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Background: Low-density lipoprotein cholesterol (LDL-C) is a major risk factor for atherosclerotic cardiovascular disease (ASCVD). In confirmatory trials, proprotein convertase subtilisin/kexin type 9 inhibitor alirocumab substantially lowered LDL-C and reduced cardiovascular morbidity and mortality. However, the routine clinical use of alirocumab in Switzerland has not yet been studied.

Methods: In this prospective nation-wide cohort study, we aimed to investigate the patient profile and routine clinical efficacy and safety of alirocumab in 207 patients with ASCVD or heterozygous familial hypercholesterolemia and increased LDL-C despite maximally tolerated statin therapy. LDL-C was measured at baseline and after 3-months follow-up.

Results: Overall, mean age was 63 ± 11 years, 138 (67%) were men, and 168 (81%) had statin intolerance (SI). Patients with SI had a higher baseline LDL-C (4.3 ± 1.4 vs. 3.3 ± 1.4 mmol/l; p < 0.001) and less frequently ASCVD (71% vs. 95%; p = 0.002). After 3 months of treatment with alirocumab, LDL-C was reduced from 4.1 ± 1.5 to 2.0 ± 1.2 mmol/l (50.5%; p < 0.001). Mean absolute and relative reductions in LDL-C were similar in patients with vs. without SI (2.2 ± 1.2 vs. 1.9 ± 1.3 mmol/l; p = 0.24 and 49.0 vs. 56.6%; p = 0.11, respectively). In total, adverse events were recorded in 25 (12%) patients, with no new safety signals.

Conclusions: In routine clinical practice, alirocumab was predominantly used in patients with SI suggesting that the great majority of patients with insufficient LDL-C control who would be candidates for alirocumab are not receiving this therapeutic option in Switzerland. LDL-C lowering was potent and similar in patients with and without SI, replicating the favorable efficacy-safety profile of alirocumab from randomized trials.
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INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) remains the most frequent cause of death in the Western world. Approximately a third of all deaths can be attributed to cardiovascular diseases, half thereof to coronary heart disease (CHD) (1). Hypercholesterolemia is a main risk factor for the development of atherosclerosis and therewith of ASCVD. Although several potent lipid-lowering therapies are available, many patients with familial hypercholesterolemia (FH) and non-familial hypercholesterolemia continue to have increased low-density lipoprotein cholesterol (LDL-C) levels (2) and thus remain at high risk for the occurrence or reoccurrence of adverse vascular events (3).

The inhibition of proprotein convertase subtilisin/kexin type 9 (PCSK9) via monoclonal antibodies (mAb), is a recent approach offering an additional treatment option for high-or very high-risk patients with hypercholesterolemia not reaching the LDL-C targets despite oral treatment. Alirocumab is a fully human mAb that binds specifically to PCSK9, leading to a decrease in LDL-C via increased LDL-receptor activity. This compound was studied in the large clinical phase III study program ODYSSEY, comprising of 22 individual trials with more than 24,500 patients. A substantial and sustained LDL-C reduction of 50 or 60% was observed in these studies for alirocumab 75 or 150 mg every 2 weeks, respectively, with no serious safety issues as compared to placebo (4). In the largest trial of this program, the ODYSSEY OUTCOMES study, treatment with alirocumab significantly reduced the rate of major adverse cardiovascular events (MACE) and was associated with a lower mortality of any cause in almost 19,000 patients after acute coronary syndrome (5).

In a mutual consensus statement of the European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS) from 2017, the expert panel recommended considering PCSK9 inhibitor (PCSK9i) mAbs in very high risk patients with ASCVD and substantially elevated LDL-C despite maximum tolerated statin treatment with or without ezetimibe, and in high or very high risk patients with heterozygous FH (heFH) in primary prevention and substantially increased LDL-C levels despite maximum tolerated statin plus ezetimibe treatment (6).

According to the 2019 ESC/EAS Guidelines for the Management of Dyslipidaemias, treatment with PCSK9 inhibitors is recommended in patients with ASCVD (grade IA) or heFH with another major risk factor (grade IC) who do not achieve their goal on a maximum tolerated dose of statin and ezetimibe (7). In Switzerland, the reimbursement criteria for PCSK9i mAbs are defined by the Federal Office of Public Health (FOPH) and since 2019, include LDL-C >2.6 in patients with ASCVD and LDL-C >4.5 or >5.0 mmol/l in heFH patients with or without another major risk factor, respectively (8).

