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Bempedoic acid is a new cholesterol-lowering drug, which has recently received US FDA and EMA approval. This drug targets lipid and glucose metabolism as well as inflammation via downregulation of ATP-citrate lyase and upregulation of AMP-activated protein kinase (AMPK). The primary effect is the reduction of cholesterol synthesis in the liver and its administration is generally not associated to unwanted muscle effects. Suppression of hepatic fatty acid synthesis leads to decreased triglycerides and, possibly, improved non-alcoholic fatty liver disease. Bempedoic acid may decrease gluconeogenesis leading to improved insulin sensitivity, glucose metabolism, and metabolic syndrome. The anti-inflammatory action of bempedoic acid is mainly achieved via activation of AMPK pathway in the immune cells, leading to decreased plasma levels of C-reactive protein. Effects of bempedoic acid on atherosclerotic cardiovascular disease, type 2 diabetes and chronic liver disease have been assessed in randomized clinical trials but require further confirmation. Safety clinical trials in phase III indicate that bempedoic acid administration is generally well-tolerated in combination with statins, ezetimibe, or proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors to achieve low-density lipoprotein cholesterol targets. The aim of this narrative review on bempedoic acid is to explore the underlying mechanisms of action and potential clinical targets, present existing evidence from clinical trials, and describe practical management of patients.
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Introduction

In 2019, the European Societies of Cardiology and Atherosclerosis published a new version of the guidelines (1, 2) to reduce cardiovascular risk by controlling dyslipidemia in patients with atherosclerotic cardiovascular disease (ASCVD) (3) and/or with heterozygous familial hypercholesterolaemia (HeFH) (4). The new guidelines include emerging evidence from several placebo-controlled randomized clinical trials (RCT) on the effects of monoclonal antibodies to proprotein convertase subtilisin/kexin type 9 (PCSK9). PCSK9 inhibitors added to statin therapy further reduce the risk of ASCVD. This effect is directly correlated with the absolute reduction in low-density lipoprotein cholesterol (LDL-C). For patients with very high cardiovascular risk due to manifest ASCVD, the proposed LDL-C target value is <55 mg/dl (1.4 mmol/L), while for patients with high cardiovascular risk it is <70 mg/dl (1.8 mmol/L). To reach such low levels of LDL-C it is necessary to optimize drug therapy using a combination of the available cholesterol-lowering drugs, provided there is not an LDL-C level under which a subject can be considered safe from ASCVD. Statins should be prescribed in high intensity formulations (atorvastatin 40–80 mg or rosuvastatin 20–40 mg), allowing a LDL-C reduction by about 50%, whereas the combination with ezetimibe provides a further reduction of 15% (Table 1). Anti-PCSK9 monotherapy leads to about 60% reduction of LDL-C. The combination of high intensity statin, ezetimibe, and PCSK9 inhibitor is potentially able to reduce LDL-C by 85% compared to baseline values, allowing the achievement of the therapeutic target in most cases (Table 1). In the real world, however, it is clear that more than 80% of patients who require therapy with cholesterol-lowering drugs for either primary or secondary prevention of cardiovascular diseases do not reach the targets set in the 2019 guidelines (5, 6). Failure to achieve those targets is associated to a significant increase in the number of cardiovascular events in the whole population.


TABLE 1    Effectiveness of cholesterol-lowering treatments.
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Poor adherence to statin therapy is the main reason for failure to achieve therapeutic targets. A recent meta-analysis evaluated the results of 8 RCTs involving 1,766,385 statin users (7). Across all studies, 42% (interquartile range, 37–48%) of patients discontinued the treatment. The discontinuation of statins was mainly due (83% of cases) to the development of myalgia, while an increase in creatine phosphokinase (CPK) plasma levels was observed only in 11% of the cases. In most cases, statin-associated muscle symptoms (SAMS) consist in myalgia without objective signs of muscle inflammation (8). In few cases, muscle inflammation develops with a significant increase in plasma CPK levels. Only in sporadic cases, severe forms of rhabdomyolysis with acute renal failure are observed. The PROSISA study involved 23 Italian lipid clinics and enrolled 16,717 patients treated with statins. The study showed that 9.6% of patients reported SAMS (9). Statin de-challenge (i.e., therapy interruption) and re-challenge (i.e., change and restart of statin treatment) led to recurrence of muscular symptoms only in 38%, suggesting that myalgia is reversible and often not directly caused by statin therapy.

