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See the editorial comment for this article ‘ANGPTL3 as a therapeutic target for treating homozygous familial hyperchol-
esterolaemia: a shot in the arm for evinacumab’, by G.F. Watts et al., https://doi.org10.1093/eurheartj/ehae321.

Abstract

Background and 
Aims

Homozygous familial hypercholesterolaemia (HoFH) is a rare genetic disorder characterized by severely elevated LDL chol-
esterol (LDL-C) and premature atherosclerotic cardiovascular disease. In the pivotal Phase 3 HoFH trial (NCT03399786), 
evinacumab significantly decreased LDL-C in patients with HoFH. This study assesses the long-term safety and efficacy of 
evinacumab in adult and adolescent patients with HoFH.

Methods In this open-label, single-arm, Phase 3 trial (NCT03409744), patients aged ≥12 years with HoFH who were evinacumab- 
naïve or had previously received evinacumab in other trials (evinacumab-continue) received intravenous evinacumab 
15 mg/kg every 4 weeks with stable lipid-lowering therapy.

Results A total of 116 patients (adults: n = 102; adolescents: n = 14) were enrolled, of whom 57 (49.1%) were female. Patients were 
treated for a median (range) duration of 104.3 (28.3–196.3) weeks. Overall, treatment-emergent adverse events (TEAEs) 
and serious TEAEs were reported in 93 (80.2%) and 27 (23.3%) patients, respectively. Two (1.7%) deaths were reported 
(neither was considered related to evinacumab). Three (2.6%) patients discontinued due to TEAEs (none were considered 
related to evinacumab). From baseline to Week 24, evinacumab decreased mean LDL-C by 43.6% [mean (standard devi-
ation, SD), 3.4 (3.2) mmol/L] in the overall population; mean LDL-C reduction in adults and adolescents was 41.7% 
[mean (SD), 3.2 (3.3) mmol/L] and 55.4% [mean (SD), 4.7 (2.5) mmol/L], respectively.

Conclusions In this large cohort of patients with HoFH, evinacumab was generally well tolerated and markedly decreased LDL-C irre-
spective of age and sex. Moreover, the efficacy and safety of evinacumab was sustained over the long term.

* Corresponding author. Tel: +1 418 545 1252, Email: daniel.gaudet@umontreal.ca
© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and 
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information please contact 
journals.permissions@oup.com.

European Heart Journal (2024) 45, 2422–2434 
https://doi.org/10.1093/eurheartj/ehae325

CLINICAL RESEARCH 
Dyslipidaemias

https://orcid.org/0000-0002-5185-3666
https://orcid.org/0000-0002-8001-6795
https://doi.org10.1093/eurheartj/ehae321
mailto:daniel.gaudet@umontreal.ca
https://creativecommons.org/licenses/by-nc/4.0/


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Structured Graphical Abstract

What is the long-term efficacy and safety of evinacumab, an angiopoietin-like 3 inhibitor, in adolescent and adult patients with
homozygous familial hypercholesterolaemia (HoFH)?

Evinacumab markedly decreased low-density lipoprotein cholesterol (LDL-C) in adolescent and adult patients with HoFH in both sexes, 
and was generally well tolerated. Both efficacy and safety were sustained long term.

Evinacumab maintains long-term substantial LDL-C reductions in patients with HoFH, irrespective of age and sex.

Key Question

Key Finding

Take Home Message

Substantial long-term LDL-C reduction of ~44%

Open-label treatment period
(≤ 192 weeks)
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15 mg/kg IV Q4W
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continue) were enrolled

55.4% in patients aged <18 years
41.7% in patients aged ≥18 years

51.2% in female patients
37.1% in male patients

41.8% in Caucasian patients
48.0% in non-Caucasian patients

49.0% in patients with null-null variants
41.4% in patients with non-null variants

39.0% in patients receiving apheresis
46.3% in patients not receiving apheresis

46.1% in patients receiving PCSK9i
39.5% in patients not receiving PCSK9i

43.3% in patients receiving statin
48.1% in patients not receiving statin

Lomitapide 52.3% in patients receiving lomitapide
41.7% in patients not receiving lomitapide

TEAEs and serious TEAEs occurred in 93 (80.2%)
and 27 (23.3%) patients, respectively

3 patients (2.6%) discontinued treatment due to a TEAE 
(none were considered related to evinacumab treatment)

2 deaths (1.7%) were reported (both were considered 
unrelated to evinacumab treatment)

45.0% in patients with Lp(a) < 75 nmol/L
42.2% in patients with Lp(a) ≥ 75 nmol/L
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HoFH, homozygous familial hypercholesterolaemia; IV, intravenous; LDL-C, LDL cholesterol; LDLR, LDL receptor; Lp(a), lipoprotein(a); PCSK9i, 
proprotein convertase subtilisin/kexin type 9 inhibitor; Q4W, every 4 weeks; SE, standard error; TEAE, treatment-emergent adverse event.
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Introduction
Homozygous familial hypercholesterolaemia (HoFH) is a rare genetic 
lipid disorder that is associated with a high burden of cardiovascular 
outcomes and premature mortality.1,2 Homozygous familial hyperchol-
esterolaemia is often caused by genetic variants in the LDL receptor 
(LDLR), apolipoprotein B (APOB), and proprotein convertase subtili-
sin/kexin type 9 (PCSK9) genes, resulting in severely impaired LDL chol-
esterol (LDL-C) clearance from the circulation.2–4 Some patients with 
HoFH have complete loss-of-function (‘null–null’) LDLR variants, result-
ing in higher LDL-C levels compared with other variants.2 Homozygous fa-
milial hypercholesterolaemia causes early, accelerated onset of 
atherosclerotic cardiovascular disease (ASCVD),4 and patients with null– 
null LDLR variants are at greater risk for premature ASCVD than those 

with non-null LDLR variants.2 Given that untreated patients with HoFH 
are not expected to live past their third decade,5 early treatment initiation 
is essential for young patients with HoFH, as effective management of 
LDL-C levels reduces the risk of subsequent cardiovascular events.6,7

