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Abstract

:

Hypertriglyceridemia has emerged as an independent risk factor for cardiovascular events, despite low-density lipoprotein-cholesterol (LDL-C) well-controlled with statins. We pooled data from the first 12 weeks of six randomized double-blind placebo-controlled studies of pemafibrate in Japan and investigated its efficacy and safety with and without statins, particularly focusing on patients with renal dysfunction. Subjects were 1253 patients (677 in the “with-statin” group and 576 in the “without-statin” group). At Week 12 (last observation carried forward), triglyceride (TG) was significantly reduced at all pemafibrate doses (0.1, 0.2, and 0.4 mg/day), both with and without statin, compared to placebo (p < 0.001 vs. placebo for all groups). In the “with-statin” group, the estimated percent change from baseline was −2.0% for placebo and −45.1%, −48.5%, and −50.0%, respectively, for the pemafibrate groups. Findings for both groups showed significant decreases in TG-rich lipoproteins and atherogenic lipid parameters compared to placebo. The incidence of adverse events was similar between the pemafibrate and placebo groups and was also similar for patients with and without renal dysfunction in the “with-statin” group. Pemafibrate lowered TG and improved atherogenic dyslipidemia without a significant increase in adverse events in comparison to the placebo, even among “with-statin” patients who had renal dysfunction.
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1. Introduction


Numerous risk factors impact the development of atherosclerosis and cardiovascular (CV) events, including diabetes mellitus, hypertension, habitual smoking, stress, and the widely recognized factor of dyslipidemia [1]. As first evidenced in the 4S study [2], management of low-density lipoprotein-cholesterol (LDL-C) with statins can be highly effective for CV event prevention, and this approach is currently widely recommended [3,4]. However, lowering LDL-C is not sufficient for such prevention; hypertriglyceridemia has emerged as an independent risk factor, even when LDL-C levels are well controlled by statins [5]. Further add-on therapy is needed to reduce the risk associated with high triglyceride (TG) concentration. The peroxisome proliferator-activated receptor α (PPARα) agonists are potential candidates for this type of add-on therapy [6].



Pemafibrate is a potent selective PPARα modulator (SPPARMα) that has a favorable benefit-risk balance and may be safer than conventional PPARα agonists [7,8]. Pemafibrate regulates human hepatic gene expression differently from existing agents [9], as the unique Y-shaped structure of the pemafibrate molecule efficiently occupies all areas of the Y-shaped PPARα ligand binding site [10]. In clinical use, pemafibrate can effectively lower TG levels while providing a favorable adverse event (AE) profile and reducing the incidence of abnormal liver/renal function tests compared with conventional PPARα agonists [11,12]. Additionally, unlike existing agents, pemafibrate is principally excreted via the liver rather than via the kidneys [13]. Elevated plasma pemafibrate concentrations have not been noted in single-dose or repeated-dose studies of patients with renal dysfunction [14,15], or in drug-drug interaction studies of pemafibrate with various statins [16], suggesting that pemafibrate may represent a new drug category distinct from the conventional PPARα agonists.



These findings have focused attention on the efficacy and safety of pemafibrate in patients treated with statins. However, the efficacy and safety of pemafibrate with and without statin therapy could not be tested in the individual studies because of the small number of patients in each study. Such a study could build on the results from an earlier study showing that concomitant pemafibrate with various statins did not affect statin concentration in the blood [16] and could help determine how such use affects clinical efficacy and safety and whether those findings can be applied to larger groups of patients with hypertriglyceridemia. In the present study, we investigated and compared the efficacy and safety of pemafibrate in detail with and without concomitant statins by using pooled data from six phase 2 and phase 3 placebo-controlled studies of pemafibrate [11,17,18,19,20].



In recent years, lipoprotein subclass profiles are increasingly considered as key tools for assessing the effects of lipid-lowering therapies. Gel filtration high-performance liquid chromatography (HPLC) permits the assessment of a greater number of lipid subfractions [21]. Thus, this study includes data detailing the lipid subclasses obtained with HPLC.



In addition, little information is available on the efficacy and safety of concomitant PPARα agonists and statin therapies in patients with chronic kidney disease. We thus performed additional analysis of the effects of pemafibrate on plasma lipids, and the safety of such use, in patients with renal dysfunction in the group treated with concomitant statins.




2. Results


2.1. Patient Characteristics


The subjects of the current study consisted of 1253 patients in the full analysis set (FAS) population: 677 in the “with-statin” group and 576 in the “without-statin” group. Within the concomitant statin group, 96 patients had renal dysfunction (baseline estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2) and 581 patients had normal renal function or mild renal impairment (baseline eGFR ≥ 60 mL/min/1.73 m2). The safety analysis set consisted of 1255 patients: 677 in the “with-statin” group and 578 in the “without-statin” group (Figure S1).



Patients in the “with-statin” group (mean (standard deviation)) were older (56.6 (11.1) yr vs. 51.6 (11.1) yr, included a higher percentage of female patients (19.8% vs. 8.7%), had a higher prevalence of diabetes (41.4% vs. 29.3%), hypertension (62.2% vs. 31.4%), and fatty liver (56.3% vs. 26.6%), and had lower LDL-C (2.91 (0.75) mmol/L vs. 3.50 (0.95) mmol/L) and higher hemoglobin A1c (HbA1c, 6.43 (0.80)% vs. 6.06 (0.75)%) than patients in the “without-statin” group (Table 1). Patients with renal dysfunction were older and had lower body mass index (BMI) than patients with normal or mildly impaired renal function (Table S1).




