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Abstract

Background and 
Aims

Lerodalcibep, a novel small recombinant fusion protein of a proprotein convertase subtilisin/kexin type 9 gene–binding do
main (adnectin) and human serum albumin, demonstrated highly effective low-density lipoprotein cholesterol (LDL-C) re
duction with monthly 300 mg in 1.2 mL subcutaneous dosing in Phase 2. In this global Phase 3 trial, the safety and efficacy of 
lerodalcibep were evaluated in heterozygous familial hypercholesterolaemia patients requiring additional LDL-C lowering.

Methods Patients were randomized 2:1 to monthly subcutaneous injections of either lerodalcibep 300 mg or placebo for 24 weeks. 
The primary efficacy endpoints were the per cent change from baseline in LDL-C at Week 24 and the mean of Weeks 22 
and 24.

Results In 478 randomized subjects [mean age (range); 53 (18–80) years, 51.7% female, mean (SD) baseline LDL-C 3.88 (1.66) 
mmol/L], lerodalcibep reduced LDL-C, compared with placebo by an absolute amount of 2.08 (0.11) mmol/L [LS mean 
(SE); 95% confidence interval −2.30 to −1.87] with a percentage difference of −58.61 (3.25)% at Week 24 and by 2.28 
(0.10) mmol/L (95% confidence interval −2.47 to −2.09) with a percentage difference of −65.0 (2.87)% at the mean of 
Weeks 22 and 24 (P < .0001 for all). With lerodalcibep, 68% of subjects achieved both a reduction in LDL-C ≥ 50% and 
the recommended European Society of Cardiology LDL-C targets during the study. Except for mild injection site reactions, 
treatment-emergent adverse events were similar between lerodalcibep and placebo.

Conclusions Lerodalcibep, a novel anti-proprotein convertase subtilisin/kexin type 9 gene small binding protein dosed monthly as an al
ternative to monoclonal antibodies, significantly reduced LDL-C in subjects with heterozygous familial hypercholesterol
aemia with a safety profile similar to placebo.
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Structured Graphical Abstract

What is the efficacy and safety of lerodalcibep, a novel anti-PCSK9 small binding protein, in subjects with heterozygous familial
hypercholesterolaemia (FH)?

Lerodalcibep administered at a monthly dose of 300 mg (1.2 ml SC) significantly reduced low density lipoprotein cholesterol (LDL-C) by 
almost 60% (absolute reduction of 2.08 mmol/L) in subjects with heterozygous FH. A reduction of LDL-C ≥50% and ESC-recommended 
LDL-C targets were obtained in nearly 70% of patients with a safety profile similar to placebo.

Lerodalcibep is a possible alternative to monoclonal antibodies for the treatment of dyslipidaemia in patients with heterozygous FH.
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Lerodalcibep, a novel anti-proprotein convertase subtilisin/kexin type 9 gene small binding protein for the management of heterozygous familial 
hypercholesterolaemia. ASCVD, atherosclerotic cardiovascular disease; ESC, European Society of Cardiology; FH, familial hypercholesterolaemia; 
ITT, intention to treat; LDL-C, low-density lipoprotein cholesterol; SC, subcutaneous.

Keywords Lerodalcibep • Low-density lipoprotein cholesterol • Familial hypercholesterolaemia

Introduction
Heterozygous familial hypercholesterolaemia (HeFH), an autosomal 
semi-dominant genetic disorder that affects approximately 1 in 300 
persons or over 30 million people worldwide, is characterized by ele
vated low-density lipoprotein cholesterol (LDL-C) levels from birth 
and, if untreated, is associated with premature cardiovascular morbid
ity and mortality from accelerated atherosclerotic cardiovascular dis
ease (ASCVD).1,2 The condition results from dysfunctional variants 
in genes responsible for the clearance of LDL-C. This is mainly due 
to loss-of-function variants in the low-density lipoprotein receptor 
gene (LDLR) and less commonly the apolipoprotein B gene (APOB) 

or gain-of-function variants in the proprotein convertase subtilisin/ 
kexin type 9 gene (PCSK9).3 As untreated HeFH is frequently asso
ciated with the development of ASCVD in the fourth or fifth decade, 
it is imperative to initiate effective LDL-C reduction to achieve 
guideline-directed goals as early as possible.1,4 In those with pre- 
existing ASCVD or multiple ASCVD risk factors, the consensus target 
is an absolute LDL-C of <1.4 mmol/L, plus at least a 50% reduction in 
LDL-C from baseline. For HeFH patients without ASCVD or major 
risk factors, the target is a LDL-C of <1.8 mmol/L together with a re
duction of ≥50% from baseline.5,6 Pharmacological management of fa
milial hypercholesterolaemia (FH) includes high-intensity statins with 
or without ezetimibe and, in those who fail to achieve LDL-C targets, 
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additional therapies inhibiting or reducing circulating PCSK9.7

Monoclonal antibodies (mAbs), such as evolocumab and alirocumab, 
prevent PCSK9 from binding to the LDLR, enabling rapid recycling 
of the LDLR, and significantly reduce LDL-C due to enhanced clear
ance even in subjects with HeFH and have been shown to be safe 
and effective in the long term.8–10 These systemic agents that work 
only in the circulation offer distinct advantages over other pharmaco
logic interventions that utilize small drug molecules, including a 
reduced risk for drug–drug interactions because they are not metabo
lized by the liver or cleared by the kidney and do not enter hepatic or 
muscle cells, or interact with cytochrome P450 or other transport 
proteins, or reduce intracellular cholesterol synthesis or its down
stream products such as ubiquinone.11 Furthermore, mAbs have a 
high specificity for target antigens, achieving a high potency with less 
frequent, but subcutaneous (SC), dosing, and do not penetrate the 
central nervous system because of their size.11