In the present prospective Swiss national-wide cohort study, we aimed to investigate the patient profile, efficacy and safety of alirocumab in patients with ASCVD and/or heFH and markedly increased LDL-C despite maximally tolerated statin therapy with or without other lipid-lowering medication used and reimbursed under routine clinical conditions.



MATERIALS AND METHODS


Study Population

In the Prospective non-interventional study for the optimized treatment of refractory hypercholesterolemia in patients with heterozygous familial hypercholesterolemia or clinically apparent atherosclerotic cardiovascular disease with alirocumab (OPTIMIZE) prospective multi-center national cohort study, hospital- and private-practice based cardiologists, neurologists, angiologists, diabetologists, nephrologists, and selected FOPH-approved lipid specialists across all geographic regions of Switzerland were invited to include patients during a 15-months period between April 2019 and June 2020. For the purpose of representativeness, Switzerland was divided into five geographic sectors of similar territorial and population size, and for each of these sectors, 10 physicians were randomly selected from a centralized national register and asked to participate in this study.

Inclusion criteria were age ≥18 years, ASCVD and/or heFH, and increased LDL-C despite maximally tolerated statin therapy with or without other lipid-lowering medication in accordance with the Swiss SmPC (4) and the Swiss reimbursement criteria for alirocumab (8). These criteria included LDL-C >2.6 and >3.5 mmol/l in ASCVD patients with and without rapid progression, as well as >4.5 and >5.0 mmol/l in heFH patients with and without additional risk factors, respectively. All patients received subcutaneous injections of alirocumab 75 or 150 mg every 2 weeks. Patients were already prescribed, or the intention to prescribe alirocumab was made at the discretion of the treating physician, prior to enrollment in our study. Exclusion criteria were current participation in any interventional study, ongoing treatment with lipid apheresis, contraindication for the use of alirocumab according to the Swiss SmPC (4), and inability to provide informed consent.

The study period included a 12-week follow-up after the baseline visit. The primary endpoint was the mean percent reduction in LDL-C after 12 weeks of lipid-lowering treatment including alirocumab.



Data and Definitions

Data were collected by treating physicians and entered in a standardized case report form. At baseline, following parameters were documented: Patient characteristics including age, gender, height, weight, and blood pressure, family history of cardiovascular disease, diagnosis of heFH according to the Dutch Lipid Clinic Network (DLCN) criteria (9), acute and chronic co-morbidities including hypertension, diabetes mellitus (DM), smoking status, ASCVD including CHD, stroke, and peripheral arterial disease, and renal impairment, LDL-C target value determined in accordance with then contemporary consensus statement guidelines, laboratory values including lipids, liver enzymes, blood sugar, and renal parameters, diet, lifestyle measures, and lipid lowering treatment within prior 12 months, date of start and dosage of treatment with alirocumab, presence and detailed description of statin intolerance, and the occurrence of adverse events. LDL-C was calculated using the Friedewald formula (10). At follow-up, patient characteristics including weight and blood pressure, laboratory values including lipids, liver enzymes, blood sugar, and renal parameters, current lipid lowering treatment, change (if any) and current dosage of treatment with alirocumab, and the occurrence of adverse events were recorded.

The diagnosis of ASCVD included the following: Acute coronary syndrome (myocardial infarction or unstable angina), stable angina pectoris, stroke, transitory ischemic attack, peripheral arterial disease, infrarenal aortic aneurysm, and a history of coronary or other arterial revascularisation procedure. The diagnosis of heFH was based on the DLCN criteria as recommended by the consensus statement of the EAS on the diagnosis and treatment of familial hypercholesterolaemia (9). A “definite or probable diagnosis of FH” could be made if the total subject score reached >6 points. Of note, genotypic information was only determined for a small proportion of patients, hence the patients identified as heFH were technically “patients with FH.” For simplicity of reading and regulatory matters we retain the term heFH throughout this manuscript.

Statin intolerance (SI) was considered proven if (i) therapeutic attempts with several statins resulted in myalgia, or (ii) an increase of creatinine kinase levels to at least five times the upper limit of normal was observed, or (iii) severe statin-related hepatopathy occurred, in accordance with the Swiss reimbursement criteria for PCSK9 inhibitors (8). For the purpose of the present analysis, patients were separated into two groups: those with and without documented statin intolerance.

