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Effect of Pemafibrate on the Lipid Profile, Liver Function,
and Liver Fibrosis Among Patients With Metabolic
Dysfunction-Associated Steatotic Liver Disease
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Abstract

Background: Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) and metabolic dysfunction-associated steatohepatitis
(MASH) are prevalent conditions linked to obesity and metabolic
disturbances, with potential complications such as cirrhosis and car-
diovascular risks. This systematic review and meta-analysis aimed to
evaluate the efficacy of pemafibrate, a drug targeting fat and sugar
metabolism genes, in treating patients with MASLD/MASH.

Methods: Databases such as MEDLINE, Web of Science, Cochrane
Library, and Scopus were searched until September 2023 to identify
relevant studies. Selected studies underwent a thorough quality as-
sessment using tools like Risk of Bias 2 tool (ROB-2) and the National
Institutes of Health (NIH) Quality Assessment Tools. Comprehensive
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meta-analysis software was used for statistical evaluations, with a fo-
cus on lipid profiles, liver function tests, and fibrosis measurements.

Results: A total of 13 studies were included; 10 of them were includ-
ed in the quantitative analysis. Our findings showed that pemafibrate
significantly decreased low-density lipoprotein cholesterol (LDL-C)
(effect size (ES) =-9.61 mg/dL, 95% confidence interval (CI): -14.15
to -5.08), increased high-density lipoprotein cholesterol (HDL-C)
(ES =3.15 mg/dL, 95% CI: 1.53 to 4.78), and reduced triglycerides
(TG) (ES = -85.98 mg/dL, 95% CI: -96.61 to -75.36). Additionally,
pemafibrate showed a marked reduction in liver enzyme levels, in-
cluding aspartate aminotransferase (AST), alanine aminotransferase
(ALT), y-glutamyl transpeptidase (GGT), and alkaline phosphatase
(ALP), with significant effect sizes and P values. For liver stiffness
outcomes, pemafibrate decreased AST to platelet ratio index (APRI)
(ES =-0.180, 95% CI: -0.221 to -0.138).

Conclusions: Pemafibrate, with its enhanced efficacy and safety
profile, presents as a pivotal agent in MASLD/MASH treatment. Its
lipid-regulating properties, coupled with its beneficial effects on liver
inflammation markers, position it as a potentially invaluable thera-
peutic option.
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Liver fibrosis; Liver stiffness

Introduction

Metabolic dysfunction-associated steatotic liver disease (MA-
SLD) is a condition where excess fat accumulates in the liver,
which is detectable via tissue biopsy or imaging. This hepatic
fat accumulation is not due to other factors like heavy alcohol
intake, hepatitis B/C, or drug use [1]. MASLD can be divided
into two categories: one, where there is only fat accumulation
without any liver damage, and the other, metabolic dysfunc-
tion-associated steatohepatitis (MASH), which is defined by
fat accumulation, inflammation, and liver cell damage [2, 3].
Commonly linked to conditions like obesity, diabetes, high
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cholesterol, and high blood pressure, MASLD is also a recog-
nized component of metabolic syndrome [2, 4]. With obesity
on the rise globally, the number of MASLD/MASH cases is
growing, with roughly 20-30% and 2-6% of the global popu-
lation being affected, respectively [5]. Serious complications
can arise from MASLD/MASH, such as cirrhosis, liver cancer,
and even a heightened risk of heart-related incidents [4, 6]. Ad-
dressing MASLD/MASH primarily involves lifestyle changes
emphasizing diet and exercise for weight reduction [4]. Yet,
sustaining such changes can be challenging for many.

While vitamin E and pioglitazone show promise in treat-
ing some aspects of MASH, they are not officially approved
for its treatment [7]. The potential in treating MASH may lie
with peroxisome proliferator-activated receptors (PPARs),
which play a role in managing fat and cholesterol in the blood-
stream [8]. PPARa’s role, in particular, has shown potential
therapeutic relevance in MASH [9]. One drug, pemafibrate,
a selective PPARa modulator, already approved in Japan for
treating high triglycerides (TG) [10, 11], is under investigation
in a vast international trial named PROMINENT (Clinical Tri-
als.gov identifier: NCT03071692) to determine its impact on
cardiovascular events. Pemafibrate acts on certain genes af-
fecting liver fat and sugar metabolism. It has been shown to
positively influence energy metabolism and improve various
MASH indicators in animal studies [12]. In prior clinical tri-
als involving dyslipidemia patients, pemafibrate not only ef-
fectively decreased TG levels but also benefited other liver
markers, including alkaline phosphatase (ALP), y-glutamyl
transpeptidase (GGT), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) [8]. However, the specific
effect of pemafibrate on MASLD/MASH, especially when
compared to a placebo using advanced imaging measures
beyond standard lab tests, remains inadequately explored.
A few studies have investigated the effect of pemafibrate in
patients with MASLD/MASH [8, 13-16]; however, some of
them reported conflicting results. Therefore, in this systematic
review and meta-analysis, we aimed to summarize the current
evidence regarding the efficacy of pemafibrate in patients with
MASLD/MASH.

Materials and Methods

Institutional Review Board approval and ethical compliance
with human study regulations are not applicable to this re-
search.

Inclusion criteria

Inclusion criteria were: 1) Population: patients with MASLD
and/or liver dysfunction (studies including patients diagnosed
with MASLD or non-alcoholic fatty liver disease (NAFLD);
additionally, studies involving patients with liver dysfunction
where MASLD is a confirmed or likely contributing factor); 2)
Exposure: studies that include patients who received pemafi-
brate; 3) Outcomes: studies that assessed liver function tests,
lipid profiles, and/or fibrosis measurements, and studies that
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assessed liver function tests, lipid profile, and/or fibrosis meas-
urements, specifically including tests such as AST to platelet
ratio index (APRI), fibrosis-4 index (FIB-4), ALP, low-densi-
ty lipoprotein cholesterol (LDL-C), AST, ALT, and GGT; 4)
Study design: randomized controlled trials (RCTs) and obser-
vational studies, including prospective and retrospective co-
hort studies, case-control studies, and cross-sectional studies.