Lerodalcibep (LIB003), a novel small recombinant fusion protein of a 
PCSK9-binding domain (adnectin) and human serum albumin, demon
strated highly effective LDL-C reduction with monthly 300 mg in 
1.2 mL SC dosing in Phase 2.12,13 In this large global Phase 3 trial, we 
evaluated the safety and efficacy of lerodalcibep in HeFH patients, on 
maximally tolerated statins and other oral lipid-lowering agents, requir
ing additional LDL-C lowering.

Methods
Study design and population
Liberate-HeFH was a Phase 3, global, placebo-controlled, randomized, 
double-blind study in subjects with HeFH conducted in nine countries 
across 30 sites. The protocol and informed consent were approved by 
the Institutional Review Board/Independent Ethics Committee and local 
regulators at all clinical sites before enrolment of any subjects. The diagnosis 
of FH was based on genetic confirmation or established phenotypic criteria 
using either the Simon Broome or Dutch Lipid Network Criteria.14,15 In 
addition, eligible subjects were required to have a LDL-C of ≥1.8 mmol/L 
if they had established ASCVD or ≥2.6 mmol/L in the absence of 
ASCVD, and a triglyceride level of ≤4.5 mmol/L, while on stable maximally 
tolerated statin and other background lipid-lowering oral drug therapies. 
Patients known to have homozygous FH were excluded, but there was 
no upper cut-off level for LDL-C. Patients with documented intolerance 
to statins could also participate. Subjects were excluded if they had been 
receiving treatment with mAbs directed towards PCSK9 within 8 weeks 
of screening or within the past year if treated with the small interfering 
RNA (siRNA), inclisiran. Detailed inclusion and exclusion criteria are pro
vided in Supplementary data online, Appendix S1.

Trial procedures
Patients who met eligibility criteria were randomized 2:1 to monthly SC in
jections of either lerodalcibep 300 mg or placebo for 24 weeks. Following 
randomization and dosing on Day 1, patients were seen in the clinic every 
4 weeks (≤31 days) for 20 weeks and then at 2-week intervals for Weeks 22 
and 24. In addition to a basic lipid profile and laboratory safety parameters 
at each visit, LDL-C was also measured by preparative ultracentrifugation. In 
addition, apolipoprotein B and lipoprotein(a) [Lp(a)], free (unbound) 
PCSK9, lerodalcibep levels, and immunogenicity were measured at specified 
visits during the study. Treatment and efficacy were blinded to investigators, 
study staff, participants, and sponsor personnel involved in the study.

Outcomes
The primary efficacy endpoints, based on the intention-to-treat population, 
were the per cent change from baseline in LDL-C at Week 24 and the mean 

of Weeks 22 and 24. Secondary efficacy endpoints include changes in apo
lipoprotein B, Lp(a), and achievement of European Society of Cardiology 
(ESC)-recommended LDL-C targets.

Safety reports
We recorded adverse events, clinical laboratory values, and vital signs at all 
visits through to the end-of-trial visit. Electrocardiograms were performed 
at screening, Day 1 and Week 24. Investigators classified adverse events 
using a standard Medical Dictionary for Regulatory Activities (MedDRA ver
sion 23.1) according to organ class and as mild, moderate, or severe. 
Adverse events at the injection site were evaluated using pre-specified 
methods and terms. Cardiovascular events were collected and were adju
dicated by an independent committee. Serum was collected for immuno
genicity [anti-drug antibodies (ADAs)] at all visits, with ADAs initially 
analysed for patients receiving lerodalcibep on Day 1 and Week 24. 
Patients confirmed positive for lerodalcibep antibodies at Week 24 were 
tested for neutralizing antibodies (NAbs). Serum pharmacokinetic drug le
vels and free PCSK9 were measured at Weeks 12 and 24 in all subjects in 
the lerodalcibep-treated group and in 14% of those in placebo in order to 
maintain blinding by the laboratory. In addition to safety monitoring by the 
medical monitor and clinical staff, a formally constituted independent com
mittee monitored safety, including cardiovascular events.

Statistical analysis
The co-primary efficacy endpoints were to assess per cent change from 
baseline compared with placebo in LDL-C level calculated by Friedewald 
formula at Week 24 and at the mean of Weeks 22 and 24.16 Per cent 
change from baseline in LDL-C was analysed with analysis of covariance 
model with treatment and ASCVD status as factors and the baseline value 
as a covariate. Missing data were imputed using a washout model. Under 
this model, data that are missing after a subject discontinues the trial are 
considered missing not at random (MNAR). For the co-primary endpoints, 
the family-wise type I error rate was controlled at a significance level of al
pha = .05 using a fallback procedure. Under this procedure, the per cent 
change from baseline in LDL-C was first compared with placebo at 
Week 24 using a two-sided significance level of alpha = .05. If the null hy
pothesis was rejected and superiority of lerodalcibep over placebo was 
claimed, testing would proceed with the second primary endpoint of the 
per cent change from baseline in LDL-C level at the mean of Weeks 22 
and 24 using a two-sided significance level of alpha = .05.

