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We performed a Bayesian network meta-analysis combining direct and indirect treatment
comparisons to assess the comparative effectiveness of pharmacological agents for the treat-
ment of nonalcoholic steatohepatitis (NASH). Through systematic literature review, we iden-
tified nine randomized, controlled trials (RCTs) including 964 patients with biopsy-proven
NASH, comparing vitamin E, thiazolidinediones (TZDs), pentoxifylline, or obeticholic acid
to one another or placebo. The primary outcome was improvement in fibrosis stage; second-
ary outcomes were improvement in ballooning degeneration, lobular inflammation, and
steatosis. We reported relative risks (RRs) and 95% confidence intervals (CIs) from direct
meta-analysis and 95% credible intervals (CrIs) from Bayesian network meta-analysis, and
used Grading of Recommendations Assessment, Development and Evaluation (GRADE) cri-
teria to appraise quality of evidence. Moderate-quality evidence supports the use of pentoxi-
fylline (RR, 0.26; 95% CrI: 0.05-1.00) and obeticholic acid (RR, 0.81; 95% CI: 0.70-0.95)
over placebo in improving fibrosis. High-quality evidence supports the effect of vitamin E,
TZDs, and obeticholic acid over placebo in improving ballooning degeneration. All four
interventions seemed to have at least moderate-quality evidence over placebo to improve stea-
tosis. Moderate-quality evidence supports that TZDs, pentoxifylline, and obeticholic acid
decrease lobular inflammation. All the head-to-head comparisons were supported by very-
low-quality evidence except for superiority of TZDs over vitamin E on improving steatosis
and lobular inflammation, which had moderate-quality evidence. Conclusions: Based on
direct and network meta-analysis, pentoxifylline and obeticholic acid improve fibrosis, and
vitamin E, TZDs, and obeticholic acid improve ballooning degeneration in patients with
NASH. Future comparative trials of combination therapies targeting distinct histological
features are warranted. (HEPATOLOGY 2015;62:1417-1432)

N
onalcoholic fatty liver disease (NAFLD) is a
common cause of chronic liver disease world-
wide and is associated with increased liver-

related mortality and hepatocellular carcinoma.1 It is
currently the second-most common indication for liver
transplantation in the United States.2 The rate of pro-

gression of fibrosis in patients with NAFLD is widely
variable and depends on several clinical and histological
factors, such as age, diabetes, obesity, hypertension, and
presence of steatohepatitis; patients with non-alcoholic
steatohepatitis (NASH) progress at a faster rate than
patients with isolated fatty liver.3-5

Abbreviations: AASLD, American Association for the Study of Liver Diseases; AEs, adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransfer-
ase; BMI, body mass index; CI, confidence interval; CrI, credible interval; GRADE, Grading of Recommendations Assessment, Development and Evaluation; ITT,
intention to treat; LDL, low-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; NAS, NAFLD Activity Score; NASH, nonalcoholic steatohepatitis; OCA,
obeticholic acid; RCTs, randomized, controlled trials; RR, relative risk; TNF-a, tumor necrosis factor alpha; TZDs, thiazolidinediones; UCDA, ursodeoxycholic
acid.

From the 1Division of Gastroenterology and Hepatology, Department of Internal Medicine, Mayo Clinic, Rochester, MN; 2Division of Gastroenterology,
Department of Medicine, University of California, San Diego, CA; 3Department of Internal Medicine, University of Iowa Hospitals and Clinics, Iowa City, IA;
4Knowledge Synthesis Unit, Robert D. and Patricia E. Kern Center for the Science of Health Care Delivery, Mayo Clinic, Rochester, MN; 5NAFLD Translational
Research Unit, La Jolla, CA; and 6Division of Epidemiology, Department of Family and Preventive Medicine, University of California, San Diego, CA.

Received February 5, 2015; accepted July 10, 2015.
Additional Supporting Information may be found at http://onlinelibrary.wiley.com/doi/10.1002/hep.27999/suppinfo.
R.L. is supported, in part, by the American Gastroenterological Association (AGA) Foundation–Sucampo–ASP Designated Research Award in Geriatric Gastroen-

terology and by a T. Franklin Williams Scholarship Award; funding provided by: Atlantic Philanthropies, Inc, the John A. Hartford Foundation, OM, the Associa-
tion of Specialty Professors, and the American Gastroenterological Association and grant K23-DK090303.