Exclusion criteria

Exclusion criteria were: 1) Non-MASLD liver dysfunction:
studies where liver dysfunction is attributed to causes other
than MASLD, such as viral hepatitis, alcoholic liver disease,
or drug-induced liver injury; 2) Study type: non-English
studies, reviews, animal studies, abstracts, and case reports;
3) Lack of treatment evaluation: studies that do not evaluate
or provide data on treatments specifically aimed at MASLD
or NAFLD.

Information sources and search strategy

Historically, “NAFLD” has been the standard term used to de-
scribe liver fat accumulation not attributable to alcohol con-
sumption. This includes a spectrum from simple steatosis to
more severe forms like non-alcoholic steatohepatitis (NASH).
Recently, there has been a shift towards using “MASLD” to
better reflect the metabolic underpinnings of liver fat accu-
mulation. This term emphasizes that liver steatosis is closely
linked with metabolic dysfunctions such as obesity, type 2
diabetes, and dyslipidemia. The search strategy was designed
accordingly.

A computerized search from inception to September 2023
was conducted on MEDLINE via PubMed, Web of Science,
Cochrane Library, and Scopus. We used the following key-
words to identify the relevant citations: ((“pemafibrate” OR
“K-877” OR “pemafibrate sodium” OR “fenofibrate deriva-
tive””) AND (“metabolic associated steatotic liver disease” OR
“MASLD” OR “metabolic associated steatohepatitis” OR
“MASH” OR “hepatic steatosis” OR “fatty liver” OR “meta-
bolic liver disease™)).

Selection process

Following the database searches, all citations were imported
into the EndNote X9 Windows version. Duplicate references
resulting from the overlap of database content were identi-
fied and removed. Two independent reviewers (XX and YY)
screened the titles and abstracts of all unique citations accord-
ing to the predefined inclusion and exclusion criteria. Any
disagreements between the two reviewers at this stage were
resolved through discussion, or, if necessary, a third reviewer
(XY) was consulted. Studies that appeared to meet the inclu-
sion criteria, or for which there was insufficient information in
the title and abstract to make a clear decision, were advanced
to full-text review. Again, two independent reviewers (XX and
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YY) assessed each full-text article to determine its eligibility.
Disagreements at this stage were resolved through consulta-
tion with a third reviewer (YY). The reference lists of all in-
cluded studies were scanned to identify additional studies that
might have been missed during the initial database searches.
Any potentially relevant studies identified through this process
were subjected to full-text review and included if they met the
criteria.

Data collection process and data items

For studies that met the inclusion criteria, relevant data were
extracted using a standardized data extraction form. This
form was piloted on a subset of included studies and refined
as needed. We extracted data regarding the study character-
istics (study ID, duration, sample size, inclusion criteria, and
conclusion), patient characteristics (age and gender, body
mass index, and baseline lipids and liver function tests), and
outcomes, including lipid profile (LDL-C, high-density lipo-
protein cholesterol (HDL-C), and TG), liver function tests
(AST, ALT, ALP, GGT), and fibrosis measurements (FIB-4
and APRI score).

Quality assessment

The evaluation of study quality and potential bias was con-
ducted using the Risk of Bias 2 tool (ROB-2) developed by the
Cochrane Collaboration [17]. The domains studied involved
a randomization process, deviations from intended interven-
tions, missing outcome data, measurement of the outcome, and
selection of the reported result. Each domain was meticulously
evaluated to determine the extent of bias that could potentially
influence study outcomes. A clear and structured approach
was adopted to rate the risk of bias as either “low”, “some
concerns”, or “high” for each individual domain, subsequently
contributing to an overall judgment on the study’s risk of bias.
For cross-sectional studies, we employed the National Insti-
tutes of Health (NIH) Quality Assessment Tools [18].

Data synthesis

Statistical analyses were performed using the Comprehensive
Meta-Analysis (CMA) software version 4. We performed a
single-arm meta-analysis using the DerSimonian-Laird ran-
dom-effects model to estimate the effect size (ES) of the stud-
ied outcomes. Data were reported as pooled mean with the cor-
responding 95% confidence intervals (Cls). Publication bias
was meticulously examined using funnel plots, Egger’s test,
and the Begg-Mazumdar test.

Results

The comprehensive literature search across multiple databases
yielded a total of 188 citations. Upon deduplicating these en-
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tries, 120 studies were retained for title and abstract assess-
ment. This initial screening led to the exclusion of 104 studies.
A subsequent in-depth review of the full texts was conducted
for 16 articles, resulting in the final selection of 13 studies
for qualitative synthesis [8, 13-16, 19-25]. Out of these, 10
studies were deemed suitable for quantitative synthesis [8, 13-
16, 21-24, 26]. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram is pre-
sented in Figure 1.

Study characteristics

Out of the included 13 studies (n = 690 patients), 12 studies
were retrospective [13-15, 19-27], and only one study was a
RCT [16]. The retrospective studies studied pemafibrate as a
single arm, while the RCT study compared it with a placebo
group. All the included studies were conducted in Japan be-
tween 2017 and 2022. Most of the included patients had MA-
SLD and dyslipidemia, with a male predominance (60%) and
a mean age of 57.93 years. The used dose for pemafibrate was
0.1 - 0.2 mg oral twice a day (BID). The average duration of
follow-up was 12 months. Tables 1 and 2 [13-16, 19-27] sum-
marize the characteristics of the included studies and patients’
baseline, respectively.

