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Summary
Background: Pemafibrate is a novel, selective peroxisome proliferator- activated 
receptor α modulator (SPPARMα). In mice, Pemafibrate improved the histological 
features of non- alcoholic steatohepatitis (NASH). In patients with dyslipidaemia, it 
improved serum alanine aminotransferase (ALT).
Aims: To evaluate the efficacy and safety of Pemafibrate in patients with high- risk, 
non- alcoholic fatty liver disease (NAFLD).
Methods: This double- blind, placebo- controlled, randomised multicentre, phase 2 
trial randomised 118 patients (1:1) to either 0.2 mg Pemafibrate or placebo, orally, 
twice daily for 72 weeks. The key inclusion criteria included liver fat content of ≥10% 
by magnetic resonance imaging- estimated proton density fat fraction (MRI- PDFF); 
liver stiffness of ≥2.5 kPa, by magnetic resonance elastography (MRE); and elevated 
ALT levels. The primary endpoint was the percentage change in MRI- PDFF from 
baseline to week 24. The secondary endpoints included MRE- based liver stiffness, 
ALT, serum liver fibrosis markers and lipid parameters.
Results: There was no significant difference between the groups in the primary 
endpoint (−5.3% vs −4.2%; treatment difference −1.0%, P = 0.85). However, MRE- 
based liver stiffness significantly decreased compared to placebo at week 48 
(treatment difference −5.7%, P = 0.036), and was maintained at week 72 (treat-
ment difference −6.2%, P = 0.024), with significant reduction in ALT and LDL- C. 
Adverse events were comparable between the treatment groups and therapy was 
well tolerated.
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1  | INTRODUC TION

Non- alcoholic fatty liver disease (NAFLD) is a disorder characterized 
by fatty liver, which is identified by either tissue biopsy or diagnostic 
imaging, with the exclusion of secondary causes including consider-
able alcohol consumption, hepatitis B/C and drug use. NAFLD can be 
classified as non- alcoholic fatty liver where there is no evidence of 
hepatocellular injury, or fibrosis, or as non- alcoholic steatohepatitis 
(NASH), which is characterised by steatosis, inflammation and hepa-
tocellular injury (ballooning).1 NAFLD mostly develops due to obe-
sity, diabetes mellitus, dyslipidaemia or hypertension, and hepatic 
involvement is recognised in metabolic syndrome.12 The number of 
patients with NAFLD/NASH is increasing worldwide owing to a rise 
in population with obesity,1 and the prevalence is estimated to be 
20%- 30% and 2%- 6% of the population respectively.2,3

NAFLD/NASH can lead to serious conditions including cirrho-
sis and liver cancer,12 and is also associated with an increased risk 
of cardiovascular events.4 The guidelines for the management of 
NAFLD/NASH recommend lifestyle modifications with diet and ex-
ercise for weight loss12; however, it is difficult for many patients to 
maintain long- term lifestyle modification. Although vitamin E and 
pioglitazone have been shown to improve some histological features 
of NASH, neither has been approved for the treatment of NASH and 
that there is currently no approved treatment for NASH.5

Peroxisome proliferator- activated receptors (PPARs) are nuclear 
hormone receptors that bind to DNA as heterodimers with retinoid 
X receptors. PPARα is associated with the transcription of genes 
involved in reducing serum triglycerides (TG) and increasing high- 
density lipoprotein- cholesterol (HDL- C) and regulates lipid and lipo-
protein metabolism.6 Histological amelioration of NASH has been 
shown to be associated with an increased expression of PPARα and 
its target genes, suggesting that PPARα is a potential therapeutic 
target for NASH.7

Pemafibrate is a selective PPARα modulator (SPPARMα) that is 
already approved in Japan for the treatment of hypertriglyceridae-
mia,8,9 and its efficacy on reducing cardiovascular events is being 
examined in a large- scale clinical study, PROMINENT (ClinicalTrials.
gov identifier: NCT03071692), conducted in 24 countries world-
wide, including Japan, the United States, the United Kingdom and 
Russia. Pemafibrate regulates the expression of the target genes 
that are mainly related to lipid and glucose metabolism in the liver. 
For example, it also increases the expression of genes related to β- 
oxidation and lipid transport and enhances energy metabolism via 
the induction of mitochondrial uncoupling protein 3 gene expres-
sion. Non- clinical studies in animal models of NASH have shown that 
Pemafibrate improves hepatic lipid content, plasma transaminase 

