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Abstract 

Background & Aims  Liver histology is the primary endpoint in phase 3 trials in nonalcoholic 

steatohepatitis (NASH).  There is an appreciable response to placebo that confounds endpoint 

assessment.  The aim of this study was to quantify contributors to the placebo response and its 

impact on liver fibrosis improvement.  

Methods  Estimates of fibrosis improvement in placebo treated participants were made using 

probabilistic simulation.  Each simulated trial included 120 participants.  Parameters considered 

in the model included sampling and observer variability, regression to the mean, and net 

fibrosis progression calibrated to reported trial outcomes.   

Results In large phase 2b and 3 trials, 22% of placebo treated participants with fibrosis stage 2 

or 3 NASH at baseline improved by at least one fibrosis stage with minimal net disease 

progression.  Estimates of sampling and observer variability in simultaneous biopsy studies 

highlighted an imbalance where apparent fibrosis improvement was more likely than 

worsening.  Using these estimates and known trial outcomes, net fibrosis progression was 

estimated at 0.05 stages per year.  Simulations of the placebo response rate showed a rate of 

22% with 80% of trials falling between 15 and 30%, in keeping with trials reported to date.  

Additional increases in observer variability further increased the placebo response.  

Conclusions  The analyses presented simply define the placebo response in liver fibrosis in trials 

in NASH in terms of sampling and observer variability, regression to the mean, and fibrosis 

progression.  Factors relating to liver biopsy are largely unmodifiable and the variation in 

placebo response rates, both simulated and observed, challenges the role of biopsy in trial 

endpoint assessment.  

 

Keywords: histology, NAFLD, outcomes, pathology   
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Introduction 

Liver biopsy forms an integral aspect of the assessment of nonalcoholic steatohepatitis (NASH) 

for enrollment in randomised clinical trials and also endpoint assessment.1 The histological 

assessment in NASH encompasses two main aspects; disease activity and severity of liver 

fibrosis, and of these, it is liver fibrosis that is most clearly associated with clinical outcomes.2,3 

In clinical trials in NASH there is an appreciable response in patients treated with placebo. This 

placebo effect has not been adequately explained and has been variously attributed to the 

Hawthorne effect, lifestyle change and reduction in body weight, and the stringency of trial 

entry criteria.1  The impact of factors relating to variability in liver biopsy define outcomes, 

including the role of sampling and observer variability in this placebo response has not been 

described. Sampling variability has long been recognised in the assessment of liver fibrosis on 

histology.  In a landmark study in hepatitis C virus infection, Bedossa and colleagues described  

the impact of sampling variability with misclassification of fibrosis stage in excess of 25% on 

biopsies measuring <25mm in length.4  Moreover, this variability is described in simultaneous 

biopsy studies in NASH.5–7  Recently, observer variability in the overall interpretation of trials in 

NASH has been highlighted as a major issue.  Additionally, where patients are having repeated 

measurements as part of a trial protocol, there is the potential for the regression to the mean 

phenomenon to be observed on repeat biopsy.8  This occurs when repeated measurements are 

made on the same population and, due to random error, relatively high (or relatively low) 

observations are likely to be followed by less extreme values.  In the context of eligibility for 

trials in NASH where a relatively extreme phenotype (NASH plus advanced fibrosis) is required, 

regression to the mean may be seen as apparent fibrosis regression. 

https://paperpile.com/c/8rbwGE/ohZlS
https://paperpile.com/c/8rbwGE/Pw4d4+tONxx
https://paperpile.com/c/8rbwGE/ohZlS
https://paperpile.com/c/8rbwGE/aVbTB
https://paperpile.com/c/8rbwGE/d9yBC+E6gQ1+ytBP6
https://paperpile.com/c/8rbwGE/LCGxV
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In this study we aimed to characterise factors contributing to the placebo response in fibrosis 

improvement in randomised trials in NASH to inform estimates of key parameters in the design 

of future trials.  



6 

 

Patients and methods 

This is a simulation study of the placebo response in fibrosis in NASH. The simulations were 

built considering four factors: sampling variability, regression to the mean, inter- and intra-

observer variability, and fibrosis progression over an 18 month horizon, in line with current trial 

designs.  

