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Abstract

Background NAFLD clinical trials have shown suboptimal
results, particularly for liver fibrosis, despite the robust
preclinical drug development. We aimed to assess the
histological response after the experimental treatment
versus placebo by carrying out a meta-analysis of NAFLD
clinical trials.

Methods After a systematic review of NAFLD clinical
trials to May 2021, applying strict selection criteria, the
following primary outcomes were observed: (a) NASH
resolution, with no worsening of fibrosis when available;
(b) fibrosis improvement > 1 stage, with no worsening of
NAS when available; (c) worsening of NAS; (d) worsening
of liver fibrosis > 1 stage, including the progression to
cirrhosis on histopathology. Other histological, clinical,
and biochemical outcomes were considered secondary
endpoints. Heterogeneity was explored by subgroup and
sensitivity analyses, and univariable meta-regression.
Results Twenty-seven randomized clinical trials were
included. The pooled efficacy for NASH resolution
receiving experimental therapy was 19% (95%CI 15-23; I*
96.2%) compared with placebo 10% (95%CI 7-12; I
85.8%) (OR 1.66 (95%CI 1.24-2.21); I* 57.8%), while it
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was 26% (95%CI 22-29); I* 90%)) versus 18% (95%CI
15-21; I 59%)) for fibrosis improvement (OR 1.34
(95%CI 1.13-1.58); )& 25.4%). For these outcomes, the
therapy showed higher efficacy in trials longer than
48 weeks, with < 60% of diabetic population, and when it
targeted FXR, PPAR, and antidiabetic mechanisms, and
with a NAS < 5 for NASH resolution. Also, NASH (OR
0.57 (95%CI 0.39-0.84); I 67%) and fibrosis worsening
(OR 0.65 (95%CI 0.46-0.92); I* 61.9%) were prevented
with the therapy.

Conclusion This meta-analysis provides information about
the efficacy of the therapy versus placebo by comparing
different and combined trial outcomes such as NASH
resolution, fibrosis improvement, and NAS and fibrosis
worsening. Changes in the experimental design and
selection criteria of the clinical trials might be suitable to
increase the efficacy.
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Abbreviations

BMI Body mass index
CI Confidence interval

DNL De novo lipogenesis

NAFL Non-alcoholic fatty liver
NAFLD Non-alcoholic fatty liver disease
NASH Non-alcoholic steatohepatitis
NAS NAFLD activity score

OR Odds ratio
T2DM  Type 2 diabetes mellitus
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Introduction

Within the past decade, the individual contribution of
distinct etiologies to the burden of liver diseases has
switched from viral hepatitis towards non-alcoholic fatty
liver disease (NAFLD) [1]. NAFLD constitutes a complex
metabolic disorder that manifests with fat accumulation in
the cytoplasm of the hepatocyte in the absence of signifi-
cant alcohol consumption or other causes of liver diseases
[2]. Moreover, NAFLD severity ranges from simple
steatosis to non-alcoholic steatohepatitis (NASH), usually
accompanied by different stages of liver fibrosis, balloon-
ing, and overall chronic inflammation status. This disease
has surprisingly become a leading cause of liver cirrhosis
and hepatocellular carcinoma worldwide. The risk of liver-
related mortality exponentially grows with an increase in
fibrosis stages [3]; therefore, the diagnosis of liver fibrosis
is one of the first steps when stratifying patients prior to the
inclusion in clinical trials. Besides, NAFLD plays a cat-
alytic role in the development of metabolic comorbidities
in these multimorbid patients. Significant fibrosis but not
simple steatosis or NASH predicts type 2 diabetes mellitus
(T2DM) and arterial hypertension in these patients [4].

Despite its enormous prevalence, no regulatory-ap-
proved therapeutic option has been authorized yet [5];
therefore. the cornerstone of NAFLD management still
relies on lifestyle interventions [6]. In the context of clin-
ical trials, the identification of patients at risk of suffering
from liver-related and non-liver-related complications is
tough. Besides, identifying the most appropriate therapy in
NAFLD patients still remains a challenge. Recent studies
have pointed out that the ideal treatment should address
liver fibrosis and NASH in a joint fashion. To date, clinical
trials have fallen short when testing the efficacy of novel
molecular targets due to changes in some uncontrolled
variables, such as dysmetabolic comorbidities and/or daily
habits, since they are not reported nor adequately repre-
sented [7]. Considering hepatic fibrosis as a crucial factor
of clinical prognosis and reinforcing the role of inflam-
mation and disease activity as key players in the mainte-
nance of chronicity in this disease, both factors should be
taken into account as primary clinical trial endpoints.

Data obtained from NAFLD clinical trials have shown
suboptimal results, particularly for liver fibrosis, despite
the robust preclinical development of the therapies.
Therefore, in this setting, we carried out a meta-analysis to
assess the histological response after the experimental
treatment versus placebo (including NASH resolution and
fibrosis improvement > 1 stage) and, as a main novelty,
the clinical benefits in delaying disease progression.
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Methods
Study identification and selection

We conducted our review according to the PRISMA
reporting guideline for systematic reviews [8]. One of the
reviewers (JA) with experience in database searches
designed the search strategy, which was subsequently
revised by other three investigators (RG, DM, AR). They
independently searched MEDLINE (using PUBMED as the
search engine), EMBASE, and Cochrane databases and
collected all results separately. Disagreements between
them were resolved by a third investigator (MRG) or by
consensus. Databases were used to identify suitable studies
that were published up to 1 May 2021. MeSH terms and
keywords were used, and the search terms were as follows:
NAFLD, MAFLD, NASH, non-alcoholic fatty liver dis-
ease, non-alcoholic steatohepatitis, fatty liver, liver fat,
steatosis, clinical trial, treatment, therapy, drug, and a
combination of those MeSH terms by using the appropriate
Boolean logic. The searches were limited to English-lan-
guage publications with human subjects. A manual search
was conducted using the references listed in the original
articles and review articles retrieved. Only fully published
articles and oral presentations subjected to the same
assessment as regular articles (AASLD and EASL meet-
ings) were considered, so abstracts and posters were not
considered. The inclusion criteria were as follows: (a) ran-
domized clinical trial; (b) placebo-controlled clinical trial;
(c) Phase II and Phase III clinical trial; (d) paired biopsy;
(e) adults (> 18 years old). The exclusion criteria were as
follows: (a) duplicate reports; (b) case reports, comments,
and letters to the editors; (c) systematic reviews or meta-
analyses; (d) botanical products, herbal medicines, or
antioxidants; (e) lifestyle intervention.

Data extraction and quality assessment

The following data were extracted: author, year, population
selection criteria, sample size, experimental drug, histo-
logical endpoint (NASH, NAFLD Activity Score (NAS),
fibrosis stage, steatosis, lobular inflammation, ballooning),
biochemical response (AST, ALT), age, sex, body mass
index (BMI), T2DM. When the same population was
published in several journals, we retained only the most
informative article or the most complete study to avoid
duplication. We also asked the investigators for additional
information, and if we received no answer, “unreported”
items were treated as “unclear” or “not available”. On the
other hand, four investigators (AG, SG, RM, RM) inde-
pendently assessed the quality of the studies using the
“Quality in Prognostic Studies (QUIPS)” tool [9].
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Outcome measures

Given that the ultimate goal of NASH treatment is to slow
the progress of, halt, or reverse disease progression and
improve clinical outcomes, we selected the following the
histological response after experimental treatment or pla-
cebo as the primary outcome: (a) NASH resolution, with no
worsening of fibrosis when available; (b) fibrosis
improvement > 1 stage, with no worsening of NAS when
available. On the other hand, as a clinical benefit can be
verified by demonstrating superiority to placebo in delay-
ing disease progression, we additionally considered:
(a) worsening of NAS; (b) worsening of liver fibrosis > 1
stage, including the progression to cirrhosis on
histopathology. In addition, other histological outcomes
were assessed as secondary endpointsasfollows: (a) NAS
improvement > 2 points, irrespective of fibrosis improve-
ment; (b) improvement of steatosis, lobular inflammation,
and ballooning. Also, the occurrence of cirrhosis compli-
cations was analyzed. Finally, the biochemical response
(ALT, AST) was also assessed.

