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Abstract: Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease related to metabolic
syndrome. No standard pharmacological treatment has yet been established. We retrospectively
evaluated the efficacy of pemafibrate in 16 NAFLD patients (11 men and 5 women; median age,
59 years; range, 27–81 years) who had taken pemafibrate for at least one year. They were all diagnosed
with fatty liver according to imaging and clinical criteria. They were administered pemafibrate from
October 2018 to October 2021 (median, 94 weeks; range, 56–157 weeks). Serum triglyceride was
significantly decreased by −41.9% (342.3 ± 54.0 to 198.9 ± 20.4 mg/dL, p < 0.001). Aspartate amino-
transferase (AST), alanine aminotransferase, and gamma-glutamyl transferase levels significantly
decreased by −42.1% (49.6 ± 7.0 to 28.7 ± 3.4 U/L, p < 0.001), −57.1% (65.1 ± 10.8 to 27.9 ± 3.7 U/L,
p < 0.001), and −43.2% (68.9 ± 10.9 to 39.1 ± 5.3 U/L, p < 0.05), respectively. The AST to platelet ratio
(APRI) (0.8 ± 0.1 to 0.4 ± 0.1, p < 0.001) and fibrosis based on four factors (FIB-4) index (1.8 ± 0.3
to 1.4 ± 0.2, p < 0.05) also significantly decreased. Liver attenuation (39.1 ± 1.2 to 57.8 ± 2.7 HU,
p = 0.028) and liver/spleen ratio (0.76 ± 0.04 to 1.18 ± 0.02, p = 0.012) significantly improved in three
patients, as assessed by computed tomography. In conclusion, pemafibrate significantly improves
serum triglyceride levels, liver function, FIB-4 index, APRI, and fatty liver in NAFLD patients with
hypertriglyceridemia.

Keywords: non-alcoholic fatty liver disease; non-alcoholic steatohepatitis; hypertriglyceridemia;
pemafibrate; liver function; liver fibrosis

1. Introduction

Non-alcoholic fatty liver disease (NAFLD)/steatohepatitis (NASH) has recently emerged
as a common public health problem [1]. The prevalence of NAFLD is approximately 25%
of the global population, and it is increasing in the Asia Pacific region [2]. Guidelines for
the management of NAFLD were proposed by the European Association for the Study of
the Liver in 2016 and the American Association for the Study of Liver Diseases in 2018 [3,4].
The Japanese Society of Gastroenterology and the Japan Society of Hepatology have recently
launched the newest guidelines for NAFLD/NASH management [5]. However, there are no
recommendations regarding pharmacological treatment for NAFLD/NASH.

Peroxisome proliferator-activated receptors (PPARs) form a subfamily of the nuclear
receptor superfamily [6]. There are three different types of PPAR (α, δ, and γ). In particular,
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in NAFLD patients, increased expression of PPARγ is observed, which leads to augmented
hepatic triglyceride storage and de novo lipogenesis [7]. On the other hand, PPARα was
initially identified as the molecular target of xenobiotics inducing peroxisome proliferation
in rodents [8]. It has been well-established as a critical modulator of lipid transport
and metabolism, notably mitochondrial and peroxisomal fatty acid beta-oxidation [9,10].
Activation of PPARα promotes the uptake, utilization, and catabolism of fatty acids [11],
which can potentially be beneficial in NAFLD patients. PPARα modulation has been
considered a key treatment strategy for metabolic diseases, including NAFLD [12].

Pemafibrate (K-877, Parmodia® tablet, Kowa Company, Ltd., Nagoya, Japan), a selec-
tive PPARα modulator (SPPARMα), was approved for the treatment of hyperlipidemia in
July 2017 and released in June 2018 in Japan. The difference between previously released
fibrates and pemafibrate is the high selectivity of the latter toward PPARα [13]. PPARα
activation by pemafibrate was reported to be >2500 times stronger than that by fenofibric
acid because of its Y-shaped structure, unlike conventional fibrates. This high selectivity
enables pemafibrate to be used at a reduced dosage.

We have previously reported that the short-term (median six months) administration
of pemafibrate dramatically ameliorates liver dysfunction, assessed based on liver function
tests (LFTs) in patients with NAFLD with hypertriglyceridemia [14]. This was the first
report of the efficacy of pemafibrate on LFTs in NAFLD. Subsequently, other studies also
demonstrated that pemafibrate can improve liver function in NAFLD [15–19]. However,
its efficacy on fatty liver has not been elucidated.

In this study, we aimed to retrospectively evaluate the efficacy of pemafibrate on LFTs
and fatty liver findings in patients with NAFLD with hypertriglyceridemia.

