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Abstract
Aim Our aim was to assess the efficacy and safety of mipomersen through a systematic review of the literature and a meta-
analysis of the available clinical studies.
Methods A systematic literature search in SCOPUS, PubMed Medline, ISI Web of Science and Google Scholar databases 
was conducted up to January 20, 2019, in order to identify clinical trials assessing the effect of mipomersen on lipoproteins, 
and the safety profile of mipomersen. Effect sizes for lipid changes were expressed as weighted mean differences (WMD) and 
95% confidence intervals (CI). For safety analysis, odd ratios (OR) and 95% CI were calculated using the Mantel–Haenszel 
method. Data were pooled from 13 clinical studies comprising 49 arms, which included 1053 subjects overall, with 729 in 
the active-treated arm and 324 in the control arm.
Results Meta-analysis of data suggested that mipomersen significantly reduced low-density lipoprotein cholesterol (WMD 
− 1.52, 95% CI − 1.85 to − 1.19; p < 0.001), total cholesterol (WMD − 1.55, 95% CI − 1.97 to − 1.13; p < 0.001), non-high-
density lipoprotein cholesterol (non-HDL-C) (WMD − 1.66, 95% CI − 2.06 to − 1.27; p < 0.001), lipoprotein(a) (WMD 
− 0.99, 95% CI − 1.37 to − 0.62; p < 0.001), apolipoprotein B (WMD − 1.66, 95% CI − 2.04 to − 1.27; p < 0.001), triglyc-
erides (WMD –0.61, 95% CI − 0.76 to − 0.46, p < 0.001), very-low-density lipoprotein cholesterol (WMD − 0.58, 95% CI 
− 0.73 to − 0.43; p < 0.001) and apolipoprotein A-I (WMD − 0.25, 95% CI − 0.51 to − 0.001; p = 0.049) without affecting 
HDL-C levels (WMD 0.11, 95% CI − 0.03 to 0.26; p = 0.124). However, treatment with mipomersen was positively associ-
ated with an increased risk of discontinuation of treatment (OR 3.02, 95% CI 1.96–4.65; p < 0.001), injection-site reaction 
(OR 11.41, 95% CI 7.88–16.52; p < 0.001), hepatic steatosis (OR 4.96, 95% CI 1.99–12.39; p = 0.001), hepatic enzymes 
elevation (OR 3.61, 95% CI 2.09–6.24; p < 0.001) and flu-like symptoms (OR 2.02, 95% CI 1.45–2.81; p < 0.001).
Conclusion Despite favourable effects on the lipid profile, some concerns are reinforced from the safety profile. As a matter 
of fact, mipomersen therapy is more likely discontinued and associated with increased risk of injection-site reactions, hepatic 
steatosis, hepatic enzyme elevation, and flu-like symptoms.
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Key Points 

Mipomersen has recently been developed as adjunctive 
therapy for the treatment of homozygous familial hyper-
cholesterolaemia.

In 2013, the European Medicines Agency (EMA) 
refused mipomersen marketing authorization in Europe 
due to safety concerns.

Despite favourable effects on the lipid profile, mipom-
ersen is more likely discontinued and is associated with 
increased risk of injection-site reactions, hepatic steato-
sis, hepatic enzyme elevation, and flu-like symptoms.

To date, there is no apparent reason to stop taking 
mipomersen when it is effective and well tolerated, even 
though a careful monitoring of liver function is needed.

poor tolerability [3]. However, the LDL-C goal is often 
not reached with this therapeutic regimen, underlying the 
need for additional LDL-lowering options. One of these is 
PCSK9 inhibition, with promising results of a robust addi-
tional LDL-C reduction and relevant reduction in major 
adverse cardiac events (MACE) obtained by administering 
evolocumab 420 mg every 4 weeks, with or without LDL 
apheresis [7–9].

Most recently, two additional drugs, lomitapide and 
mipomersen, have been developed and approved as adjunc-
tive therapies for the treatment of HoFH [10]. These drugs 
reduce the production and secretion of apoB-containing lipo-
proteins [11, 12], rather than increasing their clearance from 
the circulation. In particular, mipomersen is an antisense 
oligonucleotide directed against apolipoprotein-B 100 (apo 
B-100) mRNA in the liver, ultimately resulting in decreased 
serum levels of apo B-100-containing lipoproteins such as 
LDL and lipoprotein(a) [Lp(a)] [13].

Even though mipomersen has been approved by the US 
Food and Drug Administration (FDA) as adjunct therapy for 
HoFH patients aged ≥ 12 years in the United States, in 2013 
the European Medicines Agency (EMA) refused its market-
ing authorization in Europe because of safety concerns [14, 
15]. Consequently, we aimed to perform a meta-analysis on 
clinical evidence available to date to better define its efficacy 
and tolerability profile.

2  Methods

The study was designed according to guidelines of the 
2009 preferred reporting items for systematic reviews and 
meta-analysis (PRISMA) statement [16], and was regis-
tered in the PROSPERO database (Registration number 
CRD42019121505). Because of the study design (meta-
analysis), neither Institutional Review Board (IRB) approval, 
nor patient informed consent were required.

2.1  Search Strategy

PubMed, SCOPUS, Google Scholar and ISI Web of Sci-
ence by Clarivate databases were searched, with no language 
restriction, using the following search terms: ‘Mipomersen’ 
AND (‘Clinical trial’ OR ‘Clinical study’). The wild-card 
term (*) was used to increase the sensitivity of the search 
strategy, which was limited to studies in humans. The refer-
ence lists of identified papers were manually checked for 
additional relevant articles. In particular, additional searches 
for potential trials included the references of review articles 
on that issue and the abstracts from selected congresses on 
the subject of the meta-analysis. Literature was searched 
from inception to January 20, 2019.