Statistical analysis

We used STATA version 16 (Stata Corp; College Station,
TX). All statistical tests were two-sided, with P-val-
ues < 0.05 denoting statistical significance. Confidence
intervals (CIs) of individual studies were determined from
the available data. For the dichotomous variables, the effect
denotes odds ratio (OR) and corresponding 95% Cls, while
we used the difference in means to specifically provide
measures of the absolute difference between the mean
values of the explored variables. To estimate the pooled
prevalence, the prevalence rates were combined in a ran-
dom-effects meta-analysis.

The assumption of heterogeneity was tested for each
planned analysis using the Cochran-Q heterogeneity and I
statistics  (significant heterogeneity —according to I?
value > 50%) [10]. The random-effects model was applied
to pool results from studies. We planned a priori subgroup
analyses according to the following criteria: trials with
cirrhotic versus non-cirrhotic population (three studies
included 100% of cirrhotic patients, while other two
included 50% and one 11%; however, they were consid-
ered as a cirrhotic population because separated informa-
tion was not available), trials with > 60% versus < 60%
of diabetic population, trials with mean NAS less than 5
versus 5 or greater, treatment duration 48 weeks or less
versus greater than 48 weeks, and therapeutic class (Sup-
plementary Table 1). Additionally, significant heterogene-
ity for primary outcomes was explored by univariable
meta-regression, and a sensitivity analysis was performed
to determine if there was any undue influence exerted by a

single study on the results of the combined studies [11, 12].
Finally, the potential publication bias was assessed by
Egger’s test and graphically by a funnel plot when there
was an adequate number of studies (> 10 studies).

Results
Eligible study characteristics and quality assessment

The flowchart diagram details the article selection process
for this meta-analysis (Supplementary Fig. 1), which ended
with 27 studies included. The characteristics of the eligible
studies are listed in Table 1. Supplementary Table 2 shows
the quality assessment of the clinical trials by QUIPS.

Data analyses about NASH

NASH resolution was assessed by 26 clinical trials
(N = 7239 patients). The pooled efficacy for NASH reso-
lution obtained by patients treated with any experimental
drug was 19% (95%CI 15-23; I* 96.2%) when compared
with placebo 10% (95%CI 7-12; I* 85.8%) (Supplementary
Fig. 2). The treatment difference between receiving a
therapy placebo was higher considering the studies evalu-
ating additionally the lack of worsening of fibrosis
(N=17) (OR 2.32 (95%CI 1.67-3.23); I* 4.9%) than
considering the total of studies (N = 26) (OR 1.66 (95%CI
1.24-2.21); I* 57.8%) (Fig. 1a). The subgroup analysis
showed that NASH resolution was more difficult to achieve
in cirrhotic in comparison with non-cirrhotic patients for
both experimental therapy [(4% (95%CI 1-8; I* 80.1%)
versus 22% (95%CI 17-28; > 95.7%))] and placebo [(2%
(95%Cl 0-4; I’ 48%) versus 12% (95%Cl 9-14; P
65.8%))] (Supplementary Fig. 2). In addition, the experi-
mental drug showed higher efficacy in clinical trials with a
mean NAS < 5 versus NAS > 5, with a duration > 48
versus < 48 weeks, with less than 60% of diabetic pop-
ulation, and when it was based on antimetabolic mecha-
nisms, targeting de novo lipogenesis (DNL) and FXR
agonist (Fig. 1).

Improvement of NAS by > 2 points is another typical
endpoint of clinical trials. Up to 19 studies assessed this
outcome (N = 3798 patients). Overall, receiving an
experimental treatment increased the likelihood of
achieving this outcome (37% (95%CI 0.28-0.46; &
96.1%)) compared to placebo (23% (95%CI 0.16-0.30; r
89%)) (OR 1.72 (95%CI 1.23-2.41); I* 71%) (Supple-
mentary Fig. 3). Similar to NASH resolution, the
improvement of NAS > 2 points was higher in non-cir-
rhotic than in cirrhotic patients for the experimental (40%
(95%CI 30-51; I* 96.8%) and 24% (95%CI 14-34; I*
57.4%), respectively) and placebo arms (26% (95%CI
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Table 1 Characteristics of the studies included in the meta-analysis

Drug First author ~ Year Phase Population Intervention Duration Histological endpoints
(weeks)
Aldafermin  Stephen A. 2021 1IIb s=178 Aldafermin 1 mg 24 NASH resolution & no worsening of
[14] Harrison NAS (mean): 5.6 (n=53) fibrosis
Fibrosis (%): F2 56, F3 44 Placebo (n = 25) Improvement > 2 NAS points & no
Diabetes (%): 61.5% worsening of fibrosis
BMI (mean): 36.1 kg/m2 Fl:?;:;g;ﬁ?gi?gﬁsz I stage &
Improvement of individual
components of NAS
Aramchol Vlad Ratziu 2020 IIb N =247 Aramchol 52 NASH resolution & no worsening of
[35] NAS (mean): 5.12 400 mg fibrosis
Fibrosis (%): F1 40, F2 (n =101) Fibrosis improvement > 1 stage &
20, F3 40 Aramchol no worsening of NAS
Diabetes (%): All diabetic ?}?O:n;g) Progression to cirrhosis
or prediabetic
BMI (mean): 32.7 kg/m? | 1acebo (1= 48)
Belapectin Naga 2020 IIb N =162 Belapectin 2 mg/ 52 Fibrosis improvement > 1 stage
[15] Chalasani NAS (mean): 4.2 kg (n =54) Cirrhosis complications
Fibrosis (%): F4 100 Belapectin 8 mg/
Diabetes (%): 60.5 ke (n=54)
BMI (mean): 34.9 kg/m2 Placebo (n = 54)
Cenicriviroc ~ Scott L. 2018 IIb N =289 CVC 150 mg 52 NASH resolution & no worsening of
[16] Friedman NAS (mean): 5.3 (n = 145) fibrosis

Fibrosis (%): F1 33, F2
28, F3 38

Diabetes (%): 50.5
BMI (mean): 33.9 kg/m2

Placebo (n = 144)

Improvement > 2 NAS points & no
worsening of fibrosis

Fibrosis improvement > 1 stage &
no worsening of NAS

Improvement of individual
components of NAS

Fibrosis worsening > 1 stage
Progression to cirrhosis

Worsening of individual
components of NAS
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Table 1 continued

Drug First Year Phase Population Intervention Duration Histological endpoints
author E—
(weeks)

