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ABSTRACT

Introduction Non-alcoholic fatty liver disease, now
known as metabolic dysfunction-associated steatotic
liver disease (MASLD), is a phenotype of the metabolic
syndrome in the liver and is clearly associated with
metabolic abnormalities such as hyperglycaemia and
dyslipidaemia. Although the prevalence of MASLD is
increasing worldwide, there is currently no consensus

on the efficacy and safety of the drugs used to treat
MASLD/metabolic dysfunction-associated steatohepatitis
(MASH). Pemafibrate, a selective peroxisome proliferator-
activated receptor alpha modulator, was designed to
have higher peroxisome proliferator-activated receptor
alfa (PPARc) agonist activity and selectivity than existing
PPARo. agonists, and in development trials, without
increasing creatinine levels, lipid parameters and alanine
aminotransferase (ALT) were significantly improved. Thus,
pemafibrate may effectively ameliorate the pathogenesis
and metabolic abnormalities in MASLD/MASH. In this trial,
we evaluated the efficacy and safety of pemafibrate in
patients with MASLD/MASH.

Methods and analysis This trial was designed as an
open-label, three-arm, randomised controlled study. After
obtaining informed consent, patients aged 20-80 years
who met the selection criteria were enrolled. Patients
were randomised to receive pemafibrate 0.4 mg/day, 0.2
mg/day or fenofibrate (n=120 per group). The duration

of treatment was 48 weeks. The primary endpoint was

a change in ALT levels after 24 weeks of administration.
Secondary endpoints included changes from baseline in
liver fibrosis markers (fibrosis-4 index, type IV collagen
7s, enhanced liver fibrosis and Mac-2 binding protein
glycosylation isomer) at 48 weeks as well as changes in
liver fat mass and liver stiffness measured by MRI and
ultrasound (US) at centres equipped with MRI and US
capabilities.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first study to compare the effects of
high-dose pemafibrate, low-dose pemafibrate and
fenofibrate on hepatic pathology in patients with
metabolic dysfunction-associated steatotic liver
disease.

= Secondary endpoints will include changes in liver
stiffness measured by elastography and fibrosis
markers.

= The limitations of the study include open-label and
no liver biopsy.

Ethics and dissemination Ethical approval was obtained
from the Yokohama City University Certified Institutional
Review Board before participant enrolment (CRB20-014).
The results of this study will be submitted for publication in
international peer-reviewed journals and the key findings
will be presented at international scientific conferences.
Participants wishing to understand the results of this study
will be contacted directly on data publication.

Trial registration number This trial was registered

in the Japan Registry of Clinical Trials (number:
jRCTs031200280).

Protocol version V.1.9, 23 November 2023

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD),
which has recently been reclassified as meta-
bolic dysfunction-associated steatotic liver
disease (MASLD),! is a clinical condition
diagnosed in the presence of steatosis by liver
biopsy and imaging studies when alcoholism
and other liver diseases are excluded. It is a
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hepatic manifestation of metabolic syndrome and is often
associated with obesity, diabetes mellitus, dyslipidaemia,
hypertension and other disorders. The prevalence of
NAFLD is increasing worldwide. In Japan, it increased
from 12.9% in 1994 to 34.7% in 2000.> NAFLD is classi-
fied as non-alcoholic fatty liver (NAFL) or non-alcoholic
steatohepatitis (NASH), which includes inflammation
and progressive disease associated with liver cancer or
cirrhosis, affecting 10%-20% of patients.” According to
previous epidemiological reports, the old name NAFLD
and the new name MASLD are identical in 97.6%-99.7%
of patients.*® NAFLD should be reworded as MASLD and
NASH as metabolic dysfunction-associated steatohep-
atitis (MASH). In this paper, the terminology is unified
as MASLD/MASH. As a treatment for MASLD/MASH,
diet and exercise therapy with a low-calorie diet are effec-
tive, and it has been reported that weight loss improves
liver function and liver histology.7 However, there is no
consensus on the efficacy of any drug for MASLD /MASH,
and none are covered by insurance globally, including
Japan.

