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Abstract

Introduction By inhibiting apolipoprotein B (ApoB)

synthesis, mipomersen can significantly reduce ApoB-

containing lipoproteins in hypercholesterolemic patients.

Objective This study sought to ascertain both the extent

to which mipomersen can decrease ApoB-containing

lipoproteins and the safety of mipomersen therapy.

Methods Studies were identified through PubMed,

CENTRAL, Embase, Clinical Trials, reviews, and refer-

ence lists of relevant papers. The efficacy endpoints were

the changes in low-density lipoprotein cholesterol (LDL-

C), non-high-density lipoprotein cholesterol (non-HDL-C),

ApoB, and lipoprotein (a) [Lp(a)]. The safety endpoints

were the incidence of injection-site reactions, flu-like

symptoms, and elevated transaminases.

Results Six randomized controlled trials with 444

patients were included in the analysis. Compared with the

placebo group, patients who received mipomersen therapy

had a significant reduction in LDL-C (33.13 %), as well as

a reduction in non-HDL-C (31.70 %), ApoB (33.27 %),

and LP(a) (26.34 %). Mipomersen therapy was also asso-

ciated with an obvious increase in injection-site reactions

with an odds ratio (OR) of 14.15, flu-like symptoms with

an OR of 2.07, and alanine aminotransferase levels

C3 9 the upper limit of normal with an OR of 11.21.

Conclusions Mipomersen therapy is effective for lower-

ing ApoB-containing lipoproteins in patients with severe

hypercholesterolemia. Future studies exploring how to

minimize side effects of mipomersen therapy are needed.

Key Points

Mipomersen is a novel option for patients with

hypercholesterolemia.

Our analysis confirms the efficacy and safety of

mipomersen therapy.

1 Introduction

Low-density lipoprotein cholesterol (LDL-C) is crucial in

the pathogenesis of coronary heart disease and thus is the

primary target of lipid-lowering therapy [1, 2]. Although

the 2013 American College of Cardiology/American Heart

Association (ACC/AHA) lipid guideline abolishes the tar-

get of LDL-C, it still supports lowering LDL-C levels,

especially in high-risk patients [3]. However, conventional

lipid-lowering therapies such as statins often result in

insufficient LDL-C reduction, even when administered at

maximally tolerated doses [4]. Patients in whom statins are

often inadequate can be classified into four groups: (1)

patients with homozygous familial hypercholesterolemia

(HoFH); (2) those with heterozygous familial hypercho-

lesterolemia (HeFH); (3) patients with severe hypercho-

lesterolemia; and (4) those who are statin intolerant. Thus,

novel approaches for lipid lowering are needed.

Apolipoprotein B (ApoB), which is produced in the liver, is

an essential component of LDL-C and all other atherogenic

lipoproteins [5, 6]. Studies have indicated that ApoB synthesis
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inhibition may be an attractive therapeutic strategy to achieve

target levels for LDL-C in subjects with hypercholesterolemia

[7]. Mipomersen is a second-generation antisense oligonu-

cleotide and specifically binds to ApoB messenger RNA

(mRNA), then blocks the translation of the gene product [8–

10]. Previous studies have demonstrated that mipomersen can

significantly reduce LDL-C and ApoB levels in patients with

hypercholesterolemia [10–13]. Moreover, mipomersen was

recently approved by the US FDA for the treatment of HoFH

[14]. However, mipomersen was not approved by the Euro-

pean Medicines Agency due to findings of fat build-up in the

liver and increased enzyme levels [15].

To the best of our knowledge, no study has yet com-

prehensively and quantitatively evaluated the efficacy and

safety of mipomersen therapy. In fact, it is crucial to

summarize the previous work and provide guidance for our

clinical work. Accordingly, we performed a meta-analysis

of available randomized controlled trial (RCT) data.

2 Methods

2.1 Search Strategy

The review was reported according to the Preferred

Reporting Items for Systematic Reviews and Meta-Anal-

yses (PRISMA) guidelines. We systematically searched

(November 2013) the PubMed, CENTRAL, Embase, and

Clinical Trials databases using the keywords ‘(mipomersen

OR kynamro OR ISIS 301012 OR ISIS301012 OR ISIS-

301012) AND clinical trial’ without language or time

limitations. We also checked conference proceedings, ref-

erence lists of identified articles, previous meta-analyses,

and original studies identified by the electronic search to

find other potentially eligible studies.