Cilofexor- Rohit 2020 1IIb N =392 Selonsertib 18 mg 48 NASH resolution & no
Fircostotat Loomba NAS (mean): N/A (90% of (n=39) worsening of fibrosis
(7] population with Firsocostat 20 mg Improvement > 2 NAS

NAS > 5) (n =40) points
Fibrosis (%): F3 50, F4 50 Cilofexor 30 mg (n = 40) Fibrosis improvement > 1
Diabetes (%): 72 Selonsertib + Cilofexor ;;Zg; & no worsening of
BMI (mean): 33 kg/m? (n=1T77) o
Selonsertib + Firsocostat Improvement of individual
(n=179) components of NAS
Firsocostat + Cilofexor Progression to cirrhosis
(n="18)
Placebo (n = 39)
Efruxifermin  Stephen A. 2021 Ila N =42 No cirrhosis 16 No cirrhosis
[18] Harrison No cirrhosis Efruxifermin 28 m, NASH resolution & no
g
NAS (mean): 5.4 (n=13) worsening of fibrosis
Fibrosis (%): F1 36, F2 32 Efruxifermin 50 mg Improvement > 2 NAS
F3 32 (n=13) points & no worsening of
Diabetes (%): 51.5 Efruxifermin 70 mg fibrosis
BMI (mean): 37.6 ke/m?2 (n=14) Fibrosis improvemen.t > 1
Placebo (n = 2) stage & no worsening of
N=17 NAS
. . Cirrhosis
Cirrhosis (Cohort C) Efruxifermin 50 Improvement of individual
NAS (mean): N/A (l;lu’il f;r)nm me components of NAS
. . ) . . I
Fibrosis (%): F4 100 Placebo (1 = 5) F1btr051s worsening > 1
Diabetes (%): N/A stage
BMI (mean): N/A Cirrhosis
NASH resolution & no
worsening of fibrosis
Fibrosis improvement > 1
stage & no worsening of
NAS
Elafibranor Vlad 2016 1IIb N =276 Elafibranor 80 mg 52 NASH resolution & no
[19] Ratziu NAS (mean): 5 (n=93) worsening of fibrosis
Fibrosis (%): FO 15, F1 36 Elafibranor 120 mg Improvement > 2 NAS
F2 26, F3 23 (n=91) points
Diabetes (%): 39 Placebo (n = 92)
BMI (mean): 31.2 kg/m?

Elafibranor Stephen A. 2020 III N = 1070 Elafibranor 120 mg 72 NASH resolution & no

[36] Harrison (n=1717) worsening of fibrosis

NAS (mean): 5.7

Fibrosis (%): F2 47, F3 53
Diabetes (%): 49.6

BMI (mean): 33.9 kg/m2

Placebo (n = 353)

Fibrosis improvement > 1
stage & no worsening of
NAS
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Table 1 continued

Drug First author Year Phase Population Intervention Duration Histological endpoints
(weeks)
Emricasan Stephen A. 2020 1IIb N =318 Emricasan 50 mg 72 NASH resolution & no worsening
[20] Harrison NAS (mean): 5.5 (n = 106) of fibrosis
Fibrosis (%): F1 21, Emricasan 5 mg Improvement > 2 NAS points
F2 43, F3 36 (n=107) Fibrosis improvement > 1 stage &
Diabetes (%): 50.6 Placebo (n = 105) no worsening of NAS
BMI (mean): 34 kg/ Improvement of individual
m2 components of NAS
NAS worsening
Fibrosis worsening > 1 stage
Worsening of individual
components of NAS
Lanifibranor ~ Sven Francque 2021 IIb N =247 Lanifibranor 24 NASH resolution & no worsening
[37] NAS (mean): 5.9 800 mg (n = 83) of fibrosis
Fibrosis (%): F1 24 Lanifibranor Improvement > 2 NAS points &
F2-F3 76 1200 mg (n = 83) no worsening of fibrosis
Diabetes (%): 42 Placebo (n = 81) Fibrosis improvement > 1 stage &
BMI (mean): 32.9 ke/ no worsening of NAS
m2 Improvement of individual
components of NAS
Fibrosis worsening > 1 stage
Liraglutide Matthew James 2016 IIb N=52 Liraglutide 1.8 mg 48 NASH resolution
[21] Armstrong NAS (mean): 4.9 (n =26) Improvement > 2 NAS points
Fibrosis (%): Fo-F2 ~ FPlacebo (n = 26) Fibrosis improvement > 1 stage
49, F3 40, F4 11 Improvement of individual
Diabetes (%): 32.7 components of NAS
BMI (mean): 36 kg/ NAS worsening
2
m Fibrosis worsening > 1 stage
MSDC- Stephen A. 2020 IIb N =392 MSDC-0602 K 52 NASH resolution
0602 K Harrison NAS (mean): 5.3 62.5 mg (n = 99) Improvement > 2 NAS points &
[32] Fibrosis (%): F1 38 MSDC-0602 K no worsening of fibrosis
F2 16, F3 45 125 mg (n = 98) Fibrosis improvement > 1 stage &
MSDC-0602 K no worsening of NAS

Diabetes (%): 52.3

BMI (mean): 35.2 kg/
2
m

250 mg (n = 101)
Placebo (n = 94)

@ Springer
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Table 1 continued

Drug First author Year Phase Population Intervention Duration Histological endpoints
(weeks)
Obeticholic ~ Brent A 2015 11 N =283 Obeticholic acid 72 NASH resolution
acid [22] Neuischwander— NAS (mean): 5.2 25 mg Improvement > 2 NAS
Tetr Fibrosis (%): FO-F1 20, F2 "= 14D points & no worsening of
52, F3 22, F4 1 Placebo fibrosis
Diabetes (%): 53 (n=142) Fibrosis improvement > 1
BMI (mean): 34.5 kg/m2 stage
Improvement of individual
components of NAS
NAS worsening
Fibrosis worsening > 1 stage
Worsening of individual
components of NAS
Obeticholic ~ Zobair M 2019 1II N =931 Obeticholic acid 72 NASH resolution & no
acid [23] Younossi NAS (mean): N/A (70% of 10 mg worsening of fibrosis
the population with (n=312) Improvement > 2 NAS
NAS > 6) Obeticholic acid points & no worsening of
Fibrosis (%): F2 44, F3 56 25 mg fibrosis
Diabetes (%): 54 Pl(” =b308) Fibrosis ;mprovemen't > 1f
BMI: N/A (mean body acebo stage & no worsening o
. (n =311) NAS
weight: 95 kgs) o
Improvement of individual
components of NAS
Fibrosis worsening > 1 stage
Pioglitazone  Arun J. Sanyal 2010 IIb N =247 Pioglitazone 96 NASH resolution
[24] NAS (mean): 4.9 30 mg Improvement > 2 NAS
Fibrosis (%): FO 17, FI_F2 .(n = 80) points & no worsening of
63, F3 18, F4 2 Vitamin E fibrosis
Diabetes (%): 0 (Sr(z)o—lgl) Fibrosis improvement > 1
= stage
BMI (mean): 34 kg/m> _
£ Placebo (n = 83) Improvement of individual
components of NAS
NAS worsening
Fibrosis worsening > 1 stage
Worsening of individual
components of NAS
Pioglitazone  Kenneth Cusi 2016 1IIb N=101 Pioglitazone 72 NASH resolution
[25] NAS (mean): 4.5 ?5 m§0) Improvement > 2 NAS
n=

Fibrosis (%): N/A (mean
fibrosis stage: 1)

