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Introduction

Patients with heterozygous familial hypercholesterolemia (HeFH) are characterized by high levels of low-density lipoprotein cholesterol (LDL-C) and elevated risk of atherosclerotic cardiovascular disease. [START_REF] Arca | Old challenges and new opportunities in the clinical management of heterozygous familial hypercholesterolemia (HeFH): The promises of PCSK9 inhibitors[END_REF][START_REF] Nordestgaard | Familial hypercholesterolaemia is underdiagnosed and undertreated in the general population: guidance for clinicians to prevent coronary heart disease: consensus statement of the European Atherosclerosis Society[END_REF][START_REF] Gidding | The Agenda for Familial Hypercholesterolemia: A Scientific Statement From the American Heart Association[END_REF] Patients with HeFH are typically initiated on maximally tolerated statin therapy with or without ezetimibe, but may require additional lipid-lowering therapies (LLTs) to reach their guidelinerecommended LDL-C treatment goals. [START_REF] Catapano | ESC/EAS Guidelines for the Management of Dyslipidaemias: The Task Force for the Management of Dyslipidaemias of the European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS) Developed with the special contribution of the European Assocciation for Cardiovascular Prevention & Rehabilitation (EACPR)[END_REF][START_REF] Morris | ACC Expert Consensus Decision Pathway on the role of non-statin therapies for LDLcholesterol lowering in the management of atherosclerotic cardiovascular 24 disease risk: A report of the American College of Cardiology Task Force on Clinical Expert Consensus Documents[END_REF][START_REF] Huijgen | Two years after molecular diagnosis of familial hypercholesterolemia: majority on cholesterol-lowering treatment but a minority reaches treatment goal[END_REF][START_REF] Béliard | Improvement in LDL-cholesterol levels of patients with familial hypercholesterolemia: can we do better? Analysis of results obtained during the past two decades in 1669 French subjects[END_REF][START_REF] Perez De Isla | Attainment of LDL-cholesterol treatment goals in patients with familial hypercholesterolemia: 5-Year SAFEHEART registry follow-up[END_REF] In the recent European Atherosclerosis Society/European Society of Cardiology consensus statement and a number of guidelines, it has been emphasized that monoclonal antibodies directed against proprotein convertase subtilisin/kexin type 9 (PCSK9), such as alirocumab, should be considered for patients with HeFH at very-high cardiovascular risk, a family history of coronary artery disease at a very young age, or an LDL-C level far from goal despite being on other maximally tolerated LLT. [START_REF] Catapano | ESC/EAS Guidelines for the Management of Dyslipidaemias: The Task Force for the Management of Dyslipidaemias of the European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS) Developed with the special contribution of the European Assocciation for Cardiovascular Prevention & Rehabilitation (EACPR)[END_REF][START_REF] Morris | ACC Expert Consensus Decision Pathway on the role of non-statin therapies for LDLcholesterol lowering in the management of atherosclerotic cardiovascular 24 disease risk: A report of the American College of Cardiology Task Force on Clinical Expert Consensus Documents[END_REF][START_REF] Anderson | Canadian Cardiovascular Society Guidelines for the Management of Dyslipidemia for the Prevention of Cardiovascular Disease in the Adult[END_REF][START_REF] Landmesser | Update of ESC/EAS Task Force on practical clinical guidance for proprotein convertase subtilisin/kexin type 9 inhibition in patients with atherosclerotic cardiovascular disease or in familial hypercholesterolaemia[END_REF][START_REF] Bays | National Lipid Association Annual Summary of Clinical Lipidology 2016[END_REF] As alirocumab can be administered at a dose of 75 or 150 mg every 2 weeks (Q2W), it offers a flexible dose titration strategy, with dose adjustments possible depending on the level of LDL-C reduction required. Overall, across the ODYSSEY clinical trial program, alirocumab 75 and 150 mg Q2W dose regimens have demonstrated consistent LDL-C reductions of 44.1-54.0% and 61.0%, respectively, [START_REF] Bays | Alirocumab as add-on to atorvastatin versus other lipid treatment strategies: ODYSSEY OPTIONS I randomized trial[END_REF][START_REF] Cannon | Efficacy and safety of alirocumab in high cardiovascular risk patients with inadequately controlled hypercholesterolaemia on maximally tolerated doses of statins: the ODYSSEY COMBO II randomized controlled trial[END_REF][START_REF] Kastelein | ODYSSEY FH I and FH II: 78 week results with alirocumab treatment in 735 patients with heterozygous familial hypercholesterolaemia[END_REF][START_REF] Kereiakes | Efficacy and safety of the proprotein convertase subtilisin/kexin type 9 inhibitor alirocumab among high cardiovascular risk patients on maximally tolerated statin therapy: The ODYSSEY COMBO I study[END_REF][START_REF] Moriarty | Efficacy and safety of alirocumab vs ezetimibe in statin-intolerant patients, with a statin rechallenge arm: The ODYSSEY ALTERNATIVE randomized trial[END_REF][START_REF] Farnier | Efficacy and safety of adding alirocumab to rosuvastatin versus adding ezetimibe or doubling the rosuvastatin dose in high cardiovascular-risk patients: The ODYSSEY OPTIONS II randomized trial[END_REF] regardless of baseline LDL-C levels. [START_REF] Bays | Alirocumab as add-on to atorvastatin versus other lipid treatment strategies: ODYSSEY OPTIONS I randomized trial[END_REF][START_REF] Cannon | Efficacy and safety of alirocumab in high cardiovascular risk patients with inadequately controlled hypercholesterolaemia on maximally tolerated doses of statins: the ODYSSEY COMBO II randomized controlled trial[END_REF][START_REF] Kastelein | ODYSSEY FH I and FH II: 78 week results with alirocumab treatment in 735 patients with heterozygous familial hypercholesterolaemia[END_REF][START_REF] Moriarty | Efficacy and safety of alirocumab vs ezetimibe in statin-intolerant patients, with a statin rechallenge arm: The ODYSSEY ALTERNATIVE randomized trial[END_REF] As patients with HeFH generally require ongoing LLT, it is important to characterize the long-term safety and efficacy of alirocumab in these individuals. In ODYSSEY LONG TERM, [START_REF] Robinson | Efficacy and safety of alirocumab in reducing lipids and cardiovascular events[END_REF] alirocumab 150 mg Q2W was chosen to enable an assessment of the long-term safety and efficacy of the highest available alirocumab dose. However, some patients may only require the lower dose of alirocumab 75 mg Q2W to achieve their cardiovascular risk-based LDL-C goals. In the FH I and FH II parent studies, 56.6% and 61.4% of patients achieved pre-defined LDL-C goals at week 12, respectively, and so were maintained on alirocumab 75 mg Q2W throughout. [START_REF] Kastelein | ODYSSEY FH I and FH II: 78 week results with alirocumab treatment in 735 patients with heterozygous familial hypercholesterolaemia[END_REF] Patients with HeFH who received alirocumab 150 mg Q2W during the ODYSSEY LONG TERM trial could opt to enroll in the open-label extension study, ODYSSEY OLE study, and receive alirocumab 75 mg Q2W at OLE entry. This affords us the unique opportunity to investigate the effects of the 2 alirocumab doses in the same group of patients, in the initial absence of the effects of alirocumab dose adjustment.