Other efficacy variables were analysed similarly. The percentage of pa
tients achieving a ≥50% reduction in LDL-C and in those with ASCVD or 
at very high risk for ASCVD, an LDL-C of <1.4 mmol/L, and the percentage 
of patients without ASCVD but at high risk for ASCVD achieving a LDL-C 
of <1.8 mmol/L were analysed using a logistic regression model with treat
ment and ASCVD status as factors and baseline value as a covariate. A sen
sitivity analysis of the co-primary endpoints was also performed by 
application of a mixed-effect model repeat measurement and rank analysis 
of covariance (Quade test) for patients who adhered to the scheduled study 
per-protocol drug administration with visits <31 days and who did not have 
any missing data for the co-primary endpoints.

Results
Baseline characteristics
The trial was conducted between 3 May 2021 (first patient screened) 
and 15 May 2023 (last patient last visit), with 570 patients screened 
and 478 randomized. The mean age (range) for all patients was 53 
(18–80) years; 247 (51.7%) were female and the majority [n = 416 
(87%)] were White with 13% South Asian, multi-racial, or Black/ 
African-American. Pre-existing coronary heart disease was present 
in 157 patients (47.6%) and diabetes in 49 patients (10.3%). Mean base
line (± SD) LDL-C was 3.88 (1.66) mmol/L, despite 88.3% of subjects 
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being on statins, with 66.7% on high-intensity statins and nearly half 
(48.7%) also on ezetimibe (Table 1). A total of 319 patients were rando
mized to lerodalcibep and 159 to placebo. Of these, 306 (95.9%) pa
tients in the lerodalcibep group and 155 (97.5%) in the placebo group 
completed the last dose of study drug (see Supplementary data 
online, Figure S1).

Primary outcome
Lerodalcibep reduced LDL-C from baseline by an absolute amount of 2.08 
(0.11) mmol/L [LS mean (SE); 95% confidence interval (CI) −2.30 to 
−1.87] with a placebo-adjusted −58.61 (3.25)% reduction at Week 24 
(P < .0001 for both). For the co-primary endpoint, the mean of Weeks 
22 and 24, lerodalcibep reduced LDL-C by 2.28 (0.10) mmol/L (95% CI 
−2.47 to −2.09) and −65.0 (2.87)% compared with placebo (P < .0001 
for both). The absolute and percentage reductions in LDL-C with lerodal
cibep compared with placebo during the study are shown in Figure 1.

Secondary outcomes
The effect of lerodalcibep on LDL-C reduction was consistent across a 
range of subgroups (Figure 2). Importantly, the reduction in LDL-C was 
independent of body mass index, sex, or background oral lipid-lowering 
therapy. A reduction in LDL-C of ≥50% was achieved in 275 subjects 
(86.2%) with lerodalcibep, and ESC LDL-C targets were achieved in 
222 (69.6%) subjects (Figure 3).

In the per-protocol analysis, 84% of subjects in the lerodalcibep 
group and 82% on placebo adhered to the scheduled study per- 
protocol drug administration with visits <31 days and did not have 
any missing data for the co-primary endpoints of LDL-C at Weeks 
22 and 24. The LS mean (SE) placebo-adjusted absolute reduction in 
LDL-C was 2.25 mmol/L or −63.62 (3.27)% (95% CI −70.05% to 
−57.19%; P < .0001) at Week 24, and at Week 22/24, endpoint was 
LS mean (SE) 2.45 mmol/L or −70.23 (2.83)% (95% CI −75.79% to 
−64.67%; P < .0001) (see Supplementary data online, Table S2).

The majority (68%) of subjects on lerodalcibep achieved both a reduc
tion in LDL-C of ≥50% and the ESC-recommended LDL-C target values 
vs. only 1.9% on placebo [odds ratio (95% CI) 220.23 (65.77–737.45); 
P < .0001] during the study. Of those with ASCVD, or at very high 
risk for ASCVD (n = 305), 85.7% achieved a reduction in LDL-C of 
≥50% with 68% achieving the recommended LDL-C target of 
<1.4 mmol/L with lerodalcibep, compared with only 3.9% and 5.9%, re
spectively, with placebo. For the remainder at high risk for ASCVD (n =  
173), 87% achieved a reduction in LDL-C of ≥50% and 72.4% achieved 
the LDL-C target of <1.8 mmol/L with lerodalcibep compared with only 
3.5% and 1.8% respectively with placebo. The percentages who achieved 
a ≥50% reduction in LDL-C and who reached ESC-recommended 
LDL-C target values were similar using the means of Week 22 and 
Week 24 visits (see Supplementary data online, Table S3). Lerodalcibep 
reduced free PCSK9 levels from baseline by a median of 93.4% and 
94.3% at Weeks 12 and 24, respectively (P < .0001 for both) compared 
with an increase of 0.6% at Week 12 and a decrease of 1.2% at Week 24 
on placebo. Lerodalcibep reduced mean apolipoprotein B by −52.2 
(2.65) mg/dL [LS mean (SE); 95% CI −57.4 to −47.0; P < .0001], a 45.6 
(2.26)% (95% CI −50.02 to −41.16; P < .0001) reduction compared 
with placebo, and reduced median Lp(a) by 24.4% (interquartile range 
37–53; P < .0001). Consistent with the reductions in LDL-C, total chol
esterol and non–high-density lipoprotein cholesterol decreased signifi
cantly compared with placebo, as did triglycerides (P < .0001 for all) 
while a moderate but statistically significant (P < .01) increase, in high- 
density lipoprotein cholesterol, was seen compared with placebo 
(Table 2). The percentage change in LDL-C levels from baseline to 
Week 24 with lerodalcibep and placebo in individual patients is shown 
as a waterfall plot in Supplementary data online, Figure S2.