2.2. Efficacy


2.2.1. Effects on TG


In both the “with-statin” and the “without-statin” groups, TG was significantly reduced by pemafibrate at doses of 0.1, 0.2, and 0.4 mg/day compared with placebo, with mean percent change in TG as least squares (LS) means (95% confidence interval) ranging from −45.1 (−55.1, −35.1)% for 0.1 mg/day to −50.0 (−57.9, −42.1)% for 0.4 mg/day vs. -2.0 (−7.0, 3.1)% for placebo in the “with-statin” group and from −44.5 (−51.4, −37.6)% for 0.1 mg/day to −51.3 (−56.1, −46.5)% for 0.4 mg/day vs. 1.2 (−4.5, 6.9)% for placebo in the “without-statin” group (p < 0.001 for all treatment groups) (Table 2). Based on the distribution of percent change in TG at Week 12 (last observation carried forward [LOCF]), the 0.4 mg/day pemafibrate group contained the lowest percentage of patients who had no reduction in TG (1.4% in the “with-statin” group and 2.3% in the “without-statin” group) (Figure 1).




2.2.2. Effects on HDL-C


In both the “with-statin” and the “without-statin” groups, high-density lipoprotein-cholesterol (HDL-C) increased significantly at all pemafibrate doses compared with placebo. However, the percentage of HDL-C increase was lowest in the pemafibrate 0.4 mg/day group (11.9 (8.5, 15.2)% with statin, 17.8 (15.5, 20.2)% without statin) (Table 2). Findings from HPLC analysis showed a notable decrease in cholesterol concentrations in large HDL (−26.3 (−32.9, −19.8)% with statin, −24.8 (−30.0, −19.5)% without statin) and the greatest increase in small HDL (28.7 (24.8, 32.7)% with statin, 34.5 (31.5, 37.5)% without statin) in the pemafibrate 0.4 mg/day group (Table 3). Based on the distribution of percent change in HDL-C at Week 12 (LOCF), the 0.4 mg/day pemafibrate group contained the highest percentage of patients who had no increase in HDL-C (26.4% with statin, 17.4% without statin) (Figure 2). In that same time period, the 0.4 mg/day group also showed the lowest percentage of patients who had no increase in small HDL-C (10.2%, 5.4%, and 5.4% for the 0.1 mg/day, 0.2 mg/day, and 0.4 mg/day pemafibrate groups, respectively) or very small HDL-C (22.8%, 15.5%, and 12.2% for the 0.1 mg/day, 0.2 mg/day, and 0.4 mg/day pemafibrate groups, respectively).




2.2.3. Effects on LDL-C and Other Lipid Parameters


In both the “with-statin” and the “without-statin” groups, LDL-C increased significantly at pemafibrate 0.2 mg/day (8.8 (6.4, 11.2)% with statin, 11.0 (7.7, 14.4)% without statin, p < 0.001 vs. placebo for each) and 0.4 mg/day (7.0 (1.5, 12.5)% with statin, 9.7 (6.0, 13.3)% without statin, p < 0.01 vs. placebo for each) compared with placebo (−1.8 (−5.3, 1.7)% with statin, 0.6 (−3.7, 5.0)% without statin) (Table 2). In both the “with-statin” and “without-statin” groups, percent changes in apolipoprotein (Apo) B with pemafibrate treatment did not differ significantly from treatment with placebo, but those values dropped significantly for all groups in comparison to baseline despite the low baseline ApoB value in the “with-statin” group (Table 2). The results of HPLC analysis showed that small LDL-C decreased significantly in the pemafibrate 0.4 mg/day group with statin (−12.2 (−18.2, −6.2)%, p < 0.01) and in the 0.2 and 0.4 mg/day groups without statin (-6.8 (−10.6, −3.0)%, p < 0.05, and −11.5 (−15.8, −7.1)%, p < 0.001, respectively), compared with placebo (−1.2 (−5.0, 2.6)% with statin, 0.0 (−5.1, 5.1)% without statin). Very small LDL-C decreased significantly for all pemafibrate doses, with or without statins, compared with placebo (Table 3). Non-HDL-C decreased significantly for all pemafibrate doses compared with placebo (Table 2). The cholesterol content in TG-rich lipoproteins, such as remnant lipoprotein-cholesterol (RemL-C) (Table 2), chylomicron-cholesterol (CM-C), and very-low-density lipoprotein-cholesterol (VLDL-C) (Table 3), decreased significantly for pemafibrate compared with placebo, regardless of statin use. In both “with-statin” and “without-statin” groups, ApoB48, ApoCIII, ApoCIII/ApoCII ratio, and fibrinogen decreased significantly, and fibroblast growth factor 21 (FGF21) increased significantly, compared with placebo. That improvement was particularly marked for pemafibrate 0.4 mg/day (Table 2).




2.2.4. Analysis Stratified by Presence or Absence of Renal Dysfunction


The effects on lipid parameters, fibrinogen, and FGF21 were investigated in patients receiving statins, with analysis stratified by the presence or absence of renal dysfunction. The results showed similar trends when combining pemafibrate dose groups of 0.1 mg/day to 0.4 mg/day regardless of the presence or absence of renal dysfunction (Tables S2 and S3, Figures S2 and S3).





