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Abstract
Background

A randomized, double-blind, placebo-controlled, dose-escalation study was 
conducted to examine the efficacy and safety of mipomersen (ISIS 301012), 
an antisense inhibitor of apolipoprotein B (apoB), when added to conventional 
lipid-lowering therapy for patients with heterozygous familial hypercholesterolemia. 

Methods

A total of 44 patients were enrolled and were separated into 4 cohorts, with doses 
ranging from 50 to 300 mg (4:1 active treatment/placebo ratio). Patients received 
8 doses subcutaneously during a 6-week treatment period. Patients assigned to 
the 300 mg dose continued for an additional 7 weeks with once-per-week dosing. 
The primary efficacy end point was the percentage of change from baseline to 
Week 7 in low-density lipoprotein cholesterol (LDL-c). Safety was assessed using 
the laboratory test results and according to the incidence, severity, and relation of 
adverse events to drug dose. 

Results

Mipomersen produced significant reductions in LDL-c and other atherogenic 
apolipoprotein B-containing lipoproteins. After 6 weeks of treatment, the LDL-c 
level was reduced by 21% from baseline in the 200 mg/week dose group 
(p<0.05) and 34% from baseline in the 300 mg/week dose group (p<0.01), 
with a concomitant reduction in apolipoprotein B of 23% (p<0.05) and 33% 
(p<0.01), respectively. Injection site reactions were the most common adverse 
event. Elevations in liver transaminase levels (>3 times the upper limit of normal) 
occurred in 4 (11%) of 36 patients assigned to active treatment; 3 of these patients 
were in the highest dose group. 

Conclusion

In conclusion, mipomersen has an incremental LDL-c lowering effect when added 
to conventional lipid-lowering therapy. 
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Introduction
A substantial proportion of patients at high risk for cardiovascular disease 
(CVD) remain unable to achieve optimal low-density lipoprotein cholesterol 
(LDL-c) concentrations despite the advent of potent statins and the use of 
combination lipid-lowering therapy1-6. This group has included patients with 
familial hypercholesterolemia (FH), which is characterized by baseline LDL-c 
levels readily >500 mg/dL (13.0 mmol/L)4. In these patients a 50% to 60% 
reduction in LDL-c using statin-ezetimibe combination therapy has still resulted 
in LDL-c levels >200 mg/dL (5.2 mmol/L)2;7. Because increasing the statin dose 
offers limited additional efficacy at the expense of significant increases in side 
effects8, additional LDL-c-lowering therapies acting through compensatory 
mechanisms, are needed9;10. Mipomersen is a second- generation antisense 
oligonucleotide designed to inhibit synthesis of the human apolipoprotein B-100 
(apoB) by the liver11-14. ApoB is an essential component of LDL-c and all other 
atherogenic lipoproteins15;16. In previous clinical trials, mipomersen produced 
dose-dependent and prolonged reductions in LDL-c in healthy volunteers17;18 and 
in patients with mild to moderate hypercholesterolemia19. In the present report, 
we have described the results of a randomized, double-blind, placebo-controlled, 
dose-escalation, Phase II study designed to evaluate the efficacy and safety of 
mipomersen when combined with conventional lipid-lowering therapy in patients 
with familial hypercholesterolemia.

Methods
The present study was designed by the academic investigators in cooperation 
with the study sponsor, Isis Pharmaceuticals (Carlsbad, California). All data were 
generated by the academic investigators. The clinical database was maintained 
by the sponsors. Although we allowed the sponsor to review the report, all data 
analyses and interpretation of the results were done by the academic investigators. 
This trial has been registered at Clinicaltrials.gov as NCT00281008.

