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Abstract 

Background:  Homozygous familial hypercholesterolemia (HoFH) is a rare life-threatening condition that represents a 
therapeutic challenge. The vast majority of HoFH patients fail to achieve LDL-C targets when treated with the stand-
ard protocol, which associates maximally tolerated dose of lipid-lowering medications with lipoprotein apheresis (LA). 
Lomitapide is an emerging therapy in HoFH, but its place in the treatment algorithm is disputed because a compari-
son of its long-term efficacy versus LA in reducing LDL-C burden is not available. We assessed changes in long-term 
LDL-C burden and goals achievement in two independent HoFH patients’ cohorts, one treated with lomitapide in Italy 
(n = 30) and the other with LA in France (n = 29).

Results:  The two cohorts differed significantly for genotype (p = 0.004), baseline lipid profile (p < 0.001), age of treat-
ment initiation (p < 0.001), occurrence of cardiovascular disease (p = 0.003) as well as follow-up duration (p < 0.001). 
The adjunct of lomitapide to conventional lipid-lowering therapies determined an additional 58.0% reduction of 
last visit LDL-C levels, compared to 37.1% when LA was added (padj = 0.004).Yearly on-treatment LDL-C < 70 mg/
dl and < 55 mg/dl goals were only achieved in 45.5% and 13.5% of HoFH patients treated with lomitapide. The 
long-term exposure to LDL-C burden was found to be higher in LA than in Lomitapide cohort (13,236.1 ± 5492.1 
vs. 11,656.6 ± 4730.9 mg/dL-year respectively, padj = 0.002). A trend towards fewer total cardiovascular events was 
observed in the Lomitapide than in the LA cohort.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  laura.derasmo@uniroma1.it
†Laura D’Erasmo, Antonio Gallo and Angelo Baldassare Cefalù contributed 
equally to the present work.
1 Department of Translational and Precision Medicine, Sapienza University 
of Rome, Viale del Policlinico 155, Rome, Italy
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-9174-4667
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-021-01999-8&domain=pdf


Page 2 of 12D’Erasmo et al. Orphanet J Rare Dis          (2021) 16:381 

Background
Homozygous familial hypercholesterolemia (HoFH) is 
a rare inherited disorder of lipid metabolism charac-
terized by marked elevation of low-density lipoprotein 
cholesterol (LDL-C) caused by an almost abolished 
function of LDL receptor (LDLR) [1]. Typically, HoFH 
patients develop clinical complications of atheroscle-
rotic cardiovascular disease (ASCVD) early in life [2–5] 
due to the very high life-long LDL-C burden associated 
with this condition [6, 7]. Therefore, an early, intensive 
LDL-C lowering therapy is mandatory to control the 
high risk of ASCVD in HoFH.

Lipoprotein apheresis (LA) in addition to statins 
and ezetimibe is considered the standard of therapy 
in HoFH [1, 8]. LA transiently removes LDL particles 
from plasma during extracorporeal circulation by selec-
tively binding apolipoprotein B (ApoB)-containing lipo-
proteins and has been demonstrated to be very effective 
in lowering LDL-C levels [8, 9]. However, an optimal 
inter-procedures LDL-C control is difficult to reach 
due to the post-treatment LDL-C rebound and, there-
fore, the residual cardiovascular risk of these patients 
remains high [10].

In recent years, promising new drugs in the treatment 
of HoFH have become available [11]. Monoclonal anti-
bodies inhibiting proprotein convertase subtilisin/kexin 
type 9 (PCSK9i) have been reported to decrease LDL-C 
by an additional 24% when added to background lipid-
lowering therapies in HoFH [11]. However, PCSK9i are 
mostly effective in patients with residual LDLR function, 
showing very limited effect in those carrying null muta-
tion or homozygous mutation in the LDLRAP1 gene [12].

Lomitapide, an inhibitor of microsomal triglycerides 
transferase protein (MTP), has been proven to decrease 
by almost 50% LDL-C levels in HoFH in adjunct to 
other lipid-lowering medications (including LA) [13]. 
Recent real-world studies have confirmed the efficacy 
and safety of lomitapide in the treatment of adults and 
children with HoFH [11–14]. As lomitapide acts by 
decreasing liver secretion of VLDL and, consequently, 
VLDL-derived LDL production [15], its efficacy appears 
to be independent from the severity of functional 
impairment of LDLR pathway [16]. Some real-word 
studies have reported that the addition of lomitapide to 
background therapies results in the discontinuation of 
LA in many patients with HoFH [14].

The advent of novel therapeutic options is rapidly 
changing the therapeutic armamentarium for the man-
agement HoFH. Therefore, some efforts must be done to 
compare the effectiveness of emerging versus standard 
therapies in controlling LDL-C burden in these patients. 
Considering the rarity of the disease and the fact that 
large and formal randomized clinical trials aimed at com-
paring lomitapide versus LA are not feasible, we believe 
that a real-world survey might help in clarifying the ben-
efit of these two treatments. However, a comparison of 
benefit of lomitapide versus LA in the long-term control 
of LDL-C burden in HoFH is not available to date.

Our aim was to indirectly compare the long-term LDL-
lowering effectiveness of these two treatments through-
out the evaluation of two independent HoFH cohorts 
treated with lomitapide or LA. We therefore assessed 
LDL-C reduction, target achievement and long-term 
LDL-C burden in these two populations. As an explora-
tory analysis, we also aimed at evaluating major athero-
sclerotic cardiovascular events (MACE) incidence during 
follow-up in the two cohorts.

Results
The two cohorts differed significant for demographic, 
clinical, genetic, and biochemical characteristics as 
shown in Table 1. The list of causative HoFH mutations is 
reported in the Additional file 1: Table 1.

Patients from the LA cohort showed a more severe gen-
otype as compared to the Lomitapide cohort (p = 0.004). 
The age of initiation of treatment with LA was ear-
lier than that of lomitapide (p < 0.001). First ASCVD 
occurred earlier in the LA cohort (p = 0.003), while the 
overall prevalence of ASCVD did not differ between the 
two cohorts.

Patients in the Lomitapide cohort exhibited lower val-
ues of untreated (p < 0.001), lowest on conventional lipid-
lowering treatment (LLT) (p = 0.01) or baseline (p < 0.001) 
LDL-C as compared with those in the LA cohort.

Lipid changes during follow‑up
The median follow-up duration was 16.7 years in the LA 
cohort and 2.3  years in Lomitapide cohort (p < 0.001) 
(Table 2).

