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Abstract: Statins have provided the first line treatment for hypercholesterolemia for over two decades with the addition of ezetimibe 
if low-density lipoprotein (LDL) cholesterol targets are not achieved with statins alone. However, treatment with statins and other oral 
small molecules is often insufficient to attain the target levels of LDL cholesterol. This review describes the monoclonal antibodies 
(mAbs) that have been produced to overcome the residual cardiovascular risk related to uncontrolled LDL cholesterol. In recent years 
the mAbs, alirocumab and evolocumab, targeting proprotein convertase subtilisin/kexin type 9 (PCSK9) have become established 
worldwide as an additional treatment for patients not achieving LDL cholesterol goals on statins and ezetimibe, or sometimes as an 
alternative treatment in those with statin intolerance. They have been shown to be safe and effective in reducing cardiovascular events 
in patients at high cardiovascular risk. More recently, four new mAbs targeting PCSK9 have been developed and approved in China. 
Some of these mAbs offer the benefit of less frequent subcutaneous dosing and some are humanized mAbs and it remains to be seen 
whether their efficacy will be retained with long term use. New drug targets were identified to potentially reduce elevated triglyceride 
levels and the mAb angiopoietin-like 3 (ANGPTL3) inhibitor, evinacumab, was found to be effective in reducing LDL cholesterol in 
patients with homozygous familial hypercholesterolemia (FH) and has been approved for that indication. SHR-1918 is another mAb 
targeting ANGPTL3 being developed in China which may also be effective to treat homozygous FH. These drugs are expensive and 
may not be suitable for a wider indication and there are antisense oligonucleotides and small interfering RNA treatments in 
development which may prove more cost effective. Another mAb at an early stage of development is MAR001 targeting angiopoietin- 
like 4 (ANGPTL4). The role for this remains to be established. 
Keywords: angiopoietin-like 3, atherosclerotic cardiovascular disease, familial hypercholesterolemia, monoclonal antibody, 
proprotein convertase subtilisin/kexin type 9

Introduction
Atherosclerotic cardiovascular disease (ASCVD) continues to be a major cause of morbidity and mortality in the United 
States and the rest of the world, fueled by ongoing increases in hypertension, obesity, type 2 diabetes and other major risk 
factors, according to the American Heart Association’s (AHA) 2025 Heart Disease and Stroke Statistics.1 

Hypercholesterolemia, and in particular elevated low-density lipoprotein (LDL) cholesterol, is a major contributing 
factor to ASCVD, as shown by evidence from epidemiologic, genetic, and clinical studies.2

Statins, which inhibit 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, the rate-limiting enzyme in 
the endogenous synthesis of cholesterol in the liver, have been the primary treatment to reduce LDL cholesterol for over 
2 decades.3 A meta-analysis of clinical trials with statins showed that greater reductions in LDL cholesterol resulted in 
greater reductions in cardiovascular events.4 Statins are generally well tolerated, although there is increasing awareness 
of muscle symptoms in patients taking statins, which may not always be related to the drug itself.5 It has also been 
established that there is a small increase in the risk for new onset diabetes with statin therapy, particularly in people with 
prediabetes or other factors predisposing to diabetes, and usually related to higher intensity statin treatment.6 Other 
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adverse effects attributed to statins, such as cognitive impairment, renal and hepatic damage, hemorrhagic stroke and 
cataract, have largely been disproven.7

Many observational studies show that the majority of patients do not achieve their LDL cholesterol goals despite the 
general availability of statins and other treatments.8,9 There are many reasons for this including prescription inertia and 
poor adherence to statin therapy which may be related to perceived adverse effects or general reluctance to being treated 
with statins.10 LDL cholesterol goals can be achieved more often with the use of combination therapy but studies show 
this is not used very frequently.11

Ezetimibe, which inhibits intestinal absorption of cholesterol and plant sterols by the Niemann-Pick C1-Like 1 (NPC1L1) 
transporter, is recommended as the next treatment to add if the LDL cholesterol goal is not achieved with statin treatment.12,13 Oral 
ezetimibe monotherapy at 10 mg once daily reduces LDL cholesterol by about 15–22% and when used in combination with statins 
the reduction in LDL cholesterol is usually slightly greater.14 In patients with acute coronary syndromes (ACS) in the IMProved 
Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT), ezetimibe in combination with high-dose statin 
reduced the combined cardiovascular endpoint especially in patients with diabetes mellitus.15,16

Recently, bempedoic acid has emerged as another oral drug that can be used as an alternative or addition to statin therapy. It 
acts by inhibiting ATP-citrate lyase (ACL), an enzyme higher than HMG-CoA in the cholesterol synthesis pathway, and it can 
reduce LDL cholesterol about 20% in addition to statin therapy or 30% when used as monotherapy.17 It is unlikely to cause muscle 
symptoms as it is activated selectively in the liver and not in skeletal muscle. In the CLEAR (Cholesterol Lowering via Bempedoic 
Acid [ECT1002], an ACL-Inhibiting Regimen) Outcomes study, it reduced the primary endpoint of combined cardiovascular 
events by 13% (p = 0.004) in statin intolerant patients who had, or were at high risk for, cardiovascular disease.18

Proprotein Convertase Subtilisin/Kexin Type 9 Inhibitors
The discovery in 2003 of proprotein convertase subtilisin/kexin type 9 (PCSK9), also known initially as neural apoptosis- 
regulated convertase 1 (NARC-1), provided a new target for drug development to reduce LDL cholesterol.19,20 Gain-of- 
function mutations in the PCSK9 gene were found to cause autosomal dominant familial hypercholesterolemia (FH),19 

whereas loss-of-function variants were associated with lower levels of LDL cholesterol and reduced cardiovascular 
events and people with homozygous mutations causing absence of PCSK9 appeared healthy.21–23 Therefore, inhibition of 
PCSK9 appeared a promising alternative approach to reduce LDL cholesterol and cardiovascular events.

The first drugs to inhibit PCSK9 that were brought to the market were evolocumab and alirocumab which are fully 
human monoclonal antibodies (mAbs) that reduce LDL cholesterol by about 60% in most patients. Bococizumab was 
a humanized mAb targeting PCSK9, but it was withdrawn from development because of the formation of antidrug 
antibodies in some patients, which reduced its efficacy.24 Other mAbs have being developed and in the last two or three 
years, four other mAbs have been developed and approved for use in China (Table 1). In this article we provide 
a comprehensive review of all the mAbs in advanced development targeting PCSK9.

Table 1 Monoclonal Antibodies Targeting Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9)

Drug Type of Antibody Dosage Approval

Bococizumab Humanized 150 mg Q2W Withdrawn

Evolocumab Fully human 140 mg Q2W, 420 mg Q4W Worldwide

Alirocumab Fully human 75/150 mg Q2W, 300 mg Q4W Worldwide

Tafolecimab Fully human 150 mg Q2W, 450 mg Q4W, 600 mg Q6W Approved in China

Ongericimab Humanized 150 mg Q2W, 450 mg Q4W Approved in China

Ebronucimab Fully human 150 mg Q2W, 450 mg Q4W Approved in China

Recaticimab Humanized 150 mg Q4W, 300 mg Q8W, 450 mg Q12W Approved in China

Abbreviations: Q2W, every 2 weeks; Q4W, every 4 weeks; Q6W, every 6 weeks; Q8W, every 8 weeks; Q12W, every 
12 weeks.
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Alirocumab and evolocumab were followed by the small interfering RNA (siRNA) inclisiran (Leqvio®, Novartis) 
which can be administered subcutaneously (SC) every 6 months and resulted in approximately 50% reductions in LDL 
cholesterol in the ORION-10 and ORION-11 trials.25,26 Inclisiran was approved for use in the European Union in 2020 
and by the United States Food and Drug Administration (FDA) in 2021 before the results of cardiovascular outcome 
studies were available. It is currently being evaluated in the ORION-4 (NCT3705234) and VICTORION-2P 
(NCT05030428) cardiovascular outcome studies.

