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ABSTRACT

Introduction: Homozygous familial hyperc-
holesterolaemia (HoFH) is a rare, autosomal
disease affecting the clearance of low-density
lipoprotein cholesterol (LDL-C) from circula-
tion, and leading to early-onset atherosclerotic
cardiovascular disease (ASCVD). Treatment
consists mainly of statins, lipoprotein apheresis
(LA) and, more recently, the microsomal
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triglyceride transfer protein inhibitor lomi-
tapide. Lomitapide is not licensed for use in
children, but has been made available through
an expanded access programme or on a named
patient basis.

Methods: This case series includes 11 HoFH
patients in 10 different centres in eight coun-
tries, less than 18years of age (mean
11.6 + 1.1 years, 64% male), with signs of
ASCVD, and who have received treatment with

lomitapide (mean dose 24.5 + 4.3 mg/day;
mean exposure 20.0 £ 2.9 months). Back-
ground lipid-lowering therapy was given

according to local protocols. Lomitapide was
commenced with a stepwise dose escalation
from 2.5mg or 5 mg/day; dietary advice and
vitamin supplements were provided as per the
product label for adults. Laboratory analysis was
conducted as part of regular clinical care.
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Results: In the 11 cases, mean baseline LDL-C
was 422 4+ 2454 mg/dL and was markedly
reduced by lomitapide to a mnadir of
192.2 £ 163.2 mg/dL (56.7 + 21.7% decrease).
Six patients achieved recommended target
levels for children below 135 mg/dL, three of
whom had LA frequency reduced and a further
three stopped LA. In one case, LDL-C levels were
close to target when lomitapide was started but
remained stable despite 75% reduction in LA
frequency (from twice weekly to biweekly).
Adverse events were mainly gastrointestinal in
nature, occurred early in the treatment course
and were well managed. Three patients with
excursions in liver function tests were managed
chiefly without intervention; two patients had
decreases in lomitapide dose.

Conclusions: Lomitapide demonstrated
promising effectiveness in paediatric HoFH
patients. Adverse events were manageable, and
the clinical profile of the drug is apparently
similar to that in adult patients.
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INTRODUCTION

Homozygous familial hypercholesterolaemia
(HoFH) is a rare, genetic autosomal co-domi-
nant disease, with mutated alleles in the genes
involved in the low-density lipoprotein receptor
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(LDL-R) pathway, including LDL-R,
apolipoprotein B (ApoB) and pro-protein con-
vertase subtilisin/kexin type 9 (PCSK9), and the
recessive LDL-R adapter protein 1 (LDLRAPI).

Patients with the HoFH phenotype present
with very high LDL cholesterol (LDL-C) levels
from birth [1]. This leads to early onset
atherosclerotic cardiovascular disease (ASCVD),
as well as aortic or supra aortic valve disease,
which in turn causes a range of associated life-
threatening cardiac conditions [1]. If HoFH goes
undetected or untreated, the average age at
which patients develop ASCVD is 12.5 years and
mean survival is 18 years [2].

Clearly, there is a need to not only diagnose
HoFH promptly in childhood but also to pro-
vide effective treatments. For paediatric patients
with HoFH, this is particularly problematic.
Statins can be used, and recent data have shown
that there are no concerns regarding growth
rate and plasma levels of creatinine kinase, ala-
nine aminotransferase (ALT) and aspartate
aminotransferase (AST) in children receiving
these drugs [3]. However, as a result of the
genetic profile of HoFH whereby some patients
can have extremely low levels of LDL-R func-
tionality [1], statins may not be as effective as
they would be in an individual with residual
LDL-R activity. Furthermore, non-statin lipid-
lowering therapies like ezetimibe and PCSK9
inhibitors seldom bring LDL-C to recom-
mended levels despite additional cholesterol
lowering [4].

Lipoprotein apheresis (LA) is a mainstay of
lipid-lowering therapy (LLT) for patients with
HoFH. The procedure involves the extracorpo-
real removal of cholesterol and in children this
can present technical, clinical and social chal-
lenges such as mild hypotension, pain, venous
access, iatrophobia, trypanophobia and time
away from normal activities [5]. Nevertheless,
LA has been successfully applied in children as
young as 3 years [S].

LA is an effective treatment, and can reduce
LDL-C levels by more than 50% and delay the
onset of ASCVD [6-8]. However, LDL-C levels
rebound to baseline within 2 weeks of an LA
procedure [9]. A systematic analysis of LA in
children found that only selective LA tech-
niques were capable of enabling patients to
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reach at least 70% acute reduction in LDL-C per
session [10]. Therefore, even with the applica-
tion of LA, patients will experience long-term
elevated levels of LDL-C, which continually
exposes them to risks of developing premature
ASCVD [11]. For this reason, clinical recom-
mendations suggest weekly LA regimens. How-
ever, for some HoFH patients, LA is a
tremendous burden on time, school and work-
ing patterns. There can be additional problems
with the ability to attend treatment centres, and
in some countries, LA is not available at all [12].

Although not in full-time work, as children
become older, they need to be able to devote
increasing amounts of time to schooling, social
activity and sports. Given the problems of
applying LA in the very young, increasing time
commitments as age advances, and the reduced
effectiveness of statins, other therapies are
needed in paediatric patients with HoFH.

