
Review
Stratification of patients in NASH clinical trials: A pitfall for trial
success
Javier Ampuero,1,2,3,* Manuel Romero-Gomez1,2,3
Keywords: NAFLD; Clinical
trial; Stratification; Comor-
bidities; Alcohol; Lifestyle

Received 29 April 2020;
received in revised form 2 July
2020; accepted 13 July
2020Available online 21 July
2020
Summary
Identifying the most effective therapeutic intervention in patients with NAFLD is challenging.
Precise stratification in clinical trials is key to ensuring the inclusion of patients who will benefit
(and not those who will be harmed) and/or in whom the natural history can be improved. Clinical
trials in NAFLD can provide useful information about the individual components that underlie this
complex metabolic disorder and the concomitant medications that could interfere with responses
to an experimental intervention. However, to date, clinical trial reporting for NAFLD has been
suboptimal, limiting our understanding. Frequently dysmetabolic comorbidities and/or daily habits
are not reported or adequately accounted for. Herein, we suggest new strategies to integrate the
spectra of comorbidities usually present in patients with NAFLD, accounting for the impact of
lifestyle, to develop personalised therapeutic approaches. First, the mechanism of action of the drug
being explored should be considered. Second, the same proportion of patients with relevant
metabolic comorbidities should be maintained from phase II to III clinical trials, if such comor-
bidities are expected to impact on the treatment response. Third, innovative trial designs, such as
the adaptative, umbrella or basket strategies, could be used to increase the efficiency of clinical
trials, potentially benefiting patients while reducing costs and enhancing the likelihood of finding a
real benefit of the therapy being studied. Finally, alcohol intake and daily exercise should be
assessed objectively not only in the screening period but also during follow-up.
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Current challenges in NAFLD clinical trials
Non-alcoholic fatty liver disease (NAFLD) is one of
the most prevalent liver diseases worldwide.1 It
ranges from simple steatosis and non-alcoholic
steatohepatitis (NASH) to cirrhosis and hepatocel-
lular carcinoma,2 so a practical therapeutic
approach is necessary to halt its natural history.
However, no licensed drugs are currently approved.
We are now in a race to identify the first drug able
to prevent NAFLD or reverse the disease course in
patients at more advanced stages.3

Clinical trials for NAFLD pose many challenges.4

On the one hand, some problems relate to
recruitment. Individuals enrolling in NAFLD clinical
trials are usually required to have a NAFLD activity
score (NAS) >−4 and a fibrosis stage from F1 to
cirrhosis by liver biopsy. However, up to half of the
screened individuals are failing to meet these
eligibility criteria.5 Notably, previous studies have
reported that 20–40% of the NAFLD population do
not display a definitive histological diagnosis of
NASH,6 which makes these individuals ineligible
for enrollment.

On the other hand, there are also challenges
directly related to drug efficacy. Firstly, selecting
the appropriate endpoint and duration of
therapy are essential for assessing the efficacy of
a drug in clinical trials.7 The reversal of NASH
(with no worsening of fibrosis) or improvement
of fibrosis (with no further deterioration of
NASH) are the endpoints for pre-cirrhotic
patients, while the main goal in the cirrhotic
population is to avoid decompensated cirrhosis,
hepatocellular carcinoma, liver transplant and
mortality (beyond the regression of NAS or
fibrosis). Secondly, patients given placebo have
significant histologic, radiologic, and biochemical
responses in NAFLD clinical trials,8 probably
owing to the Hawthorne effect.9 Thus, the pla-
cebo response must be taken into account as it
can confuse the results and interfere with the
calculation of sample sizes and the definition of
treatment endpoints.10

The stratification of patients appears to be
another significant and relevant pitfall in NAFLD
clinical trials, particularly regarding the distribu-
tion of baseline features.11 In this review, we
analyse the existing literature on the impact of
metabolic comorbidities and lifestyle on treatment
response, how this is reported in the different
published clinical trials, and how we can use this
information to optimise stratification.
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Key points

� An adequate stratification is essential to ensure the reliability of clinical
trials.

� Structured information should be reported and homogenised in each
NAFLD clinical trial.

� Considering the mechanism of action of the drug being explored is
relevant because treatments that act directly on the main NAFLD
trigger could achieve better response rates.

