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Abstract

Background and aim

Trials of treatments for non-alcoholic steatohepatitis require endpoint assessment with liver
biopsies. Previous large-scale trials have calculated their sample size expecting high reten-
tion but on average did not achieve this. We aimed to quantify the proportion of participants
with a valid follow-up biopsy.

Methods

We conducted a systematic review of MEDLINE and Embase until May 2020 and included
randomized clinical trials of any intervention in non-alcoholic steatohepatitis with at least 1-
year follow-up. We were guided by Cochrane methods to run a meta-analysis with general-
ized linear mixed models with random effects.

Results

Forty-one trials (n = 6,695) were included. The proportion of participants with a valid follow-
up biopsy was 82% (95%CI: 78%-86%, |2 = 92%). There was no evidence of a difference by
location, trial length, or by allocated treatment group. Reasons for missing follow-up biop-
sies were, in ranked order, related to participants (95 per 1,000 participants (95%Cl: 69—
129, I? = 92%), medical factors, protocol, trial conduct, and other/unclear. Biopsy-related
serious adverse events occurred in 16 per 1,000 participants (95% Cl: 8-33, 1% = 54%). No
biopsy-related deaths were reported.

Conclusions

The proportion of participants with a valid follow-up biopsy in therapeutic trials in non-alco-
holic steatohepatitis is on average 82%, with around 1 in 10 participants declining a follow-
up biopsy. These findings can inform adequately-powered trials.
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Introduction

Non-alcoholic steatohepatitis (NASH) is a chronic and progressive form of non-alcoholic fatty
liver disease (NAFLD). It can progress to cirrhosis and end-stage liver disease, with resource
implications for health care systems [1]. It is estimated to affect 6% of adults worldwide [2].
Patients with NASH have higher liver-related and cardiovascular morbidity and mortality
compared with patients with early-stage NAFLD and the general population [3-5].

Many pharmacological agents are currently under development and testing in randomized
clinical trials, but there is currently no medication licensed for the treatment of NASH. In these
trials, assessment of changes in disease activity requires a liver biopsy at baseline and end of treat-
ment, because there are no validated non-invasive biomarkers [6]. Based on the liver biopsy, regu-
lators, such as the Food and Drug Administration and the European Medical Agency, currently
consider specific histological changes in the liver after at least one year as acceptable intermediary
endpoints in phase 2b-3 trials that are likely to predict progression to clinical outcomes [7, 8].

However, liver biopsies are invasive, and carry risks for patients, including pain, haemor-
rhage, and even death, and, thus, are unpopular with patients [9]. Achieving high follow-up is
crucial to valid interpretation of data from clinical trials, so assessing the proportion of patients
that undergo biopsy is imperative for trialists. Trials to date report variable follow-up and it is
unclear what factors affect follow-up proportions or how best to estimate likely completion in
future trials [10-13]. Moreover, it is crucial to understand whether patients are willing to
undergo biopsy solely for the benefit of medical science, particularly for patients in control
groups who have not received therapy. Some trials, such as those providing behavioural treat-
ments such as weight loss, cannot be blinded and people in the control group could be deterred
from a second biopsy by virtue of being offered no or inferior treatment. This review, there-
fore, aims to quantify the proportion of participants in NASH trials with a valid follow-up
biopsy to inform future trial sample size estimates and assess why biopsy data is not obtained.

Methods

This was a prospectively registered systematic review (PROSPERO ID: CRD42020189488)
reported using the PRISMA guidelines. We followed the protocol with no changes except a
minor revision described in the next section.

Criteria

We included randomized clinical trials on adults with biopsy-confirmed non-alcoholic steato-
hepatitis with any degree of liver fibrosis, including no fibrosis and cirrhosis. The trials needed
to evaluate any intervention and any comparator, ask participants to undertake a repeat liver
biopsy within a minimum of one year from baseline (defined as at least 48 weeks), and report
the number of participants analysed. The primary outcomes were the percentage of participants
with a valid biopsy at follow-up and the percentage of participants declining a follow-up biopsy.
We reworded the second primary outcome from ‘attending a follow-up biopsy’ in the protocol
to ‘declining a follow-up biopsy’ in the paper to accurately reflect the way these data were
reported in the primary publications. Secondary outcomes included reasons for lack of a valid
follow-up biopsy, reimbursement for study participation, and biopsy-related complications.

