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Abstract: Aim: Pemafibrate (PEM) is a novel selective peroxisome proliferator-activated receptor
alpha modulator that is effective for hypertriglyceridemia accompanying non-alcoholic fatty liver
disease (HTG-NAFLD). This study aimed to identify the predictors of PEM efficacy for HTG-NAFLD
in clinical practice. Methods: We retrospectively enrolled 88 HTG-NAFLD patients treated with
PEM for 6 months for the analysis of routine blood and body composition testing. A PEM response
was defined as a decrease in serum alanine aminotransferase (ALT) of >30% compared with pre-
treatment level. The clinical features related to PEM responsiveness were statistically tested between
responders and non-responders. Results: All 88 patients completed the 6 month drug regimen
without any adverse effects. PEM treatment significantly decreased liver enzymes, triglycerides,
and total cholesterol levels, without any detectable impact on body weight or body composition.
Comparisons of baseline clinical features revealed female and greater aspartate aminotransferase
(AST), ALT, and fat mass % levels to be significantly associated with a PEM response. The optimal
cut-off values to predict responders as determined by receiver operating characteristic analysis were
AST 45 U/L, ALT 60 U/L, and fat mass 37%. Conclusions: Female HTG-NAFLD patients with higher
transaminase and fat mass % levels may be preferentially indicated for PEM treatment. Additional
large-scale prospective studies are warranted to verify our results.

Keywords: non-alcoholic fatty liver disease; non-alcoholic steatohepatitis; hypertriglyceridemia;
pemafibrate; selective PPAR« modulator; treatment prediction; body composition analysis

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is considered a hepatic manifestation of
metabolic syndrome and is related to such metabolic diseases as obesity, hypertension (HT),
type 2 diabetes mellitus (DM), and dyslipidemia [1]. NAFLD is also the most common
chronic liver disease, whose incidence is increasing worldwide [2]. NAFLD is classified into
non-alcoholic fatty liver and non-alcoholic steatohepatitis (NASH) [3]. NASH increases the
risk of liver cirrhosis (LC), liver failure, and hepatocellular carcinoma (HCC) [4]. Despite
intensive treatment development efforts, no US Food and Drug Administration approved
drug therapy is currently available for human NAFLD/NASH [5].

Pemafibrate (PEM) is a novel selective peroxisome proliferator-activated receptor-
alpha (PPARx) modulator approved for use in Japan in 2018 [6]. The clinical dose of PEM
is thought to reduce triglyceride (TG) levels by up-regulating hepatic PPAR« activity [7].
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As PPAR« is considered to have a hepatoprotective function [8], therapeutic strategies to
restore PPARx expression/activity may be beneficial [9,10]. Raza-Iqgbal et al. showed that
PEM induced a series of PPAR« target genes involved in hepatic TG hydrolysis, fatty acid
uptake, fatty acid f-oxidation, and ketogenesis, all of which underpin the drug’s plasma
TG-lowering effects [11].

Although the usefulness of PEM in NAFLD patients has been described in recent years,
the predictors of treatment efficacy have not yet been investigated. This study evaluated the
clinical and body composition features predicting a PEM response for hypertriglyceridemia
accompanying NAFLD (HTG-NAFLD).