2. Materials and Methods
2.1. Study Design and Protocols

This was a single-center, retrospective, observational study enrolling a total of 85 pa-
tients in our hospital who were administered pemafibrate between October 2018 and
October 2021. Then, only patients with fatty liver diagnosed by imaging (ultrasonography,
US, or computed tomography, CT) were selected for the study. The definition of fatty liver
by imaging was as described in our previous report [14]. Patients who had other causes of
chronic hepatitis (hepatitis B virus, hepatitis C virus, autoimmune hepatitis, primary biliary
cholangitis) were not enrolled. Patients who discontinued pemafibrate for any reason, had
a history of drinking (ethanol consumption of >20 g/day for women and >30 g/day for
men), or took pemafibrate for a short duration (<1 year) were excluded from the study.
Finally, we selected 16 patients (11 men and 5 women) (Figure 1). Fourteen patients were
overlapped in this study and our previous study [14]. We obtained each patient’s infor-
mation concerning gender, age, height, and body weight and then calculated their body
mass index (BMI), both pre-treatment and most recent. We also collected information
about concomitant medications that are considered useful for NAFLD/NASH treatment as
follows: dipeptidyl peptidase-4 (DPP4) inhibitor, metformin, sodium-glucose cotransporter
2 (SGLT2) inhibitor, ursodeoxycholic acid (UDCA), eicosapentaenoic acid (EPA), statin, and
ezetimibe. Fasting laboratory data including triglyceride (TG), high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and gamma-glutamyl transferase (GGT), fibrosis
based on four factors (FIB-4) index (age, AST, ALT, and platelet values [20–22]), and AST
to platelet ratio index (APRI) [23,24] were also collected. Patients who had an abdominal
CT scan twice, at least one year apart, were selected and compared for liver attenuation
(Hounsfield unit, HU) and the liver/spleen (L/S) ratio. The HU of the liver and spleen
was measured using regions of interest (ROIs) greater than 100 mm2 in the area, according
to a previous report [25]. Three ROIs were placed in the right liver lobe anteroposteriorly
and one ROI in the spleen. The L/S ratio was calculated by taking the mean liver HU and
dividing it by the spleen HU value.
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Figure 1. Flowchart of patient selection. Initially, there were 85 eligible patients. Thirty three patients
were not enrolled because they had not been proven to have fatty liver through imaging. Patients
with other causes of chronic hepatitis were also not enrolled. Patients who stopped pemafibrate for
any reason and/or with a history of drinking and short duration of using pemafibrate were excluded
from the study. Finally, 16 patients were selected for this study.

2.2. Statistical Analysis

Skewness–kurtosis was used to verify the data distribution. The paired t-test or the
Wilcoxon signed-rank test was applied for comparing two paired groups depending on the
data distribution. Welch’s t-test was applied for comparing two independent groups. All
statistical tests were performed using StatFlex (Windows ver. 6.0; Artech, Osaka, Japan).
Values are expressed as median (range) or mean with standard error of the mean (SEM).
Statistical significance was set at p < 0.05.

3. Results
3.1. Baseline Characteristics of the Patients

The median age of the patients was 59 years (range, 27–81 years). Nine patients had
type 2 diabetes (T2DM) (56.3%). Ten patients (62.5%) had been diagnosed with fatty liver
by US, and six patients (37.5%) had been diagnosed with fatty liver by CT. Four patients
had been diagnosed with NASH by liver biopsy. Pre-pemafibrate treatment laboratory
values were as follows: TG 342.3 ± 54.0 mg/dL, HDL-cholesterol 47.3 ± 2.4 mg/dL, LDL-
cholesterol 113.5 ± 10.0 mg/dL, AST 49.6 ± 7.0 U/L, ALT 65.1 ± 10.8 U/L, and GGT
68.9 ± 10.9 U/L. DPP4 antagonist, metformin, SGLT2 inhibitor, EPA, statin, ezetimibe,
and UDCA had been already prescribed in five (31.3%), three (18.8%), six (37.5%), four
(25.0%), six (37.5%), seven (43.8%), and four (25%) patients, respectively. Pemafibrate was
administered in 1 patient (6.3%) at 0.1 mg qd (once daily), 13 (81.3%) at 0.1 mg bid (twice
daily), and 2 (12.5%) at 0.2 mg bid. The median duration of administration was 94 weeks
(range, 56–157 weeks) (Table 1).
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Table 1. Characteristics of the 16 patients treated with pemafibrate.

n = 16

Male/Female 11:5
Age (years) 59 (27–81)
Body height (m) 1.62 (1.46–1.77)
Pre-treatment bodyweight (kg) 70.4 (48.6–101.7)
Pre-treatment BMI (kg/m2) 26.8 (19.2–33.8)

Comorbidities
T2DM 9 (56.3)
Chronic hepatitis B * 1 (6.3)
CAD 1 (6.3)
IBD 1 (6.3)
Other † 1 (6.3)

Imaging modalities
US 10 (62.5)
CT 6 (37.5)

Biopsy-proven NASH 4 (25.0)
Pre-treatment laboratory values

TG (mg/dL) 342.3 ± 54.0
HDL-cholesterol (mg/dL) 47.3 ± 2.4
LDL-cholesterol (mg/dL) 113.5 ± 10.0
AST (U/L) 49.6 ± 7.0
ALT (U/L) 65.1 ± 10.8
GGT (U/L) 68.9 ± 10.9
FIB-4 index 1.8 ± 0.3
APRI 0.8 ± 0.1

Concomitant medications
DPP4 antagonist 5 (31.3)
Metformin 3 (18.8)
SGLT2 inhibitor 6 (37.5)
EPA 4 (25.0)
Statin 6 (37.5)
Ezetimibe 7 (43.8)
UDCA 4 (25.0)

Dosage of pemafibrate per day
0.1 mg 1 (6.3)
0.2 mg 13 (81.3)
0.4 mg 2 (12.5)

Duration of pemafibrate administration
(weeks) 94 (56–157)

APRI, aspartate aminotransferase to platelet ratio index; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; BMI, body mass index; CAD, coronary artery disease; CT, computed tomography; DPP4, dipeptidyl
peptidase-4; EPA, eicosapentaenoic acid; GERD, gastroesophageal reflux disease; GGT, gamma-glutamyl transpep-
tidase; HDL, high-density lipoprotein; IBD, inflammatory bowel disease; LDL, low-density lipoprotein; MRI,
magnetic resonance imaging; SGLT2, sodium-glucose cotransporter 2; T2DM, type 2 diabetes mellitus; TG,
triglyceride; UDCA, ursodeoxycholic acid; US, ultrasonography. * HBV DNA is controlled under detection by
nucleotide analog treatment. † Ovarian insufficiency. Data are expressed as median (range) or mean ± SEM.
Numbers in parentheses refer to the percentage of patients.