Risk of bias in studies

Based on the NIH tool for the risk of bias in observational
studies, only four studies had good quality, and eight studies
had fair quality. In terms of the ROB-2 tool, the risk of bias
was deemed as low in the study of Nakajima et al [16]. The
details of the risk of bias assessment are shown here (Supple-
mentary Material 1, www.gastrores.org).

Lipid profile outcomes
LDL-C

The random effects estimate of 10 studies showed that pemaf-
ibrate significantly reduced the LDL-C (ES = -9.61 mg/dL,
95% CI: -14.15 to -5.08, P < 0.001). A significant reduction
was observed from 6-12 months of pemafibrate (ES = -10.89
mg/dL, 95% CI: -16.80 to -4.98, P < 0.001). In terms of 0 - 6
months and > 2 years, the reduction was not significant, as
shown in Figure 2a. The pooled data were moderately hetero-
geneous (Q =27.58, 12=52.86%, P=0.010). The visualization
of the funnel plot showed no effect of small studies (Fig. 2b).
The Egger’s regression and Begg-Mazumdar test showed no
evidence of publication bias (P = 0.360 and P = 0.228, respec-
tively).

HDL-C

The random effects estimate of nine studies showed that
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Figure 1. PRISMA flow diagram. PRISMA: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

pemafibrate significantly increased the HDL-C (ES =3.15 mg/
dL, 95% CI: 1.53 to 4.78, P < 0.001). A significant elevation
was observed at the duration of 0 - 6 months (ES = 3.30 mg/
dL, 95% CI: 0.39 to 6.23, P=0.027), 6 - 12 months (ES =2.67
mg/dL, 95% CI: 0.57 to 4.76, P =0.012), and > 2 years (ES =
5.96 mg/dL, 95% CI: 0.49 to 11.47, P = 0.033), as shown in
Figure 3. The pooled data were homogenous (Q = 4.28, 12 =
0.00%, P=0.961).

G

The random effects estimate of eight studies showed that
pemafibrate significantly reduced the TG (ES =-85.98 mg/dL,
95% CI: -96.61 to -75.36, P < 0.001). A significant reduction
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was observed at the duration of 0 - 6 months (ES = -113.40
mg/dL, 95% CI: -138.07 to -88.73, P < 0.001), 6 - 12 months
(ES =-79.05 mg/dL, 95% CI: -93.33 to -64.76, P < 0.001), and
> 2 years (ES = -81.22 mg/dL, 95% CI: -101.99 to -60.43, P
<0.001), as shown in Figure 4. The pooled data were homog-
enous (Q = 12.31, I = 18.75%, P = 0.26).

Liver function outcomes
AST

The random effects estimate of 10 studies showed that
pemafibrate significantly reduced the AST (ES =-9.12 U/L,
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Impact of Pemafibrate in NAFLD Patients

Gastroenterol Res. 2024;17(4):159-174

d

Group by Study name Statistics for each study Mean and 95%CI
Duration
Standard Lower Upper
Mean ermror Variance  limit limit Z-Value p-Value
6- 12 months Sugimoto et al. 2023 -19.100 5069 25695 29035 -9.165 -3768 0.000 -
6 - 12 months Shinozaki et al. 2021 -16.000 7398 54731 30500 -1500 -2.163 0.031 ——
6 - 12 months Ishikawa et al. 2023 -12.600 5974 35690 24309 -0891 -2.109 0.035 ——
6 - 12 months Shinozaki et al. 2022 -8.900 3278 10.745 15325 2475 2715 0.007 -
6 - 12 months Hatanaka et al. 2021b  -7.000 7454 55556 21609 7609 -0939 0348 —
6 - 12 months Nakajima et al. 2021 -6.400 1.598 2554 9532 -3268 -4.005 0.000 L
6 - 12 months lkeda et al. 2020 15700 887447875459 -158235 189635 0.177 0.860 ®
6 - 12 months Pooled -10.891 3017 9102 -16.804 -4978 -3610 0.000 <
More than 2 years Hatanaka et al.2021b  -10.700 6308 39.788 -23.063 1663 -1696 0.090 ——
More than 2 years  lkeda et al. 2021 3.000 15205 231192 -26.801 32801 0.197 0.844 —_—
More than 2 years ~ Morishita et al.2023 4750 485032352508 -90.313 99813 0.098 0.922 g
More than 2 years ~ Pooled -7.503 7378 54428 21962 6957 -1.017 0.309 -
Up to 6 months Sugimoto et al.2023  -17.700 3499 12243 -24558 -10.842 -5059 0.000 -
Up to 6 months Nakajima et al.2021 -1.700 1.825 3331 5277 1877 0931 0352 q
Up to 6 months Seko et al. 2020 0.000 12365 152905 24236 24236 0.000 1.000 . amd
Up to 6 months Morishita et al. 2023 2640 466822179243 -88.856 94.136 0.057 0.955
Up to 6 months Pooled -7.871 4144 17174 15993 0252 -1899 0.058 <
Overall Pooled 9614 2316 5363 -14.153 -5075 -4.152 0.000 L 2
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Figure 2. (a) Forest plot of LDL-C. (b) Funnel plot. LDL-C: low-density lipoprotein cholesterol; Cl: confidence interval.