Figure  1 shows changes in TC and LDL-C concen-
trations in the two cohorts before and after addition of 
lomitapide or LA. The addition of lomitapide to standard 

Conclusions:  In comparison with LA, lomitapide appears to provide a better control of LDL-C in HoFH. Further stud-
ies are needed to confirm this data and establish whether this translates into a reduction of cardiovascular risk.

Keywords:  Homozygous hypercholesterolemia, Lipoprotein apheresis, Lomitapide, LDL, Therapeutics, Genetic 
disease, Cholesterol burden
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Table 1  Baseline clinical characteristics of HoFH patients

Data are represented median (interquartile range) and number (percentage) as appropriate. Pre-treatment LDL-C burden was calculated as: 
(

LDL− Cbaseline ∗ AgefirstLAorLomitapideprescrption

)

ARH, Autosomal Recessive Homozygous; T2DM, type 2 diabetes; HTN, hypertension; LLT, Lipid Lowering Therapy; LDL-C, low density lipoprotein cholesterol; TC, total 
cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglycerides; BMI, body mass index; HTN, hypertension; T2DM, type 2 diabetes; LA, Liporprotein apheresis; 
PCKS9i, Proprotein convertase subtilisin/kexin type 9 inhibitors; MACE, Major Atherosclerotic Cardiovascular Events; CHD, coronary heart disease; PAD, peripheral 
artery disease; NS, not significant
a 1 patient from Africa, 9 from North-Africa, 1 from central-eastern Europe, 1 from Antille, 3 from South Asia and 3 from Turkey (for one patient the information on 
ethnicity was not available)
b The genotype was defined as uncertain if molecular diagnosis was not available or the molecular testing indicated the presence of variants of uncertain significance 
(VUS)
c Untreated LDL-C values were available for 21 and 12 subjects in the Lomitapide and LA cohort, respectively
d LA was started at this visit

Lomitapide cohort (N = 30) LA cohort (N = 29) p

Geographic origin

 European Non-Finnish-Southern European, n (%) 29 (96.7) 10 (34.5)  < 0.001

 Others, n (%)a 1 (3.3) 19 (65.5)

Demographic

 Age, years 40.0 (27.5–56.5) 18.0 (10.5–30.5)  < 0.001

 Male, n (%) 15 (50.0) 14.0 (48.3) NS

Genotype

 Uncertainb 12 (40.0) 13 (44.8) 0.004

 ARH 6 (20.0) 2 (6.9)

 Defective/defective 9 (30.0) 1 (3.4)

 Null/defective 1 (3.3) 1 (3.4)

 Null/null 2 (6.7) 12 (41.4)

 Xanthomata, n (%) 26 (86.7) 27 (93.1) NS

Risk factors, n (%)

 Smoking 4 (13.3) 2 (6.9) NS

 T2DM 1 (3.3) 0 NS

 HTN 11 (36.7) 0  < 0.001

Plasma lipids (mg/dl)

 Untreated LDL-Cc 481.4 ± 153.1 794.3 ± 344.2 0.01

 Lowest LDL-C on conventional LLT before LA/Lomitapide 246.5 (170.3–295.8) 502.0 (309.5–606.0)  < 0.001

 Pre-treatment LDL-C burden (mg/dL-year) 11,463.9 (6751.5–14,468.9) 7313.5 (4302.1–11,451.3) 0.034

 Baseline TC 357.6 ± 136.5 510.1 ± 183.6 0.001

 Baseline HDL-C 44.7 ± 12.9 30.3 ± 9.5  < 0.001

 Baseline LDL-C 272.5 ± 108.8 453.0 ± 179.5  < 0.001

 Baseline TG 96.5 (66.8–132.0) 82.5 (59.8–144.0) NS

LLT, n (%)

 None 1 (3.3) 0 NS

 LA 8 (26.7) 0d 0.003

 PCKS9i 6 (20.0) 0 0.011

 Statin 29 (96.7) 28 (96.6) NS

 Ezetimibe 27 (90.0) 11 (37.9)  < 0.001

 Fibrate 1 (3.3) 2 (6.9) NS

 Porto-caval shunt 0 2 (6.9) NS

 Resins 0 9 (31.0) 0.001

Major atherosclerotic cardiovascular events (MACE)

 Age at first MACE 35.0 (30.0–52.5) 19.0 (14.0–35.0) 0.003

 Total MACE, n (%) 17 (56.7) 13 (44.8) NS

CHD 15 (50.0) 9 (31.0)

Stroke 0 1 (3.4)

PAD 1 (3.3) 3 (10.3)

Carotid revascularization 5 (16.7) 2 (6.9)

Aortic valve replacement 4 (14.3) 5 (19.2)
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LLT resulted in a further 58.0% reduction in the last visit 
LDL-C, compared to 37.1% LDL-C reduction after the 
addition of LA (p = 0.013). These results were independ-
ent from genotype, ethnicity, untreated LDL-C levels, 
gender and age at baseline (Lomitapide vs. LA cohort β 
-0.673 padj = 0.004, data not shown).

The yearly variation of LDL-C values in the two cohorts 
is reported in Fig.  2. The mean yearly on-treatment 
LDL-C percent reduction (Panel A) as well as the abso-
lute yearly on-treatment LDL-C levels (Panel B) at 9 years 
were significantly lower in the Lomitapide cohort as com-
pared with the LA cohort and this difference persisted 
after adjusting for genotype, gender, untreated LDL-C, 

Table 2  Follow-up lipid profile, lipid lowering therapies and MACE in HoFH cohorts

Data are represented as median (interquartile range), mean (standard deviation) or number (percentage) as appropriate. For estimation of incident MACE and Incident 
Rate of incident MACE (× 1000 person-years) please refer to Methods. Duration of follow-up has been calculated as the difference between the date of the last and the 
baseline visit with LA or lomitapide. On-treatment LDL-C burden was calculated as: (LDL− Cfollow−up ∗ Yearsfollow−up)

T2DM, type 2 diabetes; HTN, hypertension; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; TG, 
triglycerides; LLT, Lipid Lowering Therapy; LA, Lipoprotein apheresis; PCKS9i, Proprotein convertase subtilisin/kexin type 9 inhibitors; MACE, Major Atherosclerotic 
Cardiovascular Events; CHD, coronary heart disease; PAD, peripheral artery disease; IR, incident rate; NS, not significant

Lomitapide cohort (N = 30) LA cohort
(N = 29)

p

Duration of follow-up (years) 2.2 (1.0–3.7) 16.5 (9.0–25.5)  < 0.001

Risk factors, n (%)

 Smoking 2 (6.7) 7 (24.1) 0.006

 T2DM 1 (3.3) 0 NS

 HTN 11 (36.7) 7 (24.1) NS

Plasma lipids (mg/dl)