3.2. Changes in LFTs and Fibrosis Markers

Serum TG significantly decreased after pemafibrate treatment by −41.9% (342.3 ± 54.0
to 198.9 ± 20.4 mg/dL, p < 0.001); however, serum HDL-cholesterol and LDL-cholesterol
levels did not significantly differ (HDL, 47.3 ± 2.4 to 50.3 ± 2.8 mg/dL; LDL, 113.5 ± 10.0
to 121.6 ± 9.5 mg/dL) (Figure 2a). Serum AST, ALT, and GGT levels decreased after pemafi-
brate treatment by −42.1% (49.6 ± 7.0 to 28.7 ± 3.4 U/L, p < 0.001), −57.1% (65.1 ± 10.8 to
27.9 ± 3.7 U/L, p < 0.001), and −43.2% (68.9 ± 10.9 to 39.1 ± 5.3 U/L, p < 0.05), respectively
(Figure 2b). BMI and HbA1c did not significantly differ (Figure 2c,d). Platelet counts signifi-
cantly increased (225.3 ± 14.3 to 270.6 ± 17.6 × 103/mm3, p < 0.001) (Figure 2e). FIB-4 index
and APRI significantly decreased (FIB-4 index, 1.8 ± 0.3 to 1.4 ± 0.2, p < 0.05; APRI, 0.8 ± 0.1 to
0.4 ± 0.1, p < 0.001) (Figure 2f,g).
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Male/Female 2:1 

Figure 2. Pre and post laboratory and physical data of pemafibrate treatment for median 94 weeks.
(a) Triglyceride, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol. (b) As-
partate aminotransferase, alanine aminotransferase, and gamma-glutamyl transferase. (c) Body mass
index (BMI). (d) Glycated hemoglobin (HbA1c). (e) Platelet counts. (f) Fibrosis based on four factors
(FIB-4) index. (g) Aspartate aminotransferase to platelet ratio index (APRI). Data are expressed as
mean with standard error of the mean (SEM). n.s. not significant, * p < 0.05, ** p < 0.01.

3.3. Changes in Liver Attenuation and L/S Ratio by CT Imaging

Among the 16 patients, three patients (Case #12, #56, and #72) who underwent an
abdominal CT scan twice within at least a one-year interval were selected (Table 2).
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Table 2. Characteristics of the three cases with CT follow-up.

Male/Female 2:1
Age (years) 63 (59–64)
Pre-treatment BMI (kg/m2) 24.8 (19.2–29.8)

Comorbidities
T2DM 3

Pre-treatment laboratory values
TG (mg/dL) 265.7 ± 45.7
HDL-cholesterol (mg/dL) 42.3 ± 2.2
LDL-cholesterol (mg/dL) 135.3 ± 22.4
AST (U/L) 30.3 ± 4.0
ALT (U/L) 39.3 ± 4.1
GGT (U/L) 43.3 ± 4.3
FIB-4 index 1.38 ± 0.17
APRI 0.46 ± 0.04

Concomitant medications
DPP4 antagonist 2
Metformin 1
SGLT2 inhibitor 1
EPA 1
Statin 2
Ezetimibe 2

Dosage of pemafibrate per day
0.1 mg 1
0.2 mg 1
0.4 mg 1

Duration of pemafibrate administration
(weeks) 95.1 (67.0–118.0)

APRI, aspartate aminotransferase to platelet ratio index; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; BMI, body mass index; CT, computed tomography; DPP4, dipeptidyl peptidase-4; EPA, eicosapentaenoic
acid; GGT, gamma-glutamyl transpeptidase; HDL, high-density lipoprotein; IBD, inflammatory bowel disease;
LDL, low-density lipoprotein; SGLT2, sodium-glucose cotransporter 2; T2DM, type 2 diabetes mellitus; TG,
triglyceride. Data are expressed as median (range) or mean ± SEM.

The median interval was 95.1 (range, 67–118) weeks. The average pre-treatment liver
attenuations of Case #12, #56, and #72 were 38.9 HU (Figure 3a), 38.1 HU (Figure 3c), and 34.3
HU (Figure 3e), respectively. The average post-treatment liver attenuations of Case #12, #56,
and #72 were 64.4 HU (Figure 3b), 51.3 HU (Figure 3d), and 56.0 HU (Figure 3f), respectively.
The average liver attenuation significantly increased after treatment (39.1 ± 1.2 to 57.8 ± 2.7
HU, p = 0.028) (Figure 3g). The L/S ratio also significantly improved (0.76 ± 0.04 to 1.18 ± 0.02,
p = 0.012). Their TG levels decreased and LFT performance increased (AST, 30.3 ± 4.0 to 20.3
± 3.1 U/L; ALT, 39.3 ± 4.1 to 20.0 ± 8.2 U/L; GGT, 43.3 ± 4.3 to 27.7 ± 5.2 U/L); however,
LDL-cholesterol (135.3 ± 22.4 to 137.7 ± 26.7 mg/dL), HbA1c (8.1 ± 0.7 to 7.7 ± 0.5%), and
body weight (67.7 ± 4.9 to 67.2 ± 4.5 kg) (Figure 3h) did not significantly differ.
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Figure 3. Alteration of liver attenuation assessed by CT imaging. (a) Pre-treatment abdominal CT
of Case #12, (b) post-treatment abdominal CT of Case #12, (c) pre-treatment abdominal CT of Case
#56, (d) post-treatment abdominal CT of Case #56, (e) pre-treatment abdominal CT of Case #72, and
(f) post-treatment abdominal CT of Case #72. (g) Alteration of liver attenuation assessed by CT
imaging before and after treatment. Liver attenuations are indicated in each column. (h) Alteration
of body weight before and after treatment. Hounsfield unit, HU. Data are expressed as mean with
standard error of the mean (SEM). n.s. not significant, * p < 0.05.