Treatment guidelines recommend the use of lipid-lowering therapy 
(LLT), including statins,8 PCSK9 inhibitors,9 and lipoprotein apheresis,10,11

to lower LDL-C levels in patients with HoFH.1,3,11 Recent European 
Society of Cardiology and European Atherosclerosis Society guidelines 
for patients with HoFH recommend LDL-C levels of <1.8 mmol/L 
(<70 mg/dL) and <1.4 mmol/L (<55 mg/dL) for adults with and without 
ASCVD, respectively.12 In children and adolescents, an LDL-C level of 
<3 mmol/L (<115 mg/dL) is recommended if LLTs are initiated before 
the age of 18 years, and imaging assessment does not indicate the presence 
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of ASCVD.12 For children and adolescents with established ASCVD, a 
lower LDL-C goal is recommended.12 Treatments that increase LDLR ex-
pression, such as statins and PCSK9 inhibitors, have limited to no effect in 
patients with null–null LDLR variants.13–15 Lomitapide and lipoprotein 
apheresis are treatment options for HoFH that work independently of 
the LDLR pathway.16–18 However, lomitapide is not approved for patients 
aged <18 years and is associated with gastrointestinal adverse events and 
hepatic fat accumulation.15,16,19–21 Consequently, patients are advised to 
follow a low-fat diet with adequate supplementation of essential fatty acids 
and fat-soluble vitamins.19,20,22 Lipoprotein apheresis is considered a safe 
and effective LDL-C-lowering therapy that should be started as soon as 
possible in children with HoFH, ideally by 3 years of age and no later 
than 8 years of age, depending on appropriate venous access.12,23

However, despite its therapeutic value, the use of apheresis is not universal 
due to variable access, particularly as apheresis is limited to highly 
specialized centres in many countries.12,23–25 Concerns regarding the use 
of apheresis include the depletion of apolipoprotein E HDL and pre- 
β1-HDL particles by apheresis, suggesting that cellular cholesterol efflux 
may be impaired in the immediate post-apheresis period.26 With current 
standard-of-care LLTs, guideline-recommended LDL-C treatment goals 
are rarely met.8,25,27 Given that the extent of LDL-C reduction is strongly 
associated with survival outcomes, many patients with HoFH remain at 
high risk for cardiovascular mortality.28 Therefore, an urgent unmet 
need exists for effective and tolerable lipid-lowering treatments in patients 
with HoFH.4,29

Evinacumab is a fully human monoclonal antibody that specifically binds 
to and inhibits angiopoietin-like 3, a protein that inhibits the activity of 
lipoprotein and endothelial lipase and thereby reduces the concentration 
of plasma lipids.30–32 Evinacumab was approved as an adjunct to other 
LLTs for the treatment of HoFH in adult and adolescent patients aged 
≥12 years by the US Food and Drug Administration (FDA) in February 
2021 and the European Medicines Agency (EMA) in June 2021.33,34

These approvals were based on the findings of a pivotal, double-blind, 
placebo-controlled, Phase 3 study (NCT03399786) in which evinacumab 
significantly decreased LDL-C levels by ∼50% in patients with HoFH aged 
≥12 years after 24 weeks when administered with maximally tolerated 
LLT, irrespective of apheresis status.35 Subsequently, in a single-arm, 
open-label, Phase 3 trial (NCT04233918), the addition of evinacumab 
to aggressive baseline LLTs reduced LDL-C by 48% in paediatric patients 
with HoFH aged 5–11 years after 24 weeks of treatment.36 As a result, 
the initial approval of evinacumab was extended to patients with HoFH 
aged 5–11 years by the FDA (in March 2023) and the EMA (in 
December 2023).34,36 In September 2023, evinacumab was approved 
by Health Canada for the treatment of patients with HoFH aged 
≥5 years.37

The long-term effects of evinacumab are yet to be described. In this 
study, we present data from an open-label, Phase 3 trial, the 
Evinacumab Lipid Studies in Patients with Homozygous Familial 
Hypercholesterolaemia extension study, which evaluated the long-term 
safety and efficacy of evinacumab in adult and adolescent patients with 
HoFH.

Methods
Study design
This single-arm, open-label, Phase 3 study (NCT03409744) evaluated the 
long-term safety and efficacy of evinacumab in adult and adolescent patients 
with HoFH. This study comprised a run-in period (≤10 weeks), a screening 
period (2 weeks), an open-label treatment period (≤192 weeks; OLTP), 

and a follow-up period (24 weeks) after the last dose of the study drug 
(see Supplementary data online, Figure S1). The run-in period was estab-
lished for patients who had an unconfirmed diagnosis of HoFH or back-
ground LLT/apheresis schedules that were not stable for ≥8 weeks prior 
to the start of the study. Patients who were evinacumab-naïve or had not 
entered the study within 7 days of completing a previous evinacumab study 
were required to enter the 2-week screening period. At baseline (Day 1) 
and every 4 weeks (Q4W), patients received intravenous evinacumab 
15 mg/kg. Patients were required to maintain a stable regimen of LLT for 
the duration of the study. Study duration varied for each patient, ranging 
from months to ∼4 years. The date of the final database lock for this open- 
label study was 22 May 2023, and the analysis reported herein is based on 
the data from this final database lock.

Trial oversight
This study was conducted at 38 sites across 12 countries (see Supplementary 
data online, Tables S1 and S2). The principal investigators and the sponsor 
(Regeneron Pharmaceuticals, Inc.) designed the trial protocol and selected 
the participating sites (see Supplementary data online, Table S2). The study 
protocol was approved by the institutional review board and/or ethics com-
mittee at each site.