Diabetes (%): 51.4
BMI (mean): 34.4 kg/m2

Placebo (n = 51)

points & no worsening of
fibrosis

Fibrosis improvement > 1
stage

Improvement of individual
components of NAS
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Table 1 continued

Drug First author Year Phase Population Intervention Duration Histological endpoints
(weeks)
Resmetirom  Stephen A 2019 1IIb N =125 Resmetiron 80 mg 36 NASH resolution & no
[26] Harrison NAS (mean): 4.9 (n=84) worsening of fibrosis
Fibrosis (%): FO 2, F1 53, Placebo (n = 41) Improvement > 2 NAS
F2 25, F3 20 points
Diabetes (%): 39.2 Fibrosis improvement > 1
. 2 stage & no worsening of
BMI (mean): 35.1 kg/m NAS
Seladelpar Stephen A. 2020 1I N=171 Seladelpar 10 mg 52 NASH resolution & no
[34] Harrison NAS (mean): 5.2 (n = 50) worsening of fibrosis
Fibrosis (%): F1 16, F2-F3 Seladelpar 20 mg Fibrosis improvement > 1
84 (n=47) stage
Diabetes (%): 48.5 Seladelj’;r 50 mg
BMI (mean): 36.1 kg/m2 (n=48)
Placebo (n = 26)
Selonsertib Rohit 2018 IIb N=T72 Selonsertib 24 Improvement > 2 NAS
[27] Loomba NAS (mean): N/A (70% of 18 mg + Simtuzumab points
the population with 125 mg (n = 32) Fibrosis improvement > 1
NAS > 6) Selonsertib stage
Fibrosis (%): F2 35, F3 65 6 mg 4 Simtuzumab Improvement of individual
Diabetes (%): 70.8 .125 mg (n = 30) components of NAS
BMI (mean): 34 kg/m2 Simtuzumab 125 mg Fibrosis worsening > 1
(n=10) stage
Progression to cirrhosis
Selonsertib Stephen A. 2020 III STELLAR 3: N = 802 STELLAR-3 48 STELLAR-3
(28] Harrison NAS (mean): N/A (80% of Selonsertib 18 mg NASH resolution & no
the population with (n =322) worsening of fibrosis
NAS > 3) Selonsertib 6 mg Fibrosis improvement > 1
Fibrosis (%): F3 100 (n=321) stage & no worsening of
Diabetes (%): 70.2 Placebo (n = 159) NAS
BMI (mean): 32.3 kg/m®>  STELLAR-4 Progression to cirrhosis
STELLAR 4: N = 877 Selonsertib 18 mg STELLAR-4
NAS (mean): N/A (80% of (n =354) NASH resolution & no
the population with Selonsertib 6 mg worsening of fibrosis
NAS > 5) (n =351) Fibrosis improvement > 1
Fibrosis (%): F4 100 Placebo (1 = 172) ;;gg & no worsening of
Diabetes (%): 76.9 Cirthosi lica
BMI (mean): 33 ke/m? irrhosis complications
Semaglutide  P.N. 2021 1IIb N =320 Semaglutide 0.1 mg 72 NASH resolution & no
[29] Newsome (n = 80) worsening of fibrosis

NAS (mean): 4.9

Fibrosis (%): F1 28, F2 23,
F3 49

Diabetes (%): 62.2
BMI (mean): 35.7 kg/m2

Semaglutide 0.2 mg
(n="18)

Semaglutide 0.4 mg
(n =82)

Placebo (n = 80)

Fibrosis improvement > 1
stage & no worsening of
NAS

Improvement of individual
components of NAS

Fibrosis worsening > 1
stage

Progression to cirrhosis

Worsening of individual
components of NAS
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(@

Treatment Control Odds Ratio Weight

(b)

Odds Ratio

Study Yes No Yes No With95% Cl (%) Study K with 95% CI___P-value
Aldafermin, 2021 12 38 2 20 —m——  316[ 064, 1551 235 Cirrhosis

Aramchol, 2018 19 139 3 37 = 169 047, 601] 318 No 20 - 168( 1.24, 2.28) 0.001
Cenicrivroc, 2018 11 134 8 136 - 140[ 054, 358] 4.42 Yes 6 ] 162[ 063, 4.13] 0313
Gilofexor, 2021 0 34 o 38 + 142[ 002, 57.77] 050 Test of group differences: Qu(1)= 0.01, p = 0.94

Efruxifermin, 2021 19 021 1 1 1 0.90[ 0.05, 15.49] 0.91 Class

Efruxifermin, 2021 3 9 0 5 4.05[ 017, 93.99] 076 pmiopoplolc 1 | 0471 015, 111 0085
Elafibranor, 2016 40 142 16 76 t 134[ 070, 255 592 Anttbrotc 5 _J 0B6[ 051, 144 0560
Elafibranor, 2020 138 579 52 301 138[ 097, 1.95] 7.8 Antimetaboic 10 o 2150 150, 3.10] 0000
Ermricasan, 2020 1202 11 94 » 047[ 019, 1.11] 475 DAL s 2641 103, 672) 0042
Firsocostat, 2021 13 0 38 - 345[ 014, 87.50] 0.72 FOF andlogues 3 _| 256( 072, 042] 0447
Lanifibranor, 2020 64 102 15 66 - 276[ 145, 525] 592 FXR agonists 4 e 1590 108, 234 0018
Liraglutide, 2016 9 14 2 20 = 643[ 120, 34.41] 218 Testof group diferences:Qu(5) = 17.40,p = 0.00

MSDC-0602K, 2020 67 185 15 59 - 142[ 076, 2.68] 598

Obeticholic acid, 2014 22 80 13 85 t— 180[ 0.85, 381] 535 Length

Obeticholic acid, 2019 71 549 25 286 148[ 092, 2.39] 6.82 <dBweeks 12 D 159( 086, 2.04] 0.139
Pioglitazone, 2010 33 37 15 57 - 339[ 162, 7.08] 541 >d8weeks 14 — 173[ 128, 2.33] 0.000
Pioglitazone, 2016 26 24 10 41 - 4441 183,10.78] 467 Test of group differences: Qu(1)= 0.06, p = 0.81

Resmetirom, 2019 18 55 2 29 - 4.75[ 1.03, 21.88] 2.49

Seladelpar, 2020 27 116 2 24 = 279[ 062, 1254] 2.55 T2DM

Selonsertib (F3),2020 30 613 14 145 = 051[ 026, 098] 583 <60% 15 * 1.74[ 1.27, 239 0.001
Selonsertib (F4),2020 21 684 7 165 - 072 030, 1.73] 4.74 260% 9 I 148[ 077, 271] 0248
Semaglutide, 2020 111 129 16 64 - 344 1.88, 6.29] 6.13 Testof group differences: Gx(1) = 0.29, p =0.59

Simtuzumab (F3),2018 7 96 2 58 - 241[ 042, 1053] 232 NAS

Simtuzumab (F4), 2018 7 106 3 52 —a— 1.14[ 0.28, 4.61] 2.83 <5 7 - 3.40[ 236, 4.89) 0.000
Tropifexor, 2020 10 65 3 39 . 200 052, 7.7] 2.95 25 18 T 129 097, 1.71) 0.081
Volixibat, 2020 7 23 5 8 — 049[ 0.12, 1.98] 2.81 Test of group differences: Qu(1) = 17.08,p = 0.00

Overall * 166[ 1.24, 2.21] Overall L 2 1.66[ 1.24, 221] 0.001
Heterogeneity: 1° = 0.26, I* = 57.82%, H* = 2.37 Heterogeneity: 1° = 0.26, I = 57.82%, H® = 2.37

Testof = 6; Q(26)=51.76, p = 0.00 Testof 8= 6; Q(25)= 51.76,p = 0.00 FavorsPlacebo | Favors Treatment

Testof 6 =0:2z=3.45,p = 0.00 FavorsPlacebo | FavorsTreatment 174 12 1 2 4 8

T
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Fig. 1 HYPERLINK “sps:id::figllllocator::grlliIMediaObject::0” The effect of the experimental drug on: (A) NASH resolution; (B) NASH

resolution, according to subgroup analyses

18-34; I* 90.3%) and 13% (95%CI 7-20; I* 31.8%),
respectively) (Supplementary Fig. 4, b).

