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Abstract: Preclinical data have shown that the herbal extract, ALS-L1023, from Melissa officinalis
reduces visceral fat and hepatic steatosis. We aimed to assess the safety and efficacy of ALS-L1023 as
the treatment of non-alcoholic fatty liver disease (NAFLD). We conducted a 24-week randomized,
double-blind, placebo-controlled 2a study in patients with NAFLD (MRI-proton density fat fraction
[MRI-PDFF] ≥ 8% and liver fibrosis ≥ 2.5 kPa on MR elastography [MRE]) in Korea. Patients were
randomly assigned to 1800 mg ALS-L1023 (n = 19), 1200 mg ALS-L1023 (n = 21), or placebo (n = 17)
groups. Efficacy endpoints included changes in liver fat on MRI-PDFF, liver stiffness on MRE, and
liver enzymes. For the full analysis set, a relative hepatic fat reduction from baseline was significant in
the 1800 mg ALS-L1023 group (−15.0%, p = 0.03). There was a significant reduction in liver stiffness
from baseline in the 1200 mg ALS-L1023 group (−10.7%, p = 0.03). Serum alanine aminotransferase
decreased by −12.4% in the 1800 mg ALS-L1023 group, −29.8% in the 1200 mg ALS-L1023 group,
and −4.9% in the placebo group. ALS-L1023 was well tolerated and there were no differences in the
incidence of adverse events among the study groups. ALS-L1023 could reduce hepatic fat content in
patients with NAFLD.

Keywords: ALS-L1023; non-alcoholic fatty liver disease; non-alcoholic steatohepatitis

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of the most common chronic liver
diseases worldwide as its prevalence in the general population is 25% [1,2]. The global
burden of NAFLD is on the rise with the increasing prevalence of obesity [1,3,4]. Non-
alcoholic steatohepatitis (NASH) is a progressive form of NAFLD that occurs in close
association with obesity, type 2 diabetes, and metabolic syndrome [3,5,6]. No approved
pharmacological options are currently available for patients with NASH; therefore, the
demand for developing new therapeutic agents is still high.

It has been reported that angiogenesis is a key mechanism in the progression of
NAFLD, and angiogenesis drives inflammation and liver fibrosis in NAFLD [7,8]. An
herbal extract, ALS-L1023, from Melissa officinalis is suggested to have an anti-angiogenic
effect and to be capable of reducing adipose tissue mass in high-fat diet-induced obese
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mice [9]. Several studies have shown that ALS-L1023 can regulate not only obesity but also
hepatic steatosis and inflammation in obese NAFLD mice [10,11]. Studies have found that
it has antioxidant activity and protects cells against oxidative stress-induced apoptosis [11].
Preclinical data also suggested that ALS-L1023 can have the potential of improving visceral
obesity and insulin resistance which may contribute to the reduction of inflammation in
the liver [12–14]. Thus, studies that investigate the anti-angiogenic potentials of ALS-L1023
as a pharmacological treatment option for patients with NAFLD are required.

In this randomized, placebo-controlled, phase 2a clinical trial, we aimed to assess the
efficacy and safety of ALS-L1023 as the treatment of NAFLD and investigate the clinically
appropriate administration dose of ALS-L1023.

2. Results
2.1. Baseline Characteristics

A total of 138 patients were screened at 4 sites, and 60 patients who satisfied the
eligibility criteria were enrolled and randomly assigned to the 1800 mg ALS-L1023 (n = 19),
1200 mg ALS-L1023 (n = 21), or placebo (n = 20) groups (Figures 1 and S1). All patients
who received at least one dose of the study drug after randomization were included in
the safety analysis (safety set, n = 60; Table 1). Patients with the full analysis data after
administration comprised 95% of the safety set (full analysis set [FAS], n = 57). Of the FAS,
a total of 55 patients completed the administration and had MRI-proton density fat fraction
(MRI-PDFF) measurements at both baseline and week 24. Patients who dropped out (n = 1),
had poor compliance of less than 80% (n = 1), and had protocol deviation that included
taking medications that should not be taken together (n = 5) were further excluded (per
protocol set [PPS], n = 50; Table 1).
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Table 1. Baseline Demographic and Clinical Characteristics.

Characteristic
ALS-L1023

1800 mg
(n = 19)

ALS-L1023
1200 mg
(n = 21)

Placebo
(n = 20) p 1

Demographic factors
Age, mean ± SD, years 57.1 ± 13.8 51.2 ± 15.0 48.3 ± 14.1 0.15
Male sex, n (%) 12 (63.2) 11 (52.4) 12 (60.0) 0.78
Diabetes mellitus, n (%) 9 (47.4) 8 (38.1) 7 (35.0) 0.72
Hypertension, n (%) 12 (63.2) 6 (28.6) 8 (40.0) 0.08
Body mass index, median (Q1, Q3), kg/m2 29.7 (26.5, 31.6) 27.8 (26.0, 34.1) 27.5 (26.2, 31.0) 0.71

Serum biochemical levels
ALT, median (Q1, Q3), U/L 54.0 (45.0, 89.0) 65.0 (42.5, 91.0) 52.5 (34.3, 80.5) 0.62
AST, median (Q1, Q3), U/L 46.0 (33.0, 60.0) 54.0 (33.5, 76.0) 44.5 (27.3, 64.5) 0.53
GGT, median (Q1, Q3), U/L 42.0 (34.0, 92.0) 70 (41.5, 109.5) 44.0 (26.5, 61.8) 0.05
ALP, median (Q1, Q3), U/L 80.0 (73.0, 95.0) 77.0 (67.0, 92.5) 83.5 (62.5, 111.0) 0.91
Total bilirubin, median (Q1, Q3), U/L 0.8 (0.6, 1.1) 0.8 (0.6, 0.8) 0.8 (0.6, 1.2) 0.71
Total cholesterol, median (Q1, Q3), mg/dL 168 (144, 208) 172 (156, 207) 182 (150, 206) 0.99
HDL cholesterol, median (Q1, Q3), mg/dL 48 (39, 58) 46 (38, 57) 46 (41, 52) 0.77
LDL cholesterol, median (Q1, Q3), mg/dL 107 (87, 123) 101 (83, 126) 113 (87, 136) 0.69
Triglycerides, median (Q1, Q3), mg/dL 169 (132, 225) 140 (111, 178) 188 (137, 232) 0.20
Fasting glucose, median (Q1, Q3) 109 (101, 135) 97 (89, 122) 98 (93, 119) 0.06
Fasting insulin, median (Q1, Q3) 17.1 (11.6, 28.0) 23 (12.2, 36.8) 15.6 (12.3, 24.9) 0.41
HOMA-IR, median (Q1, Q3) 4.14 (2.9, 7.0) 5.38 (3.0, 9.2) 4.18 (2.8, 5.9) 0.42