MASLD is often complicated by lifestyle-related
diseases, such as dyslipidaemia and diabetes mellitus.
The prevalence of MASLD in patients with dyslipidaemia
is high, ranging from 26% to 58%, and both are closely
related.® Fibrates are often used in drug therapy for
MASLD complicated by hypertriglyceridaemia. Fibrates
have been used clinically since the 1930s, and their ability
to activate peroxisome proliferator-activated receptor
(PPAR) was discovered in 1990. The PPAR family is
composed of three molecules, PPARo, PPARy and PPARGS.
PPARw is highly expressed in the liver, skeletal muscle,
and brown adipocytes, increases f-oxidation and inhibits
fatty acid synthesis. Bezafibrate, which activates the PPAR
family in general, was released in 1995, and fenofibrate,
which selectively activates PPARa, was released in 2011.
Among fibrates, fenofibrate is commonly used in Japan.

Study design. ®N = 360 enrolled. MASLD, metabolic dysfunction-associated steatotic liver disease.

In a previous pilot clinical trial, 16 patients with MASLD
treated with 200 mg of fenofibrate for 48 weeks showed
improvements in alanine aminotransferase (ALT) and
Y-glutamyl transpeptidase (y-GTP) levels and hepatocel-
lular ballooning on histological evaluation.” In addition,
a randomised controlled trial (RCT) using ultrasound
(US) elastography (USE) showed improvements in ALT
and liver stiffness.'” " However, although the efficacy of
fenofibrate in MASLD has been reported in many clinical
trials, none have examined it in a large enough sample
size, and no consensus has been reached at this time.

Pemafibrate is a selective PPARo. modulator
(SPPARMoa) created by Kowa Company and is designed
to have higher PPAR0 agonist activity and selectivity than
existing PPARo, agonists.'* Pemafibrate selectively binds
to PPARo and causes a ligand-specific conformational
change in PPARo. In a phase III study in patients with
dyslipidaemia, pemafibrate significantly improved lipid
parameters and ALT levels without increasing creatinine
(Cr) levels."”” Based on the above data, pemafibrate is
expected to have MASLD-improving action. Pemafibrate
is a drug that has been approved in Japan since 2017 as
well as in Thailand, Singapore and Malaysia."*

In this study, we investigated the efficacy and safety of
pemafibrate administered for 48 weeks, using fenofibrate
as a control. In addition, since the therapeutic efficacy
of 0.4 mg/day pemafibrate and 0.2 mg/day pemafibrate
may be different, the participants in this study will be
divided into high-dose (0.4 mg/day) and low-dose (0.2
mg/day) pemafibrate groups.

METHODS AND ANALYSIS

Trial design

The Standard Protocol Items for Randomised Trials
statement and checklist were used to prepare the study
protocol. This trial was designed as an open-label,
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three-arm, RCT to investigate the efficacy and safety
of high-dose pemafibrate, low-dose pemafibrate and
fenofibrate.

The study period was from 23 December 2020 to 31
March 2026. The study protocol is described in online
supplemental document 1. All treatments were admin-
istered daily for 48 weeks to patients with MASLD. The
experimental groups will be as follows: high-dose pema-
fibrate group, low-dose pemafibrate group and fenofi-
brate group (figure 1). Fenofibrate 53.3 mg tablets shall
be administered orally once daily, once per dose, after
breakfast. Thereafter, the dose may be carefully increased
to two tablets per dose at the physician’s discretion. In
the next phase, we planned to examine targets and stages.
MRI or US examination will be performed at baseline
and 48 weeks after the intervention, and the data will be
evaluated by a blinded independent liver specialist (MY).

Study endpoints and rationale

The primary endpoint was a change in ALT levels after
24 weeks of administration. Serum aminotransferase
levels are sensitive indicators of hepatocellular damage
and inflammation.””™7 In particular, ALT is abundantly
distributed in the liver and is a useful indicator of hepa-
topathy in MASLD because it is elevated during MASLD.
However, changes, such as hepatic necrosis and fibrosis,
do not correlate with ALT levels.'”® The degree of hepa-
tocellular damage can be monitored by measuring the
ALT level, a parameter of hepatopathy. Since not only
advanced but also primary and secondary medical institu-
tions were scheduled to participate in this study, changes
in ALT levels were selected as the primary endpoint
because they can be performed within health insurance

coverage and are highly versatile. The ALT-lowering effect
of pemafibrate has been observed as early as 4 weeks,"
with stable reductions reported from 24 to 52 weeks.*’ To
assess the sustained, long-term impact of ALT, the study
was conducted in both the USA and Japan. A 24-week
period was deemed sufficient to evaluate the stable, long-
term effect on ALT levels. Our secondary endpoint will
determine the amount and rate of change from baseline
(table 1). Other variables monitored included adverse
events (AEs), standard laboratory analysis results, physical
examination results, vital signs and compliance rates.