Furthermore, some studies suggest an association among SAMS, elderly and exercise. Thompson et al. evaluated CPK levels in patients taking lovastatin or placebo after a treadmill bout (10). They found that CPK was 62% higher (p < 0.05) in the lovastatin group after adjusting for initial CPK differences. In another controlled study, CPK levels of 37 volunteers treated with statins were measured before and after running the 2011 Boston Marathon. Authors found that CPK concentrations were directly related to age in statin users, but not in the controls, suggesting that susceptibility to exercise-induced muscle injury with statins increases with age (11). Indeed, in cases of poor adherence to statin therapy or in special cluster of patients, such as master athletes (12) or when physical therapy is strongly suggested (13, 14), one of the other existing alternative therapies can be considered to reach the lipid-lowering goals.

While discontinuation of statin therapy is very frequent, adherence to PCSK9 inhibitors therapy is high. Nonetheless, subcutaneous self-injection of these drugs is not acceptable for some patients. Furthermore, bureaucratic and prescriptive constraints as well as costs can limit their use. Together with poor therapeutic adherence also underestimation of cardiovascular risk by both healthcare professionals and patients lead to failure in reaching therapeutic targets. Two new cholesterol-lowering drugs, which have recently received US FDA and European EMA approval, could foster therapeutic adherence (15, 16). Inclisiran is an inhibitor of PCSK9 synthesis with a biannual subcutaneous administration performed by the healthcare professional. Bempedoic acid (ETC-1002) is a drug taken orally that significantly reduces all atherogenic lipid markers, including LDL-C, triglycerides and apolipoprotein B. Furthermore, the drug shows a strong anti-inflammatory effect decreasing high sensitivity C-reactive protein (hsCRP) levels. Despite a mechanism of action partly overlapping with that of statins, bempedoic acid administration ordinarily is not associated to unwanted muscle effects.



Mechanism of action

The beneficial effects of bempedoic acid on metabolism and inflammation are closely linked to the modulation of two key enzymes that regulate lipid, carbohydrate and energy metabolism (17). First, bempedoic acid inhibits hepatic ATP-citrate lyase (ACLY), an enzyme that regulates the flow of extra-mitochondrial citrate in the synthesis of lipids. Second, it upregulates the AMP-activated protein kinase (AMPK), a pivotal kinase that controls energy homeostasis and inflammation at the whole organism level. The combination of these two molecular actions results in strong effects on LDL-C synthesis and systemic inflammation with additional benefits on the metabolic syndrome and diabetes. The mechanism of action of bempedoic acid is described in Figure 1.
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FIGURE 1
Mechanisms of action of bempedoic acid. In the cytoplasm of hepatocytes, ACSVL1 converts bempedoic acid to bempedoyl-CoA that directly inhibits ACLY. This is a key enzyme responsible for generating acetyl-CoA and oxaloacetate from citric acid deriving from mitochondrial TCA cycle. Reduction of acetyl-CoA and oxaloacetate levels affects fatty acid and cholesterol synthesis as well as gluconeogenesis. In addition, bempedoic free acid activates the AMPK pathway, which downregulates key rate-limiting enzymes of lipid synthesis (ACC and HMGR) and glucose production (PEPCK and G6Pase). In the liver, the combination of ACLY inhibition and AMPK activation by bempedoic acid decreases cholesterol, FFA and glucose synthesis both by reducing precursor substrates and by downregulating key enzyme activities. Through this mechanism, bempedoic acid may improve dyslipidemia, hepatic steatosis, and diabetes. In skeletal muscle, bempedoic acid cannot be activated to bempedoyl-CoA because ACSVL1 is completely absent in this tissue. Thus, this drug does not promote myotoxicity associated with cholesterol synthesis inhibition, as statins can. In the immune cells and in other tissues, AMPK activation by bempedoic acid downregulates MAPK pro-inflammatory pathways leading to decreased cytokine, chemokine, and adhesion molecule synthesis. Through this mechanism, bempedoic acid decreases inflammation, hsCRP levels and may contribute to atherosclerosis and NASH prevention. Red T indicate inhibition; green arrow indicates activation; blue arrows indicate clinical targets. α-KG, α-ketoglutarate; ACLY, ATP-citrate lyase; ACSVL1, very long-chain acyl-CoA synthetase-1; AMPK, AMP-activated protein kinase; ACC, acetyl-CoA carboxylase; HMGCoA, 3-hydroxy-3-methylglutaryl coenzyme A; HMGR, 3-hydroxy-3-methylglutaryl-CoA reductase; G6Pase, glucose-6-phosphatase; PEPCK, phosphoenolpyruvate carboxykinase; TCA, tricarboxylic acid; FFA, free fatty acids; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; MAPK, mitogen-activated protein kinase; hsCRP, high-sensitivity C-reactive protein. Figure was created with BioRender.com.