Imaging
MRI-PDFF, median (Q1, Q3), % 14.6 (9.8, 21.5) 15.7 (10.6, 22.2) 15.7 (10.9, 20.3)

0.94MRI-PDFF, mean ± SD, % 16.15 ± 6.1 17.4 ± 7.6 16.9 ± 7.4
MRE, median (Q1, Q3), kPa 3.3 (2.7, 3.8) 3.0 (2.6, 4.5) 2.9 (2.6, 3.3)

0.51MRE, mean ± SD, kPa 3.3 ± 0.7 3.7 ± 1.6 3.2 ± 0.8

Common concomitant medications
NSAIDs, n (%) 3 (15.8%) 1 (4.8%) 5 (25.0%) 0.18
Diabetes medicine, n (%) 9 (47.4%) 7 (33.3%) 7 (35.0%) 0.62
Proton pump inhibitors, n (%) 3 (15.8%) 5 (23.8%) 4 (20.0%) 0.92
Statins, n (%) 11 (57.9%) 14 (66.7%) 6 (30.0%) 0.05
Angiotensin-converting enzyme inhibitors, n (%) 6 (31.6%) 3 (14.3%) 6 (30.0%) 0.37

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density
lipoprotein; MRI-PDFF, MRI proton density fat fraction; MRE, MR elastography; Q1, quartile 1; Q3, quartile 3;
SD, standard deviation. 1 Chi-squared test or Fisher’s exact test was used for categorical variables and ANOVA or
Kruskal–Wallis test was used for continuous variables.

2.2. Changes in Hepatic Steatosis on MRI-PDFF

Figure 2A and Table 2 show the changes in hepatic steatosis from baseline to week 24
on MRI-PDFF. In the FAS, greater median relative fat reductions were observed in the
1800 mg ALS-L1023 group (−15.0% vs. 0%, p = 0.95) and in the 1200 mg ALS-L1023 group
(−6.9% vs. 0%, p = 0.65), compared to those of the placebo group. When the hepatic
steatosis of week 24 was compared to that of baseline, statistically significant differences
were observed in the 1800 mg ALS-L1023 group (−15.0%; p = 0.03). Greater median absolute
fat reductions at week 24 were observed in the 1800 mg ALS-L1023 group (−1.6% vs. 0%,
p = 0.48) and the 1200 mg ALS-L1023 group (−1.5% vs. 0%, p = 0.85) compared to the
placebo group (Figure 2B). The number of patients with ≥20% relative fat reduction on
MRI-PDFF at week 24 were seven (38.9%) in the 1800 mg ALS-L1023 group, eight (40.0%) in
the 1200 mg ALS-L1023 group, and five (29.4%) in the placebo group (Table 2). The number
of patients with ≥15% relative fat reduction was nine (50.0%) in the 1800 mg ALS-L1023
group, nine (45.0%) in the 1200 mg ALS-L1023 group, and five (29.4%) in the placebo group.
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Table 2. Change in MRI-proton density fat fraction from baseline to week 24.

ALS-L1023 1800 mg ALS-L1023 1200 mg Placebo p 2 p 3

FAS Value p 1 Value p 1 Value p 1

PDFF, (relative) % change from baseline −15.0 (22.0) 0.03 −6.9 (47.0) 0.49 0 (30.0) 0.23 0.95 0.65
PDFF, (absolute) change from baseline −1.6 (4.6) 0.02 −1.5 (7.0) 0.41 0 (3.8) 0.34 0.48 0.85
Patients with ≥20% PDFF reduction 7 (38.9) 8 (40.0) 5 (29.4) 0.55 0.50
Patients with ≥15% PDFF reduction 9 (50.0) 9 (45.0) 5 (29.4) 0.21 0.33
Patients with ≥7% PDFF reduction 12 (66.7) 10 (50.0) 8 (47.1) 0.24 0.86

PPS Value p 1 Value p 1 Value p 1

PDFF, (relative) % change from baseline −15.0 (22.0) 0.03 −9.5 (42.6) 0.58 0.3 (43.1) 0.52 0.49 0.99
PDFF, (absolute) change from baseline −1.6 (4.6) 0.02 −1.9 (6.8) 0.54 0.1 (5.1) 0.43 0.94
Patients with ≥20% PDFF reduction 7 (38.9) 7 (41.2) 4 (26.7) 0.46 0.39
Patients with ≥15% PDFF reduction 9 (50.0) 8 (47.1) 4 (26.7) 0.17 0.23
Patients with ≥7% PDFF reduction 12 (66.7) 9 (52.9) 6 (40.0) 0.13 0.46

Abbreviations: FAS, full analysis set; PPS, per protocol set; PDFF, proton density fat fraction. 1 Changes in
the group analyzed by paired t-test or Wilcoxon signed-rank test. 2 Comparison between ALS-L1023 1800 mg
and placebo groups analyzed by two-sample t-test, Wilcoxon rank-sum test, or Chi-squared test. 3 Comparison
between ALS-L1023 1200 mg and placebo groups analyzed by two-sample t-test, Wilcoxon rank-sum test, or
Chi-squared test.

For the PPS, compared with the placebo group, greater median relative fat reductions
were observed in the 1800 mg ALS-L1023 group (−15.0% vs. 0.3%, p = 0.49) and the
1200 mg ALS-L1023 group (−9.5% vs. 0.3%, p = 0.99; Figure S2). Greater median absolute
fat reductions at week 24 were observed in the 1800 mg ALS-L1023 group (−1.6% vs. 0.1%)
and the 1200 mg ALS-L1023 group (−1.9% vs. 0.1%) than in the placebo group.

2.3. Changes in Liver Stiffness on MRE

Changes in liver stiffness on MR elastography (MRE) from baseline to week 24 are
shown in Table 3. For the FAS, relative reductions in liver stiffness observed in the study
groups were −6.2% in the 1800 mg ALS-L1023 group, −10.7% in the 1200 mg ALS-L1023
group, and −7.6% in the placebo group. A significant relative reduction (−10.7%, p = 0.03)
and absolute reduction (−0.4 kpa, p = 0.02) in liver stiffness were observed in the 1200 mg
ALS-L1023 group. For the PPS, there were no significant differences in the relative and
absolute reduction of liver stiffness among the three groups.
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Table 3. Change in MRE from baseline to week 24.