Group by Study name
Duration

Mean
6 - 12 months Ikeda et al. 2020 -1.790
6 - 12 months Shinozaki et al. 2021 0.800
6 - 12 months Shinozaki et al. 2022 2.200
6 - 12 months Ishikawa et al. 2023 2.830
6 - 12 months Sugimoto etal. 2023  3.500
6 - 12 months Hatanaka et al. 2021b  7.000
6 - 12 months Pooled 2.665
More than 2 years  Morishita et al.2023 2.600
More than 2 years  Hatanaka et al.2021b  6.000
More than 2 years  |keda et al. 2021 14.750
More than 2 years  Pooled 5.969
Up to 6 months Sugimoto et al.2023 2.400
Up to 6 months Morishita et al. 2023  2.410
Up to 6 months Seko et al. 2020 6.800
Up to 6 months Pooled 3.297
Overall Pooled 3.151

Standard

Statistics for each study
Lower Upper

error Variance limit limit Z-Value p-Value
12.500 156.257-26.290 22.710 -0.143 0.886
3.889 15.123 -6.822 8.422 0.206 0.837
1.448 2.096 -0.638 5.038 1.519 0.129
2678 7.171 -2.419 8.079 1.057 0.291
2.731 7.456 -1.852 8.852 1.282 0.200
4.258 18.134 -1.346 15346 1.644 0.100
1.067 1.139 0.574 4.757 2498 0.012
22587 510.183-41.670 46.870 0.115 0.908
2.820 7.951 0.473 11.527 2.128 0.033
56.8753234.766-96.723 126.223 0.259 0.795
2795 7.810 0.492 11.447 2.136 0.033
1680 2.822 -0.892 5692 1429 0.153
22246 494.903-41.192 46.012 0.108 0.914
3.309 10952 0.314 13.286 2.055 0.040
1.495 2.234 0.368 6.227 2.206 0.027
0.829 0.688 1.526 4.776 3.799 0.000

Mean and 95% CI

e

-40.00

00+"?0

-20.00 0.00 20.00 40.00

Figure 3. Forest plot of HDL-C. HDL-C: high-density lipoprotein cholesterol; Cl: confidence interval.
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Group by Study name Statistics for each study Mean and 95% CI
Duration Standard Lower Upper
Mean error Variance limit limit Z-Value p-Value
6 - 12 months Sugimoto etal. 2023 -104.400 23.413 548.154-150.288 -58.512 -4.459 0.000 —_——
6 - 12 months Hatanaka etal. 2021b  -91.300 10.624 112.862-112.122 -70.478 -8.594 0.000 ——
6 - 12 months Shinozaki etal. 2022  -68.300 15.630 244294 -98.934 -37.666 -4.370 0.000 —_—
6 - 12 months lkeda et al. 2020 -63.800 176.69931222.653 410.124282.524 -0.361 0.718 ®
6 - 12 months Shinozaki etal. 2021  -51.600 15.777 248909 -82.522 -20.678 -3.271 0.001 ——
6 - 12 months Pooled -79.051 7.288 53.113 -93.335 -64.767 -10.847 0.000 <
More than 2 years ~ Morishita et al.2023  -144.130 276.660 76540.817 -686.374398.114 -0.521 0.602 &
More than 2 years  lkeda et al. 2021 -143.400 238.008 56647.570 -609.886 323.086 -0.603 0.547 4
More than2 years ~ Hatanaka etal.2021b  -81.000 10.622 112.824-101.818 -60.182 -7.626 0.000 ——
More than 2 years ~ Pooled -81217 10.603 112.434-101.999 -60.434 -7.659 0.000 >
Up to 6 months Morishita et al. 2023  -167.100 311.904 97284.267 -778.421444.221 -0.536 0.592 4
Up to 6 months Seko etal. 2020 -122.500 21.064 443.682-163.784 -81.216 -5.816 0.000 ——
Up to 6 months Sugimoto etal.2023 -108.200 15.719 247.094-139.009 -77.391 -6.883 0.000 ——
Up to 6 months Pooled -113.403 12.588 158.449-138.074 -88.731 -9.009 0.000
Overall Pooled -85.987 5421 29383 -96.611 -75.363 -15.863 0.000 <|>0

-200.00 -115.00 -30.00 55.00 140.00

Figure 4. Forest plot of TG. Cl: TG: triglycerides; confidence interval.

d

Group by Study name Statistics for each study Mean and 95% CI
Durati
uraon Standard Lower Upper
Mean error Variance limit limit 2Z-Value p-Value
6 - 12 months Sugimoto etal. 2023 -21.600 5598 31.341-32.573-10.627 -3.858 0.000 =0=
6 - 12 months Shinozaki et al. 2021 -18.300 6.236 38.889-30.523 -6.077 -2.935 0.003 ——
6 - 12 months lkeda et al. 2020 -15.330 25.061 628.064 -64.449 33.789 -0.612 0.541 L
6 - 12 months Nakajima et al. 2021 -9.700 5423 29.408-20.329 0929 -1.789 0.074 ——
6 - 12 months Shinozaki etal. 2022  -8.100 2.636 6.948-13266 -2934 -3.073 0.002 -«
6 - 12 months Hatanaka et al. 2021b  -7.700 4.472 20.000-16.465 1.065 -1.722 0.085 ——
6 - 12 months Ishikawa et al. 2023 -3.300 1.576 2484 -6.389 -0.211 -2.094 0.036 L]
6 - 12 months Pooled -8.970 2.068 4278-13.024 -4916 -4336 0.000 Lol
More than 2 years  lkeda et al. 2021 -20.900 32.088 1029.608 -83.790 41.990 -0.651 0.515 2
More than 2 years ~ Morishita et al.2023 -9.970 32.607 1063.193-73.878 53.938 -0.306 0.760 L
More than 2 years  Hatanaka etal.2021b  -4.000 4.284 18.349-12.396 4.396 -0.934 0.350 —r
More than 2 years  Pooled -4.603 5261 27.677-14914 5708 -0.875 0.382 <l
Up to 6 months Sugimoto etal.2023  -12.300 3.003 9.017-18.185 -6.415 -4.096 0.000 -
Up to 6 months Seko et al. 2020 -11.500 6.977 48672-25174 2174 -1.648 0.099 =l
Up to 6 months Nakajima et al.2021 -9.200 5642 31.835-20.259 1.859 -1.631 0.103 ——
Up to 6 months Morishita et al. 2023 -6.960 32.481 1055.043 -70.622 56.702 -0.214 0.830
Up to 6 months Pooled -11.305 3.306 10.932-17.785 -4.824 -3.419 0.001 <>
Overall Pooled -9.124 1.664 2.767-12.385 -5.864 -5.485 0.000 L 2
-90.00 -45.00 0.00 45.00 90.00
Funnel Plot of Standard Error by Mean
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Figure 5. (a) Forest plot of AST. (b) Funnel plot. AST: aspartate aminotransferase; Cl: confidence interval.
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d