We set out to investigate the effects of the 2 approved doses of alirocumab (75 and 150 mg Q2W) administered "sequentially" in the same HeFH patient cohort, who had relatively high baseline LDL-C levels (in both LONG TERM, and, following wash-out, in OLE), despite maximally tolerated statin therapy.

Methods

Overview of the parent study

The protocol of the ODYSSEY LONG TERM (NCT01507831) parent study has been described previously. [START_REF] Robinson | Efficacy and safety of alirocumab in reducing lipids and cardiovascular events[END_REF] 

Open-label extension study design

ODYSSEY OLE (986 patients enrolled, of whom 985 received alirocumab) is an open-label extension (OLE) study of patients with HeFH who had completed 1 of 4 phase 3 double-blind clinical trials (FH I, [START_REF] Kastelein | ODYSSEY FH I and FH II: 78 week results with alirocumab treatment in 735 patients with heterozygous familial hypercholesterolaemia[END_REF] FH II, [START_REF] Kastelein | ODYSSEY FH I and FH II: 78 week results with alirocumab treatment in 735 patients with heterozygous familial hypercholesterolaemia[END_REF] HIGH FH, [START_REF] Ginsberg | Efficacy and safety of alirocumab in patients with heterozygous familial hypercholesterolemia and LDL-C of 160 mg/dl or higher[END_REF] and LONG TERM [START_REF] Robinson | Efficacy and safety of alirocumab in reducing lipids and cardiovascular events[END_REF] ), conducted over a treatment period of up to 40 months.