level and various pathological findings of NASH (steatosis, balloon-
ing and fibrosis).10 Previous clinical studies of Pemafibrate in pa-
tients with dyslipidaemia demonstrated that it not only reduced the 
TG level with favourable safety profile but also improved serum liver 
enzymes (eg alanine aminotransferase [ALT], γ- glutamyl transpepti-
dase [GGT] and alkaline phosphatase [ALP]).6 However, the efficacy 
of Pemafibrate in the treatment of NAFLD/NASH, with or without 
dyslipidaemia, compared with that of a placebo has not been exam-
ined in a placebo- controlled clinical study with quantitative imaging 
biomarkers other than laboratory tests. Therefore, we conducted 
this PEMA- FL study (PEMAfibrate randomised placebo- controlled 
study in patients with non- alcoholic Fatty Liver disease) to assess 
the efficacy and safety of Pemafibrate administered for 72 weeks 
in high- risk NAFLD patients with increased liver stiffness and ALT 
level, with/without dyslipidaemia, by measuring liver fat content 
and stiffness with magnetic resonance- based imaging modalities.

2  | METHODS

2.1 | Study design

This was a placebo- controlled, randomised, double- blind, parallel- 
group, phase 2 study that examined the efficacy and safety of 
Pemafibrate in adult patients with NAFLD. The study was conducted 
from November 2017 to March 2020 at 16 medical centres in Japan. 
Following a screening period of at least 2 weeks and no more than 
8 weeks, eligible patients were randomly assigned to either treat-
ment group and followed up for 72- week treatment period with no 
change in dietary and/or exercise guidance throughout the screen-
ing and treatment period. The study was conducted in compliance 
with relevant guidelines, Good Clinical Practice guidance and the 
Declaration of Helsinki. In addition, the study was approved by the 
institutional review boards of each institution. This trial is registered 
with ClinicalTrials.gov, number NCT03350165.

2.2 | Patients

Patients with liver fat content, measured by magnetic resonance 
imaging- estimated proton density fat fraction (MRI- PDFF), of ≥10%, 
liver stiffness, measured by magnetic resonance elastography (MRE), 
of ≥2.5 kPa, and increased ALT level (>40 U/L for men, >30 U/L for 
women) were enrolled. Patients were excluded in case of excessive 
alcohol consumption (≥210 g/week for men and ≥140 g/week for 
women), body mass index (BMI) <22 kg/m2, uncontrolled diabetes 

Conclusions: Pemafibrate did not decrease liver fat content but had significant reduc-
tion in MRE- based liver stiffness. Pemafibrate may be a promising therapeutic agent 
for NAFLD/NASH, and also be a candidate for combination therapy with agents that 
reduce liver fat content. ClinicalTrials.gov, number: NCT03350165.
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(HbA1c ≥ 8%), impaired renal function (estimated glomerular filtra-
tion rate [eGFR] <30 mL min- 1 1.73- 1 m- 2 or on dialysis), cirrhosis, bil-
iary obstruction or chronic liver diseases other than NAFLD. All the 
inclusion/exclusion criteria are shown in Table S1. Written informed 
consent was obtained from all patients.

2.3 | Randomisation and masking

Randomisation and double- blind procedures were performed to 
avoid any bias in patient selection and assessment. The patients 
were randomised at a 1:1 ratio to receive either Pemafibrate (0.2 mg, 
twice daily) or placebo, using a dynamic allocation method. Random 
allocation was performed using an interactive web response sys-
tem (CAC Croit Corporation, Tokyo, Japan). To minimise bias, the 
patients, investigators, staff, image analysts, specialists and spon-
sors remained blinded until the end of the study, even after the 
primary 24- week analysis. The primary analysis was carried out by 
independent unblinded statisticians (University of Tsukuba), and 
the results were provided to the sponsor; however, any information 
that could reveal the allocation of patients (individual actual data 
and individual adverse events etc) was concealed by statisticians. 
Active drug and placebo tablets and packages were confirmed to 
be indistinguishable by an external vendor (CAC Croit Corporation) 
before the study. The original randomisation list was maintained 
by the external vendor throughout the study. In addition, the ran-
domisation list for emergency use was stored by another external 
vendor (BELLSYSTEM24, Inc, Tokyo, Japan), and a procedure was 
prepared to disclose allocation information of a patient if requested 
by investigators.

2.4 | Procedures

Patients took their assigned medication (Pemafibrate 0.2 mg tablet 
or placebo) orally, one tablet at a time, twice daily, for 72 weeks. The 
adherence to medication was checked by pill counting. Study visits 
were set every 4 weeks from the start of treatment to week 24 and 
every 8 weeks from week 24 onwards. Liver fat content and liver 
stiffness were measured at screening that was performed before 
randomisation and subsequently at week 0, 24, 48 and 72. Blood 
samples were collected and analysed at a central measurement insti-
tute (LSI Medience Inc, Tokyo, Japan). At week 0 and 12, lipid content 
of lipoproteins by subclasses was measured by high- performance 
liquid chromatography (HPLC) (Skylight Biotech Inc, Akita, Japan).

