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Rigorous treatment trials have resulted in substantial
therapeutic advances in disorders of gut-brain interaction
(DBGI) over the past several decades. However, much of
this work has been conducted in adults with irritable
bowel syndrome, and some of the challenges of DGBI trials
(eg, symptom-based diagnoses and outcomes) have expe-
rienced more limited progress, especially for less common
DGBI. Randomized, placebo-controlled trials remain the
time-tested gold standard for DGBI, although more recent
pragmatic trials have demonstrated real-world efficacy.
Moreover, treatment trials have expanded into dietary
interventions and brain-gut behavioral therapies, now
with greater guidance and recognition of the nuances of
these nondrug trials. Development of validated patient-
reported outcome measures and adherence to Good Clin-
ical Practice standards will yield novel DGBI therapies and
more sophisticated treatment strategies for the manage-
ment of these complex disorders. This article summarizes
best practice, methodology, conduct, and reporting of
treatment trials in DGBI as well as regulatory guidance
and recent advances in trial design.
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Randomized Controlled Trial.

T reatment trials are essential for proving the safety
and effectiveness of therapies for disorders of
gut-brain interaction (DGBI). During the past 30 years,
advances in treatment options, especially for irritable
bowel syndrome (IBS), have been supported by rigorous
trials, leading to more approved drugs. However, for other
DGBI, such as functional dyspepsia (FD), no treatments
have received such validation or regulatory approval. For
less prevalent DGBI, evidence is often limited to observa-
tional or anecdotal reports, leaving uncertainty about
treatment effectiveness.

Conducting effective treatment trials in DGBI is chal-
lenging due to their variable symptoms and lack of reliable
biomarkers. Most existing trials are short-term, despite the

chronic and intermittent nature of these disorders. Addi-
tionally, few studies explore flexible or periodic treatment
approaches, limiting our understanding of long-term
management.

Despite these issues, the design of treatment trials in DGBI
continues to make substantial progress and is becoming
increasingly sophisticated. This chapter highlights the impor-
tance of rigorous trials in carefully defined patient groups,
considering overlap both between DGBI and with other con-
ditions. Although randomized, placebo-controlled trials remain
the gold standard, newer study designs, such as pragmatic
trials, may better reflect real-world effectiveness. Progress
continues in the use of validated patient-reported outcome
measures (PROMs) and tracking of gastrointestinal symptoms.
Treatment approaches now include not only medications but
also a growing number of dietary interventions, supplements,
brain-gut behavioral therapies (BGBTs), and digital thera-
peutics. We discuss key aspects of trial design, measurement
of outcomes, adherence to Good Clinical Practice, and future
research priorities in this field.
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Identifying the Hypothesis and

Research Question

A proper hypothesis is critical to the success of a
treatment trial and should be based on available evidence.
The pathophysiology of DGBI is complex, diverse, and
incompletely understood. Recognizing this is critical to trial
design. As an example, FD may result from any number of
mechanistic processes; for example, impaired gastric
accommodation, delayed gastric emptying, immune acti-
vation, or perturbations of the microbiome. Accordingly, a
treatment trial evaluating the efficacy of a new prokinetic
agent might only enroll patients with FD and delayed
gastric emptying. As the research question is being devel-
oped, the investigator should consider what the knowledge
deficits are in clinical practice and what needs to be
addressed to improve clinical care. The question can be
refined using the PICOT (Population under study, Inter-
vention being tested, Comparator or control, Outcome of
interest, and Time-related aspects, including treatment
duration and timing of assessment of outcomes) format
(Table 1). PICOT helps to determine the main objective of
the trial as well as the appropriate primary and secondary
end points, along with suitable methods to assess these
outcomes.

Defining the Target Condition

Patient Population

Critical to the success of a clinical treatment trial is
accuracy of the diagnosis of the DGBI under study. Some
treatment trials may require a specific subset of patients
with a DGBI. In the future, biomarkers may enhance diag-
nostic certainty or be used as outcome measures, although
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few examples exist currently.’ Therefore, most treatment
trials in DGBI rely on symptom-based diagnostic criteria to
confirm the presence of the condition of interest and
PROMs to assess their end points of interest.

Inclusion Criteria

The trial population needs to be defined carefully to
provide clarity about which DGBI patients might benefit
from the intervention under study and to be as represen-
tative as possible of the entire population of interest to
allow extrapolation of the findings. Inclusion criteria should
specify the DGBI of interest, stating the criteria used to
define it, whether a certain subcategory is being studied
(eg, IBS with diarrhea [IBS-D]), whether coexisting DGBI
are permitted, and whether concomitant long-term thera-
pies are allowed. Although carefully defined inclusion
criteria lead to more homogenous study populations, they
can also limit generalizability. Biomarkers for DGBI remain
elusive, but other features may identify specific DGBI sub-
sets for treatment trials, such as symptom subtypes (eg,
bowel habits), pathophysiologic changes (eg, elevated
duodenal mast cell counts), or physiological measures (eg,
gastrointestinal transit).

