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Background:Due to lack of targeted treatment options and inconsistent utilization of histologic endpoints among
clinical trials, identifying efficacious pharmacotherapies for nonalcoholic steatohepatitis [NASH] has proven
challenging. Methods: A thorough systematic review and frequentist random-effects network meta-analysis was
performed across all randomized clinical trials reporting a pharmacotherapeutic intervention on biopsy-
proven NASH. Primary outcomes were based on the most current, up-to-date recommended histologic end-
points.Results:A total of 40 RCTswere identified including 6593 total patients. Themost effective and statistically
significant treatment interventions for minimum two-point improvement in NAFLDActivity Score were aldafer-
min 1mg [RR 7.69, 95% CI 2.00; 29.57], vitamin E 800 IU in combination with pioglitazone 45mg [RR 3.38, 95%CI
1.88; 6.07], pioglitazone 45 mg [RR 3.29, 95% CI 1.74; 6.22], vitamin E 800 IU [RR 2.06, 95% CI 1.33; 3.18], resme-
tirom 80 mg [RR 1.74, 95% CI 1.03; 2.94], obeticholic acid 25 mg [RR 1.63, 95% CI 1.32; 2.01], and obeticholic acid
10mg [RR 1.31, 95% CI 1.02; 1.67]). Themost robust pharmacotherapies for NASH resolution without worsening
fibrosis were found to be aldafermin 1mg [RR 5.77, 95% CI 1.48; 22.51], pioglitazone 45mg [RR 2.65, 95% CI 1.43;
4.91], vitamin E 800 IU in combination with pioglitazone 45 mg [RR 2.64, 95% CI 1.36; 5.12], pioglitazone 30 mg
[RR 2.46, 95%CI 1.56; 3.88], vitamin E 800 IU [RR 1.90, 95%CI 1.20; 3.00], and obeticholic acid 25mg [RR 1.52, 95%
CI 1.03; 2.23]). Obeticholic acid had a significant improvement on fibrosis. Multiple interventions were found to
improve individual histologic scores across secondary outcome analyses and are detailed below. Conclusion: This
novel systematic review and network meta-analysis represents the most comprehensive investigation to date
regarding the pharmacotherapeutic options for biopsy-proven NASH using current recommended histologic
endpoints. ( J CLIN EXP HEPATOL 2022;12:1057–1068)
The incidence of nonalcoholic fatty liver disease
[NAFLD] continues to rise on a global scale.1

Accordingly, nonalcoholic steatohepatitis [NASH]
has become an increasingly ubiquitous cause of cirrhosis,
hepatocellular carcinoma, and liver transplantation.2 Life-
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style modifications, weight loss, and treatment of concom-
itant manifestations of metabolic syndrome have become
cornerstones of management for NASH. Much investiga-
tion regarding pharmacologic intervention for the treat-
ment of this disease process has been undertaken, and a
myriad of these pharmacologic agents, aimed at a multi-
tude of cellular targets and signaling pathways, are detailed
in Table 1.

Despite the recent flurry of pharmacotherapeutics
development for NASH, an overall lack of targeted treat-
ment options remains. One reason for the paucity of ther-
apeutic strategies may be explained by a complex
pathophysiologic disease process, interwoven by a variety
of aberrant signaling pathways that are not reversed by a
single pharmacologic agent. Another etiology for this phe-
nomenon is explained best by the inconsistency among
clinical endpoints over the years among RCTs. There has
been a recent call for updated histologic endpoints among
RCTs for NASH to more uniformly delineate the clinical
efficacy of these pharmacotherapeutic options.3–6 The
most up-to-date recommendations for histologic
vier B.V. All rights reserved.
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Table 1 Current Pharmacotherapeutics for NASH. Current Pharmacotherapeutics for Nonalcoholic Steatohepatitis, Cellular
Targets, and their Proposed Mechanism of Action.

Agent [alternative or experimental name] Proposed mechanism of action

Aldafermin [NGM282] FGF19 analog

Belapectin Galectin 3 inhibitor

Cenicriviroc C–C chemokine receptor type 2 and 5 dual antagonist

Colesevelam Bile acid sequestrant, thus increasing turnover of hepatic cholesterol to the formation of
bile acids; colesevelam also has been shown to increase GLP-1 levels

Elafibranor Dual PPAR-a/d agonist

Emricasan Pan-caspase inhibitor

Ezetimibe Inhibits small intestine absorption of cholesterol

Liraglutide Long-acting GLP-1 analogue

Losartan Angiotensin II receptor blocker

Metadoxine Reduces oxidative stress (by restoring NADH, GSH, and ATP levels) and anti-
inflammatory effects by decreasing activity of proline hydroxylase, TNF-⍺, and
procollagen

Metformin Improves insulin sensitivity and decreases hepatic gluconeogenesis

MSDC0602K 2nd generation TZD; Insulin sensitizer that preferentially targets the mitochondrial
pyruvate carrier and has only minimal direct interaction with PPAR-g

Obeticholic acid Selective FXR agonist

omega-3 PUFA Multiple identified cellular targets including sterol response element-binding protein,
interleukin 6, angiotensin 2, and nitric oxide-mediated signaling, thus improving hepatic
steatosis, insulin sensitivity, and inflammation reduction

Pentoxifylline Inhibits TNF-⍺ and phosphodiesterase, which exhibits anti-inflammatory and vasodilator
properties, respectively

Pioglitazone 1st generation TZD; Insulin sensitizer in addition to potent and selective PPAR-g agonist

Resmetirom [MGL-3196] Selective thyroid hormone receptor b agonist

Rosiglitazone 1st generation TZD; Insulin sensitizer in addition to potent and selective PPAR-g agonist

Saroglitazar Dual PPAR-⍺/g agonist

Selonsertib ASK1 inhibitor

Semaglutide GLP-1 receptor agonist

Silymarin Antioxidant

Simtuzumab Monoclonal antibody that binds and inhibits LOXL2

Sitagliptin DPP-4 inhibitor

Telmisartan Angiotensin II receptor blocker

UDCA Lowers bile acid levels, reduces oxidative stress, and also has demonstrated anti-
apoptotic properties

Vitamin E Antioxidant

Volixibat [SHP626; LUM002] ASBT inhibitor

Abbreviations: ASBT, apical sodium-dependent bile acid transporter; ASK1, apoptosis signal-regulating kinase 1; ATP, adenosine triphosphate; DPP-4,
dipeptidyl peptidase-4; FGF19, fibroblast growth factor 19; FXR, farnesoid X receptor; GLP-1, glucagon-like peptide-1; GSH, glutathione; LOXL2, lysyl
oxidase-like 2; NADH, nicotinamide adenine dinucleotide; NASH, nonalcoholic steatohepatitis; PPAR, peroxisome proliferator activated receptor;
PUFA, polyunsaturated fatty acid; TNF-⍺, tumor necrosis factor alpha; TZD, thiazolidinedione; UDCA, ursodeoxycholic acid.
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endpoints include the following: a minimum two-point
improvement in NAFLD activity score [NAS], NASH reso-
lution without worsening fibrosis, and fibrosis improve-
ment without NASH worsening.
1058 © 2022 Indian National Associa
The primary aim of this manuscript is to conduct
a thorough systematic review and network meta-
analysis to determine the clinical impact of pharma-
cotherapeutic options for NASH. No such network
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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METHODS