1417

http://onlinelibrary.wiley.com/doi/10.1002/hep.27999/suppinfo


The mainstay of management of NASH is lifestyle
intervention, including diet, behavioral modification, and
physical activity, directed toward weight loss.6 Multiple
pharmacological agents have been studied, with variable
efficacy.7 Evidence from clinical trials suggests that vitamin
E, thiazolidinediones (TZDs), pentoxifylline, or obeti-
cholic acid (OCA) improve histological features in NASH,
but improvement in individual features of fibrosis and
inflammation varies among therapeutic agents. TZDs
improve inflammation and steatosis, but not fibrosis, in
patients with NASH8; vitamin E is reported to have a simi-
lar response,9 whereas pentoxifylline10 may improve fibro-
sis and inflammation. Recently, the farnesoid X nuclear
receptor ligand, OCA, has also been shown to decrease
NAFLD activity score in noncirrhotic NASH.11 However,
most of these randomized, controlled trials (RCTs) are
small and placebo controlled, with a paucity of trials com-
paring different pharmacological interventions, precluding
assessment of the comparative effectiveness of these inter-
ventions. Direct meta-analyses provide only partial infor-
mation in this case, because they can only answer
questions about pairs of treatments and hence do not opti-
mally inform decision making on comparative effectiveness
of agents.

Network meta-analysis can help assess comparative
effectiveness of multiple interventions and synthesize
evidence across a network of RCTs.12,13 This method
involves the simultaneous analysis of direct evidence
(from RCTs directly comparing treatments of interest)
and indirect evidence (from RCTs comparing treatments
of interest with a common comparator, such as placebo)
to calculate a mixed-effect estimate as the weighted aver-
age of the two.14 Such a technique may improve the pre-
cision of the estimate (compared with direct evidence
alone) and also allows estimation of the comparative
efficacy of two active treatments, even if no studies
directly compare them.15 For example, through a Bayes-
ian network of three agents, A, B, and C, if we know the
relationship between A and B, and B and C, we can
infer probabilistic relationship between A and C.12,13

Presence of hepatic fibrosis is one of the key predic-
tors for the future risk of progression to cirrhosis and
liver-related mortality. In a recent prospective cohort
study of 619 patients with biopsy-confirmed NAFLD

followed over 12.6 years, Angulo et al. observed that
baseline fibrosis stage was the only histological variable
associated with liver-related events during follow-up.16

Individual RCTs conducted in NASH have not been
powered to detect improvement in fibrosis. Owing to
the emergence of several therapies with an antifibrotic
mechanism of action, a pooled comparative effectiveness
assessment of current therapies in NASH is quintessen-
tial to (1) show whether certain therapies may improve
fibrosis and (2) understand the quantitative effect sizes
by a network meta-analysis, which would help design
appropriately powered trials with improvement in
hepatic fibrosis as the primary outcome.

Therefore, we performed a systematic review with a
direct meta-analysis and Bayesian network meta-analysis
combining direct and indirect evidence to compare the
relative efficacy of all pharmacological interventions
(vitamin E, TZDs, pentoxifylline, or OCA) for the
management of NASH, using improvement in fibrosis
as the primary endpoint. We used Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) criteria for network meta-analysis to appraise
quality of evidence.17

Materials and Methods

This systematic review is reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses statement and was conducted following an a pri-
ori established protocol.18,19 We also followed good
research practices as outlined in the International Society
for Pharmacoeconomics and Outcomes Research report
on interpreting indirect treatment comparisons and net-
work meta-analysis for health care decision making.20

Selection Criteria. Studies included in this meta-
analysis were RCTs that met the following inclusion
criteria: (1) Patients with biopsy-proven NASH; (2)
intervention: established or potentially beneficial thera-
pies for NAFLD including vitamin E, TZDs, pentoxi-
fylline, or OCA or a combination of these for at least 1
year, based on American Association for the Study
of Liver Diseases (AASLD) guidelines; (3) comparator:
another active agent, or placebo; and (4) primary
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outcome: improvement in fibrosis; secondary outcomes
included ballooning degeneration, steatosis, and/or lobu-
lar inflammation.

We excluded (1) observational studies, (2) trials of
lifestyle interventions, including diet, weight loss, and
exercise (nonstandardized cointerventions in RCTs of
pharmacological agents), (3) trials with short period of
follow-up (<6-month), and (4) trials of futile therapy
(e.g., metformin, statins, omega-3 fatty acids, ursodeox-
ycholic acid [UDCA], and so on), based on AASLD
guidelines.6