Several other types of pharmacotherapy to inhibit PCSK 9 are currently at various stages of development (Figure 1). 
There are two oral drugs in development, enlicitide decanoate (MK-0616, Merck) and AZD0780 (AstraZeneca). 
Enlicitide decanoate is a potent, oral macrocyclic peptide co-formulated with an oral absorption enhancer that can 
reduce LDL cholesterol in a dose-dependent manner by up to about 60%.27 It is currently being evaluated in three phase 
3 trials CORALreef Lipids (NCT05952856), CORALreef HeFH (NCT05952869) and CORALreef Outcomes (TIMI 77) 
(NCT06008756).

The recent phase 2 PURSUIT study (NCT06173570) of oral AZDO780 showed a dose-dependent placebo-corrected 
reduction in LDL cholesterol up to 50.7% with the 30 mg dose.28

Lerodalcibep (LIB003) is a recombinant fusion protein comprising an adnectin PCSK9 binding domain and human 
serum albumin that is being developed by LIB Therapeutics. It was well tolerated in early phase trials and reduced LDL 
cholesterol by more than 60%. In the phase 3 LIBerate-HeFH trial (NCT04797104) in heterozygous FH patients, 
lerodalcibep 300 mg SC monthly given in 1.2 mL SC injections, reduced LDL cholesterol by 58.61% compared with 
placebo and had a safety profile similar to placebo apart from mild injection site reactions.29 The LIBerate-CVD study 
(NCT04797247) demonstrated the efficacy and safety of lerodalcibep in patients with ASCVD.30

A CRISPR base-editing therapy, VERVE-101 (Verve Therapeutics Inc), was developed to alter a single DNA base in 
the PCSK9 gene and permanently prevent hepatic PCSK9 production.31 This was used in the phase Ib Heart-1 
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Figure 1 Action of drugs which increase or inhibit proprotein convertase subtilisin/kexin type 9 (PCSK9). The drugs in red font increase the expression of the LDL receptor 
and also increase PCSK9. The drugs in green font reduce PCSK9 through various mechanisms. 
Abbreviations: LDL, low-density lipoprotein; MTP, microsomal triglyceride transfer protein; VLDL, very low-density lipoprotein.
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(NCT05398029) study in heterozygous FH patients with established ASCVD but there were some adverse events and the 
product was modified to VERVE-102 which is being assessed in the Heart-2 trial (NCT06164730).

Treatments targeting PCSK9 are generally effective in patients with heterozygous FH (HeFH), which is a relatively 
common condition occurring in about 1:250 to 1:300 people in most populations.32 Homozygous FH (HoFH) has 
a prevalence ranging from 1:250,000 to 1:360,000 and does not respond well to PCSK9 inhibitors except in those 
subjects with gain-of-function mutations in the PCSK9 gene.33 It may be treated with lipoprotein apheresis in centers 
where that is available.

Bococizumab
Bococizumab (RN316/PF-04950615, Pfizer) is a humanized IgG2Δa mAb that recognizes and binds to the LDL receptor 
(LDLR)-binding domain of PCSK9, which was undergoing development by Pfizer, Inc (New York, NY) in the Studies of 
PCSK9 Inhibition and the Reduction of vascular Events (SPIRE) program.34 In a phase 2b 24-week dose-ranging study 
(NCT01592240) in 351 subjects with hypercholesterolemia on stable doses of statin, bococizumab significantly reduced 
LDL cholesterol levels across all doses with 150 mg SC every 2 weeks (Q2W) producing placebo-adjusted reductions in 
LDL cholesterol at week 12 of 53.1%.35 Some subjects had dose reductions because of very low LDL cholesterol. 
Positive antidrug antibody (ADA) titers were detected in about 7% of subjects treated with bococizumab and LDL 
cholesterol lowering was reduced in one of those subjects (0.4% of those treated with bococizumab subjects).

The SPIRE-1 (NCT01975376) and SPIRE-2 (NCT01975389) cardiovascular outcome studies were stopped early 
after a median follow-up of 10 months because of the development of high rates of ADAs in other studies in the 
program.36 The placebo adjusted reduction in LDL cholesterol at 14 weeks was 59.0% with bococizumab 150 mg SC 
Q2W. In the higher-risk, longer-duration trial (SPIRE-2), major cardiovascular events were significantly reduced (hazard 
ratio, 0.79; 95% confidence intervals [CI], 0.65 to 0.97; P=0.02), but there was no effect on major cardiovascular events 
in the lower-risk, shorter-duration trial (SPIRE-1).36 In a review of 6 clinical trials with bococizumab, ADAs developed 
in a large proportion of the patients which significantly reduced the lowering of LDL cholesterol levels and there was 
also a wide variation in the relative reduction in LDL cholesterol levels among patients in whom ADAs did not 
develop.24 Combining all SPIRE study results, the LDL cholesterol reduction related to bococizumab was 54.2% at 
12 weeks and 40.4% at 52 weeks.37 ADAs generally developed after 12 weeks treatment and were associated with more 
frequent injection-site reactions.

A genome-wide association study of the ADA response to bococizumab identified specific amino acid substitutions at 
the HLA DRB1 and HLA DQB1 loci which were thought to be potentially generalizable to the response to other 
therapeutic mAbs.38

Evolocumab
Evolocumab (AMG 145, Repatha®, Amgen) is a fully human IgG2 mAb given in SC doses of 140 mg Q2W or 420 mg 
every month (Q1M) that reduce LDL cholesterol up to a maximum of about 64%.39,40 Evolocumab was approved by the 
European Commission (EC) in July 2015 followed by FDA approval in August 2015 and was the first PCSK9 inhibitor to 
be approved anywhere in the world. The comprehensive clinical development program of evolocumab called the 
“Program to Reduce LDL cholesterol and Cardiovascular Outcomes Following Inhibition of PCSK9 In Different 
Populations (PROFICIO)” included 20 clinical trials and a combined enrollment of about 30,000 patients.41

Evolocumab binds to circulating PCSK9 and over the dose range of 21 to 140 mg the plasma concentration did not 
increase in direct proportion to the dose, but in doses from 140 mg to 420 mg the pharmacokinetics became linear.42 The 
time to median peak serum concentrations (Tmax) following single SC doses of 140 or 420 mg in healthy adults was 3 to 
4 days and the estimated absolute bioavailability was 72%.43 The elimination of evolocumab follows two phases 
involving predominantly saturable binding to the target protein, PCSK9, at low concentrations and through a non- 
saturable proteolytic pathway at higher concentrations and the estimated effective half-life (t1/2) is 11 to 17 days.43

Maximum suppression of circulating unbound PCSK9 was seen within 4 hours with single SC doses of 140 mg or 
420 mg of evolocumab and compared to placebo, LDL cholesterol was reduced in a dose-dependent manner up to 
a maximum of 64%.42 The LDL cholesterol reduction was achieved as early as one week and the maximum responses 
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were generally seen within two weeks of SC doses. There were also significant decreases in other lipid parameters with 
evolocumab, which included total cholesterol (TC), non-high-density lipoprotein (non-HDL) cholesterol, apolipoprotein 
B (apoB), triglycerides, and lipoprotein(a) [Lp(a)].42

Optimal dosing regimens with evolocumab were identified in the clinical development program in the phase 1 and 2 
studies and these were applied in a large series of phase 3 studies. The two dosing regimens of evolocumab 140 mg Q2W 
or 420 mg Q1M were shown to have almost identical effects. The maximum reduction in LDL cholesterol produced by 
these doses varies from about 50% to over 60% in different patient groups, being slightly greater in patients on statin 
treatment. In the TESLA Part B (NCT01588496) and the TAUSSIG (NCT01624142) studies, which included patients 
with HoFH, the reduction of LDL cholesterol was attenuated in patients with LDL receptor-defective mutations and there 
was no response in those with receptor-negative mutations.44,45 Having some functioning LDLRs is necessary for the 
reduction of circulating LDL cholesterol with PCSK9 inhibitors or statins.