Study participants

The eligible participants were men and women aged 18 to 75 years with 
heterozygous FH, as defined by a documented history of untreated LDL-c >200 
mg/dL (5.2 mmol/L) and the existence of at least one of the following attributes: 
the presence of a known mutation in the LDL receptor gene; the presence of 
tendinous or cutaneous xanthomas; an adult first-degree relative with documented 
LDL-c >190 mg/dL (4.9 mmol/L) or a child <18 years old with LDL-c >130 mg/dL 
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(3.4 mmol/L) before lipid-lowering therapy; or a history of early coronary artery 
disease in a first-degree relative (male <55 years; female <60 years). The study 
participants had a fasting LDL-c of >130 mg/dL (3.4 mmol/L) and triglycerides <400 
mg/dL (4.6 mmol/L) at screening. The patients received stable conventional lipid 
lowering therapy for >4 weeks and consumed a low-fat diet for >8 weeks before 
the first dose of the study drug and throughout the study. Those subjects with 
a recent cardiovascular event or related surgical intervention were excluded, as 
were those with documented history of hepatic, renal, or uncontrolled endocrine 
disorders. The subjects with a serum creatine phosphokinase level of >3 times 
the upper limit of normal (ULN) or hepatic transaminase levels of >2 times the 
ULN at screening were also excluded from the trial. All participants gave written 
informed consent before enrollment.

Study design

A multicenter, randomized, placebo-controlled, double blind, dose-escalation 
design was used for this Phase II study. The eligible participants were randomized 
4:1, active treatment to placebo, by dose cohort. The study included 4 dose 
cohorts of 50, 100, 200, or 300 mg/week of mipomersen (~10 patients per cohort). 
The 50- and 100 mg/week cohorts were enrolled first, in parallel, followed by 
sequential enrollment of the 200- and 300 mg/week cohorts. Enrollment of the 
next cohort was initiated on demonstration of a satisfactory safety profile after 6 
weeks of dosing (Week 7) in the preceding cohorts. The design was amended to 
allow patients in the 300 mg/week dose group to continue weekly dosing for >13 
weeks. The patients, investigators, and study staff were unaware of the treatment 
assignments, with the exception of the pharmacist who prepared the study drug. 
The study drug was administered by subcutaneous injection at a dose of 50, 
100, 200, or 300 mg on days 1, 4, 8, and 11, followed by once-weekly injections 
on days 15, 22, 29, and 36 (6-week treatment period). Patients in the 300mg/
week dose cohort continued weekly dosing on days 43, 50, 57, 64, 71, 78, and 
85 (13-week treatment period). The study drug was supplied as a 1-ml solution 
containing 200 mg of mipomersen or 0.9% sterile saline in a 2-ml glass vial by Isis 
Pharmaceuticals. 
The local institutional review boards approved the study, which was performed 
in compliance with the standards of Good Clinical Practice (CPMP/ICH/135/95), 
the Declaration of Helsinki in its revised edition (Washington 2002), and the 
requirements of the European Clinical Trial Directive 2001/20/EC (amendment 
regulations SI 2006/2984). 
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Lipid and lipoprotein analysis

The laboratory evaluations included routine hematology, blood chemistry, and 
urinalysis. A full physical examination was performed at screening, Week 7 
(50-, 100-, and 200 mg/week cohorts), and Week 15 (300 mg/week cohort). A 
12-lead electrocardiogram was recorded at screening, Week 7 (all cohorts), and 
Week 15 (300 mg/week cohort). The electrocardiograms were evaluated by an 
independent cardiologist. The subjects’ vital signs were recorded at each visit 
during the treatment period and at the post-treatment evaluation (Weeks 7 and 
15). The patients were followed up for 5 months after their last dose of study 
drug. During this follow-up period, the patients returned to the study center for 
clinical evaluation and laboratory tests once per month for the first 3 months. In 
the absence of abnormalities, the patients were then monitored by telephone 
interview for the remainder of the follow-up period. 
The fasting blood samples were analyzed for lipids and lipoproteins using 
MedPace (Cincinnati, Ohio). ApoB, apo-lipoprotein A1, and lipoprotein(a) [Lp(a)] 
concentrations were determined by rate nephelometry. The total cholesterol 
and triglyceride (TG) concentrations were measured by standard enzyme-based 
colorimetric assays. High-density lipoprotein cholesterol was determined using 
an enzymebased colorimetric assay after dextran-sulfate precipitation. Very-low-
density lipoprotein (VLDL)-cholesterol, LDL-c, and non–high-density lipoprotein 
cholesterol were calculated. The plasma concentrations of mipomersen 
were analyzed using a validated hybridization-dependent enzymelinked 
immunosorbent assay method at PPD Development (Richmond, Virginia). The 
lower limit of quantitation was 0.23 ng/ml. The pharmacokinetic parameters for 
mipomersen were calculated using noncompartmental analysis (WinNonlin, 
version 5.2, Pharsight, Mountain View, California) for each patient’s plasma drug 
concentration–time profile obtained by serial blood sampling before and after the 
last dose. The plasma through concentrations were determined from samples 
collected approximately 7 days after the previous dose throughout the treatment 
period. The area under the plasma concentration–time curve was calculated from 
0 to 48 hours after the administered dose using the linear trapezoidal rule. Blood 
samples were also collected during the follow-up period to determine the drug 
terminal elimination half-life.