Search Strategy. The search strategy was designed
and conducted by an experienced medical librarian with
input from study investigators, utilizing several data-
bases with variant controlled vocabularies, expanded ter-
minology, varying algorithms, and keyword capabilities
for RCTs of pharmacological therapy for NAFLD. We
searched multiple electronic databases (Ovid Medline
In-Process & Other Non-Indexed Citations, Ovid
MEDLINE, Ovid EMBASE, Ovid Cochrane Central
Register of Controlled Trials, Ovid Cochrane Database
of Systematic Reviews, Web of Science, and Scopus)
from inception through November 30, 2014. Two study
investigators (S.S., R.K.) independently reviewed the
titles and abstracts of studies identified in the search, to
exclude studies that did not address the research ques-
tion of interest, based on prespecified inclusion and
exclusion criteria. The full text of the remaining articles
was evaluated to assess relevance. Conflicts in study
selection at this stage were resolved by consensus, refer-
ring back to the original article in consultation with the
principal investigator (R.L.). We also performed a recur-
sive search of the bibliographies of these selected articles
as well as published systematic reviews on this topic, to
identify any additional studies. Finally, we conducted a
manual search of abstracts from major gastroenterology
conferences (Digestive Disease Week, the Liver Meeting
organized by AASLD, and the International Liver Meet-
ing organized by the European Association for the Study
of the Liver) from 2010 to 2014 to identify additional
abstracts on the topic. Supporting Fig. 1 shows the sche-
matic diagram of study selection.

Data Abstraction and Quality Assessment. Data
on the following study-, patient-, and treatment-related
characteristics were abstracted onto a standardized form,
by two authors independently: (1) study characteristics:
primary author, time period of study/year of publica-
tion, geographical location and centers where study was
conducted, and duration of follow-up; (2) patient char-
acteristics: age, sex, body mass index (BMI), diabetes;
(3) NAFLD characteristics: NAFLD Activity Score
(NAS) with fibrosis and ballooning degeneration sub-

scores, alanine aminotransferase/aspartate aminotrans-
ferase (ALT/AST), and presence of NASH at baseline in
treatment groups; (4) treatment characteristics: dosing
and schedule of intervention and concomitant nonphar-
macological interventions (diet, exercise, and so on); (5)
outcome assessment: scoring system used for histological
classification of NAFLD, number of patients in inter-
vention and comparator group, and proportion achiev-
ing the outcomes of interest (as dichotomous variable),
change in liver aminotransferases (ALT and AST),
weight and low-density lipoprotein (LDL) cholesterol
from baseline in each treatment group; and (6) adverse
effects: proportion of patients with serious adverse
events (AEs).

The risk of bias of individual studies was assessed in
the context of the primary outcome, using the Cochrane
Risk of Bias assessment tool.21 Using this tool, studies
were deemed to be at high, low, or unclear risk of bias
based on adequacy of sequence generation, allocation
concealment, blinding, method of addressing incom-
plete data, selective reporting, and other biases.

Outcomes Assessed. The primary outcome was pro-
portion of patients with improvement in fibrosis. Sec-
ondary outcomes were proportion of patients with
improvement in ballooning degeneration, steatosis, and/
or lobular inflammation. We were unable to assess NAS
as an outcome given its limited reporting in trials. If
outcomes were reported at multiple time points, we
examined results reported at 12 months. The denomina-
tor was based on a modified intention-to-treat (ITT)
analysis, whereby only patients who received at least one
dose of the medication were included; patients without
follow-up biopsy (or with lack of information on
follow-up histological findings) were deemed treatment
failures.

Statistical Analysis. Direct meta-analysis was per-
formed using a random-effects model to estimate pooled
relative risk (RR) and 95% confidence intervals (CIs)
incorporating within- and between-study heterogeneity.22

We assessed statistical heterogeneity using the I2 statistic,
with values over 50% indicating substantial heterogene-
ity,23 and evaluated for publication bias by examining fun-
nel plot asymmetry and Egger’s regression test.24 Direct
comparisons were performed using RevMan software
(v5.3; Cochrane Collaboration, Copenhagen, Denmark).25

To incorporate indirect comparisons, we conducted
random-effects Bayesian network meta-analyses using
Markov chain Monte Carlo methods in WinBUGS
1.4.3 (MRC Biostatistics Unit, Cambridge, UK), fol-
lowing methods described by Lu and Ades.14,26 We
modeled the comparative efficacy of any two treatments
as a function of each treatment relative to the reference
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treatment (i.e., placebo). This approach assumes
“consistency” of treatment effects across all included tri-
als—that is, the direct and indirect estimates are the
same effects. Network consistency was evaluated by
comparing the direct estimates to the indirect estimates.
Indirect effects were estimated using a node splitting
technique. We estimated the posterior distribution of all
parameters using noninformative priors to limit infer-
ence to data derived from the trials at hand (i.e., we
made no assumptions about the efficacy of these drugs
from data external to the trials included in this system-
atic review). We updated the Markov chain Monte
Carlo model with 100,000 simulated draws after a
burn-in of 1,000 iterations. The median of the posterior
distribution based on 100,000 simulations was reported
as the point estimate (RR), and the corresponding 95%
credible intervals (CrIs, or Bayesian CI) was obtained
using the 2.5th and 97.5th percentiles of the posterior
distribution, after adjusting for multiple arm trials
(model available upon request).