Rationale for treatment dose, mode and duration

To analyse the efficacy of pemafibrate and fenofibrate,
doses approved for essential dyslipidaemia were used.
The dose of pemafibrate was set in compliance with the
Drug Information for Drug Administration in Japan,
referring to the phase III clinical trial in patients with
dyslipidaemia."” Because of the risk of hepatotoxicity with
fenofibrate, the Japanese guidelines state that for patients
with abnormal liver function test results or a history of
hepatotoxicity, the daily dose of fenofibrate should be
started at 53.3mg. The dosage of fenofibrate was set
based on this information. In a study focusing on the
effects of 0.4 mg/day pemafibrate and 0.2 mg/day pema-
fibrate in dyslipidaemia complicated by patients with type
2 diabetes, the ALT change at 24 weeks was -13.1 IU/L in
the 0.4 mg/day pemafibrate group and —-6.6 IU/L in the
0.2 mg/day pemafibrate group, suggesting that there may
be a dose-dependent difference in hepatopathy improve-
ment.”' The treatment period was set at 48 weeks because
we thought that long-term administration would allow

Table 1 Study endpoints

Primary endpoint Secondary endpoints

Efficacy endpoint Efficacy endpoint

Change in ALT
level from baseline 1.

Amount and rate of change in the following parameters:
Change in ALT level from baseline after 48 weeks of administration.

Safety endpoint
Occurrence rate
of adverse events

after 24 weeks of 2. Changes in hepatic fibrosis markers (fibrosis-4 index, type IV collagen 7s, enhanced

administration
after 48 weeks of administration.

liver fibrosisis and Mac-2 binding protein glycosylation isomer) level from baseline

3. Amount and rate of change in aspartate aminotransferase, y-glutamyl
transpeptidase, creatinine, blood urea nitrogen, estimated glomerular filtration
rate, haemoglobin A1lc, platelets, homeostasis model assessment of insulin
resistance, HDL-C, non-HDL-C, low-density lipoprotein-cholesterol/HDL-C ratio and
triglycerides from baseline after 24 and 48 weeks of administration.

4. (Only for facilities that can perform MRI and US.) Change in liver fat content and liver
stiffness from baseline using MRI and US examination.

5. Presence of cardiovascular events, liver disease-related events and carcinogenesis
within the intervention and observation period.

6. Change in body weight, body mass index and abdominal circumference from
baseline after 24 and 48 weeks of administration.

7. Change in 10-year atherosclerotic cardiovascular disease risk score.

8. Percentage of patients with ALT >1001U/L and/or increased to more than twice the

level at baseline.

ALT, alanine aminotransferase; HDL-C, high-density lipoprotein cholesterol.
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us to evaluate the efficacy and safety of pemafibrate and
fenofibrate at high and low pemafibrate doses.

In this study, patients were randomised in a 1:1:1 ratio
to receive high-dose pemafibrate (0.4 mg/day), low-dose
pemafibrate (0.2 mg/day) or fenofibrate.

High-dose pemafibrate group

Parmodia 0.1 mg tablets are to be administered orally two
times per day, two tablets per dose, after morning and
evening meals. If necessary, the drug can be substituted
by extended-release pemafibrate, either 0.2 mg (two
tablets once daily) or 0.4 mg (one tablet once daily).

Low-dose pemafibrate group

Parmodia 0.1 mg tablets are to be administered orally
two times per day, one tablet per dose, after morning and
evening meals. If necessary, the drug can be substituted
by 0.2 mg extended-release pemafibrate (one tablet once
daily).

Fenofibrate group

Lipidil, Tricore or fenofibrate 53.3 mg tablets are to
be administered orally once daily, one tablet per dose,
after breakfast. Subsequently, the dose may be care-
fully increased to two tablets per dose at the physician’s
discretion.

Drug supply

This clinical trial will be open, and the patient registration
centre, doctors and patients will be informed of the allo-
cation results. Pemafibrate and fenofibrate were manu-
factured and marketed by the Kowa Company (Tokyo,
Japan). Physicians prescribe these drugs to patients
receiving insurance reimbursements.

Sample size estimation

The target number of patients in the study was 360 (120
patients in the high-dose pemafibrate group, 120 patients
in the low-dose pemafibrate group and 120 patients in the
fenofibrate group).