Statistical analysis and calculations

The pre specified primary efficacy end point was the percentage of reduction in 
LDL-c from baseline to Day 43 (Week 7) per dose group compared to the pooled 
placebo group. Exploratory analysis of other lipid and lipoprotein parameters 
was performed on Day 43 for each dose group and Day 99 (Week 15) for the 
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300 mg/week dose group. The safety end points were evaluated by treatment 
group and included all adverse and serious adverse events, laboratory test results, 
vital signs, and electrocardiographic findings. Safety was assessed according to 
the incidence, severity, and dose relation of the events and by changes in these 
parameters. 
The sample size was determined by a standard deviation (SD) of 18 for the 
percentage of change from baseline for LDL-c, as derived from previous clinical 
data sets. According to this variance, a sample size of 8, for both the pooled 
placebo and 300 mg/week dose groups, would provide 80% power to detect a 
30% difference in a change from baseline for LDL-c between the 2 treatment 
groups using a t test with a 0.05 2-sided significance level. 
The study end points were analyzed on the intent-to-treat population (n=44). 
Missing values were imputed by identifying the assessment closest to 2 weeks 
after the last dose of the study drug. Descriptive statistics are presented for the 
lipid parameters by treatment group. Baseline was defined as the average of all 
screening values combined with the predose day 1 measurement. The percentage 
of change in each lipid parameter from baseline to day 43 (Week 7) for all dose 
groups was compared to the data from the pooled placebo group using the exact 
Wilcoxon rank sum test. An analysis of the changes from baseline to Day 99 (Week 
15) for the 300 mg/week dose group was performed using the paired t test or sign 
test. The software used for the analyses was Statistical Analysis Systems, version 
8.2 (SAS Institute, Cary, North Carolina).

Results
Study participants

Of the 55 screened patients, 44 were enrolled in the study, at one site in The 
Netherlands and six sites in the United States, from February 2006 to April 2007 
(figure 1). The demographics and baseline lipid-lowering therapy by treatment 
group are summarized in table 1. Of the 44 patients, 39 completed the treatment 
period of the study protocol. The 5 patients who did not complete the treatment 
period were assigned to mipomersen. Of these 5 patients, 4 discontinued dosing 
because of an adverse event (n=3) or stopping rule (n=1). One patient withdrew 
consent. Also, 5 patients did not enter the follow-up period because of enrollment 
in an open-label extension study (clinical trial no. NCT00477594). 

Efficacy

Statistically significant reductions in apoB and LDL-c were observed in the 200 
and 300 mg/week dose groups after 6 weeks of treatment with mipomersen 
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(table 2). The mean reduction in apoB from baseline to Week 7 was 23% in 
the 200 mg/week dose group and 33% in the 300 mg/week dose group, with 
parallel reductions in LDL-c of 21% and 34%, respectively. In addition, reductions 
in Lp(a) and TGs were demonstrated in the 200 and 300 mg/week dose groups; 
however, these reductions were not statistically significant. Extended treatment 
to 13 weeks with weekly doses of 300 mg mipomersen resulted in significant 
mean reductions from baseline to Week 15 of 37% in apoB and 37% in LDL-c 
(table 3). Lp(a) was lowered by 29%. The LDL-c and apoB levels remained below 
baseline for >3 months after the last dose in the 4 patients who completed both 
the treatment and the follow-up periods of the study. 