This study was conducted in accordance with the principles of the 
Declaration of Helsinki and was consistent with Good Clinical Practices 
of the International Conference on Harmonisation and applicable regula-
tory requirements. Monitoring and site supervision were performed with 
oversight by the sponsor. The sponsor also participated in the collection, 
analysis, and interpretation of the data and checked the information pro-
vided in the manuscript. All authors had access to the data, contributed 
to the drafting of the initial version of the manuscript, participated in revi-
sions, and agreed with the decision to submit the manuscript for publica-
tion. The authors vouch for the accuracy and completeness of the data 
and for the fidelity of the trial to the protocol.

Patients
Patients may or may not have participated in previous evinacumab 
studies. Patients who participated in the Phase 2 proof-of-concept study 
(NCT02265952) or the pivotal Phase 3 evinacumab HoFH study 
(NCT03399786) were eligible for participation in this open-label study. 
Eligible patients were aged ≥12 years and diagnosed with HoFH by genetic 
or clinical criteria. Genetic diagnosis was defined as a documented patho-
genic variant in both LDLR alleles, or homozygous or compound heterozy-
gous variants in APOB or PCSK9. Patients who were double heterozygotes 
(i.e. pathogenic variants on different genes, e.g. LDLR and PCSK9) and pa-
tients with compound heterozygous or homozygous variants in the LDLR 
adaptor protein 1 (LDLRAP1) gene were also eligible. Clinical diagnosis 
was defined as an untreated total cholesterol level >12.9 mmol/L 
(>500 mg/dL) with a documentation of cutaneous or tendinous xanthoma 
before 10 years of age, or a total cholesterol level >6.5 mmol/L (>250 mg/dL) 
in both parents. Patients with null–null variants had <15% LDLR activity based 
on in vitro assays, as previously reported.38 In addition, patients were required 
to be receiving stable LLT. All patients provided written informed consent. All 
patient eligibility criteria are provided in the Supplementary data online, 
Appendix S1.

Outcomes
The primary outcome was the incidence and severity of treatment- 
emergent adverse events (TEAEs) and other safety analyses during the 
OLTP. Efficacy outcomes were per cent and absolute change from baseline 
over time in LDL-C, apolipoprotein B (Apo B), non-HDL cholesterol 
(non-HDL-C), total cholesterol, and fasting triglycerides.

Statistical analysis
As this was an open-label, single-arm study, no calculation of sample size 
was performed. The aim was to enrol 120 patients, 14 of whom were to 
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be adolescents, in order to study the effect of evinacumab in adolescent pa-
tients with HoFH.

Safety and efficacy analyses were performed in the safety analysis set, which 
included all patients who were enrolled and received at least one dose or a 
partial dose of open-label treatment with evinacumab 15 mg/kg in this study. 
Safety data were summarized descriptively, and TEAEs were reported and 
coded using the Medical Dictionary for Regulatory Activities version 26.0.

Per cent and absolute change from baseline in LDL-C, as well as other 
lipid and lipoprotein parameters, were summarized using descriptive statis-
tics. Per cent and absolute change from baseline in LDL-C were analysed by 
evinacumab treatment status (evinacumab-naïve and evinacumab-continue) 
and age (adults and adolescents) up to Week 184. At Week 24, per cent and 
absolute change from baseline in LDL-C were assessed by age, sex, race, 
LDLR genotype (null–null and non-null), lipoprotein apheresis status, triple 
therapy status, and quadruple therapy status at baseline. For patients 
who had received evinacumab in the previous Phase 2 study or who had 
not previously received evinacumab, baseline was defined as the last ob-
tained value before the first dose of evinacumab in this open-label study. 
For patients who had previously received evinacumab in the pivotal 
Phase 3 study, baseline was defined as the last obtained value before the first 
dose of double-blind evinacumab in the Phase 3 study. Triple therapy was 
defined as treatment with a statin, ezetimibe, and a PCSK9 inhibitor, and 
quadruple therapy was defined as treatment with a statin, ezetimibe, a 
PCSK9 inhibitor, and lomitapide. Note that the subgroups indicated do not 
exclude the use of other concomitant LLTs (e.g. bile acid sequestrants, nico-
tinic acid and derivatives, phytosterols, probucol, and omega-fatty acids). Per 
cent change from baseline in other lipid and lipoprotein parameters was as-
sessed in the overall population, and by evinacumab treatment status, at 
Week 24. Missing data were not imputed. All statistical analyses were per-
formed using SAS Linux 9.4 (SAS Institute, Cary, NC, USA).

Results
Baseline characteristics
A total of 116 patients (evinacumab-naïve group: n = 46; evinacumab- 
continue group: n = 70) were enrolled in the study (see Supplementary 
data online, Figure S2). All patients received at least one dose of intraven-
ous evinacumab 15 mg/kg Q4W and were included in the safety analysis 
set.

The baseline demographics and clinical characteristics of all patients 
are presented in Table 1 and by sex in Supplementary data online, 
Table S3. Overall, the mean (standard deviation, SD) age was 38.8 
(15.9) years. Fifty-seven (49.1%) patients were female, 85 (73.3%) pa-
tients had a genetically confirmed diagnosis of HoFH, and 31 (26.7%) pa-
tients had their HoFH diagnosed clinically. Thirty-seven (31.9%) patients 
had null–null variants (<15% LDLR activity) in either LDLR (n = 36, 
31.0%) or LDLRAP1 (n = 1, 0.9%). Genotype data are provided in 
Supplementary data online, Table S4. The mean (SD) baseline 
LDL-C level was 6.8 (4.1) mmol/L [261.0 (160.1) mg/dL]. Almost all 
patients (n = 107; 92.2%) were receiving a statin at baseline. The median 
(range) duration of evinacumab exposure was 104.3 (28.3–196.3) weeks.

Patient demographics and clinical characteristics were generally simi-
lar between the evinacumab-naïve and evinacumab-continue groups. 
The median (range) duration of evinacumab exposure was 97.3 
(31.9–196.3) and 109.6 (28.3–188.1) weeks in the evinacumab-naïve 
and evinacumab-continue groups, respectively.

