations. 

If restarting treatment after transaminases are reduced to 
less than 3x the ULN, initiate more frequent liver test 

monitoring. 

≥ 5x ULN Withhold the drug and collect further relevant liver tests 
to detect cause of elevated transaminase levels. 

If restarting treatment after transaminases are reduced to 

less than 3x the ULN, initiate more frequent liver test 
monitoring. 

ULN = upper limit of normal, ALT = alanine aminotransferase, AST = aspartate 

aminotransferase    

 
  

There are no significant drug interactions for mipomersen and it does not inhibit any 

major CYP450 enzymes. Alcohol consumption should be limited throughout 

treatment.   

 

 

 

Adverse Effects 

 

 

In clinical trials with mipomersen as study drug there have been discoveries of 

several adverse events connected to the drug (18). The most common ones were 

injection-site reactions and influenza-like symptoms. The injection-site reactions 

were mostly erythema which did not worsen with repeated injections. Other common 

adverse events were increased ALT and hepatic fat. The increase in ALT was 

reversible if treatment with mipomersen was withheld.  
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The levels of ALT are often higher than levels of AST when measuring a patient 

with liver disease. An AST level which exceeds the ULN by 3 times in combination 

with a total bilirubin level exceeding 2x the ULN is a sign of severe injury to the 

liver (17).  

       

Less frequent adverse effects included fatigue, pyrexia, nausea, headache and 

myalgia. There have not been many studies about the effects mipomersen has on 

cardiovascular outcomes or mortality as well as long-term adverse effects (19). 

Although the known adverse events are not life threatening to the patient, there is a 

risk that they lead to discontinuation of treatment which has been shown in several 

studies (20).                    

 

 

 

Pharmacology  

 

 

Mipomersen is one of the most advanced antisense drugs on the market and it 

specifically targets the messenger RNA of apolipoprotein B-100 (21). Antisense 

therapy is a method to treat infections or genetic disorders (22). A synthesized strand 

of nucleic acid will bind to the messenger RNA produced by the gene that is 

identified to be causative of the specific disease and inactivate it. It has the term 

antisense because its base sequence is corresponding to the gene in the messenger 

RNA. ApoB is the key structural factor of the atherogenic lipoproteins which are 

very low-density lipoprotein (VLDL), intermediate-density lipoprotein (IDL) and 

LDL. These are collectively also called non-HDL.  

 

The drug is an oligonucleotide which consists of 20 nucleotides and binds to RNA 

molecules by Watson-Crick hybridization (23). Once it has bonded, it recruits RNase 

H1 which is an enzyme that degrades the RNA and makes it unable to be used in the 

protein synthesis of ApoB. The drug is administered subcutaneously in a saline 

solution and is then transported in the blood until it reaches the liver where ApoB is 

synthesized and the drug interacts with its RNA. Mipomersen has a long half-life that 

exceeds 30 days which has been established by clinical trials (23). This leads to 

fewer needs of administration of the drug but also increase the risk of adverse events.      
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AIM OF THESIS 
 

 

The aim of this thesis is to question mipomersen as a lipid-lowering treatment and its 

future potential in comparison to other current treatments. To reach this aim, this 

thesis will evaluate five separate studies with hypercholesterolemic patients who 

were treated with mipomersen and the data revolving efficacy and safety will be 

summarized and discussed.  

 

 

METHODS 
 

 

This literature analysis was based on data from clinical trials executed to evaluate the 

drug mipomersen when treating patients with severe hypercholesterolemia.  

The database Web of Science was used in the period 2019-01-14 until 2019-01-27 to 

find the articles this study is based on. Search phrases included were “mipomersen” 

and “hypercholesterolemia”. This resulted in 187 articles which were then sorted by 

times cited. Out of the articles with highest count a few were chosen to be included 

in this work if they met certain qualifications. They had to be randomized and 

placebo-controlled clinical trials, have results that included the effects and adverse 

events of mipomersen, used patients with severe/familial hypercholesterolemia and 

been peer reviewed before publishing. Also, all articles were to have been published 

in the period 2010-01-01 until 2012-12-31. 

Based on these criteria, 5 articles were chosen to be included and form the basis of 

this study as they deemed relevant to the aim of this thesis. The aim, method and 

results involving efficacy and safety of mipomersen in the articles were then selected 

and summarized in the result section of this study.  
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RESULTS 
 

 

Article 1: Apolipoprotein B Synthesis Inhibition with Mipomersen in Heterozygous 

Familial Hypercholesterolemia – Results of a Randomized, Double-Blind, 

Placebo-Controlled Trial to Assess Efficacy and Safety as Add-On Therapy in 

Patients with Coronary Artery Disease (24) 

 

Purpose 

 

 

The aim of this study was to assess the efficacy and safety of mipomersen added to 

maximally tolerated lipid-lowering therapies in patients with HeFH and CAD.  

 

 

 

Method 

 

 

The study was performed in 26 lipid clinics in USA and Canada from July 14, 2008 

until May 18, 2010. The participants of this trial were adults and had been diagnosed 

with HeFH. Patients also had a documented and stable CAD. Another requirement to 

participate were to have had high concentration of LDL-C (≥2.6 mmol/L) and low 

concentration of triglycerides (<2.26 mmol/L) and also to have received maximally 

tolerated statin before screening (for detailed inclusion and exclusion criteria see 

Table IV). The patients were instructed to continue with their lipid-lowering therapy 

throughout the study and to keep a low cholesterol diet. Out of 225 patients screened 

there were 124 patients that were eligible for randomization and fit the criteria for 

inclusion. The randomization was 2:1 to weekly subcutaneous mipomersen 200 mg 

or placebo for 26 weeks. The patients self-administered the study medication and had 

checkups at 2 – 5 weeks intervals until week 28. After the double-blind period the 

patients also entered either a 24 week follow up or an open-label extension study. 

Hepatic fat was measured at baseline and within 2 weeks of completed treatment or 

discontinuation. At every visit fasting blood and urine samples were collected from 

the participants. The measured substances were LDL, ApoB, HDL, Lp(a), 

triglycerides, VLDL, ApoA1, hsCRP. The primary efficacy endpoint was percent 

change in LDL-C from baseline up until week 28 or 2 weeks after last study 

medication dose for the patients that did not complete the study.  
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Table IV. An overview of inclusion and exclusion criteria for participating in this study. 