In the FOURIER (Further Cardiovascular Outcomes Research With PCSK9 Inhibition in Subjects With Elevated 
Risk, NCT01764633) trial in patients with stable cardiovascular disease, evolocumab was given SC as 140 mg Q2W or 
420 mg Q1M and this reduced LDL cholesterol levels as compared with placebo by 59%, and reduced the composite 
cardiovascular primary endpoint by 15% compared to placebo for a median duration of follow-up of 2.2 years.46

The EBBINGHAUS (Evaluating PCSK9 Binding Antibody Influence on Cognitive Health in High Cardiovascular 
Risk Subjects, NCT02207634) trial was a sub study of FOURIER to determine if the addition of evolocumab to 
background statin therapy and the attainment of very low LDL cholesterol levels had any adverse effects on cognitive 
function.47 No significant effects on cognitive function were observed for a median of 19 months.

Alirocumab
Alirocumab (REGN727, SAR236553, Praluent®, Sanofi/Regeneron) is a fully human IgG1 mAb that is given in SC 
doses of 75 or 150 mg Q2W and lowers LDL cholesterol by 45–62%.48,49 It was approved for medical use by the 
FDA and the EC in 2015. Like evolocumab, it also lowers other atherogenic lipid parameters, including TC, non-HDL 
cholesterol, apoB, triglycerides, and Lp(a), and there were increases in HDL cholesterol and apoA-I in some studies.48 

The dose of 300 mg Q4W was approved by the FDA and the EC in 2017 and can be used as a starting dose as an 
alternative to 75 mg Q2W.

After SC injections of single doses, the Tmax for alirocumab is a median of about 3–7 days and the absolute 
bioavailability after SC administration is about 85%.50 At low concentrations, the elimination of alirocumab is 
predominately through saturable binding to PCSK9, while at higher concentrations alirocumab is largely eliminated 
through a non-saturable proteolytic pathway. The median apparent t1/2 of alirocumab was 17 to 20 days in patients 
receiving alirocumab at SC doses of 75 mg Q2W or 150 mg Q2W at steady state.50 When administered with a statin, the 
median apparent t1/2 of alirocumab is reduced to 12 days, presumably because the production of PCSK9 increases during 
statin treatment and this potentiates target-mediated clearance of alirocumab.

In the phase 3 program called ODYSSEY, alirocumab was compared with placebo or active control in a series of 
randomized, double-blind studies including patients with HeFH or with primary hypercholesterolemia with moderate to 
very high cardiovascular risk.51 In the ODYSSEY OUTCOMES cardiovascular outcomes study in patients with ACS, the 
dose of alirocumab was adjusted between 75 mg and 150 mg Q2W to achieve an LDL cholesterol level of 25–50 mg/dl 
(0.65–1.3 mmol/L) and there was a 15% reduction (p < 0.001) in the primary composite cardiovascular endpoint.52 In the 
phase 3 ODYSSEY program, the safety profile of alirocumab was generally comparable to placebo,49 and in the 
ODYSSEY OUTCOMES study, adverse events had a similar incidence in the alirocumab and the placebo groups, 
except that local injection-site reactions were more frequent in the alirocumab group than in the placebo group (3.8% 
versus 2.1%).52

No evidence of differences in cognitive tests was found by achieved lowest levels of LDL cholesterol, even <25 mg/ 
dL.53 A pooled data analysis from 14 trials of the ODYSSEY program reported that in alirocumab-treated patients, LDL 
cholesterol levels <25 or <15 mg/dL were not associated with an increase in neurocognitive events.54

In the global safety pool, ADAs were detected in 4.8% of alirocumab-treated patients compared to 0.6% in control 
groups using a highly sensitive assay.51 These generally developed after a median of 12 weeks treatment and were only 
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transient. Neutralizing antibodies were identified in only 1.2% of alirocumab-treated patients and these did not appear to 
correlate with safety outcomes or lipid-lowering efficacy. However, patients with positive ADAs response had more 
frequent injection-site reactions than those who did not develop this (10.2% vs 5.2%).51

Tafolecimab
Tafolecimab (IBI306, Sintbilo®) is a fully human IgG2 PCSK9 mAb developed by Innovent Biologics (Suzhou) Co. Ltd. It 
has potential long-acting effects as it is said to possess greater binding affinity for PCSK9 and a longer duration of LDL 
cholesterol reduction than other mAbs such as evolocumab.55 It was approved in August 2023 by the National Medical 
Products Administration (NMPA) in China as “An adjunct to diet, in combination with a statin or statin with other LDL 
cholesterol-lowering therapies, for the treatment of adults with primary hyperlipidemia [including heterozygous familial 
hypercholesterolemia (HeFH) and non-familial hypercholesterolemia (non-FH)] and mixed dyslipidemia who have failed to 
achieve LDL cholesterol goals despite moderate or higher doses of statins, to reduce LDL cholesterol, TC, and apoB levels”.56

Tafolecimab was given in intravenous (IV) and SC doses in phase 1a (NCT03366688) and phase 1b/2 
(NCT03815812) dose finding studies in healthy volunteers or subjects with hyperlipidemia.55 Reductions in LDL 
cholesterol levels persisted for six weeks with higher doses and it was well tolerated. Tafolecimab was studied in 
a series of phase 3 studies called CREDIT (Clinical Research of Developing PCSK9 Inhibitor as Cholesterol-lowering 
Therapy in Chinese Patients with Dyslipidemia) that included patients at high cardiovascular risk with and without FH.

CREDIT-1 (NCT04289285) was a phase 3 48-week trial in Chinese patients with non-FH with SC tafolecimab 450 mg 
Q4W or tafolecimab 600 mg Q6W which showed reductions in LDL cholesterol of 65.0% and 57.3%, respectively, and the 
drug was well tolerated.57 Injection site reactions were more frequent with tafolecimab than with placebo (7.3% vs 2.5%).

CREDIT-2 (NCT04179669) was a phase 3 trial of tafolecimab in Chinese patients with HeFH who were on stable 
lipid lowering therapy.58 Tafolecimab 150 mg Q2W, tafolecimab 450 mg Q4W, or a placebo were given during a 12- 
week double-blind treatment phase, followed by a 12-week open-label period with tafolecimab administration. The least 
squares mean reductions in LDL cholesterol levels relative to placebo at week 12 were 57.4% with 150 mg Q2W and 
61.9% with 450 mg Q4W (both p < 0.0001). The concentrations of non-HDL cholesterol, apoB-100, and Lp(a) were also 
markedly decreased with tafolecimab by week 12 and these effects were maintained until week 24.58

CREDIT-3 (NCT04031742) is a phase 2b/3 study to assess the efficacy and safety of IBI306 in subjects with 
homozygous FH. It appears to have been completed in 18 subjects, but results have not been published yet.

CREDIT-4 (NCT04709536) included 303 patients with HeFH or at high or very high cardiovascular risk with non-FH 
and with screening LDL cholesterol ≥1.8 mmol/L randomized to tafolecimab 450 mg Q4W or placebo for a 12-week 
double-blind treatment period.59 The least squares mean placebo corrected reduction in LDL cholesterol at week 12 was 
63.0%, p < 0.0001 and there were marked reductions in non-HDL cholesterol, apoB, and Lp(a) levels.59 The phase 3 
studies with tafolecimab are summarized in Table 2.