 On-treatment LDL-C 111.4 (83.7–177.8) 247.2 (217.9–340.8)  < 0.001

 On-treatment LDL-C burden (mg/dL-year) 293.0 (153.0–454.8) 3849.3 (2238.3–7045.5)  < 0.001

 Last visit TC 169.0 (126.2 – 276.7) 390.5 (321.9 – 500.0)  < 0.001

 Last visit HDL-C 47.5 (38.7 – 60.0) 30.6 (19.7 – 40.8) 0.001

 Last visit LDL-C 114.0 (64.7 – 202.95) 340.5 (280.5 – 418.8)  < 0.001

 Last visit TG 58.0 (35.0 – 81.0) 92.7 (65.7 – 152.9) 0.001

LLT at last visit, n (%)

 LA 0 29 (100)  < 0.001

 PCKS9i 5 (16.7) 1 (3.4) NS

 Statin 29 (96.7) 27 (93.1) NS

 Ezetimibe 28 (93.3) 27 (93.1) NS

 Fibrate 0 0 -

 Porto-caval shunt 0 1 (3.4) NS

 Resins 0 0 -

Incident MACE

 Cumulative number of MACE 7 42 -

 Individual MACE event, n (%) 4 (13.3) 16 (55.2) 0.001

CHD 3 (10.0) 11 (37.9) 0.012

Stroke 0 2 (6.9) NS

PAD 0 14 (48.3) 0.001

Carotid revascularization 1 (3.3) 2 (6.9) NS

Aortic Valve replacement 1 (3.3) 6 (22.2) 0.048

Death for cardiovascular disease 1 (3.3) 4 (14.3) NS

Death for other reason 0 1 (3.6) NS

Number of MACE per patient, n (%)

0.003 0 26 (86.7) 13 (44.8)

 1 3 (6.7) 6 (20.7)

 ≥ 2 2 (6.7) 10 (34.5)

IR per 1000 person/years 77.6 86.9 -
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age at baseline and ethnicity (respectively padj < 0.001 for 
both). The percentage of subjects that achieved a yearly 
on-treatment LDL-C percent reduction greater that 
50% from baseline was 77.3% (N = 17) in the Lomitapide 
cohort and 24.1% (N = 7) in the LA cohort (p < 0.001). 
Within the Lomitapide cohort, 45.5% and 13.6% HoFH 
patients reached a yearly on-treatment LDL-C value of 
LDL-C ≤ 70  mg/dl or 55  mg/dl, respectively [Pearson 
chi-squared = 16.4, p = 0.001 vs. LA cohort, Fig. 3 (Panel 
A) and Pearson chi-squared 4.2, p = 0.04 vs. LA cohort, 
Fig. 3 (Panel B)].

Finally, when we estimated the LDL-C burden, HoFH 
patients exposed to lomitapide exhibited a significantly 
lower total LDL-C burden as compared with patients in 
the LA cohort and this persisted after adjustment for 
age at follow-up, untreated LDL-C values, genotype, 
ethnicity, gender (11,656.6 ± 4730.9  mg/dL-year vs. 

13,236.1 ± 5492.1  mg/dL-year, padj = 0.002, Additional 
file  2: Fig.  1, Panel A). Indeed, as compared to values 
before adding lomitapide, LDL-C burden at last visit 
decreased by 97.9% (Additional file  2: Fig.  1, Panel B), 
while after addition of LA this parameter was reduced 
by 52.0% (Additional file  2: Fig.  1, Panel C). These 
results were confirmed after adjustment for untreated 
LDL-C values, genotype, ethnicity, gender (padj = 0.045) 
and were not related to the ongoing background LLT 
(Table 2).

Cardiovascular outcomes
As an exploratory analysis, we compared the occur-
rence of MACE during follow-up in HoFH patients 
receiving lomitapide or LA. In this analysis we included 

Fig. 1  Total and LDL cholesterol changes in HoFH according to lipid-lowering therapies. Box plot graphs represent median values of TC and LDL-Cs. 
Lipid values are shown in 4 different shades of green corresponding to the untreated, lowest on conventional LLT, baseline (before initiation of 
lomitapide or LA treatment) and at last visit measurements. For the definition of untreated, lowest values on conventional LLT, baseline and last 
visit see Material and Methods. In A are reported data observed in the lomitapide cohort whereas in B those in the LA cohort. LDL-C, low density 
lipoprotein cholesterol; LLT, lipid-lowering therapy; LA, lipoprotein apheresis; NS, not significant
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only patients that had been on treatment for at least 
1  year. The absolute number of incident MACE in 
the Lomitapide cohort was lower than that in the LA 
cohort (13.3% vs. 55.2%; p < 0.001). When we estimated 
the MACE IR standardized for time of exposure, the 
IR in the Lomitapide was lower than that in the LA 
cohort (77.6 vs. 86.9 per 1000 person/years) (Table 2). 
Results of the multivariate Cox regression analysis did 
not reveal significant difference in the risk of incident 
MACE (or its recurrence) in Lomitapide as compared 
with LA cohort.

Discussion
Our findings suggest that lomitapide in addition to sta-
tin/ezetimibe treatment might be more efficacious than 
LA in the long-term reduction of LDL-C. Indeed, HoFH 
patients receiving lomitapide presented larger LDL-C 
percent reduction in the last visit as compared to those 
on LA and the proportion of patients reaching a yearly 
on-treatment LDL-C < 70  mg/dl was higher in those 
treated with lomitapide than in those with LA. Same 
results were obtained when we analysed changes in the 
mean percent reduction of LDL-C during time (up to 
9 years) showing that patients in the Lomitapide cohort 

achieved a greater LDL-C percent reduction from base-
line independently from possible confounders. Finally, 
the reduction of cumulative LDL-C burden, which is con-
sidered a strong predictor of risk of vascular damage in 
FH [6, 17], was larger in patient exposed to lomitapide 
than in those exposed to LA.

The LDL-C goals achieved in our LA cohort are con-
sistent with those reported in previous studies where LA 
was used as the sole therapeutic intervention [6, 7, 18]. 
Recently published data from the UK Lipoprotein Apher-
esis Registry including both HeFH (N = 58) and HoFH 
(N = 30) have shown that the overall reduction in LDL-C 
interval means was 43.14% [19]. Furthermore, in a previ-
ous analysis by Bruckert et al. [6], authors found a reduc-
tion in TC by 20% in LA treated patients. On the other 
hand, the LDL-C lowering efficacy of lomitapide was 
almost superimposable to that already described in Phase 
3 trial [13] and real-world study [14].