1  Background

Familial hypercholesterolaemia (FH) is highly prevalent 
throughout the world and represents a major public health 
concern [1, 2].

According to the latest research, FH is most commonly 
caused (> 95%) by mutations in the low-density lipoprotein 
(LDL) receptor gene (LDLR, MIM 606945), while second-
ary genes are, in descending order of frequency, apolipopro-
tein B (APOB, MIM 107730) (2.5%), proprotein convertase 
subtilisin/kexin type 9 (PCSK9, MIM 607786) (< 1%) and 
low-LDLR adaptor protein 1 (LDLRAP1, MIM 695747) 
(< 1%) [3], which lead to impaired low-density lipoprotein-
cholesterol (LDL-C) uptake or increased LDL receptor 
(LDLR) degradation [4].

Regardless of whether the screening is clinical or genetic, 
the prevalence of heterozygous FH (HeFH) seems to be 
higher than previously thought, being estimated at 1 in 
200–250 individuals [1, 5], while homozygous FH (HoFH) 
is much rarer, estimated at 1 in 160,000–300,000 [3]. The 
burden of markedly elevated LDL-C levels from birth under-
lies the sequelae of atherosclerotic cardiovascular disease 
complications, which are very early for untreated HoFH, 
typically occurring in childhood or at most within the second 
decade of life [1, 3, 6].

Current treatment of HoFH with conventional drugs con-
sists of high doses of high-intensity statins, often in combi-
nation with ezetimibe, which have recently been shown to 
reduce CV and all-cause mortality, with minimal adverse 
effects and relatively low costs [3]. Combinations of statins 
with other cholesterol-lowering medications, including 
fibrates, bile acid sequestrants, probucol and niacin have 
been studied in HoFH and can be considered to further 
lower LDL-C levels, although their use may be limited by 
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All paper abstracts were screened by two reviewers (FF 
and AFGC) in an initial process to remove ineligible arti-
cles. The remaining articles were obtained in full-text and 
assessed again by the same two researchers, who evaluated 
each article independently and carried out data extraction 
and quality assessment. Disagreements were resolved by 
discussion with a third party (NF).

2.2  Study Selection Criteria

Original studies were included if they met the following 
criteria: (1) being a clinical trial with either multicentre or 
single-centre design, (2) having an appropriate controlled 
design for mipomersen treatment, (3) investigating the 
effect of mipomersen on plasma lipids, (4) testing the safety 
of mipomersen short and middle-term administration, (5) 
reporting all the adverse events that occurred during the 
treatment.

Exclusion criteria were (1) lack of a control group for 
mipomersen administration, and (2) lack of sufficient infor-
mation about the prevalence and nature of the adverse 
events. Studies were also excluded if they contained over-
lapping subjects with other studies.

2.3  Data Extraction

Data abstracted from the eligible studies were (1) first 
author’s name; (2) year of publication; (3) study design; (4) 
main inclusion criteria and underlying disease; (5) treatment 
duration; (6) study groups; (7) number of participants in 
the active and control group; (8) age and sex of study par-
ticipants; and (9) discontinuation of treatment and adverse 
events occurring during the trials. Missing or unpublished 
data were sought by trying to contact authors or sponsors 
via e-mail and repeated messages were sent in case of no 
response. All data extraction and database typing were 
reviewed by the principal investigator (AFGC) before the 
final analysis, and doubts were resolved by mutual agree-
ment among the authors.

2.4  Quality Assessment

A systematic assessment of risk of bias in the included stud-
ies was performed using the Cochrane criteria [17]. The fol-
lowing items were used: adequacy of sequence generation, 
allocation concealment, blinding addressing of dropouts 
(incomplete outcome data), selective outcome reporting, 
and other probable sources of bias [18]. Risk-of-bias assess-
ment was performed independently by two reviewers (FF 
and AFGC); disagreements were resolved by a consensus-
based discussion.

2.5  Data Synthesis

Meta-analysis was entirely conducted using Comprehensive 
Meta-Analysis (CMA) V3 software (Biostat, NJ, USA) [19].

Net changes in the investigated parameters (change scores) 
were calculated by subtracting the value at baseline from the 
value after intervention, in both the active-treated and the 
control group. All values were collated as percent change 
from baseline. Standard deviations (SDs) of the mean dif-
ference were obtained as per the following, reported by Foll-
mann and colleagues: SD = square root [(SDpre-treatment)2 +  
(SDpost-treatment)2 − (2R × SDpre-treatment × SDpost-treatment)],  
assuming a correlation coefficient (R) = 0.5 [20]. If the 
outcome measures were reported in median and range (or 
95% confidence interval [CI]), mean and SD values were 
estimated using the method described by Wan et al. [21]. 
Where standard error of the mean (SEM) was only reported 
as a dispersion measure, SD was estimated using the follow-
ing formula: SD = SEM × square root (n), with n being the 
number of subjects. To avoid a double-counting problem, 
in trials comparing multiple treatment arms versus a single 
control group, the number of subjects in the control group 
was divided by the required comparisons. Studies’ findings 
were combined using a fixed-effect model or a random-
effect model (using the DerSimonian–Laird method) and the 
generic inverse variance method, based on the level of inter-
study heterogeneity, which was quantitatively assessed using 
the Higgins index (I2) [22]. Effect sizes for lipid changes 
were expressed as weighted mean differences (WMD) and 
95% CI. For safety analysis, odd ratios (OR) and 95% CI 
intervals were calculated using the Mantel–Haenszel method 
[23]. Safety analysis was performed by excluding studies 
with zero events in both arms. If one or more outcomes 
could not be extracted from a study, the study was removed 
only from the analysis involving those outcomes. Adverse 
events were considered for the analysis only if occurring in 
at least two of the included clinical trials. In order to evalu-
ate the influence of each study on the overall effect size, 
sensitivity analysis was conducted using the leave-one-out 
method (i.e. removing one study at a time and repeating the 
analysis) [24]. Two-sided p values ≤ 0.05 were considered 
as statistically significant for all tests.