2.2 Study Selection

Inclusion criteria for this meta-analysis were (1) RCTs; (2)

prospective comparison of mipomersen therapy versus

placebo in patients with hypercholesterolemia; and (3)

administration of mipomersen at 200 mg/week.

Exclusion criteria were (1) irretrievable or unclear data;

(2) lack of control group; (3) ongoing or unpublished

studies; and (4) duplicate reports. If two articles reported

results of the same study, the article with more complete

data was included.

2.3 Risk of Bias Assessment

To assess the risk of bias in included studies, we followed the

Cochrane Handbook for Systematic Reviews of Interventions

(version 5.1.0), and its recommended ‘‘risk of bias’’ assessment

tool for RCTs [16]. Each study was examined according to the

following items: random sequence generation, allocation

concealment, blinding of participants and personnel, blinding

of outcome assessment, incomplete outcome data, selective

reporting, and other bias. The judgements were expressed

simply as ‘low risk,’ ‘high risk,’ or ‘unclear risk’ of bias.

2.4 Data Extraction

Study features extracted included study design, the dose of

mipomersen, treatment duration, and participant characteris-

tics. The efficacy endpoints were the changes in LDL-C, non-

high-density lipoprotein cholesterol (non-HDL-C), ApoB, and

lipoprotein (a) [Lp(a)] from baseline to the primary efficacy

time point. The safety endpoints were the incidence of adverse

events (AEs) (i.e., injection-site reactions, flu-like symptoms,

elevated transaminases) evaluated during on-treatment periods.

Moreover, we analyzed the discontinuation of therapy. All of

the outcomes analyzed were used as defined in individual trials.

Study search, selection, appraisal, and abstraction were

all performed by two independent reviewers, with dispar-

ities resolved by discussion.

2.5 Statistical Analysis

Continuous variables were presented as weighted mean

difference (WMD) and 95 % confidence interval (CI), and

binary outcomes as odds ratio (OR) and 95 % CI. The out-

comes from individual studies were combined with the fixed-

effect model first; if heterogeneity existed, then the random-

effect model was used. Heterogeneity of effects was assessed

with Chi-squared tests and I2; an I2[50 % was considered to

indicate significant heterogeneity between the trials [17].

Sensitivity analyses were conducted to evaluate the robust-

ness of our results by removing each study in turn and

recalculating the pooled effect. Publication bias was asses-

sed with the fail-safe number (Nfs) but not the funnel plot

because the number of included studies was small. Any

calculated Nfs value smaller than the number of retrieved

studies indicated publication bias. The Nfs0.05 was calculated

as Nfs0.05 = (RZ/1.64)2 - k, where k was the number of

studies included in the meta-analysis. Statistical analyses

were performed with Review Manager 5.0 (The Cochrane

Collaboration, Copenhagen, Denmark). A two-sided p-value

\0.05 was considered to be statistically significant.

3 Results

3.1 Search Results

From the initial 108 hits, 92 citations were initially

excluded at the title/abstract level (Fig. 1). Among the
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articles retrieved in completed form, the following were

excluded: one (lack of control group), one (investigated a

different endpoint), one (duplicate report), three (ongoing

studies), and four (mipomersen dose-escalation studies)

[10–13]. Eventually, six trials with 444 patients were

included in the analysis [18–23].

3.2 Study Characteristics

The main features of the included studies are shown in Table 1.

All studies were published over the period 2010–2013. Study

size ranged from 21 to 157 patients. All studies were designed

with subcutaneous administration of placebo or mipomersen

200 mg weekly for 26 weeks, except the study by Visser et al.

[19], which was for 13 weeks. Patients had familial hyper-

cholesterolemia or severe hypercholesterolemia, and were

already receiving maximally tolerated lipid-lowering therapy,

stable lipid-lowering therapy, or were not receiving statin

therapy because of statin intolerance.

Patient characteristics are detailed in Table 2, and

baseline lipid parameters are summarized in Table 3. Mean

age ranged from 30 to 59 years with baseline body mass

index (BMI) greater than 25 kg/m2. The percentage of

male patients, White patients, and patients with metabolic

syndrome was 27–68 %, 77–98 %, and 6–77 %, respec-

tively. All patients had hypercholesterolemia.

3.3 Risk of Bias in Included Studies

The assessment of risk of bias in the included studies is

illustrated in Table 4. Overall, the risk of bias was gener-

ally low. All studies were randomized, double-blind, pla-

cebo-controlled trials. Detailed randomization and

concealment procedures were only reported in the studies

by Raal et al. [18] and Visser et al. [19].