Safety

One serious adverse event occurred during the study. This event was a single 
episode of syncope, which occurred during the follow-up period and was considered 

Figure 1  Flow of study participants

* Other denotes exclusion based on medical condition or laboratory test criteria. 
† OLE denotes enrolled in open-label extension study.
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unrelated to the study drug by the investigators. Three patients discontinued 
active treatment because of one or more adverse events. These events included 
injection site reactions and influenza-like symptoms. Another patient discontinued 
dosing because of a stopping rule (total urine protein >1.0 g/24 hr) after six 300 
mg doses of mipomersen. This patient entered the trial with an elevated serum 
creatinine (2.24 mg/dL) and positive findings from a urinary dipstick test (>30 mg/
dL). No change in renal function (creatinine 1.86 to 2.29 mg/dL) or urinary protein 
excretion (protein/creatinine ratio 1.49 before and 1.06 at 3 weeks after the last 
dose) was observed during the trial, implying that the abnormal values resulted 
from the pre-existing chronic renal disease. The most common adverse event 

Table 1 Patient demographics and baseline characteristics

Placebo 
n(=8)

Dose (mg/wk)

50 mg/wk
(n= 8)

100 mg/wk
(n=8)

200 mg/wk
(n=11)

300 mg/wk
(n=9)

Total
(n=44)

Gender (M:F)

  Male 6 5 5 4 6 26

  Female 2 3 3 7 3 18

Age (years) 54 ± 10 49 ± 12 53 ± 11 56 ± 13 47 ± 7 52 ± 11

BMI (kg/m2) 28 ± 3 28 ± 4 31 ± 5 28 ± 8 32 ± 6 29 ± 6

Lipid-Lowering Medications ( n (%) )

Statin 8 (100) 6 (75) 7 (88) 11 (100) 9 (100) 41 (93)

Ezetimibe 6 (75) 3 (38) 7 (88) 7 (64) 8 (89) 31 (70)

Bile Acid Sequestrant 2 (25) 0 (0) 0 (0) 3 (27) 1 (11) 6 (14)

Other 1 (13) 0 (0) 0 (0) 1 (9) 2 (22) 4 (9)

Lipid Parameters (mg/dL) 

LDL cholesterol 171 ± 47 207 ± 76 174 ± 40 164 ± 30 174 ± 35 177 ± 47

Very-low-density lipoprotein 
cholesterol

35 ± 17 25 ± 8 27 ± 10 28 ± 12 34 ± 14 30 ± 13

Non-high-density lipoprotein 
cholesterol

205 ± 53 231 ± 74 204 ± 52 192 ± 38 208 ± 43 207 ± 51

High-density lipoprotein 
cholesterol

40 ± 6 48 ± 10 50 ± 15 54 ± 16 41 ± 7 47 ± 12

Total cholesterol 246 ± 57 279 ± 75 254 ± 52 246 ± 38 249 ±41 254 ± 52

Triglycerides 156 114 131 137 178 127

(82 – 310) (84 – 220) (82 – 213) (55 – 219) (80 – 284) (55 – 310)

Apolipoprotein A1 141 ± 23 153 ± 26 157 ± 31 152 ± 29 141 ± 18 149 ± 26

Apolipoprotein B 143 ± 31 148 ± 37 144 ± 38 130 ± 26 152 ± 24 143 ± 31

Lipoprotein (a) 67 ± 87 21 ± 22 68 ± 77 25 ± 25 80 ± 45 51 ± 59

Data are presented as the mean ± SD. Triglycerides are presented as the median (min – max). 
To convert cholesterol and triglycerides values to mmol/L, multiply values by 0.0259 and 0.0113 
respectively. M denotes male; F, female; VLDL, very-low density lipoprotein; LDL, low-density 
lipoprotein; HDL, high-density lipoprotein.
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was an injection site reaction after subcutaneous dosing of mipomersen (table 
4). The reactions were most frequently described as mild erythema occurring 
within 24 hours after injection. No evidence was found of a dose-dependent 
association in adverse events. Of the 36 patients dosed with mipomersen, 4 
(11%; 1 at 50 mg/week and 3 at 300 mg/week) and 1 (13%) of 8 patients dosed 

Table 2  Percent change in lipids and lipoproteins after 6 weeks of treatment

Lipid parameter Dose (mg/week)

Placebo
(n = 8)

50
(n = 8)

100
(n = 8)