Following an 8-week wash-out period (off-treatment), patients with a diagnosis of definite HeFH who completed LONG TERM were eligible to enter OLE for a treatment period of up to 40 months (Figure 1). At entry to OLE, patients (the majority of whom had baseline LDL-C >70 mg/dL when they entered the LONG TERM parent study) received open-label alirocumab 75 mg Q2W. The starting dose of 75 mg Q2W was chosen because the characteristics of LONG TERM patients enrolled in OLE were similar to those of the overall ODYSSEY population, where the majority achieved their pre-defined LDL-C goals on the 75 mg Q2W dose. In OLE, LDL-C was measured at Day 1 and Weeks 8, 24, 48, 72, 96, 120, 144, and 168.

From Day 1 until Week 8 of OLE, LDL-C values were blinded to the physician and patient; from Week 8, the values were communicated to the physician. From Week 12, physicians could adjust the alirocumab dose from 75 mg Q2W to 150 mg Q2W, and vice versa, depending on their clinical judgement and the patient's LDL-C level. Thus, the strategy for dose adjustment in OLE differs from the automatic blinded algorithm for dose adjustment used in most previous ODYSSEY double-blind studies. [START_REF] Bays | Alirocumab as add-on to atorvastatin versus other lipid treatment strategies: ODYSSEY OPTIONS I randomized trial[END_REF][START_REF] Cannon | Efficacy and safety of alirocumab in high cardiovascular risk patients with inadequately controlled hypercholesterolaemia on maximally tolerated doses of statins: the ODYSSEY COMBO II randomized controlled trial[END_REF][START_REF] Kastelein | ODYSSEY FH I and FH II: 78 week results with alirocumab treatment in 735 patients with heterozygous familial hypercholesterolaemia[END_REF][START_REF] Kereiakes | Efficacy and safety of the proprotein convertase subtilisin/kexin type 9 inhibitor alirocumab among high cardiovascular risk patients on maximally tolerated statin therapy: The ODYSSEY COMBO I study[END_REF][START_REF] Moriarty | Efficacy and safety of alirocumab vs ezetimibe in statin-intolerant patients, with a statin rechallenge arm: The ODYSSEY ALTERNATIVE randomized trial[END_REF][START_REF] Farnier | Efficacy and safety of adding alirocumab to rosuvastatin versus adding ezetimibe or doubling the rosuvastatin dose in high cardiovascular-risk patients: The ODYSSEY OPTIONS II randomized trial[END_REF][START_REF] Roth | Monotherapy with the PCSK9 inhibitor alirocumab versus ezetimibe in patients with hypercholesterolemia: results of a 24 week, double-blind, randomized Phase 3 trial[END_REF] Throughout OLE, background statin therapies, including maximally tolerated statin dose ± other LLTs, were to be kept stable if possible; reasons for any background LLT dose adjustments were to be recorded by the investigator. For dose adjustments based on LDL-C values, simultaneous adjustments in any LLT and alirocumab dose were avoided. In the current analysis, only patients with HeFH who received alirocumab in the LONG TERM parent study and subsequently entered OLE are included (n = 214).

The study was conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonization Guidelines for Good Clinical Practice.

The study protocol was approved by the appropriate independent review board/ethics committee, and written informed consent was obtained from each participant. The trial was registered with clinicaltrials.gov (NCT01954394).

Endpoints and assessments

The primary objective of this OLE study was to assess the long-term safety of alirocumab when added to background LLTs in patients diagnosed with HeFH.

Safety was assessed through treatment-emergent adverse events (TEAEs), laboratory data, and vital signs. TEAEs were assessed from baseline (first dose of alirocumab in OLE) until 10 weeks after the last dose of alirocumab received during OLE. Secondary objectives included the evaluation of the long-term efficacy and immunogenicity of alirocumab.