2. Materials and Methods
2.1. Patients and Clinical Examinations

This retrospective, case-control study was approved by the Committees for Medical
Ethics of Shinshu University School of Medicine (ID number: 4196) and Nagano Municipal
Hospital (ID number: 0038), and was performed following the Helsinki declaration of
1975, 1983 revision. We carefully reviewed the medical records of 30 Japanese NAFLD
patients who had visited Shinshu University Hospital (Matsumoto, Japan) between January
2019 and June 2022, and 58 Japanese NAFLD patients who had been treated at Nagano
Municipal Hospital (Nagano, Japan) between August 2019 and May 2022. HTG-NAFLD
was diagnosed based on the following criteria: (1) the presence of hepatorenal contrast
and increased hepatic echogenicity on abdominal ultrasonography; (2) an average habitual
consumption of <20 g/day of ethanol; (3) the absence of other causes of liver dysfunction,
such as viral hepatitis, drug-induced liver injury, autoimmune liver disease, Wilson’s
disease, hereditary hemochromatosis, and citrin deficiency [12], and (4) fasting serum
levels of TG > 150 mg/dL [13]. All patients had well-preserved liver function (i.e., not
Child-Pugh class B or C) and no signs of HCC, gallstones, or advanced renal impairment
(i.e., serum creatine (Cre) concentration >2.5 mg/dL) before PEM medication. Patients
were defined as hypertensive if their systolic/diastolic pressure was >140/90 mmHg or
if they were taking anti-hypertensive drugs [14]. Patients were considered to be diabetic
if they had a fasting glucose level of >126 mg/dL or if they were taking insulin or oral
hypoglycemic agents [15]. The diagnosis of LC was based on imaging findings and the
formula for predicting LC proposed by Ikeda et al. [16]. All laboratory data and body
composition measurements were obtained in a fasting state. Fibrosis-4 index (FIB-4) and
aspartate aminotransferase (AST) to platelet ratio index (APRI) were calculated according to
the following formulas: FIB-4 = (age [years] x AST [U/L])/(platelet count (PLT) [x 10%/L]
x alanine aminotransferase (ALT) [U/L]'/2) [17], and APRI = AST [U/L]/ upper limit of
the normal range [U/L]/PLT [10%/L] x 100 [18,19]. The interval between patient visits and
blood sampling was 4 weeks, at which time the patient was also interviewed about side
effects.

2.2. Body Composition Analysis

For the 58 patients seen at Nagano Municipal Hospital, body composition analysis to
measure fat mass, soft lean mass, and skeletal muscle (SKM) mass, was performed using an
InBodyS10 multifrequency impedance body composition analyzer (InBody, Tokyo, Japan).
Skeletal muscle mass index (SMI) was calculated as appendicular SKM mass [kg]/height
[m]?. Referring to the Japanese Society of Hepatology sarcopenia diagnostic criteria, we
defined sarcopenia as SMI < 7.0 kg/m? in men and <5.7 kg/m? in women [20].

2.3. Statistical Analysis

Clinical data are expressed as the number (percentage) or median (interquartile range).
Statistical analyses were performed using the StatFlex Ver. 7.0 (Artech. Co., Ltd., Osaka,
Japan) and Prism 8 (GraphPad Software Inc.; San Diego, CA, USA). Wilcoxon matched-pairs
signed-rank testing was used for evaluating parameters before and after PEM treatment.
The Mann-Whitney test and chi-square test were employed to compare responders and non-
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responders. Correlation analysis was conducted using Spearman’s test. Diagnostic accuracy
was evaluated using the area under the receiver operating characteristic (ROC) curve (AUC).
The Youden index identified cut-off values, with the nearest clinically applicable value to
the cut-off being considered the optimal threshold for clinical convenience. All statistical
tests were evaluated at the 0.05 level of significance.

3. Results
3.1. Clinical Characteristics of HTG-NAFLD Patients Treated with PEM

We ultimately enrolled 88 patients receiving PEM (0.1 mg twice daily) for HTG-
NAFLD and examined the effects of PEM treatment for 6 months. The pretreatment clinical
characteristics of the cohort are summarized in Table 1. Median age was 57 years, and
35 patients (39.8%) were men. Body composit.ion analysis revealed median body weight,
body mass index (BMI), fat mass percentage (%), and SMI values of 71.9 kg, 27.2 kg/m?,
39%, and 7.4 kg/ m?, respectively. Forty-one (47%) and 31 (35%) patients had DM and HT,
respectively.

Table 1. Clinical characteristics of HTG-NAFLD patients treated with PEM.