2.3. Safety


2.3.1. Adverse Events and Adverse Drug Reactions


Analysis Stratified by Presence or Absence of Statin


The total incidence of AEs and of ADRs after 12 weeks was similar to that seen in the placebo groups, regardless of statin use (Table 4). Serious AEs other than death occurred in 15 patients in the pemafibrate groups (eight with statin and seven without statin). The incidence did not increase with concomitant statin therapy. Serious AEs were cervical cancer, upper limb fracture, colon cancer, diabetes mellitus, enterocolitis, hematoma of the abdominal wall, lumbar spinal stenosis, and varicose vein surgery in the “with-statin” groups, and acute myocardial infarction, malignant lung neoplasm, enterocolitis, myocardial infarction, ureteral calculus (in two patients), and bile duct stone in the “without-stain” groups. One patient died in the pemafibrate 0.4 mg/day “without-statin” group due to pulmonary embolism. The death was considered unrelated to the study drug [11].




Analysis Stratified by Presence or Absence of Renal Dysfunction in the “with-Statin” Group


At Week 12, the incidence of AEs and ADRs in the pemafibrate group was similar to that in the placebo group, regardless of the presence or absence of renal dysfunction with statins (Table 5). Serious AEs other than death occurred in five patients with eGFR ≥ 60 mL/min/1.73 m2 (cervical cancer, upper limb fracture, colon cancer, diabetes mellitus, enterocolitis) and in three patients with eGFR < 60 mL/min/1.73 m2 (hematoma of the abdominal wall, lumbar spinal stenosis, varicose vein surgery). Patients with renal dysfunction showed no increase in the incidence of serious adverse events. No deaths occurred in either “with-statin” group during the study.





2.3.2. Safety Evaluation Using Cutoff Values for AST, ALT, sCr, and CK


Analysis Stratified by Presence or Absence of a Statin


An increase in aspartate aminotransferase (AST) more than three times the upper limit of the normal range (40 U/L) was noted at least once during the study period of 12 weeks in one patient who received pemafibrate without statin and two patients who received pemafibrate with statin (Table 4). During that same time period, an alanine aminotransferase (ALT) increase to more than three times the upper limit of the normal range (45 U/L) was noted at least once in two patients receiving pemafibrate with statin. During the 12-week period, the pemafibrate groups and placebo group showed similar percentages of patients whose creatine kinase (CK) increased to more than 2.5, 5, or 10 times the upper limit of normal range (270 U/L for males and 150 U/L for females) at least once, regardless of statin use. CK increased more than 10 times the upper limit of normal range in two patients, one in the “with-statin group” with eGFR ≥ 60 mL/min/1.73 m2 receiving pemafibrate 0.2 mg/day (CK peaked at 3725 U/L in Week 2), and the other in the “without-statin” group with eGFR ≥ 60 mL/min/1.73 m2 receiving pemafibrate 0.4 mg/day (CK peaked at 6430 U/L in Week 8). Both patients were discontinued from the study and recovered spontaneously. Neither patient experienced drug-associated muscle symptoms.




Analysis Stratified by Presence or Absence of Renal Dysfunction in the “with-Statin” Groups


During Week 12, AST increased to more than three times the upper limit of the normal range (40 U/L) at least once in one pemafibrate-treated patient with eGFR < 60 mL/min/1.73 m2 and in one pemafibrate-treated patient with eGFR ≥ 60 mL/min/1.73 m2 (Table 5). ALT increased to more than three times the upper limit of normal range (45 U/L) at least once in two pemafibrate-treated patients with eGFR ≥ 60 mL/min/1.73 m2. During the 12-week period, patients with eGFR < 60 mL/min/1.73 m2 were more likely to show serum creatinine (sCr) increased to more than the upper limit of normal range (1.04 mg/dL for males and 0.79 mg/dL for females) at least once. The same trend was seen in the placebo groups. The incidence of sCr increasing to more than the upper limit of normal was similar for placebo and all pemafibrate doses. The pemafibrate groups and placebo group showed similar percentages of patients whose CK increased to more than 2.5, 5, or 10 times the upper limit of normal range (270 U/L for males and 150 U/L for females) at least once, regardless of presence or absence of renal dysfunction. No patients with eGFR < 60 mL/min/1.73 m2 showed CK increases of more than 10 times the upper limit of normal range.





2.3.3. Renal Function, CK, and Liver Function


Analysis by Presence or Absence of Statin


Compared with placebo, sCr increased significantly in groups receiving pemafibrate 0.2 mg/day or above (least mean square, + 0.02 mg/dL for 0.2 mg/day and ranging from + 0.04 to + 0.05 mg/dL for 0.4 mg/day), regardless of statin use (Table 6). The eGFR findings were also significantly reduced in groups treated with pemafibrate 0.2 mg/day or above, regardless of statin use. No notable fluctuations were seen in mean CK values. ALT and gamma-glutamyltransferase (γ-GT) decreased more in the pemafibrate dose groups than placebo groups, regardless of statin use.