4. Discussion

In this study, we demonstrated that pemafibrate significantly decreases TG levels
and ameliorates liver dysfunction in NAFLD with hypertriglyceridemia for a median of
94 weeks of administration. Surprisingly, even fatty liver significantly improved in some
patients. To our knowledge, this is the first report demonstrating the possible effects of
pemafibrate on fatty liver in patients with NAFLD.
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After our first study, which demonstrated that pemafibrate ameliorated liver dysfunc-
tion in patients with NAFLD with hypertriglyceridemia [14], five studies demonstrated
the efficacy of pemafibrate on LFTs, consistent with our results [15–19]. Two of them were
prospective [15,19], and the other four, including ours, were retrospective studies [14,16–18].
The most extended study spanned 72 weeks [19].

Seko et al. [15] conducted a single-arm prospective study in 20 NAFLD patients for
12 weeks and demonstrated that pemafibrate (0.1 mg) twice a day significantly decreases
ALT, GGT, and TG levels and increases the HDL-cholesterol level. They indicated that BMI
and insulin resistance are not correlated with changes in ALT levels. Shinozaki et al. [16]
conducted a retrospective observational study in 38 patients with NAFLD for three months
and demonstrated that pemafibrate (0.1 mg) twice a day significantly decreases the levels
of ALT, GGT, and TG and the NAFLD fibrosis score [26] and increases the HDL-cholesterol
level. Hatanaka et al. [17,18] conducted two retrospective studies. The first study [17] was
in 10 biopsy-proven NASH patients administered pemafibrate (0.1 mg) twice a day for
24 weeks; their AST and ALT values were significantly decreased, especially in NASH
patients with significant activity and advanced fibrosis. The second study [18] was in
31 US-proven NAFLD patients for 48 weeks, including nine NASH patients from the
previous study; they demonstrated that pemafibrate improves the FAST score [27] based on
the AST, LSM, and CAP levels. One recent randomized study in 118 MRI-proven NAFLD
patients for 72 weeks [19] showed that pemafibrate treatment could ameliorate ALT, GGT,
and ALP levels and liver stiffness. This RCT did not show statistical differences in liver fat
content; however, the fat content decreased in the pemafibrate group (placebo +0.2% vs.
pemafibrate −5.0%) in 72 weeks. The reported efficacy of pemafibrate on hepatic steatosis
is not consistent [28,29]. However, pemafibrate can theoretically reduce the fat content
by activating PPARα. Our result implies that pemafibrate can also reduce fat content
after longer-term administration regardless of weight loss or diabetes status. Further
investigation is required in this direction.

In the present study, the mean values of APRI and FIB-4 index decreased. Our
previous study for six months could not demonstrate the decrease in FIB-4 index; however,
the more extended treatment duration, in the present study, decreased both parameters.
Both formulas include platelet counts. As observed in our previous study for six months,
pemafibrate treatment significantly increased platelet counts. The prospective study by
Seko et al. [15] also demonstrated significantly increased platelet counts. Platelets play an
important role not only in hemostasis but also in inflammatory reactions, angiogenesis,
wound healing, and the resolution of inflammation [30]. Platelets are reported to be active
participants in the process of liver inflammation and play a central role in the progression
from simple steatosis to NASH [31,32]. Considering other hepatic parameters, increased
platelet counts are considered the result of the resolution of inflammation in the liver. This
partially explains the significant reduction in APRI and FIB-4 index. Other studies also
agreed with the efficacy of pemafibrate in hepatic fibrosis.

Thiazolidinediones, SGLT2 inhibitors, metformin, and DPP4 antagonists have also
been reported to have favorable effects on NAFLD in T2DM patients [33,34]. In our
study, there were five, three, and four patients who had already taken DPP4 antagonists,
metformin, and SGLT2 inhibitors at the beginning of pemafibrate treatment, respectively.
Two patients were given SGLT2 inhibitors after the administration of pemafibrate (from
the 7th and 11th months). DPP4 antagonists, metformin, and SGLT-2 inhibitors were
stopped in two, one, and one patient during the treatment, respectively. No patient had
been prescribed thiazolidinediones. There were no significant differences in the LFTs
considering DPP4 antagonists and SGLT2 inhibitors. The patients who had already been
treated with DDP4 antagonists and SGLT2 inhibitors before starting pemafibrate may
not have shown differences in LFTs because their diabetic status had already improved.
Therefore, we also compared the pre- and post-HbA1c between with and without DPP4
antagonists or SGLT2 inhibitors; however, there were no differences in pre-HbA1c (with
vs. without DPP4 antagonists: 8.0 ± 0.5 vs. 7.8 ± 0.9%, p = 0.8129; with vs. without
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SGLT-2 inhibitors: 7.2 ± 0.6 vs. 8.0 ± 0.6%, p = 0.4790) and post-HbA1c (with vs. without
DPP4 antagonists: 7.5 ± 0.4 vs. 7.1 ± 0.4%, p = 0.5241; with vs. without SGLT2 inhibitors:
7.3 ± 0.6 vs. 7.3 ± 0.4%, p = 0.9659). In three patients who had metformin, only the GGT
levels significantly decreased compared with those who did not (43.1 ± 5.9 vs. 22 ± 3.9,
p = 0.03). However, the GGT levels were relatively lower in the metformin group from the
beginning (74.1 ± 13.0 vs. 46.3 ± 4.3, p = 0.08). Therefore, the significantly decreased GGT
levels in the metformin group can also be explained by pemafibrate’s efficacy.