A phase III study comparing high and low doses of
pemafibrate with fenofibrate showed that ALT levels
at baseline and 24 weeks were 30.3+14.5and 25.5+12.5
(high-dose pemafibrate), 32.0£19.5and 23.7+12.0 (low-
dose pemafibrate) and 30.5+14.6and 33.4+23.0 (feno-
fibrate), respectively. The SD for these values in each
group were calculated to be 17.1, 20.8 and 24.7, respec-
tively, assuming a correlation of 0.2 between the ALT
levels at baseline and 24 weeks. In this study, a fixed-
order test was conducted by comparing the high-dose
pemafibrate group with the fenofibrate group using a
two-tailed t-test with a 5% significance level. If a statis-
tically significant difference was found, the low-dose
pemafibrate group was compared with the fenofibrate
group using a two-tailed t-test with a 5% significance
level. Assuming that the expected change in ALT level
at week 24 is -4.8 (high-dose pemafibrate), -8.3 (low-
dose pemafibrate) and 2.9 (fenofibrate) and that their
SD is 20 in the fixed-order test above, 109 patients were

required in each group to achieve a power of atleast 80%
in the two comparisons (two-sample t-test) between the
high-dose pemafibrate group and the fenofibrate group,
and between the low-dose pemafibrate group and the
fenofibrate group, as calculated via a simulation. Thus,
120 patients per group were required to account for the
dropouts.

Eligibility

The physician entered the consenting patients into a
screening list, assigned an identification code to each
patient and determined eligibility according to the
inclusion and exclusion criteria (table 2). Only patients
between the ages of 20 and 80 years were included after
informed consent was obtained. This is because (1)
until March 2022, the legal age for obtaining consent in
Japan was 20 years and (2) patients over 80 years of age
are generally physiologically impaired and more prone
to AEs. The inclusion criteria for hypertriglyceridaemia
encompassed triglyceride (TG) levels of 150-500mg/dL,
based on a phase III trial evaluating the efficacy of Palm-
odia in patients with hypertriglyceridaemia.”” The lower
limit of elevated ALT levels, as an inclusion criterion, was
set at 43 for males and 24 for females, in accordance with
the Japanese Committee for Clinical Laboratory Stan-
dards (JCCLS).* Furthermore, given that hepatotoxicity
associated with fenofibrate has been reported in the Drug
Information for Fenofibrate in Japan, it is recommended
that administration should be discontinued if aspartate
aminotransferase (AST) or ALT consistently exceeds 2.5
times the upper limit of normal or 100 units. In reference
to this, the upper limit of ALT in the participation criteria
was set at 100.

If there were no eligibility issues, the investigator
entered the necessary information for registration in
the electronic data capture system. Registration was
completed by assigning a registration number to the
patient.

Randomisation and masking

The patients will be randomly assigned to one of the
three groups in a 1:1:1 ratio using an application under
the supervision of the Saga University Clinical Research
Centre. A stratified permuted block method using the
presence of diabetes mellitus, serum TG level (cut-off:
300mg/dL), and FIB-4 index (cut-off: 1.3) as adjust-
ment factors were used for random assignment to avoid
large biases in the factors. The detailed procedure of the
random assignment will not be communicated to the
investigators at the participating centres. Adjustment
factors were set because they were related to the primary
endpoint, MASLD/MASH progression and degree of
hepatic fibrosis. Treatment assignments were not fully
masked to the patients and physicians.

Keycode break
Not applicable.
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Table 2 Patient inclusion and exclusion criteria

Inclusion criteria Exclusion criteria
1 Men and women aged at least 20 years and under 80 Patients taking contraindications.
years at the time of obtaining consent Ciclosporin, rifampicin, steroids (excluding topical and inhaled

drugs), amiodarone and breast cancer drugs.

2  Patients with fatty liver diagnosed histologically within 1 Patients with body mass index <18.5kg/m? at the time of
year prior to obtaining consent or imaging examination obtaining consent.
within 6 months prior to obtaining consent and who have
failed exercise and diet therapy for at least 3 months.

3  Patients with hypertriglyceridaemia (150-500 mg/dL) within Patients who have been diagnosed with liver cirrhosis at the

91 days prior to obtaining consent. time of obtaining consent

4 Patients with elevated alanine aminotransferase (43— Patients with findings of portal hypertension (varicose veins,
1001U/L for men, 24-1001U/L for women) within 91 days  ascites, encephalopathy and splenomegaly) at the time of
prior to obtaining consent. obtaining consent.