Safety
Overall, TEAEs during the OLTP were reported in 93 (80.2%) patients 
(Table 2). For most patients, TEAEs were mild (n = 27; 23.3%) or mod-
erate (n = 48; 41.4%) in severity. The most common TEAEs were 

nasopharyngitis (n = 23; 19.8%), coronavirus disease 2019 (COVID-19; 
n = 19, 16.4%) headache (n = 19; 16.4%), and influenza-like illness (n = 16; 
13.8%). Ten (8.6%) patients experienced TEAEs that were considered re-
lated to evinacumab treatment by the investigator: asthenia (n = 2), oral pig-
mentation (n = 1), face oedema (n = 1), feeling hot (n = 1), infusion site 
erythema (n = 1), abnormal hepatic function (n = 1), upper respiratory tract 
infection (n = 1), blood glucose decreased (n = 1), transaminases increased 
(n = 1), muscle spasms (n = 1), headache (n = 2), hypoesthesia (n = 1), par-
aesthesia (n = 1), acne (n = 1), pruritus (n = 1), and swelling face (n = 1). 
Treatment-emergent serious adverse events (SAEs) occurred in 27 
(23.3%) patients (Table 3); however, none were considered related to evina-
cumab treatment. Three (2.6%) TEAEs (pregnancy, n = 2; headache, n = 1) 
led to a discontinuation of study treatment.

Two (1.7%) patients experienced TEAEs that resulted in death. First, 
a 54-year-old male patient, with a significant medical history that was 
consistent with underlying HoFH disease (xanthomas, corneal arcus, 
coronary artery disease, aortic valve disease, angina, hypertension, 
and coronary artery bypass graft procedure), experienced a sudden 
cardiac arrest and died on study Day 235, 6 days after the eighth 
dose of evinacumab. Second, a 54-year-old female patient, with a med-
ical history significant for HoFH (multiple myocardial infarctions, coron-
ary artery bypass, carotid artery occlusion, carotid endarterectomy, 
and carotid bruit) died from a presumed acute myocardial infarction 
on study Day 366, 21 days after receiving the eighth dose of evinacu-
mab. Consistent with the occurrence of a myocardial infarction, tropo-
nin levels were elevated [16 773 ng/L (normal value: <0.04 ng/L)]. Both 
of these fatal adverse events were considered unrelated to evinacumab 
treatment.

The incidence of TEAEs and SAEs was higher in the evinacumab- 
continue group compared with the evinacumab-naïve group (85.7% 
vs. 71.7% and 31.4% vs. 10.9%, respectively). Exposure-adjusted 
TEAEs are presented in Supplementary data online, Table S5. During 
the study, two (1.7%) patients developed treatment-emergent anti- 
evinacumab antibodies (evinacumab-naïve group: n = 1; evinacumab- 
continue group: n = 1). However, the anti-evinacumab antibody 
responses for both patients were characterized as transient, with low 
(<1000) titres. Pre-existing anti-evinacumab antibodies were detected 
in five (4.3%) patients (evinacumab-naïve group: n = 1; evinacumab- 
continue group: n = 4).

Overall, there were no clinically relevant changes in liver function 
parameters from baseline to Week 24 (see Supplementary data 
online, Table S6). Eight (6.9%) patients in the overall population 
[evinacumab-naïve group (n = 3); evinacumab-continue group (n =  
5)] experienced TEAEs related to liver function, including abnormal 
hepatic function (n = 1; 0.9%), acute hepatitis (n = 1; 0.9%), increase 
in alanine aminotransferase (n = 4; 3.4%), increase in aspartate amino-
transferase (n = 4; 3.4%), increase in blood creatine phosphokinase (n  
= 1; 0.9%), and an increase in transaminases (n = 1; 0.9%; see 
Supplementary data online, Table S7). Two TEAEs related to liver func-
tion [abnormal hepatic function (n = 1; 0.9%) and increase in transami-
nases (n = 1; 0.9%)] were considered related to evinacumab treatment 
and possibly related to concomitant LLTs (lomitapide or rosuvastatin). 
All other TEAEs related to liver function were considered unrelated to 
evinacumab treatment. One (0.9%) patient experienced a serious 
TEAE of acute hepatitis of moderate intensity on study Day 1120, 
27 days after the 40th dose of evinacumab. Laboratory tests showed 
the patient to have elevated levels of aspartate aminotransferase 
[2624 U/L (normal range: 9–34 U/L)] and alanine aminotransferase 
[680 U/L (normal range: 6–41 U/L)]. The patient was admitted to hos-
pital on study Day 1121. Although asymptomatic, the patient 
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reportedly had an alcohol intake more than the usual a few days prior. 
An elevated level of cytomegalovirus immunoglobulin M antibody 
was noted, and the patient was diagnosed with possible hepatitis 
virus. The patient received no treatment, but administration of the 
study drug was interrupted. On study Day 1127, the event of acute 

hepatitis was considered resolved, and the patient was discharged 
from the hospital. The study drug was resumed with the patient re-
ceiving evinacumab on study Day 1149. No patient experienced a 
liver-related TEAE leading to a permanent discontinuation of study 
treatment.
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Table 1 Patient demographics and baseline clinical characteristics

Evinacumab-naïve (n = 46) Evinacumab-continue (n = 70) Total (n = 116)

Age, years, mean (SD) 35.2 (16.5) 41.2 (15.2) 38.8 (15.9)

Male, n (%) 26 (56.5) 33 (47.1) 59 (50.9)

Race, n (%)

White 31 (67.4) 49 (70.0) 80 (69.0)

Black or African American 2 (4.3) 2 (2.9) 4 (3.4)

Asian 3 (6.5) 9 (12.9) 12 (10.3)

Not reported 7 (15.2) 4 (5.7) 11 (9.5)

Other 3 (6.5) 6 (8.6) 9 (7.8)

BMI, kg/m2, mean (SD) 24.5 (5.2) 26.4 (6.1) 25.7 (5.8)