Among drugs for dyslipidemia, several studies have demonstrated the efficacy of
β-Hydroxy β-methylglutaryl-CoA reductase inhibitors (statins) on NAFLD/NASH pa-
tients [35–38]. Statins are recommended for NAFLD/NASH patients with hypercholes-
terolemia in the new guidelines of Japan [5]. Statins can ameliorate LFTs; however, con-
sistent histological improvements are still controversial. Pemafibrate is the first fibrate
that can be used safely in combination with a statin. In this study, six patients had been
prescribed a statin. However, there were no significant differences in the LFTs considering
drugs for dyslipidemia, including statins. UDCA is not recommended in the guidelines [5].
Four patients had taken UDCA; however, there were no significant differences in the LFTs
considering UDCA administration.

All three patients with follow-up CT data had T2DM and hypercholesteremia and
had already been treated with antidiabetic drugs or statins at the beginning of pemafibrate
treatment. In Case #52, metformin was started at the same time as pemafibrate. However,
a systematic review indicated that metformin yielded no difference from a placebo in
steatosis, fibrosis, NAFLD activity score, or the resolution of NASH [34]. After adding
pemafibrate, the patients’ TG levels, liver dysfunction, and non-invasive liver fibrosis
scores decreased. Only the additional pemafibrate can explain the improvement in liver
attenuations and L/S ratios.

Three (17.6%) so-called “lean” NAFLD patients (median BMI 21 kg/m2) were included.
One (BMI 19.2 kg/m2) presented with follow-up CT data (Case #12). NAFLD can develop in
the absence of obesity (BMI within the ethnicity-specific cutoff of 25 kg/m2 in Caucasians
and 23 kg/m2 in Asians) [39]. The “lean” phenotype is variable and not completely
understood, and treatment recommendations are not provided for “lean” NAFLD patients.
The values of serum TG, AST, ALT, and GGT decreased after pemafibrate treatment by
−32.9% (248.3 ± 39.3 to 166.7 ± 40.9 mg/dL), −62.2% (54.7 ± 16.2 to 20.7 ± 2.7 U/L),
−73.0% (70.3 ± 38.5 to 19.0 ± 7.4 U/L), and −64.0% (77.7 ± 27.0 to 28.0 ± 2.1 U/L),
respectively. Two of the patients received only DPP4 antagonists for their T2DM. In this
regard, DPP4 antagonists and pemafibrate have the potential to benefit even “lean” NAFLD
patients with T2DM and hypertriglyceridemia.

Our study had some limitations. It was a small-sized, retrospective, observational
study. Selection bias could not be avoided because this study enrolled only those patients
diagnosed with NAFLD based on imaging data. Therefore, it is difficult to draw a solid
conclusion in clinical terms. Liver biopsy is undoubtedly the gold standard for diagnosing
NASH at present. In this study, only four patients had a biopsy performed. However, liver
biopsy has several drawbacks, and its role is becoming limited [5]. Non-invasive tools for
assessing fibrosis can guide the decision regarding whether to perform a liver biopsy in
patients with NAFLD [40].

This is the most extensive study, and the results of the present study are consistent
with previous reports [15–19]. According to the existing evidence, including our study, pe-
mafibrate can undoubtedly ameliorate liver dysfunction assessed by LFTs (especially ALT,
GGT, and ALP levels) in NAFLD patients with hypertriglyceridemia after only 12 weeks
of administration. Pemafibrate also improves liver fibrosis after more than 48 weeks of
treatment. Notably, no remarkable adverse effects were reported in these studies.

5. Conclusions

We demonstrated that pemafibrate, the new SPPARMα, decreases liver dysfunction
assessed by LFTs in patients with NAFLD/NASH with hypertriglyceridemia and possi-
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bly reduces liver fat. Pemafibrate has the potential to be the first standard medication
for NAFLD.

Author Contributions: Conceptualization, T.S. and T.T.; Data curation, S.I., T.K., Y.M., T.N. and S.K.;
Supervision, K.Y. and H.I.; Writing—original draft, S.I.; Writing—review and editing, T.S. and T.O.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol was approved by the Institutional Review
Board of our institute (No. 21A016) under the guidelines of the 1975 Declaration of Helsinki.

Informed Consent Statement: We applied the opt-out method to obtain consent in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Marjot, T.; Moolla, A.; Cobbold, J.F.; Hodson, L.; Tomlinson, J.W. Nonalcoholic Fatty Liver Disease in Adults: Current Concepts in

Etiology, Outcomes, and Management. Endocr. Rev. 2020, 41, bnz009. [CrossRef] [PubMed]
2. Liu, C.-J. Prevalence and risk factors for non-alcoholic fatty liver disease in Asian people who are not obese. J. Gastroenterol.