Statistical analysis

The safety population included patients who received at least 1 dose or partial dose of the study drug. Safety was analyzed by descriptive statistics. The efficacy analysis was performed on the modified intention-to-treat (mITT) population, which included all patients who received at least 1 dose or partial dose of the study drug, had baseline LDL-C data available from the parent LONG TERM study, and had at least 1 LDL-C value available during OLE (and at least the Week 8 value) from the period of the first study drug injection in OLE up to the 3 weeks following the last study drug injection. Efficacy parameters were assessed by descriptive statistics.

Alirocumab anti-drug antibody (ADA) analyses were performed on all treated patients (safety population) who had a blood sample at the parent study baseline and at least 1 evaluable blood sample post study drug injection in OLE.

Results

Patient characteristics

A total of 214 patients with HeFH who received alirocumab during the LONG TERM parent study entered OLE, of whom 213 were included in the mITT population. During OLE, 16 patients (7%) prematurely discontinued the study treatment: 2 due to death, 4 due to adverse events, 3 due to poor compliance, and 7 due to other reasons. Baseline characteristics are presented in Table 1; of note, 50% of patients had atherosclerotic cardiovascular disease. Mean (standard deviation

[SD]) LDL-C at OLE baseline was 163.7 (58.3) mg/dL (safety population; Table 1), despite patients being on maximally tolerated statins ± other LLTs (for example, 71.5% and 54.7% of patients were receiving high-intensity statin doses and ezetimibe at OLE baseline, respectively); the lipid parameters at OLE baseline reflect the 8-week wash-out period prior to the start of OLE. Overall median (minimum:maximum) exposure to alirocumab in OLE was 132 (4:168) weeks (2.5 years).

Comparison of alirocumab 75 mg in OLE vs 150 mg dose in the LONG TERM parent study in the same cohort of patients

All patients with HeFH considered in this analysis received alirocumab 150 mg Q2W in the LONG TERM parent study, entered OLE following an 8-week wash-out period, and received alirocumab 75 mg Q2W for the first 8 weeks of OLE (prior to potential dose increase). Examining LDL-C reductions at Week 8 in the LONG TERM parent study and at Week 8 in OLE therefore allows for investigation of the effects of exposure to the 2 alirocumab doses in the same cohort of HeFH patients, without the confounding effects of dose adjustments. For the mITT population, mean (SD) LDL-C at parent study baseline was 162.3 (58.6) mg/dL, compared with 166.6 (59.5) mg/dL at OLE baseline (following the 8-week wash-out period) for the same patient cohort (Figure 2). At Week 8 of the LONG TERM study (all patients with HeFH in this cohort receiving alirocumab 150 mg Q2W), mean (SD) LDL-C was 61.6 (42.9) mg/dL (63.1% reduction from LONG TERM baseline). By comparison, at Week 8 of OLE (all patients receiving alirocumab 75 mg Q2W), mean (SD) LDL-C was 89.6 (54.9) mg/dL (47.3% reduction from OLE baseline).

Mean percent changes observed in other lipid parameters from baseline following 8 weeks of alirocumab 150 mg Q2W during LONG TERM versus 8 weeks of alirocumab 75 mg Q2W during OLE in this HeFH cohort were as follows: highdensity lipoprotein cholesterol (HDL-C) increased by 6.8% (LONG TERM) versus 9.4% (OLE); non-HDL-C decreased by 56.0% (LONG TERM) versus 41.4% (OLE), total cholesterol (TC) decreased by 42.3% (LONG TERM) versus 30.9% (OLE), and triglycerides (TGs) decreased by 11.9% (LONG TERM) versus 8.6% (OLE; Figures

3A to 3D, respectively).

Dose adjustment during OLE

During the OLE study, in this subgroup of patients with mean LDL-C at OLE baseline of 163.7 mg/dL, the alirocumab dose was increased from 75 mg to 150 mg Q2W in 51.9% of patients (n = 111), with a median time to dose increase of 14.1 weeks (Table 2). In most cases (n = 110, 99.1%), alirocumab dose increase was due to high LDL-C values (mean [SD] LDL-C value for dose increase decision of 128.0 [51.1] mg/dL), as per investigator judgement; in one patient (0.9%), alirocumab dose increase was due to high triglyceride levels, and LDL-C values were unavailable at the time of dose decision. A comparable proportion of the patients who were either maintained on alirocumab 75 mg Q2W or who had dose increase to 150 mg Q2W were receiving high-intensity statin therapy or ezetimibe (71.7% vs 71.2% and 55.3% vs 54.1%, respectively) at entry to OLE (safety population).