Parameter estimation 

Study selection for sampling variability 

Systematic searches were done to find reports of studies describing sampling variability in 

nonalcoholic steatohepatitis (NASH) using a simultaneous liver biopsy approach 

(Supplementary methods).  One study5 was directly applicable to evaluating sampling 

variability in the identification of patients with fibrosis stage 2 or 3, who are currently 

considered as the optimal patient group for enrollment in clinical trials. 

Randomised trial identification 

Large, recent, placebo controlled randomised trials were identified from searches previously 

used9 and were updated for this study.  Specifically, trials reported in 2015 or later and 

including >50 placebo treated participants were included.  Data on trial design and outcomes 

were extracted into a standardized spreadsheet.  The outcomes of interest were changes in 

fibrosis, both regression and progression, regardless of any change in disease activity.  Of note, 

all trials used the same histological staging system to report these outcomes.10   

 

https://paperpile.com/c/8rbwGE/d9yBC
https://paperpile.com/c/8rbwGE/M01hU
https://paperpile.com/c/8rbwGE/A9kl7
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Fibrosis progression calibration 

Fibrosis change due to progressive liver disease was modelled recognising that there may be 

progression in some trial participants and regression in others.  The net fibrosis progression 

rate described accounts all possible changes.  Fibrosis progression in liver diseases has been 

modelled using a gamma distribution where the majority of persons have little progression over 

time whereas an important minority show more rapid progression11. A sequence of 

distributions were applied to the baseline sampling variability estimates with escalating mean 

rates of net fibrosis progression to identify what rate of progression produced simulated 

outcomes in keeping with the reported trials. 

 

Model development 

A probabilistic simulation model was built to estimate the probability of fibrosis improvement 

in patients with NASH and fibrosis stage 2 or 3 at baseline who are the prioritised target group 

for treatment.   

The impacts of sampling variability and regression to the mean were identified together based 

on published estimates that were directly applicable to the research question.  Recognising that 

inter- and intra-observer variability was already present in the assessments of sampling 

variability in simultaneous liver biopsy studies, the initial simulations were done without 

addition of parameters to account for observer variability.   

Each simulated trial consisted of 120 placebo-treated participants studied over a period of 18 

months with all participants undergoing repeat liver biopsy to mimic a large phase 2b trial.  A 

total of 1000 trials was done in each simulation to assess the distribution of likely trial 

https://paperpile.com/c/8rbwGE/hOI75
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outcomes.  All analyses were done in R using code developed specifically for this study.12  

Analytic code is available at https://github.com/iacrowe/sampling_variability for re-use. 

 

Sensitivity analyses 

A series of sensitivity analyses were done to explore aspects of the analyses.  First, the number 

of placebo-treated participants included in simulated trials was varied between 15 and 150 to 

understand the range of potential values for the apparent placebo response from small phase 

2a exploratory studies to large phase 2b or phase 3 trials.  Second, the proportion of 

participants who apparently improve fibrosis due to sampling variability was varied.  To 

maintain calibration to the published trials, the net fibrosis progression rate was also varied as 

described above.  Only simulations with net fibrosis progression (rather than net regression) 

were considered to be plausible.  Finally, a sensitivity analysis was done to explore the impact 

of observer variability above that seen in the simultaneous biopsy studies.  

https://paperpile.com/c/8rbwGE/OqbAN
https://github.com/iacrowe/sampling_variability
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Results 

Overall burden of fibrosis appears stable in placebo-treated patients in clinical trials   

Eight trials including 901 placebo-treated participants were identified and data extracted.13–20  

These trials are summarised in Table 1.  At the trial level there was no evidence of a significant 

change in body weight or other metabolic parameters that might be driving the placebo 

response.  Fibrosis improvement over a median of 18 months was observed in 21.7% of 

participants in all eight trials (Figure 1A). The observed proportion where fibrosis progressed 

was similar (21.1% among 729 participants in six trials since two trials did not report the 

number or proportion of participants with worsening of fibrosis, Figure 1B). The similarity in 

these proportions suggests either that the net progression of fibrosis in trial participants with 

NASH and F2/F3 fibrosis is negligible overall, or, more likely, there are additional factors 

including sampling variability and regression to the mean that explain this apparent stability in 

the overall degree of fibrosis present. 