 

Inclusion criteria Exclusion criteria 

Adults ≥18 years LDL apheresis within 8 weeks of 

screening 

Diagnosed with HeFH by either 

-genetic confirmation of LDL-receptor 
defect 

-diagnosis of untreated LDL-C 

>4.9mmol/L 

Condition known to cause secondary 

hyperlipidemia 

Stable (>24 weeks) CAD. Congestive heart failure 

LDL-C ≥2.6 mmol/L Diabetes mellitus 

Triglycerides <2.26 mmol/L Unstable angina pectoris 
Received maximally tolerated statins for at 

least 12 weeks before screening 

ALT levels >1.5x ULN 

Creatine kinase ≥3x ULN 

 Renal or hepatic diseases 

 HeFH = Heterozygous familial hyperlipidemia, LDL-C = Low-density lipoprotein 
cholesterol, CAD = Coronary artery disease, ULN = Upper limit of normal. 

 

 

 

Results 

 

 

There were 114 patients (41 placebo, 73 mipomersen) out of the 124 that completed 

the trial. Nine patients from the mipomersen group withdrew from the study because 

of adverse events (non-cardiac chest pain, constipation, injection site reaction, ALT 

≥3 times the ULN with symptoms and ALT ≥5 times the ULN). In the placebo group 

there were no withdrawals from the study. Mipomersen treatment resulted in a 

statistically significant (p< 0.001) decrease in LDL-C when comparing the baseline 

and endpoint of study (Table V). In the mipomersen group 37 patients achieved 

desired LDL-C (<2.6 mmol/L) compared with 2 patients in the placebo group. The 

drug also produced a statistically significant decrease (p< 0.001) in ApoB, total 

cholesterol, non-HDL-C, lipoprotein(a), triglycerides, VLDL-C and LDL/HDL ratio. 

There was no major difference in HDL-C or hsCRP. Serious adverse events were 

reported in 2 of the placebo patients and 6 of the mipomersen patients and all these 

were assessed to not be connected to the study medication. Common adverse events 

consisted mostly of injection-site reactions and influenza-like symptoms (Table VI). 

Elevations of ALT ≥ULN could be seen in more mipomersen patients compared to 

placebo. The patients with high ALT levels were also the ones with the greatest 

reduction in Apolipoprotein B levels. A significant increase in liver fat could also be 

seen in mipomersen patients compared to placebo, this also correlated with the 

higher ALT levels.      
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Table V. Overview of percent (%) change in parameters from baseline until endpoint (week 

28) of study when treated with placebo or mipomersen 200 mg. 

 
Lipid parameters Placebo  

median % change (IQR) 

Mipomersen 200 mg 

median % change (IQR) 

LDL-C 5.2 (−0.5, 10.9) −28.0 (−34.0, −22.1) 

ApoB 7.02 (1.8, 12.2)  −26.3 (−31.2, −21.4) 
Total Cholesterol 3.85 (−0.2, 7.9) −19.4 (−23.7, −15.2) 

Non-HDL-C 3.74 (−1.3, 8.8) −25.0 (−30.7, −19.4) 

HDL-C 5.8 (0.0, 11.5) 2.5 (−10.3, 11.7) 
Lipoprotein(a) 0.0 (−8.0, 13.0) −21.1 (−37.9, 0.0) 

Triglycerides 0.50 (−16.2, 17.9) −14.3 (−32.7, 9.7) 

VLDL-C 0.0. (−15.4, 15.0) −13.8 (−33.3, 11.8) 
ApoA1 3.71 (1.0, 6.4)  −2.4 (−5.6, 0.7) 

LDL/HDL ratio −2.8 (−13.1, 13.1) −29.2 (−46.8, −13.7) 

hsCRP 0.0 (−0.4, 0.3) 0.1 (−0.1, 0.7) 

LDL-C = low-density lipoprotein cholesterol, ApoB = apolipoprotein B, HDL-C = high-
density lipoprotein cholesterol, VLDL-C = very low-density lipoprotein cholesterol, ApoA1 

= apolipoprotein A1, hsCRP = high-sensitivity C-reactive protein. 
 

 

Table VI. Adverse events reported and significant laboratory abnormalities throughout the 
study. 

 

Adverse events Placebo  

no. of patients (%) 
Mipomersen  

no. of patients (%) 

Injection site reaction 17 (41.5) 77 (92.8) 

Influenza-like symptoms 13 (31.7) 41 (49.4) 

Nausea 6 (14.6) 14 (16.9) 
Headache 7 (17.1) 15 (18.1) 

Diarrhea 5 (12.2) 9 (10.8) 

Nasopharyngitis 3 (7.3) 9 (10.8) 
Cough 2 (4.9) 9 (10.8) 

Laboratory abnormalities   

ALT   

≥1x ULN and <2x ULN 14 (34.1) 34 (41.0) 
≥2x ULN and <3x ULN 2 (4.9) 19 (22.9) 

≥3x ULN and <5x ULN 1 (2.4) 9 (10.8) 

≥5x ULN and <10x ULN 0 2 (2.4) 
Maximum ALT ≥10x 

ULN 

0 1 (1.2) 

ALT ≥3x ULN with 2 

consecutive results at least 

7 days apart 

0 5 (6.0) 

ALT = alanine aminotransferase, ULN = upper limit of normal.  
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Article 2: Effect of Mipomersen, an Apolipoprotein B Synthesis Inhibitor, on Low-

Density Lipoprotein Cholesterol in Patients with Familial Hypercholesterolemia 

(25) 

 

Purpose 

 

 

The purpose for this study was to evaluate the efficacy and safety of the drug 

mipomersen when combined with standard lipid-lowering medications in patients 

with familial hypercholesterolemia.  

 

 

 

Method 

 

 

The study took place in six sites in USA, one site in The Netherlands and was 

conducted from February 2006 to April 2007. The patients were adults which had 

diagnosed heterozygous familial hypercholesterolemia. They had a high fasting 

LDL-C (≥3.4 mmol/L) and low fasting triglycerides concentration (<4.6 mmol/L) at 

screening. All patients also received standard lipid-lowering medications and 

maintained a low-fat diet 4-8 weeks before the trial and were instructed to continue 

with these throughout trial. Reasons for exclusion were recent cardiovascular event 

or surgery and history of hepatic, renal or endocrine disorders. Other reasons for 

exclusion included high serum creatinine phosphokinase levels or high hepatic 

transaminase levels (detailed inclusion and exclusion criteria can be seen in Table 

VII). 