HoFH diagnosis, n (%)

Genotyping 33 (71.7) 52 (74.3) 85 (73.3)

Clinical diagnosis 13 (28.3) 18 (25.7) 31 (26.7)

Genotype state, n (%)

Homozygous 22 (47.8) 33 (47.1) 55 (47.4)

Compound heterozygous 18 (39.1) 23 (32.9) 41 (35.3)

Double heterozygous 0 1 (1.4) 1 (0.9)

Other (heterozygous or undetermined) 5 (10.9) 12 (17.1) 17 (14.7)

No mutations 0 1 (1.4) 1 (0.9)

Missing 1 (2.2) 0 1 (0.9)

Baseline LLT, n (%)

Statin 44 (95.7) 63 (90.0) 107 (92.2)

High-intensity statina 37 (80.4) 55 (78.6) 92 (79.3)

Ezetimibe 36 (78.3) 57 (81.4) 93 (80.2)

PCSK9 inhibitorb 22 (47.8) 50 (71.4) 72 (62.1)

Lomitapide 8 (17.4) 14 (20.0) 22 (19.0)

Lipoprotein apheresis 22 (47.8) 23 (32.9) 45 (38.8)

Calculated LDL-C, mmol/L, mean (SD)c 7.0 (3.2) 6.6 (4.7) 6.8 (4.1)

Apolipoprotein B, g/L, mean (SD) 1.8 (0.7) 1.7 (0.9) 1.7 (0.8)

HDL-C, mmol/L, mean (SD) 1.1 (0.4) 1.1 (0.4) 1.1 (0.4)

Non-HDL-C, mmol/L, mean (SD) 7.5 (3.1) 7.2 (4.8) 7.3 (4.2)

Total cholesterol, mmol/L, mean (SD) 8.6 (3.0) 8.3 (4.7) 8.4 (4.1)

Fasting triglycerides, mmol/L, median (Q1, Q3) 1.0 (0.7, 1.6) 1.0 (0.6, 1.6) 1.0 (0.7, 1.6)

Lipoprotein(a), nmol/L, median (Q1, Q3) 50.0 (23.0, 113.0) 73.5 (32.0, 168.0) 66.0 (28.0, 166.0)

BMI, body mass index; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; LLT, lipid-lowering therapy; PCSK9, proprotein convertase subtilisin/kexin type 9. 
aHigh-intensity statin corresponds to atorvastatin 40 or 80 mg daily or rosuvastatin 20–40 mg daily. 
bAlirocumab or evolocumab. 
cLDL-C was calculated using the Friedewald formula.
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Efficacy
The mean per cent reduction in LDL-C level from baseline to Week 24 
was 43.6% in the overall patient population (n = 86), with a mean (SD) 
absolute difference of 3.4 (3.2) mmol/L [132.0 (124.4) mg/dL; Figure 1). 

Mean LDL-C reductions were maintained at Week 48 [43.9%, n = 95; 
mean (SD): 3.4 (3.5) mmol/L]. When patients were assessed by evina-
cumab treatment status at Week 24, the mean per cent reduction in 
LDL-C level was 47.8% [mean (SD): 3.8 (2.7) mmol/L] and 41.3% 
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Table 2 Summary of treatment-emergent adverse events during the open-label treatment period

n (%) of patients Evinacumab-naïve (n = 46) Evinacumab-continue (n = 70) Total (n = 116)

Any TEAE 33 (71.7) 60 (85.7) 93 (80.2)

Treatment-emergent SAEs 5 (10.9) 22 (31.4) 27 (23.3)

TEAEs leading to treatment discontinuation 0 3 (4.3)a 3 (2.6)

TEAEs leading to death 1 (2.2) 1 (1.4) 2 (1.7)

TEAEs occurring in ≥5% of patients by preferred term

Nasopharyngitis 11 (23.9) 12 (17.1) 23 (19.8)

Coronavirus disease 2019 5 (10.9) 14 (20.0) 19 (16.4)

Headache 7 (15.2) 12 (17.1) 19 (16.4)

Influenza-like illness 4 (8.7) 12 (17.1) 16 (13.8)

Arthralgia 6 (13.0) 9 (12.9) 15 (12.9)

Back pain 4 (8.7) 10 (14.3) 14 (12.1)

Nausea 4 (8.7) 10 (14.3) 14 (12.1)

Cough 6 (13.0) 6 (8.6) 12 (10.3)

Diarrhoea 3 (6.5) 7 (10.0) 10 (8.6)

Gastroenteritis 7 (15.2) 3 (4.3) 10 (8.6)

Pyrexia 3 (6.5) 7 (10.0) 10 (8.6)

Urinary tract infection 3 (6.5) 7 (10.0) 10 (8.6)

Pain in extremity 3 (6.5) 5 (7.1) 8 (6.9)

Upper respiratory tract infection 3 (6.5) 5 (7.1) 8 (6.9)

Abdominal pain 4 (8.7) 3 (4.3) 7 (6.0)

Dizziness 0 7 (10.0) 7 (6.0)

Myalgia 2 (4.3) 5 (7.1) 7 (6.0)

Toothache 2 (4.3) 5 (7.1) 7 (6.0)

Vomiting 3 (6.5) 4 (5.7) 7 (6.0)

Contusion 2 (4.3) 4 (5.7) 6 (5.2)

Gastro-oesophageal reflux disease 1 (2.2) 5 (7.1) 6 (5.2)

Oropharyngeal pain 5 (10.9) 1 (1.4) 6 (5.2)

Immunization reaction 1 (2.2) 4 (5.7) 5 (4.3)

Alanine aminotransferase increased 3 (6.5) 1 (1.4) 4 (3.4)

Aspartate aminotransferase increased 3 (6.5) 1 (1.4) 4 (3.4)

Angina pectoris 0 4 (5.7) 4 (3.4)

Blood creatine phosphokinase increased 3 (6.5) 1 (1.4) 4 (3.4)