� Maintaining the same proportion of patients with some relevant
metabolic comorbidity from phase II to III clinical trials is crucial
because it might impact on the treatment response.

� The standard design of the clinical trials might not consider the het-
erogeneity of NAFLD, so innovative designs should be considered to
overcome the challenges inherent to research in this field.

� Objective measurements of lifestyle should be incorporated into clin-
ical trials because they are common confounders in clinical trials for
NAFLD.
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Impact of comorbidities and lifestyle on treatment
response
Among the experimental drugs, a plethora of pathways and
target mechanisms are being tested, such as metabolic
dysfunction, glucose homeostasis, lipid metabolism, or bile acid
signalling.12 In this scenario, it has been hypothesised that the
presence of a NAFLD-related comorbidities could influence
response rates depending on the mechanism of action.

Type 2 diabetes mellitus represents an excellent example of
the influence of a comorbidity on response rates. Pioglitazone and
liraglutide are antidiabetic drugs that have shown significant re-
sults in both diabetic and non-diabetic patients. However, the
effect of these drugs was stronger in patients suffering from dia-
betesmellitus, which could indicate that this entity was primarily
responsible for NAFLD.13 Sanyal et al. included 80 patients
receiving pioglitazone for 96weeks,14 while Cusi et al. enrolled 50
patients taking the same drug for 72 weeks.15 Regarding baseline
features, themain difference between these trials was that Sanyal
et al. did not include any patient with type 2 diabetes mellitus. In
contrast, all the patients included by Cusi et al. had diabetes or
insulin resistance (in addition tohaving higher triglyceride levels).
Both trials showed a benefit of pioglitazone over placebo, with the
primary endpoint achieved in 34% of patients compared to 19% in
the study by Sanyal et al., and in 58% vs. 17% in the study by Cusi
et al. Despite these positive results, the treatment difference be-
tween pioglitazone and placebowas very different between these
studies. Thus, the treatment difference in achieving the primary
endpoint was 41% for the clinical trial led by Cusi et al. and 15% for
the study performed by Sanyal et al. (p = 0.007). Of note, Cusi et al.
assessed a stricter endpoint (a reduction of >−2 points in the NAS
score in 2 histologic categorieswithoutworseningoffibrosis) than
Sanyal et al. (mainly, an improvement by >−1 point(s) in ballooning
without an increase in the fibrosis score). Considering all the in-
dividual components of NASH, steatosis, lobular inflammation,
and, notably, ballooning were decreased more frequently in pa-
tients with diabetes or insulin resistance. Meanwhile, the LEAN
trial demonstrated that liraglutidewas able to achieve theprimary
endpoint (resolution of definite NASH with no worsening in
fibrosis) in up to 39% of patients, while placebo did so in only 9%.16

Despite the low number of patients enrolled, these results were
significant (p = 0.019). Interestingly, no diabetic patients treated
with placebo achieved the primary endpoint, while this percent-
age was 14% in non-diabetic patients. However, the percentage of
patients that reached theprimaryendpoint on liraglutidewasvery
similar irrespective of the presence of type 2 diabetes mellitus
(38% vs. 40%). Consequently, the relative risk for the primary
endpoint was superior for diabetic (4.7 [95% CI 0.3–75]) than non-
diabetic patients (3.4 [95% CI 0.8–14]) for liraglutide.

Obesity could be the paradigm of a complex syndrome
encompassing different metabolic comorbidities. Although BMI
is usually reported, the impact of obesity on treatment response
has not been widely evaluated. The FLINT trial demonstrated that
patients with BMI >35 had a better response to obeticholic acid
(44% vs. 8% placebo; odds ratio [OR] 8.7; 95% CI 2.4–32.1) than
those with BMI <35 (46% vs. 27% placebo; OR 2.3; 95% CI 1.1–4.8).
While the proportion of patients achieving the primary outcome
was similar for obeticholic acid irrespective of BMI, it is possible
that the obesity-dependent variation in placebo response was
responsible for this difference.