Lomitapide is a microsomal triglyceride
transfer protein (MTP) inhibitor that reduces
plasma LDL-C levels independently of LDL-R
activity. Lomitapide is approved as an adjunct to
lipid-lowering treatment, with or without
apheresis, in adult patients with HoFH [13, 14].
In clinical trials, patients receiving lomitapide,
added to standard of care, achieved mean
reductions in LDL-C from 40% to 50% and a
mean reduction of up to 76.5% in patients in
‘real-world’ use [15-17]. Up to 51-68% patients
achieved the European Atherosclerosis Society
(EAS) recommended LDL-C target for adults of
less than 100 mg/dL; 40-42% patients achieved
less than 70 mg/dL [1, 15, 18, 19]. Notably, in the
extension phase of the lomitapide phase 3 clini-
cal trial, 14 (74%) and 11 (58%) of the 19 patients
who remained in the extension study after
week 126 reached LDL-C targets of 100 mg/dL
and 70 mg/dL, respectively, at least once during
the study period [20]. Lomitapide has been made
available to paediatric patients in response to
requests from physicians as part of an expanded
access programme or on a named patient basis.
Recently the first case of lomitapide use for over
4 years in a HoFH child was published [21].

In this paper, we have gathered data from
some of the paediatric patients treated with
lomitapide and evaluated the overall effective-
ness. The cases described here have been

deemed ‘urgent to treat’ due to the early pres-
ence of ASCVD, lack of sufficient response to
standard-of-care treatment, and inability to wait
for a paediatric trial that is due to commence in
2019 and enrol patients from at least 5 to at
most 18 years of age.

METHODS

Physicians involved in the treatment of HoFH
requested access to treat their paediatric
patients with lomitapide either as part of an
expanded access programme or on a named
patient basis. Some of the physicians had prior
experience of lomitapide use in adult patients.
Patients were treated in 10 different centres in
eight countries (Qatar, Spain, Greece, Denmark,
Norway, Argentina, Israel and Brazil).

In all cases, lomitapide was commenced at a
low dose, and gradually escalated. The starting
dose was as low as 2.5 mg/day in some children
(e.g. those below 10 years of age) and was selected
on the basis of the protocol of the planned pae-
diatric study using the calculated doses of both
physiologically based pharmacokinetic mod-
elling and allometric scaling, based on adult ref-
erences. Lomitapide administration does not
involve weight-based dosing. Efficacy, hepatic
safety and tolerability guide dose escalation.
Therefore, any differences in exposure that may
be affected by body weight are accommodated in
the dosing schedule. Background LLT was pro-
vided according to local protocols and treatment
availability. Dietary counselling and vitamin E,
omega 3 and omega 6 supplements were pro-
vided as per the adult product label for lomi-
tapide, but at lower doses of vitamin E in some
cases, as required. Patients and carers were
advised that lomitapide should be accompanied
with a low-fat diet whereby less than 20% of total
daily energy is derived from fat. Patients also
underwent regular monitoring of liver function,
and had laboratory measurements, including
lipid panels recorded during the normal course of
their treatment.

Data were recorded according to local prac-
tice; therefore, there is some variation in the
type, presentation and time period of data
between the patients. For this reason, data are
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Fig. 1 Evolution of LDL-C values in case 1 with lomitapide
therapy. Upper panel shows mean interval LDL-C levels for
patient 1. Middle panel shows lomitapide dose changes over
time. Lower panel shows corresponding ALT (closed circles)
and AST (open squares) levels over the same period. Dotted line
on upper panel shows EAS targets for LDL-C levels in children

with HoFH. Dotted line on lower panel indicates 3x upper
limit of normal for LFTs; ALT alanine aminotransferase, AST
aspartate aminotransferase, EAS European Atherosclerosis
Society, HoFH homozygous familial hypercholesterolacmia,
LDL-C low-density lipoprotein cholesterol, LFT's liver function
tests, Q2W every 2 weeks, ULN upper limit of normal
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Fig. 2 Evolution of LDL-C values in case 2 with lomi-
tapide therapy. Upper panel shows mean interval LDL-C
levels for patient 2. Middle panel shows lomitapide dose
changes over time. Lower panel shows corresponding ALT
(closed circles) and AST (open squares) levels over the
same period. Dotted line on upper panel shows EAS
targets for LDL-C levels in children with HoFH. Dotted
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line on lower panel indicates 3x upper limit of normal for
LFTs; ALT alanine aminotransferase, AST aspartate
aminotransferase, £4S European Atherosclerosis Society,
HoFH homozygous familial hypercholesterolacmia, LDL-
C low-density lipoprotein cholesterol, LFT5 liver function
tests, Q2W every 2 weeks, ULN upper limit of normal

A\ Adis



Adv Ther (2023) 36:1786-1811

1791

presented chiefly as individual patient profiles
rather than cohort-based statistics. Baseline
LDL-C readings were recorded from samples
taken at the clinic visit immediately prior to the
commencement of lomitapide. LDL-C nadir
reading values were defined as the lowest level
achieved after commencement of lomitapide.

Compliance with Ethics Guidelines

The cases described in this paper were treated in
the normal course of care, and not as part of a
clinical trial requiring IRB or ethical committee
approval. All of the included patients have
provided verbal consent for the data to be
published, and a consent form has been lodged
in the patient case notes for parental/guardian
consent documentation.

RESULTS

Case 1

This is 13-year-old girl with a homozygous LDLR
¢.313+5G>A mutation and evidence of an aortic
root plaque. Her parents are first-degree cousins,
both with heterozygous FH (HeFH).