2.6  Publication Biases

Potential publication biases were explored using visual 
inspection of Begg’s funnel plot asymmetry, Begg’s rank 
correlation test, and Egger’s weighted regression test [25]. 
The Duval and Tweedie ‘trim and fill’ method was used to 
adjust the analysis for the effects of publication bias [26]. 
Two-sided p values ≤ 0.05 were considered statistically 
significant.
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3  Results

3.1  Flow and Characteristics of the Included Studies

After database searches performed strictly according to 
inclusion and exclusion criteria, 247 published articles were 
identified, and the abstracts reviewed. Of these, 192 were 
excluded because they were non-original articles. Another 
37 were eliminated because they did not meet the inclu-
sion criteria. Thus, 18 articles were carefully assessed and 
reviewed. An additional five studies were excluded because 
of incomplete data (n = 2) or substantial sample overlap 
(n = 3) (Appendix 1, see electronic supplementary material 
[ESM]). Finally, 13 studies were eligible and included in the 
meta-analysis [27–40]. The study selection process is shown 
in Fig. 1. Data were pooled from 13 clinical trials compris-
ing 49 treatment arms, which included 1053 subjects, with 
729 in the active-treated arm and 324 in the control arm.

Eligible studies were published between 2006 and 2019. 
Follow-up periods ranged between 3 and 60 weeks and dif-
ferent treatment schedules were tested. All selected trials 
were designed with parallel groups and were multicentre 
[27, 31–33, 36–38] or single-centre [28, 30, 35, 39, 40] clini-
cal studies. Enrolled subjects were adults and young adults 
with a diagnosis of HeFH [27, 28, 33, 37, 39] or HoFH [38], 

patients with coronary heart disease, [27, 31–33] or with a 
good status of health [30, 35, 36, 40]. The baseline charac-
teristics of the evaluated studies are summarized in Table 1.

3.2  Risk of Bias Assessment

Almost all of the included studies were characterized by suf-
ficient information regarding sequence generation, allocation 
concealment, personal and outcome assessments. All studies 
showed low risk of bias as regards incomplete outcome data 
and selective outcome reporting. Details of the quality of 
bias assessment are reported in Table 2.

3.3  Effect of Mipomersen on Lipids

Meta-analysis of data suggested that mipomersen signifi-
cantly reduced LDL-C (WMD − 1.52, 95% CI − 1.85 to 
− 1.19; p < 0.001; I2 = 73.6%) (Fig. 2), total cholesterol 
(TC) (WMD − 1.55, 95% CI − 1.97 to − 1.13; p < 0.001; 
I2 = 80.3%), non-high density lipoprotein cholesterol (non-
HDL-C) (WMD − 1.66, 95% CI − 2.06 to − 1.27; p < 0.001; 
I2 = 77%), Lp(a) (WMD − 0.99, 95% CI − 1.37 to − 0.62; 
p < 0.001; I2 = 77.3%), Apo B (WMD − 1.66, 95% CI − 2.04 
to − 1.27; p < 0.001; I2 = 80.1%) (Fig. 3), HDL-C (WMD 
0.11, 95% CI − 0.03 to 0.26; p = 0.124; I2 = 18.4%), tri-
glycerides (TG) (WMD − 0.61, 95% CI − 0.76 to − 0.46; 

Fig. 1  Flow chart of the num-
ber of studies identified and 
included in the meta-analysis



755Efficacy and Safety of Mipomersen

Ta
bl

e 
1 

 B
as

el
in

e 
ch

ar
ac

te
ris

tic
s o

f t
he

 in
cl

ud
ed

 st
ud

ie
s

St
ud

y
St

ud
y 

de
si

gn
M

ai
n 

in
cl

us
io

n 
cr

ite
ria

Tr
ea

tm
en

t 
du

ra
tio

n
St

ud
y 

gr
ou

p
Pa

tie
nt

s (
n)

A
ge

, y
ea

rs
 

(m
ea

n ±
 S

D
)

M
al

e,
 n

 (%
)

Re
es

ka
m

p 
et

 a
l. 

20
19

 [2
7]

M
ul

tic
en

tre
, r

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-
co

nt
ro

lle
d,

 p
ar

al
le

l-g
ro

up
 

cl
in

ic
al

 st
ud

y

H
eF

H
≥

18
 y

ea
rs

 o
f a

ge
LD

L-
C

 ≥
 30

0 
m

g/
dL

 o
r L

D
L-

C
 ≥

 20
0 

m
g/

dL
 p

lu
s d

oc
um

en
te

d 
C

H
D

 o
r C

H
D

 ri
sk

 
eq

ui
va

le
nt

s
M

ax
im

al
ly

 to
le

ra
te

d 
lip

id
-lo

w
er

in
g 

tre
at

m
en

t

60
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

67
55

.2
 ±

 10
.1

25
 (3

7.
3)

Pl
ac

eb
o 

on
ce

 w
ee

kl
y

34
56

.2
 ±

 10
.8

13
 (3

8.
2)

M
ip

om
er

se
n 

70
 m

g 
th

ric
e 

w
ee

kl
y

66
51

.7
 ±

 12
.8

27
 (4

0.
9)

Pl
ac

eb
o 

th
ric

e 
w

ee
kl

y
33

56
.1

 ±
 8.

9
14

 (4
2.