We assessed the probability that each intervention
was the most efficacious in improving fibrosis or bal-
looning degeneration, the second best, the third best,
and so on, by calculating the RR for each drug com-
pared with an arbitrary common control group, and
counting the proportion of iterations of the Markov
chain in which each drug had the highest RR, the sec-
ond highest, and so on.

Quality of Evidence. We followed the GRADE
approach to rate the quality of evidence of estimates
derived from network meta-analysis.17,27 In this approach,
direct evidence from RCTs starts at high quality and can
be rated down, based on risk of bias, indirectness, impreci-
sion, inconsistency (or heterogeneity), and/or publication
bias, to levels of moderate, low, and very low quality. The
rating of indirect estimates starts at the lowest rating of the
two pair-wise estimates that contribute as first-order loops
to the indirect estimate, but can be rated down further for
imprecision or intransitivity (dissimilarity between studies
in terms of clinical or methodological characteristics). If
direct and indirect estimates are similar (i.e., coherent),
then the higher of their rating can be assigned to the
network meta-analysis estimates. When the direct evidence
had higher quality, we used that over the network
evidence.

Results

From a total of 315 unique studies identified using the
search strategy, we included nine RCTs in this network
meta-analysis.9-11,28-33 Two trials, one each for vitamin E
and rosiglitazone, were excluded because of comparison

with nonstandardized interventions (silybin1phosphat-
dylcholine vs. vitamin E; and rosiglitazone vs. rosiglitazo-
ne1metformin vs. rosiglitazone1losartan).34,35 Three
trials (of vitamin E, rosiglitazone, and pentoxifylline)
were excluded because the comparator group received
nonstandardized dietary intervention.36-38 Six trials were
excluded because of lack of histological endpoints (three
trials of vitamin E,39-41 two of pioglitazone,42,43 and one
of OCA).44 Three trials (one each of vitamin E, pioglita-
zone, and vitamin E1pioglitazone) were excluded
because a proportion of patients with improvement in
fibrosis was not reported.45-47 Figure 1 demonstrates the
available direct comparisons and network of trials.

Characteristics and Quality of Included Studies.
Table 1 summarizes the RCTs included in the network
meta-analysis. Overall, these nine trials had 964 partici-
pants with NASH.9-11,28-33 Seven of these were two-arm
trials,10,11,28,30-33 comparing active agent with placebo;
one RCT (PIVENS) was a three-arm trial comparing
vitamin E, pioglitazone, and placebo.9 One trial of pedi-
atric patients with NAFLD (42.2% with NASH) com-
pared vitamin E with placebo and metformin, but we
only included a comparison of vitamin E and placebo
for our analysis.29

Three RCTs (332 patients) compared vitamin E with
placebo and reported changes in fibrosis as end-
point.9,28,29 Four RCTs (347 patients) compared TZDs
(3 pioglitazone,9,31,32 one rosiglitazone33) to placebo or
vitamin E. Two small RCTs (85 patients) compared pen-
toxifylline to placebo,10,30 and one RCT (164 patients)
compared OCA to placebo.11

Supporting Table 2 describes the baseline characteris-
tics of patients included in these trials. The mean age of
participants in the active intervention arms of RCTs in
adults with NASH ranged from 45 to 53 years; 30%-
69% were males. Two RCTs included only nondiabetic

Fig. 1. Network of included studies with the available direct
comparisons.
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patients9,31; 4%-10% of participants in RCTs of pentox-
ifylline were diabetic, and 53% of patients in the OCA
treatment trial were diabetic. One RCT of pioglitazone
only included patients with diabetes or impaired glucose
tolerance.32 The mean NAFLD activity score at baseline
ranged from 3.1 to 5.7.

Quality assessment was performed in the context of
the coprimary outcomes, and overall, the studies were
felt to be at low risk of bias, with regard to selection,
performance, detection, and reporting bias; two studies
did not report method of sequence generation.30,33

Overall and study-level quality assessments are summar-
ized in Supporting Fig. 2A,B, respectively.