 

The 44 participants were randomized 4:1 to either mipomersen or placebo. The 

patients assigned to mipomersen were then also randomized to 4 different dose 

cohorts (50, 100, 200 and 300 mg/week). The study drug with the specific dose was 

administered subcutaneously on days 1, 4, 8, 11 and then once weekly until 6 weeks 

of treatment. The group with 300 mg mipomersen had a longer treatment which 

continued on for 13 weeks instead.  

 

A full physical exam, laboratory analysis of routine hematology, blood chemistry and 

urine analysis were done at screening, on week 7 (all cohorts) and on week 15 (only 

300 mg/week cohort). Follow up exams were also done once a month for 5 months 

after last study drug was taken. The primary efficacy endpoint for this study was the 

percent of reduction in LDL-C from baseline until week 7 (50-, 100- and 200 mg 

dose cohort) or week 15 (300 mg dose cohort) compared to placebo.           
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Table VII. Overview of inclusion and exclusion criteria in this study. 

 

Inclusion criteria Exclusion criteria 

>18 years old, <75 years old Recent cardiovascular event or surgery 

Diagnosed HeFH as defined by a history of 

untreated LDL cholesterol 5.2 mmol/L and 

the existence of at least one of the 
following attributes:  

Presence of a known mutation in the LDL 

receptor gene; presence of xanthomas; an 
adult first-degree relative with 

documented LDL cholesterol 4.9 mmol/L 

or a child 18 years old with LDL 
cholesterol 3.4 mmol/L before lipid-

lowering therapy; or a history of early 

coronary artery disease in a first-degree 

relative 

History of hepatic, renal or endocrine 

disorders 

LDL-C ≥3.4 mmol/L  

Triglycerides <4.6 mmol/L 

Serum creatinine phosphokinase ≥3 times 

ULN 

Lipid lowering treatment > 4 weeks before 
trial 

Hepatic transaminase levels ≥2 times ULN 

Low-fat diet > 8 weeks before trial  

HeFH = Heterozygous familial hyperlipidemia, LDL-C = Low-density lipoprotein 

cholesterol, ULN = Upper limit of normal.       
 

 

 

Results 

 

 

The trial began with 44 participants and 39 of them completed the treatment period. 

All the discontinuations were in the mipomersen groups and the reasons were 

adverse events, stopping rule (total urine protein >1.0 g/24hr) or withdrawal of 

consent. A statistically significant (p <0.05) decrease in LDL-C and ApoB could be 

seen in the 200- and 300 mg/week dose cohorts after 6 weeks of treatment (Table 

VIII). However, a statistically significant decrease in Lp(a) and triglycerides could 

not be met even though there was a reduction. The extended 13-week treatment with 

300 mg/week also showed a statistically significant (p <0.05) decrease in LDL-C and 

ApoB. These levels continued to be below baseline even after the last study dose for 

≥3 months in the 4 patients who finished both the treatment and follow-up.  

 

One serious adverse event occurred during the trial in the follow-up period. This was 

a syncope and was assessed to not be related to the study medication. The most 

common adverse events were injection site reactions and influenza-like symptoms 

(Table IX).  
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Of the 36 patients administrating mipomersen, 4 had elevations in serum ALT levels 

≥3 times the ULN. Two of these patients also showed signs of steatotic liver when 

having been examined. Of these 4 patients, 3 were in the 300mg/week dose group. 

An elevation in ALT levels ≥3 times the ULN could also be seen in 1 of the 8 

placebo patients.                             

 
 

Table XIII. Percent (%) change in plasma lipids and lipoprotein levels from baseline to 

endpoint (week 7) of trial for all study medications. 
 

Lipids and 

lipoproteins 

Placebo 

mean % 
change ± 

SD   

Mipomersen 

50mg/week 

mean % 

change ± SD   

Mipomersen 

100mg/week 

mean % 

change ± SD   

Mipomersen 

200mg/week 

mean % 

change ± SD   

Mipomersen 

300mg/week 

mean % 

change ± SD   

LDL-C 0 ± 23 −13 ± 15 −11 ± 10 −21 ± 23 −34 ± 18 

VLDL-C −7 ± 18 −5 ± 29 −21 ± 42 −14 ± 28 −6 ± 61 
Non-HDL-C −1 ± 22 −12 ± 16 −8 ± 11 −21 ± 19 −31 ± 20 

HDL-C 8 ± 17 −1 ± 13 −3 ± 20 −1 ± 13 6 ± 11 

Total 

cholesterol 

−0 ± 17 −10 ± 14 −7 ± 11 −16 ± 15 −25 ± 17  

Triglycerides* −16 

(−27, 25) 

6 (−60, 25) 6 (−25, 90) −23 (−48, 

48) 

−22 (−62, 

137) 

ApoA1 −0 ± 8 −3 ± 5 −4 ± 16 −2 ± 9 −2 ± 11 
ApoB −1 ± 17 −10 ± 12 −8 ± 11 −23 ± 19 −33 ± 22 

Lp(a) −3 ± 21 −3 ± 10 −15 ± 10 −17 ± 19 −24 ± 26 

*The data for triglycerides is displayed as the median percent change (interquartile range). 
LDL-C = low-density lipoprotein cholesterol, VLDL-C = very low-density lipoprotein 

cholesterol, HDL-C = high-density lipoprotein cholesterol, ApoA1 = apolipoprotein A1, 

ApoB = apolipoprotein B, Lp(a) = Lipoprotein(a) 
 

 
Table IX. Reported number of patients experiencing adverse events by dose group. 