The LDL-C target attainment was assessed according to the 2016 and 2019 ESC/EAS guidelines on the management of dyslipidemias (7, 11), both of which were adopted by the Working Group on Lipids and Atherosclerosis of the Swiss Society of Cardiology. For the assessment of LDL-C target attainment, both 2016 and 2019 guidelines were used to account for recommendations of the revised LDL-C targets released in September 2019, thus during the course of the study. Based on the 2016 version of the guidelines, the LDL-C target was <1.8 mmol/l AND at least 50% reduction if baseline LDL-C was between 1.8 and 3.5 mmol/l in patients with ASCVD or DM with target organ damage or a major risk factor, and it was <2.6 mmol/l AND at least 50% reduction if baseline LDL-C was between 2.6 and 5.2 mmol/l in patients with markedly elevated single risk factors (e.g., FH or severe arterial hypertension) or DM without target organ damage or a major risk factor without ASCVD (11). Based on the 2019 version of the guidelines, the LDL-C target was <1.4 mmol/l AND at least 50% reduction from baseline LDL-C in patients with ASCVD, DM with target organ damage, or FH with another major risk factor, and it was <1.8 mmol/l AND at least 50% reduction from baseline LDL-C in patients with markedly elevated single risk factors (e.g., severe hypercholesterolemia or severe arterial hypertension), DM without target organ damage, or FH patients without ASCVD and without another major risk factor (7). Responders were defined as individuals with at least 40% reduction in LDL-C from baseline, in accordance with the Swiss reimbursement criteria for PCSK9 inhibitors (8).



Statistical Analysis

Based on previous phase III studies with alirocumab, we assumed a near to normal distribution for the change in LDL-C and a standard deviation (SD) of 25%. For an estimated mean reduction in LDL-C of 40%, the necessary sample size was 200 patients to reach a precision of 6.93% for the length of the two-sided 95% confidence interval (CI), translating into a corresponding 95% CI of [36.54%; 43.47%].

Continuous variables with a normal distribution are presented as means with standard deviations, and group comparisons were performed using a t-test; continuous variables with skewed distribution are described as median values with interquartile ranges (IQR), and group comparisons were performed using a rank-sum test. Discrete variables are depicted as frequencies and percentages, and group comparisons were performed with the chi square or Fisher's exact test. Data were analyzed using the SAS statistical software (version 9.4).




RESULTS


Patient Characteristics

Overall, 207 patients were enrolled by 44 participating specialist centers. Mean age was 63 ± 11 (range 36–83) years, 89 (43%) patients were elderly (≥65 years of age) and 138 (67%) male (Table 1). Mean baseline LDL-C was 4.1 ± 1.5 mmol/l, TC of 6.1 ± 1.6 mmol/l, HDL-C of 1.5 ± 1.0 mmol/l, TG of 1.9 ± 1.1 mmol/l, and Lp (a) of 63 ± 70 mg/dl.


Table 1. Demographics, comorbidities, and lipid-lowering medication according to the presence of statin intolerance.
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At baseline, 157 (76%) patients had manifest ASCVD, 55 (27%) heFH (confirmed by genetic diagnostics in 10 cases), 33 (16%) diabetes mellitus (type 2 in 32 cases), and 168 (81%) statin intolerance. Among the 157 patients with ASCVD, 112 (71%) had a history of coronary or other arterial revascularisation procedure, 77 (49%) myocardial infarction, 24 (15%) unstable angina pectoris, 17 (11%) peripheral arterial disease, 13 (8%) stroke, 10 (6%) transient ischaemic attack, and 4 (3%) aortic aneurysm.

Among the 168 patients with SI at baseline, the reason for SI diagnosis was myalgia under several statins in 159 (95%) patients, increase in creatinine kinase in 13 (8%), and severe hepatopathy in 1 (1%). Patients with SI had less often ASCVD (71% vs. 95%; p = 0.002) and heFH (23% vs. 44%; p = 0.008) than those without SI, no other differences in anthropometrics between the two groups were noted (Table 1). Mean baseline LDL-C and TC were higher, and Lp (a) was lower in patients with vs. without SI (Table 2).