MRI and MRE imaging and assessment were carried out with 
reference to previous reports.11 All imaging assessments were 
performed blinded. The equipment used in all study sites was 
standardised to a 3.0T MR Imaging System (GE Healthcare, Little 
Chalfont, UK). As an application, we used IDEAL- IQ (Iterative 
Decomposition of water and fat with Echo Asymmetry and the Least 
squares estimation quantification sequence) for MRI- PDFF and MR- 
touch for MRE. Detailed imaging conditions and procedures were 

described in a prespecified manual and standardised for all tests. 
Imaging was performed at ≥4 hours after meals, and the timing of 
tests (pre- breakfast/post- breakfast to pre- lunch/post- lunch) was 
consistent for each patient throughout the study. Imaging data 
obtained at the study sites were sent to the imaging data centre 
(Micron, Inc, Tokyo, Japan.). The image analysts there set the region 
of interest (ROI) and assessed the images in accordance with the in-
struction in the prespecified manual. All images obtained from the 
same patient were assessed by one image analyst throughout the 
study. The validity of the analysis results was determined by two 
masked specialists (KI and NT).

2.5 | Outcomes

The primary efficacy endpoint was the percentage change in liver fat 
content measured by MRI- PDFF from baseline to week 24. Liver stiff-
ness measured by MRE was a secondary parameter, and it was simi-
larly assessed as percentage change from baseline. The MRE- based 
liver stiffness measurement (LSM) was categorised into four stages 
based on the MRE thresholds of 2.61, 2.97, 3.62 and 4.69 kPa for 
stage 1, 2, 3 and 4, respectively, which well corresponded to biopsy- 
proven fibrosis stages as previously described.12 The proportion of 
treatment responders according to these imaging data was also as-
sessed based on the following definitions of responders and patients 
whose conditions worsened: the percentage change from baseline in 
liver fat content of ≤−30%13 and ≥+30%; the percentage change from 
baseline in MRE- based liver stiffness of ≤−15%14 and ≥+15%15; and 
the change from baseline in MRE- based LSM stage of ≤−1 and ≥+1 
respectively. Other efficacy parameters included liver enzymes (ALT, 
AST and GGT), fibrosis and inflammatory markers (M2BPGi, hyalu-
ronic acid, 7S domain of type IV collagen, ELF test, NAFLD fibrosis 
score, FIB4 index, NAFIC score and CK- 18 M30) and lipid parameters 
(total cholesterol, LDL cholesterol, HDL cholesterol, non- HDL cho-
lesterol and triglycerides). Although ALP, total bilirubin and platelets 
were specified as safety parameters in the study protocol, they were 
also analysed as efficacy parameters in the post hoc analysis.

Safety endpoints included the incidence of adverse events and 
adverse drug reactions during the study. Adverse events were any 
unfavourable events that did not necessarily have causal relation-
ships with the allocated treatment, and adverse drug reactions were 
the adverse events whose causal relationships with the treatment 
could not be ruled out. The changes in laboratory parameters includ-
ing renal function tests and blood glucose- related tests were also 
monitored.

2.6 | Statistical analyses

All patients who were randomised and received at least one dose 
of the study treatment were included in the safety analysis set. Of 
those, patients who had both baseline and post- baseline measure-
ments of the efficacy parameters were included in the full analysis 



1266  |     NAKAJIMA et Al.

set. The efficacy and safety analyses were performed on efficacy 
analysis set (FAS) and the safety analysis set respectively.

The baseline levels were defined as the mean of levels at screen-
ing and week 0 if both were available and as the level at week 0 if 
screening measurement was unavailable. The efficacy parameters 
assessed at every 24 weeks and those assessed only at one time 
point as post- treatment values were evaluated based on analysis 
of covariance, with the treatment group (placebo or Pemafibrate) 
and stratification factor (with or without taking SGLT2 inhibitors) as 
fixed effects and the baseline value as a covariate. The remaining 
efficacy parameters, measured at all visits, were evaluated using a 
mixed- effects model for repeated measures. This model included 
the treatment group, stratification factor, week and treatment- by- 
week interaction as fixed effects and baseline as a covariate. An un-
structured covariance structure was used to model within- patient 
errors.

Response rates were compared using Fisher's exact test. A pa-
tient without on- treatment value was treated as a non- responder 
in the responder analysis. Subgroup analyses were performed for 
efficacy parameters.

For statistical hypothesis testing, a two- sided test with a sig-
nificance level of 0.05 was used. Analyses were performed using 
SAS 9.4 (SAS Institute). Assuming a 20% point of difference of the 
Pemafibrate group from the placebo group with a standard deviation 
of 33% for the primary endpoint of percentage change from baseline 
in liver fat content at week 24, a two- sided 5% significance level and 

a 1:1 allocation ratio per group, 44 patients per group were required 
to ensure 80% power. Considering the possibility of discontinuation 
and dropout, 50 patients in each group were set as the target sample 
size.