Search

We searched MEDLINE and Embase from inception until 26 May 2020 with no language
restrictions. An experienced librarian developed the search strategy (available in the S1 File).
We hand-searched studies from relevant systematic reviews.
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Extraction and assessment

Two researchers independently screened each title and abstract and each full text using an
online standardized tool [14]. Following this, two researchers independently extracted the fol-
lowing data: baseline characteristics (age, sex, NAFLD activity score, fibrosis stage), nature of
intervention, number of people with a biopsy at baseline and follow-up, reasons for lack of fol-
low-up biopsy, biopsy-related adverse events, length and timings of follow-up, and reimburse-
ment for study participation. These were pre-specified in the published protocol from the
published papers and reported results in the clinical trial registries using a pre-defined and
pre-piloted data extraction form and assessed risk of bias based on blinding of participants
and personnel using the Cochrane Risk of Bias assessment [15]. We decided a priori not to
assess risk of bias due to randomization and allocation, as we did not consider that they could
meaningfully bias the primary outcome which itself is part of the tool (i.e. as attrition bias).
Instead, we assessed risk of bias due to blinding of participants and personnel as high, low, or
uncertain. Conflicts between reviewers were resolved through discussion or referral to a third
reviewer.

Analysis

We meta-analysed the data using generalized linear mixed models with random effects [16].
Statistical heterogeneity was assessed with the I” statistic. Prediction intervals to allow estima-
tion of proportions in future studies were calculated [17]. Primary outcomes are summarized
as proportions [95% confidence intervals (CI)]. Secondary outcomes are summarized as events
per 1,000 participants (95% confidence intervals) given the low event probabilities. We
excluded participants who had been randomized within a study that terminated early and
therefore could not have a follow-up biopsy. If a study had conducted biopsies at two follow-
up time points, we included the first time point in the primary analysis. We conceptualized the
reasons for not undergoing a second biopsy in five categories: (a) as participant-related (i.e.
consent withdrawal, explicitly declining biopsy, lost to follow-up, and moved away), (b) proto-
col-related (i.e. protocol deviation, did not start treatment, non-compliant), (c) medical-
related (i.e. adverse events, physician decision, contraindications such as pregnancy, too ill,
and death), and (d) trial-related [i.e. randomization by mistake, biopsy taken but not valid
(e.g. due to inadequate tissue obtained), site closure], and (e) other/unclear (i.e. unclear, dis-
charged from military). Publication bias was assessed with funnel plots [18].

Pre-specified subgroup analysis was conducted by location (high-income vs. middle-
income countries) and time since first biopsy (1 year vs. more than 1 year). Pre-specified anal-
ysis was conducted comparing the proportion of valid follow-up biopsies between active inter-
vention and placebo arms in placebo-controlled trials using odds ratios with 95% confidence
intervals to examine evidence that blinding was implemented successfully and did not lead to
differential dropout. For 3-arm and 4-arm trials, the data for the active arms were combined.

We also ran a post-hoc sensitivity analysis to assess whether proportions for follow-up
biopsy differed between trial arms in open-label studies. This examined different potential
expectation of benefit, where participants in a control or lower-intensity treatment arm might
be less inclined to undergo a second biopsy due to perceived lack of expected benefit. For this
analysis, we included open-label studies that compared (a) any medication plus diet and exer-
cise advice against only diet and exercise advice, (b) intensive behavioural weight management
programmes against basic diet and exercise advice, (c) two/three medication against one/two
medication, and (d) a medication against a dietary supplement). We also ran a post-hoc meta-
regression to examine if study size moderated retention and a subgroup analysis by geographi-
cal region. Analysis was conducted using the meta and metafor packages in RStudio v1.2.5033.
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Results

We screened 839 references and included 41 studies with a total of 6,695 participants
(PRISMA Flowchart in Fig 1) [10-13, 19-55]. Seven studies were conducted in middle-income
countries with the remaining run in high-income countries. Thirty-six studies tested medica-
tion as monotherapy or polytherapy with other medication or dietary supplements, four tested
dietary supplements, and one tested a behavioural weight loss programme. Thirty-one trials
had a placebo control arm, five trials had diet and exercise advice as control arms, and five tri-
als compared two or more different drugs or supplements. Twenty-four trials were two-arm,
15 were three-arm, and two were four-arm. Among the 3-arm and 4-arm trials, twelve trials
investigated various doses of the same medication whereas five trials compared multiple medi-
cations as monotherapy or polytherapy. S1 Table in S1 File presents the detailed study charac-
teristics. At baseline, participants were on average 53.8 (SD: 11.4) years and 51% were female.
They had mean NAFLD activity score and fibrosis stage of 5.11 (SD: 1.27) and 2.30 (SD: 1.15),
respectively.