Hepatol. 2012, 27, 1555–1560. [CrossRef]
3. European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes (EASD); European

Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice Guidelines for the management of non-alcoholic
fatty liver disease. J. Hepatol. 2016, 64, 1388–1402. [CrossRef]

4. Chalasani, N.; Younossi, Z.; Lavine, J.E.; Charlton, M.; Cusi, K.; Rinella, M.; Harrison, S.A.; Brunt, E.M.; Sanyal, A.J. The diagnosis
and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver
Diseases. Hepatology 2018, 67, 328–357. [CrossRef]

5. Tokushige, K.; Ikejima, K.; Ono, M.; Eguchi, Y.; Kamada, Y.; Itoh, Y.; Akuta, N.; Yoneda, M.; Iwasa, M.; Yoneda, M.; et al.
Evidence-based clinical practice guidelines for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis 2020. J. Gastroenterol.
2021, 56, 951–963. [CrossRef] [PubMed]

6. Berger, J.; Moller, D.E. The mechanisms of action of PPARs. Annu. Rev. Med. 2002, 53, 409–435. [CrossRef] [PubMed]
7. Caturano, A.; Acierno, C.; Nevola, R.; Pafundi, P.C.; Galiero, R.; Rinaldi, L.; Salvatore, T.; Adinolfi, L.E.; Sasso, F.C. Non-Alcoholic

Fatty Liver Disease: From Pathogenesis to Clinical Impact. Processes 2021, 9, 135. [CrossRef]
8. Issemann, I.; Green, S.; Mason, D.T. Activation of a member of the steroid hormone receptor superf amily by peroxisome prolif

erators. Nature 1990, 347, 645–650. [CrossRef]
9. Xu, J.; Xiao, G.; Trujillo, C.; Chang, V.; Blanco, L.; Joseph, S.B.; Bassilian, S.; Saad, M.F.; Tontonoz, P.; Lee, W.N.; et al. Peroxisome

proliferator-activated receptor α (PPARα) influences: Substrate utilization for hepatic glucose production. J. Biol. Chem. 2002, 277,
50237–50244. [CrossRef]

10. Lefebvre, P.; Chinetti, G.; Fruchart, J.C.; Staels, B. Sorting out the roles of PPARα in energy metabolism and vascular homeostasis.
J. Clin. Investig. 2006, 116, 571–580. [CrossRef]

11. Kersten, S. Integrated physiology and systems biology of PPARα. Mol. Metab. 2014, 3, 354–371. [CrossRef] [PubMed]
12. Pawlak, M.; Lefebvre, P.; Staels, B. Molecular mechanism of PPARα action and its impact on lipid metabolism, inflammation and

fibrosis in non-alcoholic fatty liver disease. J. Hepatol. 2015, 62, 720–733. [CrossRef] [PubMed]
13. Yamashita, S.; Masuda, D.; Matsuzawa, Y. Clinical applications of a novel selective PPARα modulator, pemafibrate, in dyslipi-

demia and metabolic diseases. J. Atheroscler. Thromb. 2019, 26, 389–402. [CrossRef]
14. Ikeda, S.; Sugihara, T.; Hoshino, Y.; Matsuki, Y.; Nagahara, T.; Okano, J.I.; Kitao, S.; Fujioka, Y.; Yamamoto, K.; Isomoto, H.

Pemafibrate dramatically ameliorated the values of liver function tests and fibrosis marker in patients with non-alcoholic fatty
liver disease. Yonago Acta Med. 2020, 63, 188–197. [CrossRef]

15. Seko, Y.; Yamaguchi, K.; Umemura, A.; Yano, K.; Takahashi, A.; Okishio, S.; Kataoka, S.; Okuda, K.; Moriguchi, M.; Okanoue, T.;
et al. Effect of pemafibrate on fatty acid levels and liver enzymes in non-alcoholic fatty liver disease patients with dyslipidemia:
A single-arm, pilot study. Hepatol. Res. 2020, 50, 1328–1336. [CrossRef]

16. Shinozaki, S.; Tahara, T.; Lefor, A.K.; Ogura, M. Pemafibrate decreases markers of hepatic inflammation in patients with
non-alcoholic fatty liver disease. Clin. Exp. Hepatol. 2020, 6, 270–274. [CrossRef] [PubMed]

17. Hatanaka, T.; Kakizaki, S.; Saito, N.; Nakano, Y.; Nakano, S.; Hazama, Y.; Yoshida, S.; Hachisu, Y.; Tanaka, Y.; Kashiwabara,
K.; et al. Impact of pemafibrate in patients with hypertriglyceridemia and metabolic dysfunction-associated fatty liver disease
pathologically diagnosed with non-alcoholic steatohepatitis: A retrospective, single-arm study. Intern. Med. 2021, 60, 2167–2174.
[CrossRef] [PubMed]