As an exploratory analysis, we noted that HoFH 
patients who were exposed to lomitapide experienced 
less cardiovascular events than those who had been 
treated with LA and this effect was particularly evident 
for CHD, PAD and aortic valve replacement events. 
Albeit this observation must be taken with great caution 

Fig. 2  Yearly changes of LDL-C in Lomitapide (green) and LA (light blue) cohort during follow-up. As the maximum duration of follow-up in the 
Lomitapide cohort was about 9 years, we compared the two cohorts in the same interval of time. Data are reported as mean values ± 2 standard 
errors per each time-point. A. HoFH subjects treated with lomitapide achieved significantly greater mean yearly LDL-C percent reduction from 
baseline as compared with those on LA. Data are reported as mean percent reduction ± 2 standard errors per each time-point. B. HoFH subjects 
treated with lomitapide achieved significantly lower mean yearly LDL-C values as compared with those on LA. Padj, value is adjusted for genotype, 
ethnicity, gender, untreated LDL-C and age at baseline. BL, baseline; LDL-C, low density lipoprotein cholesterol; LA, lipoprotein apheresis
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due to the nature of the comparison and the size of 
cohorts, it may suggest a benefit of lomitapide on car-
diovascular risk. One might speculate that this might be 
related, at least to some extent, to the increased efficacy 
of lomitapide in reducing the burden of LDL-C. In fact, 
the role of cholesterol lifelong exposure on cardiovascu-
lar risk in HoFH has been widely explored. Previous data 
from the French HoFH cohort showed that the cumula-
tive total cholesterol exposure was highly associated with 
the incidence of MACE [6]. Accordingly, Thompson et al. 

[7] insisted on the role of on-treatment LDL-C levels as 
the main determinant of overall HoFH survival. Also, 
Raal et al.[18] showed that the cardiovascular protection 
in HoFH was related to the on-treatment LDL-C levels, 
estimating that a LDL-C reduction of about 30% trans-
lated into almost 50% reduction of risk. However, further 
studies are needed to confirm this observation defini-
tively establishing the role of lomitapide in reducing car-
diovascular risk in HoFH.

Fig. 3  Individual yearly on-treatment LDL-C levels in Lomitapide and LA cohort. Individual yearly on-treatment LDL-C has been calculated as the 
average of yearly LDL-C measurements. In A are reported data in the Lomitapide cohort whereas in B those in the LA cohort. LDL-C, low density 
lipoprotein cholesterol; LA, Lipoprotein apheresis
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Safety data in the two cohorts have been described 
in detail elsewhere [14, 20]. The most common adverse 
events (AE) associated with LA included hypotension, 
nausea, abdominal discomfort, tingling, chest pain, vas-
ovagal reaction and prolonged bleeding from anticoagu-
lant. Anemia was another common adverse event easily 
managed by iron supplementation. In addition, patients 
on ACE-inhibitors before the beginning of LA were sys-
tematically withdrawn from the treatment in order to 
prevent anaphylactic-like reactions [21, 22]. Conversely, 
as expected the most common AE in the Lomitapide 
cohort was diarrhea that occurred in 41.2% of cases 
(data not shown). The proportion of patients referring 
gastrointestinal AE, however after 1  year of treatment, 
decreased to 16.6% after 1 year of treatment. One patient 
experienced liver function test elevation (> 5 ULN) after 
3  months of treatment that was managed by holding 
lomitapide and statins and then making rechallenge (data 
not shown).

Some final considerations deserve the cost analysis of 
both LA and lomitapide treatments. Although this issue 
is difficult to be handled since the process of reimburse-
ment is different in France and Italy, the direct costs of 
these therapies appear to be quite comparable between 
the two countries. Considering a weekly LA regimen 
treatment, the expected annual cost of LA would be 
about 90,000 euros while that of lomitapide is 180,000 
euros. This economic evaluation does not take into 
account the social and personal costs of LA, as a result 
of the number of lost working days, not to mention the 
psychological burden. Further studies need to be done to 
better explore the pharmaco-economic aspect of these 
two therapies thus better allowing to compare the cost–
benefit of these two treatments.

Limitations
We acknowledge several weaknesses of the present study: 
the retrospective, cross-sectional observational design, 
and the heterogeneity of the two cohorts.

Patients from the LA cohort exhibited higher 
untreated and baseline LDL-C values: this observa-
tion might be explained by the higher variability in 
geographic origin in these patients, which can result 
in different socio-cultural habits having a different 
impact on the overall lipid profile. Nevertheless, it can 
be the reflection of an overall lower efficacy of baseline 
treatment in relation with a longer follow-up: high-
dose statins were not used in HoFH children until last 
decade (and age at first diagnosis was lower in the LA 
cohort), and ezetimibe was only introduced in 2005. 
Other treatments, as fibrates and cholestyramine, 
which were used in the LA cohort primarily because of 

patients’ age, have a more limited effect on LDL-C than 
high-dose statins plus ezetimibe.

In addition, LDL-C response to treatments might 
have been also influenced both by the higher percent-
age of patients classified as carrying null/null mutations 
and by a more heterogeneous geographic origin within 
the LA cohort. However, it must be noted that in order 
to limit the confounding effect of these factors on the 
results, the efficacy of lomitapide versus LA has been 
evaluated adjusting for both the severity of genotype 
and the geographic origin.

It is important to note that we did not systematically 
collect safety data as this was not the aim of the pre-
sent study that was primarily focused on describing the 
independent efficacy of these two treatments. More 
studies are needed to address this point in order to bet-
ter clarify the cost-benefits of these two treatments.

We also have to acknowledge that due to the retro-
spective nature of the study, we did not retrieve infor-
mation on adherence to concomitant lipid lowering 
therapies thus not allowing us to make any considera-
tion on the possible effect of the adherence to back-
ground lipid lowering therapies on LDL-C control.

Another possible limitation of our results is the dura-
tion of follow-up that was markedly different in the 
two cohorts. This could be easily explained by the fact 
that LA treatment is available from 1990 and is author-
ized for use also in children whereas the availability of 
lomitapide has only been available for less than 10 years 
with no authorization to use in minors.

Finally, it is possible that the differences in follow-up 
duration as well as in baseline characteristics between 
the two cohorts might also have influenced the com-
parison of the effect of these two treatments on ath-
erosclerotic burden making any observation on MACE 
only a conjecture. More studies are needed to clarify 
the benefit of lomitapide on MACE occurrence.

Considering all these limitations, the clinical implica-
tions of our analyses should be considered with much 
caution, especially because these findings are derived 
from an indirect comparison and might be biased by 
several confounding factors.