1,776 references identified ——>»

937 duplicates and animal
studies excluded

839 refe_rences |mporteq| for ) 739 studies excluded
screening as 834 studies

54 studies excluded

95 studies assessed for full- 3 - 29 Systematic review

text eligibility -14 Wrong outcomes
-9 Wrong study design

-2 Wrong population

41 studies included

Fig 1. PRISMA flowchart.
https://doi.org/10.1371/journal.pone.0250385.9001
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Across all studies, the percentage of participants with a valid follow-up biopsy was 82%
(95% CI: 78%-86%, I* = 92%, prediction interval: 50-96%) (Fig 2). Where it was reported, 9%
(95% CI: 4-18%, I> = 92%, n = 13) of participants declined a biopsy (Fig 3). Among all studies,
the main reasons for not having a valid follow-up biopsy were participant-related occurring in
95 per 1,000 participants (95% CI: 69-129, I? = 92%) (S1 Figin S1 File).

Other reasons leading to a lack of a follow-up biopsy were medical-related [16 per 1,000
participants (95% CI: 8-29, I = 91%)], protocol-related [3 per 1,000 participants (95% CI: 1-8,
2 = 86%)], trial conduct-related [1 per 1,000 participants (95% CI: 0-5, I> = 91%)], and other/
unclear [3 per 1,000 participants (95% CI: 1-10, I? = 94%)] (S1-S5 Figs in S1 File).

There was no evidence that the location (high-income vs. middle-income counties) influ-
enced the proportion of valid follow-up biopsies (S6 Fig in S1 File). In the analysis by geo-
graphical region, there was some limited evidence that this proportion was lower in two small
studies conducted in Eastern Mediterranean but not in any other region (S7 Fig in S1 File).
Moreover, there was no evidence that the interval to the follow-up biopsy (1 year vs. more
than 1 year) affected this proportion (S8 Fig in S1 File). However, among the three studies that
conducted an additional follow-up liver biopsy within 3 years, the proportion of participants
with a second follow-up valid biopsy was 68% (95% CI: 61-75%, I* = 48%) when the propor-
tion for the first follow-up biopsy was 89% (95% CI: 80-94%, I* = 74%) in these trials (S9 Fig
in S1 File). Twenty-five trials reported the proportion of a follow-up biopsy by trial arm.
Among these, there was no evidence of a difference in the proportion of valid follow-up biop-
sies between the active intervention and placebo arms (OR: 1.03, 95% CI: 0.87-1.22, I* = 0%)
(S10 Fig in S1 File). Only one study with a high retention rate reported reimbursing partici-
pants for completing the study [55].

There were 32 studies that blinded personnel and participants and where it is reasonable to
assume participants expected equal benefit between arms (risk of bias due to blinding in S2
Table in S1 File). There were eight open-label medication studies where expectations of benefit
may or may not have been equal, and one open-label trial assessing a behavioural weight loss
programme where blinding is by default not possible and where participants in the control
arm presumably expected a second biopsy would not show large changes in histology. Among
the open-label trials, there was no evidence that the proportion of valid follow-up biopsies dif-
fered between arms (OR: 1.11, 95% CI: 0.72-1.70, I? = 0%) (S11 Fig in S1 File). There was no
evidence from a post-hoc meta-regression that the size of the study was associated with reten-
tion (b = 0.0009, 95% CI: -0.0001-0.0020, p = 0.08). The funnel plot showed no evidence of
publication bias (S12 Fig in S1 File).

Biopsy-related serious adverse events occurred in 16 per 1,000 participants (95% CI: 8-33,
I” = 54%) among the seven studies that specifically reported this outcome (Fig 4). Among the
17 serious adverse events, 4 were pain, 3 were hematoma, 1 was bile leak, and 9 were not
reported. In 4 studies (n = 618) reporting a total of 27 non-serious adverse events, 25 were
pain and 2 were vasovagal syncope. No biopsy-related deaths were reported.

Discussion

This systematic review and meta-analysis of 41 randomized controlled trials in NASH shows
that the proportion of participants with a valid follow-up biopsy is on average 82% (78-86%),
but with unexplained heterogeneity between trials. On average, nearly one in 10 participants
declined a second biopsy. About 3 out of 10 did not have a further follow-up biopsy. There was
no evidence that the proportion having a follow-up biopsy differed by location, length of fol-
low-up, between intervention and placebo groups in blinded trials, or between groups in trials
with open allocation.
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Fig 2. Proportion of participants (95% CI) with a valid follow-up biopsy.
https://doi.org/10.1371/journal.pone.0250385.9002
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Study N declined biopsy N baseline % Retention [95% CI]