Improvement in Fibrosis
Direct Meta-analysis. Compared to placebo,

pentoxifylline (two RCTs; RR, 0.80; 95% CI: 0.65-
0.98) and OCA (one RCT; RR, 0.81; 95% CI: 0.70-
0.95) were associated with improvement in fibrosis in
patients with NASH. In contrast, vitamin E and TZDs
were not associated with a significant improvement in
fibrosis (Fig. 2A). In the only head-to-head trial, piogli-
tazone was comparable to vitamin E (RR, 0.93; 95%
CI: 0.64-1.32).9

Network Meta-analysis. On Bayesian network
meta-analysis, as compared to placebo, pentoxifylline
was associated with improvement in fibrosis (RR, 0.26;
95% CrI: 0.05-1.00). None of the other interventions,
including vitamin E, TZDs, and OCA, were superior to
placebo (Table 2). On comparative effectiveness net-
work meta-analysis of active interventions, no agent was
clearly superior to others.

Pentoxifylline and OCA had the highest probability
of being ranked first and second for improving fibrosis,
respectively, whereas TZDs had highest probability of
being ranked third (Fig. 3A).

Improvement in Ballooning Degeneration
Direct Meta-analysis. Compared to placebo, vita-

min E (two RCTs; RR, 0.73; 95% CI: 0.61-0.86),
TZDs (four RCTs; RR, 0.81; 95% CI: 0.71-0.93), and
OCA (one RCT; RR, 0.75; 95% CI: 0.65-0.96), but
not pentoxifylline (two RCTs; RR, 0.78; 95% CI: 0.48-
1.27), were associated with improvement in ballooning
degeneration in patients with NASH (Fig. 2B). In the
only head-to-head trial, pioglitazone was comparable to
vitamin E (RR, 1.14; 95% CI: 0.82-1.59).9

Network Meta-analysis. On Bayesian network
meta-analysis, as compared to placebo, only TZDs were
associated with improvement in ballooning degenera-
tion (RR, 0.43; 95% CrI: 0.17-0.97). None of the other
interventions were superior to placebo, though a strong
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trend toward significance was observed with vitamin E
(RR, 0.36; 95% CrI: 0.12-1.02; Table 2). On compara-
tive effectiveness network meta-analysis of active inter-
ventions, no agent was clearly superior to others, with
high degree of imprecision.

Vitamin E had the highest probability of being
ranked first- or second-best intervention for improving
ballooning degeneration, whereas TZDs had highest
probabilities of being ranked second or third (Fig.3B).

Improvement in Steatosis and Lobular Inflammation
Direct Meta-analysis. Compared to placebo, pentox-

ifylline, TZDs, and OCA improved both steatosis (Fig. 2C)

and lobular inflammation (Fig. 2D); vitamin E was associ-
ated only with improvement in steatosis without a signifi-
cant improvement in lobular inflammation. In the only
head-to-head trial, pioglitazone was marginally superior to
vitamin E for improvement in steatosis and lobular inflam-
mation (RR, 0.78; 95% CI: 0.61-1.00).9

Network Meta-analysis. On Bayesian network
meta-analysis, as compared to placebo, pentoxifylline
and TZDs were associated with significant improvement
in steatosis and lobular inflammation (Table 2). On
comparative effectiveness network meta-analysis of
active interventions, no agent was clearly superior to
others, with high degree of imprecision.

Fig. 2. Direct meta-analysis of different pharmacological interventions for improving (A) fibrosis, (B) ballooning degeneration, (C) steatosis,
and (D) lobular inflammation in patients with NASH. Please note that in the forest plot, experimental refers to first treatment group, whereas con-
trol refers to the second treatment group. Events refers to failure to achieve outcome of interest (i.e., improvement in fibrosis, ballooning degen-
eration, steatosis or lobular inflammation). Relative risk <1 indicates superiority of first intervention over second intervention.
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Other Outcomes and AEs
Supporting Table 3 reports the change in body mass

index (BMI) and biochemical parameters (ALT, LDL, and
high-density cholesterol with each agent in each trial. Pen-
toxifylline and OCA were associated with a decline in
BMI, whereas TZD use was associated with a 2%-5%
increase in BMI; vitamin E did not significantly modify
BMI. All interventions (and the corresponding control
group) were associated with a decline in ALT. Whereas
most interventions decreased (or did not significantly
change LDL), OCA was associated with an increase in
LDL and decrease in high-density lipoprotein, without any
significant increase in cardiovascular events.

Rate of treatment-related serious AEs was low and
comparable to placebo with all active interventions
(Supporting Table 4). The observed frequency was 0%

(0 of 47) for pentoxifylline (vs. placebo; 0 of 38), 4.9%
(7 of 142) for vitamin E (vs. placebo; 10 of 141), 5.7%
(10 of 175) for TZDs (vs. placebo; 18 of 172), and
27.3% (30 of 110) for OCA (vs. placebo; 19.3%).