18. Hatanaka, T.; Kosone, T.; Saito, N.; Takakusagi, S.; Tojima, H.; Naganuma, A.; Takagi, H.; Uraoka, T.; Kakizaki, S. Effect of
48-week pemafibrate on non-alcoholic fatty liver disease with hypertriglyceridemia, as evaluated by the FibroScan-aspartate
aminotransferase score. JGH Open 2021, 5, 1183–1189. [CrossRef]

http://doi.org/10.1210/endrev/bnz009
http://www.ncbi.nlm.nih.gov/pubmed/31629366
http://doi.org/10.1111/j.1440-1746.2012.07222.x
http://doi.org/10.1016/j.jhep.2015.11.004
http://doi.org/10.1002/hep.29367
http://doi.org/10.1007/s00535-021-01796-x
http://www.ncbi.nlm.nih.gov/pubmed/34533632
http://doi.org/10.1146/annurev.med.53.082901.104018
http://www.ncbi.nlm.nih.gov/pubmed/11818483
http://doi.org/10.3390/pr9010135
http://doi.org/10.1038/347645a0
http://doi.org/10.1074/jbc.M201208200
http://doi.org/10.1172/JCI27989
http://doi.org/10.1016/j.molmet.2014.02.002
http://www.ncbi.nlm.nih.gov/pubmed/24944896
http://doi.org/10.1016/j.jhep.2014.10.039
http://www.ncbi.nlm.nih.gov/pubmed/25450203
http://doi.org/10.5551/jat.48918
http://doi.org/10.33160/yam.2020.08.009
http://doi.org/10.1111/hepr.13571
http://doi.org/10.5114/ceh.2020.99528
http://www.ncbi.nlm.nih.gov/pubmed/33145434
http://doi.org/10.2169/internalmedicine.6574-20
http://www.ncbi.nlm.nih.gov/pubmed/33612679
http://doi.org/10.1002/jgh3.12650


Diagnostics 2021, 11, 2316 11 of 11

19. Nakajima, A.; Eguchi, Y.; Yoneda, M.; Imajo, K.; Tamaki, N.; Suganami, H.; Nojima, T.; Tanigawa, R.; Iizuka, M.; Iida, Y.; et al.
Randomised clinical trial: Pemafibrate, a novel selective peroxisome proliferator-activated receptor α modulator (SPPARMα),
versus placebo in patients with non-alcoholic fatty liver disease. Aliment. Pharmacol. Ther. 2021, 54, 1263–1277. [CrossRef]

20. Vallet-Pichard, A.; Mallet, V.; Nalpas, B.; Verkarre, V.; Nalpas, A.; Dhalluin-Venier, V.; Fontaine, H.; Pol, S. FIB-4: An inexpensive
and accurate marker of fibrosis in HCV infection. Comparison with liver biopsy and FibroTest. Hepatology 2007, 46, 32–36.
[CrossRef]

21. Mcpherson, S.; Stewart, S.F.; Henderson, E.; Burt, A.D.; Day, C.P. Simple non-invasive fibrosis scoring systems can reliably exclude
advanced fibrosis in patients with non-alcoholic fatty liver disease. Gut 2010, 59, 1265–1269. [CrossRef]

22. Shah, A.G.; Lydecker, A.; Murray, K.; Tetri, B.N.; Contos, M.J.; Sanyal, A.J. Comparison of non-invasive markers of fibrosis in
patients with nonalcoholic fatty liver disease. Clin. Gastroenterol. Hepatol. 2009, 7, 1104–1112. [CrossRef] [PubMed]

23. Wai, C.T.; Greenson, J.K.; Fontana, R.J.; Kalbfleisch, J.D.; Marrero, J.A.; Conjeevaram, H.S.; Lok, A.S. A simple noninvasive index
can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepatology 2003, 38, 518–526. [CrossRef]
[PubMed]

24. Kruger, F.C.; Daniels, C.R.; Kidd, M.; Swart, G.; Brundyn, K.; van Rensburg, C.; Kotze, M. APRI: A simple bedside marker for
advanced fibrosis that can avoid liver biopsy in patients with NAFLD/NASH. S. Afr. Med. J. 2011, 101, 477–480. [PubMed]

25. Zeb, I.; Li, D.; Nasir, K.; Katz, R.; Larijani, V.N.; Budoff, M.J. Computed tomography scans in the evaluation of fatty liver disease
in a population based study: The multi-ethnic study of atherosclerosis. Acad. Radiol. 2012, 19, 811–818. [CrossRef] [PubMed]

26. Angulo, P.; Hui, J.M.; Marchesini, G.; Bugianesi, E.; George, J.; Farrell, G.C.; Enders, F.; Saksena, S.; Burt, A.D.; Bida, J.P.; et al. The
NAFLD fibrosis score: A non-invasive system that identifies liver fibrosis in patients with NAFLD. Hepatology 2007, 45, 846–854.
[CrossRef]

27. Newsome, P.N.; Sasso, M.; Deeks, J.J.; Paredes, A.; Boursier, J.; Chan, W.K.; Yilmaz, Y.; Czernichow, S.; Zheng, M.H.; Wong,
V.W.; et al. FibroScan-AST (FAST) score for the non-invasive identification of patients with non-alcoholic steatohepatitis with
significant activity and fibrosis: A prospective derivation and global validation study. Lancet Gastroenterol. Hepatol. 2020, 5,
362–373. [CrossRef]

28. Honda, Y.; Kessoku, T.; Ogawa, Y.; Tomeno, W.; Imajo, K.; Fujita, K.; Yoneda, M.; Takizawa, T.; Saito, S.; Nagashima, Y.; et al.
Pemafibrate, a novel selective peroxisome proliferator-activated receptor alpha modulator, improves the pathogenesis in a rodent
model of nonalcoholic steatohepatitis. Sci. Rep. 2017, 7, 42477. [CrossRef] [PubMed]