Assessing the impact of lifestyle (e.g., exercise, dietary habits,
and alcohol intake) on response rates is a challenge because of
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the difficulty obtaining accurate information. The benefit of
lifestyle intervention, consisting of diet and exercise, on NASH
and fibrosis is well documented.17,18 However, both dietary
habits and exercise are usually recorded by baseline question-
naires, instead of objective tools, which limits the usefulness of
this information enormously and prevents optimal stratification.
For instance, BMI is typically used to monitor lifestyle changes
during follow-up and is considered a covariate for the response
rate. Alcohol intake is an exclusion criterion for NAFLD clinical
trials (>20 g and >30 g per day in men and women, respectively),
although its baseline assessment is suboptimal, and the benefits
or harms of its intake are controversial.19 Irrespective of baseline
parameters, patients receiving placebo show significant histo-
logic, radiologic, and biochemical responses.8 This means that
patients change their behaviour after enrolment (Hawthorne
effect), indirectly reflecting the impact of lifestyle on response
rates (not only on the placebo but also on the experimental
group). Thus, new NAFLD clinical trials should include an
objective assessment of lifestyle, including exercise, and dietary
and alcohol habits, in order to control this cofounding factor
adequately.
Information reported about comorbidities and
lifestyle in clinical trials
Knowing the baseline features of patients included in clinical
trials is essential to understand, at least partially, the current
suboptimal response rates achieved with experimental drugs.
Besides, this information would allow for comparisons between
clinical trials. The publication of trials should include relevant
and essential information about metabolic comorbidities and
lifestyle.11 We can structure this information at 4 levels: i) a
metabolic panel consisting predominantly of variables associated
with glucose and lipid metabolism; ii) the presence of comor-
bidities related to metabolic syndrome; iii) the use of concomi-
tant medication for the dysmetabolic comorbidities that could
influence the efficacy of the experimental drug; iv) information
about lifestyle, including daily dietary habits, exercise, and
alcohol consumption (Box 1).

We have analysed 10 phase II clinical trials published to
date,5,16,20–27 to determine whether they provide information on
essential metabolic comorbidities, concomitant drugs and daily
lifestyle habits (Table 1). All studies reported the number of
2vol. 2 j 100148



Box 1. Authors’ recommendations of metabolic and lifestyle factors to be
reported in clinical trials in NASH.

Metabolic panel
Fasting glucose
Fasting insulin
Hemoglobin A1c
Total cholesterol
LDL-cholesterol
HDL-cholesterol
Triglycerides
TSH

Metabolic conditions
Impaired fasting glucose
Type 2 diabetes mellitus
Arterial hypertension
Hypercholesterolemia
Hypertriglyceridemia
Hypothyroidism
Metabolic syndrome
Menopause status
Body mass index
Waist circumference

Concomitant drugs
Antidiabetic medications
Hypolipidemic medications
Antihypertensive drugs
Thyroid supplements
Vitamin E
Steatogenic drugs

Lifestyle
Diet pattern
Total diet calories
Diet type
Daily exercise
Physical activity
Smoking habit
Alcohol consumption
Caffeine intake

NASH, non-alcoholic steatohepatitis.
patients with type 2 diabetes mellitus and the mean BMI, so
comorbidities appear to be considered more important by the
study authors. However, dyslipidaemia and arterial hypertension
were reported in 7 and 5 studies, respectively. Finally, only 2 out
of the 10 clinical trials provided information regarding how
many patients had metabolic syndrome. The information about
concomitant drugs was also suboptimal. Patients with medica-
tions for dyslipidaemia, type 2 diabetes mellitus, and arterial
hypertension were reported in 5, 4 and 2 clinical trials, respec-
tively. Surprisingly, only 1 trial reported information on dietary
habits, alcohol consumption (to fulfil the inclusion criteria) and
smoking, and none reported on exercise.

The information reported by the clinical trials is also relevant
to compare the response rates of experimental drugs objectively.
Looking at the baseline features, we found that the percentage of
patients with diabetes mellitus included in the trial testing
selonsertib was significantly higher (about 70–80%) than in the
trial of norursodeoxycholic acid (10–15%). Similarly, the preva-
lence of arterial hypertension varied considerably between the
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studies testing NGM282 (65–75%) and norursodeoxycholic acid
(40%), while that of dyslipidemia varied between the trials of
obeticholic acid (60%) and pegbelfermin (25–30%) (Table 2).
Consequently, the distribution of metabolic comorbidities should
be considered when we perform non-head-to-head comparisons
between different experimental drugs.