Sensitivity Analysis
Overall, results from prespecified sensitivity analyses

after excluding TONIC (pediatric NAFLD study) and trial
of rosiglitazone (restricted use) were similar to the primary
analysis, albeit with lower precision (Supporting Table 5).

Publication Bias and Network Coherence
We did not find evidence of publication bias (Egger’s

regression test >0.05 for all comparisons), although the
number of studies included in each comparison was very
small, thereby making the available methods for evaluating

Fig. 2. Continued
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publication bias somewhat unreliable. There were no sig-
nificant differences (incoherence) between direct and indi-
rect estimates where both were available (only for the
comparison of TZDs vs. vitamin E), and the two methods
had overlapping CIs for all interventions.

Quality of Evidence
The quality of indirect evidence (with no head-to-

head trials) was, in general, very low owing to severe
imprecision. We did not rate down any comparison for
the risk of bias, publication bias, or indirectness,
although it is plausible to rate down histological findings
on biopsy for indirectness (as surrogate outcomes).

For the outcome of fibrosis and compared to placebo,
the effect of pentoxifylline and OCA was supported by
moderate-quality evidence (reduced owing to impreci-

sion caused by low number of events). For the outcome
of ballooning degeneration and compared to placebo,
the effect of vitamin E, TZDs, and OCA was supported
by high-quality evidence. For the outcome of steatosis
and compared to placebo, all four interventions seemed
to have supported at least moderate-quality evidence.
For the outcome of lobular inflammation and compared
to placebo, pentoxifylline, OCA, and TZDs were sup-
ported by moderate-quality evidence. All the head-to-
head comparisons were supported by very low quality of
evidence except for, probably, superiority of TZDs over
vitamin E on steatosis and lobular inflammation, which
had moderate-quality evidence. Supplementary Table 6
details the GRADE quality of evidence for direct and
network meta-analysis for the outcomes of fibrosis and
ballooning degeneration.

Fig. 2. Continued
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Discussion

In this updated systematic review and network meta-
analysis, we combined direct and indirect evidence
from nine RCTs involving 964 patients with NASH to
estimate the relative efficacy of all pharmacological
interventions for important histological outcomes,
including improvement in fibrosis and ballooning
degeneration. We made several key observations: (1)
Pentoxifylline and OCA are superior to placebo for
improving fibrosis, with moderate confidence in esti-
mates; (2) vitamin E, TZDs, and OCA are superior to
placebo for improving ballooning degeneration, with
high confidence in estimates; and (3) TZDs, pentoxifyl-
line, and OCA are superior to placebo for improving
steatosis and lobular inflammation, with at least moder-
ate confidence in estimates. There is a paucity of com-

parative effectiveness studies, and new evidence from
our analysis supports future RCTs focusing on a combi-
nation of pharmacological agents targeting distinct his-
tological features for NASH treatment. Moreover,
whereas direct evidence suggests superiority of OCA
over placebo for improving NASH histology (fibrosis,
ballooning degeneration, steatosis, and lobular inflam-
mation), these findings are based on a single trial, and
additional studies are warranted. Since the last pub-
lished comprehensive systematic review on all treat-
ments for NAFLD in 2010, several new trials have been
added; moreover, the previous analysis only included
pair-wise direct meta-analysis with limited information
on comparative effectiveness of agents for improving
objective histological endpoints and did not objectively
appraise the overall quality of evidence using the standar-
dized GRADE methodology.48

Fig. 2. Continued
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Current AASLD guidelines recommend the use of
vitamin E and consider the use of pioglitazone in non-
diabetic adults with biopsy-proven NASH.6 There is no
recommendation regarding the use of pentoxifylline.
Our network meta-analysis suggests that pentoxifylline
results in improvement in fibrosis in patients with
NASH. There have been several proposed mechanisms
by which pentoxifylline may be beneficial in patients
with NASH. It inhibits multiple proinflammatory cyto-
kines, such as tumor necrosis factor alpha (TNF-a), and
has antioxidant effects by decreasing production of free
oxygen radicals and increasing hepatic glutathione syn-
thesis.49-51 In vitro studies also suggest an antifibrogenic
role for pentoxifylline on activated hepatic stellate cells//
HSCs by extracellular collagen degradation and reduc-
ing key fibrogenic cytokines.52,53 Pentoxifylline has also
been shown to be effective as an antifibrotic agent for
radiation-induced fibrosis.54 However, the evidence sup-
porting the use of pentoxifylline was moderate in qual-
ity, limited by the small number of patients included in
the two trials of pentoxifylline; future, larger studies are
warranted to validate these results.