 
Adverse event Placebo 

no. of 

patents 
(%) 

Mipomersen 

50mg/week 

no. of 
patents (%) 

Mipomersen 

100mg/week 

no. of 
patents (%) 

Mipomersen 

200mg/week 

no. of 
patents (%) 

Mipomersen 

300mg/week 

no. of patents 
(%) 

Injection site 

reaction 

2 (25%) 8 (100%) 8 (100%) 11 (100%) 8 (89%) 

Headache 0 2 (25%) 1 (13%) 5 (46%) 0 
Nasopharyngitis 2 (25%) 1 (13%) 1 (13%) 4 (36%) 1 (11%) 

Myalgia 1 2 (25%) 1 (13%) 3 (27%) 0 

Nausea 1 1 (13%) 1 (13%) 3 (27%) 1 (11%) 
UTI 0 2 (25%) 2 (25%) 1 (9%) 0 

Fatigue 0 1 (13%) 1 (13%) 2 (18%) 0 

Diarrhea 0 0  1 (13%) 1 (9%) 2 (22%) 

Back pain 0 2 (25%) 1 (13%) 0  1 (11%)  
Muscle stiffness 0 4 (50%) 0 0 0 

Arthralgia 0 1 (13%) 1 (13%) 2 (18%) 0 

UTI = urinary tract infection. 
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Article 3: Randomized, Placebo-Controlled Trial of Mipomersen in Patients with 

Severe Hypercholesterolemia Receiving Maximally Tolerated Lipid-Lowering 

Therapy (26) 

 

 

Purpose 

 

 

The purpose of this study was to evaluate safety and efficacy of mipomersen 200 

mg/week in patients with severe hypercholesterolemia when concurrently receiving 

maximally tolerated lipid-lowering medications.  

 

 

 

Method 

 

 

This study was conducted in 26 study locations in 6 countries (USA, Canada, Czech 

Republic, Germany, South Africa and the UK) from January 27, 2009 until October 

14, 2010. Participants recruited for screening were adults with severe 

hypercholesterolemia. Severe hypercholesterolemia was defined as a high LDL-C 

(≥5.1 mmol/L) with diagnosed CAD or a very high LDL-C (≥7.8 mmol/L) with no 

diagnosed CAD. They needed to also have a low-fat diet, had a steady weight and 

were prescribed maximally tolerated lipid-lowering treatment. Some reasons for 

exclusion included cerebrovascular or cardiovascular events within 24 weeks of 

screening, history of renal or hepatic disease, secondary hyperlipidemia 

predisposition among others (see Table X for detailed inclusion and exclusion 

criteria).  

 

The 58 patients that qualified for the trial were randomized 2:1 to either mipomersen 

200 mg/week or placebo for 26 weeks. Lipid and lipoprotein levels were measured at 

baseline and endpoint of study and these included LDL-C, ApoB, total cholesterol, 

non-HDL-C, HDL-C, Lp(a), triglycerides, VLDL-C, ApoA1 and LDL/HDL ratio. 

A liver and spleen MRI were also done at baseline and patients with elevated ALT 

(≥3x ULN) were to have a follow-up. Discontinuation was enforced if ALT or AST 

levels were very high (≥8x ULN or ≥5x ULN, respectively) on two consecutive 

weeks. The primary endpoint of this study was percent change in LDL-C from 

baseline to two weeks after the last dose. This would be week 28 for study 

completers.     
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Table X. Inclusion and exclusion criteria for participating in this study. 
 

Inclusion criteria Exclusion criteria 

LDL-C ≥5.1 mmol/L with diagnosed CAD Hypertension 

LDL-C ≥7.8 mmol/L with no diagnosed 
CAD 

Type I diabetes mellitus 

Low fat diet Poorly controlled type II diabetes 

Steady weight Congestive heart failure 
Prescribed with maximally tolerated lipid-

lowering treatment 

Cerebrovascular or cardiovascular events 

within 24 weeks of screening 

 History of renal or hepatic disease 

 Secondary hyperlipidemia predisposition 

LDL = low-density lipoprotein, CAD = coronary artery disease. 

 

 

 

Results  

 

There were 45 patients that completed the trial of 26 weeks and many of the 

discontinuations were because of adverse events. The mean percent change in LDL-

C was −36 % for patients using mipomersen and 12.5% for placebo (Table XI). 

These values proved to be statistically significant (p< 0.001). A statistically 

significant (p<0.001) decrease could also be seen in concentrations of ApoB, total 

cholesterol, non-HDL-C and Lp(a). 

 

All patients administrating mipomersen experienced at least one adverse event. The 

most common side effects were injection site reactions and influenza-like symptoms 

(Table XII). The influenza-like symptoms were mostly seen early in the treatment. 

Serious adverse events were reported from 6 patients in the mipomersen group and 

none from the placebo group. The ones considered drug-related were ALT increase, 

AST increase, hepatic steatosis, cerebrovascular accident, angina pectoris and 

Prinzmetal angina. There was an elevation in ALT and/or AST ≥3x ULN in twelve 

of the mipomersen patients and none of the placebo patients. An increase in liver fat 

could also be seen through MRI during treatment in 7 of the 12 patients and 3 of 

these were diagnosed with liver steatosis. These patients with increased liver fat also 

showed the greatest reduction in LDL-C which deviated significantly from the mean 

of the mipomersen group. An MRI 3 days after treatment ended showed that the liver 

fat content then decreased greatly in most of the patients. Mipomersen had no 

adverse effect on muscle function, blood sugar, blood pressure or platelet count.                     
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Table XI. Percent (%) change in lipid parameters from baseline to endpoint (week 28) of 

treatment. 

 

Parameter Placebo median % change 

(95% CI) 

Mipomersen median % 

change (95% CI) 

LDL-C 12.5 (−10.7, 35.8) −35.9 (−51.3, −15.3) 

ApoB 11.4 (−6.9, 29.7) −35.9 (−43.3, −28.4) 
Total cholesterol 11.2 (−6.2, 28.5) −28.3 (−34.9, −21.7) 

Non-HDL-C 14.2 (−9.6, 38.0) −33.9 (−41.7, −26.2) 

HDL-C 3.2 (−5.0, 11.4) 5.8 (−1.1, 12.7) 
Lp(a) −1.5 (−14.2, 11.3) −32.7 (−43.3, −22.0) 

Triglycerides 26.6 (−3.7, 56.8)  −8.6 (−21.7, 4.4)  

VLDL-C 25.2 (−3.8, 54.1) −9.6 (−22.4, 3.2) 
ApoA1 1.8 (−5.4, 8.9)   −3.0 (−8.2, 2.1) 

LDL/HDL Ratio* 2.2 (−14.5, 17.3) −41.7 (−57.4, −16.5) 

*LDL/HDL Ratio values are expressed as median (IQR). 