Table 2 Phase 3 Studies with Tafolecimab

Study Name and Reference Patients Tafolecimab 
Doses

LDL-C Reduction vs Placebo

CREDIT-1 (NCT04289285). Huo et al, 202357 614 high/very high CV risk 450 mg Q4W 

600 mg Q6W

65.0% 

57.3%

CREDIT-2 (NCT04179669). Chai et al, 202358 148 HeFH 150 mg Q2W 

450 mg Q4W

57.4% 

61.9%

CREDIT-3 (NCT04031742). 18 HoFH 150 mg Q2W 

450 mg Q4W

Not available

CREDIT-4 (NCT04709536). Qi et al, 202359 303 HeFH or high /very high CV risk 450 mg Q4W 63.0%

Abbreviations: CV, cardiovascular; HeFH, heterozygous familial hypercholesterolemia; HoFH, homozygous familial hypercholesterolemia; LDL-C, low-density lipoprotein 
cholesterol; Q2W, every 2 weeks; Q4W, every 4 weeks; Q6W, every 6 weeks.
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Pharmacokinetic data show that the median Tmax of tafolecimab was ≈ 4.7–7.5 days and the absolute bioavailability 
was about 58% after single SC doses of tafolecimab 150 mg, 450 mg, and 600 mg.56 The mean volume of distribution of 
tafolecimab at steady state was 5.7 L, the mean clearance was 0.162 L/day and the mean t1/2 was 26.1 days. Maximal 
reductions in PCSK9 levels from baseline (89.6–100%) were seen at 4–24 h after single SC or IV doses of tafolecimab 
and the duration of the reduction of PCSK9 was dose-dependent.55

A meta-analysis of the available randomized controlled trials (RCTs) with tafolecimab included three that evaluated 
the efficacy of tafolecimab 450 mg Q4W in 462 patients in comparison with placebo (N= 224) and indicated that 
tafolecimab resulted in a substantial decrease in LDL cholesterol at 12 weeks in comparison to placebo (mean difference 
= −63.8%, 95% CI −65.9% to −61.7%, p<0.00001).60 A greater number of patients in the tafolecimab cohort attained 
≥50% decrease in LDL cholesterol and LDL cholesterol values below 1.8 mmol/L compared to the placebo cohort at 
week 12 and tafolecimab showed marked decreases in non-HDL cholesterol, apoB-100, and Lp(a) levels.

A review of the published literature on tafolecimab concluded that the efficacy data in a range of patients at high 
cardiovascular risk was satisfactory and the safety profile was good but the effect on cardiovascular outcomes remains to be 
elucidated.61 The recommended dosage of tafolecimab is 150 mg Q2W, 450 mg Q4W, or 600 mg Q6W. Whether the duration of 
action over six weeks is related to greater binding activity to PCSK9 or just the higher dose used has not been established.

Ongericimab
Ongericimab (JS002, Junshida®) is a recombinant anti-PCSK9 mAb developed by Junshi Biosciences. It is described as 
humanized in the publications but as fully human in the Approved for Marketing website. In October 2024 it was 
approved for marketing in China by the NMPA “for the treatment of adult patients with primary hypercholesterolemia 
(non-familial) and mixed dyslipidemia, who cannot achieve the recommended target of low-density lipoprotein choles
terol (LDL cholesterol) even after receiving moderate or high doses of statin therapy”. Not all the clinical trial results 
with ongericimab have been published.

Ongericimab was studied in a phase 1a single SC and IV dose study (JS002-001, NCT04197817) and a phase 1/2 multiple 
dose study (JS002-002, NCT04469673) to examine the pharmacokinetics and pharmacodynamics.62 Ongericimab exhibited 
non-linear kinetics, and as the dosage increased, the apparent clearance decreased, with terminal t1/2 values of 4.5–6.5 days.

A phase 3 trial (JS002-003, NCT04781114) was conducted in 806 Chinese patients with primary hypercholester
olemia or mixed dyslipidemia to evaluate the efficacy and safety of ongericimab as an additional treatment to stable and 
optimized lipid-lowering therapy.63 The patients were randomized to receive ongericimab 150 mg Q2W, ongericimab 
300 mg Q4W or matching placebos for 52 weeks. The least-squares mean difference of percentage reduction in LDL 
cholesterol from baseline to week 24 compared to placebo for ongericimab 150 mg Q2W was 67.7% (p<0.0001) and for 
ongericimab 300 mg Q4W 61.2% (p<0.0001). These reductions were sustained up to week 52. No data on ADAs was 
reported. In addition, treatment with ongericimab had favorable effects on other lipid parameters including significant 
reductions in levels of non–HDL-C, apoB, and Lp(a) levels (45–68%) and increases in levels of HDL-C and apoA-1.

A phase 2 single arm, open label study (JS002-004, NCT04515927) was performed in 31 patients with HoFH 
diagnosed by clinical or genetic criteria, who were on stable lipid-lowering therapies for ≥4 weeks.64 Ongericimab 
450 mg SC Q4W reduced LDL cholesterol from baseline overall by 12.6% (p=0.001) at week 12, and the mean (SD) 
LDL cholesterol reduction from baseline was 21.7 (28.0)% in 14 patients with defective LDLRs and 1.4 (9.6)% in 7 
patients with negative LDLR. No serious adverse effects were reported.

In a phase 3 clinical trial (JS002-005, NCT05325203) in Chinese patients with definite HeFH according to Dutch 
Lipid Clinical Network criteria who were receiving stable lipid-lowering therapy, 135 patients were randomized to 
receive either ongericimab 150 mg Q2W, ongericimab 450 mg Q4W or the matching placebos for a total of 24 weeks.65 

Compared to respective matching placebo groups, the least-squares mean reduction in LDL cholesterol for the onger
icimab 150 mg Q2W group was 69.4% (p < 0.0001), and for the ongericimab 450 mg Q4W group it was 80.6% (p < 
0.0001).65 Ongericimab showed favorably reductions in other lipid parameters including 50.0% reduction in Lp(a) levels.

The phase 3 study (JS002-006, NCT05532800) assessed the effectiveness and safety of SC ongericimab 150 mg Q2W 
administered by prefilled syringe (PFS) or autoinjector (AI) in 255 Chinese patients with primary hypercholesterolemia 
or mixed dyslipidemia on stable optimized lipid-lowering therapy.66 Compared to the respective matching placebo 
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groups, the least squares mean percent reductions at week 12 were 72.7% (3.9%) for PFS and 71.1% (3.8%) for AI (both 
p < 0.001).66 Adverse events were similar with ongericimab compared with placebo.

There is an ongoing phase 3 study (JS002-007, NCT05621070) of ongericimab as monotherapy in patients with 
primary hypercholesterolemia or mixed dyslipidemia, which plans to recruit 582 subjects who will be randomized to SC 
ongericimab 150 mg Q2W or 450 mg Q4W or placebo comparators for a total of 52 weeks. Another phase 1 
pharmacokinetic study (JS002-008-BE, NCT05859529) is comparing different delivery syringe devices. Ongericimab 
is a humanized mAb but there have been no reports of the development of ADAs or the attenuation of LDL cholesterol 
lowering effects in the clinical trials, some of which have continued for 52 weeks.

Ebronucimab
Ebronucimab (AK102) is a fully human IgG1 mAb targeting PCSK9 that was developed by Akeso Biopharma and AD 
Pharmaceuticals. It was approved by the NMPA in China “for treatment of primary hypercholesterolemia and mixed 
hyperlipidemia and heterozygous familial hypercholesterolemia in combination with statins or statins and other lipid- 
lowering therapies”, in September 2024.67

A phase 1 study (AK102-101, NCT04169386) in 32 healthy subjects involved single SC doses of ebronucimab (75, 150, 
300 or 500 mg) or matching placebo.68 The median Tmax ranged from 2.0 to 6.0 days, t1/2 was within 4.11 to 5.01 days and 
maximum plasma concentration (Cmax), area under the plasma concentration time curve (AUC)0-t, and AUC0-∞ increased 
approximately in a dose-proportional manner. A total of 3 subjects were tested ADA positive at least once during the study.