Blinding was performed relatively well in all studies. All

randomized patients were included in the studies. All out-

comes mentioned in Sect. 2 were reported in Sect. 3, so

selective reporting was of unclear risk of bias. Other bias was

also of unclear risk because of insufficient information

reported.

3.4 Efficacy of Mipomersen Therapy

The data for mean percentage change in LDL-C was

pooled from six trials. The average reductions from base-

line were significantly higher in the mipomersen group

than in the placebo group, with a clinically and statistically

significant difference of 33.13 % (95 % CI -40.85 to

-25.42; p \ 0.05; I2 = 67 %) (Fig. 2a). In addition, con-

cordant reductions were found in non-HDL-C (WMD

-31.70 %; 95 % CI -39.04 to -24.36; p \ 0.05;

I2 = 68 %) (Fig. 2b), ApoB (WMD -33.27 %; 95 % CI

-39.03 to -27.51; p \ 0.05; I2 = 56 %) (Fig. 2c) and

LP(a) (WMD -26.34 %; 95 % CI -31.65 to -21.03;

p \ 0.05; I2 = 0 %) (Fig. 2d).

3.5 Safety of Mipomersen Therapy

For the safety endpoints, the incidence of injection-site

reactions in the mipomersen group was 76–100 %, which

was significantly higher than that in the placebo group, with

an OR of 14.15 (95 % CI 8.67–23.11; p \ 0.05; I2 = 0 %)

(Fig. 3a). As the second most common AE, the incidence of

flu-like symptoms was 29–70 % in the mipomersen group,

with an OR of 2.07 (95 % CI 1.34–3.19; p \ 0.05;

I2 = 0 %) to the placebo group (Fig. 3b). In addition, ala-

nine aminotransferase (ALT) levels C3 9 the upper limit of

normal (ULN) occurred in more patients treated with mi-

pomersen than placebo by about tenfold (OR 11.21; 95 %

CI 3.43–36.68; p \ 0.05; I2 = 0 %) (Fig. 3c).

3.6 Discontinuation of Mipomersen Therapy

As shown in Fig. 4, more patients discontinued therapy

in the mipomersen group than in the placebo group,

Fig. 1 The trial selection process. Flow chart shows the number of

citations retrieved by individual searches and the number of trials

included in the review
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with an OR of 4.76 (95 % CI 2.17–7.99; p \ 0.05;

I2 = 0 %). Moreover, most of the discontinuations were

caused by AEs and/or serious AEs (SAEs), and the

incidence ranged from 11 to 25 %, with an OR of 6.33

(95 % CI 2.45–16.33; p \ 0.05; I2 = 0 %) to the pla-

cebo group.

3.7 Sensitivity Analysis and Publication Bias

Assessment

Sensitivity analysis by removing one study at a time

confirmed the results from the overall analysis both in

direction and in magnitude of statistical significance (all

Table 1 Main features of included studies

Study, year Design Setting Study

size

Patients Concomitant lipid-lowering

therapy

Mipomersen

administrationa

Raal et al. [18],

2010

RCT Multicenter 51 HoFH Maximally tolerated lipid-

lowering therapy

26 weeks

Visser et al. [19],

2010

RCT Single-

center

21 HeFH Stable lipid-lowering therapy 13 weeks

Stein et al. [20],

2012

RCT Multicenter 124 HeFH and CHD Maximally tolerated statin

therapy

26 weeks

McGowan et al.

[21], 2012

RCT Multicenter 58 Severe hypercholesterolemia Maximally tolerated lipid-

lowering therapy

26 weeks

Visser et al. [22],

2012

RCT Single-

center

33 High risk for CVD Statin intolerance 26 weeks

Thomas et al. [23],

2013

RCT Multicenter 157 Severe hypercholesterolemia and

high CVD risk

Maximally tolerated lipid-

lowering therapy

26 weeks

CHD coronary heart disease, CVD cardiovascular disease, HeFH heterozygous familial hypercholesterolemia, HoFH homozygous familial

hypercholesterolemia, RCT randomized controlled trial, SC subcutaneously
a All studies administered subcutaneous mipomersen at a dose of 200 mg/week

Table 2 Patient characteristics of included studiesa

Study Age (years) Male (%) White race (%) BMI (kg/m2) MS (%)