29. Sasaki, Y.; Asahiyama, M.; Tanaka, T.; Yamamoto, S.; Murakami, K.; Kamiya, W.; Matsumura, Y.; Osawa, T.; Anai, M.; Fruchart,
J.C.; et al. Pemafibrate, a selective PPARα modulator, prevents non-alcoholic steatohepatitis development without reducing the
hepatic triglyceride content. Sci. Rep. 2020, 10, 7818. [CrossRef]

30. Margraf, A.; Zarbock, A. Platelets in Inflammation and Resolution. J. Immunol. 2019, 203, 2357–2367. [CrossRef] [PubMed]
31. Lisman, T.; Luyendyk, J.P. Platelets as Modulators of Liver Diseases. Semin. Thromb. Hemost. 2018, 44, 114–125. [CrossRef]

[PubMed]
32. Kurokawa, T.; Ohkohchi, N. Platelets in liver disease, cancer and regeneration. World J. Gastroenterol. 2017, 23, 3228–3239.

[CrossRef]
33. Scheen, A.J. Beneficial effects of SGLT2 inhibitors on fatty liver in type 2 diabetes: A common comorbidity associated with severe

complications. Diabetes Metab. 2019, 45, 213–223. [CrossRef] [PubMed]
34. Blazina, I.; Selph, S. Diabetes drugs for nonalcoholic fatty liver disease: A systematic review. Syst. Rev. 2019, 8, 295. [CrossRef]
35. Hyogo, H.; Ikegami, T.; Tokushige, K.; Hashimoto, E.; Inui, K.; Matsuzaki, Y.; Tokumo, H.; Hino, F.; Tazuma, S. Efficacy of

pitavastatin for the treatment of non-alcoholic steatohepatitis with dyslipidemia: An open-label, pilot study. Hepatol. Res. 2011,
41, 1057–1065. [CrossRef]

36. Nakahara, T.; Hyogo, H.; Kimura, Y.; Ishitobi, T.; Arihiro, K.; Aikata, H.; Takahashi, S.; Chayama, K. Efficacy of rosuvastatin for
the treatment of non-alcoholic steatohepatitis with dyslipidemia: An open-label, pilot study. Hepatol. Res. 2012, 42, 1065–1072.
[CrossRef]

37. Dongiovanni, P.; Petta, S.; Mannisto, V.; Mancina, R.M.; Pipitone, R.; Karja, V.; Maggioni, M.; Kakela, P.; Wiklund, O.; Mozzi, E.;
et al. Statin use and non-alcoholic steatohepatitis in at risk individuals. J. Hepatol. 2015, 63, 705–712. [CrossRef] [PubMed]

38. Kargiotis, K.; Athyros, V.G.; Giouleme, O.; Katsiki, N.; Katsiki, E.; Anagnostis, P.; Boutari, C.; Doumas, M.; Karagiannis, A.;
Mikhailidis, D.P. Resolution of non-alcoholic steatohepatitis by rosuvastatin monotherapy in patients with metabolic syndrome.
World J. Gastroenterol. 2015, 21, 7860–7868. [CrossRef] [PubMed]

39. Younes, R.; Bugianesi, E. NASH in Lean Individuals. Semin. Liver Dis. 2019, 39, 86–95. [CrossRef]
40. Lee, D.H. Non-invasive evaluation of nonalcoholic fatty liver disease. Endocrinol. Metab. 2020, 35, 243–259. [CrossRef]

http://doi.org/10.1111/apt.16596
http://doi.org/10.1002/hep.21669
http://doi.org/10.1136/gut.2010.216077
http://doi.org/10.1016/j.cgh.2009.05.033
http://www.ncbi.nlm.nih.gov/pubmed/19523535
http://doi.org/10.1053/jhep.2003.50346
http://www.ncbi.nlm.nih.gov/pubmed/12883497
http://www.ncbi.nlm.nih.gov/pubmed/21920102
http://doi.org/10.1016/j.acra.2012.02.022
http://www.ncbi.nlm.nih.gov/pubmed/22521729
http://doi.org/10.1002/hep.21496
http://doi.org/10.1016/S2468-1253(19)30383-8
http://doi.org/10.1038/srep42477
http://www.ncbi.nlm.nih.gov/pubmed/28195199
http://doi.org/10.1038/s41598-020-64902-8
http://doi.org/10.4049/jimmunol.1900899
http://www.ncbi.nlm.nih.gov/pubmed/31636134
http://doi.org/10.1055/s-0037-1604091
http://www.ncbi.nlm.nih.gov/pubmed/28898899
http://doi.org/10.3748/wjg.v23.i18.3228
http://doi.org/10.1016/j.diabet.2019.01.008
http://www.ncbi.nlm.nih.gov/pubmed/30708071
http://doi.org/10.1186/s13643-019-1200-8
http://doi.org/10.1111/j.1872-034X.2011.00849.x
http://doi.org/10.1111/j.1872-034X.2012.01034.x
http://doi.org/10.1016/j.jhep.2015.05.006
http://www.ncbi.nlm.nih.gov/pubmed/25980762
http://doi.org/10.3748/wjg.v21.i25.7860
http://www.ncbi.nlm.nih.gov/pubmed/26167086
http://doi.org/10.1055/s-0038-1677517
http://doi.org/10.3803/EnM.2020.35.2.243

	Introduction 
	Materials and Methods 
	Study Design and Protocols 
	Statistical Analysis 

	Results 
	Baseline Characteristics of the Patients 
	Changes in LFTs and Fibrosis Markers 
	Changes in Liver Attenuation and L/S Ratio by CT Imaging 

	Discussion 
	Conclusions 
	References