A phase 2 dose finding and safety study (AK102-203, NCT04358432) was performed in patients with 
hyperlipidemia.69 A phase 2 study (AK102-202, NCT03933293) with ebronucimab in 10 patients with HoFH has 
been completed but has not been reported.

In a phase 3 trial (NCT05255094), 464 Chinese patients with primary hypercholesterolemia, including HeFH, or 
mixed dyslipidemia, were randomized to receive ebronucimab 450 mg Q4W, or 150 mg Q2W or matching placebos.70 

The least squares mean reduction in LDL cholesterol from baseline to week 12 with ebronucimab 450 mg Q4W and 
ebronucimab 150 mg Q2W versus placebo was 59.13% (Adjusted p <0.0001) and 60.43% (Adjusted p <0.0001), 
respectively.71 The only treatment-associated adverse events that occurred more frequently in the ebronucimab dose 
groups were injection site reactions. Treatment emergent positive ADAs occurred in 4.9% (15/305), and neutralizing 
antibodies were positive in 3.9% (12/305). A number of other studies have been completed or are ongoing, but they have 
not been reported yet.

Recaticimab
Recaticimab (SHR-1209) is a humanized IgG1 mAb against PCSK9 that was developed by Jiangsu Hengrui 
Pharmaceuticals Co., Ltd. It was approved by the NMPA in China in January 2025. It features a preferred IgG1 protein 
subtype incorporating the YTE motif in the Fc region. This design enhances the drug’s specificity and affinity for PCSK9 
while significantly extending its t1/2 in vivo. The YTE motif (M252Y/S254T/T256E) at the CH2-CH3 interface in the 
IgG1 Fc region is a prototypical example of a mutant in the Fc region of the antibody to increase association with the 
neonatal Fc receptor (FcRn), which leads to antibody recycling and minimal endosomal degradation.72 The benefit of 
incorporation of the YTE motif was first shown with motavizumab, an anti-respiratory syncytial virus monoclonal 
antibody, where the YTE Fc-modified antibody had a 2- to 4-fold increase in t1/2 compared to the original antibody and 
the t1/2 was extended up to 100 days in humans.73

The pharmacokinetics of recaticimab were studied in the phase 1b/2 trial (NCT03944109).74 The median Tmax ranged 
from 6.0 to 9.0 days after first administration of recaticimab and did not vary with the dose. The plasma t1/2 ranged from 
18.6 to 22.1 days with the majority of doses and schedules, except with the 450 mg 12-weekly dose the geometric mean 
t1/2 was 27.4 days. There were no observable differences in the apparent total clearance (0.3 to 0.4 L/day) or the apparent 
volume of distribution (7.2 to 12.0 L) with different doses and schedules. The t1/2 of recaticimab was comparatively 
longer than that of evolocumab or alirocumab (evolocumab 11–17 days, alirocumab: 17–20 days).

A phase 1a study in 32 healthy volunteers (NCT03634436) showed that single doses of 51 to 450 mg recaticimab 
produced 50 to 65% reductions in LDL-C levels and was safe and well-tolerated.74 A phase 1b/2 study (NCT03944109) 
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was performed in patients receiving a stable dose of atorvastatin and recaticimab reduced LDL cholesterol by up to 
59.51%.74 Another phase 1 phase study (NCT05370950) in healthy subjects showed that single SC doses of 450 mg 
recaticimab given into different sites had similar pharmacokinetics and pharmacodynamics.75

The REMAIN-1 (REcaticimab MonotherApy in patIents with Nonfamilial hypercholesterolaemia and mixed hyperli
paemia; NCT04849000) was a phase 3 study of monotherapy with recaticimab in patients with non-FH hypercholester
olemia or mixed hyperlipidemia with a fasting LDL cholesterol level of ≥2.6 to <4.9 mmol/L, and a fasting triglyceride 
level of ≤5.6 mmol/L.76 Therapy with recaticimab at doses of 150 mg Q4W, 300 mg Q8W, and 450 mg Q12W or placebo 
was given for 24 weeks and reduced LDL cholesterol relative to placebo by 49.6%, 52.8% and 45.0%, respectively.

In the REMAIN-2 (Recaticimab Add-On Therapy in Patients with Non-Familial Hypercholesterolaemia and Mixed 
Hyperlipidemia, NCT04885218) phase 3 trial in 689 participants on stable moderate or high-intensity statin, with or 
without ezetimibe or fenofibrate for at least 4 weeks and with LDL cholesterol levels of ≥1.8 mmol/L with ASCVD or 
≥2.6 mmol/L without ASCVD, recaticimab 150 mg Q4W, 300 mg Q8W, or 450 mg Q12W or placebo were given for 48 
weeks.77 The mean reductions in LDL cholesterol compared to placebo at 24 weeks were 62.2%, 59.7%, and 53.4%, 
respectively, and the effects were maintained through week 48. The drug was well tolerated over a period of 48 weeks.

REMAIN-3 (NCT04844125) was a phase 3 study of recaticimab in 143 patients with heterozygous FH and poorly 
controlled LDL cholesterol on intensive lipid-lowering therapy.78 143 participants were randomized to receive recaticimab 
150 mg SC Q4W or placebo for 12 weeks. The mean reduction in LDL cholesterol was 54.4% with the recaticimab group and 
4.5% with placebo at 12 weeks with a treatment difference of 49.8% (p<0.0001). Recaticimab also reduced non-HDL 
cholesterol by 46.4%, apoB by 43.9% and Lp(a) by 36.9% relative to placebo. There was no significant effect on triglycerides.

The phase 3 studies with recaticimab are summarized in Table 3. There may be concern about the development of 
ADAs with this humanized mAb, but it appears this has not been a problem so far in the studies up to 24 weeks.

Angiopoietin-Like 3 (ANGPTL3) Inhibitors
Angiopoietin-like proteins (ANGPTLs) control the relative activity of lipoprotein lipase (LPL) in various tissues and 
influence the distribution of lipoprotein-derived fatty acids between sites of fat storage or oxidation during feeding and 
fasting.79 In the Dallas Heart Study population, rare loss-of-function mutations in ANGPTL3, ANGPTL4, or ANGPTL5 
were associated with low plasma triglyceride concentrations.79 Nonsense mutations in ANGPTL3 were also found in 
patients with combined hypolipidemia with extremely low levels of LDL cholesterol, HDL cholesterol, and 
triglycerides.80 ANGPTL8 is produced in the liver and adipose tissue and levels increase during feeding forming 
ANGPTL3/ANGPTL8 complexes that increase the inhibitory effect of ANGPTL3 on LPL in muscle. The effects of 
ANGPTL3/8 on LPL activity and LPL cleavage are much stronger than those of ANGPTL3 or ANGPTL8 alone.81 At the 
same time through formation of ANGPTL4/ANGPTL8 complexes ANGPTL8 blocks the inhibitory effect of ANGPTL4 