5 Patients whose daily alcohol consumption (ethanol Patients with total bilirubin >2x the upper limit of normal
equivalent) is less than 30 g/day for men and less than 20  within 91 days prior to obtaining consent, excluding Girbert
g/day for women at the time of obtaining consent syndrome.

6 Patients with hepatitis C, hepatitis B (excluding inactive Platelet count 80x10%L within 91 days prior to obtaining
carriers), autoimmune hepatitis, primary biliary cholangitis consent.
or other hepatic complications that have been ruled out at
the time of obtaining consent.

7  Patients whose written consent to participate in this study Serum creatinine level of 1.5mg/dL or higher within 91 days

has been obtained. prior to obtaining consent.

8 Patients with gallstones or biliary obstruction at the time of
obtaining consent.

9 Patients with severe infection, preoperative or postoperative
or severe trauma at the time of obtaining consent.

10 Patients who have used fibrates within 91 days prior to
obtaining consent.

11 Patients with 10% weight change in 91 days prior to
obtaining consent.

12 Patients who have undergone bariatric surgery or are
scheduled for surgery during the study period.

13 Patients with a history of type | diabetes mellitus.

14 Patients with HbA1c >9.5% within 91 days prior to obtaining
consent

(If HbA1c >9.5%, re-entry will be possible after improvement
by treatment.).

15 Patients with psychosis, alcoholism, drug addiction or
narcotic addiction that would affect compliance with the
research protocol.

16 Patients who participated in other clinical trials in 100 days
prior to obtaining consent.

17 Pregnant women or patients who may be pregnant.

18 Patients with complications of malignant tumours

However, patients who have undergone radical surgery or
completed anticancer drug administration may enrol. Patients
under observation and evaluation for malignant tumours are
excluded.

19 Other patients who are judged by the principal investigator to
be inappropriate as participants of this study.

HbA1c, haemoglobin Alc.
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Harm and AE monitoring

AEs are any unwanted or unintended side effects,
including abnormal laboratory test values, vital signs,
symptoms or illnesses that occur during the trial. A causal
relationship with the investigational drug was not consid-
ered. The principal or subinvestigator will assess the
severity of AEs. Any AE that meets any of the following
criteria will be considered a serious AE (SAE): death,
life-threatening condition, hospitalisation requirement
or prolonged hospitalisation for treatment, disability,
disability threat, other serious conditions, congenital
disease or anomaly in the offspring. If an SAE occurs, the
principal or subinvestigator will appropriately treat the
SAE and immediately report the details to the hospital
director and study drug supplier.

Study procedures

The investigator or subinvestigator will observe, examine
and investigate according to the instructions listed in
table 3. If blood samples are drawn at the time of the visit,
the patient should fast for 8hours prior to blood collec-
tion. Blood samples will be collected and stored at visits 2
and 8 after obtaining additional consent (table 4).

Concomitant treatment
1. Contraindicated treatments

1. Ciclosporin, rifampicin.

2. Steroids (excluding topical and inhalation drugs),
amiodarone and breast cancer drugs (tamoxifen,
toremifene and raloxifene).

2. Immutable drugs

1. Vitamin E and ursodeoxycholic acid.

2. Antihypertensive drugs: angiotensin II receptor
blockers.

3. Drugs for hyperlipidaemia: statins and small intesti-
nal cholesterol transporter inhibitors.

Antidiabetic drugs other than those listed above can be
added for poorly controlled patients with HbAlc >7.5%.
However, insulin preparations can increase or decrease
the total dose of insulin by up to 20%.

Criteria and procedure for withdrawal from the study

The principal or subinvestigator should terminate the
participation of a patient enrolled in a clinical trial if any
of the following applies:

1. A serum Cr level 22.5mg/dL or higher after the start
of the study.

2. ALT or AST >2.5 times the upper facility reference
limit and 2.5 times the baseline (V2) for two consecu-
tive prescribed visits after the start of the study.

3. If TG exceeds 1000 mg/dL for two consecutive pre-
scribed visits after the start of the study.

4. Muscle pain, weakness and other subjective symp-
toms were characterised by worsening creatine kinase
(CK) (CK exceeding the upper limit of the reference
value by 10 times) after the start of the study.

5. When the study participant requests to withdraw
consent.

6. If, after registration, the study participant does not
meet the selection criteria or violates the exclusion
criteria, it is inappropriate to include him/her as a
participant.