ALS-L1023 1800 mg ALS-L1023 1200 mg Placebo p 2 p 3

FAS Value p 1 Value p 1 Value p 1

MRE, (relative) % change from baseline −6.2 (20.1) 0.23 −10.7 (17.3) 0.03 −7.6 (20.7) 0.14 0.66 0.20
MRE, (absolute) change from baseline −0.3 (0.7) 0.10 −0.4 (0.7) 0.02 −0.2 (0.6) 0.12 >0.99 0.36
Patients with ≥20% MRE reduction 2 (11.1) 7 (35.0) 4 (23.5) 0.40 0.45
Patients with ≥15% MRE reduction 5 (27.8) 8 (40.0) 5 (29.4) >0.99 0.50
Patients with ≥7% MRE reduction 8 (44.4) 14 (70.0) 9 (52.9) 0.62 0.29

PPS Value p 1 Value p 1 Value p 1

MRE, (relative) % change from baseline −6.2 (20.1) −10.1 (17.2) −11.9 (31.4) 0.16 0.62 0.53
MRE, (absolute) change from baseline −0.3 (0.7) −0.4 (0.6) −0.4 (0.8) 0.17 0.86 0.51
Patients with ≥20% MRE reduction 2 (11.1) 7 (41.2) 4 (26.7) 0.37 0.39
Patients with ≥15% MRE reduction 5 (27.8) 7 (41.2) 5 (33.3) 1.00 0.65
Patients with ≥7% MRE reduction 8 (44.4) 12 (70.6) 9 (60.0) 0.37 0.53

Abbreviations: FAS, full analysis set; MRE, MR elastography; PPS, per protocol set. 1 Changes in the group
analyzed by paired t-test or Wilcoxon signed-rank test. 2 Comparison between ALS-L1023 1800 mg and placebo
groups analyzed by two-sample t-test, Wilcoxon rank-sum test, or Chi-squared test. 3 Comparison between ALS-
L1023 1200 mg and placebo groups analyzed by two-sample t-test, Wilcoxon rank-sum test, or Chi-squared test.

2.4. Changes in Liver Biochemistry

In the FAS, changes in serum alanine aminotransferase (ALT) from baseline to week 24
were found in the 1800 mg group (−12.4% vs. −4.9%; p = 0.11) and in the 1200 mg group
(−29.8% vs. −4.9%; p = 0.10), compared to the placebo group (Table 4, Figure 3A). In
the PPS, significant reductions in serum ALT from baseline to week 24 were found in the
1800 mg group (−13.5% vs. 0.7%; p = 0.04) and in the 1200 mg group (−36.0% vs. 0.7%;
p = 0.03), compared to the placebo group (Table S1 and Figure S3A). Reductions by week
in the FAS and PPS are shown in Tables S2 and S3. In the FAS, changes in serum aspar-
tate aminotransferase (AST) from baseline to week 24 were found in the 1200 mg group
(−19.6% vs. 0%; p = 0.12), compared to the placebo group (Table 4, Figure 3B). In the PPS,
significant reductions in serum AST from baseline to week 24 were found in the 1200 mg
group (−21.0% vs. 0%; p = 0.15), compared to the placebo group (Table S1, Figure S3B). In
the FAS, changes in serum total cholesterol from baseline to week 24 were found in the
1200 mg group (−5.5% vs. 5.4%, p = 0.03; Table 4, Figure 3C), compared to the placebo
group. For the PPS, the reduction in total cholesterol from baseline to week 24 was found
in the 1200 mg group (−5.8% vs. 5.4%, p < 0.01; Table S1, Figure S3C). The changes in other
liver biochemical parameters are summarized in Tables 4 and S1.

Pharmaceuticals 2023, 16, x FOR PEER REVIEW 6 of 13 
 

 

Table 4. Change in serum biomarkers from baseline to week 24 in the FAS. 

 ALS-L1023 1800 mg ALS-L1023 1200 mg Placebo p 2 p 3 

Value % CFB p 1 % CFB p 1 % CFB p 1   

ALT, U/L 
−12.4 (−30.2, 

14.3) 
0.09 

−29.8 (−47.2, 

21.9) 
0.12 −4.9 (−15.4, 27.6) 0.50 0.11 0.10 

AST, U/L 0 (−21.7, 25.0) 0.56 
−19.6 (−41.3, 

15.6) 
0.13 0 (−16.1, 34.6) 0.61 0.44 0.12 

GGT, U/L −7 (−17.0, 15.8) 0.37 −6.3 (−40.6, 15.3) 0.30 1.0 (−9.0, 22.6) 0.92 0.43 0.35 

ALP, U/L 1.2 (−7.4, 12.5) 0.90 −1.7 (−12.1, 5.9) 0.27 −3.6 (−19.2, 12.7) 0.08 0.18 0.31 

Total bilirubin, 

mg/dL 
−5.9 (−16.9, 25.0) 0.79 13.9 (−13.6, 33.0) 0.07 17.2 (−12.3, 60.2) 0.28 0.44 0.91 

Triglycerides, mg/dL −15.5 (−29.6,29.9) 0.16 −2.8 (−27.6, 11.4) 0.49 −21.3 (−32.1, −5.7) 0.001 0.55 0.05 

TC, mg/dL 0.9 (−9.1,7.6) 0.60 −5.5 (−12.9, 0.0) <0.01 5.4 (−6.3, 7.5) 0.59 0.52 0.03 

HDL-C, mg/dL 2.2 (−9.1, 7.7) 0.97 −3.3 (−14.0, 11.5) 0.57 2.0 (−4.0, 15.5) 0.36 0.48 0.31 

LDL-C, mg/dL −4.1 (−10.1, 9.3) 0.32 −4.9 (−21.5, 4.5) 0.04 5.1 (−5.4, 11.1) 0.82 0.45 0.15 

Pro-C3 1.0 (−6.6, 19.0) 0.62 −2.0 (−12.6, 23.5) 0.44 0 (−5.3, 17.6) 0.63 0.99 0.64 

CK-18  14.2 (−34.0, 47.0) 0.59 0.4 (−45.8, 32.3) 0.47 −12.9 (−23.2, 87.3) 0.75 0.61 0.79 

HOMA-IR −2.3 (−25.7, 39.9) 0.72 −1.0 (−37.9, 45.2) 0.54 5.0 (−28.0, 33.8) 0.86 0.85 0.75 

Leptin −5.9 (−23.8, 15.9) 0.62 2.5 (−14.6, 28.6) 0.99 −5.0 (−16.8, 10.2) 0.43 0.55 0.75 

