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Abstract
Background and aims—Changes in biochemical and histologic parameters related to
nonalcoholic steatohepatitis (NASH) in placebo-treated patients may provide an insight into
natural history and help in defining treatment endpoints in NASH. The aim of our study was to
assess the biochemical and histologic changes seen in the placebo-arm of the randomized-placebo-
controlled trials in adult patients with NASH.

Methods: Data Sources—Medline was searched (through May 2008) for studies published in
the English language.

Study Selection—Randomized, placebo-controlled trials of at least 6-month duration in patients
with NASH that provided biochemical and/or histologic data of placebo-arm.

Data Extraction—One investigator performed literature search and data extraction. Two
investigators independently confirmed that the studies met pre-specified criteria. Pooled estimates
of biochemical and histologic parameters associated with NASH were calculated.

Results—Five randomized-controlled trials met the predefined criteria and included 162
placebo-treated and 189 active-treatment patients. Mean serum alanine (ALT) and aspartate (AST)
aminotransferase decrease on placebo. 1-point improvement in steatosis, ballooning degeneration,
lobular inflammation, NASH fibrosis and combined inflammation scores is seen in 31%, 15%,
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33%, 22% and 32% of patients, respectively. 2-point improvement in NASH histologic scores is
rarely seen.

Conclusions—Serum ALT may decrease on placebo and is not a reliable measure of treatment
response. Although a 1-point improvement is seen in a third of patients, a 2-point improvement in
histologic parameters is rarely seen in placebo-arm and may be more reliable in assessing
treatment response. These data may have important implications in designing future clinical trials
in NASH.
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Nonalcoholic steatohepatitis; randomized placebo-controlled double-blind study; clinical trial;
placebo-effects; natural history of disease; pooled analysis; meta-analysis; treatment end-points;
fatty liver disease; fibrosis; serum aminotransferase levels; liver histology and histologic scoring
systems

Introduction
Randomized, double- blind, placebo-controlled studies are considered the gold standard in
evaluating the efficacy of medical interventions in clinical trials(1). These individual
placebo-controlled studies are mainly utilized to examine and report treatment efficacy as
compared to placebo. Additionally, placebo-controlled studies provide important
information to both the clinicians and researchers regarding variability in the disease related
parameters in the placebo-arm that may be explained by either Hawthorne-effect (a short-
term improvement in outcome variable simply due to the increased attention to the
participants who know that they are being studied and closely followed), or sampling
variability, or repeat measurements by chance, or rarely, true placebo effect (2, 3).
Furthermore, it provides valuable information regarding the natural history of disease. A
meta-analysis of placebo versus no-placebo control arm studies show that placebo effects
were rarely significant except in subjective measures. especially when measured as a
continuous variable(2).

A placebo-arm can also guide researchers in identifying suitable treatment endpoints for
pilot studies to screen for potential interventions or medications. Recognition of appropriate
treatment endpoints is especially critical in chronic diseases that lack a single surrogate
marker of disease activity or progression, and may utilize a composite endpoint composed of
two or more parameters, or disease activity index (4). Composite end points have been
commonly utilized in assessing efficacy of medications in liver diseases. Classically,
improvement in liver histology has been considered an endpoint in establishing efficacy of
medications in the treatment of chronic liver diseases such as viral hepatitis and
nonalcoholic steatohepatitis (NASH)(5, 6). NASH is a clinico-pathologic entity that is seen
in individuals who consume little alcohol and have evidence of necroinflammation,
ballooning degeneration and steatosis with or without peri-sinusoidal fibrosis (7). The
diagnosis is dependent on both clinical context and liver histology. Currently, there is no
serologic or non-invasive surrogate marker of disease activity or progression in NASH.
Furthermore, there is no uniformly recognized treatment for NASH and several randomized,
placebo-controlled studies have been conducted to examine the efficacy of various treatment
approaches. Screening potential agents for the treatment of NASH requires valid treatment
endpoints (8). Whether changes in serum aminotransferase alone can be considered an
adequate treatment endpoint, in lieu of improvement in liver histology, is an important
clinical issue (9). It is also necessary to define whether any improvement in a specific
parameter or 2-point decrease in a disease-specific parameter such as steatosis, or ballooning
degeneration, or lobular inflammation may provide better assessment of efficacy.
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Knowledge of the placebo-arm of randomized-controlled studies in NASH may provide
valuable information to better understand changes in biochemical or histologic parameters
over time and help define valid treatment endpoints for subsequent trials. We conducted a
pooled analysis of biochemical and histologic changes in seen in placebo-treated patients
from the eligible randomized, placebo-controlled studies in patients with NASH.