Table 2. Baseline laboratory parameters according to the presence of statin intolerance.
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LDL-C Treatment

During the 12-months period prior to the baseline visit, 124 (60%) patients were treated with atorvastatin (median dose 40 mg), 116 (56%) rosuvastatin (20 mg), 34 (16%) pitavastatin (2 mg), 27 (13%) simvastatin (40 mg), and 128 (62%) with ezetimibe (10 mg). In comparison to patients with SI, those without SI more frequently used pitavastatin (19% vs. 5%), simvastatin (15% vs. 5%), and ezetimibe (72% vs. 60%), respectively. Patients without SI received a higher median dose of atorvastatin (80 vs. 40 mg), rosuvastatin (20 vs. 10 mg), and pitavastatin (4 vs. 2 mg) and a lower dose of simvastatin (30 vs. 40 mg) than those with SI.

Sixty nine percent of patients were initiated on alirocumab 75 mg and 30% on alirocumab 150 mg every 2 weeks, the dose was unknown in 1% (Table 1). Patients with and without SI were similarly often treated with alirocumab 75 mg (67% and 77%; p = 0.29) and 150 mg (31% and 23%). The injection of alirocumab was administered into the abdominal wall in 42% of patients, the thigh in 41%, and the upper arm in 7%, the site of administration was unknown in 10%. In total, concomitant statin therapy was used in 43% of patients and ezetimibe in 40%, and their use was more frequent in patients without SI (Table 1).



LDL-C Reduction, LDL-C Target Attainment, and Tolerability

After 3 months, mean LDL-C was reduced from 4.1 ± 1.5 to 2.0 ± 1.2 mmol/l (p < 0.001); in patients with SI from 4.3 ± 1.4 to 2.1 ± 1.2 mmol/l (p < 0.001), and in those without SI from 3.3 ± 1.4 to 1.4 ± 1.2 mmol/l (p < 0.001). Mean absolute and relative reductions in LDL-C were 2.2 ± 1.2 mmol/l and 50.5%; and both were similar in patients with vs. without SI (2.2 ± 1.2 vs. 1.9 ± 1.3 mmol/l; p = 0.24 and 49.0 vs. 56.6%; p = 0.11, respectively). The development of the median (IQR) LDL-C is displayed in Figure 1. There was a trend toward a higher mean absolute reduction in LDL-C for patients treated with alirocumab 150 vs. 75 mg every 2 weeks (2.4 ± 1.3 vs. 2.0 ± 1.2 mmol/l; p = 0.11).
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FIGURE 1. Median (IQR) LDL-C (mmol/l) at baseline and follow-up visit according to the presence of statin intolerance. IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; SI, statin intolerance; all p-values for the comparisons of LDL-C at follow-up vs. baseline.


Overall, mean absolute (relative) reduction in TC was 2.2 ± 1.4 mmol/l (33.5%), mean HDL-C increase 0 ± 0.1 mmol/l (5.1%), and mean TG reduction 0.2 ± 1.0 mmol/l (3.0%).

The 2016 ESC/EAS guidelines-recommended targets for LDL-C were reached in 60% (95% CI 53–67%) patients; they were attained in 55% (95% CI 48–63%) patients with and 81% (95% CI 68–94%) without SI (p=0.004). The 2019 ESC/EAS guidelines-recommended targets for LDL-C were reached in 30% (95% CI 24–37%) patients; they were achieved in 23% (95% CI 16–30%) patients with and 62% (95% CI 46–79%) without SI (p < 0.001). The 2016 and 2019 guidelines-recommended target attainments are depicted in Figure 2.


[image: Figure 2]
FIGURE 2. 2016 and 2019 ESC/EAS guidelines LDL-C target attainment according to the presence of statin intolerance. LDL-C, low-density lipoprotein cholesterol; ESC, European Society of Cardiology; EAS, European Atherosclerosis Society; SI, statin intolerance; both p-values for the comparisons of LDL-C target attainment in patients with vs. without SI.


According to the Swiss reimbursement criteria for PCSK9 inhibitors, the proportion of responders was practically identical between patients with and without SI (76% vs. 75%; p = 0.95). According to the LDL-C targets set by physicians at baseline visit, the response rate was 50% (95% CI 43–57%); it was 44% (95% CI 36–52%) in patients with and 76% (95% CI 62–90%) without SI (p < 0.001).

During the study period, adverse events were recorded in 25 (12%) patients and were classified as serious in 5 (2.4%) patients requiring hospitalization. The most frequent adverse events included flu-like symptoms in 8 (3.9%) patients, local injection-site reactions in 7 (3.4%), angina pectoris in 6 (2.9%), and myalgia in 4 (1.9%). Some patients had more than one adverse event. Alirocumab was discontinued in 6 (2.9%) cases. There was no difference in the incidence of adverse events between patients with and without SI, except for myalgia which occurred in the group with SI only (Table 3). Also, the rate of adverse events was similar between patients treated with alirocumab 75 and 150 mg every 2 weeks (12.7 and 11.5%; p = 0.81).