Conclusion
In summary, we observed in an indirect comparison 
that lomitapide appears to be more effective than LA 
in controlling atherogenic lipoproteins in HoFH. In 
major guidelines, LA in adjunct to statins and ezetimibe 
remains the first-choice therapy in the treatment of 
HoFH [1]. However, our results may open the perspec-
tive in which lomitapide, in addition to statins and 
ezetimibe could be considered as first-line treatment in 
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HoFH. Further studies are necessary in order to formu-
late an updated protocol for the treatment of HoFH that 
integrates old and new treatments in a rationale and cost-
effective algorithm.

Material and methods
Study aim, setting and design
To assess LDL-C reduction, target achievement and 
long-term LDL-C burden in two HoFH cohorts, one 
treated with LA, one with Lomitapide, both on top of 
current available pharmacological treatment. Taking 
advantage of the early availability of lomitapide in Italy 
versus later availability in France, we designed a survey 
in which we retrospectively collected clinical and bio-
chemical information of two independent cohorts of 
patients with HoFH treated with lomitapide in Italy or 
LA in France.

Patients’ selection
HoFH patients known to be receiving lomitapide in Italy 
were considered for this survey. The inclusion crite-
ria were: (1) molecularly or clinically defined HoFH, (2) 
age > 18 years, (3) treatment with lomitapide for at least 
1  month. All identified patients (n = 34) agreed to par-
ticipate. Of these, 8 patients were receiving LA plus lomi-
tapide at baseline visit. Since in these patients LA therapy 
was stopped within 1 year from starting lomitapide and 
the lipid profile did not differ from that of those receiv-
ing lomitapide only, they were kept in the present analy-
sis. Conversely, 4 patients with incomplete lipid profiles 
during follow-up were excluded. Thus, the Lomitapide 
cohort included 30 HoFH patients.

The French cohort consisted of all molecularly con-
firmed HoFH patients referred to the Pitié-Salpêtrière 
University Hospital who had undergone at least one ses-
sion of LA. These patients were part of the French Reg-
istry of Familial Hypercholesterolemia (REFERCHOL). 
Details about this registry have been previously reported 
[28]. A total of 29 French HoFH patients were considered 
for the present analysis (LA cohort).

Data collection
For the Lomitapide cohort, physicians were asked to ret-
rospectively revise medical records and extract demo-
graphic and clinical information. Details of concomitant 
lipid-lowering therapy, dosages of lomitapide and base-
line plasma lipid values as well as those ones at last fol-
low-up visit were also retrieved. No information on side 
effects, adherence to medications or diet was obtained.

For the LA cohort, the same data were extracted by two 
Authors (LD and AG) from REFERCHOL and harmo-
nized for comparison with the Italian database.

Genotypes underlying HoFH in both Italian and French 
cohort were retrieved by medical records and ascertained 
as previously reported [6, 14, 23, 24].

Baseline lipid values were defined as those at the date 
of initiation of lomitapide or LA treatment. Conversely, 
last follow-up data were defined as those at the time of 
the last clinic visit as of December 2019. The duration of 
follow-up was calculated as the difference between last 
and baseline visit.

Finally, data on MACE at baseline and during follow-
up were collected. MACE was defined as a composite of 
angina, acute myocardial infarction, coronary, carotid or 
peripheral revascularization (as well as hemodynamic 
stenosis without revascularization) and ischemic stroke, 
aortic valve replacement and death for cardiovascular 
disease [25]. They were identified by either self-reported 
medical history and/or hospital admission documented 
in the medical record.

Laboratory measurements
In both cohorts, blood samples were collected early in 
the morning after overnight fasting. In HoFH patients 
undergoing LA, pre- and post-treatment samples were 
collected. Aliquots of plasma were used to determine 
total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-C) and triglycerides (TG) following 
standard procedures. LDL-C values were calculated by 
using the Friedewald’s formula. No complete informa-
tion was available on ApoB, Lp(a), γGT, CPK and CRP, 
so that these data were not included in the present 
analysis.

The estimation of changes in plasma lipid during 
therapy was carried out using the following reference 
values: (1) untreated values, corresponding to the lipid 
profile at the worst LDL-C measurement available in 
medical charts while the patient was not receiving any 
treatment; (2) lowest lipid profile on conventional ther-
apies, estimated as the lipid profile corresponding to 
the lower LDL-C value with “conventional treatment” 
(as statins ± ezetimibe ± fibrates ± resins ± porto-caval 
shunt ± PCSK9i) before the beginning of lomitapide/
LA; (3) baseline values, corresponding to the time of 
beginning lomitapide or LA; (4) last visit values, corre-
sponding to the last visit when patients were receiving 
lomitapide or LA up to December 2019. It is worth men-
tioning that only two patients had weekly LA whereas 
the remaining were treated on a bi-weekly basis. The 
overall adherence to LA was on average > 80%, as previ-
ously reported [20].

For patients on LA pre- and post-apheresis measure-
ments have been collected to estimate the TC and LDL-C 
interval means according to the following formula: 
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Intervalmean = [(Cpost−LA + 0.73
(

Cpre−LA − Cpost−LA

)

] 
[26].

The on-treatment cholesterol ( Cfollow−up ) was rep-
resented by the average of all LDL-C measurements 
obtained during follow-up in the Lomitapide cohort or 
by LDL-C interval means in the LA cohort.

Cholesterol burden estimation
Cholesterol burden was calculated according to the fol-
lowing formula:

where CholesterolBurdenpre− treatment = (Cbaseline∗

∗AgefirstLAorLomitapideprescrption

)

   and CholesterolBurdenon 
−treatment = (Cfollow−up ∗ Yearsfollow−up).

To estimate the average of TC and LDL-C, lipid pro-
files after baseline were collected every 3 months for the 
first 3 years, every 6 months for the period between 4 and 
10 years and once per year from year 11 until last follow-
up (these measurements were available only for patients 
on LA).

The percentage differences in cholesterol burden were 
estimated as fol-
lows:[ cholesterolburdenpre−cholesterolburdenpost

cholesterolburdenpre
] ∗ 100.

Statistical analysis
For descriptive statistics, continuous traits were pre-
sented as mean and standard deviation or as median and 
interquartile range as appropriate. Categorical traits were 
shown as number and proportion. Comparisons were 
carried out by Mann–Whitney for not-normally distrib-
uted and Student’s t-test for normally distributed vari-
ables. For differences between categorical traits, P-value 
was calculated by chi-square. Paired T test was used to 
evaluate the difference between untreated, lowest and 
last visit total and LDL-C as well as LDL-C burden pre- 
versus on-treatment.