Ghrelin 26.8 (0, 152.1) 0.01 34.8 (−12.7, 76.4) 0.05 17.2 (0.0, 90.5) 0.03 0.74 0.49 

Adiponectin  7.4 (−21.6, 13.6) 0.44 −5.7 (−17.6, 20.8) 0.63 8.6 (−8.5, 5.9) 0.61 0.90 0.70 

NFS 11.4 (−30.2, 29.1) 0.30 
−13.6 (−27.0, 

14.4) 
0.08 0.9 (−22.5, 28.3) 0.63 0.27 0.64 

Visceral Fat mass −8.9 (−30.2, 9.8) 0.16 −4.4 (−15.4, 15.1) 0.94 −4.9 (−24.5, 10.9) 0.34 0.49 0.41 

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate ami-

notransferase; CFB, change from baseline; CK-18, cytokeratin-18; GGT, gamma-glutamyl transfer-

ase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NFS, NAFLD fibrosis score; PRO-

C3, N-terminal propeptide of type 3 procollagen; TC, total cholesterol. Values are presented in me-

dian (interquartile range). 1 CFB in the group was analyzed by paired t-test or Wilcoxon signed-rank 

test. 2 Comparison of CFBs in ALS-L1023 1800 mg and placebo groups by two-sample t-test or Wil-

coxon rank-sum test. 3 Comparison of CFBs in ALS-L1023 1200 mg and placebo groups by two-sam-

ple t-test or Wilcoxon rank-sum test. 

 

Figure 3. Change of liver biochemistry in the FAS. Time course of liver enzymes ALT (A), and AST 

(B). Time course of total cholesterol level (C). 

  

Figure 3. Change of liver biochemistry in the FAS. Time course of liver enzymes ALT (A), and AST (B).
Time course of total cholesterol level (C).



Pharmaceuticals 2023, 16, 623 6 of 12

Table 4. Change in serum biomarkers from baseline to week 24 in the FAS.

ALS-L1023 1800 mg ALS-L1023 1200 mg Placebo p 2 p 3

Value % CFB p 1 % CFB p 1 % CFB p 1

ALT, U/L −12.4 (−30.2, 14.3) 0.09 −29.8 (−47.2, 21.9) 0.12 −4.9 (−15.4, 27.6) 0.50 0.11 0.10
AST, U/L 0 (−21.7, 25.0) 0.56 −19.6 (−41.3, 15.6) 0.13 0 (−16.1, 34.6) 0.61 0.44 0.12
GGT, U/L −7 (−17.0, 15.8) 0.37 −6.3 (−40.6, 15.3) 0.30 1.0 (−9.0, 22.6) 0.92 0.43 0.35
ALP, U/L 1.2 (−7.4, 12.5) 0.90 −1.7 (−12.1, 5.9) 0.27 −3.6 (−19.2, 12.7) 0.08 0.18 0.31
Total bilirubin, mg/dL −5.9 (−16.9, 25.0) 0.79 13.9 (−13.6, 33.0) 0.07 17.2 (−12.3, 60.2) 0.28 0.44 0.91
Triglycerides, mg/dL −15.5 (−29.6,29.9) 0.16 −2.8 (−27.6, 11.4) 0.49 −21.3 (−32.1, −5.7) 0.001 0.55 0.05
TC, mg/dL 0.9 (−9.1,7.6) 0.60 −5.5 (−12.9, 0.0) <0.01 5.4 (−6.3, 7.5) 0.59 0.52 0.03
HDL-C, mg/dL 2.2 (−9.1, 7.7) 0.97 −3.3 (−14.0, 11.5) 0.57 2.0 (−4.0, 15.5) 0.36 0.48 0.31
LDL-C, mg/dL −4.1 (−10.1, 9.3) 0.32 −4.9 (−21.5, 4.5) 0.04 5.1 (−5.4, 11.1) 0.82 0.45 0.15
Pro-C3 1.0 (−6.6, 19.0) 0.62 −2.0 (−12.6, 23.5) 0.44 0 (−5.3, 17.6) 0.63 0.99 0.64
CK-18 14.2 (−34.0, 47.0) 0.59 0.4 (−45.8, 32.3) 0.47 −12.9 (−23.2, 87.3) 0.75 0.61 0.79
HOMA-IR −2.3 (−25.7, 39.9) 0.72 −1.0 (−37.9, 45.2) 0.54 5.0 (−28.0, 33.8) 0.86 0.85 0.75
Leptin −5.9 (−23.8, 15.9) 0.62 2.5 (−14.6, 28.6) 0.99 −5.0 (−16.8, 10.2) 0.43 0.55 0.75
Ghrelin 26.8 (0, 152.1) 0.01 34.8 (−12.7, 76.4) 0.05 17.2 (0.0, 90.5) 0.03 0.74 0.49
Adiponectin 7.4 (−21.6, 13.6) 0.44 −5.7 (−17.6, 20.8) 0.63 8.6 (−8.5, 5.9) 0.61 0.90 0.70
NFS 11.4 (−30.2, 29.1) 0.30 −13.6 (−27.0, 14.4) 0.08 0.9 (−22.5, 28.3) 0.63 0.27 0.64
Visceral Fat mass −8.9 (−30.2, 9.8) 0.16 −4.4 (−15.4, 15.1) 0.94 −4.9 (−24.5, 10.9) 0.34 0.49 0.41

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CFB,
change from baseline; CK-18, cytokeratin-18; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; NFS, NAFLD fibrosis score; PRO-C3, N-terminal propeptide of type 3 procollagen;
TC, total cholesterol. Values are presented in median (interquartile range). 1 CFB in the group was analyzed by
paired t-test or Wilcoxon signed-rank test. 2 Comparison of CFBs in ALS-L1023 1800 mg and placebo groups by
two-sample t-test or Wilcoxon rank-sum test. 3 Comparison of CFBs in ALS-L1023 1200 mg and placebo groups
by two-sample t-test or Wilcoxon rank-sum test.

2.5. Safety Results

The most commonly reported adverse events were gastrointestinal conditions includ-
ing dyspepsia, abdominal distension, and abdominal pain (Table 5). Most adverse events
were mild and not severe enough to necessitate the discontinuation of treatment. No
significant differences were observed between the groups. One patient in the placebo group
had a serious adverse event due to acute myocardial infarction; however, treatment with
the study drug was not discontinued since a causal relationship between the study drug
and the adverse event was not found.

Table 5. Safety.

