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Aim: No pharmacotherapeutic treatment has been established for metabolic dysfunction-associated steatotic liver
disease (MASLD) and metabolic dysfunction-associated steatohepatitis (MASH). This trial compared the effects
of pemafibrate and omega-3-acid ethyl ester on hepatic function in patients with hypertriglyceridemia
complicated by MASLD.

Methods: Patients with hypertriglyceridemia complicated by MASLD were enrolled, randomly assigned to the
pemafibrate or omega-3-acid ethyl ester group, and followed for 24 weeks. The primary endpoint was the change
in alanine aminotransferase (ALT) from baseline to week 24. The secondary endpoints included other hepatic
enzymes, lipid profiles, and hepatic fibrosis biomarkers.

Results: A total of 80 patients were enrolled and randomized. The adjusted mean change in ALT from baseline
to week 24 was significantly lower in the pemafibrate group (-19.7+5.9 U/L) than in the omega-3-acid ethyl
ester group (6.8+5.5 U/L) (intergroup difference, -26.5 U/L; 95% confidence interval, -42.3 to -10.7 U/L;
2=0.001). Pemafibrate significantly improved the levels of other hepatic enzymes (aspartate aminotransferase
and gamma-glutamyl transpeptidase), lipid profiles (triglycerides, total cholesterol, high-density lipoprotein
cholesterol, and non-high-density lipoprotein cholesterol), and hepatic fibrosis biomarkers (Mac-2 binding
protein glycan isomer and Fibrosis-4 index). No cases of discontinuation due to adverse drug reactions were
identified in either group, and there were no safety concerns.

Conclusions: Pemafibrate is recommended over omega-3-acid ethyl ester for lipid management and MASLD
treatment in patients with hypertriglyceridemia complicated by MASLD. The study results may contribute to the
development of future treatment strategies for patients with MASLD/MASH.

Clinical trial registration: Japan Registry for Clinical Trials (JRCT) (registration no.: jRCTs041200011; https://jrct.
niph.go.jp/latest-detail jRCTs041200011).

Key words: Pemafibrate, Omega-3-acid ethyl ester, Metabolic dysfunction-associated steatotic liver disease,
Hepatic function, Hepatic fibrosis

hepatocytes, leading to liver damage. Hepatic steatosis,

Introduction defined as the pathological condition in which 5% or
Steatotic liver disease is a pathological condition more of hepatocytes in liver tissues have lipid droplets,
characterized by triglyceride (TG) deposition in is a common complication of diabetes mellitus and
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obesity. Steatotic liver disease in conjunction with at
least one of five cardiometabolic risk factors (obesity,
glucose metabolism disorder, hypertension,
hypertriglyceridemia, or hypo-high-density-
lipoprotein (HDL) cholesterolemia) is referred to as
metabolic dysfunction-associated steatotic liver disease
(MASLD) Y. Steatohepatitis with the cardiometabolic
risk factors, in which inflammation and fibrosis occur
in the liver, is referred to as metabolic dysfunction-
associated steatohepatitis (MASH)Y. Previous reports
have indicated that MASLD is a risk factor for type 2
diabetes mellitus and cardiovascular diseases® 2, is
associated with obesity and metabolic syndrome, and
causes abnormal glucose tolerance, insulin resistance,
and dyslipidemia® . MASH often results in severe
outcomes, 1nc1ud1ng cirrhosis, hepatocellular
carcinoma, and death®®. The prevalence of MASLD
and MASH is increasing globally, with an increase of
up to 20-30% and 2-6%, respectively®!?, in the
obese population®.

Lifestyle modification through diet and exercise
therapy for weight reduction is recommended to
manage MASLD and MASH®®; nevertheless,
maintaining lifestyle modification for a long period of
time is often difficult'?. Vitamin E and pioglitazone
have been recommended as pharmacotherapeutics for
MASLD/MASH, and eicosapentaenoic acid ethyl
ester/docosahexaenoic acid'® and sodium-glucose
cotransporter 2 inhibitors!> 9 have been reported to
ameliorate: MASLD/MASH. However, these agents
have not been approved for MASLD/MASH, and no
pharmacotherapeutic treatment for MASLD/MASH
has been established.

Pemafibrate, a selective peroxisome proliferator-
activated receptor @ modulator!”, has been shown to
reduce the TG levels'® and has been approved for
dyslipidemia in Japan. A previous study using an
animal model reported that pemafibrate ameliorated
MASH-related pathological conditions, such as
hepatic steatosis, hepatocyte ballooning, and hepatic
fibrosis'?. Furthermore, clinical studies revealed that
pemafibrate improved the hepatic enzyme levels in
patients with hypertriglyceridemia!® 2%, particularly in
patients exhibiting higher aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and gamma-
glutamyl transpeptidase (y-GTP) levels than the
upper limit of the normal range?V. Based on these
previous studies, we expected that pemafibrate would

exert beneficial effects on MASLD/MASH.

Aim
The present study aimed to compare the effects
of pemafibrate and eicosapentaenoic acid ethyl ester/

docosahexaenoic acid, which can reportedly improve
MASLD/MASH'), on hepatic function in patients
with hypertriglyceridemia complicated by MASLD.