This patient was initially treated with statins,
ezetimibe and biweekly LA but the patient
remained with increased LDL-C and evidence of
atherosclerotic disease in the form of an aortic
root plaque. Evolocumab was tried, but only for
3 months because of lack of response. With a
background therapeutic regimen of atorvastatin
40 mg/day, ezetimibe 10 mg/day and biweekly
(Q2W) LA, mean interval LDL-C levels were
263 mg/dL. The patient was commenced on
lomitapide 5 mg/day. The patient initially suf-
fered from nausea, occasional vomiting,
reduced appetite and increased stool frequency;
however, these symptoms became tolerable and
no other adverse events were observed. Liver
enzymes remained within normal limits. The
patient was gradually escalated to lomitapide
20 mg/day and atorvastatin 40 mg/day with
cessation of LA. Mean interval LDL-C levels are
now maintained at 72 mg/dL (76% decrease)
without the need for LA (Fig. 1). The patient has

Fig. 3 Evolution of LDL-C values in case 3 with lomi-»™
tapide therapy. Upper panel shows mean interval LDL-C
levels for patient 3. Middle panel shows lomitapide dose
changes over time. Lower panel shows corresponding ALT
(closed circles) and AST (open squares) levels over the
same period. Dotted line on upper panel shows EAS
targets for LDL-C levels in children with HoFH. Dotted
line on lower panel indicates 3x upper limit of normal for
LFTs; ALT alanine aminotransferase, A4ST aspartate
aminotransferase, EAS European Atherosclerosis Society,
HoFH homozygous familial hypercholesterolacmia, LDL-
C low-density lipoprotein cholesterol, LFTs liver function
tests, Q2 every 2 weeks, Q3W every 3 weeks, ULN upper

limit of normal

been treated for over 18 months with no alter-
ation in liver enzymes (Fig. 1).

Case 2

This is a 12-year-old boy with a homozygous
LDLR c.682G>T mutation. Both parents have
HeFH. The patient has left ventricle dilatation,
mild aortic regurgitation and atherosclerotic
plaques (1.5-2.1 mm thick) in both carotid
bulbs, and in the common and internal carotid
arteries. Imaging revealed diffuse atheroscle-
rotic involvement of all coronary arteries, but
this was not clinically significant.

The patient was treated with rosuvastatin
20 mg/day, ezetimibe 10 mg/day, LA Q2W, but
mean interval LDL-C levels remained increased
at approximately 300 mg/dL. The patient was
commenced on lomitapide 5 mg/day following
a normal FibroScan test. Rosuvastatin
20 mg/day, ezetimibe 10 mg/day and LA Q2W
were maintained.

Mean interval LDL-C levels decreased mod-
estly over 2 months (Fig. 2). The patient then
took a vacation with no LA, and experienced an
increase in LDL-C levels that was gradually
brought under control with escalating doses of
lomitapide. Overall, LDL-C levels decreased by
50-70%. There has been no evidence of adverse
events to lomitapide, and liver function tests
(LFTs) remain normal (Fig. 2). Gastrointestinal
(GI) complaints were only present when dietary
advice was not followed. The patient achieved
an LDL-C nadir of 98 mg/dL (70% reduction).
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LA intervals have been gradually extended to
Q4W with a modest increase in LDL-C levels to
184 mg/dL (44% reduction from baseline).

Case 3

This is a 16-year-old boy diagnosed with HoFH
at the age of 10 months on the basis of devel-
opment of xanthomas, LDL-C levels 981 mg/dL,
and LDLR genotyping with the finding of
homozygosity for the LDLR mutation
¢.119_1207del. Both parents have HeFH, and
the patient has a right coronary lesion evident
on computed tomography, which has been
treated with percutaneous revascularisation (at
the age of 14 years). The patient was com-
menced on statins at the age of 2 years, which
was gradually escalated to rosuvastatin
20 mg/day, ezetimibe 10 mg/day and coleseve-
lam 3250 mg/day. At the age of 5 years, weekly
LA was commenced, which resulted in regres-
sion of xanthomas by the age of 10 years, but
without complete control of LDL-C levels
(mean interval LDL-C 168 mg/dL).

In 2016, at age 14 years, the patient was
commenced on evolocumab 420 mg QW with
no effect on LDL-C levels. The following year,
lomitapide was commenced at 5 mg/day, and
gradually escalated to 40 mg/day. Mean interval
LDL-C levels were reduced to 75-83 mg/dL,
which represents a greater than 60% reduction
in LDL-C (Fig. 3).

The patient began to have some recurrent
issues with elevated liver enzymes, possibly
related to rosuvastatin, which had caused this
in the past. Lomitapide dose was reduced to
30 mg/day, and rosuvastatin briefly stopped
while the LFTs resolved. Eventually, LA intervals
were extended to every 2-3 weeks and rosuvas-
tatin was permanently stopped. The patient
remained on lomitapide 40 mg/day. Increasing
lomitapide dose to 45 mg/day was associated
with an increase in LFTs that was brought under
control with dose reduction and gradual re-
escalation. The patient is now doing well on
lomitapide 60 mg/day with an LDL-C level of
just 90.8 mg/dL and LA Q2W. There has been
no evidence of GI adverse events apart from
mild flatulence.

Case 4

This patient is a 7-year-old boy with compound
heterozygote mutations in LDLR c.666C>A and
¢.1646C>A. The patient has a sister with HoFH
who is on LA and not part of this patient series.
Both parents have HeFH. The patient has a large
aortic plaque extending the length of the tho-
rax with 25-50% narrowing of the lumen.