Linear regression with stepwise method was used 
to evaluate the association between the variables and 
adjustments were performed for the following variables: 
genotype (Null/null mutation versus other), ethnic-
ity (European-non-Finnish vs. other), gender, untreated 
LDL-C and age at baseline. Not-normally distributed val-
ues were log-transformed before entering the model.

For the analysis on cardiovascular outcomes, we 
included only patients that had been exposed to lomi-
tapide or LA for more than 1  year [27]. The number of 
MACE was counted in each cohort and their incidence 
rates (IRs) were expressed as number of events per 1,000 
patient-year [25]. Cox proportional hazards model was 

TotalCholesterolBurden =

∑ Cholesterolburdenpre − treatment

Cholesterolburdenon− treatment

applied to investigate the predictors of incident MACE 
[25].

Statistical analyses were performed using the IBM Sta-
tistical Package for Social Sciences (IBM SPSS, version 
25.0, Inc. Chicago, IL). A P-value < 0.05 was considered 
statistically significant.

Abbreviations
ACE: Angiotensin converting enzyme; AE: Adverse events; Apo B: Apolipopro-
tein B; ASCVD: Atherosclerotic cardiovascular disease; CHD: Coronary heart 
disease; CPK: Creatin phosphokinase; CRP: C reactive protein; γGT: Gamma 
glutamil transferase; HDL-C: High-density lipoprotein cholesterol; HoFH: 
Homozygous familial hypercholesterolemia; IR: Incidence rate; LA: Lipoprotein 
apheresis; LDL-C: Low-density lipoprotein cholesterol; LDLR: Low-density 
lipoprotein receptor; LDLRAP1: Low-density lipoprotein receptor associated 
protein -1; LLT: Lipid lowering treatment; Lp(a): Lipoprotein (a); MACE: Major 
atherosclerotic cardiovascular events; MTP: Microsomal triglycerides trans-
ferase protein; PAD: Peripheral artery disease; PCSK9i: Proprotein convertase 
subtilisin/kexin type 9 inhibitors; REFERCHOL: French REgistry of Familial 
hypERCHOLesterolemia; TC: Total cholesterol; TG: Triglycerides; ULN: Upper 
limit normal; VLDL: Very-low density lipoproteins.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13023-​021-​01999-8.

Additional file 1: Table 1. Patients’ genotypes. All mutations were clas-
sified according to ACMG guidelines (Chora JR, Medeiros AM, Alves AC, 
Bourbon M. Analysis of publicly available LDLR, APOB, and PCSK9 variants 
associated with familial hypercholesterolemia: application of ACMG 
guidelines and implications for familial hypercholesterolemia diagnosis. 
Genet Med. 2018;20(6):591-598). For 3 Homozygous LDLR and 1 LDLRAP1 
causing mutations were not available and the diagnosis was only on 
clinical base. *Double Heterozygote patient for mutations in both LDLR 
(c.373C>T) and PCSK9 (c.60_ 65dupGCT​GCT​) genes.

Additional file 2: Figure 1. LDL-C burden according to lomitapide or LA 
treatment. A Box plot graphs represent the median values of cumulative 
LDL-C burden in the Lomitapide cohort (dark grey) and in the LA cohort 
(light grey). For the total LDL-C burden calculation see Methods. P values 
are adjusted for age at follow-up, untreated LDL-C values and gender. B, 
C Box plot graphs represent the median values of TC and LDL-C burden 
at baseline and on-treatment. For baseline and on-treatment TC or LDL-C 
burden calculation see Methods. Δ% represents TC and LDL-c percent 
reduction from baseline and is reported with the respective statistical 
significance. B shows data form Lomitapide cohort whereas C those from 
LA cohort.LDL-C, low density lipoprotein cholesterol, LA, Lipoprotein 
apheresis.

Acknowledgements
Authors want to acknowledge their patients for their continuous support in 
helping us in our research programs. Moreover, we additionally want to thank 
the Italian Society of Atherosclerosis (SISA) and the Nouvelle Société Française 
d’Athérosclérose (NSFA) for their effort in creating national and international 
networks that nowadays are of crucial importance in developing knowledge 
giving strength to our research.

Authors’ contributions
LD, AG, ABC contributed substantially to the conception and design of the 
study, coordinated the research activity, collected data and unified them in 
a single database, they drafted and revised the article; MA and EB criti-
cally revised the manuscript for important intellectual content; all authors 

https://doi.org/10.1186/s13023-021-01999-8
https://doi.org/10.1186/s13023-021-01999-8


Page 11 of 12D’Erasmo et al. Orphanet J Rare Dis          (2021) 16:381 	

6 Department of Molecular Medicine and Medical Biotechnology, University 
of Naples Federico II, Naples, Italy. 7 CEINGE, Advanced Biotechnology, Naples, 
Italy. 8 Department of Medical and Surgical Sciences, University Magna Graecia, 
Catanzaro, Italy. 9 Centro Grossi Paoletti, Dipartimento di Scienze Farmacolog-
iche e Biomolecolari, Università Degli Studi di Milano, Milan, Italy. 10 Medi-
cal Department, Azienda Ospedaliero-Universitaria di Ferrara, Ferrara, Italy. 
11 Dipartimento di Medicina e Scienze Dell’Invecchiamento, Università Degli 
Studi “G. d’annunzio” di Chieti, Pescara, Italy. 12 Metabolic Disease and Diabetes 
Unit, AOU San Luigi Gonzaga, Orbassano’, Turin, Italy. 13 Lipoapheresis Unit‑Ref-
erence Center for Diagnosis and Treatment of Inherited Dyslipidemias, Fon-
dazione Toscana “Gabriele Monasterio”, Via Moruzzi 1, Pisa, Italy. 14 Department 
of Internal Medicine and Rare Disease Centre “C.Frugoni”, University Hospital 
of Bari “A. Moro”, Piazza G. Cesare 11, Bari, Italy. 15 Division of Clinical Cardiol-
ogy, Department of Translational Medical Sciences, University of Campania 
“Luigi Vanvitelli”, A.O.R.N. Sant’ Anna e San Sebastiano, 81100 Caserta, Italy. 
16 Hypertension and Atherosclerosis Research Group, Medical and Surgical Sci-
ences Department, Sant’Orsola-Malpighi University Hospital, Via Albertoni 15, 
40138 Bologna, Italy. 17 Department of Internal Medicine, University of Genoa, 
Genoa, Italy. 18 IRCCS-Polyclinic Hospital San Martino, Genoa, Italy. 19 Inserm, 
Institute of Cardiometabolism and Nutrition (ICAN), UMR_S1166, Department 
of Metabolic Biochemistry, Assistance Publique, Hôpitaux de Paris, Hôpital 
de La Pitié‑Salpêtrière, Sorbonne University, Paris, France. 20 Aix Marseille 
University, INSERM, INRA, C2VN, Marseille, France. 21 Department of Nutrition, 
Metabolic Diseases, Endocrinology, La Conception Hospital, Marseille, France. 
22 Inserm, Institute of Cardiometabolism and Nutrition (ICAN), UMR_S1166, 
APHP, Department of Biochemistry, Obesity and Dyslipidemia Genetics Unit, 
Hôpital de La Pitié, Sorbonne University, Paris, France. 