ALS-L1023 1800 mg
(n = 19)

ALS-L1023 1200 mg
(n = 21)

Placebo
(n = 20)

Safety overview
Any adverse events 8 (42.1) 13 (61.9) 8 (40.0)
Grade 3–4 adverse events 0 (0) 0 (0) 0 (0)
Serious adverse events 0 (0) 0(0) 1 (5.0)
Adverse event leading to discontinuation of any study drug 0 (0) 0(0) 1 (5.0)
Death 0 (0) 0 (0) 0 (0)

Most common adverse events
Fatigue 1(5.3) 0 (0) 1 (5.0)
Dyspepsia 1(5.3) 3 (14.3) 2 (10.0)
Abdominal distension 0 (0) 2 (9.5) 0 (0)
Abdominal pain 1 (5.3) 1 (4.8) 0 (0)
Dry eye 1 (5.3) 0 (0) 0 (0)
Pulpitis dental 0 (0) 1 (4.8) 0 (0)
Nasopharyngitis 1 (5.3) 0 (0) 1 (5.0)
Urinary tract infection 1 (5.3) 3 (14.3) 2 (10.0)
Chest discomfort 1 (5.3) 1 (4.8) 1 (5.0)
Intervertebral disc disorder 1 (5.3) 0 (0) 0 (0)
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2.6. Selected miRNAs and the Putative Transcripts

Several studies have identified enriched miRNAs in patients with NAFLD. To deter-
mine the levels of circulating miRNAs in the patient serum of ALS-L1023 treated patients,
we performed miRNA microarray analysis and quantified the levels of miRNAs. We then
selected 23 miRNAs that were significantly altered by more than 1.5-fold in the ALS-L1023
treatment groups compared with the placebo group (Figure 4A and Table S4). Interest-
ingly, all 23 miRNAs were downregulated by ALS-L1023 treatment. The numbers of
significant miRNAs from each study group are presented in Figure 4B and the number of
putative miRNAs was six. We verified 6 functional miRNAs using the TargetScan algorithm
(https://www.targetscan.org/, accessed on 1 April 2023) and identified putative 499 miR-
NAs target transcripts, assuming that the levels of putative targets were upregulated by
the downregulation of miRNAs (Table S5). To assess the cellular signaling involved in
the target transcripts, we performed the KEGG analysis, which suggested 19 significantly
enriched pathways (Figure 4C and Table S6). It is well known that most of the nine en-
riched pathways shown in Figure 4C are closely related to the pathogenesis of NAFLD.
In particular, insulin resistance, Wnt signaling, mTOR pathway, TGF-beta signaling, focal
adhesion, MAPK, and PI3K-Akt signaling pathways are strongly associated with steatosis
and hepatic fibrosis.
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3. Discussion

This clinical trial is the first to apply an angiogenesis inhibitor as a NAFLD treatment.
A phase 2a, multicenter, placebo-controlled, randomized clinical trial was conducted to
evaluate the safety and exploratory efficacy of 1200 mg and 1800 mg ALS-L1023 in patients
with NAFLD to determine a clinically appropriate dose. The 24-week treatment with
ALS-L1023 resulted in a dose-dependent decrease in hepatic steatosis on MRI-PDFF. The
1200 mg ALS-L1023 group showed significant reductions in liver stiffness, total cholesterol,
and LDL-cholesterol levels within the group after treatment. Serum ALT decreased in both
the 1800 mg and 1200 mg ALS-L1023 groups. ALS-L1023 was well tolerated and there were

https://www.targetscan.org/
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no significant adverse effects related to the administration of the study drug compared to
the placebo group.

ALS-L1023 is a fractional extract from Melissa officinalis and has anti-angiogenic and
antioxidant activities, which prevent oxidative stress-induced apoptosis [10,11,13,14]. It
has been reported that angiogenesis is closely associated with the progression of liver
fibrosis and HCC, both in NAFLD as well as other chronic liver diseases [8,9]. A previous
animal study showed that ALS-L1023 can regulate obesity and reduce hepatic steatosis
and inflammation in obese NAFLD mice [11]. It has also been reported that ALS-L1023
contributes to improving visceral obesity and insulin resistance [14]. Given these preclinical
data and complementary mechanisms of ALS-L1023, it would be reasonable to explore the
potential of ALS-L1023 in treating patients with NAFLD, considering the heterogeneous
character of NAFLD. Indeed, in this phase 2a clinical trial, ALS-L1023 administration was
found to be beneficial in patients with NAFLD as it reduced liver fat and fibrosis.

Our data showed that patients treated with 1800 mg ALS-L1023 had significantly
reduced hepatic steatosis on MRI-PDFF after 24 weeks of administration. Several recent
studies have shown that significant fat reduction is associated with histologic response
and NASH resolution [15–17]. Although high-dose ALS-L1203 did not reduce the hepatic
fibrosis burden after 24 weeks of treatment, low-dose ALS-L1203 showed a significant
reduction in liver fibrosis. The lack of treatment response seemed to originate from the
small number of patients in this study. With a larger number of study patients and long-
term administration, further reduction in hepatic steatosis and fibrosis can be expected.

Although the ALT reduction in the FAS was not significant at week 24, the reduction
was significant in the PPS for both 1200 mg and 1800 mg ALS-L1023 groups compared to
the placebo group. In the FAS, the ALT levels decreased significantly at week 8 and 16 in
the 1200 mg ALS-L1023 group, and week 16 in the 1800 mg ALS-L1023 group compared
to the placebo group. Other markers of liver inflammation and injury, including AST
and GGT, also decreased after the administration of ALS-L1023. However, biomarkers
such as hepatic fibrogenesis (N-terminal propeptide of type 3 procollagen [PRO-C3]) and
ballooning (cytokeratin-18 [CK-18]) showed no improvement after the administration
of ALS-L1023. The miRNA analysis of the study patients showed that 23 miRNAs were
downregulated by ALS-L1023 and GO analysis using the putative miRNA targets suggested
that ALS-L1023 may have effects on the pathogenesis of NAFLD through the enriched
signaling. ALS-L1023 treatment could have regulated the abundance of miRNAs in the
serum, thereby resulting in changes in cellular signaling.

ALS-L1023 was well tolerated in patients with NAFLD and had mild-to-moderate
adverse effects. No treatment discontinuation due to adverse events occurred in patients
treated with ALS-L1023; however, one patient in the placebo group had to discontinue
treatment because of grade 3–4 laboratory abnormalities. The most frequent adverse events
reported were gastrointestinal conditions such as dyspepsia, abdominal distension, and
abdominal pain. These conditions were mild and self-limiting and did not result in study
withdrawal because the patients spontaneously recovered. ALS-L1023 can serve as a safe
pharmacological treatment option for patients with NAFLD, without causing significant
adverse events.