Methods
Retrieval of clinical trials

The Medline database was searched for manuscripts written in English through May, 2008.
Indexing terms included nonalcoholic steatohepatitis or NASH in combination with
randomized-controlled trials, and nonalcoholic fatty liver disease or NAFLD in combination
with randomized-controlled trials. A manual review of the bibliographies of seminal
primary and review articles also was performed to identify additional studies.

Criteria for study inclusion in the meta-analysis included: 1) Randomized, placebo-
controlled clinical trials in patients with NASH (not NAFLD alone); 2) Minimum 24 weeks
of treatment and 3) Well-defined treatment outcomes (defined by reporting at least one of
the following: changes in serum ALT or AST, or liver histologic parameters related to
NASH).

Trials were excluded if relevant data were not extractable, if the case-mix included both
NASH and NAFLD patients, lacked inter-independence with other trials or lacked peer
review (e.g., meeting abstract). Additionally, case reports or series and uncontrolled studies
were excluded.

Data Extraction and Quality Assessment
One investigator (RL) performed the initial literature search and data extraction. Two
investigators independently (RW and FP) reviewed whether the studies met pre-specified
criteria and verified the extracted data. Quality was assessed based upon the design of the
studies. All randomized, placebo-controlled clinical trials were considered as level 1 in the
quality of evidence. As the total number of studies was small we elected to keep the
descriptive labels such as allocation-concealment, and intention to treat analysis, rather than
numeric scores to represent quality in the Results Section.

Due to heterogeneity in biochemical, anthropometric and histologic outcome measurements
and use of different histologic systems the following assumptions were made- the average
change in pre-placebo and post-placebo mean values should have a good correlation
irrespective of the unit of measurement. As the outcome measurement is dependent upon
average change in biochemical, anthropometric, and histologic parameters therefore,
measures can be pooled to achieve reliable estimates.

Statistical analysis
Pooled estimates of each variable of interest were calculated and presented as a mean. The
cumulative rate of each outcome of interest was calculated in the placebo arm of eligible
studies. Pooled summary estimates were compared before and after placebo-treatment to test
for statistically significant differences. For categorical variables, a stratified Fisher Exact
Test was used to determine whether a statistically significant difference exists in the rates of
outcome before and after placebo treatment using the StatXact software version 6 (Cytel
Software Corp., Cambridge, MA).
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To derive the overall meta-analysis P-values for most parameters, we formed a test statistic
based on summing the individual mean changes from each usable study; under the null
hypothesis testing no change between pre- and post-values, this sum will be (asymptotically)
normally distributed with a variance dependent on the standard errors for the mean changes
in variables in each study. The resulting overall p-values are only approximate; due to
partially missing results in various studies (e.g. for the standard errors for average changes
in the variables or sometimes even for post-baseline standard deviations), we estimated
certain parameters based upon deduction from the complete data available in other studies.
For the outcome of combined necroinflammation, because even the minimal information
necessary to employ the above approach was absent, we computed the overall P-value
(based on the results of the studies that had any usable information) using Fisher’s method
for combining P-values (10). To determine the effect of study duration on biochemical and
anthropometric variables, a Least squares regression was used to assess trend across studies
with a 6, 12 and 24 month duration. To evaluate histologic changes over time, an exact test
for trend based on Jonckheere-Terpstra test as applied to contingency table data was used for
studies with available data. Statistical significance for the two-tailed p-values was set a
priori as <0.05 unless otherwise specified.