LDL-C = low-density lipoprotein cholesterol, ApoB = apolipoprotein B, HDL-C = high-
density lipoprotein cholesterol, Lp(a) = lipoprotein(a), VLDL-C = very low-density 

lipoprotein cholesterol, ApoA1 = apolipoprotein A1. 

 

 

Table XII. Adverse events which occurred during the treatment period. 

 

Adverse events Placebo no. of patients 
(%) 

Mipomersen no. of patients 
(%) 

Injection site reaction 6 (31.6) 35 (89.7) 

Influenza-like symptoms 4 (21.1) 18 (46.2) 

ALT ≥3x ULN 0 8 (20.5) 

AST ≥3x ULN 0 5 (12.8) 

Nausea 0 5 (12.8) 

Hepatic steatosis 0 5 (12.8) 

Nasopharyngitis 1 (5.3) 4 (10.3) 

Cardiac events 1 (5.3) 5 (12.8) 
Acute myocardial 

infarction
a 

 1 (2.6) 

Angina pectoris
b 

1 (5.3) 2 (5.1) 
Unstable angina

a 
 1 (2.6) 

Cardiac failure
a 

 1 (2.6) 

Coronary artery 

disease
a 

 1 (2.6) 

Prinzmetal angina
c 

 1 (2.6) 

Supraventricular 

extrasystoles
a 

 1 (2.6) 

aThese events were evaluated to not be drug-related. 
b3 of 4 events in the mipomersen group were considered drug-related, 1 was not. 
cEvaluated to possibly be drug-related. 
ALT = alanine aminotransferase, AST = aspartate aminotransferase, ULN = upper limit of 

normal. 

 



  
 

24 

 

Article 4: Mipomersen, an apolipoprotein B synthesis inhibitor, lowers low-density 

lipoprotein cholesterol in high-risk statin-intolerant patients: a randomized, 

double-blind, placebo-controlled trial (27) 

 

 

Purpose 

 

 

The purpose of this study was to evaluate the safety and efficacy of mipomersen in 

statin intolerant patients at high risk of cardiovascular disease. 

 

 

 

Method 

 

 

This trial was performed at one site in The Netherlands and was conducted from 

October 2008 until January 2011. There were 42 participants with 

hypercholesterolemia who were screened for the study. All the patients were statin-

intolerant and at high risk of cardiovascular diseases (see Table XIII for more 

detailed inclusion and exclusion criteria). At screening all the patients had a high 

fasting LDL-C (≥3.4 mmol/L), low fasting plasma triglycerides (<2.3 mmol/L) and 

low fasting ALT (≤1.5x ULN). There were then 34 patients that qualified for 

randomization.  

 

The participants were randomized 2:1 to either mipomersen 200 mg/week or placebo 

for 26 weeks and those were administered subcutaneously. Due to the long half-life 

of mipomersen there was an additional 6-month evaluation period after the treatment 

period. Lipid and lipoprotein analysis and safety monitoring was done at visits every 

week and then more sparsely until week 50. There was also a liver assessment on 

patients with high ALT (≥2x ULN) during the treatment. 

 

The primary efficacy endpoint for this study was percent change in LDL-C from 

baseline until 2 weeks after the last dose of study medication. Safety was assessed 

using incidence of serious adverse events, vital signs, physical exam, laboratory 

evaluations and electrocardiogram.  
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Table XIII. Overview of inclusion and exclusion criteria for participating in this trial.  

 

Inclusion criteria Exclusion criteria  

High risk hypercholesterolemia by 

genotyping or meeting the criteria of 

National Cholesterol Education Program 

Adult Treatment Panel III (NCEP-ATP III) 
or having been diagnosed with HeFH 

Alcohol consumption ≥3 U (30 g) per day 

and ≥12 U (120 g) per week for males, and 

≥2 U (20 g) per day and ≥8 U (80 g) per 

week for female 

High risk of cardiovascular disease Unstable lipid-lowering treatment 

Statin intolerance for at least two 
alternatives of statins because of side 

effects 

 

U = units  

 
         

 

Results 

 

 

There were 34 patients randomized to either placebo or mipomersen 200 mg/week. 

In the placebo group 10 of 12 patients completed treatment, whereas two 

discontinued because of acute myocardial infarction and diarrhea, respectively. In the 

mipomersen group 17 of 22 participants completed treatment and there were 4 

discontinuations because of following adverse events: influenza-like symptoms, 

malaise, myalgia and ALT increase. One patient never started treatment due to 

discovery of corticosteroid use which was an exclusion criterion.  

 

Treating patients with mipomersen 200 mg/week resulted in a statistically significant 

(p<0.001) mean decrease in LDL-C of −47.3% compared to placebo −2.0% (Table 

XIV). Mipomersen also lowered total cholesterol, Lp(a), triglycerides and ApoB 

with statistical significance (p<0.001) but had no major effect on HDL-C and 

ApoA1. 

 

The most frequent adverse events during the treatment were injections site reactions 

which occurred in 95% of patients receiving mipomersen and 83% receiving 

placebo. An increase in ALT> ULN was more common in the mipomersen group 

compared to placebo. The increase could later be correlated to the reduction of ApoB 

concentrations in patients. ALT returned to normal after discontinuation of drug. 

Hepatic steatosis (IHTG) content >5.6% was seen in 12 of 14 mipomersen patients 

which had a liver MRS because of increased ALT ≥2 ULN. Four of these patients 

with IHTG >20% also had a liver biopsy which revealed severe macrovesicular 

steatosis in over 66% of the hepatocytes. These patients also reached very low LDL-

C values.    
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Table XIV. Percent (%) change in lipid parameters from baseline until primary efficacy 
endpoint of study (week 28). 

