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Background/Aims: Pemafibrate is a selective peroxisome proliferator-activated receptor α modulator that improves serum alanine aminotransferase (ALT) in dyslipidemia patients. Pemafibrate was reported to reduce ALT in non-alcoholic fatty liver disease (NAFLD) patients, but efficacy was not clearly elucidated due to the small size of previous study populations. Therefore, we explored pemafibrate efficacy in NAFLD patients.

Methods: We retrospectively evaluated pemafibrate efficacy on liver enzymes (n = 132) and liver shear wave velocity (SWV, n = 51) in NAFLD patients who had taken pemafibrate for at least 24 weeks.

Results: Patient ALT levels were decreased from 81.0 IU/L at baseline to 48.0 IU/L at week 24 (P < 0.0001). Serum levels of aspartate aminotransferase (AST), γ-glutamyl transpeptidase (γ-GTP) and triglyceride (TG) were significantly decreased, and high-density lipoprotein cholesterol and platelet count were significantly increased, with no change in body weight being observed. Study participant SWV values decreased from 1.45 m/s at baseline to 1.32 m/s at week 48 (P < 0.001). Older age (P = 0.035) and serum TG levels (P = 0.048) were significantly associated with normalized ALT. Changes in AST, ALT, γ-GTP and body weight were significantly correlated with change in SWV.

Conclusion: Pemafibrate significantly improves liver function, serum TG and liver stiffness in NAFLD patients. Pemafibrate is a promising therapeutic agent for NAFLD and may be a candidate for NAFLD patients with elevated TG.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent chronic liver disease with an approximate 25% global morbidity rate (1). If left untreated, NAFLD can progress to liver cirrhosis and hepatocellular carcinoma (2). Furthermore, NAFLD is associated with extrahepatic complications, particularly cardiovascular disease and certain cancers (3, 4). Although weight loss and lifestyle modification behaviors are the first therapeutic approach to prevent NAFLD, or prevent the progression of NAFLD, most patients do not easily adhere to this approach (5, 6). Currently, there exists a dearth of pharmacological recommendations tailored to the treatment of NAFLD (5, 6).

Pemafibrate is a selective peroxisome proliferator-activated receptor (PPAR) α modulator family that was designed to have a higher PPARα agonistic activity and selectivity than existing PPARα agonists (such as fibrates) (7). The efficacy of pemafibrate on reducing cardiovascular events had been examined in a large-scale clinical study (8, 9) and then, pemafibrate is currently marketed for the treatment of hypertriglyceridemia since 2018 only in Japan. PPARα has anti-inflammatory properties through transrepression of pro-inflammatory target genes, such as activator protein (AP)-1 and nuclear factor (NF)-κB (10).

Corresponding to PPARα effect, pemafibrate has the potential to be beneficial to NAFLD patients. Recent human and animal studies suggest that PPARα activation by pemafibrate promotes lipid turnover with simultaneous inducement of triglyceride (TG) hydrolysis, fatty acid β-oxidation, TG synthesis and TG re-esterification in the liver (11–13). Additionally, pemafibrate improved liver fibrosis by reducing collagen 1α1 mRNA levels along with a decrease in the levels of pro-inflammatory mRNA (12). Indeed, pemafibrate induced a significant reduction in alanine aminotransferase (ALT) and γ-glutamyl transpeptidase (γ-GTP) levels in NAFLD patients (11, 14–21). However, the efficacy of pemafibrate with respect to NAFLD was not addressed in these earlier studies due to cohort size. In addition, the efficacy of pemafibrate with respect to the amelioration of hepatic fibrosis has yet to be clearly demonstrated. Remarkable recent advances in imaging technology have allowed clinicians to monitor and assess changes in liver tissue using ultrasound imaging techniques, such as vibration controlled transient elastography (FibroScan) and shear wave elastography (SWE) (22).

In this study, our aim was to retrospectively evaluate the efficacy of pemafibrate on liver enzymes and liver shear wave velocity (SWV) in NAFLD patients.



Materials and methods


Study population

This is a retrospective, observational study. Prior to the initiation of the study, the study protocol was reviewed and approved by the clinical research ethics review committee of Mie University hospital (Approval No. H2022-012). Since this was a retrospective medical record survey, it was exempt from written or oral consent; however, we released information about this research so patients could opt out of having their data used.