The strengths of our analyses include the comprehen-
sive and simultaneous assessment of the relative efficacy
of all pharmacological agents for management of

NASH. Given limited comparative effectiveness studies,
it remains difficult for patients and physicians to make
informed decisions about which medications are most
effective for treating NASH. Direct pair-wise meta-anal-
yses are only partially informative and do not provide
information on relative efficacy. In our network meta-
analysis, summary estimates from direct and indirect
evidence were similar (not incoherent), increasing confi-
dence in findings. We focused on fibrosis as the key clin-
ically relevant histological outcome, which has been
associated with increased risk of liver-related events in
patients with NAFLD and may serve as important sur-
rogate marker of progression of NASH.55 We also used
GRADE methodology to assess the quality of evidence
for this network meta-analysis, which allows direct
applicability towards guideline development.

However, there are certain limitations, related to
both the network analysis as well as individual studies,
which merit further discussion. First, there was a pau-
city of direct comparative effectiveness studies, and
hence the evidence pertaining to relative efficacy of
active interventions is of low to very low quality. Sec-
ond, network meta-analyses may be prone to misinter-
pretation. The biggest threat to validity of a network
meta-analysis is conceptual heterogeneity, wherein there

Table 2. Pooled RR of Improvement in Fibrosis, Ballooning Degeneration, Steatosis, and Lobular Inflammation Derived From
Direct and Network Meta-analysis With Different Pharmacological Interventions in Patients After NASH

Pharmacological Intervention

Fibrosis Ballooning Degeneration Steatosis Lobular Inflammation

Direct Network Direct Network Direct Network Direct Network

Compared to placebo

Pentoxifylline 0.80

(0.65-0.98)

0.26

(0.05-1.00)

0.78

(0.48-1.27)

0.45

(0.09-1.78)

0.61

(0.40-0.92)

0.23

(0.06-0.86)

0.71

(0.54-0.94)

0.29

(0.07-0.99)

Vitamin E 0.93

(0.79-1.09)

0.81

(0.43-1.58)

0.73

(0.61-0.86)

0.36

(0.12-1.02)

0.73

(0.59-0.89)

0.49

(0.20-1.26)

0.82

(0.62-1.09)

0.64

(0.28-1.55)

TZDs 0.89

(0.77-1.02)

0.68

(0.37-1.26)

0.81

(0.71-0.93)

0.43

(0.17-0.97)

0.62

(0.46-0.83)

0.29

(0.14-0.62)

0.63

(0.47-0.85)

0.33

(0.17-0.67)

OCA 0.81

(0.70-0.95)

0.43

(0.15-1.24)

0.75

(0.65-0.96)

0.51

(0.11-2.37)

0.66

(0.51-0.85)

0.39

(0.11-1.46)

0.74

(0.59-0.92)

0.46

(0.14-1.59)

Compared to pentoxifylline

Vitamin E — 3.16

(0.71-18.67)

— 0.79

(0.14-5.45)

— 2.13

(0.43-10.32)

— 2.25

(0.51-12.30)

TZDs — 2.62

(0.58-15.13)

— 0.96

(0.19-5.84)

— 1.26

(0.28-5.61)

— 1.16

(0.29-5.89)

OCA — 1.65

(0.32-11.87)

— 1.11

(0.16-10.77)

— 1.71

(0.26-10.45)

— 1.63

(0.30-11.08)

Compared to vitamin E

TZDs 0.93

(0.64-1.32)

0.83

(0.38-1.80)

1.14

(0.82-1.59)

1.21

(0.36-3.86)

0.78

(0.61-1.00)

0.59

(0.21-1.69)

0.78

(0.61-1.00)

0.52

(0.20-1.35)

OCA — 0.53

(0.15-1.80)

— 1.41

(0.23-9.42)

— 0.80

(0.16-3.85)

— 0.72

(0.16-3.20)

Compared to TZDs

OCA — 0.63

(0.19-2.13)

— 1.17

(0.22-7.24)

— 1.36

(0.29-5.91)

— 1.40

(0.34-5.72)

Column treatment is compared with the row treatment (i.e., row treatment is reference for each comparison). Numbers in parentheses indicate 95% confidence

interval for direct meta-analysis and 95% credible interval for network meta-analysis. Results in bold were statistically significant.
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are considerable differences in participants, interven-
tions, cointerventions/background treatment, and out-
come assessment, limiting comparability of trials.12,17

A network meta-analysis assumes that patients enrolled

in all included studies could have been sampled from
the same theoretical population. Though there may be
subtle differences in patient, disease, and treatment
characteristics, such as proportion of patients with