Table 3. Adverse events according to the presence of statin intolerance.
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DISCUSSION

In our prospective observational cohort study conducted in 44 specialist centers across Switzerland, alirocumab was predominantly used in patients with SI. Mean reductions in LDL-C after 3-month treatment with alirocumab in routine clinical practice replicated the favorable results from confirmatory trials, and they were similar between patients with and without SI. Close to two thirds of patients treated with alirocumab plus statin reached the guideline-recommended targets for LDL-C. In contrast, despite a high response rate to treatment with alirocumab, more than three quarters of patients with SI did not reach LDL-C targets. Alirocumab may be considered an effective and safe treatment option in very high-risk patients not reaching LDL-C targets on oral lipid-lowering therapies. OPTIMIZE is one of the largest real-world evidence studies with alirocumab to date, and importantly, the large proportion of SI patients suggests that the great majority of high-risk patients with insufficient LDL-C control who would be candidates for PCSK9 inhibition are not receiving this therapeutic option.

Our results observed in a routine clinical setting confirm the beneficial effect and a very good safety profile of alirocumab established by randomized controlled trials in high-risk patients both with and without SI. In patients with SI, the relative LDL-C reduction at 3 months from baseline was almost identical in the OPTIMIZE (49%) and the ODYSSEY ALTERNATIVE (47%) studies while baseline LDL-C was somewhat higher in the latter one (4.3 and 5.0 mmol/l, respectively) (2). Due to the increase in PCSK9 production following administration of statins through upregulation of sterol regulatory element binding protein-2, a synergistic effect of PCSK9 inhibition plus HMG-CoA reductase inhibition and thus potentiation of LDL-C reduction appears to be feasible in patients without SI (12, 13). Indeed, such tendency was described in the early phase III studies from the ODYSSEY development program of alirocumab; the 12-weeks LDL-C reduction was 52% in the COMBO II and 47% in the ALTERNATIVE studies (14). This indirect comparison should be interpreted with caution. However, a similar trend toward a higher efficacy of alirocumab in patients without vs. with SI was observed in our study (57% vs. 49%, respectively). In contrast, patients with SI derived a higher absolute clinical benefit regarding MACE from treatment with alirocumab than those without SI in the OUTCOMES study, due to the higher baseline LDL-C and consequently, the higher baseline risk of adverse outcome (15). Of note, the observed effect on LDL-C in our study is attributable solely to treatment with alirocumab because patients needed to be on a stable concomitant lipid-lowering therapy within 3 months prior to the initiation of alirocumab and no change of such therapy was mandated, in accordance with the Swiss reimbursement criteria for PCSK9 inhibitors (8).

Along the same lines, the proportion of patients reaching the 2016 ESC/EAS guidelines-recommended LDL-C targets was remarkably similar between confirmatory trials with alirocumab and our observational study (11). Namely, these targets were attained in 78% patients on treatment at week 24 in the ODYSSEY COMBO I study and 81% patients without SI from OPTIMIZE, and they were reached in 51% patients on treatment at week 24 in the ODYSSEY ALTERNATIVE study and 55% patients with SI from OPTIMIZE. These results are reassuring because in randomized controlled trials, patients invariably are (i) selected and (ii) regularly and tightly monitored whereas in real-world studies, patients tend to more often have (i) co-morbidities and poly-medication and (ii) a lower compliance. Not surprisingly, the rate of target attainment was lower in patients with vs. without SI in both confirmatory and observational settings, as a consequence of the higher baseline LDL-C in those who cannot be treated with statins.

Our results also complement the landscape of other real-world studies conducted outside Switzerland confirming a strong overall efficacy of alirocumab. In the non-interventional German PEARL study, 619 patients with high baseline LDL-C levels were enrolled across 345 study centers. As a result, a reduction of LDL-C of 49% against baseline (least squares mean) after 24 weeks was reached in combination with a favorable safety profile (16). Additionally, in the related Austrian PEARL-AT study, a mean relative reduction of LDL-C levels by 50% was reported in a cohort group of 112 patients at 24 weeks (17). Similar results have also been reported from clinical practice in the UK with significant LDL-C reductions by 54% at 4 months after alirocumab initiation in a retrospective study including 150 patients (18). Furthermore, in a study from Netherlands including 106 patients receiving alirocumab, mean LDL-C reductions above 55% were attained. However, it should also be noted that for 121 patients who were prescribed evolocumab, no substantial differences in LDL-C lowering were found compared to alirocumab (19). Moreover, in a real-world cohort consisting of 271 patients treated with PCSK-9 inhibitors (evolocumab and alirocumab) in the USA, a median LDL-C lowering for alirocumab 75 mg of 59% after 12 months was reported. Again, both PCSK9i mAbs showed very similar outcomes regarding efficacy and safety (20).