Safety and adverse events
The incidence of treatment-emergent adverse events is shown in Table 3. 
Adverse events that occurred during the study period, regardless of 
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Table 1 Demographics and clinical characteristics of 
the study cohort at baseline (intention-to-treat 
population)

Characteristic Placebo 
(n = 159)

Lerodalcibep 
(n = 319)

Age, years (range) 53.8 (18–79) 52.5 (19–80)

Female sex, no. (%) 83 (52.2) 164 (51.4)

Race White no. (%) 143 (89.9) 273(85.6)

Black/multi-racial no. (%) 12 (7.5) 25 (7.8)

South Asian no. (%) 4 (2.5) 21 (6.6)

Body mass index, kg/m2 mean(SD) 28.79 (5.14) 28.83 (5.05)

Diagnosis of HeFH no. (%) 159 (100) 319 (100)

On clinical criteria no. (%) 103 (64.8) 186 (58.3)

On genotyping no. (%) 56 (35.2) 133 (41.7)

Diabetes mellitus no. (%)a 18 (11.3) 31 (9.7)

Documented ASCVD no. (%) 49 (45.0) 108 (48.9)

Very-high risk for ASCVD no. (%) 109 (68.6) 221 (69.3)

High risk for ASCVD no. (%) 50 (31.4) 98 (30.7)

Lipid modifying therapy, no. (%)

Statin; any dose 141 (88.7) 281 (88.1)

High-intensity statin 101 (63.5) 218 (68.3)

Not high-intensity statin 40 (25.2) 63 (19.7)

Ezetimibe 78 (49.1) 155 (48.6)

Lipid measures at baseline

LDL-cholesterol (calculated),  
mmol/L; mean(SD)

3.79 (1.47) 3.93 (1.74)

LDL-cholesterol (UC), mmol/L; 
mean(SD)

3.74 (1.39) 3.86 (1.66)

Total cholesterol, mmol/L; mean(SD) 5.76 (1.60) 5.94 (1.84)

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

4.44 (1.61) 4.63 (1.87)

HDL-cholesterol, mmol/L; mean(SD) 1.33 (0.39) 1.31 (0.41)

Apolipoprotein B, mg/dL; mean(SD) 119.9 (37.68) 123.3 (42.87)

Lipoprotein(a), nmol/L; median (IQR) 46.0 (158) 57.0 (148)

Triglycerides, mmol/L; median (IQR) 1.17 (0.82) 1.23 (0.93)

PCSK9, ng/mL; mean (SD) 341 (120)b

ASCVD, atherosclerotic cardiovascular disease; HeFH, heterozygous familial 
hypercholesterolemia; UC, preparative ultracentrifugation. 
aPatient reported. 
bn = measured in lerodalcibep treated patients only.
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causality, were reported in 230/318 (72.3%) receiving lerodalcibep and in 
109/159 (68.6%) receiving placebo. The majority of events [221/230 (96%) 
in the lerodalcibep patients and 101/109 (93%) placebo, respectively] were 
reported as mild to moderate. There was a lower number of serious ad
verse on lerodalcibep (9/318; 2.8%) compared with placebo (9/159; 5.7%). 
Adverse event rates were also similar between lerodalcibep and placebo 
when assessed according to system–organ class. Other safety parameters 
including laboratory abnormalities were rare and occurred at a similar in
cidence in both treatment groups. Mean fasting blood glucose and glycated 
haemoglobin levels were unchanged from baseline to Week 24 in both the 
lerodalcibep and placebo groups. There was also no difference in the inci
dence of adverse events related to glycaemic control between the groups. 
There were seven adjudicated events, three (1.9%) in the placebo group 

(one death, one ischaemic stroke, and one cardiac event), and four 
(1.3%) with lerodalcibep (all cardiac events). None were considered to 
be study drug related.

As the study was conducted during the COVID-19 pandemic, acute 
COVID-19 infections were reported in 35/318 (11.0%) of patients re
ceiving lerodalcibep and in 17/159 (10.7%) of those on placebo.

Other treatment-related adverse events included injection site reac
tion (ISR) with lerodalcibep in 10.1% (32/318) of subjects compared 
with 1.3% (2/159) with placebo (see Supplementary data online, 
Table S1). The number of total ISR events was 57 (3.1%) of the 1853 
doses of lerodalcibep administered compared with 2 (0.2%) of the 
934 doses with placebo. All ISRs were graded as mild or moderate; 
none were considered severe or persistent and did not lead to higher 

Figure 1 Low-density lipoprotein cholesterol (Friedewald) at each visit—intention-to-treat population; absolute reduction in mmol/L (A) and placebo 
adjusted per cent reduction (B)
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withdrawal from treatment than placebo (Table 3). In addition, despite a 
higher incidence of ISRs with lerodalcibep, the percentage of patients 
who discontinued the study was lower with lerodalcibep (1.6%) com
pared with placebo (2.5%).

Low levels of transient and sporadic ADAs were detected, and 11 
patients (3.4%) had in vitro NAbs. None of the NAbs were associated 
with in vivo effects, specifically ISRs or any impairment in PCSK9 or 
LDL-C reduction efficacy.