Literature Search
Three major databases, including MEDLINE/PubMed,
EMBASE, and CENTRAL [Cochrane Central Register of
Controlled Trials], were searched for clinical studies dated
from inception to November 12, 2020. To broadly identify
randomized, controlled trials detailing pharmacologic in-
terventions among patients with biopsy-proven NASH,
the following search criteria were utilized: “(nonalcoholic
fatty liver OR nonalcoholic steatohepatitis OR nafld OR
nash) AND randomi* AND control*.” All data extraction
performed was conducted according to the Preferred Re-
porting Item for Systematic Reviews and Meta-Analyses
[PRISMA] extension statement for incorporating network
meta-analyses.7

Inclusion Criteria
Articles and clinical trials that met the following inclusion
criteria were eligible for this meta-analysis: (1) studies per-
formed in adult, human subjects; (2) randomized,
controlled clinical studies or trials, irrespective of the phase
of the clinical trial; (3) biopsy-proven NASH; (4) histologic
criteria assessed using the NASH CRN scoring system.8

Exclusion Criteria
Studies with the following characteristics were excluded
from this meta-analysis: (1) studies in non-human sub-
jects; (2) studies that were not a clinical trial, such as a re-
view paper, letter, case report, proposal, or protocol design;
(3) studies that were out of scope of the study question
detailed earlier; (4) studies that lacked proper controls;
(5) studies that did not provide raw data to perform quan-
titative meta-analysis; (6) studies conducted in pediatric
subjects; (7) studies written only in a language other
than English; (8) studies that did not have an available
manuscript; (9) studies that were duplicates; (10) studies
that were ongoing or not completed.

Outcomes and Endpoints
The primary outcomes for this network meta-analysis were
as follows:

1. Minimum two-point improvement in NAFLD Activity
Score [NAS]

2. Resolution of NASH without worsening fibrosis
3. Improvement of fibrosis without worsening of NASH
4. Improvement of fibrosis

As detailed in the NASH CRN scoring system,8 the
NAFLD activity score [NAS] ranges from a score of 0–8
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
and is the unweighted summation of individual scores
for steatosis, lobular inflammation, and hepatocellular
ballooning. The primary outcomes were developed in
accordance with current recommendations regarding end-
points for NASH in clinical trials.3–6 NASH resolution was
defined as a disappearance of hepatocellular ballooning
[score of 0] in addition to either a disappearance or mild
persistence of lobular inflammation [score of 0 or 1].
Improvement in fibrosis was defined as a minimum one-
stage decrease in fibrosis scoring. Worsening NASH and
fibrosis were defined as any increase in lobular inflamma-
tion/hepatocellular ballooning score or fibrosis stage,
respectively. For this network meta-analysis, the endpoint
of improvement in fibrosis alone was also conducted since
fibrosis has been demonstrated to be the strongest predic-
tor of liver-related mortality among patients with NAFLD/
NASH.9,10

Secondary outcomes for this network meta-analysis
include the following:

1. All-cause mortality
2. Mean change from baseline of individual histologic com-

ponents based on NASH CRN scoring system:

� NAS
� Steatosis
� Lobular inflammation
� Hepatocellular ballooning
� Fibrosis
Data Extraction
Ambiguity in the reported data was attempted to be
resolved by emailing the corresponding author of the study
where appropriate. Author names, dates, study type,
setting of study, number and characteristics of patients,
and treatment outcomes were gathered for all included
studies (Supplementary Materials, Appendices 1 and2).
Of note, the following comparisons weremerged into a sin-
gle intervention entitled “placebo”: placebo, control, or
RCT treatment arm with no additional interventions aside
from pharmacologic agent implemented in other treat-
ment arm(s).

Risk of Bias
Since all included studies were randomized, the revised Co-
chrane risk of bias tool [RoB 2]11 was used to assess the risk
of bias (Supplementary Materials, Appendix 6). RoB 2 tool
assessed the risk of bias through the presence of bias
arising from the randomization process, bias due to devia-
tions from intended interventions, bias due to missing
outcome data, bias in the measurement of the outcome,
and bias in the selection of the reported result. Each
form of bias was awarded either a “low risk of bias,”
“some concerns,” or “high risk of bias.”
2 | No. 4 | 1057–1068 1059
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Data Synthesis and Statistical Analysis
A conventional pairwise meta-analysis utilizing DerSimo-
nian and Laird random-effects model was implemented
for all direct comparisons.12 Pooled relative risk [RR] was
used as a summary measure of efficacy for dichotomous
data, and pooled mean differences [MD] were used for
continuous variables. 95% confidence intervals [CI] were re-
ported for both measures. Data were considered statisti-
cally insignificant if the 95% CI of RR includes 1.00 or
MD includes zero. If medians, interquartile ranges [IQR],
95% CI, and/or P values were provided in the included
RCTs instead of mean and standard deviations, the mean
and standard deviations were imputed as described previ-
ously,13–15 or as additionally described in the Cochrane
Handbook for Systematic Reviews.16 Heterogeneity was as-
sessed through visual inspection of the forest plots in addi-
tion to calculating the I2 statistic. I2 values of $50% were
deemed as significant heterogeneity.17

A frequentist random-effects networkmeta-analysis was
performed to analyze direct and indirect comparisons
(Supplementary Materials, Appendix 4).18 Multi-arm
RCTs were not excluded in this network meta-analysis as
long as they satisfied the inclusion criteria detailed earlier.
If a particular study was not connected to the network, it
was subsequently removed from the quantitative analysis
to conduct the network meta-analysis for each outcome.
A treatment hierarchy was achieved through calculation
of P-scores across all outcomes included in the network
meta-analysis (Supplementary Materials, Appendix 5).19

Relative ranking of interventions was performed in the fre-
quentist meta-analysis and based on a continuous P-score
scale, which ranged from 0 [worst intervention] to 1 [best
intervention], and a validated equivalent to the surface un-
der the cumulative ranking curve [SUCRA] score.19 De-
pending on the presence of dichotomous or continuous
variables reported, a RR or MD was calculated for each
treatment, in addition to the corresponding 95% confi-
dence interval. To assess small study effects, the assessment
was performed using a comparison-adjusted funnel plot
and corresponding Egger test for each outcome
(Supplementary Materials, Appendix 11).18,20

Inconsistency, also referred to as incoherence among
network meta-analyses, was meticulously assessed using
several measures. First, global inconsistency across each
network was utilized via the design-by-treatment model
for each outcome (Supplementary Materials, Appendix
7).21 Second, the node-splitting method was performed
to compare direct and indirect evidence.17,22 Inconsistency
was visualized by forest plots of the node-splitting
(Supplementary Materials, Appendix 9), in addition to
network heat plots for each network (Supplementary
Materials, Appendix 8). A loop-specific approach was im-
plemented to calculate the ratio or absolute difference be-
tween direct and indirect estimates for endpoints reporting
1060 © 2022 Indian National Associa
dichotomous or continuous variables, respectively
(Supplementary Materials, Appendix 10). For each of these
closed loops, the 95% CI and P values were also calculated
to determine if any statistical inconsistency was present.