We selected patients who had taken pemafibrate from June 2018 to December 2021 and obtained information about medical history and medication (e.g., age, gender, body weight, comorbidities, and treatments for type 2 diabetes, hypertension, and dyslipidemia). The inclusion criteria were thus: (1) fatty liver diagnosed by abdominal ultrasonography, such as increased liver echogenicity, liver-kidney contrast, and poor visualization of deep hepatic parenchyma, (2) dyslipidemia treated with pemafibrate (0.1 mg twice a day), (3) alcohol consumption < 30 g/day in males and < 20 g/day in females. Exclusion criteria were as follows: (1) severe chronic kidney disease [serum creatinine (Cr) > 2.5 mg/dl], (2) cirrhosis, hepatocellular carcinoma, gallstones or other chronic liver diseases, such as viral infection and autoimmune hepatitis, (3) patients who stopped pemafibrate within 24 weeks, (4) patients who were newly prescribed sodium-glucose cotransporter type 2 inhibitors, glucagon-like peptide-1 agonists and/or pioglitazone.



Intervention and outcomes

All patients were given weight-loss counseling 12 weeks before receiving pemafibrate. Patients received pemafibrate (0.1 mg twice daily) orally for at least 24 weeks and visited an outpatient clinic every 2–8 weeks. Any drugs administered prior to starting pemafibrate were continued during the observation period. Biochemical parameters, including hepatic function, lipid metabolism and renal function, were measured at baseline and again at 24 weeks. The SWV values in m/s, as determined using an ARIETTA S70 (Hitachi Aloka Medical, Ltd, Japan), were measured at baseline and again at 48 weeks. Patients were divided into four groups according to SWV values of <1.34 m/s, ≥1.34 to <1.55 m/s (significant fibrosis), ≥1.55 to <1.80 m/s to (severe fibrosis) and ≥ 1.80 m/s (liver cirrhosis), respectively (23). The primary end-point analysis was change in patient serum ALT levels from baseline. Secondary end-point analyses included change in aspartate aminotransferase (AST), γ-GTP, TG, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), Cr, platelet (Plt) count, fibrosis-4 (FIB-4), body weight (kg) and SMV. The FIB-4 values were calculated using the formula: age (years) × AST (IU/L)/(Plt [109/L] × [ALT [IU/L])1/2) (24).



Statistical analysis

Data are represented as mean values with standard deviation (SD). All changes between baseline and week 24 or 48 were analyzed using two-tailed paired t-tests. The correlation analysis was carried out using Spearman’s correlation analysis. Normalized or 30% decrease in laboratory tests were evaluated using McNemar test. The associations of normalized ALT (<30 IU/L), 30% decrease in ALT and 30% decrease in SWV (25) after pemafibrate treatment with baseline characteristics were assessed using logistic regression model. In the model, continuous variables were log2-transformed to mitigate the skewed distribution. Younger age (<40 years old) was defined based on the 1st quartile in this cohort. Variables with P < 0.10 in univariable analyses were included in a multivariable analysis for adjustment. A P-value <0.05 was considered statistically significant. Statistical analyses were performed using Prism (GraphPad Software, Inc., San Diego, CA, USA) and SPSS Statistics 27.0 (IBM, Armonk, NY, USA) and R software version 4.1.01.




Results


Baseline characteristics of study patients

The baseline characteristics of the 132 NAFLD patients who had taken pemafibrate are shown in Table 1. The baseline values of ALT, γ-GTP, TG and HDL-C were 81.0 ± 50.0 IU/L, 89.8 ± 80.8 IU/L, 235.2 ± 165.4 mg/dL and 50.0 ± 14.4 mg/dL, respectively. FIB-4 index at baseline was 1.24 ± 1.14, indicating that the majority of patients would be clinically categorized as having low or intermediate risk of advanced fibrosis (26). Serial SWV values were available for 51 out of the 132 NAFLD patients. Within these 51 NAFLD patients, the baseline values of ALT and γ-GTP were 90.7 ± 63.1 IU/L and 99.7 ± 94.9 IU/L, respectively. FIB-4 index at baseline was 1.25 ± 1.16, indicating that the majority of patients would be clinically categorized as low or intermediate risk of having advanced fibrosis (Table 2).