Discussion
Heterozygous FH is one of the most common inherited conditions 
worldwide, which, if untreated or undertreated, may confer a 10-fold 
or greater risk of premature ASCVD as compared with the general 
population.17,18 The major driver of ASCVD risk in patients with FH 
is the life-long cumulative exposure to elevated LDL-cholesterol 
particularly when there is a delay in initiation of effective 
LDL-C-lowering therapy.19 In the last decade mAbs to PCSK9, evolo
cumab and alirocumab were the first novel and highly effective agents to 
be added to the standard therapy, since statins and ezetimibe, for the 

treatment of FH.20 In HeFH patients on stable lipid-lowering therapy, 
the addition of evolocumab 140 mg Q2W or 420 mg Q4W significantly 
reduced LDL-C levels over 12 weeks by up to 60% compared with pla
cebo.8 Alirocumab, at doses of 75 mg Q2W, 150 mg Q2W, or 300 mg 
Q2W, in HeFH patients lowered LDL-C by 39.1%–57.9% at 12 weeks 
compared with placebo.9,21 However, these therapies need to be admi
nistered subcutaneously every 2 weeks, or with multiple injections or a 
9-min slow infusion device, if higher doses are administered monthly.

An alternative to binding or inhibiting circulating PCSK9 has been to 
inhibit the synthesis of hepatic PCSK9 production with a siRNA, incli
siran, and reduce PCSK9 entering the circulation. In the ORION-9 
study, a Phase 3 trial in adults with HeFH, with an LDL-C level of 
>2.6 mmol/L despite oral lipid-lowering therapy, the administration 
of 300 mg inclisiran at Day 1, Day 90, and then every 6 months resulted 
in a placebo-adjusted peak reduction of 48% in LDL-C at Day 510, 
60-day post-prior dose, with a time-averaged reduction in the LDL-C 
between Day 90 and Day 540 of 44% and trough reduction of 40%, 
at Day 270 prior to the next dose.22 The reduction in LDL-C is less, 
and between dose variability greater, than that seen with mAb therapy, 
as inclisiran reduces hepatic PCSK9 synthesis reducing circulating 

Figure 2 Forest plot showing low-density lipoprotein cholesterol reduction with lerodalcibep in different subgroups. BMI, body mass index; IRT, 
interactive response technology
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PCSK9 by approximately 80% at peak and 60% at trough, while not ef
fecting renal, gut, and other sites of PCSK9 production, which contrib
ute to circulating PCSK9.23–25

While oral PCSK9 inhibitors are in early development and appear 
promising, daily administration is necessary, and, as food significantly re
duces absorption, patients are required to fast and not consume food 
for at least 30-min post-dose. It also remains to be shown if tolerability 
and efficacy during longer-term treatment with oral PCSK9 inhibitors 
are sustained especially in patients on multiple medications with estab
lished ASCVD or with multiple co-morbidities at very high risk for 
ASCVD. In addition, as ASCVD risk reduction is driven by the absolute 

reductions in LDL-C, it will be important to determine if LDL-C efficacy 
in patients with more severe LDL-C elevations, such as those with FH, 
on maximally tolerated statins and other oral lipid-lowering agents, will 
be comparable with that achieved with injectables.19 In this study, ler
odalcibep, a novel small binding protein developed on an alternative 
platform to mAbs but with the same mechanism of action by binding 
to PCSK9 in the circulation at a dose of 300 mg in a volume of only 
1.2 mL administered monthly, provided sustained LDL-C efficacy 
and free PCSK9 suppression and was as effective as evolocumab 
140 mg administered every 2 weeks or with monthly 420 mg dosing 
delivered as either a 3.5 mL 9-min slow infusion or three separate 

Figure 3 Percentage of patients achieving a ≥50% reduction in low-density lipoprotein cholesterol and European Society of Cardiology– 
recommended low-density lipoprotein cholesterol targets with lerodalcibep compared with placebo during the study
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Table 2 Changes in lipid and free proprotein convertase subtilisin/kexin type 9 gene parameters at week 24 
(intention-to-treat population)

Parameter Lerodalcibep 
(n = 319)

Placebo 
(n = 159)

Placebo 
adjusted

P value

LDL-C (calculated)a −50.5% +8.1% −58.6% <.0001

LDL-C (UC) −47.9% +8.1% −56.0% <.0001

Total cholesterol −32.8% +4.9% −37.7% <.0001

Apolipoprotein B −38.9% +6.7% −45.6% <.0001

Non-HDL-C −45.2% +7.5% −52.6% <.0001

VLDL cholesterol −16.2% +9.4% −25.6% <.0001

Triglyceride (median) −10.4% +2.2% −12.2% <.0001

Lp(a) (median) −24.4% −1.4% −23.9% <.0001

HDL-C +8.2% +3.3% +4.8% <.01

Free PCSK9 (median) −94.3% - - <.0001b

aCalculated using the Friedewald formula (Haase and Goldberg15). 
bP values evaluate the percentage change from baseline within the lerodalcibep group. All other P values are for the comparison with placebo.