Summary of evidence was performed with each network
estimate using the Grading of Recommendations, Assess-
ment, Development, and Evaluation [GRADE] approach,
which could lower the certainty of included RCTs based
upon limitations in risk of bias, imprecision, inconsistency,
indirectness, and publication bias (Supplementary
Materials, Appendix 12).23 High-quality studies could
potentially be downgraded to moderate, low, or very low
quality, depending on their specific limitations. Using
this approach, all direct, followed by indirect, comparisons
were rated and cataloged. The quality and summary of ev-
idence for the network estimate were based on the superior
rating from either the direct and indirect evidence, or in
some instances, only one of the two if either direct or indi-
rect data was not present.24

This network meta-analysis was planned to be per-
formed by evaluating primary and secondary outcomes
detailed earlier. Additionally, subgroup analyses were out-
lined to surmise any further changes in treatment effect
(Supplementary Materials, Appendices 13–15). This was
performed by duplicating the network meta-analysis in
the presence of excluding RCTs with one of the three
following treatment variables:

1. All patients with cirrhosis at baseline
2. All patients with diabetes mellitus at baseline
3. Length of treatment intervention reported as six months or

less

This network meta-analysis was performed using R Stu-
dio [Version 1.4.1106] for all statistical analyses. CINeMA
[Version 1.9.1] was utilized for thoroughly categorizing
summary of evidence measures across all outcomes for
network meta-analysis.25,26
RESULTS

Study Selection
The data search, literature review, and study selection are
outlined in Figure 1. 6533 studies were identified via the
thorough literature search strategy detailed above. After
the removal of duplicates and studies not satisfying the
predefined inclusion criteria, only 72 RCTs remained. 34
studies did not include enough raw data to conduct a
quantitative network meta-analysis. Two studies strati-
fied outcomes based on patients with bridging fibrosis
and cirrhosis at baseline,27,28 and thus were split into
two separate studies for this network meta-analysis. In
summation, a total of 40 RCTs were included in this
network meta-analysis comprised of 6593 total patients
(Supplementary Materials, Appendices 1 and 2).
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 1 Study flow diagram. Study flow diagram detailing the thor-
ough literature search and rationale for inclusion/exclusion of clinical
studies.
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Network Meta-analysis Results of Primary and
Secondary Outcomes
Network plots for each outcome are listed in Supplementary
Materials, Appendix 3. Overall results for individual primary
and secondary outcomes are characterized in Tables 2 and 3,
respectively. The network estimate and relative treatment
rank are reported for each outcome. The treatment effect
with respect to the GRADE summary of evidence is
designated in the corresponding legend for each table.
Further results, tables, and figures are detailed and
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
specifically categorized in Supplementary Materials,
Appendices 3–16.

Minimum Two-point Improvement in NAS Score
A total of 25 RCTs report the histologic endpoint of $2-
point decrease in NAS across 36 treatment comparisons.
Overall, several treatments were found to be superior to
placebo (Table 2). In order of treatment rank, the pooled
RR of aldafermin 1 mg [RR 7.69, 95% CI 2.00; 29.57],
vitamin E 800 IU and pioglitazone 45 mg [RR 3.38, 95%
CI 1.88; 6.07], pioglitazone 45 mg [RR 3.29, 95% CI 1.74;
6.22], vitamin E 800 IU [RR 2.06, 95% CI 1.33; 3.18], resme-
tirom 80 mg [RR 1.74, 95% CI 1.03; 2.94], obeticholic acid
25 mg [RR 1.63, 95% CI 1.32; 2.01], and obeticholic acid
10 mg [RR 1.31, 95% CI 1.02; 1.67] were found to be statis-
tically superior and of high or moderate GRADE summary
of evidence, making them the most effective treatments in
this network meta-analysis. Pentoxifylline 400mg TID [RR
2.84, 95% CI 1.41; 5.73], sitagliptin 100 mg [RR 2.60, 95%
CI 1.14; 5.93], saroglitazar 4 mg [RR 2.25, 95% CI 1.18;
4.29], and elafibranor 120 mg [RR 1.35, 95% CI 1.15;
1.58] may be among the most effective treatments given
their statistical superiority, however, comprised low or
very low GRADE summary of evidence. No heterogeneity
was found with reported I2 = 0%.

NASH Resolution without Worsening Fibrosis
A total of 16 RCTs analyzed the endpoint of resolution of
NASH without worsening fibrosis, which was performed
across 26 treatments (Table 2). Aldafermin 1 mg [RR
5.77, 95% CI 1.48; 22.51], pioglitazone 45 mg [RR 2.65,
95% CI 1.43; 4.91], vitamin E 800 IU and pioglitazone
45 mg [RR 2.64, 95% CI 1.36; 5.12], pioglitazone 30 mg
[RR 2.46, 95% CI 1.56; 3.88], vitamin E 800 IU [RR 1.90,
95% CI 1.20; 3.00], and obeticholic acid 25 mg [RR 1.52,
95% CI 1.03; 2.23] were among the most effective therapies
due to its high or moderate GRADE evidence and statisti-
cal superiority. Only one intervention was statistically su-
perior and among low or very low GRADE evidence,
which includes liraglutide 1.8 mg with pooled RR 4.30
[95% CI 1.04; 17.74]. Overall, no heterogeneity was identi-
fied across this network with I2 = 0%.

Improvement of Fibrosis without Worsening of NASH
Nine RCTs reported improvement of fibrosis without
worsening NASH. Fifteen total treatment interventions
were implemented across this network (Table 2). Only
two interventions, obeticholic acid 25 mg [RR 1.94, 95%
CI 1.34; 2.79] and obeticholic acid 10 mg [RR 1.48, 95%
CI 1.01; 2.18], were found to be statistically superior. These
treatments comprised high or moderate quality GRADE
2 | No. 4 | 1057–1068 1061



Table 2 Network Meta-analysis Results for Primary Outcomes Listed as Treatment Intervention Compared to Placebo
for All Endpoints. If Present for the Network, a Treatment Rank, Treatment Effect, and 95% Confidence Interval are Provided. The
Quality and GRADE Summary of Evidence for Each Intervention is also Provided Using the Color Gradient Described.