In summary, it would be desirable to follow standard
reporting recommendations for NAFLD clinical trials in order to
provide additional transparency and facilitate the understanding
and comparison of different therapeutic approaches. Besides,
considering the different proportions of metabolic comorbidities
between studies, specific statistical adjustments, and in-
terpretations of the outcome measures should be made when
comparing results across clinical trials.
Managing the stratification of metabolic
comorbidities
One of the main aims of the stratified randomisation strategy in
NAFLD clinical trials is to reduce the influence of some potential
confounders that could affect study outcomes, complicating the
analysis of an experimental drug’s efficacy (Table 3). In particular,
the presence of metabolic comorbidities (such as obesity, dia-
betes mellitus, or arterial hypertension), which are very common
in patients with NAFLD,28 may influence treatment response.

Metabolic comorbidities from phase II to phase III clinical
trials
The CENTAUR study demonstrated that 20% of patients receiving
cenicriviroc achieved an improvement in fibrosis of >−1 stage and
no worsening of NASH compared to 10.4% of patients receiving
placebo (OR 2.20; p = 0.023) in the overall cohort.21 However,
cenicriviroc was not superior to placebo in the presence of dia-
betes (23% [17/74] vs. 18% [10/57]; OR 1.40; 95% CI 0.59–3.35; p =
0.52), while the experimental drug was very effective in the
absence of it (23% [12/52] vs. 7% [5/69]; OR 3.84; 95% CI
1.26–11.7; p = 0.017). It must be noted that the percentage of
patients with type 2 diabetes mellitus was significantly higher in
the group of patients taking cenicriviroc (57.2% [82/145] vs. 44.4%
[64/144]; p = 0.039). Therefore, we speculate that if the ongoing
phase III clinical trial includes a lower proportion of diabetic
patients (e.g., 30%), the effect of cenicriviroc could be greater.
However, if the proportion of diabetic patients is higher (e.g.,
75%), the experimental drug could have worse response rates
(Fig. 1).

Another example comes from a secondary analysis of the
FLINT trial.29 In this study, the authors found that the presence of
baseline hypertriglyceridemia (triglyceride levels >154 mg/dl)
impacted negatively on the effect of obeticholic acid (p = 0.020);
up to 58.9% (43/73) of patients with histological response had
triglyceride levels less than 154 mg/dl (vs. 45.7% 58/127 in those
with hypertriglyceridemia). Again, we could expect different
response rates depending on the proportion of patients with
hypertriglyceridemia in the ongoing phase III clinical trial of
obeticholic acid.

Given that the presence of particular comorbidities could
influence treatment response, we think it is essential to maintain
their proportion from phase II to phase III clinical trials. Other-
wise, we cannot directly compare the results from this transition
because the efficacy of the drug could be affected by the pro-
portion of baseline comorbidities more than the experimental
therapy itself. In this case, trial designs should be refined and
3vol. 2 j 100148



Table 1. Information reported in published phase II clinical trials.

Essential metabolic comorbidities and daily lifestyle

Author Drug T2DM HOMA AHT Dyslipidaemia BMI Metabolic
syndrome

Alcohol Dietary
habits

Smoking Exercise

Neuschwander-Tetri,
2014

Obeticholic acid Yes Yes Yes Yes Yes No No No No No

Friedman, 2018 Cenicriviroc Yes No No Yes Yes Yes No No No No
Ratziu, 2016 Elafibranor Yes Yes Yes Yes Yes No No No No No
Armstrong, 2016 Liraglutide Yes Yes Yes Yes Yes No Yes Yes Yes No
Loomba, 2018 Selonsertib Yes No No No Yes No No No No No
Sanyal, 2018 Pegbelfermin Yes No No Yes Yes No No No No No
Harrison, 2018 NGM282 Yes No Yes Yes Yes No No No No No
Traussnigg, 2019 norUDCA Yes No Yes No Yes No No No No No
Loomba, 2018 GS-0976 Yes Yes No No Yes No No No No No
Harrison, 2020 Emricasan Yes No No Yes Yes Yes No No No No
Concomitant drugs

Author Drug T2DM therapy (%) T2DM therapy
(individualised)