 

Apparent fibrosis changes in simultaneous biopsy studies 

The nature of sampling variability in NASH has been described.5 The proportion of participants 

with F2 or F3 in either biopsy who had apparent fibrosis improvement is 29.6% whereas 14.6% 

had apparent worsening. Importantly these proportions are not symmetrically distributed. 

Rather, where patients are selected by a relatively extreme phenotype, apparent improvement 

(towards the patient’s mean fibrosis level) is more frequent indicating that regression to the 

mean is a likely contributor to fibrosis changes observed in trials in NASH. 

https://paperpile.com/c/8rbwGE/GsFwH+Ldb6a+Dkbb2+xE20U+ywByd+owa9v+yZeHy+3nDPP
https://paperpile.com/c/8rbwGE/d9yBC
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Calibrated fibrosis progression rate 

Fibrosis progression is probable in trial participants who have been selected on the basis that 

fibrosis has already progressed. Using data  from the simultaneous biopsy study as a baseline a 

net fibrosis progression rate of 0.05 stages per year gave the closest calibration to the rates of 

fibrosis change observed in large contemporary randomised trials (Table 2). 

 

Estimated placebo rates in simulated randomised controlled trials 

We included sampling variability, regression to the mean, and fibrosis progression rates in 

probabilistic analyses to identify ranges of change in fibrosis in placebo treated participants  

(Suppl. Table 1, Figure 2). For example, the estimate for the proportion of placebo-treated 

participants with improvement of fibrosis fell between 15% and 30% in 80% of simulations. 

Importantly, the range of values predicted for fibrosis improvement was comparable to the 

values observed in a wider range published trials of fibrosis response where nine of 26 trials fell 

outside 80% of simulations (Figure 3).[5] 

 

Sensitivity analyses 

The role of trial size was explored to understand the range of plausible values for the apparent 

placebo response in both early and later stages of drug development.  In these simulations, the 

mean percentage of placebo-treated patients with improved fibrosis was stable at 22%.  In 

small trials, including 15 placebo-treated participants, 80% of simulations showed the 
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proportion of participants with fibrosis improvement was between 7 and 40%.  In trials 

including more than 45 participants the proportion of participants improving fibrosis was 

similar to that seen in the base case analysis including 120 participants (Supplementary Figure 

1). 

To explore the range of plausible values for the proportion of trial participants appearing to 

improve fibrosis due to sampling variability we varied this parameter within the models.  To 

maintain the calibrated outcomes it was also necessary to vary fibrosis progression.  It was not 

possible to maintain calibration below 23% apparent improvement due to sampling variability.  

At this level, net fibrosis progression was set to 0.01 stages per year and calibrated outcomes 

were 20.3% improved fibrosis and 20.6% worsened.   

Finally, in a recent report the intra-observer variability in fibrosis assessments of patients with 

F2 or F3 on the index assessment was less than the variability seen due to sampling variability.21  

The proportion of biopsies where there was apparent improvement in fibrosis was 13% and 

worsened fibrosis was reported in 3%, again favouring regression of fibrosis.  The impact of this 

additional variation was simulated across a range of plausible values in addition to sampling 

variability and regression to the mean simulated as in the previous analyses.  Increasing 

observer variability resulted in an increase in the rate of fibrosis improvement (Table 3). 

  

https://paperpile.com/c/8rbwGE/6wllZ
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Discussion 

Summary of findings 

The studies presented define the placebo response in terms of the known limitations of liver 

biopsy, namely sampling and observer variability, regression to the mean, and fibrosis 

progression. These simulations define the likely placebo response rates that are expected in 

clinical trials and, furthermore, clarify the likely rates of fibrosis progression amongst persons 

with NASH and significant liver fibrosis. 

Findings in the context of current knowledge 

Current understanding of the principal drivers of the placebo response is limited.1  This study 

highlights limitations inherent in liver biopsy, together with regression to the mean, as the main 

drivers of fibrosis regression seen in placebo treated patients in randomized controlled trials.  

Indeed, it was not possible to reduce sampling variability and regression to the mean to less 

than 22% and maintain calibration with recently reported trials highlighting the pivotal role of 

these factors in the apparent placebo response. 