Treatment

≥ 2-point decrease in 
NAFLD Ac�vity Score 

[NAS]

NASH resolu�on without 
worsening fibrosis

Fibrosis improvement 
without worsening NASH

Fibrosis improvement 
regardless of NASH 

progression

Rank RR [95% CI] Rank RR [95% CI] Rank RR [95% CI] Rank RR [95% CI]
Aldafermin 1mg SQ daily 1 7.69 [2.00; 29.57] 1 5.77 [1.48; 22.51] 1 2.40 [0.92; 6.29] -- --
Belapec�n 2mg kg IV biweekly -- -- -- -- -- -- 4 2.93 [0.32; 27.17]
Belapec�n 8mg kg IV biweekly -- -- -- -- -- -- 8 2.20 [0.21; 23.32]
Cenicriviroc 150mg daily 24 0.99 [0.42; 2.33] -- -- 10 0.91 [0.41; 2.03] -- --
Colesevelam 3.75g daily 7 2.88 [0.71; 11.73] -- -- -- -- -- --
Elafibranor 120 mg daily 16 1.35 [1.15; 1.58] 10 1.60 [0.79; 3.22] -- -- -- --
Elafibranor 80 mg daily 27 0.99 [0.81; 1.21] 16 1.08 [0.50; 2.32] -- -- -- --
Emricasan 50mg BID 35 0.52 [0.25; 1.07] 20 0.63 [0.25; 1.56] 13 0.64 [0.34; 1.23] 26 0.60 [0.33; 1.11]
Emricasan 5mg BID 34 0.57 [0.28; 1.13] 25 0.36 [0.12; 1.09] 14 0.59 [0.30; 1.14] 24 0.64 [0.35; 1.16]
Eze�mibe 10mg daily 22 1.06 [0.37; 3.02] -- -- -- -- -- --
Liraglu�de 1.8mg daily -- -- 2 4.30 [1.04; 17.74] -- -- 5 1.91 [0.54; 6.72]
Losartan 50mg daily -- -- -- -- -- -- 30 0.28 [0.04; 2.26]
Metadoxine 500mg BID -- -- -- -- -- -- 11 1.35 [0.57; 3.21]
Me�ormin 500mg daily -- -- -- -- -- -- -- --
MSDC0602K 125mg TID 21 1.11 [0.69; 1.77] 14 1.38 [0.78; 2.45] 7 1.30 [0.74; 2.26] -- --
MSDC0602K 250mg TID 17 1.33 [0.86; 2.06] 11 1.55 [0.89; 2.68] 6 1.34 [0.78; 2.32] -- --
MSDC0602K 62.5mg TID 26 1.00 [0.62; 1.62] 17 1.00 [0.54; 1.86] 9 1.10 [0.62; 1.97] -- --
Obe�cholic acid 10mg daily 18 1.31 [1.02; 1.67] 13 1.43 [0.91; 2.26] 5 1.48 [1.01; 2.18] 12 1.22 [0.90; 1.66]
Obe�cholic acid 25mg daily 12 1.63 [1.32; 2.01] 12 1.52 [1.03; 2.23] 2 1.94 [1.34; 2.79] 3 1.69 [1.31; 2.17]
omega-3 PUFA (EPA 1050mg) daily 19 1.33 [0.35; 5.08] -- -- -- -- 21 0.67 [0.13; 3.50]
omega-3 PUFA (EPA 2160mg) daily 28 0.94 [0.47; 1.89] -- -- -- -- 25 0.53 [0.15; 1.80]
omega-3 PUFA (EPA 50.4mg) TID -- -- -- -- -- -- -- --
omega-3 PUFA (EPA 600mg) TID 30 0.83 [0.47; 1.48] -- -- -- -- -- --
omega-3 PUFA (EPA 900mg) TID 29 0.91 [0.53; 1.55] -- -- -- -- -- --
Pentoxifylline 400mg TID 4 2.84 [1.41; 5.73] -- -- -- -- 2 2.27 [0.77; 6.71]
Pioglitazone 30mg daily 13 1.65 [1.00; 2.72] 5 2.46 [1.56; 3.88] -- -- 9 1.40 [0.93; 2.09]
Pioglitazone 45mg daily 3 3.29 [1.74; 6.22] 3 2.65 [1.43; 4.91] -- -- 6 1.57 [0.88; 2.80]
Resme�rom 80mg daily 11 1.74 [1.03; 2.94] 15 1.27 [0.56; 2.90] 8 1.22 [0.60; 2.48] -- --
Rosiglitazone 8mg and Losartan 
50mg daily -- -- -- -- -- -- 23 0.72 [0.20; 2.58]

Rosiglitazone 8mg and Me�ormin 
500mg BID -- -- -- -- -- -- 13 1.11 [0.32; 3.83]

Rosiglitazone 8mg daily -- -- -- -- -- -- 16 0.97 [0.31; 3.02]
Saroglitazar 4mg daily 8 2.25 [1.18; 4.29] -- -- -- -- -- --
Selonser�b 18mg daily -- -- 23 0.56 [0.32; 0.99] 12 0.94 [0.66; 1.33] 17 0.99 [0.73; 1.34]
Selonser�b 6mg daily -- -- 21 0.64 [0.37; 1.12] 11 0.96 [0.68; 1.35] 19 0.95 [0.70; 1.28]
Silymarin 420mg 14 1.60 [0.43; 6.01] -- -- -- -- 29 0.41 [0.12; 1.42]
Silymarin 700mg 20 1.23 [0.31; 4.98] -- -- -- -- 18 0.93 [0.38; 2.27]
Simtuzumab 125mg SQ weekly 15 1.49 [0.68; 3.25] 8 2.18 [0.42; 11.45] -- -- 22 0.77 [0.40; 1.51]
Simtuzumab 200mg IV every other 
week 31 0.74 [0.38; 1.45] 24 0.30 [0.03; 2.81] -- -- 15 1.00 [0.34; 2.96]

Simtuzumab 700mg IV every other 
week 32 0.65 [0.32; 1.31] 6 2.12 [0.56; 8.02] -- -- 7 1.58 [0.60; 4.14]

Simtuzumab 75mg SQ weekly 10 1.85 [0.87; 3.93] 9 1.87 [0.33; 10.77] -- -- 20 0.83 [0.43; 1.62]
Sitaglip�n 100mg daily 6 2.60 [1.14; 5.93] -- -- -- -- -- --

Telmisartan 40mg daily 5 3.25 [0.90; 11.70] -- -- -- -- 1 8.71 [0.55; 
136.68]

UDCA 23mg/kg daily -- -- -- -- -- -- -- --
Vitamin E 800 IU daily 9 2.06 [1.33; 3.18] 7 1.90 [1.20; 3.00] 3 1.69 [0.93; 3.08] 10 1.29 [0.86; 1.95]
Vitamin E 800 IU daily and 2 3.38 [1.88; 6.07] 4 2.64 [1.36; 5.12] 4 1.64 [0.90; 3.00] -- --
Pioglitazone 45mg daily
Volixibat 10mg daily 33 0.47 [0.11; 1.97] 18 0.71 [0.22; 2.32] -- -- 27 0.43 [0.10; 1.83]
Volixibat 20mg daily 23 0.98 [0.32; 3.01] 19 0.65 [0.16; 2.59] -- -- 28 0.32 [0.05; 2.30]
Volixibat 5mg daily 25 0.95 [0.33; 2.68] 22 0.47 [0.11; 1.97] -- -- 14 1.00 [0.38; 2.64]

Descrip�on of color gradients based on NMA results and 
GRADE summary of evidence

Treatment sta�s�cally 
superior to placebo and at 
least one other treatment

Treatment sta�s�cally 
superior to placebo

No sta�s�cally significant 
difference between 

treatment and placebo

High or moderate GRADE summary 
of evidence

Among the most effec�ve 
treatments

Inferior to the most 
effec�ve treatments, 
however superior to 

placebo

No difference than 
placebo

Low or very low GRADE summary 
of evidence

May be among the most 
effec�ve treatments

May be inferior to the 
most effec�ve 

treatments, however 
superior to placebo

There may be no 
difference than placebo

Abbrevia�ons: BID, twice daily; CI, confidence interval; EPA, eicosapentaenoic acid ; g, gram; GRADE, Grading of 
Recommenda�ons, Assessment, Development, and Evalua�on; IU, interna�onal units; IV, intravenous; kg, kilogram; mg, 
milligram; NAS, NAFLD Ac�vity Score; NASH, nonalcoholic steatohepa��s; PUFA, polyunsaturated fa�y acid; RR, rela�ve 
risk; SQ, subcutaneous; TID, three �me daily; UDCA, 
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Table 3 Network Meta-analysis Results for Secondary Outcomes Listed as Treatment Intervention Compared to Placebo
for All Endpoints. If Present for the Network, a Treatment Rank, Treatment Effect, and 95% Confidence Interval are Provided. The
Quality and GRADE Summary of Evidence for Each Intervention is also Provided Using the Color Gradient Described.