4)

H
eF

H
≥

18
 y

ea
rs

 o
f a

ge
LD

L-
C

 ≥
 16

0 
m

g/
dL

 o
r ≤

 20
0 

m
g/

dL
D

oc
um

en
te

d 
C

H
D

 o
r C

H
D

 ri
sk

 e
qu

iv
al

en
ts

M
ax

im
al

ly
 to

le
ra

te
d 

lip
id

-lo
w

er
in

g 
tre

at
m

en
t

60
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

37
58

.5
 ±

 9
21

 (5
6.

8)
Pl

ac
eb

o 
on

ce
 w

ee
kl

y
17

54
.1

 ±
 10

9 
(5

2.
9)

M
ip

om
er

se
n 

70
 m

g 
th

ric
e 

w
ee

kl
y

36
55

.8
 ±

 9.
8

21
 (5

8.
3)

Pl
ac

eb
o 

th
ric

e 
w

ee
kl

y
19

51
.5

 ±
 11

.1
11

 (5
7.

9)

W
al

dm
an

n 
et

 a
l. 

20
17

 [2
8,

 2
9]

Si
ng

le
-c

en
tre

, r
an

do
m

iz
ed

, 
co

nt
ro

lle
d,

 p
ha

se
 II

 c
lin

i-
ca

l s
tu

dy

H
eF

H
≥

18
 y

ea
rs

 o
f a

ge
LD

L-
C

 ≥
 13

0 
m

g/
dL

 d
es

pi
te

 m
ax

im
al

 p
os

si
bl

e 
lip

id
-lo

w
er

in
g 

tre
at

m
en

t
Li

po
pr

ot
ei

n 
ap

he
re

si
s

26
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y 

at
 

da
y 

4 
af

te
r a

ph
er

es
is

11
64

.5
 ±

 7
6 

(5
4.

5)

N
o 

tre
at

m
en

t
3

53
.7

 ±
 11

.6
3 

(1
00

)

Fl
ai

m
 e

t a
l. 

20
14

 
[3

0]
Si

ng
le

-c
en

tre
, r

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-
co

nt
ro

lle
d,

 p
ha

se
 I 

cl
in

ic
al

 
stu

dy

18
–7

5 
ye

ar
s o

f a
ge

B
od

y 
w

ei
gh

t >
 50

 k
g

Sk
in

 ty
pe

 I–
II

I b
as

ed
 o

n 
th

e 
Fi

tz
pa

tri
ck

 sc
al

e

3 
w

ee
ks

M
ip

om
er

se
n 

30
 m

g 
on

ce
 d

ai
ly

21
47

 (2
8–

61
)a

18
 (8

5.
7)

M
ip

om
er

se
n 

70
 m

g 
tw

ic
e 

w
ee

kl
y

21
50

 (2
2–

69
)a

14
 (6

6.
7)

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

21
52

 (1
9–

70
)a

16
 (7

6.
2)

Pl
ac

eb
o

21
48

 (2
2–

70
)a

14
 (6

6.
7)

Th
om

as
 e

t a
l. 

20
13

 [3
1]

M
ul

tic
en

tre
, r

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-
co

nt
ro

lle
d,

 p
ar

al
le

l-g
ro

up
 

cl
in

ic
al

 st
ud

y

≥
18

 y
ea

rs
 o

f a
ge

LD
L-

C
 ≥

 10
0 

m
g/

dL
C

H
D

 o
r a

t h
ig

h 
ris

k 
fo

r C
H

D
 a

cc
or

di
ng

 to
 th

e 
N

C
EP

-A
TP

 II
I c

rit
er

ia
M

ax
im

al
ly

 to
le

ra
te

d 
st

at
in

 d
os

e

26
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

10
5

59
.3

 ±
 10

52
 (4

9.
5)

Pl
ac

eb
o 

on
ce

 w
ee

kl
y

52
59

.3
 ±

 9.
5

29
 (5

5.
8)

M
cG

ow
an

 e
t a

l. 
20

12
 [3

2]
M

ul
tic

en
tre

, r
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 p

la
ce

bo
-

co
nt

ro
lle

d 
cl

in
ic

al
 st

ud
y

LD
L-

C
 ≥

 19
7.

2 
m

g/
dL

 w
ith

 k
no

w
n 

C
H

D
 o

r 
LD

L-
C

 ≥
 30

1.
6 

m
g/

dL
 in

 a
bs

en
ce

 o
f k

no
w

n 
C

H
D

M
ax

im
al

ly
 to

le
ra

te
d 

lip
id

-lo
w

er
in

g 
tre

at
m

en
t

26
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

39
51

.8
 ±

 14
.3

18
 (4

6.
2)

Pl
ac

eb
o 

on
ce

 w
ee

kl
y

19
47

.9
 ±

 13
.5

7 
(3

6.
8)

St
ei

n 
et

 a
l. 

20
12

 
[3

3]
M

ul
tic

en
tre

, r
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 p

la
ce

bo
-

co
nt

ro
lle

d,
 p

ha
se

 II
I c

lin
i-

ca
l s

tu
dy

≥
18

 y
ea

rs
 o

f a
ge

H
eF

H
 b

y 
ei

th
er

 g
en

et
ic

 c
on

fir
m

at
io

n 
of

 a
n 

LD
L-

R
 d

ef
ec

t o
r a

cc
or

di
ng

 to
 th

e 
SB

R
 

cr
ite

ria
 p

lu
s d

oc
um

en
te

d 
an

d 
st

ab
le

 C
A

D
 a

nd
 

un
tre

at
ed

 L
D

L-
C

 >
 19

0 
m

g/
dL

M
ax

im
al

ly
 to

le
ra

te
d 

st
at

in
 d

os
e,

 w
ith

 o
r w

ith
-

ou
t o

th
er

 li
pi

d-
lo

w
er

in
g 

tre
at

m
en

t

26
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

83
56

.2
 ±

 9.
7

50
 (6

0.
2)

Pl
ac

eb
o 

on
ce

 w
ee

kl
y

41
55

.9
 ±

 9.
3

28
 (6

8.
3)

V
is

se
r e

t a
l. 