TABLE 1    Characteristics of patients with NAFLD at baseline and after 24 weeks of pemafibrate treatment.
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TABLE 2    Characteristics of patients measured liver stiffness using SWE at baseline and after 48 weeks of pemafibrate treatment.
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Change in laboratory and clinical data after pemafibrate treatment

We determined that no adverse events, including liver or renal injury, were reported during the treatment period. The changes in general data from baseline to week 24 are summarized in Table 1 and the changes in ALT, γ-GTP, TG and HDL-C at baseline and week 24 are shown in Figure 1A. Patient ALT levels decreased from 81.0 IU/L at baseline to 48.0 IU/L at week 24 (P < 0.0001). Patient serum levels of AST, γ-GTP and TG were significantly decreased and HDL-C, Cr and Plt count were significantly increased at the 24-week timepoint. The FIB-4 index, used as a marker of liver fibrosis, decreased from 1.24 at baseline to 1.13 at week 24 (P < 0.01; Figure 1A). Normalized ALT as well as AST, γ-GTP and TG were more frequently observed after 24-week treatment with pemafibrate compared to the baseline (Figure 1B). There was no change in patient body weight between baseline and week 24. The SWV measurement decreased from 1.45 m/s at baseline to 1.32 m/s at week 48 (P < 0.001; Figure 1A). Overall, pemafibrate treatment was associated with an improvement in the fibrosis stage estimated by SWV compared with the pretreatment stage (Figure 1C). As with the week 24 timepoint, there was no observed change in body weight between baseline and week 48 (75.8 ± 13.9 kg).
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FIGURE 1
(A) The changes in ALT, γ-GTP, TG, HDL-C, FIB-4 index and SWV at baseline and 24 or 48 weeks of treatment with pemafibrate. (B) Normalized ALT as well as AST, γ-GTP, and TG after 24-week treatment with pemafibrate compared to the baseline. (C) The changes in fibrosis stage estimated SWV at baseline and 48 weeks of treatment with pemafibrate. ALT, alanine aminotransferase; γ-GTP, γ-glutamyl transpeptidase; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; FIB-4, fibrosis-4; SWV, shear wave velocity; AST, aspartate aminotransferase.




Influence of pemafibrate on creatinine

Since serum Cr levels were increased after pemafibrate treatment, we investigated the factors associated with increasing serum Cr levels. We found no difference between the baseline clinical characteristics and laboratory variables in the increased Cr group versus the non-increased group (Supplementary Table 1). In addition, only the baseline Cr level < 0.9 mg/dL (odds ratio [OR], 2.7; 95% confidence interval [CI], 1.26–5.72; P = 0.011) was significantly associated with increased Cr in univariate logistic regression analysis.



Parameters associated with changes in ALT

Among patients with elevated ALT at baseline (n = 123), 37 (30%) patients achieved normalized ALT 24 weeks after pemafibrate initiation. Older age (OR, 4.2; 95% CI, 1.36–13.0; P = 0.013), serum TG level (OR, 1.72; 95% CI, 0.93–3.21; P = 0.086), and ALT (OR, 0.39; 95% CI, 0.16–0.96; P = 0.041) at baseline were associated with normalized ALT (Table 3). Even after adjusting for these confounding factors, older age (adjusted OR, 3.68; 95% CI, 1.10–12.4; P = 0.035) and serum TG level (OR, 1.57; 95% CI, 1.00–2.45; P = 0.048) were significantly associated with normalized ALT (Figure 2A). Baseline levels of AST (OR, 3.28; 95% CI, 1.78–6.05; P < 0.001), ALT (OR, 3.18; 95% CI, 1.80–5.62; P < 0.001) and γ-GTP (OR, 1.61; 95% CI, 1.10–2.35; P = 0.013) were associated with a 30% decrease in ALT (Table 3). We observed no significant association between a 30% decrease in ALT and other baseline parameters after adjusting for these confounding factors (Figure 2B).


TABLE 3    The associations of normalized ALT, 30% decrease in ALT, and 30% decrease in SWV after pemafibrate treatment with the baseline characteristics.
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FIGURE 2
(A) The associations of normalized ALT after pemafibrate treatment with baseline age, TG and ALT. (B) The associations between 30% decrease in ALT after pemafibrate treatment with baseline AST, ALT, and γ-GTP. (C) The associations between 30% decrease in SWV after pemafibrate treatment with baseline AST, ALT, and HDL-C. TG, triglyceride; ALT, alanine aminotransferase; SWV, shear wave velocity; AST, aspartate aminotransferase; γ-GTP, γ-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol.




Parameters associated with changes in SWV

Baseline levels of AST (OR, 11.4; 95% CI, 1.85–70.0; P = 0.009), ALT (OR, 4.1; 95% CI, 1.18–14.3; P = 0.027) and HDL-C (OR, 18.6; 95% CI, 1.22–282.8; P = 0.036) were associated with a 30% decrease in SWV (Table 3). We observed no significant association between a 30% decrease in SWV and other baseline parameters after adjusting for these confounding factors (Figure 2C). We further investigated the association between change in SWV (SWV at week 48 minus SWV at baseline) and changes in clinical parameters. Changes in AST, ALT, γ-GTP and body weight were significantly correlated with change in SWV (P < 0.05; Figure 3).
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FIGURE 3
The association between change in SWV and changes in laboratory variables. SWV, shear wave velocity; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GTP, γ-glutamyl transpeptidase; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol. *P < 0.05.