Chest pain 0 4 (5.7) 4 (3.4)

Acne 3 (6.5) 0 3 (2.6)

Paraesthesia 3 (6.5) 0 3 (2.6)

SAE, serious adverse event; TEAE, treatment-emergent adverse event. 
aTEAEs leading to treatment discontinuation were due to pregnancy in two patients and headache in one patient.
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Table 3 Summary of serious treatment-emergent adverse events during the open-label treatment period

n (%) of patients Evinacumab-naïve n = 46 Evinacumab-continue n = 70 Total n = 116

Angina pectoris 0 2 (2.9) 2 (1.7)

Angina unstable 0 2 (2.9) 2 (1.7)

Aortic valve disease 0 2 (2.9) 2 (1.7)

Chest pain 0 2 (2.9) 2 (1.7)

Coronary artery disease 0 2 (2.9) 2 (1.7)

Acute myocardial infarction 0 1 (1.4) 1 (0.9)

Aortic stenosis 0 1 (1.4) 1 (0.9)

Arteriosclerosis 0 1 (1.4) 1 (0.9)

Arteriovenous fistula-site complication 1 (2.2) 0 1 (0.9)

Atrial fibrillation 1 (2.2) 0 1 (0.9)

Cardiac arrest 1 (2.2) 0 1 (0.9)

Cardiac failure acute 0 1 (1.4) 1 (0.9)

Cardiac failure chronic 1 (2.2) 0 1 (0.9)

Cardiac valve disease 1 (2.2) 0 1 (0.9)

Cataract 0 1 (1.4) 1 (0.9)

Cervical vertebral fracture 0 1 (1.4) 1 (0.9)

Coronary artery occlusion 0 1 (1.4) 1 (0.9)

Coronary artery stenosis 0 1 (1.4) 1 (0.9)

Food allergy 0 1 (1.4) 1 (0.9)

Gastroenteritis 1 (2.2) 0 1 (0.9)

Glaucoma 0 1 (1.4) 1 (0.9)

Hepatitis acute 0 1 (1.4) 1 (0.9)

Intestinal ischaemia 0 1 (1.4) 1 (0.9)

Ischaemic stroke 0 1 (1.4) 1 (0.9)

Mental status changes 0 1 (1.4) 1 (0.9)

Myocardial infarction 0 1 (1.4) 1 (0.9)

Oesophageal candidiasis 0 1 (1.4) 1 (0.9)

Ovarian cyst ruptured 1 (2.2) 0 1 (0.9)

Peripheral artery stenosis 1 (2.2) 0 1 (0.9)

Pneumonia 1 (2.2) 0 1 (0.9)

Prostate cancer 0 1 (1.4) 1 (0.9)

Renal infarct 0 1 (1.4) 1 (0.9)

Rib fracture 0 1 (1.4) 1 (0.9)

Spinal epidural haematoma 0 1 (1.4) 1 (0.9)

Scapula fracture 0 1 (1.4) 1 (0.9)

Supravalvular aortic stenosis 0 1 (1.4) 1 (0.9)

Vascular pseudoaneurysm 1 (2.2) 0 1 (0.9)

SAE, serious adverse event; TEAE, treatment-emergent adverse event.
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[mean (SD): 3.2 (3.5) mmol/L] in the evinacumab-naïve and 
evinacumab-continue groups, respectively (Figure 1A). In adult and ado-
lescent patients, LDL-C was reduced by 41.7% [mean (SD): 3.2 (3.3) 
mmol/L] and 55.4% [mean (SD): 4.7 (2.5) mmol/L], respectively, at 
Week 24 (Figure 1B). Although patient numbers varied at later time 
points due to the COVID-19 pandemic, the observed reductions in 
LDL-C were maintained through at least Week 120 (Figure 1).

The mean per cent change in LDL-C from baseline to Week 24 was 
analysed by patient subgroups (Figure 2). In patients <18 years of age 
and ≥18 years of age, the mean per cent reduction in LDL-C from 
baseline to Week 24 was 55.4% [mean (SD): 4.7 (2.5) mmol/L] and 
41.7% [mean (SD): 3.2 (3.3) mmol/L], respectively. Among female 
and male patients, the mean per cent reduction in LDL-C from base-
line to Week 24 was 51.2% [mean (SD): 3.9 (3.6) mmol/L] and 37.1% 
[mean (SD): 3.0 (2.8) mmol/L], respectively. In Caucasian and 
non-Caucasian patients, the mean per cent reduction in LDL-C 
from baseline to Week 24 was 41.8% [mean (SD): 3.4 (3.5) mmol/L] 
and 48.0% [mean (SD): 3.4 (2.5) mmol/L], respectively. The mean 
per cent reduction in LDL-C from baseline to Week 24 was 49.0% 
[mean (SD): 5.1 (3.4) mmol/L] and 41.4% [mean (SD): 2.7 (2.9) 
mmol/L] in patients with null–null and non-null variants, respectively. 
For patients receiving and not receiving lipoprotein apheresis, the 
mean per cent reduction in LDL-C from baseline at Week 24 was 
39.0% [mean (SD): 3.3 (2.7) mmol/L] and 46.3% [mean (SD): 3.5 
(3.5) mmol/L], respectively. The mean per cent reduction in LDL-C 

from baseline to Week 24 was 47.1% [mean (SD): 3.4 (3.0) mmol/L] 
and 27.5% [mean (SD): 3.4 (4.4) mmol/L] in patients who were receiv-
ing ezetimibe and those who were not, respectively. Among patients 
receiving and not receiving a PCSK9 inhibitor, the mean per cent re-
duction in LDL-C from baseline to Week 24 was 46.1% [mean (SD): 
3.6 (3.5) mmol/L] and 39.5% [mean (SD): 3.1 (2.7) mmol/L], respect-
ively. The mean per cent reduction from baseline to Week 24 was 
43.3% [mean (SD): 3.5 (3.3) mmol/L] and 48.1% [mean (SD): 2.9 
(2.6) mmol/L] in patients who were receiving statin and those who 
were not, respectively. For patients receiving and not receiving lomi-
tapide, the mean per cent reduction in LDL-C from baseline to 
Week 24 was 52.3% [mean (SD): 2.9 (2.6) mmol/L] and 41.7% 
[mean (SD): 3.5 (3.4) mmol/L], respectively. Finally, the mean per 
cent reduction in LDL-C from baseline to Week 24 was 45.0% 
[mean (SD): 3.2 (3.0) mmol/L] and 42.2% [mean (SD): 3.7 (3.5) 
mmol/L] for patients with baseline lipoprotein(a) [Lp(a)] <75 and 
≥75 nmol/L, respectively.