Treatment Mean change in NAS Mean change in steatosis Mean change in lobular 
inflamma�on

Mean change in 
hepatocellular ballooning

Mean change in fibrosis

Rank MD [95% CI] Rank MD [95% CI] Rank MD [95% CI] Rank MD [95% CI] Rank MD [95% CI]

Aldafermin 1mg SQ daily 1 -1.90 [-2.80; -1.00] 2 -1.00 [-1.61; -0.39] 10 -0.30 [-0.73; 0.13] 1 -0.60 [-0.99; -0.21] -- --

Belapec�n 2mg kg IV 
biweekly

14 -0.30 [-1.05; 0.45] 11 -0.40 [-0.96; 0.16] 12 0.00 [-0.47; 0.47] 3 -0.40 [-0.75; -0.05] -- --

Belapec�n 8mg kg IV 
biweekly

15 -0.20 [-0.92; 0.52] 12 -0.40 [-0.96; 0.16] 16 0.10 [-0.35; 0.55] 12 -0.20 [-0.55; 0.15] -- --

Cenicriviroc 150mg daily -- -- -- -- -- -- -- -- -- --

Colesevelam 3.75g daily 9 -0.71 [-1.77; 0.35] 17 -0.11 [-0.70; 0.48] 5 -0.51 [-1.14; 0.12] 13 -0.13 [-0.56; 0.30] 10 -0.20 [-0.58; 0.18]

Elafibranor 120 mg daily -- -- -- -- -- -- -- -- -- --

Elafibranor 80 mg daily -- -- -- -- -- -- -- -- -- --

Emricasan 50mg BID -- -- -- -- -- -- -- -- -- --

Emricasan 5mg BID -- -- -- -- -- -- -- -- -- --

Eze�mibe 10mg daily -- -- -- -- -- -- -- -- -- --

Liraglu�de 1.8mg daily 12 -0.50 [-1.49; 0.49] 13 -0.30 [-0.93; 0.33] 13 0.00 [-0.47; 0.47] 9 -0.30 [-0.74; 0.14] 5 -0.40 [-0.97; 0.17]

Losartan 50mg daily -- -- -- -- -- -- -- -- -- --

Metadoxine 500mg BID -- -- 8 -0.45 [-0.98; 0.08] 11 -0.01 [-0.47; 0.45] -- -- 12 0.02 [-0.32; 0.36]

Me�ormin 500mg daily 18 1.10 [-0.27; 2.47] 20 0.56 [-0.42; 1.54] -- -- 14 0.06 [-2.74; 2.86] 9 -0.25 [-0.90; 0.40]

MSDC0602K 125mg TID -- -- -- -- -- -- -- -- -- --

MSDC0602K 250mg TID -- -- -- -- -- -- -- -- -- --

MSDC0602K 62.5mg TID -- -- -- -- -- -- -- -- -- --

Obe�cholic acid 10mg daily -- -- -- -- -- -- -- -- -- --

Obe�cholic acid 25mg daily 5 -1.00 [-1.74; -0.26] 10 -0.40 [-0.89; 0.09] 9 -0.30 [-0.71; 0.11] 8 -0.30 [-0.64; 0.04] 8 -0.30 [-0.63; 0.03]

omega-3 PUFA (EPA 
1050mg) daily

-- -- -- -- -- -- -- -- -- --

omega-3 PUFA (EPA 
2160mg) daily

-- -- -- -- -- -- -- -- -- --

omega-3 PUFA (EPA 
50.4mg) TID

17 0.16 [-0.82; 1.14] 14 -0.30 [-0.89; 0.29] 21 0.40 [-0.14; 0.94] 18 0.10 [-0.31; 0.51] 11 0.00 [-0.49; 0.49]

omega-3 PUFA (EPA 600mg) 
TID

-- -- -- -- -- -- -- -- -- --

omega-3 PUFA (EPA 900mg) 
TID

-- -- -- -- -- -- -- -- -- --

Pentoxifylline 400mg TID 3 -1.23 [-1.69; -0.77] 7 -0.45 [-0.81; -0.09] 6 -0.39 [-0.71; -0.08] 7 -0.34 [-0.56; -0.11] 2 -0.56 [-0.80; -0.32]

Pioglitazone 30mg daily 4 -1.18 [-2.12; -0.23] 5 -0.71 [-1.22; -0.21] 1 -0.54 [-0.93; -0.16] 10 -0.26 [-0.51; -0.01] 4 -0.46 [-0.81; -0.11]

Pioglitazone 45mg daily -- -- 4 -0.90 [-1.45; -0.35] 3 -0.50 [-0.98; -0.02] 4 -0.40 [-0.74; -0.06] 3 -0.50 [-0.97; -0.03]

Resme�rom 80mg daily 13 -0.40 [-0.95; 0.15] -- -- -- -- -- -- -- --

Rosiglitazone 8mg and 
Losartan 50mg daily

10 -0.60 [-3.14; 1.94] -- -- 19 0.28 [-0.50; 1.06] 16 -0.07 [-0.76; 0.62] 17 0.59 [-0.28; 1.46]

Rosiglitazone 8mg and 
Me�ormin 500mg BID

11 -0.55 [-3.09; 1.99] -- -- 20 0.30 [-0.48; 1.08] 17 0.07 [-0.65; 0.79] 15 0.32 [-0.57; 1.21]

Rosiglitazone 8mg daily 7 -1.00 [-3.05; 1.05] -- -- 14 0.04 [-0.47; 0.55] 15 -0.10 [-0.54; 0.34] 14 0.21 [-0.35; 0.77]

Saroglitazar 4mg daily -- -- -- -- -- -- -- -- -- --

Selonser�b 18mg daily -- -- -- -- -- -- -- -- -- --
Selonser�b 6mg daily -- -- -- -- -- -- -- -- -- --