The importance of sampling variability in apparent fibrosis improvement in clinical trials is 

supported by observations from recently reported trials.15,22 Trial participants in the 

simtuzumab trials who apparently improved fibrosis had lower non-invasive fibrosis test scores 

suggesting that liver disease was less advanced than was defined on the index biopsy. Similarly, 

those who progressed had higher non-invasive scores at baseline. Furthermore, in the recently 

reported study of semaglutide there was a high placebo response (Figure 3).  This response was 

associated with lower enhanced liver fibrosis scores and transient elastography values in the 

placebo treated participants at baseline despite identical fibrosis staging.  These observations 

https://paperpile.com/c/8rbwGE/ohZlS
https://paperpile.com/c/8rbwGE/Dkbb2+NQaq7
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illustrate likely overestimation of fibrosis by the index biopsy through sampling variability as the 

key determinant of apparent placebo response. 

Additionally, sampling variability as a predictor of fibrosis change in clinical trials is relevant to 

liver diseases other than NASH and to earlier stage disease.  For instance, histological changes 

in biliary diseases particularly can be patchy with the associated potential for sampling 

variability.  Notably the placebo response rate in a biopsy controlled study in primary sclerosing 

cholangitis including patients across the full spectrum of fibrosis stages was similar to those 

observed for persons with NASH.23 

Fibrosis progression in NASH 

Current estimates of fibrosis progression are derived from small observational studies, largely 

in persons with little or no fibrosis.24 The currently defined mean fibrosis progression rate of 

0.14 stages per year from observational studies is far in excess of values that could reasonably 

be calibrated to observed fibrosis changes in randomised trials when sampling variability and 

regression to the mean were also considered. There are several possible explanations for this.  

It is possible that selection for, and  participation in, a clinical trial is sufficient to identify a 

patient group at substantially lower fibrosis progression rates.  Whilst there is supporting 

evidence for behaviour change in a proportion of placebo-treated trial participants in NASH, 

such as a reduction in liver fat as measured using magnetic resonance imaging,25 it is not clear 

to what extent this impacts fibrosis progression.  In the light of minimal changes in weight and 

other metabolic parameters such as HbA1c in the studies included here it seems unlikely that 

this is sufficient to substantially reduce mean fibrosis progression overall. It is also possible that 

the rate of fibrosis progression is underestimated by its calculation from the variability 

associated with liver biopsy.  For fibrosis progression to be substantially greater in this context 

https://paperpile.com/c/8rbwGE/XHvw
https://paperpile.com/c/8rbwGE/Xgptp
https://paperpile.com/c/8rbwGE/s4RGE
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would require that sampling variability, regression to the mean, and observer variability to be 

greater than was estimated.  It is more likely therefore, that in persons with NASH in whom 

fibrosis has already developed and who enrolled in clinical trials, progression is less rapid than 

currently anticipated.  

The information available regarding the rate of fibrosis progression in persons in whom fibrosis 

has already progressed is uncertain.  Data from observational series is derived from relatively 

few patients with significant fibrosis.  41 patients were included in the noted systematic review 

from Singh, Allen and co-workers, with approximately 320 person years of follow-up and the 

net fibrosis change was negative in persons starting with fibrosis stage 2 or 3.24 .  Using clinical 

trial data, it has been stated that there is a risk of progression to cirrhosis in a substantial 

proportion of persons with advanced fibrosis due to NASH.22,26  There will however be an 

important contribution to that figure of 20% from sampling variability. As noted in the original 

sampling variability reports, the risk of apparent progression is 14.6%, again suggesting that the 

true rate of progression is in fact substantially  lower than 20%.  The description of a fibrosis 

progression rate from significant liver fibrosis in NASH, at a rate that is slower than the pooled 

population estimate, provides an important insight into the progression of this disease.   

Considering the role of liver histology as an endpoint in trials in NASH 

The role of liver histology has been challenged as a surrogate outcome in trials in NASH.27  The 

recent description of clinically important observer variation in biopsy interpretation has 

heightened the importance of this debate.21  The factors included in the simulations here are 

inherent characteristics of liver biopsy.  Sampling and observer variability can be tackled by 

ensuring appropriately sized samples are taken and multiple pathologist reads, but this will 

inevitably limit trial enrollment and the applicability of treatments in the longer term.  There is 

https://paperpile.com/c/8rbwGE/Xgptp
https://paperpile.com/c/8rbwGE/NQaq7+7YvLF
https://paperpile.com/c/8rbwGE/3pFDA
https://paperpile.com/c/8rbwGE/6wllZ
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growing interest in the use of novel technologies in the interpretation of  liver histology but it 