Before lomitapide, the patient was treated
with  rosuvastatin 40 mg/day, ezetimibe
10 mg/day and colesevelam 625 mg/day. No LA
was used as a result of venous access issues. LDL-
C levels were increased at 833 mg/dL. The
patient underwent dose reduction of rosuvas-
tatin (20mg) and was commenced on lomi-
tapide 2.5 mg/day, which was gradually
escalated to 30 mg/day in 5-mg increments.
LDL-C levels reduced by 57% to 360 mg/dL
(Fig. 4). Notably, this patient has been treated
for over 18 months and has not experienced
any side effects of lomitapide.

Case 5

This patient is an 11-year-old girl with a
homozygous duplication spanning the pro-
moter region to exon 6 of LDLR (c.-187-? 940+?
Dup) [21]. Family history includes sudden death
in an older brother aged 17. Another brother
has HoFH with aortic stenosis and a non-critical
obstruction of the right coronary artery. The
patient presented with non-critical aortic
stenosis/supra aortic stenosis, and non-ob-
structive plaques in the carotid arteries. Her
computed tomography angiography showed no
signs of coronary artery disease.

The patient commenced LLT at the age of
2 years when LDL-C levels were 1009 mg/dL. Up
until the age of 7, she was treated with ator-
vastatin 40 mg/day and ezetimibe 10 mg/day
and her LDL-C level was 453 mg/dL. LA is not
available in the patient’s home country.

At age 7, atorvastatin dose was decreased to
10 mg/day, and lomitapide was commenced at
a dose of 5mg/day. Over the next year, lomi-
tapide was escalated to 30 mg/dL but this dose
was reduced back to 20 mg/day as a result of
diarrhoea. LDL-C levels were effectively reduced
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Fig. 4 Evolution of LDL-C values in case 4 with lomitapide
therapy. Upper panel shows mean interval LDL-C levels for
patient 4. Middle panel shows lomitapide dose changes over
time. Lower panel shows corresponding ALT (closed circles)
and AST (open squares) levels over the same period. Dotted
line on upper panel shows EAS targets for LDL-C levels in
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increase in LDL-C levels. Following resolution
of the issues, reintroduction of lomitapide
resulted in the expected decrease in LDL-C
levels.
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«Fig. 5 Evolution of LDL-C values in case 5 with lomitapide
therapy. Upper panel shows mean interval LDL-C levels for
patient 5. Middle panel shows lomitapide dose changes over
time. Lower panel shows corresponding ALT (closed circles)
and AST (open squares) levels over the same period. Dotted
line on upper panel shows EAS targets for LDL-C levels in
children with HoFH. Dotted line on lower panel indicates 3 x
upper limit of normal for LFT's; AL T alanine aminotransferase,
AST aspartate aminotransferase, EAS European Atherosclero-
sis Society, HoFH homozygous familial hypercholesterolacmia,
LDL-C low-density lipoprotein cholesterol, LFT5 liver func-
tion tests, ULN upper limit of normal

The patient is now maintained on atorvas-
tatin 60 mg/day, ezetimibe 10 mg/day and
lomitapide 20 mg/day and has been treated
with lomitapide for 4 years. She continues to
develop normally and had her menarche at the
age of 11 years. LDL-C levels are 266 mg/dL
(38% reduction from pre-lomitapide values). A
routine check-up revealed no calcification in
the coronary arteries; however, there were signs
of aortic stenosis and supra aortic stenosis, and
some non-obstructive plaques in the carotid
arteries, but these are not considered to be life-
threatening. There were no elevations of liver
enzymes during treatment. A detailed history of
this patient has been published by Chacra et al.
[21].

Case 6

This is a 16-year-old boy with compound
heterozygote mutations LDLR ¢.131G>A and
€.2043C>A and a history of HeFH in both parents
(LDL-Clevels at 271 mg/dL and 387 mg/dL). The
patient has carotid plaques occluding 25-30% of
the carotid lumina, but with no impairment of
perfusion. The patient was diagnosed with HoFH
at the age of 9 years with Achilles’ xanthomata
and LDL-C levels at 900 mg/dL. LLT with rosu-
vastatin 20 mg/day, ezetimibe 10 mg/day and
weekly apheresis was started, with dietary mod-
ifications to reduce fat intake to 15% of total
energy. On this regimen, mean interval LDL-C
levels reduced to 206 mg/dL.

As the patient got older, issues with school-
ing meant that there was a desire to extend the
LA interval to biweekly. This change was made,

and evolocumab 420 mg Q2W was added to the
background LLT. However, as a result of the
mutation profile of the patient, evolocumab did
not work (mean interval LDL-C 329 mg/dL),
and the decision was taken to prescribe lomi-
tapide. The patient was commenced on lomi-
tapide at 5 mg/day with escalation to 15 mg/day
over 3 months (Fig. 6). Apheresis was stopped,
lomitapide was increased to 20 mg, rosuvastatin
was increased to 40 mg and ezetimibe doses
were maintained. LDL-C levels remained at
approximately 190mg/dL for more than
6 months and therefore lomitapide was
increased to 30mg/day and rosuvastatin
reduced to 35 mg/day. Figure 6 shows that LDL-
C levels continued to rise after commencement
of lomitapide, followed by a subsequent marked
decrease. There is no direct explanation for this
other than the cessation of apheresis.