Analysis by Presence or Absence of Renal Dysfunction in “with-Statin” Groups


In patients with eGFR ≥60 mL/min/1.73 m2, sCr increased significantly (0.03 mg/dL vs. 0.00 mg/dL) and eGFR decreased significantly (−2.8 vs. −0.2 mL/min/1.73 m2) for pemafibrate 0.1–0.4 mg/day compared with placebo (Table S4). In renal dysfunction patients with eGFR < 60 mL/min/1.73 m2, no significant differences were noted in changes in serum creatinine or eGFR between placebo and pemafibrate.







3. Discussion


This study examined combined data from six randomized controlled trials to determine the efficacy and safety of using pemafibrate with statins. A TG decrease of approximately 50% was noted in all groups treated with pemafibrate, regardless of statin use or renal dysfunction. This trend was consistent with the previous findings obtained in each individual study [11,17,18,19,20]. The percentage of patients who experienced no decrease in TG (i.e., non-responders) was lowest in the pemafibrate 0.4 mg/day group.



Significant decreases in large HDL-C were seen in the groups receiving pemafibrate 0.4 mg/day, regardless of statin use. Dose-dependent increases were noted in small HDL-C, which is considered more functional and thus more atheroprotective. Our study of pemafibrate to assess the effects on HDL function showed that cholesterol efflux capacity (CEC) was improved with administration of pemafibrate 0.4 mg/day compared to placebo [22]. This is of interest because CEC is inversely correlated with cardiac risk and may be used to estimate HDL function and the activities of adenosine triphosphate (ATP)-binding cassette transporter A1 (ABCA1) and ATP-binding cassette transporter G1 (ABCG1). Our findings are consistent with other research that pemafibrate may enhance the expression of ABCA1 and ABCG1 [23]. The decrease in small particle LDL-C, which is well-known to be atherogenic, was greatest for pemafibrate 0.4 mg/day.



Decreases in ApoB48, ApoCIII, ApoCIII/ApoCII, and fibrinogen were greatest in the 0.4 mg/day group. A decrease in ApoB48 reflects the capability of pemafibrate to inhibit the absorption of exogenous cholesterol [24,25]. Findings from basic research suggest that pemafibrate may also inhibit expression of Niemann-Pick C 1-Like-1 (NPC1L1) mRNA [26,27]. Decreases in ApoCIII and ApoCIII/ApoCII may reflect accelerated catabolism of TG by lipoprotein lipase (LPL) [28]. Basic data are available on the mechanism by which pemafibrate enhances LPL activity [26]. Fibrinogen also contributes to vascular inflammation and atherosclerosis [29]. Other basic data indicate that pemafibrate decreases the expression of vascular cell adhesion molecule-1 (VCAM-1), macrophage marker F4/80, and interleukin (IL)-6 in a dose-dependent manner [23]. All these findings collectively indicate that 0.4 mg/day of pemafibrate may improve atherogenic dyslipidemia. Further studies, including the Pemafibrate to Reduce Cardiovascular OutcoMes by Reducing Triglycerides IN patiENts with diabeTes (PROMINENT) study for prevention of CV events, are ongoing to evaluate 0.4 mg/day administration of pemafibrate [30].



In this study, we found that renal dysfunction did not affect the efficacy of pemafibrate-statin combinations. We previously reported the effects of 52 weeks of pemafibrate treatment in patients with various levels of renal dysfunction. In that study, decreased renal function was associated with lower HDL-C values at baseline, and a notable increase in HDL-C and decrease in small-particle LDL-C during pemafibrate treatment were found at the lowest level of renal function (eGFR < 30 mL/min/1.73 m2) [15]. In this pooled analysis, the population included only one patient with eGFR < 30 mL/min/1.73 m2. We were thus unable to follow up those findings.



Findings from our pooled analyses showed no increase in AEs compared with placebo in “with-statin” or “without-statin” groups, and no increase in AEs among renal dysfunction patients in the “with-statin” group compared with placebo. Other studies found that increases in plasma concentration were not related to increased renal dysfunction following single or repeated administration of pemafibrate in patients with impaired renal function, possibly because pemafibrate is excreted primarily through the liver and feces [13], and a drug-drug interaction study with concomitant statin showed no increase in plasma concentration of pemafibrate or statin [16]. The safety results from our study support those findings.



The combined use of PPARα agonists and statins is a useful option for the treatment of atherogenic dyslipidemia [6]. However, the combination of cerivastatin and gemfibrozil has been associated with a 559% increase in the plasma concentration of cerivastatin [31]. In addition, according to data from the Adverse Event Reporting System of the Food and Drug Administration, rhabdomyolysis increased specifically in this combination [32,33]. Although these findings raise the level of caution required for the use of statin-PPARα agonist combinations, statin-PPARα agonist studies including the ACCORD-LIPID trial using fenofibrate and simvastatin [34] and the FIRST trial using fenofibric acid and atorvastatin [35] have shown no increase of rhabdomyolysis. However, because most PPARα agonists are excreted primarily through the kidneys, patients with renal dysfunction may experience cumulative renal toxicity requiring dose adjustment, which is a limitation of this treatment regimen [36].



In the context of safety cut-off values, no marked fluctuation was seen in CK regardless of statin use, and liver enzyme behaviors were similar to previous findings. Only four patients showed AST or ALT increases more than three times the upper limit of the normal range. Neither of the two patients whose CK increased more than 10 times the upper limit of normal range had renal dysfunction. One was a 38-year-old man whose CK reached 3725 U/L with no complaint of muscle symptoms after administration for two weeks. The condition resolved without additional interventions 22 days after the incident. A causal relationship to the study drug could not be ruled out by the investigators [18]. The other patient also recovered without incident. In that case also, a causal relationship to the study drug could not be ruled out.