Table 3 Phase 3 Studies with Recaticimab

Study Name and Reference Patients Recaticimab 
Doses

LDL-C reduction vs 
Placebo

REMAIN-1 (NCT04849000). Xu et al, 

202476

703 non-FH low/moderate CV risk 150 mg Q4W 

300 mg Q8W 

450 mg Q12W

49.6% 

52.8% 

45.0%

REMAIN-2 (NCT04885218). Sun et al, 

202477

689 non-FH on moderate/high intensity statin ± 

ezetimibe

150 mg Q4W 

300 mg Q8W 
450 mg Q12W

62.2% 

59.7% 
53.4%

REMAIN-3 (NCT04844125). Jiyan et al, 
202478

143 HeFH 150 mg Q4W 49.8%

Abbreviations: CV, cardiovascular; HeFH, heterozygous familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol; non-FH, non-familial hypercholester
olemia; Q4W, every 4 weeks; Q8W, every 8 weeks; Q12W, every 12 weeks.
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on adipose tissue LPL, thereby increasing the uptake of fatty acids in adipose tissue in the postprandial state and reducing 
uptake in skeletal muscle.82

Familial combined hypolipidemia due to loss-of function mutations in the ANGPTL3 gene was shown to be inherited 
in a codominant manner and was associated with a substantial reduction of all plasma lipoproteins except for Lp(a).83 

Genetic studies of loss-of-function variants in ANGPTL3 and therapeutic antagonism of Angptl3 with evinacumab in 
mice were associated with decreased lipid levels including triglycerides, LDL cholesterol, and HDL cholesterol and 
decreased odds of ASCVD.84 ANGPTL3 has therefore been recognized as a novel therapeutic target for lowering not 
only plasma triglycerides but also plasma LDL cholesterol.85

The mechanism by which reduced serum levels of ANGPTL3 reduce LDL cholesterol is not completely understood 
but it was assumed that neutralizing ANGPTL3 with a mAb might decrease hepatic very-low-density lipoprotein (VLDL) 
secretion and increase conversion of circulating triglyceride rich lipoproteins (TGRLs) to smaller particles that could be 
cleared by lipoprotein receptors other than the LDLR that include the LDL receptor-related protein, the remnant 
lipoprotein receptor, and the proteoglycan syndecan-1.86 Hepatic uptake of lipid particles via an endothelial lipase 
(EL) based mechanism has also been suggested, as ANGPTL3 inhibits EL.87

Various pharmacological strategies have been developed to inhibit ANGPTL3 for the treatment of dyslipidemia. 
These include the mAbs, evinacumab and SHR-1819, the antisense oligonucleotide (ASO), vupanorsen, the small 
interfering RNA (siRNA) molecules, zodasiran and solbinsiran, and a CRISPR genome editing system (Figure 2).88 It 
may be possible to develop oral small-molecule inhibitors in the future.
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Figure 2 Action of angiopoietin-like protein 3 (ANGPTL3) in lipoprotein metabolism. ANGPTL3 inhibits 1) lipoprotein lipase and 2) endothelial lipase. It may also 3) inhibit 
the liver uptake of LDL particles and 4) stimulate release of VLDL particles from the liver. Inhibition of ANGPTL3 in the absence of functioning LDL receptors facilitates 
uptake by the liver of remnant particles and LDL via an endothelial lipase-dependent mechanism. 
Abbreviations: ANGPTL3, angiopoietin-like 3; CM, chylomicron; CMR, chylomicron remnant; EL, endothelial lipase; HDL, high-density lipoprotein; IDL, intermediate- 
density lipoprotein; LDL, low-density lipoprotein; LDLR, low-density lipoprotein receptor; LPL, lipoprotein lipase; VLDL, very low-density lipoprotein.
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Inhibiting ANGPTL3 or apolipoprotein C3 (apoC3) was expected to be effective in reducing triglyceride levels rather 
than LDL cholesterol.89 However, the effects of inhibiting ANGPTL3 appear to vary with the lipid phenotype of the 
patients involved and probably with the degree of ANGPTL3 inhibition. Vupanorsen looked promising in early phase 
studies but in the phase 2b Vupanorsen in Statin-Treated Patients With Elevated Cholesterol: TaRgeting ANGPTL3 with 
an aNtiSense oLigonucleotide in AdulTs with dyslipidEmia (TRANSLATE-TIMI 70, NCT04516291) study in patients 
on statin therapy with combined hyperlipidemia, there were only modest reductions in LDL cholesterol of 7.9 to 16.0% 
and in apoB of 6.0 to 15.1%, and there were dose-dependent increases in liver fat, and higher doses were associated with 
elevations in liver enzymes.90 In January 2022, the clinical development program for vupanorsen led by Pfizer was 
terminated.91

The siRNA ANGPTL3 inhibitor zodasiran showed favorable lipid effects in patients with mixed hyperlipidemia in the 
phase 2b ARCHES-2 trial (NCT04832971).92 However, the manufacturer, Arrowhead Pharmaceuticals, decided to limit 
development of zodasiran in favor of plozasiran, which inhibits apoC3, which may have a wider application.93 Zodasiran 
is being investigated in HoFH.

Another GalNAc-conjugated siRNA targeting ANGPTL3 developed by Eli Lilly, solbinsiran, was recently shown to 
result in durable reductions in serum ANGPTL3, apoB, triglyceride, VLDL cholesterol, non-HDL cholesterol and in 
hepatic fat fraction in adults with mixed dyslipidemia in the phase 2 PROLONG-ANG3 trial (NCT05256654).94

CRISPR Therapeutics’ CTX310 is a CRISPR/Cas9 gene editing treatment designed to target hepatic expression of 
ANGPTL3. It consists of Cas9 mRNA and guide RNA (gRNA) which target ANGPTL3 encapsulated into lipid 
nanoparticles.95 It showed reductions of more than 80% in LDL cholesterol and triglycerides after a single dose in 
a trial involving patients with certain conditions associated with elevated lipid levels. VERVE-201 is a gene editing 
therapy composed of an mRNA encoding an adenine base editor and a guide RNA targeting the ANGPTL3 gene 
packaged in a GalNAc lipid nanoparticle developed by Verve Therapeutics.96

Evinacumab
Evinacumab (REGN1500, Evkeeza®, Regeneron Pharmaceuticals, Inc.) is a fully human mAb with a human IgG4 
constant region. It was designed using Regeneron’s Velocimmune® technology platform.97 It shows high affinity to 
ANGPTL3 from mouse, rat, monkey, and humans. Evinacumab binds to ANGPTL3 in the circulation to create immune 
complexes and the primary mechanism of action is likely to be potentiation of LPL activity.98 It is also able to bind to the 
ANGPTL3/ ANGPTL8 complex although with less potency than an anti-ANGPTL3/8 antibody.99 ANGPTL3 circulates 
at about 200 ng/mL whereas ANGPTL3/8 complexes are approximately 20 ng/mL, therefore the dose of evinacumab 
required would be higher than that for a specific anti-ANGPTL3/8 antibody.99

Early phase studies showed that evinacumab was not only effective in reducing triglycerides but was also able to 
lower LDL cholesterol in patients with HoFH. It was approved by the FDA for HoFH in February 2021.100 It was 
approved for medical use in the European Union in June 2021. In 2021, Regeneron announced that the annual wholesale 
cost of the drug given by IV infusion every 4 weeks would be $450 000 on average, therefore additional indications in 
lower risk subjects may be difficult to support.100

A phase 1 single ascending dose (SAD) study (NCT01749878) included 83 human volunteers with moderately high 
triglycerides (>1.7 but ≤5.1 mmol/L, >150 but ≤450 mg/dL) and/or LDL cholesterol (≥2.6 mmol/L, ≥100 mg/dL) and 
showed dose-dependent reductions in triglycerides up to 76%, in LDL cholesterol up to 23% and in HDL cholesterol up 
to 25% with evinacumab compared to placebo.84 The SAD study results in 83 subjects and a phase 1 multiple ascending 
dose (MAD) study in 56 dyslipidemic subjects (NCT02107872) were reported in 2019.101 Evinacumab 150, 300 or 
450 mg Q1W, and 300 or 450 mg Q2W was given by SC injection or 20 mg/kg Q4W by IV injection. The maximum 
reduction in triglycerides was 83.1% at day 2 with 20 mg/kg IV Q4W.101 The reductions in LDL cholesterol were up to 
25.1% in the MAD study and HDL cholesterol was also reduced to a variable extent versus placebo with the SC doses 
and by 6.2% with evinacumab IV at 20 mg/kg Q4W.