This study is registered with ClinicalTrials.gov, NCT03350165.

3  | RESULTS

Between December 27, 2017 and October 24, 2018, 180 patients 
were screened, and 118 eligible patients were randomly assigned 
to the placebo group (n = 60) or the Pemafibrate group (n = 58) 
(Figure 1). A total of 118 patients were included in FAS. However, 
one patient in the Pemafibrate group did not undergo post- treatment 
imaging assessments due to study withdrawal and was not included 
in the analysis of imaging parameters. A total of 118 patients were 
included in the safety analysis.

The baseline patient characteristics are shown in Table 1. The 
mean age of patients was 53 years, and male patients accounted for 
more than half of the total study population. 36.4% (43/118) and 
57.6% (68/118) of the patients were complicated with type 2 dia-
betes and dyslipidaemia, respectively. The BMI was approximately 
30 kg/m2, with insulin resistance suggested by fasting glucose, 
insulin and HOMA- R. Liver fat content and stiffness were 18.4% 
and 3.1 kPa, respectively, and more than half of the patients were 
with LSM stage of 2 or more. Serum ALT levels were 88.8 U/L. The 

F I G U R E  1   Flow diagram of patient 
disposition

62 excluded
38 did not meet liver fat (MRI-PDFF) criteria
23 did not meet liver stiffness (MRE) criteria
13 did not meet ALT criteria
2 withdrew consent
7 excluded for other reasons

Including subjects who met multiple reasons

118 randomly assigned

1 discontinued treatment
1 due to adverse event

59 completed week 24

53 completed week 7259 completed week 72

58 included FAS (full analysis set) analysis60 included FAS (full analysis set) analysis

180 patients screened

60 assigned to and received
placebo

58 assigned to and received
0.4 mg Pemafibrate

4 discontinued treatment
3 due to adverse event
1 withdrew by patient

57 completed week 24

1 discontinued treatment
1 due to adverse event
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TA B L E  1   Baseline characteristics of the study population

Placebo 
(n = 60)

Pemafibrate 
(n = 58)

Demographics

Age, years 53.3 (16.6) 53.2 (12.5)

Male 37 (61.7) 31 (53.4)

Comorbidities

Type 2 diabetesa 25 (41.7) 18 (31.0)

Hyperlipidaemiaa 37 (61.7) 31 (53.4)

Hypertensiona 28 (46.7) 26 (44.8)

Metabolic syndromeb 41 (68.3) 38 (65.5)

Concomitant drug uses

Antidiabetics 17 (28.3) 14 (24.1)

Sulphonylurea 4 (6.7) 3 (5.2)

SGLT2 inhibitor 5 (8.3) 4 (6.9)

DPP- 4 inhibitor 9 (6.7) 3 (5.2)

Metformin 12 (20.0) 8 (13.8)

Antilipidemics 36 (60.0) 29 (50.0)

Statin 26 (43.3) 18 (31.0)

Ezetimibe 6 (10.0) 6 (10.3)

ω3 polyunsaturated fatty 
acidsc

6 (10.0) 0 (0.0)

Antihypertensives 26 (43.3) 25 (43.1)

ARB 15 (25.0) 15 (25.9)

Vitamin E 12 (20.0) 12 (20.7)

Liver image

Liver fat content by MRI- PDFF, 
%

18.1 (5.5) 18.7 (6.9)

MRE- based liver stiffness, kPa 3.02 (0.44) 3.24 (0.81)

MRE- based LSM stage

≤1 30 (50.0) 26 (44.8)

2 25 (41.7) 21 (36.2)

3≥ 5 (8.3) 11 (19.0)

Metabolic factors

Body weight, kg 82.0 (24.8) 80.0 (16.8)

Body mass index, kg/m2 29.8 (6.5) 29.5 (4.9)

Waist circumference, cm 99.9 (15.1) 100.2 (10.4)

Fasting glucose, mg/dL 111 (18) 110 (17)

Fasting insulin, mU/L 13.0 (7.0) 12.4 (4.9)

HOMA- R 3.72 (2.85) 3.39 (1.45)

Haemoglobin A1c, % 6.13 (0.68) 6.09 (0.62)

Glycated albumin, % 14.2 (2.56) 14.1 (2.14)

Liver function tests

ALT, U/L 94.6 (49.4) 82.8 (36.6)

AST, U/L 57.3 (26.5) 54.2 (20.7)

GGT, U/L 78.0 (54.1) 85.3 (73.4)

ALP, U/L 254 (74) 260 (76)