Downregulation of ATP-citrate lyase

Bempedoic acid is a pro-drug that is converted in the liver into the active form, bempedoyl-CoA, by the very long-chain acyl-CoA synthetase-1 (ACSVL1), an enzyme present in the hepatocyte but completely absent in skeletal muscle. The action of the active form of bempedoic acid consists in the inhibition of the enzyme ACLY (17–19). This enzyme is at the intersection between pathways of glucose and lipid metabolism, regulating gluconeogenesis and lipogenesis. Bempedoyl-CoA inhibits de novo sterol and fatty acid synthesis through the direct inhibition of ACLY. Cytoplasmic ACLY converts the citric acid deriving from mitochondrial Krebs cycle into oxaloacetate and acetyl-CoA. Decreased availability of oxaloacetate reduces gluconeogenesis and hepatic glucose production. Acetyl-CoA is precursor of both lipogenesis and sterol synthesis. Lipogenesis is achieved through the formation of malonyl-CoA by the enzyme acetyl-CoA carboxylase (ACC) and the subsequent synthesis of fatty acids and triglycerides. The synthesis of cholesterol is achieved through the formation of 3-hydroxy 3-methylglutaryl-CoA (HMG-CoA) and mevalonic acid mediated by the enzyme HMG-CoA reductase (HMGR) which is target of the statins. The effect of bempedoic acid on cholesterol synthesis is similar to that of statins but acts at a higher level on the metabolic synthesis pathway. Inhibition of hepatic cytoplasmic ACLY by bempedoyl-CoA causes suppression of cholesterol synthesis and a compensatory increase in membrane receptors for LDL leading to increased LDL clearance from the blood. ACSVL1 is not expressed in skeletal muscle, impeding the conversion of bempedoic acid into its active form. Therefore, in skeletal muscle, bempedoic acid should not promote toxicity associated with cholesterol synthesis inhibition. In Mendelian randomization studies, genetic variants that mimic the effect of ACLY inhibition were associated with reductions in serum biomarkers of cardiovascular risk such as triglycerides and LDL cholesterol, non-alcoholic fatty liver disease (NAFLD), body fat and type 2 diabetes (20, 21). These results are consistent with a relevant inter-individual variability of ACLY expression (22), which might affect efficiency of gluconeogenesis and effectiveness of bempedoic acid. Thus, pharmacogenetics of ACLY inhibitors is a potential scenario of personalized medicine.



Upregulation of AMP-activated protein kinase

In addition to inhibition of liver ACLY by bempedoyl-CoA, bempedoic acid directly activates AMPK, which is a master regulator of whole-body glucose and energy homeostasis. AMPK activation downregulates key rate-limiting enzymes of gluconeogenesis such as glucose-6-phosphatase (G6Pase) and phosphoenolpyruvate carboxykinase (PEPCK). G6Pase hydrolyzes glucose 6-phosphate resulting in free glucose ready to be exported from the cell, whilst PEPCK catalyzes the first step of gluconeogenesis converting oxaloacetate into phosphoenolpyruvate. In addition, ACLY inhibition contributes to decrease glucose production by reducing oxaloacetate availability for gluconeogenesis. In addition to the effects on glucose metabolism, AMPK inhibits the rate-limiting enzymes of fatty acid and cholesterol synthesis pathways, i.e., ACC and HMGR, respectively. Thus, bempedoic acid targets two distinct pathways in lowering liver fatty acid and cholesterol synthesis. In addition to the metabolic actions, bempedoic acid significantly reduces circulating hsCRP in vivo through strong systemic anti-inflammatory effects. In LDLR–/– mice, fed with a high-fat diet, bempedoic acid supplementation reduced plasma and tissue lipid elevations, attenuated the expression of proinflammatory genes, suppressed cholesteryl ester accumulation in the aortic wall with the consequence of preventing the development of atherosclerotic plaques (23). In vitro, bempedoic acid regulated the inflammatory response of activated monocytes by enhancing the anti-inflammatory AMPK pathway and inhibiting the mitogen-activated protein kinase (MAPK) pro-inflammatory pathway, leading to reduced release of proinflammatory cytokines and chemokines (24). In a mouse model of diet-induced obesity, bempedoic acid restored adipose AMPK activity, decreased adipose tissue inflammation and reduced interleukin-6 synthesis (24). Additionally, inhibition of ACLY by bempedoic acid reduced prostaglandin E2 production and contributed to decrease the inflammatory response (25).