Received: 21 February 2021   Accepted: 24 August 2021

References
	1.	 Cuchel M, Bruckert E, Ginsberg HN, Raal FJ, Santos RD, Hegele RA, et al. 

Homozygous familial hypercholesterolaemia: new insights and guidance 
for clinicians to improve detection and clinical management. A position 
paper from the Consensus Panel on Familial Hypercholesterolaemia of 
the European Atherosclerosis Society. Eur Heart J. 2014;35(32):2146–57.

	2.	 Kolansky DM, Cuchel M, Clark BJ, Paridon S, McCrindle BW, Wiegers SE, 
et al. Longitudinal evaluation and assessment of cardiovascular disease in 
patients with homozygous familial hypercholesterolemia. Am J Cardiol. 
2008;102(11):1438–43.

	3.	 Allen JM, Thompson GR, Myant NB, Steiner R, Oakley CM. Cadiovascular 
complications of homozygous familial hypercholesterolaemia. Br Heart J. 
1980;44(4):361–8.

	4.	 Alonso R, Díaz-Díaz JL, Arrieta F, Fuentes-Jiménez F, de Andrés R, Saenz 
P, et al. Clinical and molecular characteristics of homozygous familial 
hypercholesterolemia patients: Insights from SAFEHEART registry. J Clin 
Lipidol. 2016;10(4):953–61.

	5.	 Rallidis L, Naoumova RP, Thompson GR, Nihoyannopoulos P. Extent and 
severity of atherosclerotic involvement of the aortic valve and root in 
familial hypercholesterolaemia. Heart. 1998;80(6):583–90.

	6.	 Bruckert E, Kalmykova O, Bittar R, Carreau V, Béliard S, Saheb S, et al. Long-
term outcome in 53 patients with homozygous familial hypercholesterol-
aemia in a single centre in France. Atherosclerosis. 2017;257:130–7.

	7.	 Thompson GR, Blom DJ, Marais AD, Seed M, Pilcher GJ, Raal FJ. Survival 
in homozygous familial hypercholesterolaemia is determined by the on-
treatment level of serum cholesterol. Eur Heart J. 2018;39(14):1162–8.

	8.	 Thompsen J, Thompson PD. A systematic review of LDL apheresis in the 
treatment of cardiovascular disease. Atherosclerosis. 2006;189(1):31–8.

	9.	 Stefanutti C, Pang J, Di Giacomo S, Wu X, Wang X, Morozzi C, et al. A 
cross-national investigation of cardiovascular survival in homozygous 
familial hypercholesterolemia: the Sino-Roman Study. J Clin Lipidol. 
2019;13(4):608–17.

	10.	 Raal FJ, Hovingh GK, Catapano AL. Familial hypercholesterolemia treat-
ments: guidelines and new therapies. Atherosclerosis. 2018;277:483–92.

	11.	 Bajaj A, Cuchel M. Homozygous familial hypercholesterolemia: what 
treatments are on the horizon? Curr Opin Lipidol. 2020;31(3):119–24.

	12.	 Rosenson RS, Hegele RA, Koenig W. Cholesterol-Lowering Agents. Circ 
Res. 2019;124(3):364–85.

participated in the patient selection and recruitment, in the data collection 
and interpretation, revised critically and finally approved the manuscript to be 
submitted. All authors read and approved the final manuscript.

Funding
This research has been partially supported by a grant in-aid from Amryt Phar-
maceutical to LD. Amryt was not involved in data analysis, in the preparation 
of the manuscript or in the decision to submit it for publication.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
For the Italian cohort, informed consent was obtained from all patients before 
their inclusion into the study which was carried out in accordance with the 
ethical standards of local institutional committees for human experimenta-
tion in agreement with the Helsinki Declaration of 1964, as revised in 2018 
(approval code #4928).The French cohort was declared to the ANSM (the 
French National Agency for Medicines safety) and received a declarant 
number [unique number identifying a particular research protocol, issued by 
the ANSM in France]: 2014-A01549-38. Two separate committees assessed 
the protocol of this study: French advisory committee on the processing of 
information for medical research (CCTIRS) and the National Commission for 
computer technology and freedom (CNIL) respectively in May and November 
2015.Due to the retrospective nature of the present study, none of enrolled 
patients had received any procedures outside the standard clinical care.

Consent for publication
Not applicable.

Competing interests
LD has received personal fees for public speaking, consultancy or grant 
support from Amryt Pharmaceuticals, Akcea Therapeutics, Pfizer, Amgen and 
Sanofi; AG has received honoraria from Amgen, Novartis, Unilever, Sanofi and 
Regeneron, Ackea Therapeutics, Mylan; ABC has served as a consultant for 
Amryt Pharmaceutical; and received lecturing fees from Amryt Pharmaceuti-
cal, MSD, Sanofi and AlfaSigma; MAV has served as a consultant for Amgen, 
Sanofi, Akcea, Novartin, Amgen; AP has received a lecturing fees from Sanofi 
and Amgen; TM has received a lecturing fees from Sanofi and Amgen; LP has 
received research grant support from Amgen, has served as a consultant for 
Akcea Therapeutics, and received lecturing fees from Sanofi, Rottapharm-
MEDA; GF has received grant support from AMGEN; GI has received grant 
support and personal fees for public speaking from Amryt Pharmaceuticals, 
Akcea Therapeutics, Pfizer and Sanofi; SB has received honoraria for board, 
conferences, clinical trial or congress from Aegerion, Akcea, Elivie, Sanofi or 
Amgen; CP has received personal fees for public speaking from Amryt Phar-
maceuticals; LC reports grants from Cerenis Therapeutics, grants and personal 
fees from MedImmune, grants from Alexion, grants from Sankyo, grants from 
Pfizer; MAR has received research grant support from Amryt Pharmaceuti-
cal, Amgen, IONIS, Akcea Therapeutics, Pfizer and Sanofi; has served as a 
consultant for Amgen, Aegerion, Akcea Therapeutics, Regeneron, Sanofi and 
Alfasigma and received lecturing fees from Amgen, Amryth Pharmaceuti-
cal, Pfizer, Sanofi and AlfaSigma; EB declares having received honoraria from 
AstraZeneca, Amgen, Genfit, MSD, Sanofi and Regeneron, Unilever, Danone, 
Aegerion, Chiesi, Rottapharm-MEDA, Lilly, Ionis-pharmaceuticals, Ackea Thera-
peutics. Other authors have declared no conflict of interest.