Methods

The “Prospective, multicenter, Open-label,
Randomized, omega-3-acid ethyl ester-controlled
TRial to Assess the Impact of The pemafibrate on liver
function in hypertriglyceridemia patients with non-
alcoholic fatty liver disease” (PORTRAIT) study was a
multicenter randomized controlled trial (RCT)
conducted at three medical institutions in Japan
(Supplementary Table 1). Patient enrollment was
conducted from May 2020 to August 2021, and each
enrolled patient was followed for 24 weeks. The trial
protocol was approved by the Certified Clinical
Research Review Board of Aichi Medical University
Hospital (approval number: 2019-CR004), which is
certified by Japan’s Ministry of Health, Labour and
Welfare. After obtaining approval from the certified
clinical review board, this study was registered on May
2, 2020, at the Japan Registry for Clinical Trials
(jRCT; registration no.: jJRCTs041200011), which is a
clinical trial registration established by Japan’s
Ministry of Health, Labour and Welfare, in
accordance with the requirements of the Clinical Trials
Act. This study adhered to the ethical principles laid
down in the Declaration of Helsinki, Clinical Trials
Act, and other relevant legal regulations in Japan.
Third-party entities (Soiken, Inc., Osaka, Japan)
performed data management, monitoring, audits, and
statistical analyses. All authors vouched for the
completeness and accuracy of the data, as well as their
analyses, and for the fidelity of the trial to the
protocol.

Patients with hypertriglyceridemia complicated
by MASLD were enrolled in this study after obtaining
written informed consent. A complete list of the
inclusion and exclusion criteria is provided in
Supplementary Table 2. The enrolled patients were
randomly assigned into either the pemafibrate group
or omega-3-acid ethyl ester group, with an allocation
ratio of approximately 1:1. Depending on the ALT
and TG levels at the consenting and medical
institutions (i.e., allocation factors), random allocation
was performed by a computer program located at the
registration center using a minimization method.
Pemafibrate (0.2 mg/day) was administered for 24
weeks in the pemafibrate group, whereas omega-3-
acid ethyl ester (2 g/day) was administered for 24
weeks in the omega-3-acid ethyl ester group. The
patients were followed up at baseline prior to the
initiation of treatment with the study agents and at 4,
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12, and 24 weeks after treatment initiation. The
observation schedules and items are detailed in
Supplementary Table 3.

For this study, the primary endpoint was the
change in ALT levels from baseline to week 24. The
secondary endpoints included the lipid profiles (TG,
total cholesterol [TC], low-density lipoprotein
cholesterol [LDL-C], high-density lipoprotein
cholesterol [HDL-C], and non-HDL-C), hepatic
fibrosis biomarkers (AST, y-GTD, type IV collagen 78,
Mac-2 binding protein glycosylation isomer
[M2BPGi], and Fibrosis-4 [FIB-4] index),
inflammation biomarker (high-sensitivity C-reactive
protein), and glucose metabolism biomarkers
(hemoglobin Alc [HbAlc], fasting plasma glucose,
and insulin). A full list of the endpoints is provided in
Supplementary Table 4.

The sample size was determined to provide
adequate power for the intergroup comparison of the
change in ALT levels from baseline to week 24. With
reference to the data of previous studies?™ 2%, the
change in ALT levels from baseline with standard
deviations was assumed to be -18.5+23.0 IU/L in the
pemafibrate group and -3.0 £23.0 IU/L in the omega-
3-acid ethyl ester group. For a two-sided test with a
statistical power of 80%, the minimum sample size
required to achieve a significance level of 0.05 was
determined to be 36 patients per group. Assuming a
dropout rate of approximately 10%, the planned
sample size was set at 80 patients (i.e., 40 patients per
group).

The primary and secondary endpoints were
analyzed using data from the “full analysis set”
population, which included all enrolled study patients
who were subsequently randomized to one of the
study treatments but excluded those who seriously
violated the protocol. Sensitivity analysis was
performed using the “per-protocol” population,
excluding patients who violated the eligibility criteria,
received prohibited agents and treatments, or
exhibited poor medication adherence. All p-values
were two-sided, and statistical significance was set at a
p-value of <0.05. The adjusted mean change in each
continuous variable was estimated using analysis of
covariance (ANCOVA), with the treatment groups as
the fixed effect and with the baseline ALT and TG
levels and medical institutions as the covariates. All
statistical analyses were performed by a third-party
entity (Soiken Inc.).

Results

Patients’ Background
A total of 199 patients were evaluated for
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eligibility. Of these patients, 80 (pemafibrate group,
n=39; omega-3-acid ethyl ester group, n=41) were
enrolled and randomized in this study (Fig.1). The
baseline patient characteristics were well balanced

between the groups (Table 1).

Hepatic Enzymes

The adjusted mean change in ALT levels from
baseline to week 24 (i.e., the primary endpoint) was
significantly lower in the pemafibrate group (-19.7 £
5.9 U/L) than in the omega-3-acid ethyl ester group
(6.8+5.5 U/L) (intergroup difference, -26.5 U/L;
95% confidence interval [CI], -42.3 to -10.7 U/L;
»=0.001) (Fig.2). Additionally, the adjusted mean
change in ALT levels was significantly lower in the
pemafibrate group (-18.9+3.3 U/L and -20.9+4.4
U/L, respectively) than in the omega-3-acid ethyl ester
group (0.8+3.2 U/L and 6.4£4.1 U/L, respectively)
at week 4 (intergroup difference, -19.7 U/L; 95% CI,
-28.7 to -10.8 U/L; p<0.001) and week 12
(intergroup difference, -27.3 U/L; 95% CI, -39.1 to
-15.6 U/L; p<0.001).