Mean interval LDL-C levels are now at
34.8 mg/dL (a remarkable 87.3% decrease), with
no LA currently ongoing. Early GI issues
resolved. There were no other adverse events,
other than slightly depressed alkaline phos-
phatase levels. Alanine aminotransferase briefly
increased by more than three times the upper
limit of normal (ULN) on two occasions, and
reduced to less than three times the ULN with-
out intervention. All other laboratory parame-
ters remain normal and there is no evidence of
hepatic steatosis.

Case 7

This is a 4-year-old girl with a homozygous
€.2043C>A mutation who presented at the age of
3 with an LDL-C level of 739 mg/dL. Her father
has a severe form of HeFH. At diagnosis, the
patient had normal echocardiography; but, by
2016, she had mild aortic thickening and some
mild aortic valve regurgitation. There was evi-
dence of a pedunculated atheroma at the aortic
arch that had potentially embolised as it was no
longer apparent on a later scan. For this reason,
the treating physician decided that the patient
was a candidate for aggressive LLT, but low body
weight meant that LA was not suitable. LDL-C
levels were reduced very slightly to 685 mg/dL
with atorvastatin 10 mg/day and ezetimibe
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«Fig. 6 Evolution of LDL-C values in case 6 with lomi-
tapide therapy. Upper panel shows mean interval LDL-C
levels for patient 6. Middle panel shows lomitapide dose
changes over time. Lower panel shows corresponding ALT
(closed circles) and AST (open squares) levels over the
same period. Dotted line on upper panel shows EAS
targets for LDL-C levels in children with HoFH. Dotted
line on lower panel indicates 3% upper limit of normal for
LFTs; ALT alanine aminotransferase, AST aspartate
aminotransferase, EAS European Atherosclerosis Society,
HoFH homozygous familial hypercholesterolaemia, LDL-
C low-density lipoprotein cholesterol, LFT liver function
tests, Q2 every 2 weeks, ULN upper limit of normal

5 mg/day, and the decision was taken to intensify
LLT with lomitapide. Doses were escalated grad-
ually from 2.5 mg/day in 2.5-mg increments
given the young age of the patient and low body
weight, and LDL-C levels became reduced. By the
time the dose was escalated to 15 mg/day in
August 2018 (patient now 5 years old), LDL-C
had reached a nadir of 236 mg/dL (Fig. 7). There
have been no side effects in this patient apart
from one episode of a loose stools when pancakes
were eaten. No liver pathology is evident on
ultrasound. The patient has recently had a sig-
nificant reduction in triglycerides to 21 mg/dL,
and so the levels of fat-soluble vitamins are being
checked prior to any further dose increase given
the young age of the child.

Case 8

This is a 14-year-old boy with an extensive family
history of HeFH and a brother with HoFH. The
boy has a compound heterozygous for the LDLR
mutations c.1846-? 2311+?del and c.1895A>T
(variant of unknown significance). The boy pre-
sented with xanthomas and hypercholes-
terolemia at 4.8 years of age. High dose (for age)
statins and ezetimibe were started (atorvastatin
20-30 mg/day; ezetimibe 10 mg/day). At the age
of 8 years, mild aortic regurgitation was evident.
Treatment with plasma exchange (PE) was com-
menced every 15-20 days. Three years later, the
patient required composite graft replacement of
the aortic valve, aortic root and ascending aorta,
with re-implantation of the coronary arteries
(Bentall procedure).

At this point, lomitapide was initiated as
add-on to the previous treatment regimen,
escalating from 5 to 10 mg/day. LDL-C levels
decreased to almost 100 mg/dL (Fig.8). Lomi-
tapide dose was increased to 15 mg/day and
then briefly escalated to 20 mg, but the patient
experienced elevated transaminases, so the dose
was reverted with consequent normalization of
LFTs. The LA frequency was altered a number of
times in this patient (Q2W-Q6W), and was
eventually stopped once the patient was on the
15mg dose of lomitapide. The response to
lomitapide was a 66.4% reduction, and aphere-
sis has been discontinued, apart from two
emergency sessions when an insurance issue
interrupted the lomitapide dosing (Fig. 8).

Case 9

This is a 15-year-old boy with compound
heterozygous LDLR ¢.3134+1G>A and a deletion
spanning exon 1-6. Both parents have HeFH
with no evidence of cardiovascular disease
(CVD). The patient was diagnosed at the age of
2 years old as a result of the presence of xan-
thomas. LDL-C levels were found to be elevated
to 982 mg/dL, and diagnosis was confirmed via
genetic testing. Asymptomatic aortic insuffi-
ciency was evident. Medication was com-
menced with atorvastatin 40 mg/day plus
ezetimibe 10 mg/day. The patient received
once-weekly lipoprotein apheresis, but LDL-C
levels remained elevated (mean interval LDL-C
197 mg/dL). At the age of 8.5 years, chest pain
led to a diagnosis of angina and a coronary
bypass operation. LA was intensified to two
times per week.