 

Lipid parameter Placebo mean % change ± 

SD 

Mipomersen 200 mg mean 

% change ± SD 

LDL-C −2.0 ± 8.4 −47.3 ± 18.5 

ApoB −4.3 ± 7.5 −46.2 ± 19.5 

Total cholesterol −1.8 ± 6.5 −36.9 ± 14.7 
Non-HDL-C −1.9 ± 7.1 −45.6 ± 18.2 

Triglycerides* 5.8 (−9,5, 21.6) −28.0 (−50.0, −9.6) 

Lp(a) 0.0 ± 8.6 −27.1 ± 31.2 

VLDL-C 4.5 ± 26.7 −27.0 ± 30.8 
LDL/HDL ratio* 4.1 (−9.5, 11.2) −47.7 (−68.5, −37.0) 

ApoA1 −1.2 ± 11.1 −0.0 ± 12.4 

HDL-C −2.2 ± 12.8 8.1 ± 17.2 

*The data for triglycerides and LDL/HDL ratio is displayed as the median percent change 

(interquartile range). 

LDL-C = low-density lipoprotein cholesterol, ApoB = apolipoprotein B, HDL-C = high-

density lipoprotein cholesterol, Lp(a) = lipoprotein(a), VLDL-C = very low-density 
lipoprotein cholesterol, ApoA1 = apolipoprotein A1. 

 

 
 

Article 5: Mipomersen, an apolipoprotein B synthesis inhibitor, for lowering of 

LDL cholesterol concentration in patients with homozygous familial 

hypercholesterolemia: a randomized, double-blind, placebo-controlled trial (28) 

 

 

Purpose 

 

 

The aim of this trial was to assess the efficacy and safety of mipomersen 200 

mg/week when combined with existing lipid-lowering medications in patients with 

homozygous familial hypercholesterolemia.  

 

 

 

Method 

 

 

This was a randomized, double-blind, parallel-group, placebo-controlled, phase 3 

clinical trial where participants were aged 12 or older and had a genetic confirmation 

of homozygous familial hypercholesterolemia. Patients could also have untreated 

high LDL-C concentrations (>13 mmol/L) additional to xanthoma before the age of 

10 as an indication of HoFH. The study was conducted in 9 lipid clinics in 7 

countries (Brazil, Taiwan, Singapore, South Africa, Canada, the UK and the USA) 

between September 2007 and April 2009.  
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Participants had to be on a stable low-fat diet as well as their maximally tolerated 

lipid-lowering medication and have a high fasting LDL-C concentration (≥3.4 

mmol/L). Exclusion criteria included significant cardiovascular events in the last 12 

weeks before screening, unstable angina pectoris, congestive heart failure, disorders 

that could produce secondary hyperlipidemia, high serum creatinine phosphokinase 

(>3xULN) or history of hepatic or renal diseases (see Table XV for more detailed 

inclusion and exclusion criteria). 

  

Patients were after 4 weeks of screening randomized 2:1 to either mipomersen 200 

mg /week (160 mg if weight <50kg) or placebo for 26 weeks. After the treatment 

period started patients came to the clinic every 2 weeks for 2 visits and then every 4-

5 weeks for 5 visits. During the visits fasting blood and urine samples were collected 

to examine concentrations of LDL-C, ApoB, total cholesterol, HDL-C, Lp(a), 

triglycerides, VLDL-C, ApoA1, hsCRP and antibodies against mipomersen. At 

baseline an MRI of hepatic fat content was executed on all patients and those with 

high ALT (>3xULN) had another MRI done for remeasuring. 

 

The primary efficacy endpoint of this study was percent chance in LDL-C 

concentration from baseline until end of treatment which was defined as 14 days 

after the last dose of study medication. The safety and tolerability of the treatment 

was evaluated by severity and incidence of adverse events as well as number 

withdrawals because of stopping rules.   

 

 

 
 

Table XV. An overview of inclusion and exclusion criteria for participation in this study. 

 

Inclusion criteria Exclusion criteria 

Genetic conformation of HoFH or untreated 

LDL-C concentrations >13 mmol/L) 

additional to xanthoma before the age of 10 

Significant cardiovascular events in the last 

12 weeks before screening 

Stable low-fat diet Unstable angina pectoris 
Have maximally tolerated lipid-lowering 

medication 

Disorders that could produce secondary 

hyperlipidemia 

Fasting LDL-C concentration ≥3.4 mmol/L Congestive heart failure 
Age ≥12 years Serum creatinine phosphokinase >3xULN 

 History of hepatic or renal diseases 
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Results 

 

 

There were 61 patients screened for this study and 51 (34 to mipomersen, 17 to 

placebo) of them were eligible for randomization. The 26-week treatment period was 

completed by 45 of the patients and all 6 withdrawals were in the mipomersen group. 

Reasons for withdrawal included: injections-site reaction, rash, ALT-increase, non-

compliance and consent withdrawal. The baseline LDL-C of the patients was very 

high, and they also had a high prevalence of cardiovascular diseases. The percent 

change in LDL-C concentration with mipomersen from baseline until endpoint was 

statistically significantly (p=0.0003) greater than placebo (see Table XVI). The 

percent change for mipomersen were a mean of −24.7% in comparison to a mean of -

3.3% for placebo. The change in LDL-C concentration was independent of baseline 

value, age, sex or race. Mipomersen also produced a great reduction of ApoB, total 

cholesterol, non-HDL-C, Lp(a) and VLDL-C compared to placebo. ApoB and Lp(a) 

showed a statistically significant (p<0.0001, p=0.0013) decrease.  No significant 

change in either group could be seen in hsCRP concentration and no antibodies were 

produced against mipomersen. Three serious adverse events were reported during the 

treatment period. These were nephrolithiasis in the placebo group and acute coronary 

syndrome and fractured ankle in the mipomersen group. None of these were assessed 

to be related to the study drug. The most frequent adverse event during treatment 

were injection-site reaction which was 3 times more common in the mipomersen 

group than placebo (see Table XVII). Influenza-like symptoms were second most 

frequent in both groups but had more events per patient in the mipomersen group. 

Increase of ALT occurred in both groups but reached much higher levels in the 

mipomersen group. Patients with increased ALT also had a greater LDL-C reduction. 

Mipomersen had no adverse effects on renal function, platelet count, muscle, blood 

pressure or glucose homeostasis.                  
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Table XVI. Percent % change in lipid and lipoprotein concentrations from baseline until 

primary efficacy endpoint of study (week 28).   