This study has several limitations. First, the small number of patients included in each
study group can challenge the generalization of the findings. Therefore, the efficacy and
safety observed in this study should be interpreted with caution. However, the number
of patients included in this study satisfies the exploratory nature of the study. Subgroup
analysis by gender could not be performed since the number of patients was rather small.
Second, the diagnosis of NAFLD was made based on non-invasive assessments of MRI-
PDFF and MRE rather than histological assessment. Given the reported association between
non-invasive parameters and histologic response, using MRI-PDFF or MRE can be a good
alternative for assessing liver fat and fibrosis [16–19], especially under resource-limited
circumstances and considering the invasiveness of liver biopsy. Finally, the patients who
participated in this study were free of specific lifestyle guidance, such as controlling their
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diet or exercising. Lifestyle modifications were not monitored during the study period.
Thus, this study did not take into account the possible influence of lifestyle factors on
treatment efficacy.

4. Materials and Methods
4.1. Study Design

This multicentre, randomized, double-blind, placebo-controlled, phase 2a study was
conducted at four academic centers in the Republic of Korea. The trial protocol was
approved by the institutional review board at each center, and this trial has been registered
on cris.nih.go.kr (registration number, KCT0005256, http://cris.nih.go.kr, accessed on
1 April 2023).

4.2. Inclusion and Exclusion Criteria

Patients who met the following criteria were included in this study: male or female
patients aged 19 years or older but younger than 75 years; patients with a clinical diagnosis of
NAFLD, defined as steatosis ≥ 8% on MRI-PDFF and liver stiffness ≥ 2.5 kPa on MRE within
3 months of screening. Key exclusion criteria were excessive alcohol consumption (>210 g
per week for male or >140 g per week for female patients), history of viral hepatitis, decom-
pensated liver disease, hepatocellular carcinoma, other causes of liver disease, uncontrolled
hypertension, unstable cardiovascular disease, malignancy, ALT ≥ 5x the upper limit of nor-
mal, and HbA1c > 9.0%. Patients with a history of glucagon-like peptide (GLP)-1 receptor
agonist treatment within 8 weeks prior to screening were also excluded. Patients who
received a high dose of vitamin E (>400 IU/day) or thiazolidinediones were not excluded
when they were on a stable dose without any change in dose for at least 180 days prior
to the screening. All inclusion and exclusion criteria are provided in the Supplementary
Methods. All participants provided written informed consent prior to enrolment.

4.3. Procedures

The patients were randomly assigned to either the 1800 mg ALS-L1023, 1200 mg ALS-
L1023, or placebo groups in a 1:1:1 ratio. SAS V9.4 or higher was used for randomization
and treatment assignment. The trial consisted of a 4-week screening and 24-week treatment
periods (Figure S1). Patients were instructed to administer three tablets of ALS-L1023
twice daily with or without food. The screening assessments included medical history,
physical examination, standard laboratory test results, and imaging assessments. Imaging
assessments of steatosis on MRI-PDFF and liver stiffness on MRE were conducted at
screening and at week 24. MRI-PDFF and MRE images were analyzed using a central
reader. Serum samples for clinical laboratory parameters and serum biomarkers were
collected at baseline and every 8 weeks until the end of this study, and analyzed at the
central laboratory (SCL Healthcare, Seoul, Republic of Korea).

4.4. Outcomes

Efficacy endpoints included changes in liver fat on MRI-PDFF, changes in liver stiffness
on MRE at week 24 compared to the screening, changes in visceral fat at week 24 compared
to the screening, changes in ALT at week 24 compared to baseline, and changes in AST
at week 24 compared to baseline. Exploratory endpoints included the following: changes
in ALT at weeks 8 and 16; changes in AST at weeks 8 and 16; changes in triglycerides at
weeks 8 and 16; changes in total cholesterol at weeks 8, 16, and 24; and changes in Pro-C3,
CK-18, HOMA-IR, Leptin, Ghrelin, and adiponectin at week 24. The safety assessments
included clinical laboratory tests, vital signs, electrocardiograms, physical examinations,
and adverse events. Clinical and laboratory adverse events were coded using the Medical
Dictionary for Regulatory Activities version 23.0.

http://cris.nih.go.kr
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4.5. Assessment of MRI-PDFF and MRE

Image assessment was performed by two experienced central readers who were
unaware of clinical, histological data and treatment assignments. All sites underwent a
quality assessment process prior to study initiation based on a review of hardware, software,
phantom, and volunteer scans. All research images obtained from the trial were approved
by the central readers. Liver stiffness was estimated using a gradient-echo motion detection
sequence. A 60 Hz oscillation was transmitted to the liver by a driver centered on the right
midclavicular line at the xiphoid level and held in place by an elastic band. This image
was converted to an elastogram using an inversion algorithm that represents the estimated
abdominal tissue stiffness in pixels. Three or four separate images were obtained. The
central readers manually drew a region of interest (ROI) on the elastogram results of each
slice to include as much liver tissue as possible, where a consistent shear wave is visible.
The mean stiffness value of the liver was calculated and used [20]. For fat measurement,
three-dimensional volumetric chemical shift encoded MRI image data were acquired in the
axial orientation. Quantitative parametric PDFF maps were reconstructed using the online
software of each vendor, accounting for multi-peak fat spectral modeling and correcting
for T2* decay. Data analysts placed two circular ROIs with a radius of 1 cm in the nine
anatomical liver segments. The average PDFF value for the whole liver was calculated as
the average of the evaluable PDFF values from nine segments.

4.6. miRNA Microarray

The integrity of the extracted total RNA was checked using an Agilent Bioanalyzer®

(Agilent Technologies, Santa Clara, CA, USA). A fluorescent sample was attached to the
RNA and hybridization was performed on human miRNA microarrays (Agilent Technolo-
gies) containing 13,737 probes corresponding to 799 mature microRNAs and 22 control
probes. For the cDNA microarray analysis, 50 ng of RNA was hybridized to Agilent 44 K
oligonucleotide microarrays (Agilent Technologies). After correcting with control probes
for each chip, those with a p-value ≤ 0.05 were selected.

4.7. Full Analysis Set and per Protocol Set

The safety set included all patients who received at least one dose of the study drug
after randomization. The demographic data and baseline characteristics of the patients
were analyzed using the safety set. All efficacy analyses were performed on the FAS and
PPS. The FAS was defined as patients with full analysis data after administration, and the
PPS comprised all patients who completed this study without major protocol deviations
and had an average drug compliance of 80% or higher. When assessing the efficacy points,
missing data were imputed using the last-observation-carried-forward approach (LOCF) in
the FAS analysis. However, LOCF was not applied if there were no MRI-PDFF and MRE
data at week 24.