At 13.5 years of age, prior to the initiation of
lomitapide, mean interval LDL-C levels were at
85 mg/dL with LA twice weekly, and therefore
well below current treatment target. Unlike the
other patients in this case series, the treatment
plan for this patient was to attempt to maintain
the LDL-C levels at target but to reduce the
apheresis burden. Lomitapide was commenced
at a dose of Smg/day and apheresis was
decreased to once weekly. After 6 months, the
lomitapide dose was intensified to 10 mg/day
followed by 15 mg/day and after an additional
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«Fig. 7 Evolution of LDL-C values in case 7 with lomi-
tapide therapy. Upper panel shows mean interval LDL-C
levels for patient 7. Middle panel shows lomitapide dose
changes over time. Lower panel shows corresponding ALT
(closed circles) and AST (open squares) levels over the
same period. Dotted line on upper panel shows EAS
targets for LDL-C levels in children with HoFH. Dotted
line on lower panel indicates 3% upper limit of normal for
LFTs; ALT alanine aminotransferase, AST aspartate
aminotransferase, EAS European Atherosclerosis Society,
HoFH homozygous familial hypercholesterolaemia, LDL-
C low-density lipoprotein cholesterol, LFT liver function
tests, ULN upper limit of normal

S months, apheresis was reduced to Q2W.
Through these modifications, LDL-C levels
remained under control (nadir 62 mg/dL)
(Fig. 9).

No adverse events have been reported for
lomitapide, liver enzymes and imaging are
normal, and the patient has reported improved
quality of life due to less disruption from
apheresis sessions resulting in less time away
from school, sports and other leisure activities.
As a result, the LDL-C target levels have been
maintained despite reducing apheresis burden
by 75%.

Cases 10 and 11

These two patients (both homozygous for the
LDLR ¢.1731G>T mutation) are siblings born to
consanguineous parents with HeFH. They have
one other sibling with HeFH, and without the
disease. The girl presented at age 2 with high
LDL-C and xanthomas, but with normal cardiac
status. Her brother with HoFH was referred at
age 9 on the basis of the family history, and has
mild, stable aortic insufficiency and focal
thickening of the right common carotid artery.
Development was normal in both patients. The
patients were managed with atorvastatin
40 mg/day, ezetimibe 10 mg/day, a low-fat diet,
cholestyramine 4 g/day and aspirin 75 mg QD.

In September 2017 (girl aged 11 with LDL-C
684 mg/dL, boy aged 9 with LDL-C 705 mg/dL)
the children commenced lomitapide with rapid
escalation from 5 to 20 mg/day. Initial LDL-C
decreases were modest (Figs. 10 and 11), and

investigations revealed that the parents were
not administering the medication regularly to
the children. After counselling the parents on
the burden of HoFH and the need to adhere to
therapy, LDL-C levels have decreased but
remained above 440 mg/dL in November 2018.
Lomitapide has not been associated with side
effects in either patient. In the female patient,
an echocardiogram conducted in March 2018
revealed a supra aortic stenosis with a peak of
gradient of 50 mmHg, mild tricuspid regurgita-
tion with normal right ventricular systolic
pressure and normal biventricular function.
Ultrasound Doppler of carotid arteries was nor-
mal at the same date. For the male patient, there
was aortic insufficiency evident in 2011 that
progressed slightly to 2013 but remained
stable and mild. An ultra-sounded Doppler of
carotid arteries in 2013 showed focal intimal
thickening of the right common carotid artery.
An echocardiogram conducted in March 2018
showed thickened tricuspid aortic valve leaflets.
Development has been normal in the girl. The
boy is in second grade school with below aver-
age performance.

Summary of the Case Series

A summary of baseline, nadir and current LDL-
C values is presented in Table 1. Patients 1-8
show substantial reductions in LDL-C levels.
Patient 9 was at target LDL-C levels, and the aim
of treatment with lomitapide was to reduce LA
frequency from twice per week, so the LDL-C
decrease is more modest than for other patients.
In patients 10 and 11 compliance with lomi-
tapide therapy was suboptimal, and they have
yet to reach stable LDL-C levels.

Table 2 provides summary descriptive statis-
tics for all 11 patients. Baseline LDL-C was
422.7 + 245.4 mg/dL. The mean at nadir was
192.2 + 163.2 mg/dL, representing a
56.7 £ 21.7% reduction in LDL-C. Note that
patients 9-11 had modest decreases in LDL-C
levels (patient 9 was treated to reduce LA fre-
quency, and patients 10 and 11 had compliance
issues). These LDL-C reductions were achieved
with a mean dose of lomitapide
25.0 £ 13.8 mg/day over a mean period of
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«Fig. 8 Evolution of LDL-C values in case 8 with lomi-
tapide therapy. Upper panel shows mean interval LDL-C
levels for patient 8. Middle panel shows lomitapide dose
changes over time. Lower panel shows corresponding ALT
(closed circles) and AST (open squares) levels over the
same period. Dotted line on upper panel shows EAS
targets for LDL-C levels in children with HoFH. Dotted
line on lower panel indicates 3% upper limit of normal for
LFTs; ALT alanine aminotransferase, AST aspartate
aminotransferase, EAS European Atherosclerosis Society,
HoFH homozygous familial hypercholesterolaemia, LDL-
C low-density lipoprotein cholesterol, LFT liver function
tests, ULN upper limit of normal

20.0 £ 2.9 months. Most adverse
(Table 2) resolved without intervention.

events

DISCUSSION

This report is the first available of a case series in
paediatric patients with HoFH receiving lomi-
tapide, and it shows that, as in adult patients,
marked reductions in LDL-C are possible in
these patients. In all cases, the LDL-C values at
diagnosis were very high—some as high as
1000 mg/dL. Even with the use of statins, eze-
timibe and in some cases LA, LDL-C levels
remained highly elevated in most cases. Nota-
bly, some patients received the PCSK9 inhibitor
evolocumab, with little effect. The failure of
evolocumab to lower LDL-C levels in some
patients with HoFH is likely to be due to its
mechanism of action. PCSK9 inhibitors prevent
the binding of PCSK9 to the LDL-C/LDL recep-
tor complex and thereby prevent the degrada-
tion of the LDL receptors, ultimately increasing
their recycling to the cell surface [22]. This
means that PCSK9 inhibitors require a func-
tional LDL-R to exert their effect. Since LDL-R
activity is impaired or absent in HoFH, PCSK9
inhibitors have reduced effectiveness in com-
parison to that seen in heterozygous familial
hypercholesterolaemia or other dyslipidaemia
patients in whom LDL receptor functionality is
maintained. In the TAUSSIG study of evolocu-
mab in FH patients, LDL-C was reduced on
average by 25%, but with no effect in patients
with null mutations (i.e. LDL-R functionality