As for other hepatic enzymes, the adjusted mean
change in AST levels was significantly lower at week
12 in the pemafibrate group (-6.0£2.6 U/L) than in
the omega-3-acid ethyl ester group (4.6+2.5 U/L)
(intergroup difference, -10.6 U/L; 95% CI, -17.7 to
-3.6 U/L; p=0.004). The adjusted mean change in
AST levels was also numerically lower in the
pemafibrate group than in the omega-3-acid ethyl
ester group at week 4 (p=0.15) and week 24 (p=0.05);
however, the difference was not statistically significant.
The adjusted mean change in y-GTP levels was
significantly lower in the pemafibrate group than in
the omega-3-acid ethyl ester group at weeks 4, 12, and
24 (»p<0.001 for all).

Lipid Profiles

The adjusted mean changes in TG (»<0.001 for
all), TC (»p=0.021, 0.021, and 0.004, respectively),
and non-HDL-C (»=0.001, <0.001, and <0.001,
respectively) levels were significantly lower in the
pemafibrate group than in the omega-3-acid ethyl
ester group at weeks 4, 12, and 24. Conversely, the
adjusted mean change in HDL-C levels (»<0.001 for
all) was significantly higher at weeks 4, 12, and 24
(Fig.3). The adjusted mean change in LDL-C levels
was lower in the pemafibrate group than in the
omega-3-acid ethyl ester group at weeks 4, 12, and 24,
albeit without statistically significant difference

(=0.59, 0.53, and 0.21, respectively).

Hepatic Fibrosis Biomarkers
The adjusted mean change in M2BPGi was
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199 patients screened

119 patients excluded
97 ineligible
22 missing consent

80 patients registered and randomized ‘

39 patients assigned to the pemafibrate group ‘ ‘ 41 patients assigned to omega-3 fatty acid ethyl ester group
| 1 patients excluded 2 patients excluded
1 consent withdrawn 2 consent withdrawn
38 patients included in the safety analysis set 39 patients included in the safety analysis set
0 discontinued 0 discontinued
2 dropout 0 dropout
——»|None excluded —»‘ None excluded
38 patients included in the full analysis set 39 patients included in the full analysis set
0 discontinued 0 discontinued
2 dropout 0 dropout
——»|None excluded ——»{3 patients excluded
3 violation to the inclusion criteria
38 patients included in the per-protocol set 36 patients included in the per-protocol set
0 discontinued 0 discontinued
2 dropout 0 dropout

Fig.1. Study flow chart showing patient enrollment, allocation, and analysis

Table 1. Backgrounds of patients

Pemafibrate group (2=38) Omega-3-acid ethyl ester group (2=39) p value
n n
Age (years) 38 51.8+12.8 39 53.5%14.0 0.57
Female sex [ (%)] 38 14 (36.8) 39 14 (35.9) 0.93
Height (cm) 38 164.8+9.3 38 164.6+8.6 0.92
Weight (kg) 38 77.8+14.2 38 76.4+13.2 0.68
Whaist circumference (cm) 20 99.2+11.7 21 95.2+9.1 0.23
Systolic blood pressure (mmHg) 30 134.8+16.9 28 136.1+11.3 0.73
Diastolic blood pressure (mmHg) 30 83.5+12.7 28 85.2+10.7 0.57
Comorbidity
Diabetes mellitus 38 15 (39.5) 39 18 (46.2) 0.55
Hypertension 38 16 (42.1) 39 25 (64.1) 0.05
Hepatic disease 38 0 (0.0) 39 0 (0.0) =
Medication
Antidiabetic agent 38 9 (23.7) 39 12 (30.8) 0.49
Biguanide 38 8 (21.1) 39 9 (23.1) 0.83
Glinide 38 1(2.6) 39 0 (0.0) 0.49*
a- glucosidase inhibitor 38 4 (10.5) 39 5(12.8) 1.00*
DPP-4 inhibitor 38 1(2.6) 39 2(5.1) 1.00*
Antihypertensive agent 38 12 (31.6) 39 17 (43.6) 0.28
Angiotensin receptor blocker 38 10 (26.3) 38 13 (34.2) 0.45
Diuretic agent 38 2 (5.3) 38 4 (10.5) 0.67*
Calcium antagonist 38 7 (18.4) 38 8(21.1) 0.77
Hypolipidemic agent 38 13 (34.2) 39 12 (30.8) 0.75
Statin 38 10 (26.3) 39 11 (28.2) 0.85
Ezetimibe 38 3(7.9) 39 2(5.1) 0.67*

Data are presented as mean + standard deviation for continuous variables and as 7 (%) for categorical variables.
Chi-squared and two-sample #tests were performed for categorical and continuous variables, respectively.
* . . . . . . .