All Patients All Patients
(n =88) (n = 88)
Median (IQR)/n (%) Median (IQR)
Age (years) 57 (46-66) Laboratory data

Man 35 (39.8) Alb (g/dL) 44 (4.2-4.6)

Liver cirrhosis 6 (6.8) AST (U/L) 43 (30-61)

ALT (U/L) 56 (37-85)
Body composition ALP (U/L) 241 (198-325)

Body weight (kg) 719 (61-79.3) GGTP (U/L) 59 (40-95)

BMI (kg/m?) 27.2 (25.2-30.3)  Ferritin (ng/mL) $ 163 (87-278)

Fat mass (%) * 39 (30.4-42.6) APRI 0.7 (0.4-1.1)
Soft lean mass (%) * 57.7 (54-66) FIB-4 1.21 (0.89-2.45)
SKM mass (%) # 33.1 (30.5-38.9) M2BPGi (COI) * 0.81 (0.47-1.24)
SMI (kg/m?) # 7.4 (6.6-8.5) TG (mg/dL) 197 (153-288)
TC (mg/dL) 209 (173-233)

Complications LDL (mg/dL) 124 (99-150)

Type 2 DM 41 (47%) HDL (mg/dL) 43 (36-656)

. o Fasting glucose

Hypertension 31 (35%) (mg/dL) 117 (104-137)

Obesity (BMI > 25) 68 (77%) HbAlc (%) 6.3 (5.9-6.6)
Sarcopenia # 29 (50%) Cre (mg/dL) 0.75 (0.65-0.89)

CK (U/L) 102 (76-174)

#n =58, %n=47,*n=31. Alb: albumin, ALP: alkaline phosphatase, ALT: alanine aminotransferase, APRI: AST to
platelet ratio index, AST: aspartate aminotransferase, BMI: body mass index, CK: creatine kinase, Cre: creatinine,
DM: diabetes mellitus, FIB-4: fibrosis-4 index, GGTP: gamma-glutamyltransferase, HbAlc: hemoglobin Alc,
HDL: high-density lipoprotein cholesterol, HTG-NAFLD: hypertriglyceridemia accompanying non-alcoholic fatty
liver disease, IQR: interquartile range, LDL: low-density lipoprotein cholesterol, M2BPGi: Mac-2 binding protein
glycan isomer, PEM: pemafibrate, SKM: skeletal muscle, SMI: skeletal muscle mass index, TC: total cholesterol,
TG: triglyceride.

3.2. Six-Month Treatment with PEM Significantly Improved Liver Function and Lipid Profiles

We analyzed the changes in clinical parameters before and at 6 months of PEM
treatment in patients with HTG-NAFLD. No significant treatment-induced changes were
seen for body composition, including body weight, fat mass %, and SMI (Figure 1). The
median values of AST, ALT, alkaline phosphatase (ALP), and gamma-glutamyltransferase
(GGTP) were all significantly improved at 6 months compared with baseline (AST: 43 to
34 U/L, ALT: 56 to 38 U/L, ALP: 241 to 189 U/L, and GGTP: 59 to 33 U/L, all p < 0.001)
(Figure 2). Twenty-five patients (28.4%) had both AST and ALT below 40 U/L before
PEM treatment, which increased to 41 (46.6%) after treatment. A significant increase
in serum albumin (Alb) was also detected (4.4 to 4.6 g/dL, p = 0.008). Regarding liver
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fibrosis markers, APRI, FIB-4, and Mac-2 binding protein glycan isomer (M2BPGi) values
at 6 months were significantly lower than at baseline (APRI: 0.7 to 0.49, p < 0.001, FIB-4:
1.21 to 1.18, p = 0.002 and M2BPGi: 0.81 to 0.7 COI, p = 0.027).
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Figure 1. Physical data were evaluated before (Pre) and at 6 months (6 M) of PEM treatment. Data are
from 58 patients for body composition analysis, and 88 patients for weight (Wilcoxon matched-pairs
signed-rank test). SKM: skeletal muscle, SMI: skeletal muscle mass index.