Sanyal 2010 4 2474 : 0.02 [0.00; 0.04]
Lindor 2004 5 174 E 0.03 [0.01; 0.07]
Torres 2011 1 135[4 0.01 [0.00; 0.04]
Bril 2019 2 105 [+ 0.02 [0.00; 0.07]
Idilman 2008 45 74 —— 0.61 [0.49;0.72]
Omer 2010 29 64 —t— 0.45 [0.33; 0.58]
Zein 2011 3 55 £4— 0.05 [0.01;0.15]
Oliveira 2019 5 53 +4— 0.09 [0.03;0.21]
Alam 2018 8 48 4 0.17 [0.07; 0.30]
McPherson 2017 5 45 —— 0.11 [0.04; 0.24]
Dufour 2006 8 45 —f— 0.18 [0.08;0.32]
Alam 2020 4 40 +— 0.10 [0.03;0.24]
Alam 2017 5 35 —H— 0.14 [0.05; 0.30]
Random effects model 124 1120 - 0.09 [0.04; 0.18]
Prediction interval [0.01; 0.64]

Heterogeneity: I* = 92%, v = 2.0, 5}, = 173 (p < 0.01) ' ! l I I l
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Fig 3. Proportions of participants (95% CI) reporting to specifically decline a follow-up biopsy.
https://doi.org/10.1371/journal.pone.0250385.9003

These findings have implications for trial design of therapeutic trials in NASH, as the reten-
tion is essential for a sample size calculation. Firstly, many large-scale trials calculated their
sample size based on a retention of 85-90%, but on average did not achieve this [11, 12, 39, 42,
47]. This can lead to underpowered studies that might not be able to answer their research
questions, therefore, wasting resources and exposing participants to risky treatments and pro-
cedures. Future trials should allow for a lower retention to increase the likelihood of

Study N follow—-up N baseline SAEs per 1,000 [95% CI]

Friedman 2018 1 289[+] 3 [0; 19]
Sanyal 2014 2 243 8 [1; 29]
Neuschwander-Tetri 2015 2 219[+ 9 [1; 33]
Bril 2019 5 105 4 48 [16; 108]
Cusi 2016 4 101 B 40 [11; 98]
Navarro 2019 1 78+ 13 [0; 69]
Dasarathy 2015 2 37 #HH— 54 [7;182]
Random effects model 17 1072 ¢ 16 [8; 33]
Prediction interval — [3; 76]

a2 2 2
Heterogeneity: I = 54%, t° = 0.5, xg = 13 (p = 0.04) ! ! ! ! ! !
0O 200 400 600 800 1000
Fig 4. Biopsy-related serious adverse events reported for N per 1,000 participants (95% CI).
https://doi.org/10.1371/journal.pone.0250385.g004
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adequately powered studies. Secondly, the lack of evidence that the proportion of follow-up
biopsy differ between arms in open label trials (i.e., where the risk of bias due to blinding was
high) suggests that knowledge of the received treatment does not influence participants’ com-
mitment to the second biopsy. This might have been expected if participants perceived they
had not received an effective treatment. Thirdly, the sample size should be based on expected
histological changes in the first follow-up biopsy given the lower retention in subsequent fol-
low-up biopsies.

Knowledge of the proportion of biopsy-related adverse events specifically in this population
could be used as part of the consent process in future trials. Participants can be informed that
about 1 in 60 participants may experience a serious adverse event, with the possibility of seri-
ous pain occurring in about 1 in 270 and of hematoma in about 1 in 350. These are generally
in line with previous estimates from two previous audits totalling 3,482 biopsies in diverse
populations [56, 57]. These audits reported either no deaths or 3 deaths in inpatients with
major comorbidities. No study in this review reported a biopsy-related death. This is reassur-
ing and might reflect the strict trial eligibility criteria that exclude people with major comor-
bidities. Non-invasive biomarkers, such as magnetic resonance imaging and elastography, are
emerging as alternatives to the liver biopsy that will minimise such adverse events [58, 59]. The
new proposed definition of metabolic dysfunction-associated fatty liver disease [60] might
reinforce the use of such biomarkers for diagnosis and as trial endpoints [58], although the
optimal terminology remains to be determined [61].

Strengths of the study include being guided by Cochrane methods and including random-
ized trials of diverse interventions with a minimum follow-up of 1 year. The estimates
remained robust irrespective of time to the first follow-up or location indicating that they
should be applicable to studies worldwide. However, the study also has some limitations. Most
studies did not report on biopsy-related adverse events and, thus, it remains unclear if partici-
pants in these studies did not experience these or if studies only reported on treatment-related
adverse events. Our estimates include only studies specifically reporting adverse events and,
thus, assume that the decision to report biopsy-related events is unrelated to their occurrence
in these trials. Future studies should present detailed analyses of all adverse events.

Conclusions

The proportion of participants with a valid follow-up biopsy in therapeutic trials in NASH is
on average 82%, with around 1 in 10 participants declining a follow-up biopsy. This provides a
realistic assessment of likely follow-up to inform sample size calculations in future trials.

Supporting information

S1 Checklist. PRISMA 2009 checklist.
(DOC)

S1 File.
(PDF)
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