Group by Study name Statistics for each study Mean and 95%Cl
Duration Standard Lower Upper
Mean error Variance limit limit Z-Value p-Value
6 - 12 months Sugimoto etal. 2023  -50.400 10460 109.414 -70.901 -29.899 -4.818 0.000 —_——
6 - 12 months Nakajima etal. 2021  -42.500 4370 19.096 -51.065-33.935 -9.726 0.000 H—
6 - 12 months Shinozakietal. 2021  -35.000 6.225 38756 -47.202-22.798 -5.622 0.000 ——
6 - 12 months lkeda etal. 2020 27970  445301982.880 -115.246 59.306 -0.628 0.530 &
6 - 12 months Shinozaki etal. 2022  -26.200 5218 27230 -36428-15972 -5.021 0.000 ——
6 - 12 months Ishikawa et al. 2023 -25.000 2.045 4.183 -29.008 -20.992 -12.224 0.000 L J
6 - 12 months Hatanaka etal. 2021b -16.700 6.681 44640 -29.795 -3605 -2.500 0.012 ——
6 - 12 months Pooled -31.035 3525 12428 -37944 -24125 -8.803 0.000 <
More than 2 years lkeda etal. 2021 37200  47.1082219.117 -129.529 55.129 -0.790 0430 2
More than 2 years Morishita et al 2023 -17.680 53.2202832.364 -121.989 86629 -0.332 0.740 L g
More than2 years ~ Hatanaka etal.2021b -13.700 5.909 34916 -25281 -2.119 -2.318 0.020 ——
More than 2 years ~ Pooled -14.579 8.643 74705 -31519 2361 -1.687 0.092 R
Up to 6 months Nakajima etal.2021 -39.500 4269 18222 -47.867-31.133 -9.253 0.000 .
Up to 6 months Sugimoto etal.2023  -33.000 5214 27182 -43219-22.781 -6.330 0.000 ——
Up to 6 months Seko etal. 2020 -31.500 11.145 124201 -53343 9657 -2.826 0005 T
Up to 6 months Morishita etal. 2023 14900  53.7182885.654 -120.186 90.386 -0.277 0.781 g
Up to 6 months Pooled -35.449 5258 27642 -45754 25145 -6.743 0.000 <
Overall Pooled -30.569 2773 7691 -36.004 -25.134 -11.023 0.000 <>
b -100.00 -50.00 0.00 50.00 100.00
Funnel Plot of Standard Error by Mean
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Figure 6. (a) Forest plot of ALT. (b) Funnel plot. ALT: alanine aminotransferase; Cl: confidence interval.

95% CI: -12.39 to -5.86, P < 0.001). A significant reduction
was observed at the duration of 0 - 6 months (ES = -11.31
U/L, 95% CI: -17.79 to -4.82, P = 0.001) and 6 - 12 months
(ES = -8.97 U/L, 95% CI: -13.02 to -4.92, P < 0.001), as
shown in Figure 5a. The pooled data showed mild hetero-
geneity (Q = 20.49, 172 = 36.56%, P = 0.084). The funnel
plot showed significant asymmetry (Fig. 5b); however, the
Egger’s regression and Begg-Mazumdar test showed no evi-
dence of publication bias (P = 0.053 and P = 1.00, respec-
tively).

ALT

The random effects estimate of 10 studies showed that
pemafibrate significantly reduced the ALT (ES = -30.57
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U/L, 95% CI: -36.00 to -25.13, P < 0.001). A significant re-
duction was observed at the duration of 0 - 6 months (ES =
-35.45 U/L, 95% CI: -45.75 to -25.15, P=0.005) and 6 - 12
months (ES = -31.04 U/L, 95% CI: -37.94 to -24.13, P <
0.001), as shown in Figure 6a. The pooled data showed sub-
stantial heterogeneity (Q = 35.69, I = 63.58%, P = 0.001).
The funnel plot showed a mild asymmetry (Fig. 6b); howev-
er, the Egger’s regression and Begg-Mazumdar test showed
no evidence of publication bias (P = 0.592 and P = 0.511,
respectively).

GGT

The random effects estimate of 10 studies showed that pemafi-
brate significantly reduced the ALT (ES = -37.63 U/L, 95%

www.gastrores.org
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Group by Study name Statistics for each study Mean and 95% CI
Duration