Besides the high efficacy and favorable safety profile in all of the existing real-world studies, a high proportion of patients on PCSK9 inhibitors with at least partial SI (between 42 and 82%) was previously observed (16–20). In fact, a high prevalence of SI in both real-world scenarios and randomized controlled trials has been described and in great detail reviewed in the literature of over the past decade, and represents a significant therapeutic challenge in clinical practice (21, 22). Statin-associated muscle symptoms (SAMS) were reported in 7 to 29% of all statin users and represent the main reason for non-adherence, often leading to discontinuation of treatment (23). As a consequence of suboptimal adherence or interruption of the treatment, patients are exposed to a significantly higher risk of ASCVD (24). Moreover, SAMS are sometimes difficult to diagnose and assess objectively, and their accurate frequency is still uncertain (25). Specifically, the reported incidence for myopathy is commonly below 5% in randomized controlled trials since patients with known SI are often excluded from the study already during the screening period, causing a potential selection bias (26). The high proportion of SI in our study is likely due to the difficulties of many patients in tolerating oral lipid-lowering medications and the physician desire for improved control of strongly elevated LDL-C levels to obtain the highest absolute clinical benefit. Statin intolerant patients were reported to have significantly less muscle symptoms with alirocumab but a considerable proportion of SI patients remained symptomatic in a previous trial (2), an observation that we did not confirm in our study. Importantly, the beneficial potential of advanced lipid-lowering options such as alirocumab is greatly underused when the routine clinical prescription is largely limited to statin intolerant patients, as suggested by the high percentage of SI patients in our trial.

In alignment with the ODYSSEY OUTCOMES study allowing for the dose up-titration of alirocumab from 75 to 150 mg every 2 weeks, the majority of patients in OPTIMIZE were treated with alirocumab 75 mg (5). Likely because many of the patients with alirocumab 150 mg were statin intolerant in our study, we observed only a trend toward a higher efficacy of this dose, possibly owing to the absence of the synergistic effect of PCSK9 inhibition and statin treatment. However, there was no difference in the beneficial safety profile of the two doses, in line with the ODYSSEY phase III development program (4).

Our study has several limitations: First, the study was observational and the follow-up was limited to a short-term period of 12 weeks only. Thus, no assessment of long-term efficacy and safety of alirocumab in a real-world setting was possible. Second, the choice of lipid-lowering therapy was not determined by an experimental plan but solely as a result of the treatment decision by physicians in charge. Third, we cannot exclude considerable inclusion bias due to (i) the reimbursement criteria for PCSK9 inhibitors imposed by the regulators of the Swiss health care system and (ii) because participating physicians were asked to enroll up to 10 patients only and may have selected those who were likely to respond best, e.g., those with the highest LDL-C at baseline or those untreated due to SI. Due to lack of randomization and lack of a comparison arm in our study, the results are to be considered hypothesis generating, not confirmatory, and must therefore be interpreted with caution. In contrast to randomized controlled trials, our study had no exclusion criteria and the results reflect the contemporary clinical practice. Finally, the study was conducted in Switzerland only and the results may not be generalizable to other countries or regions.

In conclusion, the OPTIMIZE study confirms the favorable efficacy and safety profile of alirocumab in routine clinical setting as compared to randomized controlled trials among high risk patients with hypercholesterolemia despite maximally tolerated statin therapy. In Switzerland, alirocumab was predominantly used in patients with SI and very high LDL-C in whom a large room for improvement regarding guideline-recommended target attainment persists. Alirocumab may be considered an effective and safe treatment option in very high-risk patients not reaching LDL-C targets on oral lipid-lowering therapies, both with and without SI. The large proportion of SI patients in our study suggests that many high-risk patients with insufficient LDL-C control, who are numerically more frequent, are not offered PCSK9 inhibition as a therapeutic option, representing a loss to optimal preventive cardiovascular therapy.
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