Intergroup comparison was conducted using Fisher’s exact test, as it did not meet the requirement of the chi-squared test.
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A two-sample #-test was performed for the intergroup comparison of measurements. Because the y-GTP measurements were not distributed
normally, a two-sample r-test was performed using log-transformed values. The adjusted mean change in each continuous variable was
estimated using analysis of covariance (ANCOVA), with the treatment groups as the fixed effect and with the baseline ALT and TG levels and
medical institutions as the covariates. *, **, and *** represent p<0.05, p<0.01, and p<<0.001, respectively. ALT, alanine aminotransferase;
AST, aspartate aminotransferase; y-GTP, gamma-glutamyl transpeptidase; TG, triglyceride.

significantly lower in the pemafibrate group than in
the omega-3-acid ethyl ester group at weeks 4, 12, and
24 (p<0.001 for all) (Table 2). M2BPGi significantly
decreased in the pemafibrate group from baseline to
week 4 (change from baseline -0.18 £0.33, »p=0.002),
12 (change from baseline -0.15+0.32, p=0.009), and
24 (change from baseline: -0.15+0.43, p=0.038), but
it did not significantly decreased or rather tended to
increase in the omega-3-acid ethyl ester group (week 4:
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change from baseline 0.00+0.13, p=0.96, week 12:
change from baseline 0.03+0.19, p=0.27, week 24:
change from baseline 0.04+0.14, p=0.05). Similarly,
the adjusted mean change in the FIB-4 index was
significantly lower in the pemafibrate group than in
the omega-3-acid ethyl ester group at week 12
(=0.014). The FIB-4 index significantly decreased in
the pemafibrate group from baseline to week 12
(change from baseline -0.10 £0.26, p=0.024), but not
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Fig.3. Changes in lipid profiles

A two-sample rtest was performed for the intergroup comparison of measurements. Because the TG measurements were not distributed
normally, a two-sample r-test was performed using log-transformed values. The adjusted mean change in each continuous variable was
estimated using analysis of covariance (ANCOVA), with the treatment groups as the fixed effect and with the baseline ALT and TG levels and
medical institutions as the covariates. *, **, and *** represent p<0.05, p<0.01, and p<0.001, respectively. TG, triglyceride; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Table 2. Changes in hepatic fibrosis biomarkers

Pemafibrate group Omega-3-acid ethyl ester group Tntergroup difference in
ek Measurement (1) A(Rl;;t}eg agg?:ec(}égge Measurement (1) A(fi.Jr E;Cg;sﬁi?e C(}é%l;ge adjust?gsr;:?[)change prilue
Type IV collagen 7S (ng/mL) 0 4.03%0.67 (37) 4.23+0.96 (38)
4 405£092(38) 0.03 (0.12) 440+1.12 (39) 0.17(0.11)  -0.14 (-0.46,0.18) 039
12 381085 (35) 2027 (0.15) 438+1.27 (39) 0.05(0.14) 033073007 010
24 3.56+0.75 (36) -0.49 (0.14) 4.06%1.19 (39) -0.17 (0.13) -0.31 (-0.69, 0.06) 0.10
M2BPGi 0 0.80=0.84 (38) 0.74%0.39 (39)
4 0.62£057 (38) 20.16 (0.03) 0.74+0.39 (39) 0.00(0.03)  -0.16 (-0.24,-0.08)  <0.001
12 063059 (35) -0.14 (0.03) 0.770.45 (39) 0.03(0.03)  -0.17(-0.26,-0.08)  <0.001
2% 0.65%0.50 (36) 20.13 (0.03) 0.78+0.43 (39) 0.04(0.03)  -0.18(-0.27,-0.08)  <0.001
FIB-4 index 0 1.25+0.81 (38) 1.32£0.75 (39)
4 1.20£0.75 (38) -0.06 (0.03) 1.27£0.70 (39) -0.05 (0.03) -0.01 (-0.09, 0.07) 0.78
12 113071 (36) 20.10 (0.05) 1.37£0.79 (39) 0.06(0.05  -0.16(-0.29,-0.03) 0014
% 120£0.73 (36) 20,04 (0.05) 1.35+0.74 (39) 0.05(0.05  -0.09(-0.22,0.05 021

Data are presented as mean * standard deviation (7) for measurements or as mean (standard error [SE]) for adjusted mean changes from baseline.
The adjusted mean change in each continuous variable was estimated using analysis of covariance (ANCOVA), with the treatment groups as the
fixed effect and with the baseline alanine aminotransferase and triglyceride levels and medical institutions as the covariates.

95% CI, 95% confidence interval; M2BPGi, Mac-2 binding protein glycosylation isomer; FIB-4 index, Fibrosis-4 index.
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Table 3. Changes in glucose metabolism biomarkers