Lipid profiles including TG, total cholesterol (TC), and high-density lipoprotein choles-
terol (HDL) were improved at 6 months compared with baseline, as previously reported
(TG:197 to 128 mg/dL, p <0.001, TC: 209 to 194 mg/dL, p <0.001, and HDL: 43 to 51 mg/dL,
p = 0.001), whereas low-density lipoprotein cholesterol tended to be comparable (124 to
115 mg/dL, p = 0.051) (Figure 2). Fasting glucose level was decreased at 6 months of PEM
treatment (117 to 111 mg/dL, p = 0.027), while hemoglobin Alc remained unchanged (6.3%
to 6.0%, p = 0.889). No significant differences in creatine kinase or Cre values before and
after treatment were noted. All patients were able to continue PEM treatment without
noticeable adverse effects.
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Figure 2. Laboratory data were evaluated before (Pre) and at 6 months (6 M) of PEM treatment. Data
are from 47 patients for ferritin, 31 patients for M2BPGi, and 88 patients for the other parameters
(Wilcoxon matched-pairs signed-rank test). Alb: albumin, ALP: alkaline phosphatase, ALT: alanine
aminotransferase, APRI: aspartate aminotransferase to platelet ratio index, AST: aspartate aminotrans-
ferase, CK: creatine kinase, Cre: creatinine, FIB-4: fibrosis-4 index, GGTP: gamma-glutamyltransferase,
Glu: fasting glucose, HbAlc: hemoglobin Alc, HDL: high-density lipoprotein cholesterol, LDL: low-
density lipoprotein cholesterol, M2BPGi: Mac-2 binding protein glycan isomer, TC: total cholesterol,
TG: triglyceride.

3.3. Comparison between Responders and Non-Responders to PEM Treatment in
HTG-NAFLD Patients

A response to pharmacological intervention was defined as a decrease in ALT of >30%
compared with baseline after 6 months of PEM treatment according to several NAFLD
clinical trials [21,22]. We compared the baseline clinical features of PEM responders (n = 40)
and non-responders (n = 48) in HTG-NAFLD patients, including those who underwent
body composition analysis. Responders had a significantly higher frequency of women
than non-responders (73% vs. 50%, p = 0.032) (Figure 3). The presence of LC, HT, DM,
obesity (i.e., BMI > 25), or sarcopenia did not significantly affect PEM treatment response.

The clinical parameters of responders and non-responders before PEM treatment were
compared next. Body composition analysis revealed that responders had significantly
higher fat mass %, lower soft lean mass %, and lower SKM mass % before starting PEM
treatment as compared with non-responders (all p < 0.001) (Figure 4). There was a trend
towards better treatment efficacy in patients with lower SMI, although this did not reach
significance (p = 0.099). Focusing on each gender, we observed a significant difference in
fat mass % and soft lean mass % between responders and non-responders in women (fat
mass %: p = 0.049, and soft lean mass %: p = 0.008), but not in men (Figure 5). Responders
also had significantly higher levels of AST, ALT, and APRI before PEM treatment compared
with responders (all p < 0.001). Lipid profile did not remarkably affect PEM treatment
response (Figure 6).
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Gender LC
P=0.032 P=0.817
Responders 28%, 11 73%, 29 I Responders 7.5%, 3 92.5%, 37 '
Non.responders 50%, 24 50%, 24 I Non.responderss.3%, 3 93.8%, 45 '
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Figure 3. Patient background comparison of responders and non-responders to 6 months of PEM
treatment. Patients were defined as responders if ALT decreased by >30% at 6 months of PEM
treatment (Chi-square test). Sarcopenia is defined in the Methods section. BMI: body mass index,
DM: diabetes mellitus, HT: hypertension, LC: liver cirrhosis.
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Figure 4. Comparison of baseline physical data of responders and non-responders to 6 months of
PEM treatment (Mann-Whitney U test). SKM: skeletal muscle, SMI: skeletal muscle mass index.
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Figure 5. Comparison of gender-based baseline body composition analysis of responders and non-
responders to PEM treatment (Mann-Whitney U test). SKM: skeletal muscle, SMI: skeletal muscle
mass index.
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Figure 6. Comparison of baseline laboratory data of responders and non-responders to 6 months
of PEM treatment (Mann-Whitney U test). Alb: albumin, ALP: alkaline phosphatase, ALT: alanine
aminotransferase, APRI: aspartate aminotransferase to platelet ratio index, AST: aspartate amino-
transferase, FIB-4 index: fibrosis based on four factors index, GGTP: gamma-glutamyltransferase,
Glu: fasting glucose, HbAlc: hemoglobin Alc, HDL: high-density lipoprotein cholesterol, LDL:
low-density lipoprotein cholesterol, M2BPGi: Mac-2 binding protein glycan isomer, TG: triglyceride,
TC: total cholesterol.