4.8. Statistical Analysis

Since this was an exploratory study, a formal power calculation was not conducted
when determining the sample size. The sample size assessment was based on other proof-of-
concept studies that assessed directionality across multiple outcomes, rather than statistical
significance. Comparative analyses between the groups were conducted. Continuous
variables were analyzed using an analysis of variance (ANOVA) or the Kruskal–Wallis
test. Categorical variables were analyzed using a Fisher’s exact test or the chi-squared test.
Efficacy endpoints between the groups were compared by a Two-sample t-test or Wilcoxon
rank-sum test. All analyses were based on observed data and were performed using SAS
version 9.4 (SAS; Cary, NC, USA).
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5. Conclusions

In conclusion, this phase 2a, placebo-controlled, randomized, clinical trial found that
treatment with ALS-L1023 in patients with NAFLD reduced hepatic steatosis, stiffness,
ALT, and total cholesterol levels without serious adverse events. This study suggests that
ALS-L1023 can be a pharmacological treatment option for patients with NAFLD, without
causing significant safety issues. Future studies investigating the efficacy and clinically
appropriate dose of ALS-L1023 in a larger number of patients are called for.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ph16040623/s1, Figure S1: Summary of study design; Figure S2:
MRI-PDFF change in the PPS. MRI-PDFF results relative mean fat reduction percent from baseline
(A), and absolute amount of fat reduction (B) as determined by MRI-PDFF at week 24; Figure S3:
Change of liver biochemistry in the PPS. Time course of liver enzymes ALT (A), and AST (B). Time
course of total cholesterol level (C); Table S1: Change in serum biomarkers from baseline to week 24
in the PPS; Table S2: Change in serum biomarkers from baseline to week 8 and week 16 in the FAS;
Table S3: Change in serum biomarkers from baseline to week 8 and week 16 in the PPS; Table S4:
Significant changed miRNAs from ALS-L1023 treated patients; Table S5: 6 miRNAs and their putative
target transcripts; Table S6: KEGG analysis using 499 putative target transcripts.

Author Contributions: Conceptualization, D.W.J.; methodology, D.W.J.; software, D.W.J.; validation,
D.W.J.; formal analysis, D.W.J.; investigation, D.W.J.; resources, D.W.J.; data curation, D.W.J.; writing—
original draft preparation, G.-A.K. and H.C.C.; writing—review and editing, S.W.J., B.-K.K., M.K.,
S.J., J.H. and E.L.Y.; visualization, D.W.J.; supervision, D.W.J. and E.L.Y.; project administration,
D.W.J.; funding acquisition, D.W.J. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by AngioLab, Inc.

Institutional Review Board Statement: The trial protocol was approved by the institutional review
board at each centre, and this trial has been registered on cris.nih.go.kr (registration number, KCT0005256).

Informed Consent Statement: Informed consent was obtained from all patients.

Data Availability Statement: Data sharing is not applicable to this article.

Conflicts of Interest: All authors declare that no conflict of interest exist.

References
1. Ye, Q.; Zou, B.; Yeo, Y.H.; Li, J.; Huang, D.Q.; Wu, Y.; Yang, H.; Liu, C.; Kam, L.Y.; Tan, X.X.E.; et al. Global prevalence, incidence,

and outcomes of non-obese or lean non-alcoholic fatty liver disease: A systematic review and meta-analysis. Lancet Gastroenterol.
Hepatol. 2020, 5, 739–752. [CrossRef] [PubMed]

2. Kim, M.; Yoon, E.L.; Cho, S.; Lee, C.M.; Kang, B.K.; Park, H.; Jun, D.W.; Nah, E.H. Prevalence of advanced hepatic fibrosis and
comorbidity in metabolic dysfunction-associated fatty liver disease in Korea. Liver Int. 2022, 42, 1536–1544. [CrossRef] [PubMed]

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

4. Paik, J.M.; Golabi, P.; Younossi, Y.; Mishra, A.; Younossi, Z.M. Changes in the Global Burden of Chronic Liver Diseases from 2012
to 2017: The Growing Impact of NAFLD. Hepatology 2020, 72, 1605–1616. [CrossRef] [PubMed]

5. Diehl, A.M.; Day, C. Cause, Pathogenesis, and Treatment of Nonalcoholic Steatohepatitis. N. Engl. J. Med. 2017, 377, 2063–2072.
[CrossRef] [PubMed]

6. Park, H.; Yoon, E.L.; Kim, M.; Kim, J.H.; Cho, S.; Jun, D.W.; Nah, E.H. Fibrosis Burden of Missed and Added Populations
According to the New Definition of Metabolic Dysfunction-Associated Fatty Liver. J. Clin. Med. 2021, 10, 4625. [CrossRef]
[PubMed]

7. Lefere, S.; Devisscher, L.; Geerts, A. Angiogenesis in the progression of non-alcoholic fatty liver disease. Acta Gastroenterol. Belg.
2020, 83, 301–307. [PubMed]

8. Orlandi, P.; Solini, A.; Banchi, M.; Brunetto, M.R.; Cioni, D.; Ghiadoni, L.; Bocci, G. Antiangiogenic Drugs in NASH: Evidence of a
Possible New Therapeutic Approach. Pharmaceuticals 2021, 14, 995. [CrossRef] [PubMed]

9. Park, B.Y.; Lee, H.; Woo, S.; Yoon, M.; Kim, J.; Hong, Y.; Lee, H.S.; Park, E.K.; Hahm, J.C.; Kim, J.W.; et al. Reduction of Adipose
Tissue Mass by the Angiogenesis Inhibitor ALS-L1023 from Melissa officinalis. PLoS ONE 2015, 10, e0141612. [CrossRef]

https://www.mdpi.com/article/10.3390/ph16040623/s1
https://www.mdpi.com/article/10.3390/ph16040623/s1
https://doi.org/10.1016/S2468-1253(20)30077-7
https://www.ncbi.nlm.nih.gov/pubmed/32413340
https://doi.org/10.1111/liv.15259
https://www.ncbi.nlm.nih.gov/pubmed/35338555
https://doi.org/10.1002/hep.29367
https://www.ncbi.nlm.nih.gov/pubmed/28714183
https://doi.org/10.1002/hep.31173
https://www.ncbi.nlm.nih.gov/pubmed/32043613
https://doi.org/10.1056/NEJMra1503519
https://www.ncbi.nlm.nih.gov/pubmed/29166236
https://doi.org/10.3390/jcm10194625
https://www.ncbi.nlm.nih.gov/pubmed/34640643
https://www.ncbi.nlm.nih.gov/pubmed/32603050
https://doi.org/10.3390/ph14100995
https://www.ncbi.nlm.nih.gov/pubmed/34681219
https://doi.org/10.1371/journal.pone.0141612