Regardless of statin use, no marked fluctuation was seen in CK, and liver enzymes showed behaviors that were similar to previous findings. In contrast to the elevation of ALT and γ-GT that was seen with fenofibrate [11,12], both ALT and γ-GT were reduced with pemafibrate. The level of sCr increased very slightly, and eGFR decreased slightly, in a dose-dependent manner regardless of statin use. In the pemafibrate 0.4 mg/day group, the LS mean change in sCr was 0.04 mg/dL without statin and 0.05 mg/dL with statin. These values were markedly less than in patients treated with high-dose fenofibrate, who experienced sCr increases of 0.1 mg/dL to 0.2 mg/dL [11,34]. These findings suggest that the PPARα modulation seen with pemafibrate causes less increase in sCr than is seen with the standard PPARα agonists.



There were no noteworthy findings for adverse events, adverse drug reactions, or cutoffs for pemafibrate with a concomitant statin in patients with renal dysfunction, and there was no increase in CK or sCr. These findings suggested that pemafibrate can be safely used with a concomitant statin even in this patient population.



The metabolic profile of pemafibrate means that the drug is safe for patients with renal dysfunction. In addition, no clinically meaningful elevation of plasma statin has been reported in patients with renal dysfunction [37,38,39,40]. As noted above, we found no notable drug-drug interactions in our studies. These findings indicate that the combined use of pemafibrate and statins provides a promising treatment option for patients with renal dysfunction, who are particularly prone to accumulation of lipoprotein remnants and reduction of HDL-C [41,42].



LDL-C lowering therapy with statins is known to effectively reduce CV events in early-stage chronic kidney disease (CKD) [43], but not in patients under dialysis, as shown in the 4D and AURORA studies [44,45]. As of this writing, only ezetimibe, which selectively inhibits the absorption of cholesterol from the small intestine, has been found to reliably reduce CV events in patients with CKD, including those on dialysis in the SHARP trial (in combination with simvastatin) [46]. In the future, we anticipate increased interest in the clinical efficacy of pemafibrate in patients with renal dysfunction who are at very high risk of CV events [47,48].



This study has several limitations. It included only Japanese subjects, which means that racial differences remain to be investigated. Almost no patients with severe renal dysfunction (eGFR < 30 mL/min/1.73 m2) were included, so we can draw no conclusions about that patient population. In addition, no data were available from clinical follow-up for the reduction of CV events. We hope that the PROMINENT study [30], currently underway, will provide more information in this area. Furthermore, the use of pooled analyses could have introduced inter-group bias at baseline for some parameters. Finally, more long-term safety data are needed.




4. Subjects and Methods


The present study analyzed data combined from six randomized double-blind placebo-controlled studies that were conducted in Japan (Table S5) and continued for 12 weeks unless otherwise noted: a phase 2 study in 224 patients with a history of documented dyslipidemia and fasting plasma TG of 2.26 mmol/L (200 mg/dL) or higher, randomized to placebo, pemafibrate 0.05, 0.1, 0.2, or 0.4 mg/day, or fenofibrate 100 mg/day [17]; a phase 3 study in 526 patients with dyslipidemia, high fasting TG levels, and low HDL-C levels, randomized to placebo, pemafibrate 0.1, 0.2, or 0.4 mg/day, or fenofibrate 100 or 200 mg/day [11]; a study in 188 patients with dyslipidemia who were placed under treatment with pitavastatin at a starting dose of 2 mg, and after at least four weeks of this treatment were then randomized to placebo, pemafibrate 0.1, 0.2, or 0.4 mg/day in combination with pitavastatin [18]; a 24-week study in 423 patients with dyslipidemia, randomized to placebo, pemafibrate 0.2 mg/day (fixed dose) or 0.2 (0.4) mg/day (conditional up-titration) with any statin [18]; a 24-week phase 3 study in 166 patients with type 2 diabetes and hypertriglyceridemia, randomized to placebo, pemafibrate 0.2 or 0.4 mg/day [19]; a study in 27 patients with hypertriglyceridemia and insulin resistance, randomized to pemafibrate 0.4 mg/day or placebo [20]. All studies were approved by the Institutional Review Board for each study institution and were conducted in accordance with the Declaration of Helsinki and under the guidelines of Good Clinical Practice. All study patients provided written informed consent prior to enrollment in each study. All studies were supported by Kowa Company, Ltd. This pooled analysis was approved by the Ethics Committee of the Rinku General Medical Center (Application No. 2019-022), with which the first author of this paper is affiliated.



In this study, we evaluated the efficacy and safety of pemafibrate 0.1 mg/day, 0.2 mg/day, and 0.4 mg/day (twice daily), with and without a statin. The primary efficacy endpoint was the percent change in TG from baseline to 12 weeks. The secondary efficacy endpoints were also assessed from baseline to 12 weeks: percent change in HDL-C, LDL-C, non-HDL-C, total cholesterol (TC), RemL-C, ApoAI, ApoAII, ApoB, ApoB48, ApoB100, ApoCII, ApoCIII, ApoCIII/ApoCII, and ApoE; percent change in HPLC findings for CM-C, VLDL-C, cholesterol content in four subclasses of LDL (large, medium, small, and very small LDLs), and cholesterol content for five subclasses of HDL (very large, large, medium, small, and very small HDLs); and changes in fibrinogen and FGF21. The primary safety endpoints were the incidence of adverse events and adverse drug reactions. Secondary safety endpoints were percentage of values above the upper limit of normal range for AST, ALT, sCr, and CK, and change in sCr, eGFR, CK, AST, ALT, γ-GT, alkaline phosphatase (ALP), and total bilirubin. All hematological data are from fasting blood samples (drawn at least 10 hours after the patient’s most recent meal).