20
12

 
[3

4]
R

an
do

m
iz

ed
, d

ou
bl

e-
bl

in
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d,

 p
ar

al
-

le
l-g

ro
up

 c
lin

ic
al

 st
ud

y

H
ig

h 
C

V
 ri

sk
 a

cc
or

di
ng

 to
 th

e 
N

C
EP

-A
TP

 II
I 

cr
ite

ria
St

at
in

 in
to

le
ra

nc
e

LD
L-

C
 ≥

 13
1.

5 
m

g/
dL

26
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

21
55

 (4
6–

69
)a

11
 (5

2)
Pl

ac
eb

o
12

52
 (3

9–
68

)a
4 

(3
3)



756 F. Fogacci et al.

BM
I B

od
y 

m
as

s 
in

de
x,

 C
AD

 c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

, C
H

D
 c

or
on

ar
y 

he
ar

t d
is

ea
se

, C
V 

ca
rd

io
va

sc
ul

ar
, H

eF
H

 h
et

er
oz

yg
ou

s 
fa

m
ili

al
 h

yp
er

ch
ol

es
te

ro
la

em
ia

, L
D

L-
C

 lo
w

-d
en

si
ty

 li
po

pr
ot

ei
n 

ch
o-

le
ste

ro
l, 

LD
L-

R 
lo

w
-d

en
si

ty
 li

po
pr

ot
ei

n 
re

ce
pt

or
, N

A 
no

t a
va

ila
bl

e,
 N

C
EP

-A
TP

 II
I N

at
io

na
l C

ho
le

ste
ro

l E
du

ca
tio

n 
Pr

og
ra

m
 A

du
lt 

Tr
ea

tm
en

t P
an

el
 II

I, 
SB

R 
Si

m
on

 B
ro

om
e 

Re
gi

ste
r, 

SD
 st

an
da

rd
 

de
vi

at
io

n,
 T

C
 to

ta
l c

ho
le

ste
ro

l
a  Ex

pr
es

se
d 

as
 m

ed
ia

n 
(m

in
im

um
–m

ax
im

um
)

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
St

ud
y 

de
si

gn
M

ai
n 

in
cl

us
io

n 
cr

ite
ria

Tr
ea

tm
en

t 
du

ra
tio

n
St

ud
y 

gr
ou

p
Pa

tie
nt

s (
n)

A
ge

, y
ea

rs
 

(m
ea

n ±
 S

D
)

M
al

e,
 n

 (%
)

A
kd

im
 e

t a
l. 

20
11

 
[3

5]
Si

ng
le

-c
en

tre
, r

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-
co

nt
ro

lle
d,

 d
os

e-
es

ca
la

tio
n 

cl
in

ic
al

 st
ud

y

18
–6

5 
ye

ar
s o

f a
ge

B
M

I ≥
 25

 k
g/

m
2  a

nd
 ≤

 32
 k

g/
m

2

U
nt

re
at

ed
 L

D
L-

C
 ≥

 13
0 

m
g/

dL
N

o 
lip

id
-lo

w
er

in
g 

tre
at

m
en

t

13
 w

ee
ks

M
ip

om
er

se
n 

50
 m

g 
on

ce
 w

ee
kl

y
8

47
.4

 ±
 7.

2
7 

(8
7.

5)
M

ip
om

er
se

n 
10

0 
m

g 
on

ce
 w

ee
kl

y
8

40
.5

 ±
 8.

2
7 

(8
7.

5)
M

ip
om

er
se

n 
20

0 
m

g 
on

ce
 w

ee
kl

y
8

49
.6

 ±
 8.

5
7 

(8
7.

5)
M

ip
om

er
se

n 
30

0 
m

g 
on

ce
 w

ee
kl

y
8

51
.6

 ±
 9

8 
(1

00
)

M
ip

om
er

se
n 

40
0 

m
g 

on
ce

 w
ee

kl
y

8
55

.4
 ±

 9.
8

8 
(1

00
)

Pl
ac

eb
o

10
52

.3
 ±

 7.
4

8 
(8

0)
A

kd
im

 e
t a

l. 
20

10
a 

[3
6]

M
ul

tic
en

tre
, r

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-
co

nt
ro

lle
d,

 d
os

e-
es

ca
-

la
tio

n,
 p

ha
se

 II
 c

lin
ic

al
 

stu
dy

18
–6

5 
ye

ar
s o

f a
ge

LD
L-

C
 ≥

 10
0 

m
g/

dL
 a

nd
 ≤

 22
0 

m
g/

dL
 o

n 
st

a-
bl

e 
st

at
in

 tr
ea

tm
en

t a
t a

 d
os

e 
of

 ≤
 40

 m
g 

da
ily

5 
w

ee
ks

M
ip

om
er

se
n 

30
 m

g 
on

ce
 w

ee
kl

y
8

58
 ±

 3.
9

6 
(7

5)
M

ip
om

er
se

n 
10

0 
m

g 
on

ce
 w

ee
kl

y
8

57
.4

 ±
 4.

1
4 

(5
0)

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

16
58

.3
 ±

 3.
8

11
 (6

8.
8)

M
ip

om
er

se
n 

30
0 

m
g 

on
ce

 w
ee

kl
y

8
56

.9
 ±

 4.
3

4 
(5

0)
M

ip
om

er
se

n 
40

0 
m

g 
on

ce
 w

ee
kl

y
9

61
.4

 ±
 3.

2
7 

(7
7.