200
(n = 11)

300
(n = 9)

LDL cholesterol 0 ± 23 -13 ± 15 - 11 ± 10 -21 ± 23 a -34 ± 18 b

VLDL cholesterol -7 ± 18 -5 ± 29 21 ± 42 -14 ± 28 -6 ± 61

Non-HDL cholesterol -1 ± 22 -12 ± 16 - 8 ± 11 -21 ± 19 a -31 ± 20 a

HDL cholesterol 8 ± 17 -1 ± 13 - 3 ± 20 -1 ± 13 6 ± 11

Total Cholesterol -0 ± 17 -10 ± 14 - 7 ± 11 -16 ± 15 a -25 ± 17 a

Triglycerides -16 (-27 – 25) 6 (-60 – 25) 6 (-25 – 90) -23 (-48 – 48) -22 (-62 – 137)

Apolipoprotein A1 -0 ± 8 -3 ± 5 - 4 ± 16 -2 ± 9 -2 ± 11

Apolipoprotein B -1 ± 17 -10 ± 12 - 8 ± 11 -23 ± 19 a -33 ± 22 b

Lipoprotein (a) -3 ±21 -3 ±10 - 15 ± 10 -17 ± 19 -24 ± 26

Data are presented as the mean ± standard deviation of the percent change from baseline on day 
43 by dose group. Triglycerides are presented as the median percent change from baseline and 
range (min – max). a P-value <0.05, b p-value <0.01.  To convert cholesterol and triglycerides values 
to mmol/L, multiply values by 0.0259 and 0.0113 respectively.  HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; VLDL, very-low density lipoprotein.

Table 3  Effects on plasma lipid and lipoprotein levels after 13-weeks of 300 mg/wk mipomersen

Lipid Parameter
(mg/dL) 

Baseline
(n = 9)

Day 99
(n = 9)

Change

Absolute    %

LDL cholesterol 174 ± 35 109 ± 40 - 66 ± 41 b - 37 ± 21 c

VLDL cholesterol 34 ± 14 23 ± 7 -11 ± 15 - 22 ± 37

Non-HDL cholesterol 208 ± 43 131 ± 38 - 77 ± 53 b - 35 ± 20 c

HDL cholesterol 41 ± 7 43 ± 9 2 ± 7 4 ± 16

Total Cholesterol 249 ± 41 174 ± 42 - 75 ± 53 b - 29 ± 18 b

Triglycerides 178 (80 – 284) 111 (75 – 193) -70 (-173 – 41) -38 (-61 – 49)

Apolipoprotein A1 141 ± 18 144 ± 20 2 ± 21 2 ± 16

Apolipoprotein B 152 ± 24 95 ± 35 - 57 ± 38 b - 37 ± 22 b

Lipoprotein (a) 80 ± 45 63 ± 56 - 17 ± 24 - 29 ± 30 a

Data are presented as the mean ± standard deviation. Triglycerides are presented as the median 
and range (min – max).  To convert cholesterol and triglycerides values to mmol/L, multiply values 
by 0.0259 and 0.0113 respectively. Significant differences between baseline and day 99 values 
were determined using the Paired T-test (Sign test for triglycerides). a P-value <0.05, b p-value 
<0.01, c p-value <0.001. HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very-
low density lipoprotein.
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with placebo experienced elevations in serum alanine aminotransferase (ALT) 
levels of >3 times the ULN. No concomitant elevations in total bilirubin >2 times 
the ULN were observed. Other measures of liver function (eg, prothrombin and 
albumin) remained normal. The ALT levels remained at >3 times the ULN on >2 
consecutive occasions >7 days apart for the 3 patients dosed with 300 mg/week 
mipomersen. The maximum alanine aminotransferase elevations ranged from 
172 to 216 IU/L. The alanine aminotransferase levels remained elevated (>3 times 
the ULN) for 2 to 19 weeks after dosing. Additional evaluation of these patients 
included computed tomography, which revealed evidence of a steatotic liver in 
2 patients and hepatomegaly without steatosis in 1 patient. Baseline computed 
tomographic scans were not available to determine a causal relation between the 
hepatic abnormalities and treatment with mipomersen. No elevations occurred 
in serum creatine phosphokinase levels. Other than the values from the 1 patient 
who discontinued dosing because of the stopping rule, the serum chemistry 
and urinary protein excretion levels did not show evidence of abnormal changes 
or effects on kidney function from treatment with mipomersen. No clinically 
significant changes were seen in vital signs, electrocardiographic findings, or 
other laboratory evaluation results. 
The maximum and total (area under the plasma concentration– time curve was 
calculated from 0 to 48 hours after the administered dose) plasma mipomersen 