Clinical targets


Dyslipidemia

Phase II RCT indicates that bempedoic acid administration at the standard dose of 180 mg/day to patients with hypercholesterolemia but unable to tolerate statins results in reductions of approximately 30% in LDL-C (26, 27). The cholesterol-lowering effect of bempedoic acid tends to be more pronounced in patients with type 2 diabetes (28). The effects of administering bempedoic acid in combination with ezetimibe, a cholesterol intestinal absorption inhibitor, are additive, resulting in a 45% reduction in LDL-C (27). Bempedoic acid and statins act on two different enzymes of the same cholesterol synthesis pathway. Inhibition of ACLY by bempedoic acid reduces precursor availability for HMGR and cholesterol synthesis. Consequently, we do not expect additive effects of a combined therapy with the two drugs. In fact, the administration of bempedoic acid enhances the cholesterol-lowering action of high-intensity statin therapy by only about 15% as compared to statin alone (29). Combination of bempedoic acid 180 mg, ezetimibe 10 mg, and atorvastatin 20 mg in patients with hypercholesterolemia decreased LDL-C by about 60% (30). An additive effect of bempedoic acid on LDL-C reduction was also observed in patients receiving PCSK9 inhibitor therapy. Bempedoic acid (180 mg once daily) added to background therapy with subcutaneous evolocumab (420 mg once monthly) significantly lowered LDL-C by about 30% (31). It is known that the administration of cholesterol synthesis inhibitors such as statins and bempedoic acid causes an increase in the expression of PCSK9, a protein that increases circulating LDL-C levels by increasing the degradation of the LDL-C receptor. When bempedoic acid and statins are used in combination with a PCSK9 inhibitor, the inhibition of PCSK9 enhances the effects of cholesterol synthesis inhibitors on LDL receptor overexpression leading to a synergistic LDL-C lowering action. In addition to decreased LDL-C, the inhibition effect of fatty acid synthesis results in the reduction of plasma levels of free fatty acids and triglycerides. Meta-analysis of phase II and III RCTs confirmed that bempedoic acid significantly reduced triglycerides by 15% and HDL-C by 6% (32).



Liver steatosis

Non-alcoholic fatty liver disease is presently the most frequent cause of chronic liver injury. NAFLD can develop into steatohepatitis (NASH), a condition which in addition includes inflammation, hepatocellular lesions and fibrosis and can progress to liver cirrhosis and hepatocellular carcinoma. The development of NAFLD is strongly associated with the metabolic syndrome. Both disorders predict type 2 diabetes and cardiovascular diseases. There is no currently approved treatment for NAFLD or NASH. It would be of great clinical relevance to find a drug with positive effects on liver steatosis and, at the same time, on risk factors for type 2 diabetes and cardiovascular diseases. In humans and animal models, elevated hepatic de novo lipogenesis contributes to NAFLD (33). ACLY is upstream of ACC regulating cytosolic acetyl-CoA availability. Acetyl-CoA is converted to malonyl-CoA by ACC or to cholesterol by HMG-CoA synthetase. Studies on animal models clearly show that genetic or pharmacological inhibition of ACLY acts on hepatic steatosis by controlling lipogenesis (21, 23, 34). In this context, inhibition of ACLY by bempedoic acid in hepatic stellate cells impaired their activation and proliferation reducing fibrosis and progression of NAFLD to NASH in mice (21). The action of bempedoic acid on hepatic steatosis as observed in animal models should be confirmed by clinical studies in humans. Indeed, hepatic de novo synthesis rates of fatty acids are relatively high in rodents, while in normal humans less than 10% of intrahepatic triglyceride accumulation arises from fatty acid synthesis (35).