remains an open question as to whether these will be sufficient to overcome its limitations 

particularly as they relate to sampling variability.28,29 

Substantial variation in the primary outcome measure of trials aiming to provide evidence for 

conditional licensing is a major issue in drug development in NASH.  A deeper understanding of 

this issue is likely to benefit interpretation of trials as they are reported but it remains a priority 

to develop and refine biomarkers.  For use in clinical practice, the primary aim of a biomarker is 

that it is prognostic for future liver events in a way that enables treatment decision-making. 

Existing noninvasive tests, including transient elastography, provide prognostic information and 

likely meet the need for risk stratification if not yet the need for treatment decision-making in 

NASH.  Additionally, response biomarkers that identify a change in prognosis with treatment 

are critical so that the field can ultimately move away from liver biopsy and its inherent 

limitations.  It may be that existing biomarkers (alone or in combination) being developed and 

evaluated in parallel with ongoing clinical trials will fulfill these needs.30 

Strengths and limitations 

In this study we have integrated data from a number of sources to provide a clearer 

understanding of the nature of the placebo response in trials in NASH including an important 

estimate of fibrosis progression for patients with significant and advanced liver fibrosis.  The 

clinical trial populations provide a consistent baseline for estimates of fibrosis progression and 

regression but there are potential limitations.  First, the estimates of sampling variability and 

regression to the mean come from a small patient population as simultaneous liver biopsy 

studies are infrequently done.  Additionally, the staging scheme used in this study was 

according to the original description by Brunt31 rather than the NASH CRN staging system that 

https://paperpile.com/c/8rbwGE/tiUot+zZAyp
https://paperpile.com/c/8rbwGE/bxP2
https://paperpile.com/c/8rbwGE/wY8x5
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has been used subsequently10.  There is substantial overlap between these two systems and in 

our view it is unlikely that this has had a significant impact on the outcomes reported.  Second, 

there is incomplete information regarding factors that might impact sampling variability.  For 

instance, it is known that biopsy length impacts sampling variability.4,32  In the original report on 

sampling variability, the mean biopsy length was 20mm with 17 portal tracts included.  Only 

one of the trials included in the analysis included a description of the length of biopsy at 

enrollment, reporting a similar length.  Third, there is incomplete information regarding the 

impact of additional benefits that may have accrued in the context of a clinical trial that might 

impact on fibrosis progression.  While there was no evidence of significant weight loss or 

positive change in metabolic parameters at the trial level it may be that there were changes at 

the individual level.  As such the defined net fibrosis progression rate may not be applicable to 

populations outside clinical trials. 

Conclusions 

In conclusion, the analyses presented define the apparent placebo response in liver fibrosis in 

randomised trials in NASH in terms of sampling and observer variability, regression to the 

mean, and fibrosis progression.  The factors relating to liver biopsy are largely unmodifiable 

with current techniques and the variation in placebo response rates, both simulated and 

observed, challenges the role of biopsy in trial endpoint assessment.  

 

  

https://paperpile.com/c/8rbwGE/A9kl7
https://paperpile.com/c/8rbwGE/kAI87+aVbTB
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Figure legends 

Figure 1.  Pooled fibrosis change in contemporary phase 2 and phase 3 trials enrolling 

participants with NASH and fibrosis at baseline. (A) Fibrosis regression, (B) fibrosis 

progression. Trials not reporting fibrosis progression are excluded from that analysis 

 

Figure 2. Simulated trial outcomes.  The distribution of fibrosis change in simulated trials is 

shown for a probabilistic evaluation of 1000 trials to illustrate the likely outcomes in placebo 

treated participants in controlled randomised trials in NASH.  

 

Figure 3. Distribution of fibrosis changes in placebo treated participants in reported 

randomized controlled trials.  The distribution of simulated trials is shown to illustrate the 

range of values for fibrosis improvement (A) and fibrosis worsening (B) likely in placebo 

controlled randomized trials in NASH.  26 trials reported fibrosis improvement (A), and 15 trials 

reported fibrosis worsening (B).  The area of each point is proportional to the number of trial 

participants. Trials falling outside 80% of predicted simulations are annotated. 
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