Fig. 3. Ranking probabilities of
treatment for NASH, for improvement
in (A) fibrosis and (B) ballooning
degeneration.
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cirrhosis or diabetes, baseline disease severity, support-
ive lifestyle interventions such as diet, exercise, and
weight loss, and the rigor with which these were recom-
mended, implemented, and recorded, and so on, we
tried to minimize this conceptual heterogeneity by
including only studies of pharmacological agents
(excluding trials comparing a pharmacological interven-
tion with lifestyle intervention) and assessing robust
and multiple histological outcomes at prespecified time
points. We used an ITT analysis and imputed missing
values using the worst-case scenario (all patients lost to
follow-up were considered treatment failures), allowing
for conservative imputation of treatment efficacy. We
also conducted sensitivity analyses after excluding a
pediatric NAFLD study29 as well as a trial of rosiglita-
zone in NASH33; the overall findings were unchanged,
suggesting robustness of the primary analysis. Third,
although our protocol accounted for possible reporting
of outcomes at multiple time points, we realized that all
studies reported only end-of-treatment histological out-
comes and had variable follow-up duration. Whereas
differences in treatment duration may also influence
relative efficacy of different agents, anchoring against a
common comparator (in indirect meta-analysis), may
partly alleviate these differences. Fourth, publication
bias remains a possibility despite the statistical evalua-
tion we have conducted. Finally, ranking probabilities
are challenging to interpret, are affected by various fac-
tors, such as unequal number of trials per comparison
in the network, sample size of individual studies, net-
work configuration, and effect sizes between treatments,
and do not always imply a clinically important differ-
ence.56 It is possible that the rank probability for pen-
toxifylline and OCA (which have the fewest number of
trials) may be biased upward, whereas the rank proba-
bility for TZDs and vitamin E (which have the highest
number of studies) may be underestimated. Hence, in
interpreting results from our network meta-analysis,
instead of solely focusing on summary estimates and
ranking probabilities, we adopted the GRADE
approach to rating the quality of evidence from net-
work meta-analysis.

There were similar limitations in the individual stud-
ies, which also undermine the strength of the meta-
analysis. Most of the studies were small, with limited
number of events leading to imprecise estimates. Some
studies reported histological improvement as continuous
outcomes, without individual participant data, and
hence these were not included in our analysis. There was
no centralized reading of liver biopsies by an expert hep-
atopathologist for some trials, which may limit the
interpretation of results; however, in all cases, the slides

were reviewed by a blinded hepatopathologist and hence
less prone to bias. NASH resolution or improvement in
NAS, an accepted and multifaceted endpoint,55 were
not uniformly reported in trials, and hence we were
unable to use them as outcomes. Long-term safety of
these agents was not adequately assessed in RCTs, and
hence a thorough assessment of risk-benefit profile could
not be performed. Most RCTs excluded patients with
cirrhosis or insulin-dependent diabetes, and hence it is
difficult to infer on the comparative effectiveness of
these agents in this scenario.

Implications for Clinical Practice. Moderate-
quality evidence supports the use of pentoxifylline in
patients with NASH to improve fibrosis. This is based
on two small RCTs of pentoxifylline with low event
rates, making the credible intervals fragile; larger
randomized studies are warranted to validate these find-
ings. Moreover, only 4%-10% of patients in pentoxifyl-
line trials were diabetics, and it is difficult to extrapolate
this benefit to patients with diabetes. High-quality evi-
dence supports the use of vitamin E, TZDs, and OCA
in patients with NASH, in improving ballooning degen-
eration. There has been concern regarding long-term
cardiovascular safety of rosiglitazone, though recent evi-
dence suggests that it is safe and the U.S. Food and
Drug Administration has eased several previous restric-
tions on it use.57 Future comparative trial combination
therapies (such as pentoxifylline and pioglitazone or
vitamin E) targeting distinct histological features are
warranted. In a pilot trial, the combination of vitamin E
and pioglitazone was superior to vitamin E alone in
improving NASH histology.45 With the introduction of
newer agents such as OCA, cost-effectiveness of these
agents also merits consideration.

In conclusion, using network meta-analysis, we
observed that pentoxifylline, TZDs, and vitamin E are
superior to placebo and comparable to one another for
improving key histological features in NASH. OCA also
appears promising, though additional data are war-
ranted. Large comparative RCTs, particularly of the
combination of pentoxifylline and TZDs/vitamin E, are
warranted to further establish the comparative efficacy
of different interventions for NASH. This rigorously
conducted, unbiased, comprehensive systematic review
and network meta-analysis of published trials in NASH
would inform the development of future practice guide-
lines in the treatment of NASH.
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