Diabetes mellitus

Evidence from meta-analyses of RCTs demonstrates that statin therapy increases the risk of new-onset diabetes by around 12%. Statins may affect beta-cell function, downregulate glucagon-like peptide 1 receptor and promote insulin resistance in skeletal muscle (36). Regarding the PCSK9 inhibitors, RCTs have clearly shown that alirocumab or evolocumab administration does not lead to new-onset diabetes or aggravate pre-existent type 2 diabetes mellitus (36). Unlike statins and PCSK9 inhibitors, bempedoic acid shows a clear potential positive effect on glucose metabolism and insulin sensitivity via the activation of AMPK, which leads to the consequent inhibitory actions on the metabolic pathways regulated downstream. The main effect consists in the inhibition of the hepatic production of glucose through the inhibition of the enzymes G6Pase and PEPCK. Metformin, the first-line drug for type 2 diabetes treatment and prevention, shares a stimulatory effect on the AMPK pathway with bempedoic acid. The primary action of metformin is decreasing gluconeogenesis and hepatic glucose production. Phase III RCT on bempedoic acid included about 20–30% type 2 diabetic patients in whom hemoglobin A1c (HbA1c) decreased by 0.12% as compared to HbA1c ≥ 6.5% (48 mmol/mol) at baseline (37). A meta-analysis showed significantly lower rates of new-onset or worsening of type 2 diabetes mellitus with bempedoic acid (OR 0.68; p = 0.02) (38). The cholesterol-lowering response to bempedoic acid was not different in diabetic and in non-diabetic patients (39, 40).



Inflammation

It is widely accepted that the beneficial effects of statins on cardiovascular events are mainly linked to their cholesterol-lowering properties. A meta-analysis of 14 RCTs with 90,000 subjects demonstrated that approximately 1 mmol/L reduction in LDL-C results in approximately 20% reduction in major vascular events. Nonetheless, statins also have a clear action in reducing systemic inflammation. The effect on hsCRP is proportionally similar to that on LDL-C. It is known that an anti-inflammatory action contributes to the reduction of cardiovascular risk independently of the effect on LDL-C. Four-year therapy with canakinumab, a specific anti-interleukin-1β monoclonal antibody, in patients with previous myocardial infarction reduced the relative risk of relapse by approximately 15% by reducing hsCRP levels by 60% without modifying LDL-C (41). Those patients achieving hsCRP concentrations <2 mg/L showed the greatest benefits on cardiovascular mortality (42). Recent RCTs indicate that to obtain the greatest reduction in cardiovascular events, it is necessary to reach both LDL-C (i.e., <70 or <55 mg/dl) and hrCRP (i.e., <2 mg/L) (43). It is therefore possible to hypothesize that cholesterol-lowering drugs with an effect on hsCRP, such as statins and bempedoic acid, have advantages in reducing cardiovascular events compared to those that do not act on inflammation, such as PCSK9 inhibitors. Bempedoic acid administration is associated with a systemic anti-inflammatory action similar to that of statins. In phase III RCTs, bempedoic acid administration was associated with 20–30% decrease in hsCRP levels, reducing inflammation and possibly the risk of ASCVD (44). The anti-inflammatory action of bempedoic acid is mainly achieved via activation of AMPK and inhibition of the MAPK pathway in the immune cells. In a mouse model, activation of the AMPK pathway by bempedoic acid reduced chemokine, cytokine, and adhesion molecule secretion as well as leukocyte accumulation and activation in artery subendothelium and visceral adipose tissues (24). Through these mechanisms, bempedoic acid may prevent atherosclerosis and type 2 diabetes.



Atherosclerosis

Preclinical models have indicated that bempedoic acid inhibits atherosclerosis and this mechanism may be mainly due to the suppression of inflammation and the regulation of lipid metabolism, especially lowering LDL-C. Samsoondar et al. reported that in LDLR–/– mice, subjected to a high-fat diet, bempedoic acid supplementation attenuated aortic inflammation, reducing the expression of pro-inflammatory genes, and decreased lipid levels in the plasma and their accumulation in liver and aortic wall, subsequently preventing the development of atherosclerotic lesions (23). Therefore, another study demonstrated in high-fat diet-fed large animal models of familial hypercholesterolemia, that the treatment with bempedoic acid reduced plasma cholesterol and LDL-C and hampered the development of coronary and aortic atherosclerosis. In LDLR± minipigs, bempedoic acid decreased left anterior descending coronary artery lesion area (−40%) and aortic lesion area (−58%), whereas in LDLR–/– minipigs left anterior descending coronary artery lesion area (−48%) and aortic lesion area (−47%) (45). Nonetheless, phase III clinical trials concluded to date have not definitively demonstrated the efficacy of bempedoic in reducing cardiovascular and total mortality and cardiovascular events. These trials were not specifically designed with these goals. A large clinical trial designed specifically to demonstrate the effects of bempedoic on these primary outcomes is currently underway.