Role of the Funding Sources

Results
Seven studies met the specified criteria on initial screen. We excluded one study because of
short follow-up (11) and a second study because patients had NAFLD and not exclusively
NASH (12). Of 5 clinical trials in the pooled analysis, 2 were conducted in North America
(13, 14), and one each in Switzerland (15), Iran (16) and France (17). Of the 5 studies
deemed eligible, 4 were multi-center (13–15, 17), and one single center (16). The quality
indicators and study characteristics are shown in Table 1. A total of 162 patients served as
placebo-controls and a total of 189 patients were in the treatment arm. The Lindor, Belfort
and Ratziu studies provided the best estimates of placebo changes based upon the histologic
data presented in the manuscript and therefore were classified as level 1A in quality. The
Dufour study was level 1B, and the Merat study was level IC in quality.

Pooled-analysis
The results of the pooled analysis are shown in Table 2 and 3. The mean serum alanine
aminotransferase (ALT) and aspartate aminotransferase levels decreased from 85 U/L to 65
U/L (p-value <0.001), and 56 U/L to 48 U/L (p-value= 0.07), respectively in patients who
were receiving placebo. Serum ALT decreased on placebo in 4 studies and did not change in
one study. Serum AST levels decreased in 4 but increased marginally in one study.
However, there was no change in weight or BMI on placebo.

The mean scores of all the NASH associated histologic parameters such as steatosis,
ballooning degeneration, lobular inflammation, and NASH fibrosis decreased on placebo
and changes in steatosis scores were statistically significant (p-value<0.001). However, the
median scores did not change. Minor changes in individual patient scores are common. A
one point improvement in steatosis, ballooning degeneration, lobular inflammation, NASH
fibrosis, and combined or overall inflammation scores is seen in 31%, 15%, 33%, 22%, and
32% of patients, respectively. A two-point improvement in steatosis, ballooning
degeneration, lobular inflammation, NASH fibrosis, and combined (or overall) inflammation
scores is seen in 1%, 2%, 0%, 4%, and 8%, respectively.
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Effect of Study Duration
We separately analyzed the effect of treatment duration on the results of the pooled analyses.
The trend results across studies from 6 to 12 to 24 months were borderline significant
(p=0.047 for trend) for ALT only, with greater reduction observed with longer treatment
duration. Serum AST, BMI, and histologic outcome parameters were not significantly
affected.

Discussion
The main finding of this pooled analysis is that serum ALT and AST declined in placebo-
treated patients with NASH. Similar reductions are seen in mean changes in NASH
associated histologic parameters. The greatest decline in mean histologic scores is seen in
the steatosis score, which is statistically significant. Overall decrease in these parameters is
small but depending upon how an outcome measure is defined it may become statistically
significant. One point reduction in any of the NASH associated histologic parameters can be
seen in up to one-third of patients but two-point improvement in these parameters is rarely
seen. This study provides important information regarding the natural history of NASH and
supports the notion that serum ALT alone is unreliable as an outcome measure of severity of
NASH or efficacy of treatment.

A possible explanation for why placebo-group ALT and AST decreases during follow-up is
that these values fluctuate in NASH, and that decisions to biopsy may be based on high(er)
ALT values. Thus, the patients who have higher serum ALT values are more likely to
receive a liver biopsy or a referral to a tertiary care center and enter into clinical trials (later
fluctuating to a lower serum ALT value), while the patients with lower serum ALT values
are less likely to receive a liver biopsy or a referral to a tertiary care center and not enter into
clinical trials. Therefore, there may be a selection bias in favor of recruiting patients who
have higher serum ALT levels into clinical studies. Another explanation for decline in serum
ALT and AST during follow-up in placebo treated patients could be due to the phenomenon
of regression to the mean. Additionally, one-point improvement in the NASH histologic
scores could occur in up to a third of patients possibly because of repeat measurement or
sampling variability. Furthermore, it also signifies that up to two-thirds of patients either do
not improve or worsen. Therefore, a one-point improvement in an individual NASH score in
an individual patient with NASH should not signify a positive treatment effect.