Pharmaceuticals 2023, 16, 623 12 of 12

10. Kim, J.; Lee, H.; Lim, J.; Oh, J.; Shin, S.S.; Yoon, M. The Angiogenesis Inhibitor ALS-L1023 from Lemon-Balm Leaves Attenuates
High-Fat Diet-Induced Nonalcoholic Fatty Liver Disease through Regulating the Visceral Adipose-Tissue Function. Int. J. Mol. Sci.
2017, 18, 846. [CrossRef] [PubMed]

11. Kim, J.; Lee, H.; Lim, J.; Lee, H.; Yoon, S.; Shin, S.S.; Yoon, M. The lemon balm extract ALS-L1023 inhibits obesity and nonalcoholic
fatty liver disease in female ovariectomized mice. Food Chem. Toxicol. 2017, 106 Pt A, 292–305. [CrossRef]

12. Shin, Y.; Lee, D.; Ahn, J.; Lee, M.; Shin, S.S.; Yoon, M. The herbal extract ALS-L1023 from Melissa officinalis reduces weight
gain, elevated glucose levels and β-cell loss in Otsuka Long-Evans Tokushima fatty rats. J. Ethnopharmacol. 2021, 264, 113360.
[CrossRef] [PubMed]

13. Lee, D.; Shin, Y.; Jang, J.; Park, Y.; Ahn, J.; Jeong, S.; Shin, S.S.; Yoon, M. The herbal extract ALS-L1023 from Melissa officinalis
alleviates visceral obesity and insulin resistance in obese female C57BL/6J mice. J. Ethnopharmacol. 2020, 253, 112646. [CrossRef]
[PubMed]

14. Lee, D.; Shin, Y.; Roh, J.S.; Ahn, J.; Jeoong, S.; Shin, S.S.; Yoon, M. Lemon Balm Extract ALS-L1023 Regulates Obesity and Improves
Insulin Sensitivity via Activation of Hepatic PPARα in High-Fat Diet-Fed Obese C57BL/6J Mice. Int. J. Mol. Sci. 2020, 21, 4256.
[CrossRef] [PubMed]

15. Patel, J.; Bettencourt, R.; Cui, J.; Salotti, J.; Hooker, J.; Bhatt, A.; Hernandez, C.; Nguyen, P.; Aryafar, H.; Valasek, M.; et al.
Association of noninvasive quantitative decline in liver fat content on MRI with histologic response in nonalcoholic steatohepatitis.
Therap. Adv. Gastroenterol. 2016, 9, 692–701. [CrossRef] [PubMed]

16. Stine, J.G.; Munaganuru, N.; Barnard, A.; Wang, J.L.; Kaulback, K.; Argo, C.K.; Singh, S.; Fowler, K.J.; Sirlin, C.B.; Loomba, R.
Change in MRI-PDFF and Histologic Response in Patients with Nonalcoholic Steatohepatitis: A Systematic Review and Meta-
Analysis. Clin. Gastroenterol. Hepatol. 2021, 19, 2274–2283.e2275. [CrossRef] [PubMed]

17. Loomba, R.; Neuschwander-Tetri, B.A.; Sanyal, A.; Chalasani, N.; Diehl, A.M.; Terrault, N.; Kowdley, K.; Dasarathy, S.; Kleiner, D.;
Behling, C.; et al. Multicenter Validation of Association between Decline in MRI-PDFF and Histologic Response in NASH.
Hepatology 2020, 72, 1219–1229. [CrossRef] [PubMed]

18. Dulai, P.S.; Sirlin, C.B.; Loomba, R. MRI and MRE for non-invasive quantitative assessment of hepatic steatosis and fibrosis in
NAFLD and NASH: Clinical trials to clinical practice. J. Hepatol. 2016, 65, 1006–1016. [CrossRef] [PubMed]

19. Noureddin, M.; Lam, J.; Peterson, M.R.; Middleton, M.; Hamilton, G.; Le, T.A.; Bettencourt, R.; Changchien, C.; Brenner, D.A.;
Sirlin, C.; et al. Utility of magnetic resonance imaging versus histology for quantifying changes in liver fat in nonalcoholic fatty
liver disease trials. Hepatology 2013, 58, 1930–1940. [CrossRef] [PubMed]

20. Kim, M.; Kang, B.K.; Jun, D.W.; Kim, Y. MR elastography of the liver: Comparison of three measurement methods. Clin. Radiol.
2020, 75, e711–e715. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms18040846
https://www.ncbi.nlm.nih.gov/pubmed/28420164
https://doi.org/10.1016/j.fct.2017.05.059
https://doi.org/10.1016/j.jep.2020.113360
https://www.ncbi.nlm.nih.gov/pubmed/32918993
https://doi.org/10.1016/j.jep.2020.112646
https://www.ncbi.nlm.nih.gov/pubmed/32027997
https://doi.org/10.3390/ijms21124256
https://www.ncbi.nlm.nih.gov/pubmed/32549364
https://doi.org/10.1177/1756283X16656735
https://www.ncbi.nlm.nih.gov/pubmed/27582882
https://doi.org/10.1016/j.cgh.2020.08.061
https://www.ncbi.nlm.nih.gov/pubmed/32882428
https://doi.org/10.1002/hep.31121
https://www.ncbi.nlm.nih.gov/pubmed/31965579
https://doi.org/10.1016/j.jhep.2016.06.005
https://www.ncbi.nlm.nih.gov/pubmed/27312947
https://doi.org/10.1002/hep.26455
https://www.ncbi.nlm.nih.gov/pubmed/23696515
https://doi.org/10.1016/j.crad.2020.05.015
https://www.ncbi.nlm.nih.gov/pubmed/32595015

	Introduction 
	Results 
	Baseline Characteristics 
	Changes in Hepatic Steatosis on MRI-PDFF 
	Changes in Liver Stiffness on MRE 
	Changes in Liver Biochemistry 
	Safety Results 
	Selected miRNAs and the Putative Transcripts 

	Discussion 
	Materials and Methods 
	Study Design 
	Inclusion and Exclusion Criteria 
	Procedures 
	Outcomes 
	Assessment of MRI-PDFF and MRE 
	miRNA Microarray 
	Full Analysis Set and per Protocol Set 
	Statistical Analysis 

	Conclusions 
	References