7. If it is difficult to continue the study due to worsen-
ing symptoms and findings of MASLD/MASH or
dyslipidaemia.

8. When the use of prohibited concomitant drugs is
deemed necessary.

9. When it is difficult to continue the study due to the
occurrence of adverse events.

10. In the event of a serious deviation from the research
protocol.

11. Death.

12. If the study participant is found to be pregnant.

13. If80% or more of the medication is not taken at each
visit (see * Medication Instructions’ section in online
supplemental file).

14. When the principal investigator or subinvestigator
determines that the continuation of the study is not
desirable.

Efficacy evaluation

The primary efficacy endpoint was a change in ALT levels
after 24 weeks of administration. Secondary endpoints are
presented in table 1. MRE was performed independently
by a liver specialist.

Safety assessments

The occurrence rate of AEs was monitored during each
patient visit, from visit 1 to the follow-up period (visit 9).
The population enrolled in the study that received the
study drug at least once was defined as the safety analysis
set.

Population analysis

The full analysis set (FAS) was defined as all study subjects
who were enrolled in the study and received at least one
dose of the study drug after randomisation and for whom
efficacy data were available. However, study subjects for
whom baseline data could not be obtained and those
with serious violations of the study protocol (eg, failure
to obtain consent and enrolment outside the contract
period) were excluded. The per-protocol set is defined
as the population excluding serious violations of the rules
of the research protocol, including research methods and
concomitant therapies, from the FAS.

(1) Selection criteria violation, (2) violation of exclu-
sion criteria, (3) violation of concomitant use of prohib-
ited drugs and (4) violation of concomitant use of
prohibited therapies.

Statistical analysis

The main analysis will be conducted on the FAS. The
following procedure was used to perform fixed-order
tests: to compare the high-dose pemafibrate group with
the fenofibrate group, differences between the groups
were evaluated at a two-sided significance level of 5%
using a t-test for the change in ALT at 24 weeks. If a
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Table 4 Clinical laboratory items

Residual blood
for storage in
blood tests

(at the time of
visits 2 and 8)

Haematological
examination/
coagulation
(screening, every visit,
follow-up, termination)

Biochemical test
(screening, every
visit, follow-up,
termination)

Albumin Type IV collagen White blood cell count,
Alanine 7s, neutrophil count,
aminotransferase enhanced liver  lymphocyte count,
Alkaline phosphatase fibrosis, red blood cell count

Amylase Mac-2 binding  haematocrit, haemoglobin
Aspartate protein and platelets
aminotransferase glycosylation

Blood urea nitrogen isomer

Chlorine

Creatinine

Estimated glomerular
filtration rate
y-glutamyl
transpeptidase
Lactate
dehydrogenase
Potassium (K)

Sodium (Na)

Calcium (Ca)

Total bilirubin

Total protein

Uric acid

High-density
lipoprotein-cholesterol
Low-density
lipoprotein-cholesterol
Total cholesterol
Triglycerides

Glucose

Haemoglobin Alc
(screening, visits 2,6
and 7)

insulin (visits 2,6 and7)

statistically significant difference was found, the next step
was to evaluate the difference between groups using a
t-test at a two-sided significance level of 5% for compar-
ison between the low-dose pemafibrate and fenofibrate
groups.

For each secondary endpoint, only if a statistically
significant difference is found at a two-sided significance
level of 5% in the comparison of the high-dose pemafi-
brate group and the fenofibrate group by t-test, a t-test
is used to compare the low-dose pemafibrate group with
the fenofibrate group and the high-dose pemafibrate
group with the low-dose pemafibrate group. The differ-
ences between the respective groups were evaluated by
multiple comparisons using Holm’s method, with a two-
sided significance level of 5% for the p-values for the two
comparisons.

Amendment of the clinical trial protocol

The following procedure shall be used to change the
content of the research protocol. (1) If the principal inves-
tigator determines that changes to the research protocol
are necessary, the principal investigator will provide the
proposed changes to the research protocol and other
necessary materials and information to the investigators.

(2) The principal investigator will allow the investiga-
tors the time necessary to fully review and discuss with
the investigators the proposed changes to the research
protocol and other materials and information provided
by the principal investigator in accordance with the
preceding paragraph. (3) After obtaining the agreement
of the investigators, the principal investigator will prepare
an implementation plan as necessary from the document
describing the changes and modified research protocol.
(4) The principal investigator shall obtain the opinion
of the approved clinical research review committee, as
stated in the implementation plan, regarding the modi-
fied research protocol and obtain approval. (5) Based on
the review results, the principal investigator will report
to the investigators and obtain approval for implementa-
tion from the administrator of the implementing medical
institution.