Author details
1 Department of Translational and Precision Medicine, Sapienza University 
of Rome, Viale del Policlinico 155, Rome, Italy. 2 Department of Endocrinology 
and Cardiovascular Disease Prevention, Assistance Publique‑Hôpitaux de Paris, 
La Pitié‑Salpêtrière Hospital, Sorbonne University, Paris, France. 3 Sorbonne Uni-
versité, UPMC Univ Paris 06, INSERM 1146, - CNRS 7371, Laboratoire d’imagerie 
Biomédicale, Paris, France. 4 Dipartimento di Promozione Della Salute, Materno 
Infantile, Medicina Interna e Specialistica di Eccellenza “G. D’Alessandro” 
(PROMISE), Università Degli Studi Di Palermo, Palermo, Italy. 5 Depart-
ment of Clinical Medicine and Surgery, Federico II University, Naples, Italy. 



Page 12 of 12D’Erasmo et al. Orphanet J Rare Dis          (2021) 16:381 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	13.	 Alonso R, Cuevas A, Mata P. Lomitapide: a review of its clinical use, effi-
cacy, and tolerability. Core Evid. 2019;14:19–30.

	14.	 D’Erasmo L, Cefalù AB, Noto D, Giammanco A, Averna M, Pintus P, et al. 
Efficacy of lomitapide in the treatment of familial homozygous hypercho-
lesterolemia: results of a real-world clinical experience in Italy. Adv Ther. 
2017;34(5):1200–10.

	15.	 Vuorio A, Tikkanen MJ, Kovanen PT. Inhibition of hepatic microsomal 
triglyceride transfer protein—a novel therapeutic option for treatment 
of homozygous familial hypercholesterolemia. Vasc Health Risk Manag. 
2014;10:263–70.

	16.	 Berberich AJ, Hegele RA. Lomitapide for the treatment of hypercholester-
olemia. Expert Opin Pharmacother. 2017;18(12):1261–8.

	17.	 Gallo A, Giral P, Carrié A, Carreau V, Béliard S, Bittar R, et al. Early coronary 
calcifications are related to cholesterol burden in heterozygous familial 
hypercholesterolemia. J Clin Lipidol. 2017;11(3):704-711.e2.

	18.	 Raal FJ, Pilcher GJ, Panz VR, van Deventer Hendrick E, Brice BC, Blom 
DJ, et al. Reduction in mortality in subjects with homozygous familial 
hypercholesterolemia associated with advances in lipid-lowering therapy. 
Circulation. 2011;124(20):2202–7.

	19.	 Pottle A, Thompson G, Barbir M, Bayly G, Cegla J, Cramb R, et al. Lipopro-
tein apheresis efficacy, challenges and outcomes: a descriptive analysis 
from the UK Lipoprotein Apheresis Registry, 1989–2017. Atherosclerosis. 
2019;290:44–51.

	20.	 Beliard S, Gallo A, Duchêne E, Carrié A, Bittar R, Chapman MJ, et al. 
Lipoprotein-apheresis in familial hypercholesterolemia: long-term patient 
compliance in a French cohort. Atherosclerosis. 2018;277:66–71.

	21.	 Thompson GR, Catapano A, Saheb S, Atassi-Dumont M, Barbir M, Eriksson 
M, et al. Severe hypercholesterolaemia: therapeutic goals and eligibility 
criteria for LDL apheresis in Europe. Curr Opin Lipidol. 2010;21(6):492–8.

	22.	 Keller C, Grützmacher P, Bahr F, Schwarzbeck A, Kroon AA, Kiral A. LDL-
apheresis with dextran sulphate and anaphylactoid reactions to ACE 
inhibitors. Lancet Lond Engl. 1993;341(8836):60–1.

	23.	 Di Taranto MD, Giacobbe C, Buonaiuto A, Calcaterra I, Palma D, Maione 
G, et al. A Real-World Experience of Clinical, Biochemical and Genetic 
Assessment of Patients with Homozygous Familial Hypercholesterolemia. 
J Clin Med. 2020;9(1).

	24.	 Raal FJ, Hovingh GK, Blom D, Santos RD, Harada-Shiba M, Bruckert E, et al. 
Long-term treatment with evolocumab added to conventional drug 
therapy, with or without apheresis, in patients with homozygous familial 
hypercholesterolaemia: an interim subset analysis of the open-label 
TAUSSIG study. Lancet Diabetes Endocrinol. 2017;5(4):280–90.

	25.	 D’Erasmo L, Minicocci I, Nicolucci A, Pintus P, Roeters Van Lennep JE, 
Masana L, et al. Autosomal recessive hypercholesterolemia: long-term 
cardiovascular outcomes. J Am Coll Cardiol. 2018;71(3):279–88.

	26.	 Kroon AA, van’t Hof MA, Demacker PNM, Stalenhoef AFH. The rebound of 
lipoproteins after LDL-apheresis. Kinetics and estimation of mean lipopro-
tein levels. Atherosclerosis. 2000;152(2):519–26.

	27.	 Duell PB, Santos RD, Kirwan B-A, Witztum JL, Tsimikas S, Kastelein JJP. 
Long-term mipomersen treatment is associated with a reduction in 
cardiovascular events in patients with familial hypercholesterolemia. J 
Clin Lipidol. 2016;10(4):1011–21.

	28.	 Béliard S, Millier A, Carreau V, Carrié A, Moulin P, Fredenrich A, et al. The 
very high cardiovascular risk in heterozygous familial hypercholester-
olemia: analysis of 734 French patients. J Clin Lipidol. 2016;10(5):1129-
1136.e3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Long-term efficacy of lipoprotein apheresis and lomitapide in the treatment of homozygous familial hypercholesterolemia (HoFH): a cross-national retrospective survey
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Results
	Lipid changes during follow-up
	Cardiovascular outcomes

	Discussion
	Limitations
	Conclusion
	Material and methods
	Study aim, setting and design
	Patients’ selection
	Data collection
	Laboratory measurements
	Cholesterol burden estimation
	Statistical analysis

	Acknowledgements
	References