Silymarin 420mg -- -- -- -- -- -- -- -- -- --

Silymarin 700mg -- -- -- -- -- -- -- -- -- --

Simtuzumab 125mg SQ 
weekly

-- -- -- -- -- -- -- -- -- --

Simtuzumab 200mg IV 
every other week

-- -- -- -- -- -- -- -- -- --

Simtuzumab 700mg IV 
every other week

-- -- -- -- -- -- -- -- -- --

Simtuzumab 75mg SQ 
weekly

-- -- -- -- -- -- -- -- -- --

Sitaglip�n 100mg daily 8 -0.90 [-1.72; -0.07] 9 -0.41 [-0.97; 0.16] 15 0.07 [-0.34; 0.48] 5 -0.40 [-0.77; -0.03] 16 0.26 [-0.37; 0.88]

Telmisartan 40mg daily 2 -1.50 [-2.30; -0.70] 1 -1.20 [-1.96; -0.45] 2 -0.54 [-1.09; 0.01] 11 -0.25 [-0.77; 0.28] 1 -0.67 [-1.08; -0.25]

UDCA 23mg/kg daily 16 -0.19 [-0.89; 0.51] 18 0.02 [-0.46; 0.50] 8 -0.32 [-0.72; 0.08] 19 0.10 [-0.20; 0.40] 13 0.08 [-0.18; 0.34]

Vitamin E 800 IU daily 6 -0.96 [-1.76; -0.16] 6 -0.60 [-1.01; -0.20] 7 -0.34 [-0.66; -0.01] 6 -0.35 [-0.61; -0.09] 6 -0.35 [-0.63; -0.07]

Vitamin E 800 IU daily and 
Pioglitazone 45mg daily

-- -- 3 -0.90 [-1.48; -0.33] 4 -0.48 [-0.92; -0.03] 2 -0.47 [-0.91; -0.04] 7 -0.33 [-0.78; 0.12]

Volixibat 10mg daily -- -- 19 0.10 [-0.70; 0.90] 18 0.20 [-0.61; 1.01] 21 0.50 [-0.17; 1.17] -- --

Volixibat 20mg daily -- -- 15 -0.20 [-1.10; 0.70] 17 0.20 [-0.61; 1.01] 22 0.70 [-0.13; 1.53] -- --

Volixibat 5mg daily -- -- 16 -0.20 [-0.97; 0.57] 22 0.50 [-0.24; 1.24] 20 0.40 [-0.31; 1.11] -- --

Descrip�on of color gradients based on NMA results and GRADE 
summary of evidence

Treatment sta�s�cally 
superior to placebo and at 
least one other treatment

Treatment sta�s�cally 
superior to placebo

No sta�s�cally significant 
difference between 

treatment and placebo
High or moderate GRADE 

summary of evidence
Among the most effec�ve 

treatments
Inferior to the most 

effec�ve treatments, 
however superior to 

placebo

No difference than placebo

Low or very low GRADE 
summary of evidence

May be among the most 
effec�ve treatments

May be inferior to the most 
effec�ve treatments, 
however superior to 

placebo

There may be no difference 
than placebo

Abbrevia�ons: BID, twice daily; CI, confidence interval; EPA, eicosapentaenoic acid; g, gram; GRADE, Grading of Recommenda�ons, Assessment, Development, and Evalua�on; IU, 
interna�onal units; IV, intravenous; kg, kilogram; MD, mean difference; mg, mill igram; NAS, NAFLD Ac�vity Score; NASH, nonalcoholic steatohepa��s; PUFA, polyunsaturated fa�y acid; 
SQ, subcutaneous; TID, three �me daily; UDCA, 
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evidence, making them the most effective treatments. No
heterogeneity was noted across this network with I2 = 0.4%.

Improvement of Fibrosis
Twenty-one RCTs including 31 different treatment inter-
ventions investigated the histologic improvement of
fibrosis among biopsy-proven NASH (Table 2). Obeticholic
acid 25 mg [RR 1.69, 95% CI 1.31; 2.17] was the only inter-
vention statistically superior and was found to be of high
or moderate GRADE evidence. No significant heterogene-
ity was reported across the network with I2 = 0%.

Mean Change in NAFLD Activity Score [NAS]
Nineteen different interventions reported across nineteen
RCTs exist that studied the mean change in NAS as
compared from end of treatment to baseline. Overall, there
are several interventions found to be significantly superior
detailed in Table 3, most notably aldafermin 1 mg [MD
�1.90, 95% CI �2.80; �1.00], pentoxifylline 400 mg TID
[MD �1.23, 95% CI �1.69; �0.77], pioglitazone 30 mg
[MD �1.18, 95% CI �2.12; �0.23], obeticholic acid
25 mg [MD �1.00, 95% CI �1.74; �0.26], vitamin E
800 IU [MD �0.96, 95% CI �1.76; �0.16], and sitagliptin
100 mg [MD �0.90, 95% CI �1.72; �0.07]. Telmisartan
40 mg was found to be superior as well with pooled MD
�1.50 [95% CI �2.30; �0.70]; however, this was based on
low or very low GRADE quality evidence. No significant
heterogeneity was present with I2 = 36.8%.

Mean Change in Steatosis
Nineteen RCTs compared the mean change in steatosis
score across 25 various treatments [Table 3]. Aldafermin
1 mg [MD �1.00, 95% CI �1.61; �0.39], vitamin E
800 IU and pioglitazone 45 mg [MD �0.90, 95% CI
-1.48; �0.33], pioglitazone 45 mg [MD �0.90, 95% CI
�1.45; �0.35], pioglitazone 30 mg [MD �0.71, 95% CI
�1.22; �0.21], vitamin E 800 IU [MD �0.60, 95% CI
�1.01; �0.20], and pentoxifylline 400 mg TID [MD
�0.45, 95% CI�0.81;�0.09] were all found to be interven-
tions statistically superior with respect to reduction of the
steatosis score. Telmisartan 40 mg was also superior to pla-
cebo with pooled MD �1.20 [95% CI �1.96; �0.45]; how-
ever, this was based on low-quality GRADE evidence. No
significant heterogeneity was noted with I2 = 46.6%.

Mean Change in Lobular Inflammation
Twenty RCTs among 23 interventions analyzed the histo-
logic endpoint of mean change in lobular inflammation
scores from baseline to end of treatment (Table 3). Several
treatments demonstrated statistical superiority, including
pioglitazone 30mg [MD�0.54, 95% CI�0.93;�0.16], pio-
glitazone 45 mg [MD �0.50, 95% CI �0.98; �0.02],
vitamin E 800 IU and pioglitazone 45 mg [MD �0.48,
95% CI �0.92; �0.03], pentoxifylline 400 mg TID [MD
�0.39, 95% CI �0.71; �0.08], and vitamin E 800 IU [MD
1064 © 2022 Indian National Associa
�0.34, 95% CI �0.66; �0.01]. Overall I2 = 41.9% indicating
that no significant heterogeneity was present.