< 2%) [23]. This is borne out by data from
patients 1, 2 and 6 where LDL-C levels remained
very high (263-430 mg/dL), despite use of a
PCSK9 inhibitor; patients 2 and 6 had null
mutations.

Exposure to high levels of LDL-C for an
extended period presents a high risk of ASCVD.
In patients with HoFH, the LDL-C levels are so
high that the threshold exposure level whereby
cardiovascular disease can occur is reached by
the age of 12 years, in contrast to 55 years for
individuals without FH [2]. All of the patients in
the present report were 16 years of age or
younger at the start of treatment (range 4--
16 years), and all but case 10 had evidence of
cardiovascular disease. The youngest patient
was case 7, and even she had evidence of
thickened aortic cusps and a possible mobile
atheroma at the age of 3 years old. Case 9 was
diagnosed at the age of 2 years, when there was
already subclinical aortic insufficiency.

The early-onset cardiovascular and valvular
heart diseases in HoFH demand early lipid-
lowering intervention such as statins, ezetim-
ibe, PCSK9 inhibitors and LA that are never-
theless often not sufficient to achieve proposed
target LDL-C levels in HoFH patients. Early
access to lomitapide, either through an expan-
ded access programme or on a named patient
basis, has provided unique opportunities for
early-life access to this MTP inhibitor. Intro-
duction and dose escalation of lomitapide was
associated with marked decreases in LDL-C
levels. For cases 1-8, percentage reductions
(nadir) were in the range 44-91%. Six of the
patients (cases 1-3, 6, 8 and 9) were able to
achieve EAS targets for LDL-C levels in children
with HoFH (nadir < 135 mg/dL) [1]. For case 9,
baseline LDL-C values were already at target but
the patient needed to undergo LA twice weekly
which was very burdensome on the patient and
became problematic with increasing demands
of schooling (Table 1). This patient was able to
reduce his LA frequency from an unmanageable
twice weekly to a more satisfactory biweekly
(75% reduction in apheresis) and still maintain
target levels.

Case 9 was not the only patient able to
maintain control of LDL-C levels with extended
LA intervals. Casel has stopped LA, and
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Fig. 9 LDL-C levels per therapy period for case 9. Values
are mean interval LDL-C 4= SD for each apheresis
treatment period. Dotted line shows EAS targets for

continues to do well. Case2 has extended
intervals from Q2W to Q4W with LDL-C levels
at about 150 mg/dL. Case 3 extended intervals
from QW to Q2W. No LA was used in cases 4
and 5; and case 6 has stopped LA for a year, and
has LDL-C levels of 34.8 mg/dL (87% reduction
from baseline). Case 8 had multiple changes to
LA frequency prior to lomitapide, but was able
to stop the therapy between April 2017 and July
2018 with the availability of lomitapide. Alter-
ations to LA frequency have been observed in
the phase 3 clinical trial of lomitapide and in
real-world, adult case series of lomitapide use in
HoFH [15, 24]. In the phase 3 study, six of the
13 patients on LA from weeks 26 to 78 under-
went permanent changes to their LA regimens
[25], some of whom were able to stop LA
entirely [26]. Similarly, in a real-word cohort of
HoFH adult patients undergoing lomitapide
therapy, eight of the 10 patients (80%) on LA
were able to stop the treatment, and a further
patient was able to reduce LA frequency by 50%
[15]. LA presents a huge burden of time, dis-
comfort and expense on patients with HoFH
[12], and is also a psychological burden for the

Smg lomitapide,
apheresis QW

10mg lomitapide,
apheresis QW

15mg lomitapide,
apheresis Q2W

LDL-C levels in children with HoFH. LZDL-C low-density
lipoprotein cholesterol, BIW twice weekly, QW once
weekly, Q207 once every 2 weeks

patients and their families. This would particu-
larly affect children who need to increase their
involvement in education and other activities
as they get older. Development of additional
effective pharmacotherapies has the potential
to reduce or eliminate the constraints of regular
LA on patients [27]. The data from this case
series suggest that lomitapide may be useful to
reduce LA frequency in this particularly diffi-
cult-to-treat patient population.

Fig. 10 Evolution of LDL-C values in case 10 with™
lomitapide therapy. Upper panel shows mean interval
LDL-C levels for patient 10. Middle panel shows
lomitapide dose changes over time. Lower panel shows
corresponding ALT (closed circles) and AST (open
squares) levels over the same period. Dotted line on upper
panel shows EAS targets for LDL-C levels in children with
HoFH. Dotted line on lower panel indicates 3x upper
limit of normal for LFTs; ALT alanine aminotransferase,
AST  aspartate EAS  European
Atherosclerosis Society, HoFH homozygous familial hyper-

aminotransferase,

cholesterolaemia, LDL-C low-density lipoprotein choles-
terol, LFTs liver function tests, ULN upper limit of
normal
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Blunted LDL-C responses in cases 10 and 11
underscore the need for patients to remain
compliant with all aspects of their therapy,
including low-fat diet, lifestyle modifications
and lomitapide dosing.