Among patients who had an alirocumab dose increase during OLE, alirocumab dose was subsequently decreased from 150 mg to 75 mg Q2W in 7 individuals (6.3%); the median time from first study treatment to first dose adjustment from 150 mg to 75 mg Q2W was 96.1 weeks (Table 2). The main reason for alirocumab dose adjustment from 150 mg to 75 mg Q2W was reported as low LDL-C values (n = 5, 71.4%; mean [SD] LDL-C value for dose decrease decision of 49.8 [29.2] mg/dL), as per investigator judgement. Two other patients (28.6%) also had dose adjustment from 150 to 75 mg Q2W, one due to an adverse event (memory loss of unknown etiology) and one due to other reasons (further details provided as a footnote to Table 2).

Efficacy by dose during OLE

In patients who had dose increase to 150 mg Q2W during OLE (n = 111; mITT population), mean (SD) LDL-C decreased from 189.2 (59.3) mg/dL at OLE baseline to 115.5 (55.0) mg/dL at Week 8 with 75 mg Q2W, and decreased further to 84.7 (57.2) mg/dL at Week 96 with 150 mg Q2W (55.4% reduction from baseline; 109.6 mg/dL absolute reduction from baseline; Figure 4).

For patients who were maintained on alirocumab 75 mg Q2W throughout OLE (n = 102; mITT population), mean (SD) LDL-C decreased from 135.6 (42.6) mg/dL at OLE baseline to 59.7 (36.5) mg/dL at Week 8, and was 69.7 (36.8) mg/dL at Week 96 (46.8% reduction from baseline; 62.8 mg/dL absolute reduction from baseline; Figure 4).

Overall, for patients with and without dose increase (dose increase mainly dependent on the value of baseline LDL-C), LDL-C reductions were maintained over time from Week 8 through to Week 96 of OLE. At Week 96 of OLE, the proportion of patients in the overall cohort with prior atherosclerotic cardiovascular disease (ASCVD) achieving LDL-C <70 mg/dL or ≥50% reduction in LDL-C from OLE baseline was 65.8% and 1.4%, respectively; 67.1% achieved LDL-C <70 mg/dL or ≥50% reduction from OLE baseline (on-treatment analysis; Table 3). For patients without prior ASCVD, 74.1% achieved LDL-C <100 mg/dL and 1.3% achieved ≥50% reduction in LDL-C from OLE baseline at Week 96 of OLE (on-treatment analysis;

Table 3).

Safety

During OLE, 185 patients (86.4%) reported a TEAE, while 4 patients (1.9%) discontinued treatment due to a TEAE (Table 4). The TEAEs leading to treatment discontinuation (1 event each) included pregnancy, metastatic colon cancer, worsening myalgia in both legs, and grade I transitional meningioma. Three deaths (1.4%) due to TEAEs occurred during OLE, including sudden cardiac death (22 weeks after start of OLE), acute myocardial infarction (2.7 years after start of OLE), and metastatic colon cancer (Table 4). None of the three TEAEs leading to death were considered by the investigator to be related to the study treatment.

Common TEAEs were viral upper respiratory tract infection (13.1%), influenza (10.3%), and bronchitis (8.9%; Table 4).

Local injection-site reactions were reported by 11 patients (5.1%); the majority of cases were mild in intensity, with only 1 report of a moderate-intensity local injectionsite reaction. Other TEAEs of special interest that were reported included; 26 patients (12.1%) with general or local allergic TEAEs; 7 patients (3.3%) with hepatic disorders, of whom 2 patients experienced serious hepatic disorders; 2 patients with neurocognitive disorders (0.9%); 10 patients (4.7%) with neurological disorders, of whom 1 patient experienced a serious neurological disorder; 5 patients (2.3%) with ophthalmological disorders, of whom 1 patient experienced a serious ophthalmological TEAE; 5 patients (2.3%) with an overdose with study treatment (accidental or intentional; defined as at least twice the intended dose within the intended therapeutic interval, ie, ≥2 injections in <7 calendar days); and 10 patients (4.7%) with diabetes mellitus or diabetic complications TEAEs, of whom 4 patients had diabetes mellitus at OLE baseline and 6 patients did not. Of the 6 patients without diabetes mellitus at OLE baseline who reported diabetes mellitus or diabetic complications TEAEs, these TEAEs included 5 patients with type 2 diabetes mellitus, 1 patient with hyperglycemia, 1 patient with diabetic neuropathy and 1 patient with increased blood glucose.