However, if the majority of patients in a treatment-arm achieve a one-point improvement in
a particular NASH histologic parameter it may signify a positive drug effect and may be
suggestive of mechanism of action of a drug in NASH. In this pooled analysis, we report
that a two-point, rather than mean decline or one-point, improvement in the NASH histology
parameters is rarely seen in placebo-treated patients and therefore, it may be a more reliable
indicator of treatment effect. A two-point decline in one or more parameters of NASH
activity index may be better in certain settings. Placebo-treated individuals who achieved a
two-point improvement in any histologic parameter may have significantly improved their
eating habits or changed their life-style by incorporating regular exercise. However, it was
not possible to extract these data from the available studies to evaluate the reasons for these
changes. As the ballooning degeneration, lobular inflammation and fibrosis scores did not
change in the placebo treated patients, it would be desirable to construct outcome criteria
that would not allow improvement in steatosis alone (even a 2 point improvement) to be
considered “clinically significant histologic improvement”. In order to suggest “clinically
significant histologic improvement” in a clinical trial the cohort as a whole should show
improvement in more than one histologic parameter in a consistent manner.
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These data have important implications for designing future clinical trials and reporting
study results. We propose that future studies utilize composite histologic response criteria as
utilized by the NASH-Clinical Research Network or similar previously proposed criteria.
This would greatly enhance the generalizability and set a stage for standard approach in
nomenclature and reporting in NASH studies that is critically required. In future NASH
clinical trials, authors should consider providing detailed changes in histologic scores either
as shown by Belfort et al or Lindor et al along with summary estimates. This would facilitate
future meta-analyses to estimate true medication (and placebo) effects in diverse
international settings.

Although the average BMI in these studies was 31 kg/m2, (in the obese range), there was no
weight loss in the placebo-arms on an average. These data suggest that weight loss in
placebo-arms is seldom seen in NASH patients.

Strengths of the analysis
The strengths of this study include the good quality level of the studies included in the meta-
analysis. The results were uniform across studies with minor variability. The patients
included in the meta-analysis were derived from three continents and there was adequate
follow-up. Importantly, all patients had biopsy-proven NASH. Additional analyses were
conducted to address the effect of treatment duration on the results of the research synthesis.

Limitations of this analysis
Racial/ethnic or gender based differences in these four studies could not be analyzed due to
unavailability of these data. Only three studies reported detailed histologic data before and
after placebo. The internal validity of histologic findings is satisfactory as most patients
were enrolled in these three studies (Lindor et al., Belfort et al. and Ratziu et al.) and these
three studies also had a better quality score as described in the Results Section. Studies
included in this research synthesis used different histologic criteria for entry into the study
and used different end point and histologic scoring systems to assess treatment responses. In
addition, the score range for ballooning degeneration and steatosis differs between various
NASH histologic scoring system, which makes it difficult to compare the magnitude of
change in these parameters across treatment trials. Despite this limitation, unidirectional
change consistently across two or three histologic scoring system may be a reliable finding
that may be suggestive of true treatment effect. However, this limitation may increase the
generalizability of our findings and at the same time underscores the need for
standardization of outcomes, histologic scoring system, and reporting in future NASH
clinical trials. Due to unavailability of the data, we could not assess the effect of placebo on
subjective measures such as fatigue, right upper quadrant pain or quality of life. It is possible
that the placebo-treated patients may have received varied nutritional counseling and
lifestyle intervention in each study. We believe that it is unlikely to affect the results of our
study as none of the trials showed any significant weight loss in placebo patients. This
research synthesis is not able to assess the placebo-mind effects and their impact in NASH.

Implications and Conclusions
Serum ALT and AST change during follow-up in NASH patients and may not reflect
histologic improvement. Minor improvements in NASH associated histologic scores are
seen in up to a third of patients although a two-point improvement in steatosis, ballooning
degeneration or lobular inflammation is rarely seen in placebo-treated individuals. These
data have important implications for designing and reporting future clinical trials in NASH
and suggest a need for standardization of terminologies, histologic scoring system and
treatment end-points.
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