In a phase 1 study which compared the pharmacokinetics, pharmacodynamics, safety, and tolerability of evinacumab 
in four dose cohorts between healthy Japanese and Caucasian adults with baseline LDL cholesterol ≥2.6 and <4.1 mmol/ 
L (≥100 and <160 mg/dL), the pharmacokinetic profiles for both SC and IV doses of evinacumab were comparable in 
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both ethnic groups and evinacumab was generally well tolerated and the dose-related reductions in LDL cholesterol and 
triglycerides were similar in both groups.102

In a phase 2 open-label, proof-of-concept study (NCT02265952) that included 9 adults with HoFH taking aggressive 
lipid-lowering therapy, evinacumab was administered as 250 mg SC on day 1, 15 mg/kg IV on day 15, and 450 mg SC 
Q1W x 4, starting from day 85.103 The mean (±SD) reductions in lipids levels at week 4 were 49±23% in LDL 
cholesterol, 46±18% in apoB, 49±22% in non-HDL cholesterol, 36±16% in HDL cholesterol and a median reduction of 
47% in triglycerides. An additional analysis of this study showed that evinacumab was effective in lowering LDL 
cholesterol in the HoFH patients regardless of the type of mutation in the LDLR and LDLR activity was not affected so 
the mechanism appeared to be independent of the LDLR.101

A phase 2 trial in patients with severe hypertriglyceridemia (fasting triglyceride ≥500 mg/dL) who had a history of 
hospitalization for acute pancreatitis (NCT03452228) included 17 patients with familial chylomicronemia syndrome 
(FCS), 15 patients with multifactorial chylomicronemia syndrome who had heterozygous loss-of-function mutations in 
the LPL pathway and 19 patients with multifactorial chylomicronemia syndrome without mutations in the LPL 
pathway.104 Evinacumab treatment at 15 mg /kg IV Q4W for 12 weeks reduced triglycerides by a variable extent 
among the 3 cohorts. It had the greatest effect versus placebo in those with no LPL mutations (median 81.7% reduction 
versus increase of 80.9%), a smaller effect in those with heterozygous LPL pathway mutations (64.8% reduction versus 
increase of 9.4%), and no significant effect in those with FCS (27.7% reduction versus 22.9% reduction).104 LDL 
cholesterol tended to increase with evinacumab treatment but this was not significant compared to placebo in any of the 
three groups of patients with hypertriglyceridemia.

In the phase 3 ELIPSE HoFH (Efficacy and Safety of Evinacumab in Patients With Homozygous Familial 
Hypercholesterolemia) trial (NCT03399786), evinacumab was evaluated in 65 patients with HoFH on multiple lipid- 
lowering therapies.105 Evinacumab given at 15 mg/kg IV Q4W reduced LDL cholesterol compared with placebo by 
a mean of 49% after 24 weeks. Triglyceride levels also decreased by 55% with evinacumab compared to a 4.6% 
reduction in the placebo group and there was a 30% reduction in HDL cholesterol levels with evinacumab. The effects on 
LDL cholesterol were similar in the patients with complete LDLR deficiency (null-null) compared to those with residual 
LDLR activity (non-null). The rates of adverse events were similar in the evinacumab group compared to the placebo 
group.

A substudy from ELIPSE HoFH (NCT04722068), included four patients with HoFH who underwent apoB kinetic 
analyses. This showed an increase in the fractional catabolic rate of intermediate-density lipoprotein (IDL)-apoB and 
LDL-apoB, suggesting that evinacumab lowers LDL cholesterol predominantly by increasing the clearance of apoB- 
containing lipoprotein from the circulation.106 Another substudy involved two severely affected young HoFH patients 
who had coronary computed tomography angiography (CCTA) before and after 6 months of treatment, showed 
substantial reduction of plaques after intensive lipid lowering therapy including statins, ezetimibe, LDL apheresis, and 
evinacumab.107

In an open-label treatment period of the ELIPSE HoFH study in 65 patients with HoFH who continued treatment with 
evinacumab 15 mg/kg IV Q4W for 48 weeks, the mean reduction in LDL cholesterol was 46.3% and evinacumab was 
generally well tolerated.108

In a single-arm, open-label, phase 3 trial (NCT03409744) in 116 patients with HoFH, including 102 adults and 14 
adolescents, treated with IV evinacumab 15 mg/kg Q4W for a median of 104.3 weeks, the mean reduction in LDL 
cholesterol at 24 weeks was 43.6% and evinacumab was generally well tolerated.109

In a phase 3 open-label study in 6 pediatric patients with mean age 8.8 years given a single dose of IV evinacumab 
15 mg/kg, and 14 pediatric patients aged 5 to 11 years treated with IV evinacumab 15 mg/kg Q4W, all with genetically 
proven HoFH (NCT04233918), the mean reduction in LDL cholesterol at 8 weeks after the single dose was 41.6% and at 
24 weeks of multiple dosing the reductions were LDL cholesterol 48.3%, apoB 41.3%, non-HDL cholesterol 48.9% and 
TC 49.1%.110

Evinacumab tended to reduce HDL cholesterol in some of the studies and this was significant in a meta-analysis of five of 
the early randomized controlled trials.111 The main phase 2 and phase 3 trials with evinacumab are summarized in Table 4.
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SHR-1918
SHR-1918 is a fully human mAb targeting ANGPTL3 developed by Jiangsu Hengrui Pharmaceuticals Co., Ltd and 
Beijing Suncadia Pharmaceuticals Co., Ltd. It received breakthrough therapy designation (BTD) from the Chinese 
NMPA in September 2024 for the treatment of HoFH.

In a phase 1 SAD study (SHR-1918-101, NCT05432544) in 72 healthy subjects, SC doses of SHR-1918 from 100 to 
1200 mg produced maximum reductions in LDL cholesterol from baseline ranging from 46.5% to 49.1%, and the 
maximum reduction in triglycerides ranged from 67.4% to 82.8%. The reduction in LDL cholesterol remained at 36.9% 
to 39.0% on Day 85 and for the higher doses, the reduction in triglycerides was 59.9% to 79.1%.113

In a phase 2 study (SHR-1918-201, NCT06109831) in 333 patients with hyperlipidemia at moderate or higher risk of 
ASCVD who were mainly on a moderate-intensity dose of statin and not at target LDL cholesterol levels, the patients 
were randomized to receive SC doses of SHR-1918 150, 300, or 600 mg Q4W or 600 mg Q8W or matching placebos for 
a total of 16 weeks.114 SHR-1918 reduced serum LDL cholesterol by 22% to 30%, as well as triglyceride levels by 52% 
to 63% with the effect being dose and frequency dependent. There were also reductions in TC, non-HDL cholesterol, 
HDL cholesterol, apoA-I but not Lp(a).

A phase 2 open-label, single-arm study (SHR-1918-202, NCT06009393) to evaluate the efficacy and safety of SHR- 
1918 in 20 patients with HoFH appears to have been completed but not published. A phase 2 study in 44 subjects with 
hyperlipidemia (SHR-1918-203, NCT06471218) using 2 doses of SHR-1918 over 24 weeks is underway.

A phase 3 randomized, double-blind, placebo-controlled, multicenter clinical trial (SHR-1918-301, NCT06723652) in 
45 patients with HoFH has been launched to evaluate the efficacy and safety of SHR-1918 in this condition. Participants 
will switch from placebo to SHR-1918 after 12 weeks and continue for a total of 24 weeks. The primary endpoint is the 
percentage change in LDL cholesterol levels from baseline at week 12.