Raal et al. [18], 2010 30/33 44/41 NR 26/26 21/6

Visser et al. [19], 2010 49/46 60/27 NR 27/26 NR

Stein et al. [20], 2012 56/56 60/68 98/93 29/30 NR

McGowan et al. [21], 2012 52/48 46/37 85/84 28/30 64/53

Visser et al. [22], 2012 55/52b 52/33 NR 27/26 43/67

Thomas et al. [23], 2013 59/59 50/56 79/77 31/30 70/77

BMI body mass index, MS metabolic syndrome, NR not reported
a All data are presented as mipomersen/placebo
b Median

Table 3 Baseline lipid parametersa

Study LDL-C Non-HDL-C ApoB Lp(a)

Raal et al. [18], 2010 439/400 463/421 283/259 64/66

Visser et al. [19], 2010 154/154 174/174 130/120 80/50

Stein et al. [20], 2012 153/143 176/165 133/127 45/53

McGowan et al. [21], 2012 276/249 305/278 202/183 61/32

Visser et al. [22], 2012 243/243 270 /274 180/180 40/40

Thomas et al. [23], 2013 123/123 152/152 117/116 36/31b

ApoB apolipoprotein B, LDL-C low-density lipoprotein cholesterol, Lp(a) lipoprotein (a), non-HDL-C non-high-density lipoprotein cholesterol
a All data are presented as mipomersen/placebo in mg/dL
b Median
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p values \0.05, data not shown). The Nfs0.05 for each

comparison was calculated and the values for LDL-C

(Nfs0.05 = 435.96), non-HDL-C (Nfs0.05 = 452.35), ApoB

(Nfs0.05 = 580.33), LP(a) (Nfs0.05 = 167.61), and injection-

site reactions (Nfs0.05 = 193.35) were found to be

much greater than the number of studies included in

the meta-analysis. The values for flu-like symptoms

(Nfs0.05 = 20.12), ALT (Nfs0.05 = 44.74), discontinuation

(Nfs0.05 = 29.91), and AE/SAE-induced discontinuation

(Nfs0.05 = 26.58) were relatively small, but still much

greater than the number of retrieved studies.

4 Discussion

The main findings of the present study indicate that sub-

cutaneous mipomersen 200 mg/week significantly lowers

LDL-C, non-HDL-C, ApoB and Lp(a) levels. In addition,

analysis of safety endpoints demonstrates that mipomersen

increases the incidence of AEs, such as injection-site

reactions, flu-like symptoms, and elevated liver

transaminases.

European Society of Cardiology (ESC) guidelines rec-

ommend that the treatment target for patients with very

high cardiovascular risk is LDL-C\70 mg/dL or a C50 %

reduction from baseline, and for subjects at high cardio-

vascular risk the target is \100 mg/dL [24]. A meta-ana-

lysis of statin trials suggest that for each 1 mmol/L

reduction in LDL-C, there is a corresponding 22 %

reduction in cardiovascular disease mortality and morbid-

ity, and a 10 % reduction in all cause mortality [25].

However, a substantial proportion of patients remain

unable to achieve an optimal LDL-C concentration despite

maximally tolerated lipid-lowering therapy [26–28].

Moreover, the number of statin-intolerant patients is rising,

which is manifested by the use of higher statin doses to

achieve more stringent LDL-C targets [1, 29]. One main

reason may be that higher-dose statins are more likely to

cause side effects; as physicians are using higher doses of

statins, more patients are developing intolerance to statins.

Rather than LDL-C or non-HDL-C targets, the 2013

ACC/AHA lipid guideline uses the intensity of statin

therapy as the goal of treatment. High-intensity statin

therapy on average lowers LDL-C by approximately

C50 %, moderate-intensity statin therapy lowers LDL-C

by approximately 30 to \50 %, and lower-intensity statin

therapy lowers LDL-C by \30 %. When clinicians treat

high-risk patients who have a less-than-anticipated

response to statins, who are unable to tolerate a less-than-

recommended intensity of a statin, or who are completely

statin intolerant, they may consider the addition of a non-

statin cholesterol-lowering therapy [3]. For example,

patients with HoFH and HeFH have life-long elevations of

LDL-C, which places them at very high risk for future

heart disease. Therefore, in these patients, it is appropriate

to very aggressively target their LDL-C; simply utilizing

maximum doses of statins is not enough [30]. Further-

more, mipomersen is a promising lipid-lowering drug to

further lower LDL-C levels in combination with statins or

not.