Standard Lower Upper
Mean error Variance limit limit Z-Value p-Value
6 -12 months Sugimoto etal. 2023  -55.400 14815 219483 -84.437 -26.363 -3.739 0.000 ———
6 -12 months Shinozaki etal. 2021  -44.700  22.322 498277 -88.451 -0.949 -2.002 0.045 -
6 -12 months Nakajima et al. 2021  43.800 3495 12218 -50651 -36.949 -12.531 0.000 &=
6 - 12 months Shinozaki etal. 2022  -34.900 5840 34.107 -46.346 -23.454 -5976 0.000 =C=
6 -12 months keda etal. 2020 -31.510  49.8002480.024 -129.116 66.096 -0633 0527 " g
6 - 12 months Hatanaka etal. 2021b -30.300 10184 103.706 -50.260 -10.340 -2975 0.003 [
6 -12 months hikawa et al. 2023 -12.700 3299 10.881 -19.165 6235 -3.850 0.000 -
6 -12 months Pooled -34.216 7078 50.091 -48.088 -20.344 -4.834 0.000 B
More than 2 years ~ Hatanaka etal2021b -32.000 9.711 94.309 -51.034 -12.966 -3.295 0.001 ——
More than 2 years  Morishita et al.2023 -30.450 79.9846397.370 -187.215126.315 -0.381 0.703 ®
More than 2 years  keda etal. 2021 29.800 449432019.828 -117.886 58.286 -0.663 0.507 <
More than 2 years ~ Pooled -31.681 16.183 261902 -63.400 0.038 -1958 0.050 —
Up to 6 months Seko etal. 2020 -63.000 29561 873.842-120938 -5.062 -2.131 0.033 <
Up to 6 months Nakajima et al.2021 -51.300 2.849 8.119 -56.885 45.715 -18.004 0.000 -
Up to 6 months Sugimoto etal2023  -39.900 8347 69.673 -56.260 -23.540 -4.780 0.000 -l
Up to 6 months Morishita et al. 2023  29.600 82.2426763.666 -190.790 131.590 -0.360 0.719 &
Up to 6 months Pooled -47.723 10533 110934 -68.366 -27.080 -4.531 0.000
Overall Pooled -37.633 5522 30.491 -48456 -26.811 6815 0.000 <
-100.00 50.00 0.00 50.00 100.00
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Figure 7. (a) Forest plot of y-GTP. (b) Funnel plot. y-GTP: gamma-glutamyl transferase; Cl: confidence interval.

CI: -48.46 to -26.81, P < 0.001). A significant reduction was
observed at the duration of 0 - 6 months (ES = -47.72 U/L,
95% CI: -68.37 to -27.08, P < 0.001) and 6 - 12 months (ES =
-34.22 U/L, 95% CI: -48.46 to -26.81, P < 0.001), as shown in
Figure 7a. The pooled data showed substantial heterogeneity
(Q =35.69, I = 85.00%, P = 0.001). The funnel plot showed
a moderate asymmetry (Fig. 7b); however, the Egger’s regres-
sion and Begg-Mazumdar test showed no evidence of publica-
tion bias (P =0.985 and P = 0.827, respectively).

ALP

The random effects estimate of four studies showed that
pemafibrate significantly reduced the ALP (ES = -88.61 U/L,
95% CI: -108.62 to -68.61, P < 0.001), as shown in Figure 8.
The pooled data were homogenous (Q = 2.61, I* = 0.0%, P =
0.456).
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Liver stiffness outcomes
FIB-4

The random effects estimate of nine studies showed that
pemafibrate reduced the FIB-4 (ES = -0.136, 95% CI: -0.272
to 0.00, P=0.049), as shown in Figure 9. The pooled data were
homogenous (Q = 0.735, 12 = 0.0%, P = 1.00).

APRI

The random effects estimate of five studies showed that pemafi-
brate significantly reduced the APRI (ES = -0.180, 95% CI:
-0.221 to -0.138, P < 0.001). A significant reduction was ob-
served at the duration of 6 - 12 months (ES = -0.181, 95% CI:
-0.224 t0 -0.137, P < 0.001) and more than 2 years (ES =-0.171,
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Group by Study name Statistics for each study Mean and 95% CI
Duration
Standard Lower Upper

Mean error  Variance limit limit Z-Value p-Value
6-12months Shinozaki etal. 2021 -121600 27.247 742.402-175.003 -68.197 -4.463 0.000 L 4
6 - 12 months Ishikawa et al. 2023 -94830 15.699 246451 -125.599 -64.061 -6.041 0.000 —
6 - 12 months Hatanaka etal. 2021b  -72.000  18.266 333.642-107.800-36.200 -3.942 0.000 —_—
6 - 12 months Pooled -91.438  12.191 148619 -115.332 -67.545 -7.501 0.000 -
More than 2 years ~ Hatanaka etal.2021b ~ -82.000 16.428 269.896 -114.199 -49.801 -4.991 0.000 —_—
More than 2 years ~ Pooled -82.000 18.655 347.997 -118.562 -45.438 -4.396 0.000
Overall Pooled -88614 10.205 104.143-108.615-68.612 -8.683 0.000 <4>>

-190.00 -132.50 -75.00 -17.50 40.00
Figure 8. Forest plot of ALP. ALP: alkaline phosphatase; Cl: confidence interval.
Group by Study name Statistics for each study Mean and 95% CI
Duraton Standard Lower Upper
Mean error Variance limit limit Z-Value p-Value
6 - 12 months lkeda et al. 2020 -0.290 4535 20.570 -9.179 8.599 -0.064 0.949 o4
6 - 12 months Shinozaki et al. 2021  -0.200 0.284  0.080 -0.756 0.35%6 -0.705 0.481
6 - 12 months Sugimoto etal. 2023  -0.190 0.119  0.014 -0.424 0.044 -1.593 0.111
6 - 12 months Hatanaka et al. 2021b  -0.140 0.341 0.116 -0.809 0.529 -0.410 0.682
6 - 12 months Ishikawa et al. 2023  -0.120 0.165  0.027 -0.443 0.208 -0.728 0.467 -
6 - 12 months Pooled -0.168 0.088  0.008 -0.341 0.006 -1.897 0.058 Lo
More than 2 years  lkeda et al. 2021 -0.400 1.483 2198 -3.306 2.506 -0.270 0.787 4
More than 2 years  Morishita et al.2023 -0.260 2.001 4.004 -4.182 3.662 -0.130 0.897 Ay
More than 2 years ~ Hatanaka etal.2021b  -0.040 0.282  0.080 -0.593 0.513 -0.142 0.887 ——
More than 2 years ~ Pooled -0.056 0.274  0.075 -0.594 0.481 -0.206 0.837 <>
Up to 6 months Sugimoto etal.2023  -0.110 0.129  0.017 -0.362 0.142 -0.854 0.393 -
Up to 6 months Seko et al. 2020 0.060 0.380  0.145 -0.685 0.805 0.158 0.875 —
Up to 6 months Morishita et al. 2023 0.110 2466 6.080 -4.723 4.943 0.045 0.964
Up to 6 months Pooled -0.092 0.122  0.015 -0.331 0.147 -0.755 0.450
Overall Pooled -0.136 0.069  0.005 -0.272 -0.000 -1.967 0.049
-4.00 -2.00 0.00 2.00 4.00