8)
Pl

ac
eb

o
13

N
A

N
A

13
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

10
59

 ±
 4

6 
(6

0)
Pl

ac
eb

o
2

N
A

N
A

A
kd

im
 e

t a
l. 

20
10

b 
[3

7]
M

ul
tic

en
tre

, r
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 p

la
ce

bo
-

co
nt

ro
lle

d,
 d

os
e-

es
ca

-
la

tio
n,

 p
ha

se
 II

 c
lin

ic
al

 
stu

dy

H
eF

H
18

–7
5 

ye
ar

s o
f a

ge
LD

L-
C

 ≥
 13

0 
m

g/
dL

St
ab

le
 c

on
ve

nt
io

na
l l

ip
id

-lo
w

er
in

g 
tre

at
m

en
t

6 
w

ee
ks

M
ip

om
er

se
n 

50
 m

g 
on

ce
 w

ee
kl

y
8

49
 ±

 12
5 

(6
2.

5)
M

ip
om

er
se

n 
10

0 
m

g 
on

ce
 w

ee
kl

y
8

53
 ±

 11
5 

(6
2.

5)
M

ip
om

er
se

n 
20

0 
m

g 
on

ce
 w

ee
kl

y
11

56
 ±

 13
4 

(3
6.

4)
M

ip
om

er
se

n 
30

0 
m

g 
on

ce
 w

ee
kl

y
9

47
 ±

 7
6 

(6
6.

7)
Pl

ac
eb

o
8

54
 ±

 10
6 

(7
5)

R
aa

l e
t a

l. 
20

10
 

[3
8]

M
ul

tic
en

tre
, r

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-
co

nt
ro

lle
d,

 p
ha

se
 II

I c
lin

i-
ca

l s
tu

dy

H
oF

H
≥

12
 y

ea
rs

 o
f a

ge
LD

L-
C

 ≥
 13

1.
5 

m
g/

dL
B

od
y 

w
ei

gh
t >

 40
 k

g
M

ax
im

al
ly

 to
le

ra
te

d 
lip

id
-lo

w
er

in
g 

tre
at

m
en

t

26
 w

ee
k

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

34
30

.4
 ±

 11
.5

15
 (4

4)
Pl

ac
eb

o
17

33
 ±

 14
.1

7 
(4

1)

V
is

se
r e

t a
l. 

20
10

 
[3

9]
Si

ng
e-

ce
nt

re
, r

an
do

m
iz

ed
, 

do
ub

le
-b

lin
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

cl
in

ic
al

 st
ud

y

H
eF

H
18

–7
5 

ye
ar

s o
f a

ge
LD

L-
C

 ≥
 10

0.
5 

m
g/

dL

13
 w

ee
ks

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

10
49

 ±
 12

6 
(6

0)
Pl

ac
eb

o
11

46
 ±

 1
3 

(2
7.

3)

K
as

te
le

in
 e

t a
l. 

20
06

 [4
0]

R
an

do
m

iz
ed

, d
ou

bl
e-

bl
in

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d,
 d

os
e-

es
ca

la
tio

n 
cl

in
ic

al
 st

ud
y

18
–6

5 
ye

ar
s o

f a
ge

TC
 <

 30
0 

m
g/

dL
55

 d
ay

s
M

ip
om

er
se

n 
50

 m
g 

on
ce

 w
ee

kl
y

8
45

 ±
 11

4 
(5

0)
M

ip
om

er
se

n 
10

0 
m

g 
on

ce
 w

ee
kl

y
8

48
 ±

 9
6 

(7
5)

M
ip

om
er

se
n 

20
0 

m
g 

on
ce

 w
ee

kl
y

9
58

 ±
 6

3 
(3

3.
3)

M
ip

om
er

se
n 

40
0 

m
g 

on
ce

 w
ee

kl
y

4
51

 ±
 9

2 
(5

0)
Pl

ac
eb

o
7

57
 ±

 3
3 

(4
2.

9)



757Efficacy and Safety of Mipomersen

Table 2  Quality of bias assessment of the included studies according to Cochrane guidelines

L low risk of bias, H high risk of bias, U unclear risk of bias

Study Sequence 
generation

Allocation 
concealment

Blinding of participants, 
personnel and outcome assess-
ment

Incomplete 
outcome data

Selective out-
come reporting

Other poten-
tial threats to 
validity

Reeskamp et al. 2019 [27] L L L L L L
Waldmann et al. 2017 [28, 29] L L H L L H
Flaim et al. 2014 [30] L L L L L L
Thomas et al. 2013 [31] L L L L L L
McGowan et al. 2012 [32] L L L L L L
Stein et al. 2012 [33] L L L L L L
Visser et al. 2012 [34] L L L L L L
Akdim et al. 2011 [35] L L L L L L
Akdim et al. 2010a [36] L L L L L L
Akdim et al. 2010b [37] L L L L L L
Raal et al. 2010 [38] L L L L L L
Visser et al. 2010 [39] L L L L L L
Kastelein et al. 2006 [40] L L L L L L

Fig. 2  Forest plot displaying weighted mean difference and 95% confidence intervals (CI) for the impact of mipomersen on plasma LDL-C con-
centrations. LDL-C low-density lipoprotein cholesterol
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p < 0.001; I2 = 45.1%], very-low-density lipoprotein choles-
terol (VLDL-C) (WMD − 0.58, 95% CI − 0.73 to − 0.43; 
p < 0.001; I2 = 18.1%) and Apo A-I (WMD − 0.25, 95% CI 
− 0.51 to − 0.001; p = 0.049; I2 = 54.8%), without affect-
ing HDL-C levels (WMD 0.11, 95% CI − 0.03 to 0.26; 
p = 0.124; I2 = 18.4%) (Fig. 4). The effect sizes were robust 
in the leave-one-out sensitivity analysis and not mainly 
driven by a single study (Figs. S1, S2, see ESM).