AHT therapy (%) AHT therapy
(individualised)

Dyslipidaemia
therapy (%)

Dyslipidaemia
therapy
(individualised)

Neuschwander-Tetri,
2014

Obeticholic acid Yes Yes No No Yes No

Friedman, 2018 Cenicriviroc No No No No No No
Ratziu, 2016 Elafibranor Yes Yes No No Yes Yes
Armstrong, 2016 Liraglutide Yes Yes Yes No Yes No
Loomba, 2018 Selonsertib No No No No No No
Sanyal, 2018 Pegbelfermin No No No No Yes Yes
Harrison, 2018 NGM282 Yes Yes Yes No Yes Yes
Traussnigg, 2019 norUDCA No No No No No No
Loomba, 2018 GS-0976 No No No No No No
Harrison, 2020 Emricasan No No No No No No

This information has been obtained from the manuscripts and corresponding supplementary material.
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improved by learning the lessons of earlier phases. However, the
occurrence of metabolic disturbances30 in patients included in
NAFLD clinical trials must be closely assessed.
Role of concomitant medications
Many drugs are involved in the management of patients with
NAFLD, including those used to treat metabolic comorbidities
(such as statins or antidiabetic medications), or those directly
prescribed for fatty liver (like vitamin E, although its use is off-
label). These therapies could play different roles in NAFLD by
targeting elements of the metabolic syndrome. Given the po-
tential confounding influence on outcomes, we think that
concomitant medications should be completely stratified by
comparison group (experimental drug vs. placebo), and that these
proportions should be maintained when moving from phase II to
phase III trials. Additionally, it is essential to have stable doses of
Table 2. Proportion of patients showing metabolic comorbidities in the clini

Author Drug

Type 2
diabetes mel

Drug

Neuschwander-Tetri, 2014 Obeticholic acid 53%
Friedman, 2018 Cenicriviroc 57%
Ratziu, 2016 Elafibranor 42%
Armstrong, 2016 Liraglutide 35%
Loomba, 2018 Selonsertib 66%
Sanyal, 2018 Pegbelfermin 33%
Harrison, 2018 NGM282 61%
Traussnigg, 2019 norUDCA 6%
Loomba, 2018 GS-0976 65%
Harrison, 2020 Emricasan 52%
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such medications for at least 3 months before recruitment, and
any dose changes should be recorded during the trial.

Obeticholic acid is the only drug that has had preliminary
positive results in the ongoing phase III clinical trial (an
18-month interim analysis), although only 1 of the 2 primary
endpoints was achieved (improvement of fibrosis with no
worsening of NASH).31 Despite most of the baseline features
being similar between the phase II and III trials, some elements
could impact on the results. Both trials included patients taking
vitamin E, but the percentage was significantly higher in the
phase II trial (21% vs. 10% [p = 0.002] for the treatment group and
23% vs. 14% [p = 0.019] for the placebo group). In the FLINT trial,
the primary outcome was a decrease >−2 points in the NAS score
with no worsening in fibrosis, which was achieved in 45% of
patients taking obetichloic acid compared to 21% of patients
taking placebo (response rate 1.9; 95% CI 1.3–2.8; p = 0.0002).
Although it was not the primary outcome, the same endpoint
cal trials, according to the experimental drug vs. placebo.

litus Arterial hypertension Dyslipidaemia

Placebo Drug Placebo Drug Placebo

52% 62% 60% 62% 61%
44% Not reported 48% 49%
36% 62% 47% 49% 54%
31% 58% 54% 35% 27%
80% Not reported Not reported
42% Not reported 25% 31%
63% 64% 78% 54% 30%
16% 39% 41% Not reported
58% Not reported Not reported
49% Not reported 56% 61%
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Table 3. Recommendations about the management of confounders in NAFLD clinical trials.

Metabolic and lifestyle confounders on NAFLD clinical trials Recommendations

Current or recent history (<5 years) of significant alcohol
consumption before the screening.

- Consumption <30 g per day for men and <20 g per day for women.

- Assess the pattern of alcohol intake (e.g., binge drinking).

- Perform questionnaires routinely (e.g., AUDIT).
Engagement in an active weight loss program or taking
weight loss medication.