Several novel therapeutic strategies to lower LDL-C

have been developed. These include inhibitors of PCSK9,

microsomal triglyceride transfer protein, and cholesteryl

ester transfer protein, as well as mipomersen, the focus of

this meta-analysis [30]. Mipomersen represents a first-in-

class injectable antisense therapy. Given its half-life of

approximately 31 days, mipomersen was administered

once weekly for 26 weeks to achieve a steady state level

[10]. Mipomersen significantly decreased LDL-C level in

hyperlipidemic patients regardless of etiology. But it is still

unknown whether and to what extent mipomersen can

decrease LDL-C in patients treated with regular apheresis,

and an ongoing trial will answer the question (Clinicaltri-

als.gov: NCT01598948).

Table 4 Risk of bias in included studies

Study Random sequence

generation

Allocation

concealment

Blinding of participants

and personnel

Blinding of

outcome assessment

Incomplete

outcome data

Selective

reporting

Other

bias

Raal et al.

[18]

Low Low Low Low Low Unclear Unclear

Visser et al.

[19]

Unclear Unclear Low Unclear Low Unclear Unclear

Stein et al.

[20]

Unclear Unclear Low Unclear Low Unclear Unclear

McGowan

et al. [21]

Low Low risk Low Low Low Unclear Unclear

Visser et al.

[22]

Unclear Unclear Low Unclear Low Unclear Unclear

Thomas

et al. [23]

Unclear Unclear Low Unclear Low Unclear Unclear
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More importantly, obvious reductions in other athero-

genic lipoproteins can be seen, especially in non-HDL-C,

ApoB, and Lp(a). In contrast, other commonly used LDL-C-

reducing agents, such as statins, ezetimibe, and bile acid

sequestrants, decrease the levels of ApoB and Lp(a) less

significantly than LDL-C [28, 31–33]. Moreover, these

Fig. 2 Impact of mipomersen therapy on apolipoprotein B-contain-

ing lipoproteins. Forest plots show the significantly beneficial impact

of mipomersen therapy on a low-density lipoprotein cholesterol,

b non-high-density lipoprotein cholesterol, c apolipoprotein B, and

d lipoprotein (a). CI confidence interval, IV inverse variance, SD

standard deviation
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agents have virtually no impact on Lp(a) [34]. In fact, ApoB

and other ApoB-containing lipoproteins, such as non-HDL-

C and Lp(a), are independent risk factors for cardiovascular

disease [35–39] and are also the targets of lipid-lowering

therapy [24]. Therefore, mipomersen is expected to provide

additional cardiac benefit in hypercholesterolemic patients.

In fact, no study has yet evaluated cardiovascular outcomes

in mipomersen therapy patients. It is the direction of our

future study. We need studies to ascertain whether mipom-

ersen can reduce cardiovascular events.

Mipomersen produced significant lipid-lowering effects

in hypercholesterolemic subjects. Further, if future studies

continue to show such promising efficacy results, mipom-

ersen would likely be a viable additional lipid-lowering

therapy for patients who are intolerant to statins, and/or not

at target lipid levels despite maximum doses of current

lipid-lowering therapy.

In terms of safety, mipomersen may lead to many AEs,

such as injection-site reactions, flu-like symptoms, liver

toxicity, and so on. While none of these AEs is life

Fig. 3 Impact of mipomersen therapy on adverse events. Forest plots

show the significantly increased incidence of adverse events of

mipomersen therapy, such as a injection-site reactions, b flu-like

symptoms, and c alanine aminotransferase levels C3 9 the upper

limit of normal. CI confidence interval, M–H Mantel–Haenszel
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threatening, they can lead to discontinuation of therapy.

We found that the proportion of discontinuations caused by

AEs/SAEs can be as high as 25 %. A randomized, double-

blind, placebo-controlled, clinical trial (Clinicaltrials.gov:

NCT01475825) is exploring lower, more frequent dosing

as a means to minimize the incidence of AEs. Meanwhile,

an open-label extension trial (Clinicaltrials.gov:

NCT00694109) to evaluate the long-term safety of mi-

pomersen is ongoing.

So far as we know, this is the first systematic and

comprehensive meta-analysis to evaluate the efficacy and

safety of mipomersen therapy. However, there are three

major limitations of our study. First, the studies are

divergent, so the conclusions are relatively less reliable.

Second, the sample size was small. Third, the follow-up

duration was short, so it is hard to predict outcomes in the

long run.

5 Conclusion

These efficacy and safety results indicate that mipomersen

can be used as an adjunctive agent to lower LDL-C con-

centrations in patients with severe hypercholesterolemia

not adequately controlled on currently available lipid-

lowering medications. Further well-designed studies with

larger sample sizes and longer follow-ups are needed to

elucidate the long-term safety and efficacy of mipomersen.
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