Phase III trials testing bempedoic acid for clinical safety and outcomes

Four phase III RCTs on Cholesterol Lowering via bempedoic acid, an ACLY-Inhibiting Regimen (CLEAR) have been completed in recent years (Table 2) (46–49). The primary objective was to demonstrate the safety (50) of the treatment while the secondary objective was to demonstrate the reduction effects on LDL-C. CLEAR Harmony (NCT02666664) (48) and CLEAR Wisdom (NCT02991118) (47) enrolled patients with ASCVD and/or HeFH and persistent hypercholesterolemia despite statin therapy at the maximum tolerated dose. CLEAR Tranquility (NCT03001076) (46) and CLEAR Serenity (NCT02988115) (49) enrolled patients with ASCVD and/or HeFH or primary prevention and statin intolerance. A meta-analysis of pooled results of the CLEAR RCTs, including 3,623 patients, was conducted to define safety of bempedoic acid versus placebo (51). Common adverse events occurred at similar rates in the two groups showing a high degree of safety. Bempedoic acid was associated with modest and reversible increases in blood uric acid levels and a 2.5-fold greater incidence of gout. Previous episodes of gout is a risk factor for the development of acute gout during therapy with bempedoic acid. Small increases in blood creatinine levels (<0.05 mg/dl) have been reported during therapy with bempedoic acid, which were stable and reversible upon discontinuation of treatment (38). Small decreases in estimate glomerular filtration rate (eGFR) were also observed during bempedoic acid therapy. Bempedoic acid is a weak inhibitor of the tubular transporter of type 2 organic acids (OAT2) which contributes to uric acid and creatinine secretion by proximal tubular cells (52, 53). The low-grade and reversible increases in plasma uric acid and creatinine associated with bempedoic acid therapy are due to competition for OAT2 in the renal tubules. Thus, small decreases in eGFR are secondary to drug-induced reduction in tubular secretion of creatinine. Bempedoic acid may lead to mild, asymptomatic and reversible increases in alanine aminotransferase and aspartate aminotransferase levels. Bempedoic acid therapy was also associated with a tendency for tendon disorders, which occurred in 0.5% of patients. Tendon injury mainly involved Achilles tendon, rotator cuff and biceps tendon. All tendon injuries occurred in patients taking moderate or high dose statins. No tendon injury occurred in statin intolerant patients who were treated with bempedoic acid. In addition to moderate or high dose statins, other risk factors for tendon injury include fluoroquinolone or corticosteroid therapy, gout, diabetes, rheumatoid arthritis, renal failure, aging, and male sex. Phase III RCTs indicates that compared with placebo, bempedoic acid therapy is not associated with myalgia and muscle weakness even in patients with statin intolerance. No cases of rhabdomyolysis were observed (50).


TABLE 2    Phase 3 clinical trials of bempedoic acid.
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In order to assess the effect of bempedoic acid on clinical outcomes the phase III studies completed so far have been analyzed with the technique of meta-analysis (38). Six RCTs were identified with a total of 3,956 patients and follow-up from 4 to 52 weeks (28, 46–49, 54). A high heterogeneity, mainly deriving from the different duration of follow-up and from the variability of the basic cardiovascular risk, made the results on clinical patients difficult to interpret. No difference was observed for bempedoic acid compared to usual standard therapy with regard to the composite cardiovascular MACE, mortality from all causes and cardiovascular mortality. Bempedoic acid has shown positive trends in reducing the incidence of non-fatal myocardial infarction. Nonetheless, current RCTs have not demonstrated the ability of bempedoic acid to prevent all-cause and cardiovascular mortality because none of these studies was designed for these goals. The fact that a small number of events were observed in these studies increased the likelihood of a type II statistical error. With this aim, the CLEAR Outcomes study (NCT02993406) is underway (55), which has as its primary objective the evaluation of the effect of administering bempedoic acid for about 3.5 years on cardiovascular outcomes. About 14,000 high-risk cardiovascular patients intolerant to statins will be enrolled. The CLEAR Outcomes study will also provide additional insights on the bempedoic acid safety profile. The results of this study are expected by 2023.