While only the safety data for this cohort during OLE is presented here, a complete safety description for the overall OLE population can be found in the paper by Farnier and colleagues. [START_REF] Farnier | Long-term safety and efficacy of alirocumab in patients with heterozygous familial hyphercholesterolemia: An open-label extension of the ODYSSEY program[END_REF] 

Anti-drug antibodies

During OLE, 5/209 patients (2.4%) had a treatment-emergent positive ADA response: 3 patients had a negative ADA status for the duration of the parent study, and 2 patients had a positive treatment-emergent ADA response during the parent study. For the 3 patients who had a negative ADA status during the parent study, all ADAs recorded during OLE were of a low titer, with no consistent pattern between ADA status and efficacy of LDL-C lowering; furthermore, no TEAEs were considered by investigators to be related to the study drug. Of patients with a positive ADA response during OLE, 1/5 had a persistent positive ADA response (0.5% of total cohort). No neutralizing ADAs were observed in the overall population during OLE.

Finally, none of the 5 patients who had a treatment-emergent positive ADA response reported injection site reactions.

Discussion

As patients with HeFH require long term treatment with LLTs to achieve their guideline-recommended target LDL-C levels, [START_REF] Catapano | ESC/EAS Guidelines for the Management of Dyslipidaemias: The Task Force for the Management of Dyslipidaemias of the European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS) Developed with the special contribution of the European Assocciation for Cardiovascular Prevention & Rehabilitation (EACPR)[END_REF][START_REF] Morris | ACC Expert Consensus Decision Pathway on the role of non-statin therapies for LDLcholesterol lowering in the management of atherosclerotic cardiovascular 24 disease risk: A report of the American College of Cardiology Task Force on Clinical Expert Consensus Documents[END_REF] the characterization of the long-term efficacy and safety of alirocumab is of importance. In particular, the use of investigator judgement to decide on potential alirocumab dose adjustment is of interest. The present analysis investigating the HeFH LONG TERM cohort of the ODYSSEY OLE trial also provides a unique opportunity to explore the efficacy of both alirocumab doses (75 and 150 mg Q2W) within the same patient group with particularly high baseline LDL-C levels.

During the LONG TERM parent study, [START_REF] Robinson | Efficacy and safety of alirocumab in reducing lipids and cardiovascular events[END_REF] for this cohort of HeFH patients who entered OLE, alirocumab 150 mg Q2W was shown to reduce LDL-C levels by 63.1% from baseline at Week 8; in contrast, for the same patient group receiving alirocumab 75 mg Q2W during OLE, LDL-C was reduced from baseline by 47.3% at Week 8. The difference in percentage LDL-C reduction between the 2 doses of alirocumab (15.8%) is as expected by simulation when designing the ODYSSEY phase 3 clinical trial program, [START_REF] Kastelein | Effect of alirocumab dose increase on LDL lowering and lipid goal attainment in patients with dyslipidemia[END_REF] and is also consistent with that observed in previous double-blind trials. [START_REF] Cannon | Efficacy and safety of alirocumab in high cardiovascular risk patients with inadequately controlled hypercholesterolaemia on maximally tolerated doses of statins: the ODYSSEY COMBO II randomized controlled trial[END_REF][START_REF] Kastelein | ODYSSEY FH I and FH II: 78 week results with alirocumab treatment in 735 patients with heterozygous familial hypercholesterolaemia[END_REF][START_REF] Kereiakes | Efficacy and safety of the proprotein convertase subtilisin/kexin type 9 inhibitor alirocumab among high cardiovascular risk patients on maximally tolerated statin therapy: The ODYSSEY COMBO I study[END_REF][START_REF] Moriarty | Efficacy and safety of alirocumab vs ezetimibe in statin-intolerant patients, with a statin rechallenge arm: The ODYSSEY ALTERNATIVE randomized trial[END_REF][START_REF] Kastelein | Effect of alirocumab dose increase on LDL lowering and lipid goal attainment in patients with dyslipidemia[END_REF] In comparison, doubling the dose of a statin typically leads to an additional LDL-C reduction of ~6%. [START_REF] Nicholls | Meta-analysis of comparative efficacy of increasing dose of atorvastatin versus rosuvastatin versus simvastatin on lowering levels of atherogenic lipids (from VOYAGER)[END_REF] Although the corresponding absolute mean LDL-C level at Week 8 was higher in this HeFH cohort in OLE than for the parent study (89.6 vs 61.6 mg/dL), subsequent alirocumab dose increase from 75 to 150 mg Q2W was possible during OLE for those patients requiring further reduction in LDL-C levels. Alirocumab was shown to produce a sustained reduction in LDL-C levels, both for patients with HeFH maintained on alirocumab 75 mg Q2W (46.8% reduction from baseline at Week 96) and for those with dose increase to alirocumab 150 mg Q2W (55.4% reduction from baseline at Week 96); the main driver for alirocumab dose increase is the level of baseline LDL-C, based on the clinical judgement of the physician. As all patients received alirocumab 150 mg during LONG TERM, irrespective of baseline LDL-C level, this may explain why the mean LDL-C reduction observed with alirocumab 150 mg Q2W is greater in LONG TERM than as reported here for OLE, in which 102 patients were maintained on alirocumab 75 mg (63.1% vs 55.4%, respectively).