4278                                                                                                                                                                                                  Raal et al.



injections. The mean reduction in LDL-C of over 2.69 mmol/L at peak 
2-week post-dosing at Week 22, and over 2.08 mmol/L at trough 
4-week post-dosing at Week 24, allowed the majority of HeFH pa
tients, even those with high LDL-C levels despite treatment with high- 
intensity statin and ezetimibe, to achieve currently recommended 
ESC LDL-C targets. The 84% of subjects who maintained adherence 
to the protocol-defined monthly dosing visits achieved mean reduc
tions in LDL-C compared with placebo at the 24-week trough of 
64% with just over a 70% reduction at peak during Week 22 through 
to Week 24. In addition, lerodalcibep lowered apolipoprotein B by al
most 50%. Lipoprotein(a) was reduced by 24% consistent with reduc
tion seen with other PCSK9-directed therapies. As elevated Lp(a) is 
an independent risk factor for ASCVD disease, even in HeFH, the sig
nificant reductions in Lp(a) may be an additional benefit of PCSK9 in
hibition therapy.26

While this study was of a relatively short 24-week duration, it is long
er than many of the prior Phase 2 and 3 trials in HeFH with mAbs. It is 
also the largest trial in terms of most ethnically diverse subjects and ac
tively treated patients with HeFH with a PCSK9 inhibitor. An additional 
strength of the study was that the trial did not have an upper limit for 
LDL-C at study entry and included patients with on-treatment LDL-C 
levels over 10 mmol/L providing a robust assessment of lerodalcibep 
and PCSK9 inhibition effectiveness in more severe HeFH patients.

In summary, this large global trial with a novel small binding protein to 
PCSK9 in subjects with HeFH demonstrated that the addition of lero
dalcibep 300 mg monthly to existing maximally tolerated statin, ezeti
mibe, and other lipid-lowering therapies achieved additional LDL-C 
reductions of approximately 60% and allowed nearly 70% of patients 
to achieve both a reduction in LDL-C of ≥50% and the 2019 
ESC-recommended LDL-C targets, with a safety profile similar to 
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Table 3 Adverse events and key safety laboratory findings

Placebo 
(n = 159)

Lerodalcibep 
(n = 318)

Risk difference  
(95% CI)

Adverse events, n (%)

Patients with at least one adverse event 109 (68.6) 230 (72.3) 3.8 (−5.9 to 13.4)

Patients with at least one event leading to  
withdrawal of study drug

3 (1.9) 5 (1.6)

Serious adverse events

Patients with at least one serious adverse  
Event

9 (5.7) 9 (2.8)

Death 1 (0.6) 0

Cardiovascular deaths 1 (0.6) 0

Cancer deaths 0 0

Other cardiovascular adverse events

Pre-specified exploratory cardiovascular  
eventsa

4 (2.5) 4 (1.3)

Fatal and non-fatal myocardial infarction 0 0

Fatal and non-fatal stroke 0 0

Frequent adverse eventsb

COVID-19 17 (10.7) 35 (11.0) 0.3 (−9.3 to 10.0)

Upper respiratory tract infection 11 (6.9) 18 (5.7) −1.3 (−10.9 to 8.4)

Arthralgia 12 (7.5) 13 (4.1) −3.5 (−13.1 to 6.2)

Nasopharyngitis 3 (1.9%) 16 (5.0) 3.1 (−6.5 to 12.8)

Urinary tract infection 8 (5.0) 10 (3.1) −1.9 (−11.5 to 7.8)

Laboratory results, n (%)

Liver function ALT or AST > 3× ULN 1 (0.6) 0

AST or ALT > 5× ULN 0 0

Muscle CK > 5× ULN 2 (1.3) 3 (0.9)

Haematology platelet count < 75 × 109/L 0 0

Safety population includes all patients who received at least one dose of study medication and adverse events over the study period of 24 weeks. 
ALT, alanine transaminase; AST, aspartate transaminase; ULN, upper limit of normal; CK, creatine kinase; RR, relative risk; CI, confidence interval. 
aMedDRA-defined cardiovascular basket of non-adjudicated terms including those classified within cardiac death and any signs or symptoms of cardiac arrest, non-fatal myocardial 
infarction, and/or stroke. 
bDefined as occurring with a frequency of 5% or more in either treatment group.
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placebo (Structured Graphical Abstract). These results support the use of 
lerodalcibep for the management of HeFH.

Acknowledgements
The authors offer their appreciation to all the investigators, study site 
staff, and patient volunteers who participated in the study, especially 
during the height of the COVID-19 pandemic.

Supplementary Data
Supplementary data are available at European Heart Journal online.

Declarations
Disclosure of Interest
F.R. reports grants from LIB Therapeutics during the conduct of the 
study; and personal fees from Amgen, Sanofi, Regeneron 
Pharmaceuticals, Inc., Novartis and LIB Therapeutics outside of the sub
mitted work. D.B. reports personal fees from Amgen, AstraZeneca, 
Novartis, Organon, Pfizer, Sanofi and Servier outside of the submitted 
work. M.K. has received honoraria from Abbott, Abdi Ibrahim, Amryt, 
LIB Therapeutics, NovoNordisk, and TR-pharma; research funding 
from Amryt Pharma, and has participated in clinical trials with 
Amgen, Ionis, LIB Therapeutics, Novo Nordisk, Sanofi, during the 
past 3 years. K.C. and D.K. are employees of, and own shares in, LIB 
Therapeutics. E.S. in founder and partner in LIB Therapeutics LLC. 
The other authors declare no conflict of interest for this contribution.

Data Availability
Researchers may request access to study documents (including the clin
ical study report, study protocol with any amendments, blank case re
port form, statistical analysis plan) that support the methods and 
findings reported in this manuscript. Individual anonymized participant 
data will only be made available once the indication has been approved 
by a regulatory body, if there is legal authority to share the data and 
there is not a reasonable likelihood of participant re-identification.