Pharmacokinetics of bempedoic acid

Cicero et al. recently reviewed the pharmacokinetics of bempedoic acid in the treatment of hypercholesterolemia (56). The recommended daily dose is 180 mg tablet, taken orally with meals or between meals. The elimination of bempedoic acid and bempedoyl-CoA is mainly (70%) carried out by conjugation with glucuronic acid and renal excretion. Liver elimination is responsible for about 30% of bempedoic acid clearance. In mild to moderate hepatic impairment (Child-Pugh class A and B), no dosage adjustment is required (57). Bempedoic acid should not be administered to patients with severe liver disease (Child-Pugh class C). Patients with chronic kidney disease generally well tolerate bempedoic acid therapy, regardless of the degree of renal impairment. Thus, no dose adjustments are currently required for patients with mild or moderate renal impairment (58). Bempedoic acid has not been sufficiently studied in patients with severe renal impairment (eGFR <30 ml/min/1.73 m2) or in those with end-stage renal disease on dialysis. Pharmacokinetic drug-drug interactions between bempedoic acid and simvastatin, atorvastatin, pravastatin, rosuvastatin, and ezetimibe were evaluated in clinical studies. Results indicate that the co-administration of bempedoic acid with simvastatin or pravastatin significantly increases the area under the curve (AUC) and Cmax of the two statins, while there are no significant drug–drug interaction with atorvastatin, rosuvastatin, and ezetimibe, except for slight elevations of the AUCs. Consequently, the risk of developing myalgia or myopathy increases with the combined use of bempedoic acid with simvastatin or pravastatin >20 mg and >40 mg, respectively. No dosage adjustment is necessary in case of combined administration of bempedoic acid with atorvastatin, rosuvastatin or ezetimibe.



Management of patients receiving bempedoic acid therapy

In light of the efficacy and safety results obtained in phase II and III RCTs, bempedoic acid alone or in combination with ezetimibe has received US FDA and EMA approval for use in adults with HeFH and/or established ASCVD (Table 3) (44, 57). Bempedoic acid administration is aimed at achieving target LDL-C levels in patients with or without statin intolerance. The drug can be administered alone or in combination with other LDL-C lowering drugs, such as ezetimibe, statins, or PCSK9 inhibitors. As predicted by the mechanism of action, administration of bempedoic acid in monotherapy is not significantly associated with myalgia, muscle weakness, or myopathy. Nonetheless, bempedoic acid increases statin plasma concentrations, mainly simvastatin and pravastatin and to a lesser extent atorvastatin and rosuvastatin. Bempedoic acid should not be administered in combination with simvastatin doses higher than 20 mg/day or pravastatin doses higher than 40 mg/day (Table 3). Patients receiving bempedoic acid as add-on therapy to a high-intensity statin (i.e., atorvastatin 40–80 mg/day or rosuvastatin 20–40 mg/day) should be monitored in order to detect any adverse reactions associated with the use of high doses of statins, especially statin related myotoxicity (Table 3). No dosage adjustment is necessary in mild to moderate chronic kidney disease (i.e., stage 1 to 3, eGFR >30 ml/min/1.73 m2) or hepatic impairment (i.e., Child-Pugh class A and B) (Table 3). There are no data about its use in pregnancy and lactation. In patients at increased risk for hyperuricemia and gout uric acid should be assessed. Patient at risk of tendon injury (i.e., >60 years of age, taking corticosteroids or fluoroquinolones, having renal failure or arthritis) should be advised to rest at first sign of tendon inflammation or rupture.


TABLE 3    Practical management of patients receiving bempedoic acid.
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ASCVD, atherosclerotic cardiovascular disease; DM, diabetes mellitus; HeFH, heterozygous familial hypercholesterolemia; HTN, hypertension; LDL-C, low-density lipoprotein-
cholesterol; BA/P, bempedoic acid versus placebo; hsCRP, high-sensitivity C-reactive protein; MACE, Major Adverse Cardiovascular Events.
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Adapted from the 2019 European Societies of Cardiology and European Societies
of Atherosclerosis Guidelines for the management of dyslipidemias (1, 2) and from
references (26, 27, 29, 30).