Total bilirubin, mg/dL 0.98 (0.41) 0.94 (0.40)

(Continues)

Placebo 
(n = 60)

Pemafibrate 
(n = 58)

Platelets, 1010/L 23.1 (5.85) 23.0 (5.81)

Lipids

Total cholesterol, mg/dL 202 (37) 209 (34)

LDL cholesterol, mg/dL 122 (29) 131 (29)

HDL cholesterol, mg/dL 48.4 (11.3) 49.0 (8.9)

Non- HDL cholesterol, mg/dL 154 (36) 160 (31)

Triglycerides, mg/dL 190 (148) 166 (63)

Inflammatory marker

CK- 18 M30, U/L 575 (316) 480 (281)

Fibrosis markers

Hyaluronic acid, μg/L 53.5 (56.0) 68.7 (97.1)

7S domain of type IV collagen, 
μg/L

4.78 (1.17) 5.02 (1.87)

M2BPGi 0.89 (0.39) 1.03 (0.67)

NAFLD fibrosis score −1.66 (1.69) −1.68 (1.47)

FIB4 index 1.62 (1.15) 1.61 (1.00)

NAFIC score 1.9 (1.3) 1.8 (1.2)

ELF test 9.72 (0.94) 9.87 (1.01)

Renal function tests

Creatinine, mg/dL 0.73 (0.16) 0.71 (0.16)

Estimated glomerular filtration 
rate, mL min- 1 1.73- 1 m- 2

83.4 (19.8) 82.8 (17.0)

Single nucleotide polymorphisms

PNPLA3 (rs738409)

C/C 12 (20.0) 5 (8.6)

C/G 25 (41.7) 23 (39.7)

G/G 23 (38.3) 30 (51.7)

TM6SF2 (rs58542926)

C/T + T/T 48(80.0) 41(70.7)

C/C 12(20.0) 17(29.3)

Note: Data are expressed as mean (SD) or n (%).
Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; 
ARB, angiotensin II receptor blocker; AST, aspartate aminotransferase; 
CK- 18, cytokeratin 18; DPP- 4, dipeptidyl peptidase- 4; ELF test, 
enhanced liver fibrosis test; GGT, γ- glutamyl transferase; HDL, 
high- density lipoprotein; HOMA- R, homoeostasis model assessment- 
estimated insulin resistance; LDL, low- density lipoprotein; LSM, liver 
stiffness measurement; M2BPGi, mac- 2- binding protein glycosylation 
isomer; MRE, magnetic resonance elastography; MRI- PDFF, magnetic 
resonance imaging- proton density fat fraction; PNPLA3, patatin- like 
phospholipase domain- containing protein 3; SGLT2, sodium glucose 
cotransporter 2; TM6SF2, transmembrane 6 superfamily member 2.
aPhysician- reported diagnosis.
bDefined as patients with increased waist circumference and two or 
more risk factors as of abnormalities in serum lipids, blood pressure and 
fasting plasma glucose in accordance with the diagnostic criteria for 
metabolic syndrome in Japan.
cP < 0.05, in comparison between the treatment groups by Fisher's 
exact test.

TA B L E  1   (Continued)
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treatment groups had similar characteristics with no significant dif-
ference in any parameter except for concomitant use of polyunsat-
urated fatty acids.

Liver fat content measured by MRI- PDFF did not significantly 
change from baseline over 72 weeks including the primary endpoint as 
of week 24 (Pemafibrate −5.3% vs placebo −4.2%: least square mean 
difference of the percent change vs placebo, −1.0%, 95% CI −11.5 to 
9.4 [P = 0.85]) (Figure 2A; Table 2). However, MRE- based liver stiffness 
significantly decreased in the Pemafibrate group at week 24, 48 and 
72 by −5.0%, 95% CI −8.5 to −1.6 (P = 0.0049), −9.0%, 95% CI −12.8 to 
−5.2 (P < 0.0001) and −7.3%, 95% CI −11.1 to −3.5 (P = 0.0002) respec-
tively. Liver stiffness at week 48 and 72 was significantly improved in 
the treatment group with the least square mean differences of −5.7%, 
95% CI −11.0 to −0.4 (P = 0.036) and −6.2%, 95% CI −11.5 to −0.8 
(P = 0.024) vs placebo respectively (Figure 2B; Table 2).

The proportion of MRI- PDFF responders, whose MRI- PDFF 
reduced by 30% or more, showed no significant difference be-
tween the groups; However, there was a trend toward more MRE 
responders, whose liver stiffness reduced by 15% or more, in the 
Pemafibrate group throughout the study period with a signifi-
cantly greater proportion in the Pemafibrate group at week 48 
(Table 2). When the ‘worsened’ category was added in the re-
sponder analyses as described in the Methods to better under-
stand how the treatment responses of non- responders, there 
were a significantly smaller proportion of “worsened” patients 
in the Pemafibrate group in terms of MRE- based LSM stage at 
weeks 24 and 72 (Figure S1C). The subgroup analyses of the 
percentage change in MRI- PDFF and MRE- based liver stiffness 
showed no significant interaction with any evaluated factors ex-
cept for metabolic syndrome status on the treatment effect on 
MRI- PDFF (Figure S2).