Visual inspection of Begg’s funnel plot revealed a 
slight asymmetry, suggesting potential publication bias 
for the effect of mipomersen on serum HDL-C concentra-
tions (Fig. 5). This asymmetry was imputed to six poten-
tially missing studies on the right side of the funnel plot, 
which increased the estimated effect size to 0.16 (95% CI 
0.01–0.30), reaching statistical significance. In addition, 
Duval and Tweedie’s ‘trim and fill’ method yielded three 
potentially missing studies on the left side of the funnel plot, 
increasing the effect size on TC to − 1.69 (95% CI − 2.10 
to − 1.29); two potentially missing studies on the left side 
of the plot increasing the effect size on TG to − 0.64 (95% 
CI − 0.79 to − 0.49); three potentially missing studies on 
the left side of the plot increasing the effect size on LDL-C 
to − 1.65 (95% CI − 1.98 to − 1.32); one potentially miss-
ing study on the left side of the plot increasing the effect 
size on non HDL-C to − 1.74 (95% CI − 2.14 to − 1.34); 
four potentially missing studies on the left side of the fun-
nel increasing the effect size on VLDL to − 0.61 (95% CI 
− 0.75 to − 0.46); two potentially missing studies on the left 
side of the plot increasing the effect size on Lp(a) to − 1.11 
(95% CI − 1.48 to − 0.73), four potentially missing studies 
on the left side of the plot increasing the effect size on Apo 
B to − 1.83 (95% CI − 2.21 to − 1.45) and seven potentially 
missing studies on the left side of the plot that lowered the 
effect size on Apo A-I to − 0.45 (95% CI − 0.68 to − 0.21). 
However, Begg’s rank correlation confirmed the presence 
of publication bias only for LDL-C (p = 0.03), non-HDL-C 
(p = 0.047) and Apo B (p = 0.03) and similar results were 
not observed even with Egger’s linear regression method 
(p > 0.05 always).

The classic fail-safe N test suggested that 1311 studies 
with negative results would be needed to bring the estimated 
effect size on TC to a non-significant level (p > 0.05); 147 
studies with negative results would be needed to bring 
the estimated effect size on TG to a non-significant level 
(p > 0.05); 2476 studies with negative results would be 
needed to bring the estimated effect size on non LDL-C to 
a non-significant level (p > 0.05); 170 studies with negative 
results would be needed to bring the estimated effect size 
on VLDL to a non-significant level (p > 0.05); 419 studies 
with negative results would be needed to bring the estimated 
effect size on Lp(a) to a non-significant level (p > 0.05); 
2789 studies with negative results would be needed to bring 
the estimated effect size on Apo B to a non-significant level 

(p > 0.05) and 27 studies with negative results would be 
needed to bring the estimated effect size on Apo A-I to a 
non-significant level (p > 0.05).

3.4  Safety Analysis

Primary outcomes were adverse events leading to discon-
tinuation of treatment, death, MACE (i.e. acute myocardial 
infarction, coronary artery disease, angina pectoris, unsta-
ble angina, supraventricular extrasystoles, cardiac failure, 
ischaemic stroke), injection-site reaction (i.e. injection-site 
erythema, discolouration, pain, swelling, pruritus, haema-
toma, induration, discomfort, inflammation, nodule), fatigue, 
headache, dizziness, flu, flu-like symptoms, nasopharyngi-
tis, cough, muscle symptoms (i.e. muscle fatigue, myalgia, 
muscle spasms, muscle stiffness), back pain, pain in extrem-
ity, chest pain, hepatic steatosis, nausea, constipation, diar-
rhoea, upper abdominal pain, lower abdominal pain, upper 
respiratory tract infection, urinary tract infection, creatinine 
elevation, hepatic enzymes elevation and C-reactive protein 
(CRP) elevation.

Mipomersen was positively associated with an increased 
risk of discontinuation of treatment, injection-site reaction, 
hepatic steatosis, hepatic enzymes elevation and flu-like 
symptoms (Fig. 6; Table S1 [see ESM]). These findings were 
robust in the leave-one-out sensitivity analyses (Fig. S3, see 
ESM). The incidence of the other adverse events did not 
differ between groups (Table S1, see ESM).

Visually, the funnel plot of standard error by log odds 
ratio was slightly asymmetric for risk of injection-site reac-
tion and hepatic steatosis. This asymmetry was imputed to 
ten potentially missing studies on the left side of the funnel 
plot that lowered the estimated risk of injection-site reaction 
to 9.71 (95% CI 6.84–13.79) and two potentially missing 
studies on the left side of the plot that lowered the estimated 
risk of hepatic steatosis to 3.92 (95% CI 1.74–8.84) (Fig. 
S4, see ESM). In addition, Duval and Tweedie’s ‘trim and 
fill’ method yielded three potentially missing studies on the 
right side of the funnel plot, increasing the estimated risk of 
hepatic enzymes elevation to 4.46 (95% CI 2.64–7.53), and 
two potentially missing studies always on the right side of 
the plot, increasing the estimated risk of flu-like symptoms 
to 2.07 (95% CI 1.49–2.87) (Fig. S5, see ESM). However, 
Egger’s linear regression and Begg’s rank correlation did 
not confirm the presence of any publication bias in the cur-
rent meta-analysis (p > 0.05 always). Finally, the classic fail-
safe N test suggested that 55 studies with negative results 
would be needed to bring the estimated risk of treatment 
discontinuation to a non-significant level (p > 0.05); 1037 
studies with negative results would be needed to bring the 
estimated risk for injection-site reaction to a non-significant 
level (p > 0.05); 12 studies with negative results would be 
needed to bring the estimated risk of hepatic steatosis to 
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a non-significant level (p > 0.05); 28 studies with negative 
results would be needed to bring the estimated risk of hepatic 
enzymes elevation to a non-significant level (p > 0.05) and 
34 studies with negative results would be needed to bring 
the estimated risk of flu-like symptoms to a non-significant 
level (p > 0.05).