A pooled analysis of 4 double-blind phase 3 ODYSSEY trials showed that, for patients with HeFH receiving alirocumab 75 mg Q2W (with possible dose increase to 150 mg Q2W at Week 12 if Week 8 LDL-C >70 mg/dL), LDL-C reduction from baseline was 48.8% at Week 24, 24 comparable to that observed during OLE. Of note, the comparable LDL-C reductions were observed despite different mechanisms for dose decisions being employed for the 2 analyses; dose decisions were determined by a blinded algorithm in the pooled double-blind studies and by using investigator judgement during OLE.

Patients with HeFH who received blinded alirocumab dose increase from 75 mg to 150 mg Q2W during phase 3 trials (41.8% of patients from FH I and FH II combined) were found to have higher baseline LDL-C levels than patients maintained on 75 mg Q2W (164.9 mg/dL and 160.4 mg/dL vs 130.1 mg/dL and 118.0 mg/dL for patients from FH I and FH II, respectively). [START_REF] Kastelein | Efficacy and safety of the proprotein convertase subtilisin/kexin type 9 monoclonal antibody alirocumab vs placebo in patients with heterozygous familial hypercholesterolemia[END_REF] A similar result was observed in the current analysis (mean baseline LDL-C of 189.2 vs 135.6 mg/dL for patients with vs without dose increase, respectively), although, as mentioned above, dose adjustment decisions (51.9% of all patients with dose increase) were based on investigator judgement rather than a blinded algorithm. In almost all cases during OLE, the decision to increase the dose was based on the LDL-C level attained. Nevertheless, the observation of higher baseline LDL-C in patients titrating to the higher dose suggests that in some HeFH cases initial dosing at 150 mg Q2W might be considered.

Previously, it has been reported that a common reason for not adopting maximum dose drug regimens is the acceptance by physicians of a higher than target LDL-C level, with the justification that patient LDL-C levels had already been reduced by more than 50% from baseline. [START_REF] Pijlman | Evaluation of cholesterol lowering treatment of patients with familial hypercholesterolemia: a large crosssectional study in The Netherlands[END_REF] This follows current guideline recommendations, which suggest that for patients with clinical ASCVD a realistic treatment goal is a 50% reduction in LDL-C from baseline, and ideally the achievement of LDL-C <70 mg/dL. [START_REF] Farnier | How to implement clinical guidelines to optimise familial hypercholesterolaemia diagnosis and treatment[END_REF] Here, with the cohort of HeFH patients who received alirocumab during LONG TERM, the proportion of patients with ASCVD achieving LDL-C <70 mg/dL or a 50% reduction in LDL-C from baseline at Week 96 of OLE was 67.1%.