3.4. ROC Curve Analysis

The respective AUC values for AST, ALT, and fat mass % were 0.80, 0.72, and 0.77.
The most appropriate ROC cut-off values for those parameters for discriminating between
responders and non-responders were identified as AST: 45 U/L (sensitivity: 70%, and
specificity: 77%), ALT: 60 U/L (sensitivity: 70%, and specificity: 71%), and fat mass: 37%
(sensitivity: 77%, and specificity: 71%).

4. Discussion

This retrospective study evaluated the efficacy and responsiveness of PEM in patients
with dyslipidemia NAFLD. Six months of PEM treatment produced the desired metabolic
changes of decreased AST, ALT, GGTP, ALP, APRI, FIB-4, M2BPGi, TG, TC, and fasting
glucose, as well as increasing Alb and HDL, without any clinically meaningful changes in
weight or body composition.

PEM has been reported to improve liver dysfunction in patients with HTG-NAFLD in
seven recent papers, as summarized in Table 2. Seko et al. witnessed that PEM significantly
improved ALT in addition to TG and HDL in 20 NAFLD patients with dyslipidemia [23].
Shinozaki et al. described that markers of hepatic inflammation, function, and fibrosis,
improved after 3 and 12 months of PEM treatment [24,25]. Hatanaka et al. showed dramatic
transaminase level improvement in 31 biopsy-proven NASH patients with significant
disease activity and advanced fibrosis [26]. They also observed ameliorated FibroScan-
AST score in 10 patients with NAFLD during PEM treatment, which correlated with ALT
changes and demonstrated the hepatic anti-inflammatory effect of PEM [27]. Ikeda et al.
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reported that PEM significantly decreased TG and ALT in 16 NAFLD patients, with fatty
liver improvement in some cases [28]. Nakajima et al. evaluated the efficacy and safety
of PEM in 58 patients with NAFLD in a placebo-controlled study and found that while
treatment for 18 months did not reduce liver fat content, it significantly decreased magnetic
resonance elastography-measured liver stiffness [29]. In the present investigation, 6 months
of PEM treatment improved lipid markers as well as liver function, including AST, ALT,
ALP, and GGTP, in agreement with earlier reports. A novel finding in this study was that
female gender, higher pre-treatment AST, ALT, APRI, and body fat %, and lower soft lean
mass % and SKM % were factors significantly associated with a response to PEM treatment.
To our knowledge, this is the first report incorporating body composition analysis to predict
the response to PEM therapy in patients with HTG-NAFLD.

Table 2. Reports on pemafibrate treatment for patients with NAFLD.

No. Drug Dose . Pre ALT SM ALT 6M ALT 12M ALT
Author Year ¢ Cases (Twice Daily) Study Design (U/L) (U/L) (U/L) (U/L)

Our study 2022 88 0.1 mg Retrospective 56 * NS 38 NS
Nakajima etal. [29] 2021 58 02mg Doubleblind 83+ NS 50 48
Shinozaki et al. [25] 2021 22 0.1 mg Retrospective 651 NS NS 30
Ikeda et al. [28] 2021 16 0.1-0.2 mg Retrospective 65* NS NS 28
Hatanaka et al. [26] 2021 31 0.1mg Retrospective 49 % 33 25 32
Hatanaka et al. [27] 2021 10 0.1mg Retrospective 52% 32 23 NS
Shinozaki et al. [24] 2020 38 0.1mg Retrospective 64t 42 NS NS
Seko et al. [23] 2020 20 0.1mg Prospective 75t 44 NS NS

Apart from the Nakajima et al. study, all NAFLD cases were with hypertriglyceridemia or/and dyslipidemia.
Values are indicated by * for the median and t for the mean. ALT: alanine aminotransferase, M: months, NAFLD:
non-alcoholic fatty liver disease, NS: not significant, RCT: randomized controlled trial.