In the phase 3 clinical trial of lomitapide,
there was a dose escalation protocol that
increased lomitapide doses until the maximum
tolerated dose up to 60 mg/day was reached.
This resulted in a median dose of 40 mg/day
(mean 44.0 £ 3.8 mg/day) and a mean reduc-
tion in LDL-C of 50% versus baseline (baseline
336.4 + 112.1 mg/dL; 26 weeks
116.3 £ 96.7 mg/dL) [25]. In the present case
series, there was no such driver to increase
lomitapide dose. Five of the patients described
here are maintained on 20 mg/day, two on
15mg/day, one on 10mg/day, one on
30 mg/day, one on 40 mg/day and one on
60 mg/day. The mean dose was 24.5 mg/day
(median 20 mg/day) resulting in a mean 58.4%
reduction in LDL-C at nadir. In a real-world
study where the treatment strategy was simi-
lar—i.e. to titrate the dose of lomitapide to LDL-
C levels as opposed to a maximum tolerated
dose—the mean LDL-C levels in a cohort of 15
Italian patients was 19 mg/day with a mean
LDL-C reduction at nadir versus baseline of
76.5% (baseline 426.0 + 204.0 mg/dL; nadir
81.9 £ 56.0 mg/dL) [15]. In the present paedi-
atric case series, the LDL-C lowering is similar to
the Italian cohort at a similar mean dose.

Through its mechanism of action, lomi-
tapide results in a reduced absorption of fats in
the intestine, resulting in the possibility of GI
adverse effects. A corresponding block on the
release of VLDL from the liver can result in
increases in hepatic fat [16]. In the present case
series, adverse events were consistent with those
seen in the phase 3 study in adults and in real-
world use. Those that did occur were nearly all
GI complaints, presented early in the treatment
course, and resolved with minimal active man-
agement. There were some increases in LFTs
with patients 3, 6 and 8 experiencing transient
elevations in LFTs above three times the ULN.
In patient 3, the LFT increases were managed
with a brief dose reduction to 30 mg/day,

Fig. 11 Evolution of LDL-C values in case 11 with™
lomitapide therapy. Upper panel shows mean interval
LDL-C levels for patient 11. Middle panel shows
lomitapide dose changes over time. Lower panel shows
corresponding ALT (closed circles) and AST (open
squares) levels over the same period. Dotted line on upper
panel shows EAS targets for LDL-C levels in children with
HoFH. Dotted line on lower panel indicates 3x upper
limit of normal for LFTs; ALT alanine aminotransferase,
AST  aspartate EAS  European
Atherosclerosis Society, HoFH homozygous familial hyper-
cholesterolaemia, LDL-C low-density lipoprotein choles-
terol, LFTs liver function tests, ULN upper limit of
normal

aminotransferase,

followed by gradual restoration to 40 mg/day,
and later to 60 mg/day. In patient 6, LFT
excursions resolved without intervention.
Patient 8 had one episode controlled by a
lomitapide dose reduction, and the second
episode was due to a peritoneal infection.

This paediatric case series—the first of its
kind for lomitapide in HoFH—demonstrates
that lomitapide has been effective in reducing
LDL-C in paediatric patients with HoFH, and
suggests that the drug has a similar adverse
event and usage profile to that observed in adult
patients. Consistent with real-world data from
adult patients [15, 28], this paediatric case series
shows a greater reduction in LDL-C at a lower
mean dose of lomitapide than in the phase 3
study. This is a curious finding but is replicated
across data sets and may be explained by the
titration of the dose of lomitapide to desired
LDL-C reduction as opposed to the ‘forced’
escalation protocol based on tolerability as used
in the phase 3 study. Irrespective of rationale,
these data show a reduced level of adverse
effects related to the lower mean dose and an
improved benefit-to-risk profile compared with
data from formal clinical trials.

A further benefit of lomitapide in HoFH is
the ability for patients to reduce or stop LA,
which is an important and positive outcome for
many of the children in this case series. The
efficacy and safety of lomitapide will be
explored in a formal phase 3 study (registration
pending) in patients from at least 5 to at most
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18 years old, and will provide further evidence this case series was 19.9 months (range 12—
to explore the efficacy, tolerability and safety of 48 months). The phase 3 study will employ an
lomitapide in this cohort. Mean exposure in efficacy period of 24 weeks and a safety phase of
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Table 2 Summary data for the 11 patients

Parameter Age Baseline Nadir Percentage reduction in LDL-C Lomitapide Lomitapide
LDL-C, LDL-C, from baseline to nadir, % dose, mg/day exposure,
mg/dL mg/dL months

Mean 11.6 4227 192.2 56.7 25.0 20.0

Median 12.0 3255 98.0 61.2 20.0 18.2

SD 3.8 2454 163.2 21.7 13.8 9.5

LDL-C, low-density lipoprotein cholesterol; SD, standard deviation

CONCLUSIONS

This case series of the real-world use of lomi-
tapide in paediatric HoFH patients suggests that
lomitapide can be efficacious as a treatment for
HoFH, and that adverse events can be success-
fully managed by adjusting the patient’s diet
and modifying the dose of lomitapide according
to tolerability and safety. Overall, the data show
that the clinical profile of lomitapide in paedi-
atric patients is similar to that in adults patients
with HoFH.
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