- Weight loss of less than 5% within 6 months prior to randomisation.

- Lack of history or planned efficient bariatric surgery prior to screening.
Changes in the lifestyle due to the enrolment
(Hawthorne effect).

- Provide practical but uniform diet and physical activity recommendations: a)

avoidance of sugar-sweetened beverages; b) consumption of a healthy and

well-balanced diet; c) moderate-to-high intensity exercise daily; d) less than

2 hours/day of screen time.
Patients with decompensated diabetes (HbA1c >9.0%). - Controlled diabetes, defined as HbA1c <9.0% within 60 days prior to enrolment.
Taking drugs known to have potential therapeutic
activity on NASH prior to entry into the study
(e.g., vitamin E, GLP-1 agonists).

- Change the prescription, if possible.

- Maintain a stable dose 3 months before the enrolment and during the clinical trial.

- Randomisation controlled by potential hidden combination therapy.

- Not to prescribe these drugs during the follow-up.
Taking drugs that can induce steatosis/steatohepatitis
(e.g., steroids).

- Try to substitute the steatogenic drugs before the enrolment or, at least,

maintain a stable dose.
was assessed in the interim analysis of the phase III trial, but the
response rate was lower (36% vs. 24%; response rate 1.5; 95% CI
1.2–1.9; p = 0.0012). The number of patients receiving vitamin E
could influence this endpoint, as the PIVENS trial demonstrated
that vitamin E was associated with a significantly higher rate of
NASH improvement.14
New designs for clinical trials
The wide variety of NAFLD phenotypes is a crucial element to
bear in mind when designing clinical trials. The standard clinical
trial design does not adequately reflect disease heterogeneity
and may not represent the best option for this entity. Over time,
innovative trials, such as umbrella, basket, and adaptive designs,
have been suggested to overcome the aforementioned chal-
lenges32 (Fig. 2).

Umbrella trial designs aim to assess multiple targeted treat-
ments for a single disease (e.g., NAFLD), depending on a previous
stratification into subgroups based on molecular biomarkers
(e.g., metabolic vs. inflammatory patterns). From a pragmatic
point of view, an umbrella trial simultaneously represents small
trials within one large trial.33

Basket trials include designs to evaluate a specific therapy for
multiple diseases that share similar genetic abnormalities (e.g.,
NAFLD and type 2 diabetes mellitus). Thus, this approach focuses
on testing one treatment against a specific target, irrespective of
the disease.34
Phase II clinical t

Individuals without T2DM

Individuals with T2DM

Overall efficacy:

Efficacy: 20%

Efficacy: 50%

Drug A

Fig. 1. Hypothetical scenario demonstrating the variation in the efficacy of o
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The adaptive design provides flexibility so that prospectively
planned adaptions can be made based on early findings. The
adaptative trial may reduce the number of patients by allowing
patients with promising results (e.g., first interim analysis
assessing safety and futility criteria based on non-invasive bio-
markers) to move to the next phase (e.g., biopsy-driven end-
points), enrolling additional patients and maintaining the
exposure to long-term follow-up. By contrast, arms with poor or
no efficacy could be stopped. In an adaptative trial, the later
stages could enrol more diabetic patients if the experimental
drug showed efficacy only in the presence of diabetes at the first
interim analysis. This approach is particularly relevant in NAFLD
clinical trials because many patients are not willing to have
multiple liver biopsies. Besides, it does not compromise the
quality of the evidence needed to establish the efficacy and
safety of therapeutic agents. However, the adaptative strategy
adds substantial complexity to data interpretation.35
Managing the stratification of lifestyle habits
Alcohol consumption
The quantification of alcohol intake is challenging. Although it is
important to screen patients for alcohol intake prior to inclusion
in clinical trials for NAFLD, its assessment is not standardized
during patient follow-up. Usually, all the information obtained
about alcohol consumption is self-reported by the patient
through questionnaires, such as AUDIT, instead of relying on
1st  scenario
Phase III clinical trial

2nd scenario
Phase III clinical trial

Individuals with T2DM Individuals without T2DM

rial

 41% Overall efficacy: 46% Overall efficacy: 31%

ne drug depending on the proportion of a comorbidity able to influence it.
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Drug A