On the other hand, NASH worsening was assessed in
four clinical trials (N = 695). Patients treated with experi-
mental therapy significantly displayed a lower rate of
NASH worsening (14% (95%CI 5-23); I 83.2%) than
those taking placebo (25% (95%CI 20-30); P 0%)) (Sup-
plementary Fig. 5a,b), thus showing a protective effect of
the medication (OR 0.57 (95%CI 0.39-0.84); I* 67%)
(Supplementary Fig. 6).

Data analysis about fibrosis

Fibrosis improvement > 1 stage was assessed by 27
clinical trials (N = 7151 patients). This analysis proved that
the experimental therapy was superior, achieving 26%
(95%CI 22-29); r 90%)) of this outcome versus 18%
(95%CI 15-21; & 59%)) with placebo. The beneficial
effect of the drug was similar in the studies that addition-
ally assessed no worsening of NASH (N = 16) (OR 1.30
(95%CI 1.12-1.51); P 25.8%) in comparison with the total
of the studies (N = 27) (OR 1.34 (95%CI 1.13-1.58); I*
25.4%) (Fig. 2a). Although the efficacy was lower in
patients with advanced liver disease, the therapy was
superior to placebo in non-cirrhotic (28% (95%CI 24-33;
P 91%) versus 20% (95%CI 17-23; I* 61.7%)) and

cirrhotic patients (16% (95%CI 11-21; P 59.3%) versus
12% (95%CI 8-17; I 23%)), respectively (Supplementary
Fig. 7a,b). In addition to non-cirrhotic patients, the exper-
imental therapy showed higher efficacy in trials with a
duration > 48 versus < 48 weeks, in studies showing
< 60% of diabetic population, and when based on anti-
metabolic drugs and FXR agonists (s).

Sixteen clinical trials (N = 3459 patients) assessed the
fibrosis progression showing that patients receiving an
experimental drug were more protected against this out-
come (17% (95%CI 13-22); P 89.1%) than individuals
under placebo (24% (95%CI 19-29); P 69.7%) (Supple-
mentary Fig. 8a,b) (OR 0.65 (95%CI 0.46-0.92); I 61.9%)
(Fig. 3a). Finally, when separating between fibrosis pro-
gression and progression towards cirrhosis, a similar pro-
tective role of the therapy was found [(OR 0.62 (95%CI
0.39-1.00); I* 71.6%) and (OR 0.72 (95%CI 0.51-1.00); I*
0%), respectively] (Fig. 3b).

Other secondary endpoints

We also assessed the improvement of individual compo-
nents of NAS (14 studies, 2876 patients). Regarding
steatosis, the experimental treatment was associated with a
higher rate of improvement (47% (95%CI 36-58); P 96%)
than placebo (24% (95%CI 17-31); I* 86.7%) (OR 2.84
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(b)

Treatment Control 0Odds Ratio Weight Odds Ratio
Study Yes No Yes No with 95% CI (%) Study K with 95% Cl  P-value
Aldafermin, 2021 19 31 4 18 + - 276[ 081, 939] 1.70 Cirrhosis
Aramchol, 2018 40 118 7 33 - 160[ 0.65, 390] 294 No 20 * 1.37[ 1.19, 1.58) 0.000
Belapectin, 2020 24 63 12 33 . 105[ 047, 236] 342 Yes 7 T 114[ 0.80, 1.62) 0.451
Cenicriviroc, 2018 29 116 15 129 - 215[ 110, 421] 456 Testofgroupdifferences: Q(1)=0.89, p =0.35
Cilofexor, 2021 4 30 4 ¥ —p— 113[ 026, 493 122 class
Efrudfemin (F1F3), 2021 19 21 02— 453[ 0.20, 100.42] 029 Antiorote 7 . 11 086, 1.44] 0430
Efruxifermin (F4), 2021 4 8 1 4 — 200[ 0.16, 24.33] 044 Antapoptotic 1 | 057 030, 107 0081
Elafibranor, 2020 176 541 79 274 ] 1.13[ 083, 1.53] 1082 Antimetabolic 9 . 135[ 140, 166 0.003
Emricasan, 2020 25 188 20 85  —M 057[ 030, 107] 487 DAL 3 _ 1411 078, 256 0252
Firsocostat, 2021 4 29 4 ¥ —@— 147[ 027, 511 121 FGF analogues 3 . 2791 099, 7.83] 0.01
Lanifibranor, 2020 58 108 19 62 " 175[ 096, 321] 529 FXR agonists 4 . 1.84] 1.35, 250 0.000
Liraglutide, 2016 6 15 3 1 I 1471030, 7.19] 1.05 Testof groupdifferences: Q(5) = 14.96, p =0.01
MSDC-0602k, 2020 70 182 16 58 Rre 139[ 075, 259 5.3
Obeticholic acid, 2014 36 66 19 79 - 227[ 119, 432] 484 Length
Obeticholic acid, 2019 126 494 37 274 - 189[ 127, 280 868 <48weeks 13 . 122 0.95, 1.57] 0.118
Pioglitazone, 2010 31 39 22 50 - 181[ 091, 360 440 > 48weeks 14 . 1.38[ 1.18, 1.62] 0.000
Pioglitazone, 2016 20 30 13 38 —— 1.95[ 0.84, 454 320 Testof groupdifferences: Q1) =0.69, p =0.41
Resmetirom, 2019 21 52 8 2 —l— 131[ 051, 336 269
Seladelpar, 2020 40 105 5 21 — - 160[ 056, 453 226 T20M
Selonsertib, 2018 15 23 2 8 e 261[ 049, 14.00] 095 <60% 14 -~ 144 1.22,1.70) 0.000
Selonsertib (F3), 2020 70 573 21 138 0.80[ 048, 1.35] 640 260% 11 ™ 1.12[ 0.89, 1.41] 0.326
Selonsertib (F4), 2020 96 609 22 150 t— 107[ 065, 177] 6.80 Testofgroupdifferences: Q(1)=2.91,p =0.09
Semaglutide, 2020 91 131 24 50 . 145[ 083, 252 592
Simtuzumab (F3), 2018 24 105 16 53 . 076[ 0.37, 155] 447 :':s . . 1330 101, 176] 0,043
Simtuzumab (F4), 2018 16 138 6 69 — 1.33[ 050, 356] 250 .5 1 . 1320 113,154 0000
$:::::::’;§::0 12 z: : 32 - ;:;E gfg ;g:: fz: Testof group differences: Q(1) = 0.00, p = 0.95
Overall ¢ 1.34[ 113, 158] overall * 1.34[ 1.13,1.58] 0.000
Heterogeneity: 7 = 0.04, I° = 25.42%, H’ = 1.34 Heterogeneity: ¥ = 0.04, 12 = 25.42%, H? = 1.34
Test of 6, = 6 Q(26) = 29.52, p = 0.29 Favors Placebo Favors Treatment Testof 6,= 6; Q(26) =29.52, p=0.29 FavorsPlacebo | FavorsTreatment
Testof6=0:2=3.38, p=0.00 12 1 2 4