Table 4 Phase 2 and 3 Studies with Evinacumab

Study Name and Reference Patients Evinacumab Doses LDL-C or TG Reduction vs 
Placebo

Phase 2 (NCT03175367). Rosenson et al, 

2020112

272 Refractory 

Hypercholesterolema, some 

with HeFH

SC: 450 mg QW 300 mg 

QW 300 mg Q2W 

IV: 15 mg/kg Q4W 5 mg/ 
kg Q4W

LDL-C reduction: SC: 56.0, 52.9, 

38.5% 

IV: 50.5%, 24.2%

Phase 2 (NCT03452228). Rosenson et al, 
2023104

51 Severe hypertriglyceridemia IV: 15 mg/kg Q4W TG reduction mean 27.1% in those 
without LPL pathway mutations

Phase 2 (NCT02265952). Gaudet et al, 

2017103

9 HoFH SC 250 mg day 1, IV 

15 mg/kg on day 15

LDL-C reduction 49% at week 4

Phase 3 ELIPSE HoFH (NCT03399786). 

Raal et al, 2020105

65 HoFH IV: 15 mg/kg Q4W LDL-C reduction 49% at week 24

Phase 3 ELIPSE HoFH substudy 

(NCT04722068). Reeskamp et al, 2021106

4 HoFH IV: 15 mg/kg Q4W LDL-C reduction: 59% at week 8

Phase 3 (NCT03409744). Gaudet et al, 

2024109

116 adult or adolescent HoFH IV: 15 mg/kg Q4W LDL-C reduction 43.6% at week 24

Phase 3 (NCT04233918). Wiegman et al, 

2024110

6 pediatric HoFH 

14 pediatric HoFH

Single dose 

Q4W IV: 15 mg/kg

41.6% at 8 weeks 48.3% at week 24 

LDL-C reduction

Abbreviations: HeFH, heterozygous familial hypercholesterolemia; HoFH, homozygous familial hypercholesterolemia; IV, intravenous; LDL-C, low-density lipoprotein 
cholesterol; QW, every week; Q2W, every 2 weeks; Q4W, every 4 weeks; SC, subcutaneous; TG, triglycerides.
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Other ANGPTL Inhibitors
ANGPTL4 has been considered as another target for therapy as carriers of ANGPTL4 gene inactivating mutations had 
lower levels of triglycerides and a lower risk of coronary heart disease (CHD) than did noncarriers.115 Inhibition of 
Angptl4 in mice and monkeys with the human mAb REGN1001 also resulted in reductions in triglyceride values, but this 
was associated with lipid accumulation in the mesenteric lymph nodes and abdominal lymphadenopathy secondary to 
granulomatous lipid accumulation.115 Previous studies of Angptl4 knockout mice or mice treated with the anti-Angptl4 
mAb 14D12 also showed lipogranulomatous lesions of the intestines and their draining lymphatics and mesenteric lymph 
nodes.116 These findings might suggest that ANGPTL4 may not be a useful therapeutic target, but Mendelian randomiza
tion analysis showed genetic mimicry of inhibition of ANGPTL4 and enhancement of LPL have similar systemic 
metabolic effects and were associated with a lower risk of type 2 diabetes and CHD.117

MAR001
MAR001, developed by Marea Therapeutics, Inc., is a first-in-class humanized mAb targeting ANGPTL4, which is 
highly expressed in adipose tissue. Studies in hypertriglyceridemic non-human primates showed that single doses of 
MAR001 reduced plasma triglycerides by up to 58%, non-HDL cholesterol by 38% and apoB by 30%.118 Animals fed 
a high-saturated-fat diet showed only minimal to moderate foamy macrophage formation in mesenteric lymph nodes, and 
these histological changes did not progress to degeneration, necrosis, inflammation, fibrosis, or other reactive changes, 
and there was no evidence of systemic inflammation.

MAR001 was evaluated in a single-ascending-dose phase 1 study in 3 groups of participants, 32 healthy participants, 
12 subjects with high BMI (30–40 kg/m²) and 12 subjects with fasting triglycerides in the range of 200–500 mg/dL.119 

The doses of SC MAR001 given to healthy participants were 15, 50, 150 or 450 mg and only 450 mg and placebo were 
used in the other groups. In the high triglyceride cohort, placebo-adjusted mean reductions in fasting triglyceride were 
68·6% on day 15.

In the phase 1b/2a multidose randomized, double-blind, placebo-controlled study (NCT05896254), 55 participants 
with metabolic dysfunction were randomized to receive seven SC injections of placebo or doses of MAR001 at 150, 300 
or 450 mg Q2W, followed by a 12-week safety follow-up period.119 At week 12, the placebo adjusted mean reduction in 
triglycerides was 52·7% and in remnant cholesterol 52·5% with MAR001 450 mg. No treatment-related systemic 
inflammatory biomarker elevations were seen and no changes in mesenteric lymph node size or inflammation assessed 
by MRI were observed.119

LY3475766 is a mAb targeting the ANGPTL3/8 complex developed by Eli Lilly. A phase 1 study in subjects with 
mixed hyperlipidemia showed that single doses of LY3475766 of 10–30 mg IV or 100, 300 and 600 mg SC, dose- 
dependently reduced plasma triglycerides and LDL cholesterol levels up to 70% and 35%, respectively, and increased 
HDL cholesterol levels up to 25%.120

Conclusion
The fully human mAbs targeting PCSK9, evolocumab and alirocumab, are well established with a good long-term safety 
record and with evidence for reduction of cardiovascular events. They are particularly useful in patients with HeFH but 
have limited effect in lowering LDL cholesterol in the rare patients with HoFH. Tafolecimab and ebronucimab are fully 
human mAbs and ongericimab and recaticimab are humanized mAbs targeting PCSK9 developed and approved in China. 
They have not been subjected to cardiovascular outcome studies. Recaticimab has a longer duration of action compared 
to alirocumab and evolocumab, which is probably related to the YTE motif in the Fc region. This provides the advantage 
of less frequent dosing. Whether the humanized mAbs will result in ADAs causing reduced function as with bococizu
mab is not certain. This does not appear to be a problem with the results currently available, but there is limited 
information on long-term usage. It is not known if these new mAbs will be approved in other countries in addition to 
China.

The mAbs targeting PCSK9 are highly efficacious but generally quite expensive, which limits their use in many parts 
of the world. Having more options is likely to make the drugs more affordable and this will apply in China but not 
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elsewhere at present. The siRNA inclisiran can be given twice yearly in the long term, which should improve adherence 
to therapy considerably. However, the yearly cost is similar to that of the mAbs and it is not currently available in all 
countries. If the oral drugs inhibiting PCSK9 prove to have satisfactory long-term safety and efficacy in reducing 
cardiovascular events, they may offer an attractive alternative to the mAbs depending on the cost.

ANGPTL3 has been identified as a target for the treatment of HoFH. Evinacumab has been approved for this 
indication and SHR-1918 is being developed in China with the same target. These mAbs can reduce LDL cholesterol by 
about 50% in patients with HoFH and although this may not be adequate to reach LDL cholesterol targets it will usually 
reduce the requirement for lipoprotein apheresis. Evinacumab is expensive and is unlikely to be used for other indications 
although it may be useful in hypertriglyceridemia and mixed hyperlipidemia. SHR-1918 appears to have effects similar 
to evinacumab and could be used for much wider indications depending on the cost. It is likely to be approved in China 
and could be launched in other countries. MAR001, a humanized mAb targeting ANGPTL4, is at a very early stage of 
development and its role remains to be established.
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