Discussion

In the presented study, a relatively large number of NAFLD patients taking pemafibrate saw significantly decreased serum liver enzymes such as AST, ALT and γ-GTP. We also found serum lipids, such as TG and HDL-C, to be significantly improved when NAFLD patients were treated with pemafibrate. These results are consistent with previous reports (14–16) (11, 17–21). Notably, the change in liver enzymes was accompanied with a significant improvement in liver stiffness, as measured by SWE.

We defined the primary endpoint in this study as change in serum ALT levels from baseline. In general, the reduction in serum ALT levels is a predictor of histological inflammation amelioration in patients with biopsy-proven NASH (27). In addition, Argo et al. reported that the presence of histological inflammation is the only predictor of fibrosis progression at follow-up biopsy (28). These results suggest that a reduction in serum ALT is a proxy index for histological improvement, including liver inflammation and fibrosis. In the present study, NAFLD patients undergoing pemafibrate therapy saw dramatically reduced ALT levels without a change in body weight. There exists the possibility that the effect of pemafibrate on liver function is independent of patient weight loss. Thus, a pemafibrate-associated reduction in serum ALT may be a beneficial treatment for patients with NAFLD/NASH. In addition, the predictive factor in this study related to the effect of pemafibrate was baseline serum TG levels. Therefore, pemafibrate may be suitable for NAFLD patients with high TG levels, although further study is required to validate the results.

For the first time, our study revealed that pemafibrate treatment led to a decrease in liver stiffness when assessed using SWE, however Nakajima et al. reported that pemafibrate showed a significant reduction in liver stiffness using another instrument, magnetic resonance elastography, in a double-blind, phase 2 study in patients with NAFLD (11). We demonstrated that the change in liver stiffness was accompanied with a significant improvement in blood liver fibrosis markers such as Plt count and FIB-4 index, which was consistent with previous reports (11, 15, 17, 18, 21). The significant reduction in liver stiffness and fibrosis markers suggests an overall improvement in liver fibrosis, indicating that pemafibrate may have another advantage in treating patients with liver fibrosis, since liver fibrosis is associated with an increased risk of developing liver-related events and is predictive in NAFLD patient prognosis (29). Considering that SWE-assessed liver stiffness is correlated with liver inflammation and hepatic steatosis (30, 31), and is positively correlated with changes in AST, ALT, γ-GTP, body weight and SWV in our study, our results of decreased liver stiffness may partially reflect a pemafibrate-related improvement in liver inflammation and hepatic steatosis. To be sure, further research is required to confirm the histological improvement in detail, including in patients with more advanced liver fibrosis.

We found that pemafibrate slightly increased serum Cr levels during the treatment period, which has also been reported in other studies involving the administration of fibrates (8, 32). It has been argued that this increased Cr effect is benign because it is not associated with a reduction in glomerular filtration rate estimated by inulin clearance (32) and is essentially reversible after cessation of fibrates (33). It may be caused by an overproduction of Cr (34) although interference in the generation of vasodilatory prostaglandins has been proposed as an explanatory mechanism (35). Overall, reports show a very positive safety profile for pemafibrate, even in patients with chronic kidney disease (36). Indeed, a relatively high Cr level (≥0.9 mg/dL) was not associated with increased Cr after pemafibrate treatment in our patients with NAFLD.

Our study did have some limitations insofar as it was a retrospective, observational study without a control group and involved multi-sample blood collections. In the present study, histopathological evaluation of the liver was not performed. A prospective study, including histopathological evaluation, should be performed in the future.

In conclusion, our study included a relatively large number of patients, and our results are consistent with previous reports. According to existing evidence, which includes our study, pemafibrate can undoubtedly ameliorate liver dysfunction assessed by AST, ALT and γ-GTP levels in NAFLD patients after 24 weeks of administration. Further, pemafibrate also improves liver stiffness after more than 48 weeks of treatment. No remarkable adverse effects were reported in these studies.
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aminotransferase; y-GTP, y-glutamyl transpeptidase; TG, triglyceride; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Cr, creatinine; Plt, platelet;

FIB-4, fibrosis-4.
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