174 4 16 64

Random-effects REML model

Fig. 2 The effect of the experimental drug on: A Fibrosis

analyses

(a

Treatment Control Odds Ratio Weight
Study Yes No Yes No Wwith 95% CI (%)
Aramchol, 2018 7 151 3 37 Aljt 0.57[ 0.14,232] 4.07
Cenicriviroc, 2018 26 73 12 42 125[ 057, 2.73] 747
Cilofexor, 2021 3 12 7 10 —®—— 036[ 0.07,1.75] 341
Efruxifermin, 2021 2 20 1 1 ——=—— 0.10[ 0.00,229] 1.12
Emricasan, 2020 84 129 21 84 —-260[ 150, 452] 923
Firsocostat, 2021 2 11 7 10 — 0.26[ 0.04, 1.56] 2.87
Lanifibranor, 2020 17 115 11 51 —— 069[ 0.30, 1.57] 7.15
Liraglutide, 2016 2 21 8 14 —— 0.17[ 0.03,090] 3.12
Obeticholic acid, 2014 20 82 31 67 - 0.53[ 0.28, 1.01] 847
Obeticholic acid, 2019 66 370 46 174 0.67[ 044, 1.02] 10.24
Pioglitazone, 2010 12 58 16 56 0.72[ 0.31, 167] 7.10
Selonsertib, 2018 6 51 4 6 —— 0.18[ 0.04, 0.81] 3.63
Selonsertib, 2020 92 551 25 134 0.89[ 0.55, 1.45] 9.77
Semaglutide, 2020 18 222 15 65 0.35[ 0.17,0.74] 7.79
Simtuzumab, 2018 26 103 15 54 0.91[ 0.44, 1.86] 7.96
Tropifexor, 2020 20 28 19 13 049[ 020, 1.21] 6.59
Overall 0.65[ 0.46, 0.92]

Heterogeneity: 1° = 0.26, I* = 61.90%, H* =2.62
Testof § =6 Q(15) = 38.73, p = 0.00
Testof 6=0:z=-2.42,p=0.02

Random-effects REML model

Favors Treatment Favors Placebo
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(b)

improvement > 1 stage; B Fibrosis improvement > 1 stage, according to subgroup

Treatment Control Odds Ratio Weight
Study Yes No Yes No with 95% CI (%)
Fibrosis progression L
Cenicriviroc, 2018 26 73 12 42 1.25[ 0.57,2.73] 6.86
Efruxifermin, 2021 2 20 1 1 ————=———— 010[ 0.00,229] 1.00
Emricasan, 2020 84 129 21 84 M- 260[ 1.50, 4.52] 852
Lanifibranor, 2020 17 115 11 51 —#  069[ 0.30, 1.57] 6.56
Liraglutide, 2016 2 21 8 14 —a 0.17[ 0.03, 0.90] 2.82
Obeticholic acid, 2014 20 82 31 67 —H 0.53[ 0.28, 1.01] 7.81
Obeticholic acid, 2019 66 370 46 174 :L 0.67[ 0.4, 1.02] 9.50
Pioglitazone, 2010 12 58 16 56 0.72[ 0.31, 1.67] 6.51
Selonsertib, 2018 6 51 4 6 —a— 0.18[ 0.04, 0.81] 3.29
Semaglutide, 2020 18 222 15 65 —— 0.35[ 0.17,0.74] 7.16
Tropifexor, 2020 20 28 19 13 —— 0.49[ 0.20, 1.21] 6.03
Heterogeneity: 1* = 0.39, I’ = 71.64%, H’ = 3.63 < 0.62[ 0.39, 1.00]
Testof@=6; Q(10) = 35.63,p = 0.00
Progresslon tocirrhosis
Aramchol, 2018 7 151 3 37 —®— 057[ 0.14,232] 3.70
Cenicriviroc, 2018 2 121 5 118 —®—— 039[ 007,205 290
Cilofexor, 2021 3 12 7 10 —&——  0.36[ 0.07, 1.75] 3.09
Firsocostat, 2021 2 11 7 10 —®——  0.26[ 0.04, 1.56] 259
Selonsertib, 2018 2 3% 2 8 ———=———  0.22[ 0.03 1.82] 200
Selonsertib, 2020 92 551 25 134 0.89[ 0.55, 1.45] 9.04
Semaglutide, 2020 4 236 3 77 0.44[ 0.10, 1.99] 3.30
Simtuzumab, 2018 26 103 15 54 0.91[ 0.44, 1.86] 7.32
Heterogeneity: 1 = 0,00, I = 0.00%, H’ = 1.00 < 0.72[ 0.51, 1.00]
Testof@=6;Q(7)=5.43,p=0.61 Favors Treatment Favors Placebo

1128

1716

12 4

Fig. 3 The effect of the experimental drug on: A Overall fibrosis progression; B Fibrosis progression versus progression to cirrhosis

(95%CI 1.80-4.47), r 80%) (Fig. 4a). Also, ballooning
decreased more frequently in patients receiving the
experimental treatment (40% (95%CI 29-52); I 96.5%)
versus placebo (28% (95%CI 23-33); I? 67.6%) (OR 1.68

@ Springer

(95%CI 1.11-2.56); I* 78.1%) (Fig. 4b). Besides, the

pooled

efficacy of achieving

lobular inflammation

improvement was higher in patients receiving the drug
(41% (95%CI 35-46); I* 81.3%) than placebo (30%
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(a) (b)
Treatment  Control Odds Ratio Weight Treatment  Control Odds Ratio Weight

Study Yes No Yes No with 95% Cl (%) Study Yes No Yes No with 95% CI (%)
Aldafermin, 2021 3 16 5 20 ——— 9.00[ 2.87, 28.23] 6.59 Aldafermin, 2021 3 2 5 20 —@— 545[ 1.77, 16.78] 6.08
Cenicriviroc, 2018 24 99 3 92 = 072[ 039, 132] 943 Cenicriviroc, 2018 33 90 43 80 - 068[ 040, 1.18] 9.11
Gilofexor, 2021 2 29 2 3@ S S 110[ 015, 835 348 Cilofexor, 2021 7 27 5 3 —-— 1711 049, 600] 549
Emricasan, 2020 48 165 14 91 | 189] 099, 361 920 Efruxifermin, 2021 3 5 2 0 la———120[ 005, 3062] 151
Firsocostat, 2021 o 22 2 3 - 6550 129, 3326] 462 Emricasan, 2020 24 179 30 75 W 034[ 018, 061] 881
Lanifibranor, 2020 100 66 21 60 - 433[ 241, 7.78] 952 Firsocostat, 2021 8 26 5 3 T 203[ 059, 6.95] 560
Liragliide, 2016 0 4 10 12 570[ 145, 2235 559 Lanifibranor, 2020 14 52 37 44 - 261[ 151, 450] 9.09
Obeticholic acid, 2014 62 48 37 62 - 216[ 124, 377] 968 Liragluide, 2016 o8 715 W 3.33[ 098 1137] 561
Obeticholic acid, 2019 254 366 118 193 = 114[ 086, 150] 10.86 Obeficdlico (Fase 2),2014 47 63 30 69 el 172[ 097, 304 857