High body fat mass %, low soft lean mass %, and low SKM mass % have been reported
as risk factors for physical activity impairment and diminished clinical outcome [30]. Araki
et al. found that PEM induced adipose triglyceride lipase and hormone-sensitive lipase
expression in epididymal white adipose tissue, leading to the activation of lipolysis in
adipocytes [31]. Enhanced mobilization of fatty acids from white adipose tissue to the liver
for ensuing (-oxidation might therefore be associated with NAFLD improvement, which
could at least partially explain the high efficacy of PEM in NAFLD patients with high body
fat mass %.

Lastly, a recent mouse study by Smati et al. uncovered a marked sex difference in
hepatic gene alterations in diet-induced NAFLD, in which PPAR« played an important
role [32]. Similarly, the response to PEM treatment our cohort was higher in female than
in male patients, thus supporting that a determinant of this response was PPAR«x in
hepatocytes. Molecular signatures in the human liver also indicated a sex-differentiated
gene expression profile and a sex-specific co-expression network of PPAR«x [32]. The
high response of women to PEM in our study may be attributed to the sex differences in
this PPAR«x co-expression network in the liver. It might even be argued that the gender
difference in PEM responsiveness was the main contributing factor, while the difference in
body composition was a singular cofounding one. However, as shown in Figure 5, there
were significant differences in treatment responsiveness according to body composition
even among female patients, and so variability in body composition might be meaningful
when considering PEM treatment responsiveness.

This study had several limitations in that it was retrospective in nature and of a limited
cohort size. Further large-scale, prospective studies are required to confirm our results. In
addition, the response to PEM treatment was evaluated in this study by a 30% reduction in
ALT. However, this method of evaluation is not absolute and should be validated with an
evaluation that includes a liver biopsy. Moreover, it is also necessary information whether
the results from the multi-frequency impedance body composition analyzer used in this
study are the same as those obtained using MRI or dual-energy x-ray absorptiometry.
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In summary, this investigation demonstrated significant improvements in liver func-
tion with PEM treatment in HTG-NAFLD patients. Through the inclusion of body composi-
tion analysis, we uncovered that female gender, higher pre-treatment AST, ALT, APRI, and
body fat mass %, and lower soft lean mass % and SKM mass % were significantly associated
with a PEM response, all of which might represent treatment indicators in HTG-NAFLD
patients.
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Alb: albumin, ALP: alkaline phosphatase, ALT: alanine aminotransferase, APRI: as-
partate aminotransferase to platelet ratio index, AST: aspartate aminotransferase, AUC:
area under the receiver operating characteristic curve, BMI: body mass index, Cre: creati-
nine, DM: diabetes mellitus, FIB-4: fibrosis-4 index, GGTP: gamma-glutamyltransferase,
HCC: hepatocellular carcinoma, HDL: high-density lipoprotein cholesterol, HT: hyper-
tension, HTG: hypertriglyceridemia, HTG-NAFLD: hypertriglyceridemia accompanying
non-alcoholic fatty liver disease, LC: liver cirrhosis, M2BPGi: Mac-2 binding protein glycan
isomer, NAFLD: non-alcoholic fatty liver disease, NASH: non-alcoholic steatohepatitis,
PEM: pemafibrate, PLT: platelet count, PPARo: peroxisome proliferator-activated receptor-
alpha, ROC: receiver operating characteristic, SKM: skeletal muscle, SMI: skeletal muscle
mass index, TC: total cholesterol, TG: triglyceride.
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