Table 4  Adverse events by dose group (mipomersen treated >10%)

Event N (%) Dose (mg/week) Total

Placebo
n = 8

50
n = 8

100
n = 8

200
n = 11

300
n = 9

Mipomersen
n = 36

Injection Site Reaction * 2 (25) 8 (100) 8 (100)  11 (100) 8 (89) 35 (97)

Headache 0 (0) 2 (25) 1 (13) 5 (46) 0 (0) 8 (22)

Nasopharyngitis 2 (25) 1 (13) 1 (13) 4 (36) 1 (11) 7 (19)

Myalgia 1 (13) 2 (25) 1 (13) 3 (27) 0 (0) 6 (17)

Nausea 1 (13) 1 (13) 1 (13) 3 (27) 1 (11) 6 (17)

Urinary Tract Infection 0 (0) 2 (25) 2 (25) 1 (9) 0 (0) 5 (14)

Fatigue 0 (0) 1 (13) 1 (13) 2 (18) 0 (0) 4 (11)

Diarrhea 0 (0) 0 (0) 1 (13) 1 (9) 2 (22) 4 (11)

Back Pain 0 (0) 2 (25) 1 (13) 0 (0) 1 (11) 4 (11)

Muscle Stiffness 0 (0) 4 (50) 0 (0) 0 (0) 0 (0) 4 (11)

Arthralgia 0 (0) 1 (13)     1 (13) 2 (18) 0 (0) 4 (11)

Value (n) denotes the number of patients with at least one event. Percent of the total number of 
patients (%) by treatment group is in parenthesis. * Injection site reaction includes the following 
preferred MedDRA terms (% mipomersen-treated patients, N = 36): erythema (69%), pruritis 
(33%), irritation (33%),discolouration (31%), pain (25%), reaction (25%), swelling (19%), bruising 
(19%), induration (17%), warmth (8%), discomfort (8%), rash (8%), inflammation (3%) and 
haematoma (3%).
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concentrations were generally dose dependent. The mean ± SD maximum 
concentration value was 0.53 ± 0.32, 1.45 ± 0.98, 4.04 ± 2.45, and 3.68 ± 2.42 
μg/ml, respectively. The mean ± SD area under the plasma concentration–time 
curve calculated from 0 to 48 hours after the administered dose was 6.06 ± 
2.34, 14.5 ± 5.04, 60.1 ± 27.7, and 51.4 ± 21.3 μg-hr/ml by dose from 50 to 300 
mg mipomersen, respectively. The mean through concentrations ranged from 
3.9 to 30.5 ng/mL after the 6-week treatment period in the 50 to 300 mg/week 
dose groups. Extended treatment in the 300 mg/week dose group resulted in 
an increase in the mean through concentration to 46.8 ng/mL. The mean plasma 
terminal elimination half-life ranged from 25 to 34 days across the 4 dose groups. 

Discussion
In the present study, we found that apoB synthesis inhibition by mipomersen 
produced significant reductions in LDL-c in patients with FH receiving conventional 
lipid-lowering therapy. However, 4 of 36 patients, 3 of whom received the 300 
mg/week dose, experienced elevations in transaminases >3 times the ULN, with 
signs of steatosis on abdominal computed tomography. Although the present 
findings support the use of mipomersen at a dose of 200 mg/week in a Phase 
III program, additional studies are warranted to elucidate the relation between 
the transaminase elevations and steatotic changes in the liver after mipomersen 
administration. 