Drug B

Drug C

Drug D

Biomarker A

Biomarker B

Biomarker C

Biomarker D

Disease A

Disease B

Disease C

Disease D

Biomarker A

Biomarker A

Biomarker A

Biomarker A

Drug A

Group A

Group B

Group C

Placebo

Drop Group C

Drop Group A

Interim
Analysis I

Interim
Analysis II

End of Phase III

Proof of
concept Phase II Phase III

Randomization
N = XX patients

Randomize
additional patients

Disease

A B

C

Fig. 2. Innovative clinical trial designs that could be used for NAFLD. (A) Umbrella trial. (B) Basket trial. (C) Adaptative trial, combining phase II and phase III.
NAFLD, non-alcoholic fatty liver disease.
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biomarkers (e.g., urinary ethyl glucuronide, phosphatidyl
ethanol).36 However, the use of self-reported questionnaires
detected mainly heavy drinkers. From a clinical point of view,
laboratory findings, such as aspartate to alanine aminotrans-
ferase ratio or gamma glutamyltransferase values, show low
sensitivity and specificity for identifying the consumption.
Anyhow, mild to moderate alcohol consumption is relatively
frequent in patients with NAFLD, so the strict exclusion of such
individuals might limit the application of trial results to routine
practice. Therefore, we must collect some additional information
about alcohol intake routinely, irrespective of the estimated
levels of consumption. At least, we should consider collecting
and stratifying by the age at onset of drinking, patterns of recent
drinking, preferred beverages, and frequency of binge drinking.37

These data must be additionally incorporated into the final an-
alyses, in order to improve the stratification of patients into
clinical trials, to evaluate more precisely the role of the experi-
mental drug on outcomes.

Diet and exercise
Lifestyle intervention significantly improved NAFLD as previ-
ously reported,18 so its monitoring is essential for the optimal
stratification of patients. A placebo arm with a hidden lifestyle
intervention could become a hidden active arm. Considering that
the Hawthorne effect influences NAFLD, it is mandatory to assess
diet (mainly western diet vs. the rest) together with physical
activity and sedentary behaviour at baseline and to continue
monitoring this during therapy and follow-up in both active and
placebo arms. Body weight loss monitoring, if not part of the
primary endpoint, could uncover a hidden intervention. Given
that a growing body of evidence supports the role of the number
JHEP Reports 2020
of daily steps,38 a technology-based approach (e.g., smartphone
applications or pedometers) to calculate themwould be a simple
and an easy-to-perform tool to stratify the results. Besides, it
allows researchers to deliver an intervention and monitor
physical activity remotely. Diet should also be recorded at
baseline, together with anthropometric measures like weight,
BMI, and waist circumference. Changes in body weight and
physical activity must be recorded and included in the final
analysis to avoid potential biases.39

Recommendations on diet and physical activity should be
provided to both arms and included in protocols.39 However,
given that clinical trials are distributed over different
geographical regions, cultural and regional differences could
limit the ability to standardise lifestyle for diverse populations.
Thus, participants should adopt lifestyle modifications based on
specific recommendations according to location, but with an
emphasis on standardised protocols, for instance, eliminating
processed foods and sugar-sweetened beverages.
Conclusions
The goal of stratifying metabolic comorbidities in NAFLD
clinical trials is to pave the way for personalised medicine.
Adequate stratification is essential to ensure the reliability of
clinical trials. In trials for NAFLD, the same drug is often
given to patients with different underlying comorbidities,
leading to a wide variety of treatment responses which must
be considered and managed with specific strategies. To date,
the reporting of clinical trials has been suboptimal, with
much data related to metabolic comorbidities and concom-
itant medications lacking. Structured information should be
6vol. 2 j 100148



reported and homogenised for each NAFLD clinical trial.
Innovative trial designs should be considered, as these may
help to address some of the current pitfalls of NAFLD trials.
Finally, objective measurements of lifestyle should be
JHEP Reports 2020
incorporated into clinical trials as they may lead to signifi-
cant confounding. Addressing some of these issues should
lead to clearer trial outcomes and expedite drug develop-
ment for NAFLD.
Abbreviations
NAFLD, non-alcoholic fatty liver disease; NAS, NAFLD activity score;
NASH, non-alcoholic steatohepatitis; OR, odds ratio.
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