et Obeticolico (Fase 3),2019 193 427 72 239 = 150[ 1.10, 205] 10.14
Plogltazone, 2010 4 22 22 %0 = 4.96[ 243, 10.10]  8.86 Piogitazona (PIVENS), 2010 31 39 21 51 - 193[ 097, 386] 832
Piogltazone, 2016 3% 15 13 38 = 6.82[ 285, 16.33] 7.9 Piogltazona, 2016 26 25 12 39 - 325[ 139, 762] 7.46
Selonsertib, 2018 18 40 2 8 — 1.80[ 035, 934] 455 Selonsertib (Fase 2), 2018 14 44 3 7 — 074[ 047, 326] 461
Semaglutide, 2020 141 99 21 59 — 4.00[ 228, 7.01] 965 Semaglutide, 2020 158 82 31 49 - 305[ 1.81, 5.14] 9.21
Overall > 284 1.80, 4.47] Overall - 168 1.1, 2.56]
Heterogeneity: ° = 0.47, I” = 79.98%, H” = 4.99 Heterogeneity: 1% = 0.43, I = 78.08%, H? = 4.56
Testof 6 =6;: Q(12) =64.59, p=0.00 Test of § =6;; Q(13) = 54.51, p=0.00
Testof 8=0:2=4.51,p=0.00 FavorsPlacebo | Favors Treatment Testof 8=0:2=2.43,p=0.02 FavorsPlacebo | Favors Treatment

|

1/4 1 4 16
Random-effects REML model

——
116 1/4 1 4 16
Random-effects REML model

(C) Treatment  Control QOdds Ratio Weight
Study Yes No Yes No with 95% CI (%)
Aldafermin, 2021 27 25 2 23 —8&— 1242 265, 58.16] 252
Cenicriviroc, 2018 39 84 34 89 1.22[ 0.70, 2.10] 10.13
Cilofexor, 2021 1 23 11 27 1.17[ 043, 3.20] 5.01
Efruxifermin, 2021 31 9 1 1 3.44[ 0.20, 60.72] 0.81
Emricasan, 2020 50 163 32 73 — 0.70[ 0.41, 1.18] 10.55
Firsocostat, 2021 13 21 11 27 — 1.52[ 0.57, 4.07] 5.15
Lanifibranor, 2020 77 89 30 51 - 147 0.85, 2.54] 10.19
Liraglutide, 2016 1 12 12 10 —— 0.76 [ 0.24, 247] 3.97
Obeticholic acid, 2014 54 56 34 75 —— 2.13[ 1.23, 3.69] 10.08

Obeticholic acid, 2019 259 361 111 200

Pioglitazone, 2010 42 28 25 47
Pioglitazone, 2016 20 30 13 38
Selonsertib, 2018 16 42 2 8
Semaglutide, 2020 101 139 21 59
Overall

Heterogeneity: ©° = 0.10, I” = 47.85%, H> = 1.92
Test of 6, = 6 Q(13) = 25.04, p = 0.02
Testof 6 =0:z=3.23, p=0.00

Favors Placebo

L 1291 0.98, 1.71] 14.90

—— 2.82[ 143, 557] 8.19
—— 195[ 0.84, 4.54] 6.32

— - 152[ 029, 7.96] 224
—a- 204[ 1.17, 3.57] 9.94
< 155[ 1.19, 2.01]

Favors Treatment
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Fig. 4 The effect of the experimental drug on: A Steatosis; B Ballooning; C Lobular inflammation

(95%CI 25-34); I* 61%) (OR 1.55 (95%CI 1.19-2.01); I*
47.9%) (Fig. 4c). On the other hand, steatosis (OR 0.34
(95%CI 0.22-0.52); I* 0%) had a lower likelihood to pro-
gress in patients receiving any experimental therapy than
placebo, although this did not occur with ballooning (OR
0.87 (95%CI 0.45-1.67); r 69%) and lobular inflammation
(OR 0.71 (95%CI 0.34-1.46); I* 79.8%). Otherwise, the
occurrence of cirrhosis complications was not prevented
when using an experimental treatment (N = 3) (OR 1.41
(95%CI 0.86-2.32); I* 29.4%).

Finally, the necro-inflammatory activity also improved
when taking an experimental therapy. AST levels were
significantly decreased in these individuals compared to
those receiving placebo (mean difference —10.1 IU/L
(95%CI (~14.7 to —5.4); I* 79.4%)) (Fig. 5a). Similarly,
ALT levels were found to be diminished under treatment

(mean difference —13.8 IU/L (95%CI (-23.5 to —4.1); I?
92.3%)) (Fig. 5b).

Heterogeneity assessment and publication bias

The leave-one-out sensitivity analysis did not identify any
single study that significantly contributed to the between-
studies variability for NASH resolution (Supplementary
Table 3), fibrosis improvement (Supplementary Table 4),
and fibrosis progression (Supplementary Table 5). On the
other hand, meta-regression showed no evidence of a dif-
ferential effect of study-level characteristics on the impact
of the outcomes, apart from baseline NAS for NASH res-
olution (P = 0.010) (Supplementary Table 6).

Publication bias was conducted by Egger’s test and
funnel plot asymmetry. There was no formal evidence of
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(a) Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Aldafermin, 2021 52 -21.7 277 25 -3.7 203 —a— -18.00[ -30.20, -5.80] 8.93
Cenicriviroc, 2018 122 5.05 279 123 28 396 —l— 225[ -6.33, 10.83] 12.93
Lanifibranor, 2020 166 -14 318 81 -28 176 —i— -11.20[ -18.63, -3.77] 14.53
Liraglutide, 2016 23 -158 218 22 -86 283 —®&———  -720[ -21.92, 752] 698
Obeticholic acid, 2014 141 -27 37 142 -10 31 —i— -17.00[ -24.95, -9.05] 13.79
Obeticholic acid, 2019 620 -17.2 22 311 -98 23 [ | -7.40[ -7.70, -7.10] 23.02
Pioglitazone, 2016 50 -18 1 51 -5 9 - -13.00[ -16.92, -9.08] 19.82

Overall S -10.07[ -14.73, -5.41]

Heterogeneity: T = 24.51, I = 79.44%, H’ = 4.86

Test of 8 = 6;: Q(6) = 22.12, p = 0.00

Testof® = 0:2 = -4.24, p = 0.00 Favors Treatment Favors Placebo

-3:0 -2|0 -{0 0 1Y0

Random-effects REML model

(b)
Treatment Control Mean Diff. Weight

Study N Mean SD N Mean SD with 95% CI (%)
Aldafermin, 2021 52 -41 40 25 -8 20 —i— -33.00[ -49.63, -16.37] 10.46
Cenicriviroc, 2018 122 7 37 123 1 50 —l— 6.00[ -5.02, 17.02] 12.65
Lanifibranor, 2020 166 -244 323 81 -34 236 i -21.00[ -28.90, -13.10] 13.75
Liraglutide, 2016 23 27 34 22 -10 36 —— -17.00[ -37.45, 3.45] 9.03
Obeticholic acid, 2014 141 -38 47 142 -18 44 —— -20.00[ -30.61, -9.39] 12.81
Obeticholic acid, 2019 620 -30 3.1 311 -16 33 [ | -14.00[ -14.43, -13.57] 15.13
Pioglitazone, 2016 50 -35 21 51 -13 1 . 3 -22.00[ -27.77, -16.23] 14.36
Volixibat, 2020 94 4 35 34 -6 30 -—— 10.00[ -3.24, 23.24] 11.80