Figure 9. Forest plot of FIB-4. FIB-4: fibrosis-4 index; Cl: confidence interval.

95% CI: -0.318 to -0.024, P=0.023), as shown in Figure 10. The
pooled data were homogenous (Q = 0.810, I2 = 0.0%, P=0.992).

Discussion

Pemafibrate, designed as a selective PPARa modulator, boasts
enhanced selectivity, a more potent TG-reducing effect, and a
superior safety profile, showcasing fewer side effects such as
liver dysfunction and increased creatine kinase compared to
traditional fibrate formulations [8, 10, 11, 28]. While it is par-
ticularly potent in addressing hypertriglyceridemia, a deeper
dive into clinical trial data indicates its beneficial role in liver

function enhancement. Interestingly, pemafibrate has been
linked to improved liver elasticity when assessed using mag-
netic resonance elastography (MRE). However, a local phase
II trial focusing on MASLD revealed that pemafibrate did not
significantly reduce liver fat content [16]. Nonetheless, when
tested on a diet-induced rodent model of MASH, pemafibrate
demonstrated its potential to ameliorate MASH’s pathogene-
sis, altering lipid metabolism and energy processing in the liv-
er more effectively than fenofibrate [12]. In this systematic re-
view and meta-analysis, our findings showed that pemafibrate
showed a significant improvement in patients with MASLD/
MASH in lipid profile by reducing LDL-C and TG and in-
creasing HDL-C. Additionally, the liver function tests showed

Group by Study name Statistics for each study Mean and 95% CI
Duration Standard Lower Upper
Mean error Variance limit limit Z-Value p-Value
6 - 12 months Shinozaki etal. 2021 -0.300 0.141 0.020 -0.576 -0.024 -2.132 0.033 ——
6 - 12 months Shinozaki etal. 2022  -0.180 0.030  0.001 -0.238 -0.122 -6.067 0.000 [ ]
6 - 12 months Ishikawa et al. 2023  -0.177 0.037  0.001 -0.249 -0.105 -4.829 0.000 [ ]
6 - 12 months Hatanaka etal. 2021b -0.160 0.090 0.008 -0.336 0.016 -1.782 0.075 —&
6 - 12 months Pooled -0.181 0022 0.000 -0.224 -0.137 -8.189 0.000 ¢
More than 2 years  Morishita etal.2023  -0.230 0648 0.420 -1.500 1.040 -0.355 0.723 A d
More than 2 years  Hatanaka etal.2021b  -0.170 0.075 0.006 -0.318 -0.022 -2.254 0.024 -0
More than 2 years ~ Pooled -0.171 0.075 0.006 -0.318 -0.024 -2.280 0.023 <>
Up to 6 nonths Morishita etal. 2023  -0.090 0834 0696 -1.725 1.545 -0.108 0.914 &
Up to 6 nonths Pooled -0.090 0.834 0696 -1.725 1.545 -0.108 0.914 = S—
Overall Pooled -0.180 0.021 0.000 -0.221 -0.138 -8.500 0.000 <|\0r_’

-2.00 -1.00 0.00 1.00 2.00

Figure 10. Forest plot of APRI. APRI: aspartate aminotransferase to platelet ratio index; Cl: confidence interval.
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a significant improvement in terms of ALT, AST, GGT, and
ALP. In terms of FIB-4, the improvement was marginal; how-
ever, the APRI score showed substantial improvement. These
findings underscore the potential of pemafibrate as an effica-
cious treatment option for patients with MASLD/MASH.

Pemafibrate selectively regulates target genes involved in
lipid metabolism among these PPARa-regulated genes [10]. It
also upregulates the expression of uncoupling protein 3 (UCP3)
in the liver. UCP3 plays a role in energy metabolism and lipid
turnover, contributing to improved lipid profiles. Moreover,
pemafibrate also increases acyl-coenzyme A oxidase-1 level
[29], further stimulating lipid turnover and energy utiliza-
tion. While the majority of the included studies noted a rise
in HDL-C due to pemafibrate [15, 19-24, 26, 27], Nakajima et
al observed a decline in HDL-C [16]. This outcome might be
attributed to a simultaneous decrease in cholesterol in larger
HDL particles and an increase in smaller HDL particles. Such
a shift is potentially beneficial given the pivotal role smaller
HDL particles have in the reverse cholesterol transport system
[30]. Prior foundational and clinical studies have explored the
positive impacts of pemafibrate on this transport system [31,
32]. For patients with MASLD/MASH, these lipid-regulating
properties of pemafibrate offer substantial clinical benefits.
MASLD and MASH, which are intrinsically associated with
metabolic dysfunctions, often present with elevated LDL-C
and TG levels and decreased HDL-C, all of which contribute
to progressive liver damage and increased cardiovascular risk
[6]. By normalizing these lipid levels, pemafibrate not only
addresses the underlying metabolic disturbances but also po-
tentially slows the progression of liver disease and reduces the
associated cardiovascular risk in this population.