Conclusion, termination or suspension of the clinical trial
After the clinical trial, the principal investigator will
inform the head of the implementing medical institu-
tion that the clinical trial has ended; the head will also
be provided with a written summary of the clinical trial
results. Subsequently, the institutional review board will
be promptly notified in writing that the head of the imple-
menting institution has received the report. The board
will also be provided with the clinical trial results outlined
in the report submitted by the principal investigator.

In case of clinical trial termination or suspension, the
clinical trial conductor promptly sends a written report
detailing the termination or suspension and the reason
to the director of the implementing medical institu-
tion and regulatory agency. The clinical trial conductor
may terminate or suspend the trial under the following
circumstances:

1. In the event of an unforeseen serious illness (please
refer to the ‘Evaluation of diseases’ section in online
supplemental file 1), which may be detrimental to the
participant as a whole.

2. If a serious violation/non-compliance of the study
protocol with the law and related laws or regulations
is found.

3. If facts that undermine or may undermine the ethi-
cal validity or scientific rationality of the study are ob-
tained.

4. If a significant risk to participants is identified.

. When a request or recommendation for discontinua-
tion is received from the head of the research institu-
tion or a certified clinical research review committee.

6. If a cancellation request or order is received from the
Minister of Health, Labour and Welfare.

&2

Interim analysis
Not applicable.

Data management, central monitoring and audit
The site at which the investigator conducts the clinical
trial will be maintained as the source of data for each
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patient. All data, including copies of informed consent,
medical records, laboratory data records and individual
records, including notes, are collected by an indepen-
dent data management centre. During monitoring, the
principal investigator shall implement the following
measures: (1) protect the human rights of research
subjects and ensure their safety; (2) conduct the clinical
research in compliance with the latest implementation
plan, research protocol, and relevant ministerial ordi-
nances; (3) obtain written consent from research subjects
to conduct this clinical research and (4) verify the accu-
racy of the records and relevant data in relation to the
source documents. Central monitoring will be conducted
by the person in charge according to the monitoring
procedures. No audits are set up.

Study flow and schedule of enrolment, interventions and
assessments

A flowchart of the study is shown in figure 1. The study
schedule is presented in table 3.

Medication instructions

The investigator and subinvestigator shall provide medi-

cation instructions to the patient and pay attention to the

following points at the time of delivery of the study drug.

1. When to take the medication, how many tablets per
dose and how to take the medication.

2. If the patient forgets to take the study drug after break-
fast, the drug should be taken 12hours after the sched-
uled time or by 21:00, whichever is earlier.

3. The study drug is to be taken in the morning when the
patient comes to the hospital.

4. Remaining medication due to multiple reasons, in-
cluding forgetfulness, must be brought to the hospital.

5. Whom to contact if the patient is unsure about the
drug.

The patient shall be asked to bring the remaining
medication upon arriving at the hospital, and the inves-
tigator and subinvestigator shall check the remaining
medication.

Non-compliance with dosage form and dosage, medica-
tion failure or withdrawal of medication shall be recorded
in the medical record.

Patient and public involvement

Patients and the general public will not be involved in
the specific design and planning of this RCT. In this
trial, patients will be involved in the recruitment and
conduct of the study. In particular, the development of
the research questions and outcome measures will be
based on the priorities, experiences and preferences of
patients. The results of this study will be disseminated via
email to participants interested in the results. The burden
of intervention will be assessed by the patients before the
commencement of the trial, and patient satisfaction with
the treatment will be assessed as part of the postinterven-
tion assessment.

Ethics and dissemination

This study will be conducted in compliance with the
Declaration of Helsinki. The study protocol and relevant
supporting data were approved on 18 November 2020,
by the Yokohama City University Certified Institutional
Review Board before participant enrolment (CRB20-014).
The trial results will be reported in accordance with the
2010 Consolidated Standards of Reporting Trials guide-
lines. The trial was registered with the Japan Registry
of Clinical Trials (jJRCT5031200280). Written informed
consent (see online supplemental document 2) for study
participation was obtained from all enrolled participants.
The results of this study will be submitted for publication
in international peer-reviewed journals, and the key find-
ings will be presented at conferences. The funder had no
role in the study design, data collection or data analysis.