Pemafibrate group Omega-3-acid ethyl ester group Tntetgoup difference in
k . . j mean chan 1
" o) MBS ) Ml nendae G 2
HbAlc (%) 0 6.2£0.6 (38) 6.3+0.7 (39)
6.2£0.6 (38) 0.0 (0.0) 6.4%0.7 (39) 0.0 (0.0) 0.0 (0.1, 0.0) 0.42
12 6.3£0.7 (35) 0.1 (0.0) 6.4£0.9 (39) 0.1 (0.0) 0.0 (-0.2,0.1) 0.60
2% 6.4+0.6 (35) 0.1 (0.1) 6.6+ 1.4 (39) 0.2 (0.1) 0.1 (-04,03) 0.60
Plasma glucose (mg/dL) 0 119.5+31.8 (38) 116.2£17.5 (39)
4 113.2£20.2 (37) 5.3(2.8) 120.0£21.5 (39) 2.5(2.7) 7.8 (-15.4,-0.2) 0.045
12 113.1£16.2 (36) 5.9 (3.2) 116.5£26.3 (38) -1.6 (3.0) -4.3(-12.9,4.3) 0.32
24 118.7+20.4 (36) 1.3 (4.5) 126.0+38.3 (39) 7.9 (4.2) 9.2(-213,3.0) 0.14
Insulin (uIU/mL) 0 30.3+25.2 (33) 27.2+17.3 (34)
4 19.3£10.8 (26) 25.1%15.7 (29)
12 17.7+6.8 (32) 19.9+13.4 (36)
24 22.1£16.6 (32) 23.0%14.5 (36)
Insulin 0 3.17+0.68 (33) 3.12£0.62 (34)
(log-transformed) [In(uIUMmL)] 4 2.84046 (26) -0.34 (0.14) 3.02£0.68 (29) 0140120 -0.19(049,011) 021
12 279%044(32) -0.30 (0.09) 2.81+0.60 (36) 032(0.08)  003(021,027) 082
24 2.93+0.54 (32) -0.16 (0.09) 2.96+0.60 (36) -0.13 (0.08) -0.03 (-0.27,0.21) 0.82

Data are presented as mean * standard deviation () for measurements or as mean (standard error [SE]) for adjusted mean changes from baseline.
The adjusted mean change in each continuous variable was estimated using analysis of covariance (ANCOVA), with the treatment groups as the
fixed effect and with the baseline alanine aminotransferase and triglyceride levels and medical institutions as the covariates.

HbAlc, hemoglobin Alc; 95% CI, 95% confidence interval.

in the omega-3-acid ethyl ester group (change from
baseline 0.05+0.31, »p=0.33). No other intragroup
significant change was observed at week 4 and 24 both
in the pemafibrate group and the omega-3-acid ethyl
ester group. No significant intergroup difference in
the adjusted mean change in type IV collagen 7S was
observed, however, it significantly decreased in the
pemafibrate group from baseline to week 24 (change
from baseline -0.46+0.75, p<0.001), but not in the
omega-3-acid ethyl ester group (change from baseline
-0.19+0.96, p=0.22). No other intragroup significant
change was observed at week 4 and 12 both in the
pemafibrate group and the omega-3-acid ethyl ester

group.

Glucose Metabolism Biomarkers

The adjusted mean changes in glucose
metabolism biomarkers (i.e., HbAlc, fasting plasma
glucose, and insulin) did not significantly differ
between the groups, except for fasting plasma glucose

at week 4 (p=0.045) (Table 3).

Body Composition

The adjusted mean changes in body weight,
body mass index (BMI), and waist circumference did
not significantly differ between the groups (Table 4).
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Inflammation Biomarker

As a biomarker for inflammation, high sensitivity
C-reactive protein (hsCRP) was assessed. Since the
values did not distribute normally, ANCOVA was
performed using log-transformed values. Although no
significant difference in the adjusted mean changes
was observed (Table 5), it significantly decreased in
the pemafibrate group from baseline to week 12
(change in the log-transformed value from baseline
-0.26+0.75, p=0.046), but not in the omega-3-acid
ethyl ester group (change in the log-transformed value
from baseline 0.11+0.84, p=0.44). No other
intragroup significant change was observed at week 4
and 24 both in the pemafibrate group and the omega-
3-acid ethyl ester group.

Safety

The adverse events that occurred during the
study period are summarized in Table 6. No deaths
were reported in either group, and the frequency of
non-serious/serious adverse events did not differ
between the groups. The most frequent adverse event
was an increase in blood pyruvic acid levels, which
occurred in 5 patients (13.2%) in the pemafibrate
group and 8 patients (20.5%) in the omega-3-acid
ethyl ester group.
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Table 4. Changes in body composition

Pemafibrate group Omega-3-acid ethyl ester group Intergroup difference in
Week A h A h adjusted mean change ~ p value
Measurement (1) fil;i;eb;ﬁ?ec(sgge Measurement (1) fjrgi;eb;:;ﬁ::ec(sgge (95% CI)

Body weight (kg) 0 77.8+14.2 (38) 76.4+13.2 (38)

24 78.9+15.4 (35) 0.6 (0.4) 76.4+13.2 (38) 0.0 (0.4) 0.6 (-0.6, 1.7) 0.30
BMI (kg/m?) 0 28.5+4.1 (38) 28.1£3.7 (38)

24 29.0£4.5 (35) 0.2(0.2) 28.1+3.8 (38) 0.0 (0.1) 0.2 (-0.2,0.6) 0.39
Wiaist circumference (cm) 0 99.2+11.7 (20) 95.2£9.1 (21)

% 100.0£121(16) 0.8 (1.3) 96.1£7.1(17) 1.0 (1.6) 03 (29, 24) 0.84

Data are presented as mean * standard deviation () for measurements or as mean (standard error [SE]) for adjusted mean changes from baseline.
The adjusted mean change in each continuous variable was estimated using analysis of covariance (ANCOVA), with the treatment groups as the
fixed effect and with the baseline alanine aminotransferase and triglyceride levels and medical institutions as the covariates.