Alirocumab was generally well tolerated, and the safety data are consistent with data from the 18-month double-blind placebo-controlled parent study. [START_REF] Robinson | Efficacy and safety of alirocumab in reducing lipids and cardiovascular events[END_REF] During OLE, the incidences of treatment-emergent ADAs and persistent treatment-emergent ADAs were similar to those previously reported from a pooled analysis of 10 phase 3 alirocumab trials, which showed that LDL-C reductions were maintained for the duration of the trials, regardless of ADA status. [START_REF] Roth | Antidrug Antibodies in Patients Treated with Alirocumab[END_REF] Limitations of this analysis include the relatively small sample size (n = 214), the lack of a comparative control, and, as a result of the open-label treatment design, the possible introduction of bias.

In conclusion, both alirocumab dosages provide substantial and consistent LDL-C reductions over a treatment duration of up to 4 years, allowing for an individualized approach to LDL-C-lowering, depending on baseline LDL-C levels, in patients with HeFH.
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  Briefly, ODYSSEY LONG TERM was a randomized, multinational, placebo-controlled phase 3 study which included patients (≥18 years) with HeFH, or with established coronary heart disease or a coronary heart disease risk equivalent, and LDL-C ≥70 mg/dL (1.8 mmol/L) at screening. All participants (n = 2341) were to be receiving high-intensity statin therapy or maximum tolerated dose of statin, with or without other LLT. Patients were randomized 2:1 to receive alirocumab 150 mg Q2W or placebo administered subcutaneously (1 mL injection volume) throughout the 18-month double-blind treatment period; as such, no dose adjustment strategy was utilized during LONG TERM. Of the 2341 randomized participants in LONG TERM, 318 with HeFH who completed the trial and were eligible opted to enroll in ODYSSEY OLE.
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  adverse event; TEAE, treatment-emergent adverse event.
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 1 Figure 1. OLE study design
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 2 Figure 2. Percent LDL-C change from baseline to Week 8 in the LONG TERM
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 3 Figure 3. Percent change in (A) HDL-C, (B) non-HDL-C, (C) TC, and (D) TGs

Figure 4 .

 4 Figure 4. Mean (SD) LDL-C levels over time according to alirocumab dose

  

Table 1 . Baseline characteristics at OLE entry (safety population)

 1 Farnier has received research support from Sanofi/Regeneron Pharmaceuticals, Inc., Amgen, and Merck and Co; has served as a consultant for

	All patients
	(n = 214)

b Very-high CV risk defined as patients with coronary heart disease or coronary heart disease risk equivalents. c High CV risk defined as all other patients. d ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CV, cardiovascular; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.

Table 2 . Dose adjustment during OLE a (safety population)

 2 Physician previously decided to increase the dose as they were unsure if the patient was properly compliant with diet; later, the physician decided to return the dose to alirocumab 75 mg Q2W.

	All patients
	(n = 214)

a A patient can be counted in both dose adjustment categories as appropriate. b Patient had dose increase from alirocumab 75 mg to 150 mg Q2W due to high triglyceride levels; LDL-C values were unavailable at time of dose decision. c For those patients who had previously had dose increase. d Memory loss of unknown etiology.

e

Table 3 . Proportion of patients achieving LDL-C goals at week 96 according to ASCVD status at OLE entry (on-treatment population) ASCVD status at OLE entry

 3 

		≥50% reduction in LDL-C a	LDL-C <70 mg/dL	LDL-C <100 mg/dL	≥50% reduction in LDL-C a
					or LDL-C <70 mg/dL
	Yes, % (n/N)	1.4 (1/70)	65.8 (50/76)	81.6 (62/76)	67.1 (51/76)
	No, % (n/N)	1.3 (1/77)	55.6 (45/81)	74.1 (60/81)	56.8 (46/81)

a Compared to OLE baseline. ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol.

Table 4 . Adverse events in OLE (safety population)

 4 

		All patients
	n (%)	(n = 214)
	Any TEAE	185 (86.4)
	Treatment-emergent SAE	54 (25.2)
	TEAE leading to death	3 (1.4)
	TEAE leading to permanent treatment discontinuation	4 (1.9)
	Most frequently reported TEAEs by preferred term (≥5% of participants)	
	Viral upper respiratory tract infection	28 (13.1)
	Influenza	22 (10.3)
	Bronchitis	19 (8.9)
	Influenza-like illness	19 (8.9)
	Arthralgia	17 (7.9)
	Back pain	17 (7.
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