Health damage compensation and insurance

If a research subject suffers from health problems as a
result of participation in this research, the principal
investigator and subinvestigator will provide appropriate
medical treatment and other necessary measures. In such
cases, treatment will be provided as a medical treatment
covered by insurance, and the research subject will pay
the medical expenses for which he/she is responsible.
No medical fees or allowances were received. In addition,
clinical research liability insurance will be purchased to
cover compensation in the event of liability due to health
damage resulting from this research and in the event of
death or permanent disability, levels 1-3 health damage to
the research subject. Compensation is subject to certain
conditions, and payments may be excluded or limited if
the following items are identified. (1) Significant devia-
tions from research protocol. (2) In the event of wilful
misconduct or negligence on the part of the principal
investigator or subinvestigator or medical malpractice.
(3) In the event of illegal acts or default by a third party.
(4) In the case of wilful misconduct or gross negligence
on the part of the research subject.

DISCUSSION

Worldwide, the name was changed from NAFLD to
MASLD in 2023. In this study, all cases were complicated
with hypertriglyceridaemia, and they met the cardiometa-
bolic risk factor conditions for MASLD, so the notation was
changed from NAFLD to MASLD. The aim of this study
was to evaluate the efficacy of pemafibrate in patients with
MASLD. As the drug being evaluated is a therapeutic drug
for hypertriglyceridaemia and the frequency of MASLD
complications in patients with hypertriglyceridaemia is
high, patients with MASLD with hypertriglyceridaemia
should serve as an appropriate target group to test the
medical efficacy of the treatment.

Pemafibrate, a SPPARMoa, enhances the expression
of genes associated with fatty acid B-oxidation, such as
FGF21 ,23 and decreases VLDL secretion from the liver.?* By
inhibiting VLDL secretion and promoting TG clearance,
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it potentially lowers serum TG levels and increases HDL-C
levels.? Tn a MASLD/MASH mouse model, pemafibrate
reduced liver function test values and improved fatty liver,
ballooning, inflammation and fibrosis.*’ 7 There have
been numerous studies looking at the efficacy of pema-
fibrate in patients with MASLD. However, only one RCT
has been conducted to date.”® In that RCT, MRE-based
liver stiffness was significantly reduced by pemafibrate at
week 48 compared with placebo and was maintained until
week 72. Additionally, significant reductions in ALT and
LDL-C levels were observed. These results suggest that
pemafibrate is a promising new therapeutic candidate for
the treatment of MASLD/MASH.

Pemafibrate has also attracted attention owing to its
safety. Because pemafibrate is metabolised in the liver and
excreted in bile, long-term administration of pemafibrate
has been shown to be effective and safe in patients with
dyslipidaemia, including those with renal dysfunction.”
Therefore, we examined the safety of pemafibrate in the
present study.

In some well-known trials, the primary endpoint was
liver histology evaluated using liver biopsy specimens.” !
Liver histology endpoints, such as the complete resolu-
tion of MASH, are considered surrogates for preventing
cirrhosis in that they potentially predict clinical benefit.
However, liver biopsy can pose limitations in terms of
cost, possible risks, interobserver and intraobserver bias,
sampling errors and healthcare resource utilisation.” **
In this study, ALT was selected as the primary endpoint
because it can monitor the degree of hepatocellular
damage and is versatile enough to be performed at both
primary and secondary medical institutions.

This study has several strengths. First, it was a multi-
centre study that included primary and secondary
medical institutions, as well as tertiary institutions.
Second, the sample size was relatively large, with 120
patients in each group for a total of 360 patients. Third,
in addition to various fibrosis markers, USE and MRE
were performed at facilities where available. However,
this study had some limitations. First, the study was
open-label. Second, no liver biopsies were performed.
Third, factors such as food intake and physical activity,
which may influence the development and progression
of MASLD, have not been evaluated. Fourth, there is no
standardised approach to blood testing in this study, as
not all facilities use the same analysis methods, measure-
ment principles, calibrators or reagents. Finally, liver
hardness was not measured using USE or MRE in any
patient. In the next phase, the efficacy will be confirmed
by further evaluation, including histological assessment
and long-term prognosis.

MASLD/MASH has a complex pathophysiology
involving multiple metabolic pathways. This study aims
to confirm the efficacy and safety of pemafibrate. After
confirming the efficacy and safety of pemafibrate, we
proceeded to the next phase.
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