Patients with renal dysfunction were defined as those with baseline eGFR < 60 mL/min/1.73 m2 (eGFRmale = 194 × sCr −1.094 × age−0.287, eGFRfemale = 194 × sCr−1.094 ×age−0.287 × 0.739 [49]). The analysis was stratified by the presence or absence of renal dysfunction in the concomitant statin group, and efficacy and safety of pemafibrate were evaluated. In the efficacy and safety evaluations excluding AEs, ADRs, and cutoff values for AST, ALT, sCr, and CK, findings were combined for pemafibrate subgroups receiving doses of 0.1 mg/day, 0.2 mg/day, and 0.4 mg/day.



For each lipid parameter, gel filtration HPLC was performed at Skylight Biotech, Inc. Other measurements were performed at LSI Medience Corporation. The FAS analysis set was used for efficacy parameters regarding effects on lipids, fibrinogen, and FGF21. The FAS was defined as all subjects who were randomized and took at least one dose of placebo or pemafibrate, and for whom baseline and at least one post-baseline value was available for assessment of efficacy endpoints. The safety analysis set was used for safety parameters and was defined as all subjects who were randomized and took at least one dose of placebo or pemafibrate. For lipid parameters, fibrinogen, and FGF21, LS means (95% confidence interval) were calculated at Week 12 (LOCF) using analysis of covariance (ANCOVA) with baseline values as the co-variable within each category. For safety parameters, LS means (95% confidence interval) was calculated at Week 12 using ANCOVA with baseline values as the co-variable within each category. Multiplicity was not considered in any of the statistical analyses in this study. SAS version 9.2 was used for analyses.




5. Conclusions


We found that 12 weeks of treatment with pemafibrate lowered TG and contributed to the overall improvement of atherogenic dyslipidemia with no increase in the incidence of adverse events compared with placebo, regardless of statin use. Similar results were observed for concomitant statin use in patients with renal dysfunction. Pemafibrate seems promising for improving lipid profiles in a variety of populations with dyslipidemia.








Supplementary Materials


Supplementary materials can be found at https://www.mdpi.com/1422-0067/20/22/5537/s1.





Author Contributions


S.Y., H.A., K.Y., E.A., H.S., and S.I. contributed to the concept, design, and execution of the study, and to the interpretation of the data. S.Y. contributed substantially to the writing and critical review of the manuscript. H.A., K.Y., E.A., and S.I. contributed to the critical review of the manuscript. M.M., T.N., and H.S. are the guarantors of this work and, as such, had full access to all of the data in the study and take responsibility for the data integrity and the accuracy of data analysis.




Funding


This study was funded by Kowa Company, Ltd. The study sponsor had a role in the study design; data collection, analysis, and interpretation; and writing of the report.




Acknowledgments


We acknowledge the investigators and patients who participated in these studies. Medical writing support was provided by EDIT, Inc. (Tokyo, Japan) and was funded by Kowa Company, Ltd.