Significant reductions in ALT, GGT and ALP levels were observed 
in the Pemafibrate group (Table 2). These changes occurred ini-
tially at week 4 and persisted until the end of the study (Figure 3; 
Table S2). The proportion of patients whose levels of ALT and AST 
were below the upper limit of normal level was consistently higher in 
the Pemafibrate group (Figure S3). Pemafibrate significantly reduced 
the mac- 2- binding protein glycosylation isomer (M2BPGi), compared 
with the placebo throughout the study (Table 2). Other serum fibro-
sis markers such as hyaluronic acid, type IV collagen 7S and ELF test 
were not significantly different between the two groups (Table 2). 
In the subpopulation of MRE responders at week 72, each efficacy 
parameter showed a greater improvement at week 72 (Figure S4).

Pemafibrate treatment significantly reduced the total choles-
terol (TC), low- density lipoprotein cholesterol (LDL- C), HDL- C, 
non- HDL- C and TG levels. These reductions were maintained over 
72 weeks (Figure 4; Table 2; Table S2). The subclass analysis of 
HDL- C showed that the cholesterol content in the smaller HDL par-
ticles increased whereas that in the larger HDL particles decreased 
in the Pemafibrate group (Figure S5).

During the 72- week study period, adverse events were mostly 
mild and moderate in severity, with only one severe adverse event 
in each group. The proportion of patients with at least one or more 
adverse events was 86.2% (50/58) in the Pemafibrate and 85.0% 
(51/60) in the placebo group, and adverse drug reactions were 17.2% 
(10/58) and 11.7% (7/60) respectively (Table 3). Six serious adverse 
events (obstructive pancreatitis, erysipelas, facial bone fracture, al-
tered state of consciousness, cerebral infarction and nephrolithia-
sis) occurred in five patients in the Pemafibrate group. Four serious 
adverse events (retinal haemorrhage, duodenal ulcer perforation, 
contusion and uterine polyp) occurred in three patients in the pla-
cebo group. These adverse events were not study drug related. 

F I G U R E  2   Percentage change from 
baseline to 72 weeks in liver fat content 
by MRI- PDFF (A) and liver stiffness by 
MRE (B). Data are expressed as least 
square mean. Error bars show 95% CI. 
*P < 0.05 vs placebo. Representative 
images of MRE of a patient (C). ROIs, the 
areas surrounded by yellow line, were set 
in the right lobe of the liver in accordance 
with the instruction in the prespecified 
manual [Colour figure can be viewed at 
wileyonlinelibrary.com]
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There were no deaths throughout the study. Four patients in the 
Pemafibrate group were withdrawn owing to adverse events (diabe-
tes mellitus, altered state of consciousness, cerebral infarction and 
generalised rash) and one patient in the placebo group owing to a 
liver disorder. Regarding the incidence of total adverse events, seri-
ous adverse events and adverse events leading to drug discontinua-
tion, no significant differences were observed between the groups. 
The same was applicable for individual adverse events. No safety 
concerns were observed regarding renal function such as serum 
creatinine and eGFR (Figure 3). In addition, there were no clinically 
relevant changes in glycaemic markers and body weight (Figure S6; 
Table S2).

4  | DISCUSSION

To our knowledge, this phase 2 study is the first to evaluate the effi-
cacy and safety of Pemafibrate in patients with NAFLD in a 72- week 
placebo- controlled design. The patients with NAFLD were regarded 
as high risk due to both increased liver stiffness and ALT, and its 
baseline levels of MRE- based liver stiffness were similar to levels in 
other clinical trial which enrolled patients with biopsy- proven NASH 

and stage 1- 3 fibrosis.16 In this population, Pemafibrate did not re-
duce the liver fat content, but significantly decreased MRE- based 
liver stiffness. The change in liver stiffness was accompanied with 
a significant improvement in serum liver enzymes such as ALT, GGT 
and ALP. Furthermore, serum lipids such as LDL- C and TG also sig-
nificantly decreased. Meanwhile, the incidence of adverse events 
was similar between the groups, and the long- term treatment with 
Pemafibrate was well tolerated. Similar efficacy and safety were ob-
served in subgroup patients with baseline TG levels of 150 mg/dL 
or more; it was explored taking into account that Pemafibrate is ap-
proved in Japan for the treatment of hyperlipidaemia (Tables S3- S6).