BMI, body mass index; 95% CI, 95% confidence interval

Table 5. Changes in inflammatory biomarker

Pemafibrate group Omega-3-acid ethyl ester group

Intergroup difference in

Week Adjusted mean change Adjusted mean change adjusted mean change p value
Measurement (#) ~ from baseline (SE) (log- ~ Measurement () from baseline (SE) (95% CI) (log-
transformed) (log-transformed) transformed)
hsCRP (ng/mL) 0 1731.4%1515.3 (38) 1967.6£1949.5 (39)
4 1926.3+3667.7 (38) -0.15 (0.15) 2823.9£4514.5 (39) 0.18 (0.15) -0.33 (-0.75, 0.10) 0.13
12 1355.4+1276.1 (35) -0.23 (0.13) 3128.3£5392.1 (39) 0.12 (0.12) -0.35 (-0.71, 0.01) 0.06
24 3705.3+8547.4 (36) 0.10 (0.14) 1827.0+2041.8 (39) -0.13 (0.13) 0.23 (-0.14, 0.61) 0.22

Data are presented as mean = standard deviation () for measurements or as mean (standard error [SE]) for adjusted mean changes from baseline.
The adjusted mean change for log-transformed value was estimated using analysis of covariance (ANCOVA), with the treatment groups as the fixed
effect and with the baseline alanine aminotransferase and triglyceride levels and medical institutions as the covariates.

hsCRP, high-sensitivity C-reactive protein; 95% CI, 95% confidence interval

Table 6. Adverse events

Pemafibrate group Omega-3-acid ethyl ester group

Number of patients in the safety analysis set 38 39

Death 0 (0.0) 0 (0.0)

Any adverse event 9 (23.7) 12 (30.8)

Any serious adverse event 1(2.6) 0 (0.0)

Name of adverse event Total Serious Total Serious
Increase in blood pyruvic acid levels 5(13.2) 0 (0.0) 8 (20.5) 0 (0.0)
Hyperlactacidemia 2 (5.3) 0 (0.0) 2(5.1) 0 (0.0)
Diverticulitis 1(2.6) 1(2.6) 0 (0.0) 0 (0.0)
Hypoproteinemia 1(2.6) 0 (0.0) 1(2.6) 0 (0.0)
Decrease in blood ALP levels 1(2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Wilkts 1(2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Pt 1(2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Retinal tear 1(2.6) 0 (0.0) 0 (0.0) 0 (0.0)
Folliculitis 0 (0.0) 0 (0.0) 2 (5.1) 0 (0.0)
Dizziness 0 (0.0) 0 (0.0) 1(2.6) 0 (0.0)
Epistaxis 0 (0.0) 0 (0.0) 1(2.6) 0 (0.0)
Gastroesophageal reflux disease 0 (0.0) 0 (0.0) 1(2.6) 0 (0.0)
Hyperglycemia 0 (0.0) 0 (0.0) 1(2.6) 0 (0.0)
Increase in blood ALP levels 0 (0.0) 0 (0.0) 1(2.6) 0 (0.0)
Migraine 0 (0.0) 0 (0.0) 1(2.6) 0 (0.0)
Nausea 0 (0.0) 0 (0.0) 1(2.6) 0 (0.0)

Data are represented as 7 (%).

ALDP, alkaline phosphatase.
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Discussion

The present study revealed that, compared with
omega-3-acid ethyl ester, pemafibrate significantly
improved the hepatic enzymes (ALT, AST, and vy
-GTP), lipid profiles (TG, TC, HDL-C, and non-
HDL-C), and hepatic fibrosis biomarkers (M2BPGi
and FIB-4 index) despite the short intervention period
of 24 weeks. These results suggest that pemafibrate
not only shows superior efficacy against dyslipidemia
but also has multi-aspect beneficial effects in patients
with hypertriglyceridemia complicated by MASLD.
These results are consistent with the findings of a
recent RCT investigating pemafibrate versus placebo
(PROMINENT trial), which reported an
improvement in TG, very-low-density lipoprotein,
remnant cholesterol, and apolipoprotein C-III levels
with pemafibrate?”. Another RCT on pemafibrate
versus placebo showed that pemafibrate significantly
reduced liver stiffness, suggesting the amelioration of
hepatic fibrosis??. A recent retrospective study also
reported that pemafibrate reduced the shear wave
velocity (liver stiffness)?”. Importantly, this study
showed a significant improvement in lipid profiles and
hepatic fibrosis biomarkers with pemafibrate, as
compared with omega-3-acid ethyl ester, which has
been reported to improve hepatic steatosis'?. Recently,
an RCT of pemafibrate versus omega-3-acid ethyl
ester (PROUDA48 study) reported that pemafibrate
significantly reduced the lipid profiles and the levels of
fasting apoB-48 (an indicator of postprandial
hypertriglyceridemia) and other hepatic enzymes in
patients with dyslipidemia receiving statin
treatment®. Given that only approximately one-
fourth of the enrolled patients in this study (10 cases
(26.3%) in the pemafibrate group and 11 cases
(28.2%) in the omega-3-acid ethyl ester group) used
statins at baseline, the results of this study and the
PROUD48 study may complementarily support the
evidence regarding the efficacy of pemafibrate, as
compared with that of omega-3-acid ethyl ester.
While, although M2BPGi was significantly improved
in the pemafibrate group, type IV collagen 7S did not
show significant improvement in the pemafibrate
group compared with the omega-3-acid ethyl ester
group. One reason of this discrepancy might be that
M2BPGi influences not only the hepatic fibrosis but
also inflammation?”> 2. The fact that hsCRP
significantly decreased in the pemafibrate group might
support the speculation.