The effect of evinacumab on other lipid and lipoprotein parameters 
for the overall population and by treatment group is presented in 
Figure 3 and Table 4. As was observed with LDL-C level, evinacumab 
substantially decreased levels of Apo B, non-HDL-C, total cholesterol, 
fasting triglycerides, and Lp(a) in the overall population and in both 
treatment groups after 24 weeks. These observed reductions in lipid 
and lipoprotein parameters remained stable until at least Week 120 
(see Supplementary data online, Figure S3A–E).
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Figure 1 Per cent change in LDL cholesterol from baseline to Week 144 by (A) treatment status and (B) age. LDL-C, LDL cholesterol; SE, standard 
error
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The achievement of relevant LDL-C goals during the study was 
also investigated as post hoc analyses. At Week 24, the proportion 
of patients achieving an LDL-C reduction ≥50% from baseline was 
42.2% of the overall cohort, consisting of 39.2% of adults and 64.3% 
of adolescents; at Week 48, the proportions were 45.7%, 45.1%, 
and 50.0%, respectively (see Supplementary data online, Figure S4). 
For the overall cohort, the proportion of patients achieving LDL-C 
<1.4, <1.8, and <2.6 mmol/L was 14.7%, 19.8%, and 33.6% at 

Week 24, respectively (see Supplementary data online, Figure S5A). 
For those with ASCVD (n = 61), the proportion of patients achieving 
LDL-C <1.4 and <1.8 mmol/L at Week 24 was 18.0% and 27.9%, 
respectively (see Supplementary data online, Figure S5A). The propor-
tion of patients achieving LDL-C goals for adults and adolescents is 
summarized in Supplementary data online, Figure S5A, and goal attain-
ment results at Week 48 are summarized in Supplementary data 
online, Figure S5B.
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Discussion
This study assessed the long-term safety and efficacy of evinacumab 
15 mg/kg Q4W in a large cohort of adult and adolescent patients 
with HoFH. The results of this open-label study showed that evinacu-
mab was generally well tolerated for up to 2.5 years. The mean per 
cent reduction in LDL-C level at Week 24 was 43.6% in the overall 
population, and this effect was maintained after 48 weeks. To our 
knowledge, this study comprised the largest cohort of patients with 
HoFH in a clinical study, and specifically female patients with HoFH. 
Among female patients, the mean per cent reduction in LDL-C level 
at Week 24 was 51.2% vs. 37.1% for male patients. Marked reduc-
tions in LDL-C from baseline to Week 24 were also observed irre-
spective of age, race, LDLR genotype, background LLT, or baseline 
Lp(a).

The reason for a higher mean LDL-C reduction among female pa-
tients with HoFH is unclear but might in part be due to higher mean 
LDL-C levels at baseline among female patients compared with male 
patients. The higher baseline LDL-C among female patients is consistent 

with previous studies that show female patients with FH have higher 
LDL-C levels compared with male patients.39,40

Evinacumab concomitantly decreased Apo B, non-HDL-C, total 
cholesterol, fasting triglycerides, and Lp(a) at Week 24 and this re-
mained stable until at least Week 120. Lp(a) levels are frequently ele-
vated in patients with HoFH and are associated with an increased 
risk of adverse cardiovascular outcomes.41,42 Thus, a reduction in 
Lp(a) might provide ASCVD benefit; however, this finding requires fur-
ther verification in large clinical outcome trials.

Evinacumab was generally well tolerated in both adult and adolescent 
patients with HoFH, as was observed in the pivotal Phase 3 study.35 In 
the present study, most TEAEs were mild or moderate in severity, and 
no clinically significant changes were identified during the first 24 weeks 
of the OLTP. The safety profile of evinacumab was consistent with that 
of the pivotal Phase 3 study, as the incidence of TEAEs was ∼66% and 
the most common TEAEs were nasopharyngitis, influenza-like illness, 
and headache.35

The magnitude of LDL-C reduction was similar in the evinacumab- 
naïve and evinacumab-continue groups, suggesting that the effects of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Absolute and per cent change in lipid and lipoprotein parameters from baseline to Week 24

Parameter Evinacumab-naïve Evinacumab-continue Total
(n = 46) n = 70 n = 116

LDL-C, mmol/L, mean (SD)

Baseline 7.0 (3.2) 6.6 (4.7) 6.8 (4.1)

Absolute change from baseline −3.8 (2.7) −3.2 (3.5) −3.4 (3.2)

Per cent change from baseline −47.8 (23.6) −41.3 (43.7) −43.6 (37.7)

Apolipoprotein B, g/L, mean (SD)

Baseline 1.8 (0.7) 1.7 (0.9) 1.7 (0.8)

Absolute change from baseline −0.8 (0.6) −0.6 (0.6) −0.7 (0.6)

Per cent change from baseline −41.2 (20.4) −34.6 (30.8) −37.0 (27.6)

Non-HDL-C, mmol/L, mean (SD)

Baseline 7.5 (3.1) 7.2 (4.8) 7.3 (4.2)

Absolute change from baseline −4.1 (2.6) −3.5 (3.6) −3.7 (3.2)

Per cent change from baseline −49.6 (19.3) −44.2 (33.5) −46.1 (29.2)