In AMLN- diet- induced NASH model mice, Pemafibrate im-
proved the histological findings of the liver such as steatosis, bal-
looning and fibrosis.10 On the contrary, in STAM NASH model mice, 
Pemafibrate did not reduce the total liver fat content but reduced 
ballooning and hepatic macrovesicular steatosis.17 These animal 
studies suggested that PPARα activation by Pemafibrate promotes 
lipid turnover and simultaneously induces TG hydrolysis, fatty acid 
β- oxidation, TG synthesis from dihydroxyacetone phosphate and TG 
re- esterification in the liver.9 The finding that Pemafibrate increased 
hepatic glucose uptake in a clinical pharmacology study18 suggests 
that fatty acid turnover was promoted in the liver. Because hepatic 

F I G U R E  3   Measured levels of liver (A- D) and renal function (E, F) markers over 72 weeks. Data are expressed as mean. Error bars show 
SD. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ- glutamyl transpeptidase; ALP, alkaline phosphatase; eGFR, 
estimated glomerular filtration rate [Colour figure can be viewed at wileyonlinelibrary.com]
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macrovesicular steatosis has been suggested to be associated with 
the development of NASH,19 further investigation including liver bi-
opsy is warranted to understand why the liver fat content did not 
decrease but liver stiffness suggested the potential amelioration of 
NASH conditions.

The decrease in the MRE- based liver stiffness was the most in-
teresting finding in the present study because it may be collectively 
supported by the percentage changes in some of the other serum 
markers. MRE- based liver stiffness well predicted the fibrosis stage 
diagnosed with liver biopsy.20,21 As for the treatment response, a 
decrease of ≥15% in liver stiffness was associated with a signif-
icant improvement in fibrosis markers.14 Taking it as the cut- off 
value to define a responder, the rate of responders was higher in 
the Pemafibrate group throughout the study period although a sta-
tistical significance was found only at week 48 (Table 2). In addi-
tion, there was a significant decrease in M2BPGi, which is a novel 
marker reflecting the progression of liver fibrosis and is associated 
with MRE- based liver stiffness independent of age,22 together 
with greater reductions in liver enzymes and other fibrosis markers 
such as ELF test, hyaluronic acid and type 4 collagen 7S in MRE re-
sponders than non- responders in the Pemafibrate group, although 
there were significant interaction only in AST (Figure S4). It is well 
known that advanced liver fibrosis is associated with an increased 

risk of developing liver- related events and predicts the prognosis 
of patients with NAFLD.23 The significant reductions in MRE- based 
liver stiffness and serum liver markers suggest the improvement in 
liver fibrosis. However, considering that MRE- based liver stiffness 
is also correlated with liver inflammation, these findings may be 
suggestive of the improvement in liver inflammation as a driver.20 
It needs further research to confirm the histological improvement, 
and its consequence for the prognosis of patients will be of the 
next interests.

In a study with NASH model mice, Pemafibrate improved liver 
fibrosis with the reduction in collagen 1α1 mRNA expression in the 
liver where the ALT level and the expression of pro- inflammatory 
genes also decreased.10 Therefore, this finding suggests that it might 
improve liver fibrosis via the alleviation of inflammation and/or direct 
suppression of liver fibrosis. As previously shown in clinical trials in 
patients with dyslipidaemia,6 Pemafibrate significantly reduced the 
serum levels of ALT, GGT and ALP in the present study. Especially, 
the ALT reduction with Pemafibrate by approximately 40% from 
baseline throughout the treatment period was greater than that with 
elafibranor (GFT505), which is a dual PPARα/δ agonist developed for 
NAFLD/NASH treatment.24 Therefore, it is reasonable to expect 
that Pemafibrate will have a stronger treatment effect on inflamma-
tion in NAFLD/NASH.

F I G U R E  4   Measured levels of lipid markers over 72 weeks. Data are expressed as mean. Error bars show SD. TC, total cholesterol; 
LDL- C, low- density lipoprotein- cholesterol; HDL- C, high- density lipoprotein- cholesterol; TG, triglyceride [Colour figure can be viewed at 
wileyonlinelibrary.com]
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We found that Pemafibrate reduces the LDL- C, non- HDL- C and 
TG levels unlike several drugs that have been developed for the 
management of NASH and shows negative effects on blood lipids 

(eg FXR agonists, FGF- 19 and ACCi).5,25,26 Because NAFLD/NASH 
is a significant risk factor of cardiovascular events,4 these effects 
of Pemafibrate on blood lipids may provide an additional benefit for 

Placebo Pemafibrate

(n = 60) (n = 58)

Death 0 0

Serious adverse events 3 (5.0) 5 (8.6)

Treatment- related serious adverse events 0 0

Adverse events leading to discontinuation 1 (1.7) 4 (6.9)