 
Parameters Placebo mean % change 

(95% CI) 

Mipomersen 200 mg mean 

% change (95% CI) 

LDL-C −3.3 (−12.1, 5.5) −24.7 (−31.6, −17.7) 

ApoB −2.5 (−9.0, 3.9) −26.8 (−32.7, −20.8) 
Total cholesterol −2.0 (−9.6, 5.6) −21.2 (−27.4, −15.0) 

Non-HDL-C −2.9 (−11.2, 5.5) −24.5 (−31.2, −17.8) 

HDL-C* 3.9 (−2.4, 12.7) 15.1 (3.2, 27.1) 
Lp(a) −7.9 (−19.1, 3.4) −31.1 (−39.1, 23.1) 

Triglycerides* 0.4 (−24.4, 29.4) −17.4 (−36.0, −4.2) 

VLDL-C* 2.7 (−24.4, 30.6) −17.4 (−37.5, −3.5) 
ApoA1 5.4 (−0.1, 10.8) 9.3 (3.1, 15.4) 

*The values for HDL-C, triglycerides and VLDL-C are presented as median % change 
(interquartile range). 

LDL-C = low-density lipoprotein cholesterol, ApoB = apolipoprotein B, HDL-C = high-

density lipoprotein cholesterol, Lp(a) = lipoprotein(a), VLDL-C = very low-density 

lipoprotein cholesterol, ApoA1 = apolipoprotein A1 
 

 

 
 

 

 
 

Table XVII. Incidence of adverse events and laboratory abnormalities throughout the trial. 

 

Adverse events Placebo no. of patients (%) Mipomersen 200 mg no. of 
patients (%)   

Injection site reaction 4 (24%) 26 (76%)  

Influenza-like symptoms 4 (24%) 10 (29%) 

Nausea 1 (6%) 6 (18%) 
Headache 2 (12%) 5 (15%) 

Chest pain 0 4 (12%) 

Laboratory abnormalities: 

Alanine aminotransferase 

  

≥1xULN and <2xULN 7 (41%) 12 (35%) 

≥2xULN and <3xULN 2 (12%) 5 (15%) 

≥3xULN and <8xULN 0 4 (12%) 

ULN = upper limit of normal 
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DISCUSSION 
 

 

The aim of this thesis was to evaluate the efficacy and safety of mipomersen in 

treating patients with familial hypercholesterolemia based on the five articles which 

were chosen for this work.  

  

All of the analyzed articles presented results where mipomersen produced a 

statistically significant decrease of LDL-C, ApoB and Lp(a) in comparison to 

placebo when treating patients with severe hypercholesterolemia (see Table XVIII). 

These are all important factors which in several studies have shown to increase the 

risk of cardiovascular disease (1). With mipomersen, patients were able to reach 

lower LDL-C levels than with maximally tolerated statins in article 1, 3, and 5 (24, 

26, 28). Based on these articles mipomersen has a very effective lipid-lowering effect 

on patients with severe hypercholesterolemia.  

 

All of the studies used a combined treatment of statins and mipomersen except for 

article 4 (27) which had statin-intolerant patients and did not use statins in treatment. 

The results of article 4 show a larger decrease in percent change of LDL-C and Apo 

B compared to the other studies. This could suggest that treating the patients with 

statins in combination with mipomersen has an impact on its effectiveness. 

 

In article 5 (28), the patients who are treated have HoFH compared to the other 

studies which all have patients with HeFH. In this study the results do not deviate 

from the results of the other studies. This would suggest that there is no difference in 

outcome when treating HeFH or HoFH based on solely this study. 
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Table XVIII. Overview of results from all articles presenting percent % change of LDL-C, 

ApoB and Lp(a) when treated with mipomersen 200 mg/week or placebo.  

 

 

Article 

 

Mipomersen 

200mg/week 

% change of 

LDL-C 

Placebo 

% change 
of LDL-

C  

Mipomersen 

200mg/week 

% change of 

ApoB 

Placebo  

% 
change 

of ApoB 

Mipomersen 

200mg/week 
% change of 

Lp(a) 

Placebo  

% change 
of Lp(a)  

No. 1 

Mean 
(IQR) 

−28.0  
(−34.0, −22.1) 

5.2        
(−0.5, 10.9) 

−26.3  
(−31.2, −21.4) 

7.02  
(1.8, 12.2) 

−21.1  
(−37.9, 0.0) 

0.0 
(−8.0, 13.0) 

No. 2 

Mean  
(± SD)   

−21  
(± 23) 

0  
(± 23) 

−23  
(± 19) 

−1  
(± 17) 

−17  
(± 19) 

−3  

(± 21) 

No. 3 

Median 

(IQR) 

−35.9  
(−51.3, −15.3) 

12.5 
(−10.7, 35.8) 

−35.9  
(−43.3, −28.4) 

11.4      
(−6.9, 29.7) 

−32.7  
(−43.3, −22.0) 

−1.5     
(−14.2, 11.3) 

No. 4 

Mean 

(± SD) 

−47.3  
(± 18.5) 

−2.0 
(± 8.4) 

−46.2  
(± 19.5) 

−4.3 
(± 7.5) 

−27.1  
(± 31.2) 

0.0  
(± 8.6) 

No. 5 

Mean 

(95% CI) 

−24.7  
(−31.6, −17.7) 

−3.3       
(−12.1, 5.5) 

−26.8  
(−32.7, −20.8) 

−2.5    
(−9.0, 3.9) 

−31.1  
(−39.1, −23.1) 

−7.9     
(−19.1, 3.4) 

LDL-C = low-density lipoprotein cholesterol, ApoB = apolipoprotein B, Lp(a) = lipoprotein 
(a)  

 

 

In the study presented in article 2, different doses of mipomersen were given to the 

participants (25). In this study there was a clear parallel between increasing the dose 

and the decrease of LDL-C. This shows that the effect of the drug is dose-dependent. 

Therefore, increasing the dose will probably also mean increasing the risk of adverse 

events. 

 

The most common adverse events in all the studies were injection-site reactions and 

influenza-like symptoms (24-28). These resulted in some discontinuations of the 

treatment. If the adverse events are causing problems for the patient in their everyday 

life, the compliance to the drug might be affected and the treatment will not be 

effective.       
 