Mean Change in Hepatocellular Ballooning
Twenty-three different treatments were described across 20
RCTs investigating the mean change in hepatocellular
balloon scoring (Table 3). Multiple treatment measures
were found to be statistically superior including aldafer-
min 1 mg [MD �0.60, 95% CI �0.99; �0.21], vitamin E
800 IU and pioglitazone 45 mg [MD �0.47, 95% CI
�0.91; �0.04], pioglitazone 45 mg [MD �0.40, 95% CI
�0.74; �0.06], sitagliptin 100 mg [MD �0.40, 95% CI
�0.77; �0.03], vitamin E 800 IU [MD �0.35, 95% CI
�0.61; �0.09], pentoxifylline 400 mg TID [MD �0.34,
95% CI �0.56; �0.11], and pioglitazone 30 mg [MD
�0.26, 95% CI�0.51;�0.01]. Belapectin 2 mg also demon-
strated a statistically superior response with pooled MD
�0.40 [95% CI �0.75; �0.05]; however, this was based on
low-quality GRADE evidence. No statistical heterogeneity
was present across the network with I2 = 30%.

Mean Change in Fibrosis
Nineteen RCTs including eighteen different treatments
compared mean change fibrosis scores from baseline to
end of treatment (Table 3). Of data with high or moderate
GRADE evidence, pentoxifylline 400 mg TID [MD �0.56,
95% CI �0.80; �0.32], pioglitazone 45 mg [MD �0.50,
95% CI �0.97; �0.03], and pioglitazone 30 mg [MD
�0.46, 95% CI �0.81; �0.11] established a statistically su-
perior improvement of fibrosis scoring. Telmisartan 40 mg
[MD �0.67, 95% CI �1.08; �0.25] and vitamin E 800 IU
[MD �0.35, 95% CI �0.63; �0.07] also were found to be
statistically superior; however, this was based on low-qual-
ity evidence after careful GRADE assessment. I2 = 14.6%
thus substantiating that no statistical heterogeneity was
present.

Mortality
Unfortunately, there was insufficient evidence to perform a
network meta-analysis for the endpoint of all-cause mor-
tality. The overwhelming majority of RCTs did not report
any deaths within the timeframe of their study. Only seven
RCTs remained that had reported cases of mortality, with
most treatment arms still having no observed events. Thus,
it was concluded that there was insufficient evidence to
perform a comprehensive network meta-analysis for all-
cause mortality.

Network Consistency
Results of global inconsistency as calculated by the
design-by-treatment interaction model are reported in
Supplementary Materials, Appendix 7. Overall, no sig-
nificant global inconsistency was found among the
networks for each individual outcome. Local inconsis-
tency among networks for specific outcomes was
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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visualized by network heat plots (Supplementary
Materials, Appendix 8) and forest plots of node split-
ting (Supplementary Materials, Appendix 9), which
did not reveal any overt inconsistency. Closed-loop
data with both direct and indirect evidence were also
analyzed (Supplementary Materials, Appendix 10).
Overall, there was no evidence of inconsistency among
these network meta-analyses, with one exception occur-
ring within the secondary outcome of mean change in
fibrosis where the comparison of vitamin E 800 IU
daily versus placebo was found to have a statistically
significant absolute difference of 0.84 [95% CI 0.04,
1.63; P = 0.04].
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Small Study Effects
No asymmetry of comparison-adjusted funnel plots was
noted to suggest evidence of small study effects, which
was validated by the corresponding Egger test for each
outcome (Supplementary Materials, Appendix 11).

Subgroup Analysis
Overall, there were no major trends or shifts in treatment
rank order upon performing subgroup analyses for pri-
mary outcomes, and furthermore, there were no treat-
ments that demonstrated statistically improved
outcomes upon removal of these individual patient popu-
lations (Supplementary Materials, Appendices 13–15).
This trend was also demonstrated across secondary out-
comes with the one exception of the mean change in
lobular inflammation endpoint. Upon removal of RCTs
with 100% patients reported with diabetes mellitus, the
following interventions went from insignificant to statisti-
cally significant compared to placebo with respect to
improvement of lobular inflammation scores: telmisartan
40 mg daily, pioglitazone 45 mg daily, UDCA 23 mg/kg
daily, obeticholic acid 25 mg daily, and aldafermin 1 mg
SQ daily. Similarly, for the length of treatment subgroup
analysis performed upon removal of RCTs with a length
of treatment reported as 6 months or less, the following
treatments become statistically superior to placebo for
improvement of lobular inflammation: telmisartan
40 mg daily, UDCA 23 mg/kg daily, and obeticholic acid
25 mg daily.
DISCUSSION

The paradigm for the management of patients with NASH
remains dynamic. The flurry of recent RCTs will continue
to fuel clinicians for greater pharmacotherapeutic options
towards an increasingly prevalent disease. However, to
date, there has been an overall inconsistent utilization of
histologic endpoints among clinical trials. There have
been two previous network meta-analyses that attempt to
identify a hierarchy of pharmacologic treatments among
Journal of Clinical and Experimental Hepatology | July–August 2022 | Vol. 1
patients with NASH; however, the recommend histologic
endpoints of a minimum two-point improvement in
NAS, NASH resolution without worsening fibrosis, and
fibrosis improvement without NASH worsening. The first
network meta-analysis was performed in 2015 where re-
sults of nine RCTs were identified including interventions
of vitamin E, thiazolidinediones, pentoxifylline, and obeti-
cholic acid.29 Primary outcome analyzed was an improve-
ment in fibrosis, regardless of concomitant NASH
resolution or progression. Secondary outcomes included
improvement in individual histologic scores in steatosis,
lobular inflammation, and balloon degeneration. All four
interventions were lumped together in this network
meta-analysis, demonstrating improvement in steatosis
across all interventions, ballooning for all interventions
except pentoxifylline, and only obeticholic acid as signifi-
cantly improving fibrosis score. A more recent network
meta-analysis was conducted across 26 RCTs and 23
different interventions.30 The primary outcome was an
improvement in the fibrosis stage, and secondary out-
comes included NASH resolution, without mention or
consideration of a concomitant change in fibrosis. It was
demonstrated that obeticholic acid, and possibly lanifibra-
nor, were the most effective treatments for improvement in
fibrosis, and semaglutide, liraglutide, and vitamin E plus
pioglitazone had the highest treatment ranks for NASH
resolution. Some of these conclusions identified are vali-
dated in this network meta-analysis as well. Not only are
the findings in this current systematic review and network
meta-analysis more recent and up-to-date, but there is a
more exhaustive assessment of recommended histologic
endpoints that recovers deficiencies made in prior network
meta-analyses. Additionally, there are 48 interventions as-
sessed over a large number of primary and secondary end-
points, making identification of treatment efficacy and
rank much more robust. While there was no inclusion or
exclusion criteria based on the clinical trial phase, only ran-
domized controlled clinical trials were included in this
meta-analysis, representing the most robust, impactful
studies in the field. In the end, this systematic review and
network meta-analysis provides the most novel, compre-
hensive, and accurate assessment of pharmacotherapeutic
interventions on biopsy-proven NASH to date.