Overall - -13.78[ -23.46, -4.10]

Heterogeneity: T = 161.17, I” = 92.93%, H’ = 14.13

Test of 6 = 6; Q(7) = 41.97, p = 0.00

Testof6=0:z=-2.79, p = 0.01 Favors Treatment Favors Placebo

T
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Fig. 5 The effect of the experimental drug on: A AST levels; B ALT levels

publication bias for NASH resolution (P = 0.453) (Sup-
plementary Fig. 9), improvement of NAS by > 2 points
(P =0.101) (Supplementary Fig. 10), fibrosis improve-
ment > 1 stage (P =0.451) (Supplementary Fig. 11),
fibrosis progression (P = 0.105) (Supplementary Fig. 12),
steatosis improvement (P = 0.312), ballooning improve-
ment (P = 0.496), lobular inflammation improvement
(P =0.232), and biochemical response (P = 0.812 and
P = 0.957 for AST and ALT, respectively).

Discussion
Over the past five years, many clinical trials testing new
drugs for NAFLD have been published [13-37. The sci-

entific community has initially witnessed these preliminary
data with enthusiasm and the final publication with a
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relative skepticism because of the suboptimal results, par-
ticularly for liver fibrosis improvement as an endpoint [38].
Our meta-analysis observed that taking an experimental
therapy versus placebo increased the likelihood of resolute
NASH and regress liver fibrosis. Despite the fact that only
5 of 76 studies demonstrated a beneficial effect of the
therapy on NASH, the likelihood of NASH resolution was
60% higher than receiving placebo. In liver fibrosis, the
likelihood of improving at least one stage was 30% higher
with the therapy, although only 3 out of the 77 studies
showed an individual benefit. Also, the individual com-
ponents of NAS (steatosis, ballooning, and lobular
inflammation), as well as the necro-inflammatory activity
(evaluated by AST and ALT levels) significantly improved
with the therapy. Of note, the percentage of NASH reso-
lution and fibrosis regression for placebo was similar to
that published in the literature [39], although recently it has
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been suggested a lower fibrosis progression rate in this
group probably related to the number of patients without
fibrosis [40]. Despite the global positive results, we found
that the percentage of NASH resolution and fibrosis
improvement was 19-28%, respectively, for experimental
therapies based on biological plausibility, which are far
from desirable. Due to its multifaceted nature [41], this fact
mirrors the complexity of the underlying mechanisms of
the pathogenesis of NAFLD.

We found that some baseline variables and features
related to the clinical trial design influenced the likelihood
of achieving the outcomes. First, FXR agonists and anti-
metabolic drugs (including anti-diabetic therapies and
PPAR agonists), and DNL-targeting therapies for NASH
resolution, showed the highest efficacy for inflammation
and fibrosis improvement. These findings have been doc-
umented in some studies [42, 43], although they showed
limitations such as not assessing the clinical benefit in
delaying disease progression and the baseline features
impacting the efficacy of the drugs. Second, NASH reso-
lution was easier to achieve in trials with non-cirrhotic
patients, with baseline NAS < 5, with a low proportion of
diabetic patients, and with a longer length of the therapy.
These data did agree on variables associated with NASH-
resolution after life-style intervention supporting a group of
features defining more difficult-to-solve patients [44].
These characteristics were also more frequently associated
with fibrosis improvement, with the exception of NAS.
These results should make us to meditate on the design of
NAFLD clinical trials and the adequacy of the endpoints to
balance them with the prognostic relevance. On the one
hand, the experimental therapy appeared to require at least
1 year to be effective. Thus, a longer duration than
48 weeks is preferred in NAFLD clinical trials. On the
other hand, the drug effect was superior to placebo when
achieving NASH resolution and fibrosis improvement, but
it was not in trials including more severe patients. There-
fore, NASH resolution should be required for the experi-
mental therapy in non-cirrhotic patients and in those with a
baseline NAS < 5, but questionable for individuals show-
ing a NAS > 5 and, especially, for cirrhotic patients since
most of them have lost some of the single components of
NAS [45]. Similarly, although desirable, fibrosis
improvement is not a realistic aim for cirrhotic patients
using the current experimental therapies, according to our
results. Instead, clinical trials on cirrhotic patients should
focus on preventing portal hypertension, hepatocellular
carcinoma occurrence, and mortality, extending the treat-
ment course, rather than in the regression of liver disease.
Therefore, we should make efforts to redirect the design
and selection criteria of clinical trials because some
potentially useful drugs could be discarded too early.

NAFLD clinical trials should report a minimum of
information about all relevant aspects that could impact on
the efficacy of the experimental drug tested [7]. In this
setting, results about efficacy tend to focus on the histo-
logical improvement (e.g., NASH or fibrosis), but fre-
quently fail to mention data associated with the prevention
of its progression. For example, in our meta-analysis, only
4 and 16 of 27 clinical trials reported information about
worsening of NASH and fibrosis, respectively. Considering
this, our results indicate that patients receiving therapy
were protected against NASH worsening and/or fibrosis
progression. In other liver diseases, the treatment aims
mainly to eliminate (e.g., hepatitis C) or control the etiol-
ogy (e.g., hepatitis B, autoimmune hepatitis) but does not
reverse liver fibrosis, which is a consequence that requires
an extended follow-up [46—48]. Instead, NAFLD clinical
trials require an early resolution of NASH or fibrosis
improvement to be considered a success. Given the
nescience regarding in whom fibrosis regression can be
expected and how quickly it occurs, we should consider
halting the disease as a relevant outcome and, thus, com-
plementary to the improvement of liver disease. Therefore,
we encourage NAFLD clinical trials to report essential
information about the progression of the disease to have an
overall vision of the efficacy of experimental drugs.

Beyond the strengths, our meta-analysis also has some
limitations. First, the interpretation of some results could
be challenging because of the different mechanisms of
action of included drugs. However, this kind of approach
has been done for other therapeutic areas (e.g., biologics in
ulcerative colitis [49]) and could be interesting to provide
additional data to guide the NAFLD drug pipeline properly.
Second, studies reporting cirrhotic-related outcomes were
scarce, precluding making robust analysis. Third, some
baseline variables, such as T2DM or NAS, were catego-
rized. This usual aspect allows making subgroup analyses
or a meta-regression in the absence of the individual data
but with a limitation in the interpretation.

In conclusion, developing therapeutic strategies to revert
or, at least, slow down steatohepatitis and fibrosis pro-
gression as much as possible in NAFLD is an unmet need.
This meta-analysis provides information about the efficacy
of the therapy versus placebo by comparing different and
combined trial outcomes such as NASH resolution, fibrosis
improvement, and NAS and fibrosis worsening. Given that
novel pharmacological agents focused on NASH resolution
and liver fibrosis regression are expected to be available in
the upcoming years, changes in the experimental design
and selection criteria of the clinical trials may increase the
ability to demonstrate efficacy.
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