The great reduction in LDL-C has also resulted in an increase of ALT and AST. A 

correlation between reduced LDL-C/ApoB and elevated ALT levels could be seen in 

article 1, 2, 4 and 5 (24, 25, 27, 28). Many of these elevations were ≥ 3 ULN which 

could indicate that the liver is affected from interaction with mipomersen (17) (see 

Table XIX).  
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AST measurements were reported in article 3 and 4 but not in the other studies (26, 

27). Damage to the liver results in release of ALT and AST to the circulation 

(16).When collecting tests from a person with liver damage the levels of ALT are 

mostly higher than the levels of AST which seems to be the case in article 3 and 4. 

The reason for not reporting AST in the other studies could therefore be because the 

levels were low and not important in assessing liver damage.      

 
 
Table XIX. Overview of results from all articles presenting number of patients with 

aminotransferase levels ≥ 3 ULN when treated with mipomersen 200mg/week or placebo. 

 

Article ALT ≥ 3 ULN  

Mipomersen 

200mg/week 

No. of patients 
(%) 

ALT ≥ 3 ULN  

Placebo 

No. of patients 

(%) 

AST ≥ 3 ULN  

Mipomersen 

200mg/week 

No. of patients 
(%) 

AST ≥ 3 ULN  

Placebo 

No. of patients 

(%) 

Article 1 9 (10.8) 1 (2.4)   

Article 2 4 (11.1) 1 (12.5) - - 
Article 3 8 (20.5) 0 (0.0) 5 (12.8) 0 (0.0) 

Article 4 8 (36.4) 0 (0.0) 1 (5.0) 0 (0.0) 

Article 5 4 (12.0) 0 (0.0) - - 

ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, ULN = Upper limit of 
normal 

 

 

There has also been an increase of fat deposit in the liver when using mipomersen, 

this could be seen in article 1 and 3 (24-26). The increase of fat could be correlated 

to the increase of ALT as well as the reduction of LDL-C. An increase of fat in the 

liver is a sign of damage and could mean that the drug is having a harmful effect on 

the liver.     
 

Mipomersen is currently only available as treatment for HoFH in the United States 

and has been rejected by the European Medicines Agency due to concerns about its 

adverse effects (14). Based on the articles analyzed in this thesis, the efficacy of 

mipomersen is very good in treating patients with FH. Although, there are some 

adverse effects which might be of concern, using mipomersen could be the better 

option for patients with HoFH. These patients have a great risk of cardiovascular 

diseases and many cannot reach the desired cholesterol levels with maximally 

tolerated statins (4). In these cases, mipomersen could be the drug needed to decrease 

the risk of patients having a myocardial infarction. If treatment is monitored 

regularly and tests are performed to control the status of the liver, mipomersen could 

definitely be an option for people with HoFH. 

 

 

 

 

 



  
 

33 

 

Almost all of the studies analyzed in this thesis had a treatment period of 26 weeks. 

Studies in article 1 and 4 also had a follow up period where the effects and safety 

were evaluated for 6 additional months (24, 27). None of the articles analyzed the 

long-term effect of using mipomersen for a much longer time than 26 weeks. The 

long-term effects and safety of mipomersen is therefore unknown in this case. Based 

on the adverse events that had occurred when patients used mipomersen, a long-term 

use of the drug could have a negative impact on the liver.  

 

In a long-term clinical trial evaluating mipomersen, the results showed that the 

efficacy of the drug was maintained through 104 weeks and the safety profile was 

equal to that found in short-term studies of 26 weeks (29). There were no additional 

safety issues which had not been seen before. In this long-term study of mipomersen, 

the median liver fat content was peaking at week 26 and then slowly decreased 

towards baseline after 1 year of treatment. This could suggest that there would be an 

adaption to the drug, regarding liver fat deposition, if used a long-term. There have 

not been many long-term studies performed with mipomersen which is probably 

because of difficulty to find patients due to the illness being quite rare and since 

funding a long-term study is very expensive. 

 

The problem with this drug could be that it is having too strong of an effect which is 

causing all the additional adverse events. Furthermore, the drug has a very long half-

life of over 30 days which means that the drug will keep having an impact on the 

body for a long time and build up, so the adverse events worsen. Since the drug is 

dose-dependent, a lower dosage would likely decrease the adverse events. However, 

that would unfortunately also lead to a decrease in efficacy of lowering LDL-C.     

 

There is a new combination treatment which statins with evolocumab or alirocumab, 

two PCSK9 inhibitors, which have shown very good lipid-lowering effects in 

treating familial hypercholesterolemia (8). This treatment, if proven to have a greater 

efficacy and safety than mipomersen, will likely replace it in the future.    
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CONCLUSION 
 

 

Based on the five clinical trials analyzed in this thesis, mipomersen is an effective 

lipid-lowering drug which reduces LDL-C, ApoB and Lp(a) in patients with familial 

hypercholesterolemia. It has been shown to be more effective in reducing LDL-C 

than maximally tolerated statins in these patients. The most common adverse events 

in these studies were injection-site reactions and influenza-like symptoms which 

have led to discontinuations of the treatment and could therefore form an issue of  

compliance.  

 

Elevated ALT and AST levels have also been seen through all the studies and can be 

correlated to the reduction of LDL-C. This would suggest that mipomersen has a 

negative impact on the liver. These elevations are however, reversible when the 

treatment is withheld. In the long-term study of mipomersen (29), the patients show a 

decrease of ALT after week 26 even when still in treatment. This could imply that 

the ALT increase is only active in the first 6 months of treatment.  

 

If the patient is monitored throughout the treatment and tests are made regularly, 

there is a much higher safety in using mipomersen. The severe adverse events e.g. 

angina pectoris, acute myocardial infarction and other coronary adverse events which 

occurred in the studies could not be linked to mipomersen.  

 

For patients suffering from homozygous familial hypercholesterolemia and not 

reaching to desired cholesterol values with standard therapy, mipomersen is an 

effective drug. To be more certain of its safety profile, more research could be 

needed. There are however, new treatments that combines statins and PCSK9 

inhibitors. PCSK9-inhibitors decrease the degradation of LDL-receptors and leads to 

a higher uptake of LDL-C to the liver. This could be the future of lipid-lowering 

treatments and mipomersen would then likely be substituted (8). 
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