Conflicts of Interest


S.Y. reports personal fees from Kowa Company, Ltd. during the conduct of the study; personal fees and grants from MSD K.K.; personal fees from Kowa Company, Ltd., Amgen Astellas BioPharma K.K., and Sanofi K.K.; and grants from Bayer Yakuhin, Ltd., Nippon Boehringer Ingelheim Co., Ltd., Takeda Pharmaceutical Company Limited, Ono Pharmaceutical Co., Ltd., Astellas Pharma Inc., Mitsubishi Tanabe Pharma Corporation, Hitachi Chemical Diagnostics Systems Co., Ltd., and Rohto Pharmaceutical Co., Ltd. outside the submitted work. H.A. reports personal fees from Kowa Company, Ltd. during the conduct of the study; personal fees from Daiichi Sankyo Company, Limited, Astellas Pharma Inc., Sanofi K.K., Kowa Company, Ltd., MSD K.K., Amgen Astellas BioPharma K.K., Abbott Japan Co., Ltd., Pfizer Japan Inc., and Chugai Pharmaceutical Co., Ltd. outside the submitted work. K.Y. reports personal fees from Kowa Company, Ltd. during the conduct of the study; personal fees and grants from Astellas Pharma Inc., MSD K.K., Ono Pharmaceutical Co., Ltd., Kyowa Kirin Co., Ltd., Kowa Pharmaceutical Co. Ltd., Sanofi K.K., Shionogi & Co., Ltd., Daiichi Sankyo Company, Limited, Taisho Pharmaceutical Co., Ltd., Sumitomo Dainippon Pharma Co., Ltd., Takeda Pharmaceutical Company Limited, Mitsubishi Tanabe Pharma Corporation, Eli Lilly Japan K.K., Nippon Boehringer Ingelheim Co., Ltd., Novartis Pharma K.K., Novo Nordisk Pharma Ltd., Pfizer Japan Inc., and Mochida Pharmaceutical Co., Ltd.; personal fees from Amgen Astellas BioPharma K.K., AstraZeneca K.K., Bayer Yakuhin, Ltd., Sanwa Kagaku Kenkyusho Co., Ltd., Kaken Pharmaceutical Co., Ltd., Kissei Pharmaceutical Co., Ltd., Kowa Company, Ltd., Jansen Pharma K.K., Fujifilm Pharma Co., Ltd., Johnson & Johnson K.K., Japan Vaccine Co., Ltd., Abbott Japan Co., Ltd., and Sawai Pharmaceutical Co., Ltd.; and grants from Teijin Pharma Limited, and Nippon Pharma Co., Ltd., outside the submitted work. E.A. reports personal fees from Kowa Company, Ltd. during the conduct of the study; personal fees and grants from Astellas Pharma Inc., Daiichi Sankyo Company, Limited, Eli Lilly Japan K.K., Kowa Company Ltd., Mitsubishi Tanabe Pharma Corporation, MSD K.K., Nippon Boehringer Ingelheim Co., Ltd., Novartis Pharma K.K., Novo Nordisk Pharma Ltd., Sanofi K.K., Taisho Pharmaceutical Co., Ltd., and Takeda Pharmaceutical Company Limited; personal fees from Abbott Japan Co., Ltd., Arkray, Inc., AstraZeneca K.K., Chugai Pharmaceutical Co., Ltd., Fujifilm Pharma Co., Ltd., Kissei Pharmaceutical Co., Ltd., Kyowa Kikaku Ltd., WebMD LLC, Ono Pharmaceutical Co., Ltd., Sanwa Kagaku Kenkyusho Co., Ltd., and Terumo Corporation; and grants from Pfizer Japan Inc. outside the submitted work. M.M., T.N. and H.S. are employees of Kowa Company, Ltd. S.I. reports personal fees from Kowa Company, Ltd. during the conduct of the study; and grants from Astellas Pharma Inc., Ono Pharmaceutical Co., Ltd., Teijin Pharma Limited, and Kowa Pharmaceutical Co. Ltd. outside the submitted work.




Abbreviations




	Abbreviation
	Expansion



	ABCA1
	ATP-binding cassette transporter A1



	ABCG1
	ATP-binding cassette transporter G1



	ADRs
	adverse drug reactions



	AEs
	adverse events



	ALP
	alkaline phosphatase



	ALT
	alanine aminotransferase



	ANCOVA
	analysis of covariance



	ATP
	adenosine triphosphate



	Apo
	apolipoprotein



	AST
	aspartate aminotransferase



	BMI
	body mass index



	CEC
	cholesterol efflux capacity



	CK
	creatine kinase



	CKD
	chronic kidney disease



	CM-C
	chylomicron-cholesterol



	CV
	cardiovascular



	eGFR
	estimated glomerular filtration rate



	FAS
	full analysis set



	FDA
	Food and Drug Administration



	FGF21
	fibroblast growth factor 21



	Hb
	hemoglobin



	HDL-C
	high-density lipoprotein-cholesterol



	HPLC
	high-performance liquid chromatography



	IL
	interleukin



	LDL-C
	low-density lipoprotein-cholesterol



	LOCF
	last observation carried forward



	LPL
	lipoprotein lipase



	LS
	least squares



	mRNA
	messenger ribonucleic acid



	NPC1L1
	Niemann-Pick C 1-Like-1



	PPARα
	peroxisome proliferator-activated receptor α



	RemL-C
	remnant lipoprotein-cholesterol



	sCr
	serum creatinine



	SPPARMα
	selective peroxisome proliferator-activated receptor α modulator



	TC
	total cholesterol



	TG
	triglyceride



	VCAM-1
	vascular cell adhesion molecule-1



	VLDL-C
	very-low-density lipoprotein-cholesterol



	γ-GT
	gamma-glutamyltransferase
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Figure 1. Change in TG from baseline to Week 12. TG, triglyceride. 
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Figure 2. Change in HDL-C from baseline to Week 12. HDL-C, high-density lipoprotein-cholesterol. 
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Table 1. Characteristics of patients at baseline (FAS).
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Parameter

	
With Statin

	

	

	

	

	
Without Statin

	

	

	

	




	

	
Placebo

	

	
Pemafibrate

	

	
All

	
Placebo

	

	
Pemafibrate

	

	
All




	

	

	
0.1 mg/day

	
0.2 mg/day

	
0.4 mg/day

	

	

	
0.1 mg/day

	
0.2 mg/day

	
0.4 mg/day

	




	
n

	
178

	
45

	
382

	
72

	
677

	
120

	
82

	
202

	
172

	
576






	
Age (years)

	
56.9 (11.4)

	
55.0 (10.3)

	
56.9 (11.1)

	
55.7 (11.1)

	
56.6 (11.1)

	
52.0 (10.6)

	
50.0 (11.3)

	
52.0 (11.4)

	
51.6 (11.1)

	
51.6 (11.1)




	
Age ≥ 65 years

	
44 (24.7)

	
7 (15.6)

	
103 (27.0)

	
13 (18.1)

	
167 (24.7)

	
18 (15.0)

	
9 (11.0)

	
27 (13.4)

	
27 (15.7)

	
81 (14.1)




	
Sex, Female

	
38 (21.3)