4  Discussion

By analysing data from 13 randomized control studies 
including a total of 1053 patients, this meta-analysis showed 
that mipomersen significantly reduced TC (−  21.4%); 
LDL-C (−  26.4%); TG (−  16.2%); Lp(a) (−  22.7%); 

VLDL-C (− 19.6%); and non-HDL-C (− 28.1%) without 
affecting HDL-C levels (+ 1.4%). These findings strengthen 
those previously reported by Panta et al., based on 462 
patients [41].

Despite favourable effects on the lipid profile, including 
Lp(a), some concerns are reinforced from the safety profile. 
As a matter of fact, mipomersen therapy is more likely dis-
continued and associated with increased risk of injection-site 
reactions, hepatic steatosis, hepatic enzyme elevation, and 
flu-like symptoms. Elevated liver enzymes can be attenu-
ated by reducing the mipomersen dose, reducing dosing 
frequency, or temporarily stopping mipomersen [27, 32, 
35, 42]. However, there is limited evidence on the effect of 
mipomersen on hepatic steatosis or fibrosis assessed by liver 

Fig. 5  Funnel plot detailing publication bias in the studies reporting the impact of mipomersen on serum lipid concentrations. HDL high-density 
lipoprotein, LDL low-density lipoprotein, VLDL very-low-density lipoprotein
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biopsies [43], and so longer-term follow-up studies with 
mipomersen are needed to evaluate the longer-term risk for 
permanent hepatic injury and adverse histological change.

Interestingly, only one of the currently available con-
trolled clinical trials enrolled patients with HoFH [38]; 
consequently, the current pharmacological indication of 
mipomersen seems not to be supported by an adequate body 
of evidence.

Results from clinical trials conducted with drugs affect-
ing serum LDL-C levels have shown that every 1 mmol/L 
(39 mg/dL) reduction in LDL-C levels is associated with a 
19% reduction in coronary mortality as well as a 22% reduc-
tion in MACE [44]. In accordance with the latest European 
guidelines [45], LDL-C targets in HoFH are < 2.5 mmol/L 
(< 100 mg/dL) [< 3.5 mmol/L (< 135 mg/dL) in children], 
or < 1.8 mmol/L (< 70 mg/dL) in adults with clinical ath-
erosclerotic cardiovascular disease. However, the majority 
of FH patients do not reach their LDL-C guideline rec-
ommended goals, although mipomersen has been shown 
to increase the attainment rates. Nevertheless, the MACE 
rate in the mipomersen trials was 9.5 events/1000 months 
of treatment, which is equivalent to an 11.4% annualized 
event rate [46]. Conversely, the lomitapide studies reported a 
rate of 1.7 MACE events/1000 months (equivalent to a 2.0% 
annualized event rate) [47, 48], and the TAUSSIG (Trial 
Assessing Long-Term Use of PCSK9 Inhibition in Subjects 
with Genetic LDL Disorders) trial had a MACE rate of 
1.8 events/1000 months (equivalent to a 2.1% annualized 
event rate) [49]. For this reason, lomitapide and the PCSK9 
inhibitor evolocumab may represent an optimal therapeutic 
opportunity for homozygous FH patients as an alternative to 
mipomersen. As a matter of fact, both TESLA (Trial Eval-
uating PCSK9 Antibody in Subjects With LDL Receptor 
Abnormalities) and TAUSSIG clinical trials showed that the 
PCSK9 inhibitor evolocumab promotes a 20–30% reduction 
in LDL-C in HoFH patients on top of conventional lipid-
lowering therapies, and also lomitapide seems to be pretty 
promising [49–52], with a better safety profile than mipom-
ersen. In addition, the use of evolocumab as an adjunctive 
therapy for HoFH subjects seems to be further supported 
by the markedly elevated PCSK9 levels that HoFH patients 
have in comparison with HeFH or non-FH subjects [53].

Our analysis also shows that mipomersen reduces Lp(a) 
by 22.7%, which represents an independent risk factor for 
the development of cardiovascular disease [54]. This effect, 
which has just been investigated by Nandakumar et al. [55], 
seems to be due to an increased fractional catabolic rate 
(FCR) of Lp(a) and could definitely contribute to the reduc-
tion of the CV risk, especially in patients with high Lp(a) 
levels at baseline. However, in the light recent statements by 
Burgess et al., this essay has to be critically evaluated [56].

Finally, mipomersen antisense inhibition of apoB synthe-
sis reduces plasma concentrations of apolipoprotein C-III 

(apo C-III) and apo C-III-containing lipoproteins by which 
TG and VLDL-C decrease [57]. Remarkably, this is of par-
ticular importance since lower concentrations of apoC-III 
and LDL with apoC-III have been associated with reduced 
risk of cardiovascular disease regardless of other traditional 
risk factors [57, 58].

In conclusion, the current meta-analysis demonstrates 
the positive effects of mipomersen on lipid profile, but also 
emphasizes the multiple adverse effects exerted by mipom-
ersen with uncertainty regarding long-term effects, such as 
risk for hepatic injury. To date, there is no apparent reason 
to stop taking mipomersen when it is effective and well tol-
erated, even though a careful monitoring of liver function 
is needed. Furthermore, the PCSK9 monoclonal antibodies 
should be considered as a valid alternative to mipomersen 
for the treatment of HoFH patients. As a matter of fact, the 
development of the PCSK9 inhibitor evolocumab showed 
efficacy similar to mipomersen with respect to LDL-C lev-
els, with a better safety profile.
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