The effect of mipomersen on LDL-c and other apoB-containing lipoproteins was 
dose dependent, with statistically significant reductions demonstrated in the 200 
and 300 mg/week dose groups after 6 weeks of treatment. These reductions 
were achieved with a background of high doses of statins with or without other 
lipid-lowering agents (eg, ezetimibe or resins). However, the present study was 
powered to detect large differences (>30%) in LDL-c in the highest dose group. 
Therefore, the sample sizes in the lower dose groups might have been too small to 
detect more moderate reductions in LDL-c with adequate power. LDL-c remained 
at less than the baseline level for a minimum of 2 to 3 months after the last dose in 
the patients who had completed treatment and follow-up in the 200 and 300 mg/
week dose groups. This prolonged response was attributed to the drug elimination 
half-life of approximately 30 days. 
Mipomersen also reduced Lp(a) levels by 20% to 30%, particularly in the higher 
dose groups. These findings extend those from previous studies in primates, in 
which reductions in Lp(a) of >35% were reported20. Lp(a) is an LDL-like particle 
synthesized by the liver that consists of an apoB molecule covalently linked to 
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a large glycoprotein, apolipoprotein(a)21.Observational studies have consistently 
revealed that Lp(a) increases are associated with an increased coronary heart 
disease risk (odds ratio ~1.7)22. However, Lp(a) is resistant toward commonly used 
therapeutic interventions. To date, only niacin, estrogen, and N-acetylcysteine 
have been shown to reduce Lp(a) concentrations23-26. The reduction of Lp(a) levels 
after mipomersen treatment was most likely related to the reduced availability 
of apoB in the liver, an essential constituent for the synthesis of Lp(a). Because 
selective Lp(a)-reducing agents are absent, it remains to be established whether, 
and to what extent, the Lp(a) reduction observed during apoB antisense mRNA 
inhibition can be expected to contribute to the cardiovascular benefit. 

In contrast to earlier studies of healthy volunteers and those with mild 
dyslipidemia17-19, statistically significant decreases in TG levels were not observed 
in the present study. This might have been because of the high variability of TG 
levels combined with the small sample size. In addition, 75% of subjects had a 
baseline TG level of <200 mg/dL (2.3 mmol/L). In contrast, in other pharmacologic 
interventions, greater TG reductions were achieved in patients with higher baseline 
levels27;28. Thus, the effect of mipomersen on TG levels requires additional 
testing in patients with hypertriglyceridemia at baseline. Elevations in ALT 
levels can be associated with a change in hepatic lipid metabolism and hepatic 
TG accumulation29. Such an effect has been observed with the inhibition of the 
microsomal triglyceride transfer protein30;31, a protein involved in VLDLD synthesis 
downstream of apoB. In contrast, antisense inhibition of apoB has been without 
this effect, at least in specific mouse and monkey models13;14.In the liver of these 
models, compensatory changes, including a reduction in fatty acid synthesis and 
an increase in fatty acid oxidation, were observed after antisense inhibition of 
apoB. In the present study, 2 of the 3 patients in the highest dose group, who 
had had persistent elevations in ALT levels (>3 times the ULN), also had evidence 
of hepatic steatosis on computed tomography. However, the significance of this 
finding remains unclear in the absence of baseline computed tomographic scans, 
because the prevalence of hepatic steatosis in the general population has been 
estimated at 20% to 30%32. In a randomized, double-blind, placebo-controlled 
study of 21 patients with FH, we recently reported the effect of mipomersen 
on liver fat content, assessed using magnetic resonance spectroscopy (Chapter 
4)33. That study revealed a trend toward an increase in intrahepatic triglyceride 
content after 13 weeks of treatment33. Additional studies to address this issue are 
ongoing, both dedicated studies of liver fat changes and long-term safety studies. 

Patients in the present study received mipomersen in a background of conventional 
lipid-lowering therapy, including high doses of statins. In this respect, no clinically 
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evident interactions were found between mipomersen and the other lipid-lowering 
agents. Also, 7 of the 8 patients who received the highest dose of mipomersen 
also were receiving a maximum statin dose. The lack of clinically significant drug– 
drug interactions is consistent with the results from a Phase I study, in which 
concomitant administration of mipomersen with either simvastatin or ezetimibe 
had no significant effect on the respective pharmacokinetic properties34. This 
result is also consistent with the distinct mechanism by which mipomersen is 
metabolized by nucleases35.

ApoB inhibition in familial hypercholesterolemia
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