The overall results illuminate the current treatment op-
tions for NASH based upon current recommended histo-
logic endpoints. Several themes are noted in the network
meta-analysis across primary outcomes (Table 2). Aldafer-
min 1 mg was the highest-ranked treatment for the mini-
mum two-point decrease in NAS and overall NASH
resolution without worsening fibrosis. It was also the high-
est-ranked intervention for fibrosis improvement without
worsening NASH; however, this was not found to be statis-
tically significant. Vitamin E 800 IU alone or in combina-
tion with pioglitazone 45 mg were found to be
statistically significant and of the most effective
2 | No. 4 | 1057–1068 1065
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treatments. Pioglitazone alone, in both 45 mg and 30 mg
doses, was also found to be effective intervention. Obeti-
cholic acid was also found to be one of the most effective
treatment strategies. Obeticholic acid 10 mg was statisti-
cally superior for two-point minimum improvement of
NAS as well as fibrosis improvement without worsening
NASH. Meanwhile, obeticholic acid 25 mg dose was a sta-
tistically effective treatment intervention across all primary
outcomes. Resmetirom 80 mg also demonstrated promise
with statistical superiority with respect to a two-point min-
imum decrease in NAS. There were treatments, including
elafibranor 120 mg, liraglutide, saroglitazar 4 mg, and sita-
gliptin 100 mg, which demonstrated statistically signifi-
cant findings among isolated outcomes for primary
measures. However, these four interventions were
comprised of low to very low GRADE evidence. Across sec-
ondary endpoints, several interventions found statistical
benefit across the network. Significant interventions
include aldafermin 1 mg, pioglitazone [either 30 mg or
45mg], vitamin E 800 IU, vitamin E 800 IU in combination
with pioglitazone 45 mg, obeticholic acid 25 mg, and pen-
toxifylline 400 mg TID. Telmisartan 40 mg daily also had a
significant effect on many secondary endpoints; however,
this was found to be low to very low GRADE evidence.
Yet, many of these interventions were observed among
low-quality RCTs. Overall across all networks, no signifi-
cant heterogeneity was present. No statistical inconsis-
tency was found, apart from the vitamin E 800 IU daily
versus placebo comparison observed in the secondary
outcome of mean change in fibrosis score [P = 0.04]. Sensi-
tivity analysis through the subgroups of cirrhosis, diabetes
mellitus, and length of treatment was broadly unrevealing.
However, there did appear to be an isolated effect for
several pharmacotherapeutic agents with respect to the
secondary outcome of mean change in lobular inflamma-
tion scores upon subgroup analysis excluding RCTs with
100% patients with diabetes mellitus.

The area of pharmacotherapeutics and drug develop-
ment for NASH remains a rapidly evolving topic of
research. Since the completion of this literature search,
several high-impact clinical trials have shown promise
among NASH histologic endpoints. One recent RCT re-
ports improvement in NASH resolution among patients
receiving semaglutide for 72 weeks.31 Another phase 2
RCT assessing the effect of aldafermin 1 mg daily among
patients with NASH was recently published.32 The primary
endpoint was a change in absolute liver fat content after 24
weeks of treatment, which aldafermin demonstrated a
greater reduction of �7.7% over placebo �2.7% with
[P = 0.002]. Secondary endpoints included histologic
assessment. While there was an absolute reduction in
both endpoints of NASH resolution without worsening
fibrosis [24% aldafermin group vs 9% placebo] and fibrosis
improvement without worsening NASH [38% aldafermin
group vs 18% placebo], neither of these endpoints achieved
1066 © 2022 Indian National Associa
statistical significance. These findings would not appear to
be congruent with the robust association of aldafermin
found in this network meta-analysis with respect to these
two endpoints. However, aldafermin was demonstrated
to be statistically significant over placebo in a variety of
other endpoints. 22% patients receiving aldafermin had
NASH resolution and fibrosis improvement as compared
to 0% of patients in the placebo group [P = 0.015]. 62%
of patients receiving aldafermin had a minimum two-
point improvement in NAS without worsening fibrosis as
compared to 9% among placebo group [P < 0.001]. For in-
dividual histologic components, aldafermin demonstrated
superiority for patients achieving a minimum one-point
improvement in steatosis score [70% vs 18%; P < 0.001],
ballooning score [58% vs 18%; P = 0.002], and inflamma-
tion [52% vs 23%; P = 0.021]. Overall, aldafermin demon-
strated significant improvement in the primary endpoint
of this RCT in addition to a number of alternative histo-
logic endpoints. However, future studies are required to
further investigate its validated effect specifically towards
endpoints of NASH resolution without worsening fibrosis
and fibrosis improvement without worsening NASH. Simi-
larly, phase 2 data for resmetirom has shown promise
among secondary endpoints for improvement in NAS
and fibrosis scoring,33 and further testing in a phase 3
RCT is currently underway.

While this systematic review and network meta-analysis
are comprehensive, it is not without limitations. First, the
number of overall RCTs included following the literature
search is dependent on the type of histologic endpoints re-
ported. Because the primary objective of this network
meta-analysis was to identify RCTs implementing current,
up-to-date histologic endpoints, this did severely limit the
overall number of studies included. Second, despite the
recent call for these current histologic endpoints based
on previous inconsistency among RCTs, there still remains
some obscurity over their global utility. Even from the
most recent AASLD/EASL Joint Workshop on Clinical
Trial Endpoints in NAFLD,6 there still is not an absolute,
true consensus on the definition for the “worsening of
NASH.” Also, there is a slightly adjusted set of endpoints
recommended for RCTs exclusively reporting NASH
cirrhosis, which was addressed in this study with the sub-
group analysis. Third, there are relatively few head-to-head
treatment interventions among RCTs, with most evidence
available comparing one pharmacotherapeutic interven-
tion to a placebo. In the end, this generates a large portion
of indirect evidence among the networks. Fourth, limita-
tions with respect to risk of bias and GRADE summary
of evidence were present and cataloged. Likely a function
of a sound literature search and inclusion/exclusion
criteria, but no overt, glaring trends were observed to ac-
count for this. Fifth, inconsistency was largely absent
across all networks in this analysis. However, there was a
statistically significant inconsistency observed in the
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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secondary outcome ofmean change in fibrosis score for the
specific comparison of vitamin E 800 IU daily versus pla-
cebo [P = 0.04]. Sixth, the final limitation is the mere fact
that some RCTs only reported findings that applied to sec-
ondary rather than primary outcomes identified in this
network meta-analysis. This makes the direct comparison
more difficult when attempting to compare treatment ef-
fects across all included endpoints.

This systematic review and network meta-analysis rep-
resents unique and novel findings in a booming area of
NASH research. Complex pathophysiology mechanisms,
lack of targeted treatment interventions, and inconsistent
utilization of histologic endpoints in clinical trials have
posed challenges in the management of this disease.
This current network meta-analysis exhausts all present
pharmacotherapies and demonstrates several robust
treatment options for currently recommended histologic
endpoints. Based on this thorough systematic review
and network meta-analysis, the most promising treat-
ment interventions include aldafermin 1 mg, pioglitazone
45 mg, pioglitazone 30 mg, vitamin E 800 IU, vitamin E
800 IU in combination with pioglitazone 45 mg, obeti-
cholic acid 25 mg, obeticholic acid 10 mg, and resme-
tirom 80 mg. RCTs moving forward should shift their
focus towards the currently recommended histologic end-
points of minimum two-point improvement in NAS, res-
olution of NASH without worsening fibrosis, and
improvement of fibrosis without worsening of NASH.
Future studies ideally will continue to bolster the current
evidence to identify targeted pharmacotherapeutic op-
tions for NASH.
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