Funding
This clinical trial was funded by LIB Therapeutics.

Ethical Approval
At all clinical sites participating in this clinical trial, the trail and informed 
consent were approved by the Institutional Review Board and/or 
Institutional Ethics Committee and local regulations before enrolment 
of any subjects.

Pre-registered Clinical Trial Number
EudraCT: 2020-004390-44;  Cliniclatrials.gov NCT04797104.

References
1. Beheshti SO, Madsen CM, Varbo A, Nordestgaard BG. Worldwide prevalence of famil

ial hypercholesterolemia: meta-analyses of 11 million subjects. J Am Coll Cardiol 2020;75: 
2553–66. https://doi.org/10.1016/j.jacc.2020.03.057

2. EAS Familial Hypercholesterolaemia Studies Collaboration (FHSC). Global perspective 
of familial hypercholesterolaemia: a cross-sectional study from the EAS Familial 
Hypercholesterolaemia Studies Collaboration (FHSC). Lancet 2021;398:1713–25. 
https://doi.org/10.1016/S0140-6736(21)01122-3

3. Berberich AJ, Hegele RA. The complex molecular genetics of familial hypercholesterol
aemia. Nat Rev Cardiol 2019;16:9–20. https://doi.org/10.1038/s41569-018-0052-6

4. Luirink IK, Wiegman A, Kusters DM, Hof MH, Groothoff JW, de Groot E, et al. 20-year 
follow-up of statins in children with familial hypercholesterolemia. N Engl J Med 2019; 
381:1547–56. https://doi.org/10.1056/NEJMoa1816454

5. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019 ESC/ 
EAS guidelines for the management of dyslipidaemias: lipid modification to reduce car
diovascular risk. Eur Heart J 2020;41:111–88. https://doi.org/10.1093/eurheartj/ehz455

6. Lloyd-Jones DM, Morris PB, Ballantyne CM, Birtcher KM, Covington AM, DePalma SM, 
et al. 2022 ACC expert consensus decision pathway on the role of nonstatin therapies 
for LDL-cholesterol lowering in the management of atherosclerotic cardiovascular dis
ease risk: a report of the American College of Cardiology solution set oversight com
mittee. J Am Coll Cardiol 2022;80:1366–418. https://doi.org/10.1016/j.jacc.2022.07.006

7. Brandts J, Dharmayat KI, Vallejo-Vaz AJ, Sharabiani MTA, Jones R, Kastelein JJP, et al. A 
meta-analysis of medications directed against PCSK9 in familial hypercholesterolemia. 
Atherosclerosis 2021;325:46–56. https://doi.org/10.1016/j.atherosclerosis.2021.03.042

8. Raal FJ, Stein EA, Dufour R, Turner T, Civeira F, Burgess L, et al. PCSK9 Inhibition with 
evolocumab (AMG 145) in heterozygous familial hypercholesterolaemia 
(RUTHERFORD-2): a randomised, double-blind, placebo-controlled trial. Lancet 
2015;385:331–40. https://doi.org/10.1016/S0140-6736(14)61399-4

9. Kastelein JJ, Ginsberg HN, Langslet G, Hovingh GK, Ceska R, Dufour R, et al. ODYSSEY 
FH I and FH II: 78 week results with alirocumab treatment in 735 patients with hetero
zygous familial hypercholesterolaemia. Eur Heart J 2015;36:2996–3003. https://doi.org/ 
10.1093/eurheartj/ehv370

10. Santos RD, Stein EA, Hovingh GK, Blom DJ, Soran H, Watts GF, et al. Long-term evo
locumab in patients with familial hypercholesterolemia. J Am Coll Cardiol 2020;75: 
565–74. https://doi.org/10.1016/j.jacc.2019.12.020

11. Ito MK, Santos RD. PCSK9 Inhibition with monoclonal antibodies: modern management of 
hypercholesterolemia. J Clin Pharmacol 2017;57:7–32. https://doi.org/10.1002/jcph.766

12. Stein E, Toth P, Butcher MB, Kereiakes D, Magnu P, Bays H, et al. Safety, tolerability and 
LDL-C reduction with a novel anti-PCSK9 recombinant fusion protein (LIB003): results 
of a randomized, double-blind, placebo controlled, phase 2 study [abstract]. 
Atherosclerosis 2019;287:e7. https://doi.org/10.1016/j.atherosclerosis.2019.06.019

13. Stein EA, Turner T, Kereiakes DJ, Butcher B, Mangu P, Safety ZR. Tolerability and LDL-C 
reduction with LIB003 a novel anti-PCSK9 recombinant fusion protein: results of open- 
label extension phase 2B study [abstract]. Circulation 2019;140:A17222.