Treatment- related adverse events leading to 
discontinuation

1 (1.7) 0

Adverse events 51 (85.0) 50 (86.2)

Relatively common adverse events (≥5%)

Gastrointestinal disorders

Constipation 3 (5.0) — 

Dental caries 1 (1.7) 3 (5.2)

Diarrhoea 3 (5.0) 7 (12.1)

Vomiting 3 (5.0) 1 (1.7)

General and general disorders and administration site 
conditions

Pyrexia 3 (5.0) 2 (3.4)

Infectious and parasitic diseases

Bronchitis 2 (3.3) 4 (6.9)

Conjunctivitis 3 (5.0) — 

Cystitis 3 (5.0) 2 (3.4)

Gastroenteritis 3 (5.0) 2 (3.4)

Influenza 2 (3.3) 3 (5.2)

Nasopharyngitis 24 (40.0) 24 (41.4)

Injury, poisoning and procedural complications

Ligament sprain — 3 (5.2)

Contusion 3 (5.0) 2 (3.4)

Laboratory tests

Blood creatinine phosphokinase increased 2 (3.3) 4 (6.9)

Glycosylated haemoglobin increased — 3 (5.2)

Metabolism and nutrition disorders

Dehydration 1 (1.7) 3 (5.2)

Diabetes mellitus 3 (5.0) 4 (6.9)

Musculoskeletal and connective tissue disorders

Arthralgia 3 (5.0) 4 (6.9)

Back pain 3 (5.0) 9 (15.5)

Respiratory, thoracic and mediastinal disorders

Cough — 3 (5.2)

Upper respiratory tract inflammation 3 (5.0) 3 (5.2)

Skin and subcutaneous tissue disorders

Rash — 4 (6.9)

Vascular disorders

Hypertension 5 (8.3) 2 (3.4)

Note: Data are n (%).

TA B L E  3   Adverse events
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cardiovascular disease prevention in patients with NAFLD. While 
previous clinical studies of Pemafibrate in patients with hyperlipi-
daemia have consistently shown an increase in HDL- C, in the pres-
ent study, we observed a decrease in HDL- C. This may be an overall 
effect of the reduction and increase in cholesterol in the larger and 
smaller HDL particles respectively. This may also be considered ben-
eficial as smaller HDL particles play a critical role in the reverse cho-
lesterol transport system.27 The beneficial effects of Pemafibrate on 
the reverse cholesterol transport have been examined in basic and 
clinical research.28,29

In terms of safety, Pemafibrate treatment for 72 weeks was well 
tolerated in the present study population. The incidence of adverse 
events was similar in both treatment groups, and there were few 
concerns about liver, renal or skeletal muscle- related adverse events. 
For renal function, the present study reproduced that Pemafibrate 
did not affect serum creatinine and eGFR, as observed in previous 
studies in patients with dyslipidaemia.6,18 This should be positively 
recognised as NAFLD/NASH is associated with increased preva-
lence of CKD.30

There were several limitations to this study. First, liver biopsy 
was not performed. Although non- invasive and quantitative imag-
ing assessments, such as those used in the present study, have been 
confirmed to be well associated with liver biopsy results,20,21,31 the 
response of MRE- based liver stiffness to Pemafibrate treatment was 
not confirmed with liver histology. However, although liver biopsy 
remains a gold standard for the diagnosis of NASH12 and the only ap-
proved surrogate endpoint for the development of drugs for NASH, 
there is no established surrogate endpoint to predict the true clin-
ical outcome as a result of treatment. Additionally, the number of 
patients was small, and the study was conducted only at Japanese 
institutions. A larger scale, multinational confirmatory trial with 
liver biopsy will be needed to verify the efficacy of Pemafibrate in 
NAFLD/NASH and liver fibrosis and to generalise the findings to a 
broader spectrum of population.

In summary, in this double- blind, placebo- controlled, ran-
domised, multicentre, phase 2 study in patients with high- risk 
NAFLD, Pemafibrate treatment for 72 weeks did not reduce liver 
fat content, but it significantly reduced MRE- based liver stiffness. 
Thus, the reduction in MRE- based liver stiffness may reflect the 
amelioration of hepatic fibrosis and lobular inflammation by the 
significant changes in serum liver markers. The significant reduc-
tions in serum lipid parameters may also provide additional benefit 
in terms of cardiovascular disease risk. Moreover, the favourable 
safety profile of Pemafibrate will be a further additional value 
when considering long- term and concomitant medication for the 
management of NAFLD/NASH. Therefore, Pemafibrate, a novel 
SPPARMα, may be a promising therapeutic agent for NAFLD/
NASH, and also be a candidate for combination therapy with 
agents that reduce liver fat.
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