In patients with MASLD/MASH, reducing levels of AST,
ALT, GGT, and ALP has substantial clinical implications [33].
Elevated levels of these enzymes often signal liver damage or
inflammation, with ALT and AST being directly related to liver
cell injury, GGT indicating possible bile duct damage, and ALP
reflecting potential blockages in the bile ducts or damage to the
liver cells [34]. Lowering these enzyme levels can not only in-
dicate a reduction in liver inflammation and damage but also
decrease the risk of disease progression to more severe stages,
including cirrhosis or liver cancer [35]. Clinically, maintaining
these enzymes within a normal range can enhance patient out-
comes, prolong liver function, and reduce associated complica-
tions, emphasizing the importance of therapeutic interventions
that target these markers in MASLD/MASH management [36].

Typically, a decrease in serum ALT and AST levels serves
as an indicator of improved histological inflammation in pa-
tients diagnosed with MASH through biopsy [37]. Further,
Argo et al found that the only predictive factor for fibrosis
progression in subsequent biopsies was the presence of his-
tological inflammation [38]. This evidence points towards the
idea that a drop in serum ALT can be viewed as a representa-
tive marker for positive histological changes, encompassing
both liver inflammation and fibrosis. In research conducted
using MASH model mice, pemafibrate led to notable improve-
ments in liver fibrosis, highlighted by a decrease in collagen
lal mRNA expression in the liver. Concurrently, there was a
reduction in both the ALT level and the expression of genes
linked to inflammation [12]. This suggests pemafibrate might

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

boost liver health by mitigating inflammation and/or directly
curbing liver fibrosis. Echoing findings from earlier clinical
trials involving dyslipidemia patients [8], pemafibrate in the
current study remarkably lowered serum levels of AST, ALT,
GGT, and ALP. Given these outcomes, it is plausible to an-
ticipate that pemafibrate might offer a more potent therapeutic
effect against inflammation in MASLD/MASH.

In this study, we observed a decrease in the average values
of both the APRI and FIB-4 index. Both of these measures
incorporate platelet counts. Notably, several studies found that
pemafibrate treatment notably elevated platelet counts [14, 20-
22]. Beyond their role in hemostasis, platelets are also pivotal
in inflammatory responses, angiogenesis, wound repair, and
resolving inflammation [39]. They are understood to be in-
strumental in liver inflammation, significantly influencing the
transition from simple fatty liver to MASH [40, 41]. Given the
trends in other liver-related metrics, the rise in platelet counts
is interpreted as a sign of liver inflammation resolution. This
likely contributes to the substantial decrease seen in APRI and
FIB-4 index values. The beneficial impact of pemafibrate on
liver fibrosis has been corroborated by another research. Na-
kajima et al showed that pemafibrate demonstrated a signifi-
cant reduction in liver stiffness assessed by MRE. In addition,
a significant reduction was observed in fibrosis markers such
as mac-2-binding protein glycosylation isomer (M2BPGi),
hyaluronic acid, 7S domain of type IV collagen, and enhanced
liver fibrosis (ELF) test [16]. These findings further confirm
the clinical benefits of pemafibrate in terms of liver fibrosis.

Clinical implications

Pemafibrate emerges as a promising therapeutic agent for MA-
SLD/MASH patients, addressing both lipid profile irregularities
and liver function markers. Its ability to reduce LDL-C and TG
and raise HDL-C, coupled with the normalization of liver en-
zyme levels, holds clinical significance. By addressing the inher-
ent metabolic disturbances seen in MASLD/MASH, pemafibrate
may not only mitigate liver disease progression but also coun-
teract the heightened cardiovascular risk associated with these
disorders. Its effect on platelet counts and liver inflammation un-
derscores its multifaceted role in MASLD/MASH management.

PPAR modulators are metabolized primarily in the liver. In
patients with decreased liver function, there is a potential risk
of altered drug metabolism, leading to increased drug levels
and possible adverse effects. We recommend cautious use of
selective PPAR modulators in patients with liver impairment.
Regular monitoring of liver function and potential adjustments
in dosing are advised to mitigate risks. Future research should
focus on understanding the safety profile of these agents in
populations with liver dysfunction.

Future directions

Future studies should delve deeper into understanding the
mechanisms underpinning pemafibrate’s lipid-regulating prop-
erties, particularly its interaction with smaller HDL particles and
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their role in the reverse cholesterol transport system. Moreover,
extended-duration trials could elucidate any long-term impacts
and potential unforeseen side effects of the drug. Investigations
could also explore the combined effects of pemafibrate with
other therapeutic agents to enhance its efficacy and address the
broader spectrum of MASLD/MASH symptoms.

Limitations

This systematic review and meta-analysis, though comprehen-
sive, has its constraints. The variation in trial durations, differ-
ences in study populations, and heterogeneity in the outcome
measures across studies could introduce bias. Additionally,
while pemafibrate’s positive impact on liver function is evident,
the lack of significant reduction in liver fat content in certain
trials warrants further exploration. The reliance on surrogate
markers, like APRI and FIB-4 index, though indicative, does
not replace the gold standard of liver biopsies in ascertaining
histological improvements. A significant limitation of this study
is the predominance of Japanese studies, which may not capture
global variations in MASLD. Genetic differences among popu-
lations can affect disease prevalence and progression, highlight-
ing the need for research across diverse geographic regions to
better understand the global impact of MASLD.

Conclusions

Pemafibrate, with its enhanced selectivity and safety profile,
presents as a pivotal agent in MASLD/MASH treatment. Its
lipid-regulating properties, coupled with its beneficial effects
on liver inflammation markers, position it as a potentially in-
valuable therapeutic option. While the findings are promising,
more extended and diverse studies are essential to solidify its
role in MASLD/MASH management and to further explore its
long-term safety and efficacy.

Supplementary Material
Suppl 1. Risk of bias assessment.
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