The latest treatment guidelines for MASLD/
MASH in Japan recommend pioglitazone for patients
with MASLD/MASH complicated by type 2 diabetes

mellitus®. However, pioglitazone has not been
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approved for MASLD/MASH and no
pharmacotherapeutic treatment has been established
for MASLD/MASH. In contrast, recent practice
guidance for MASLD issued by the American
Association for the Study of Liver Diseases (AASLD)
recommends fibrates or a combination therapy with
fibrate and omega-3 fatty acids or icosapent ethyl for
patients with MASLD and severe hypertriglyceridemia®”.
The results of this study suggest that pemafibrate has
beneficial effects in patients with hypertriglyceridemia
complicated by MASLD; hence, the use of
pemafibrate over omega-3-acid ethyl ester for lipid
management and MASLD treatment may be
recommended for patients with hypertriglyceridemia
complicated by MASLD. Our study results may
contribute to the development of treatment strategies
for MASLD/MASH.

With respect to safety, pemafibrate did not affect
glucose metabolism, as the changes in HbAlc, fasting
blood glucose, and insulin levels did not significantly
differ between the pemafibrate and omega-3-acid
ethyl ester groups. No specific adverse events were
observed after pemafibrate administration. These
results confirm the safety of pemafibrate in patients
with hypertriglyceridemia complicated by MASLD.

This study has several limitations. First, this was
an open-label trial that lacked blinding of both
patients and physicians, which might have resulted in
some bias. Nonetheless, this study employed
objectively measurable endpoints such as ALT, AST,
and y-GTP; thus, we believe that the open-label study
design minimally biased the study results. Second, this
study used surrogate endpoints, such as hepatic
enzymes (ALT, AST, and y-GTP), lipid profiles (TG,
TC, HDL-C, and non-HDL-C), and hepatic fibrosis
biomarkers (M2BPGi and FIB-4 index), and did not
investigate hard endpoints, such as the onset of
cardiovascular diseases or death. Additionally,
histological examination or hepatic elastography was
not conducted in this study. However, considering
that the AASLD practice guidance has indicated the
correlation between ALT and FIB-4 index
improvements and histological fibrosis reduction?® 3V,
the significant improvement in these surrogate
endpoints with pemafibrate, as compared with omega-
3-acid ethyl ester, might reflect the beneficial effects of
pemafibrate in patients with hypertriglyceridemia
complicated by MASLD. Third, this study was
conducted only at medical institutions in Japan.
Therefore, the generalizability of our study results to
other countries or patients of other ethnicities remains
unknown, and further international studies are
required. Fourth, this study enrolled a relatively small
number of patients (7=80) and employed a relatively
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short intervention period (24 weeks); however, it did
not investigate the long-term efficacy of pemafibrate
in ameliorating hepatic fibrosis and suppressing cancer
and cardiovascular diseases. The PROMINENT study,
which enrolled patients with type 2 diabetes mellitus
who had a history of cardiovascular disease or were at
a high risk for cardiovascular diseases, reported that
pemafibrate did not suppress the onset of
cardiovascular diseases?. In comparison, more than
half of the patients in this study did not have diabetes
mellitus, and only one patient had a history of
cardiovascular disease. Future studies should
investigate the long-term efficacy of pemafibrate in
ameliorating hepatic fibrosis or preventing
cardiovascular diseases in patients with
hypertriglyceridemia without diabetes mellitus or a
history of cardiovascular disease. In addition, while
the PROMINENT study enrolled patients 80% of
which were treated with high-intensity statins,
majority of enrolled patients in this PORTRAIT study
did not use statins. Since the numbers of patients
treated with statins were small in this study (10 cases
(26.3%) in the pemafibrate group and 11 cases
(28.2%) in the omega-3-acid ethyl ester group),
further large-scale clinical trials are required to assess
the effects of statins in combination with pemafibrate
or omega-3-acid ethyl ester.

Conclusions

The results of this study indicated that,
compared with omega-3-acid ethyl ester, pemafibrate
significantly improved the levels of hepatic enzymes
(ALT, AST, and y-GTP), lipid profiles (TG, TC,
HDL-C, and non-HDL-C), and hepatic fibrosis
biomarkers (M2BPGi and FIB-4 index). These results
suggest that pemafibrate is beneficial in patients with
hypertriglyceridemia complicated by MASLD, as
compared with omega-3-acid ethyl ester. The study
results may contribute to the development of future
treatment strategies for patients with MASLD/
MASH.
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Supplementary Table 1. Participating medical institutions

Participating medical institution Responsible investigator Number of enrolled patients
Aichi Medical University Hospital Sumida Yoshio 39
Ogaki Municipal Hospital Yasuda Satoshi 21