Total cholesterol, mmol/L, mean (SD)

Baseline 8.6 (3.0) 8.3 (4.7) 8.4 (4.1)

Absolute change from baseline −4.5 (2.7) −3.8 (3.6) −4.1 (3.3)

Per cent change from baseline −47.5 (19.0) −42.3 (26.7) −44.2 (24.2)

Fasting triglycerides, mmol/L, median (Q1, Q3)

Baseline 1.0 (0.7, 1.6) 1.0 (0.6, 1.6) 1.0 (0.7, 1.6)

Absolute change from baseline −0.4 (−0.8, −0.2) −0.6 (−0.9, −0.2) −0.5 (−0.9, −0.2)

Per cent change from baseline −50.8 (−58.3, −35.5) −51.8 (−65.9, −36.8) −51.8 (−62.7, −36.2)

Lipoprotein(a), nmol/L, median (Q1, Q3)

Baseline 50.0 (23.0, 113.0) 73.5 (32.0, 168.0) 66.0 (28.0, 166.0)

Absolute change from baseline −8.0 (−22.0, −1.0) −9.0 (−29.0, 2.0) −8.5 (25.0, 0.0)

Per cent change from baseline −18.2 (−33.3, −4.4) −12.4 (−31.8, 4.7) −14.6 (31.8, 0.0)

HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; Q1, first quartile; Q3, third quartile; SD, standard deviation.
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evinacumab were independent of treatment duration. Furthermore, 
the mean per cent reduction in LDL-C level was 47.8% and 41.3% in 
the evinacumab-naïve and evinacumab-continue groups, respectively, 
which was comparable with that of the pivotal Phase 3 study 
(47.1%).35 Together, these results suggest that evinacumab demon-
strates a durable response in patients with HoFH.

Findings from this analysis suggest that evinacumab may fulfil an im-
portant unmet need. Evinacumab substantially decreased LDL-C levels 
in patients with null–null LDLR variants, who generally do not respond 
or respond suboptimally to currently accessible lipid-lowering medica-
tions.43 Moreover, LDL-C reductions were comparable in evinacumab- 
treated adult and adolescent patients. As early treatment initiation is 
imperative,4 evinacumab may assist young patients in achieving and 
maintaining LDL-C goals (Structured Graphical Abstract).

These findings have broad implications that are also promising. The 
prognosis of patients with HoFH is poor, given that many fail to respond 
adequately to available treatments.44,45 As LDL-C reduction is a key de-
terminant of survival, sustained LDL-C reduction in evinacumab-treated 
patients has the potential to decrease the risk of cardiovascular events 
and mortality.

Different angiopoietin-like three inhibition strategies have been eval-
uated in clinical trials for their lipid-lowering potential. Evinacumab is a 
monoclonal antibody that binds to and inhibits angiopoietin-like 3 activ-
ity, leading to an increase in lipoprotein and endothelial lipase activity, 
and a decrease in the concentration of plasma lipids independent of 
LDLR activity.30–32 Conversely, vupanorsen, an N-acetyl galactosa-
mine–conjugated antisense oligonucleotide, selectively inhibits hepatic 
translation of angiopoietin-like 3 mRNA, preventing hepatic synthesis 
and secretion of the angiopoietin-like 3 protein.46 Thus, the site of 
ANGPTL3 inhibition with vupanorsen is the nucleus of the hepatocyte 
vs. the plasma with evinacumab.47 In a placebo-controlled, double-blind, 
randomized, Phase 2b trial, that was designed to evaluate the effect of 
escalating doses of vupanorsen on non-HDL-C levels in statin-treated 
adults with hyperlipidaemia (TRANSLATE-TIMI 70), vupanorsen pro-
duced modest placebo-adjusted reductions in non-HDL-C ranging 
from 22.0% to 27.7%, at 24 weeks.48 Moreover, vupanorsen was asso-
ciated with dose-dependent increases in hepatic fat fraction, and higher 
doses were associated with elevations in alanine aminotransferase 
and aspartate aminotransferase.48,49 Based on the results from the 
TRANSLATE-TIMI 70 study, the vupanorsen clinical development pro-
gramme was discontinued on 31 January 2022.49 It is not yet under-
stood whether the dose-dependent increases in hepatic fat fraction 
and liver enzymes occurred due to a specific metabolic effect of 
vupanorsen or an off-target effect as a result of intrahepatic ANGPTL3 
inhibition.48 Therapeutic approaches to inhibition of intrahepatic 
ANGPTL3 are not necessarily expected to lead to an increase in hep-
atic adverse events.50 In mice, the intrahepatic inhibition of ANGPTL3 
mRNA by an antisense oligonucleotide led to a decrease in liver trigly-
ceride content.51 Furthermore, in individuals with loss-of-function 
mutations in ANGPTL3, complete or partial ANGPTL3 deficiency was 
not associated with hepatic steatosis.50 Notably, over the course of 
our study, the extracellular inhibition of ANGPTL3 with evinacumab 
was not associated with clinically meaningful changes in liver function 
parameters.

This study had several limitations, including its open-label design and 
the lack of a placebo control. Furthermore, patient retention was af-
fected by the COVID-19 pandemic and accounted for the decline in pa-
tient numbers during the study. However, the effects of evinacumab on 
LDL-C level were sustained at Week 48, suggesting that this observa-
tion had little impact on the observed efficacy of evinacumab.

Conclusions
The results from this single-arm, open-label, Phase 3 study showed that 
evinacumab treatment for up to 4 years effectively decreased levels of 
LDL-C and other lipids and lipoproteins in patients with HoFH, with a 
safety profile that was consistent with previous clinical trials. Findings 
from this study extend those of the pivotal Phase 3 study and support 
the long-term safety and efficacy of evinacumab in reducing LDL-C le-
vels in patients with HoFH irrespective of treatment duration, age, sex, 
race, LDLR genotype, and background LLT.
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