14. Austin MA, Hutter CM, Zimmern RL, Humphries SE. Genetic causes of monogenic het
erozygous familial hypercholesterolemia a HuGE prevalence review. Am J Epidemiol 
2004;160:407–20. https://doi.org/10.1093/aje/kwh236

15. Haase A, Goldberg AC. Identification of people with heterozygous familial hypercholester
olemia. Curr Opin Lipidol 2012;23:282–9. https://doi.org/10.1097/MOL.0b013e3283556c33

16. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low- 
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. 
Clin Chem 1972;18:499–502. https://doi.org/10.1093/clinchem/18.6.499

17. Hu P, Dharmayat KI, Stevens CAT, Sharabiani MTA, Jones RS, Watts GF, et al. 
Prevalence of familial hypercholesterolemia among the general population and patients 
with atherosclerotic cardiovascular disease. Circulation 2020;141:1742–59. https://doi. 
org/10.1161/CIRCULATIONAHA.119.044795

18. Wong B, Kruse G, Kutikova L, Ray KK, Mata P, Bruckert E. Cardiovascular disease risk 
associated with familial hypercholesterolemia: a systematic review of the literature. Clin 
Ther 2016;38:1696–709. https://doi.org/10.1016/j.clinthera.2016.05.006

19. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, et al. Low-density li
poproteins cause atherosclerotic cardiovascular disease. 1. Evidence from genetic, epidemio
logic, and clinical studies. A consensus statement from the European Atherosclerosis Society 
Consensus Panel. Eur Heart J 2017;38:2459–72. https://doi.org/10.1093/eurheartj/ehx144

20. Rosenson RS, Hegele RA, Fazio S, Cannon CP. The evolving future of PCSK9 inhibitors. J 
Am Coll Cardiol 2018;72:314–29. https://doi.org/10.1016/j.jacc.2018.04.054

21. Ginsberg HN, Rader DJ, Raal FJ, Guyton JR, Baccara-Dinet MT, Lorenzato C, et al. 
Efficacy and safety of alirocumab in patients with heterozygous familial hypercholester
olaemia and LDL-C of 160 mg/dl or higher. Cardiovasc Drugs Ther 2016;30:473–83. 
https://doi.org/10.1007/s10557-016-6685-y

22. Raal FJ, Kallend D, Ray KK, Turner T, Koenig W, Scott Wright R, et al. Inclisiran for the 
treatment of heterozygous familial hypercholesterolemia. N Engl J Med 2020;382: 
1520–30. https://doi.org/10.1056/NEJMoa1913805

23. Fitzgerald K, White S, Borodovsky A, Bettencourt BR, Strahs A, Clausen V, et al. A highly 
durable RNAi therapeutic inhibitor of PCSK9. N Engl J Med 2017;376:41–51. https://doi. 
org/10.1056/NEJMoa1609243

24. Nair JK, Willoughby JL, Chan A, Charisse K, Alam MR, Wang Q, et al. Multivalent 
N-acetylgalactosamine-conjugated siRNA localises in hepatocytes and elicits robust 
RNAi-mediated silencing. J Am Chem Soc 2014;136:16958–61. https://doi.org/10. 
1021/ja505986a

25. Schuldi B, Giugliano RP, Sabatine MS, Raal FJ, Teramoto T, Koren MJ, et al. Time-averaged 
low-density lipoprotein cholesterol lowering with evolocumab: pooled analysis of phase 2 
trials. J Clin Lipidol 2022;16:538–43. https://doi.org/10.1016/j.jacl.2022.05.069

26. Kronenberg F, Mora S, Stroes ESG, Ference BA, Arsenault BJ, Berglund L, et al. 
Lipoprotein(a) in atherosclerotic cardiovascular disease and aortic stenosis: a 
European Atherosclerosis Society consensus statement. Eur Heart J 2022;43: 
3925–46. https://doi.org/10.1093/eurheartj/ehac361

4280                                                                                                                                                                                                  Raal et al.

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad596#supplementary-data
https://doi.org/10.1016/j.jacc.2020.03.057
https://doi.org/10.1016/S0140-6736(21)01122-3
https://doi.org/10.1038/s41569-018-0052-6
https://doi.org/10.1056/NEJMoa1816454
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1016/j.jacc.2022.07.006
https://doi.org/10.1016/j.atherosclerosis.2021.03.042
https://doi.org/10.1016/S0140-6736(14)61399-4
https://doi.org/10.1093/eurheartj/ehv370
https://doi.org/10.1093/eurheartj/ehv370
https://doi.org/10.1016/j.jacc.2019.12.020
https://doi.org/10.1002/jcph.766
https://doi.org/10.1016/j.atherosclerosis.2019.06.019
https://doi.org/10.1093/aje/kwh236
https://doi.org/10.1097/MOL.0b013e3283556c33
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1161/CIRCULATIONAHA.119.044795
https://doi.org/10.1161/CIRCULATIONAHA.119.044795
https://doi.org/10.1016/j.clinthera.2016.05.006
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1016/j.jacc.2018.04.054
https://doi.org/10.1007/s10557-016-6685-y
https://doi.org/10.1056/NEJMoa1913805
https://doi.org/10.1056/NEJMoa1609243
https://doi.org/10.1056/NEJMoa1609243
https://doi.org/10.1021/ja505986a
https://doi.org/10.1021/ja505986a
https://doi.org/10.1016/j.jacl.2022.05.069
https://doi.org/10.1093/eurheartj/ehac361

	Long-term efficacy and safety of lerodalcibep in heterozygous familial hypercholesterolaemia: the LIBerate-HeFH trial
	Introduction
	Methods
	Study design and population
	Trial procedures
	Outcomes
	Safety reports
	Statistical analysis

	Results
	Baseline characteristics
	Primary outcome
	Secondary outcomes
	Safety and adverse events

	Discussion
	Acknowledgements
	Supplementary Data
	Declarations
	Disclosure of Interest
	Data Availability
	Funding
	Ethical Approval
	Pre-registered Clinical Trial Number

	References
	References