Naka Kinen Clinic

Osonoi Takeshi 20

Supplementary Table 2. Eligibility criteria

Inclusion criteria

Exclusion criteria

Patients who met all of the following criteria were included in this study:

1. Patients with fasting TG levels 2 150 mg/dL and <500 mg/dL within 12 weeks prior to the provision of their
consent

2. Patients diagnosed with steatosis by abdominal ultrasound within 6 months prior to the provision of their consent

3. Male patients with ALT levels >40 IU/L or female patients with ALT levels >30 IU/L within 12 weeks prior to the

provision of their consent

4. Male and female patients aged > 20 years

5. Patients who provided written informed consent

Patients who met any of the following criteria were excluded from this study:
1. Patients with ALT levels > 250 IU/L

2. Patients who were deemed to be excessive drinkers (ethanol intake of 2 210 g/week for male patients or > 140 g/week
for female patients)

3. Patients who used fibrates within 12 weeks prior to the provision of their consent

4. Patients who used omega-3 fatty acid agents or relevant supplements within 6 months prior to the provision of their
consent

5. Patients who used drugs prohibited in this study (e.g., pioglitazone, vitamin E, SGLT?2 inhibitors, GLP-1 receptor
antagonists, study agent, control agent, or any drug/supplement with the same indications) within 12 weeks prior to
the provision of their consent

6. Patients with BMI of <22 kg/m?

7. Patients showing unstable glycemic control (HbAlc of 8% or higher within 12 weeks prior to the provision of their
consent)

8. Patients with cirrhosis
9. Patients with plasma creatinine levels > 1.5 mg/dL
10. Patients with cholelithiasis or biliary obstruction
11. Patients who had chronic liver diseases with any of the following steatosis except for NAFLD:
(i) Viral hepatitis (hepatitis B, hepatitis C)
(ii) Autoimmune hepatitis
(iii) Primary biliary cholangitis
(iv) Primary sclerosing cholangitis
(v) Drug-induced liver injury

(vi) Endocrine/metabolic hepatitis (hyperthyroidism, Wilson disease, hemochromatosis, or alpha-1 antitrypsin
deficiency)

12. Patients who had a malignant tumor or who were expected to experience recurrence of a malignant tumor after
amelioration

13. Patients who underwent blood collection or blood donation of > 200 mL within 12 weeks prior to the provision of
their consent

14. Patients with a history of severe drug hypersensitivity (e.g., anaphylactic shock)
15. Patients who were breastfeeding, pregnant, possibly pregnant, or planning to be pregnant
16. Patients who were participating in other interventional trials

17. Patients who had a history of hypersensitivity to or had contraindications to the study agent or control agent in this
study

18. Patients who required a legal representative for the provision of consent

19. Patients who were considered to be unsuitable for study participation by the investigators

TG, triglyceride; ALT, alanine aminotransferase; SGLT2, sodium-glucose cotransporter 2; GLP-1, glucagon-
like peptide 1; BMI, body mass index; NAFLD, non-alcoholic fatty liver disease.
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Supplementary Table 3. Observation schedule and items

Consenting | Week 0 (baseline) | Week 4 =1 week |Week 12 +2 weeks| Week 24 £ 2 weeks
Eligibility information O
Eligibility criteria, allocation factors O

Characteristics of patients

Physical examinations

Medication data

General blood tests

O

O

Special blood tests

Chest tomography

Magnetic resonance imaging

Virtual touch quantification

DID(ID>|OOIO|O|0O

DIDID>|IOOIO|O

Adverse event

O, mandatory; &, optional.

Supplementary Table 4. Primary and secondary endpoints

Primary endpoint
Secondary endpoints

Change in the ALT levels from baseline to week 24
(i) Percent change in the ALT levels from baseline to week 24

(ii) Change and percent change in the ALT levels from baseline to week 4 or week 12

(iii) Change and percet change in the following items from baseline to each observation point (items marked with

* were evaluated using both change and percent change)

Observation items

- Body weight, BMI, waist circumference

- Blood pressure (diastolic blood pressure/systolic blood pressure, office blood pressure in the sitting position)
- Lipid biomarkers (TG, TC, LDL-C, HDL-C, non-HDL-C)
- Hepatic biomarkers (AST*, y-GTP, type IV collagen 7S, M2BPGi, FIB- 4 index™)
- Inflammation biomarker (hsCRP)
- Glucose metabolism biomarkers (HbAlc, fasting plasma glucose, insulin)

- CT (L/S ratio) (optional)

- Liver stiffness (virtual touch quantification) (optional)

- MRI (liver fat content, liver stiffness) (optional)

- Other general biochemical tests (platelet count, total protein, albumin, A/G ratio, urea nitrogen, uric acid,

creatinine, eGFR, total bilirubin, lactic acid, pyruvic acid, direct bilirubin, LDH, ALP, ChE)

(iv) Frequency of adverse events or diseases

ALT, alanine aminotransferase; BMI, body mass index; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-
C, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; y-GTP, gamma-glutamyl transpeptidase; M2BPGi, Mac-2 binding
protein glycosylation isomer; FIB-4 index, Fibrosis-4 index; hsCRD high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration
rate; LDH, lactate dehydrogenase; ALP, alkaline phosphatase, ChE, cholinesterase.
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