	
9 (20.0)

	
73 (19.1)

	
14 (19.4)

	
134 (19.8)

	
15 (12.5)

	
2 (2.4)

	
21 (10.4)

	
12 (7.0)

	
50 (8.7)




	
Body weight (kg)

	
74.73 (14.05)

	
75.76 (12.58)

	
74.35 (14.14) 1

	
73.03 (13.05)

	
74.40 (13.89) 2

	
75.75 (12.45)

	
77.15 (11.74)

	
76.82 (13.43)

	
74.88 (12.20)

	
76.07 (12.64)




	
BMI (kg/m2)

	
27.22 (3.71)

	
27.38 (3.70)

	
27.18 (4.01) 1

	
26.35 (3.43)

	
27.12 (3.85) 2

	
26.45 (3.41)

	
26.88 (3.57)

	
26.87 (3.60)

	
26.21 (3.46)

	
26.59 (3.52)




	
BMI ≥ 25 kg/m2

	
125 (70.2)

	
34 (75.6)

	
257 (67.3)

	
43 (59.7)

	
459 (67.8)

	
75 (62.5)

	
53 (64.6)

	
131 (64.9)

	
102 (59.3)

	
361 (62.7)




	
Type 2 diabetes

	
72 (40.4)

	
15 (33.3)

	
154 (40.3)

	
39 (54.2)

	
280 (41.4)

	
44 (36.7)

	
8 (9.8)

	
65 (32.2)

	
52 (30.2)

	
169 (29.3)




	
Hypertension

	
107 (60.1)

	
20 (44.4)

	
251 (65.7)

	
43 (59.7)

	
421 (62.2)

	
42 (35.0)

	
23 (28.0)

	
71 (35.1)

	
45 (26.2)

	
181 (31.4)




	
Fatty liver

	
106 (59.6)

	
13 (28.9)

	
235 (61.5)

	
27 (37.5)

	
381 (56.3)

	
37 (30.8)

	
15 (18.3)

	
60 (29.7)

	
41 (23.8)

	
153 (26.6)




	
Pravastatin

	
22 (12.4)

	
0

	
49 (12.8)

	
0

	
71 (10.5)

	
0

	
0

	
0

	
0

	
0




	
Simvastatin

	
5 (2.8)

	
0

	
7 (1.8)

	
1 (1.4)

	
13 (1.9)

	
0

	
0

	
0

	
0

	
0




	
Fluvastatin

	
4 (2.2)

	
0

	
8 (2.1)

	
4 (5.6)

	
16 (2.4)

	
0

	
0

	
0

	
0

	
0




	
Atorvastatin

	
30 (16.9)

	
0

	
76 (19.9) 3

	
3 (4.2)

	
109 (16.1)

	
0

	
0

	
0

	
0

	
0




	
Pitavastatin

	
73 (41.0)

	
45 (100)

	
134 (35.1)

	
57 (79.2)

	
309 (45.6)

	
0

	
0

	
0

	
0

	
0




	
Rosuvastatin

	
44 (24.7) 4

	
0

	
108 (28.3) 3

	
7 (9.7)

	
159 (23.5)

	
0

	
0

	
0

	
0

	
0




	
TG (mmol/L)

	
3.78 (1.72)

	
3.88 (1.43)

	
3.69 (1.52)

	
3.62 (1.35)

	
3.72 (1.55)

	
3.69 (1.36)

	
3.71 (1.08)

	
3.80 (1.60)

	
3.75 (1.61)

	
3.75 (1.49)




	
HDL-C (mmol/L)

	
1.18 (0.27)

	
1.25 (0.22)

	
1.19 (0.26)

	
1.19 (0.22)

	
1.19 (0.26)

	
1.07 (0.19)

	
1.01 (0.14)

	
1.04 (0.19)

	
1.07 (0.44)

	
1.05 (0.28)




	
LDL-C (mmol/L)

	
2.89 (0.76)

	
3.24 (0.51)

	
2.85 (0.78)

	
3.10 (0.61)

	
2.91 (0.75)

	
3.61 (0.87)

	
3.39 (0.96)

	
3.49 (0.96)

	
3.49 (0.97)

	
3.50 (0.95)




	
HbA1c (%)

	
6.39 (0.76)

	
6.31 (0.61)

	
6.42 (0.85)

	
6.60 (0.65)

	
6.43 (0.80)

	
6.17 (0.78)

	
5.69 (0.59)

	
6.11 (0.74)

	
6.09 (0.76)

	
6.06 (0.75)




	
eGFR 5

(mL/min/1.73 m2)

	
76.4 (18.5)

	
78.2 (17.6)

	
77.8 (16.7)

	
78.1 (17.0)

	
77.5 (17.3)

	
78.7 (15.4)

	
75.9 (14.5)

	
79.2 (15.7)

	
78.9 (15.3)

	
78.5 (15.3)








Data are presented as mean (standard deviation) for continuous parameters and the number of patients (percentage) for categorical parameters. 1 n = 381, 2 n = 676, 3 one patient switched from atorvastatin to rosuvastatin at week 2. 4 including one patient who started rosuvastatin at week 8. 5 eGFRmale = 194 × sCr−1.094 × age−0.287, eGFRfemale = 194 × sCr−1.094 × age−0.287 × 0.739. FAS, full analysis set; BMI, body mass index; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; sCr, serum creatinine.
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