Exclusion Criteria

The overarching goal of exclusion criteria is to minimize
study design confounders. Areas to consider include
comorbidities, prior surgery, medication history, and
comorbid medical and psychological conditions. Overly
strict exclusion criteria can restrict enrollment and may
make a trial cohort less generalizable to the broader pop-
ulation. However, for a novel therapy, the trial population
should be as homogenous as possible, the overarching goal

Table 1.Design Elements of Treatment Trials in Disorders of Gut-Brain Interaction According to the PICOT Format

Population under study (P)

What are the characteristics of the disease?

How prevalent is the disease under study?
How heterogeneous is the population (inter- and intrasubject variability)?

Intervention (1)
medical device)?

What is the active treatment(s) you want to study (drug/dietary intervention/brain-gut behavioral therapy/

What are the characteristics of the treatments being studied?

Comparator intervention (C)

Outcomes (O)

Current standard of care, placebo or other inactive intervention, or no treatment?

What are the primary study outcomes?

What are the secondary and exploratory outcomes?
Are there any other considerations (eg, was the intervention adhered to)?

Time-related aspects (T)

How long will the treatment be received?

What is the timing of the assessment of outcomes?

Other considerations

What are the costs?

What are the ethical considerations (eg, use of a placebo/sham treatment or an active standard therapy)?
What is the expected time frame?

What team members and expertise (eg, specialist statistician) are required?

How complex are the logistics?

Should the recruitment be single or multicenter?

Will the setting be primary, secondary, tertiary, or quaternary care?
Will it use a pragmatic or explanatory approach?

How many dropouts would be expected?
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being to maximize the chance of detecting a therapeutic
signal. Subsequent studies might then examine a broader
patient population, applying less restrictive inclusion and
exclusion criteria to more closely approximate a “real-
world” setting.

Managing Overlap of Disorders of Gut-Brain
Interaction, Comorbidities, and Disease
Modifiers

Almost all treatment trials limit study enrollment to
participants with a single DGBI. Studying a homogeneous
population has advantages, but patients often have over-
lapping DGBI.? Treatment trials restricted to a single DGBI
limit potential enrollment numbers and lessen applicability
of the findings. Future trials should consider enrolling
patients with overlapping DGBI to enhance the clinical
applicability of the observations.

Nevertheless, it is critical that the DGBI under investi-
gation is the primary symptomatic condition. Thus, a
treatment trial in IBS could allow coexisting FD, but the
symptoms of IBS must be predominant, and the patient
must be able to differentiate between the abdominal pain
experienced with FD and the pain experienced with IBS.
Similarly, coexisting common mental disorders, such as
anxiety or depression, are common in DGBI and generally
should not be considered an exclusion criterion, unless the
symptoms affect internal validity (eg, the presence of sui-
cidal ideation). Disorders of somatic hypersensitivity, such
as fibromyalgia or migraine headaches, are frequently
observed in DGBIL. These should be acknowledged but
should not be an exclusion criterion, unless their symptoms
predominate. Trials may plan to stratify patients based on
gastrointestinal symptoms, psychiatric disorders, or
somatoform conditions.

Clinical Trial Design in Disorders of
Gut-Brain Interaction

Unique Challenges for the Design of Treatment
Trials for Disorders of Gut-Brain Interaction

There are multiple challenges in the design of treatment
trials in DGBI, including factors that must be reconciled to
evaluate potential therapies for DGBI for efficacy and
safety.” Other common challenges stem from high placebo
response rates,*® comorbidities (ie, visceral, somatic, or
psychological), or treatments that can potentially exacer-
bate, enhance, or intensify DGBI symptoms. Standardizing
the design and end points for treatment trials in DGBI also
presents unique challenges. Although the United States
Food and Drug Administration (FDA) has developed
enrollment and clinical end point thresholds for drug trials
in IBS and chronic constipation (CC)° such guidance is
lacking for many other DGBI and many potential therapies,
including dietary interventions, nutraceuticals, BGBT,
microbiome-targeted interventions, or medical extended
reality. Finally, bias or “systematic error” occurring at any
phase from design to publication may negatively affect the
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trial or result in inaccurate findings (Supplementary
Table 1).

Masking Process

Although subtle differences in terminology have been
debated, “blinding” and “masking” are often used synony-
mously and refer to the process whereby individuals
involved in clinical trials are made intentionally unaware of
treatments being provided or of the study hypothesis to
minimize potential biases that may affect trial outcomes
(Supplementary Figure 1). Unmasked trials are prone to
bias and may lead to larger treatment effects.” A single-
masked design may be used when the investigator
requires knowledge of the treatment assignment or,
alternatively, the participant, but not the investigator,
knows the assignment. In double-masked studies, patients
and investigators are both unaware of treatment allocation.
Triple-masked studies involve masking the participants,
investigators, and data managers. The greater the degree of
masking the lower the risk of bias. Masking participants is
more difficult when active drugs cause predictable side
effects and in trials of nondrug interventions, such as diet
or BGBTSs, where use of a placebo is challenging. However,
masking participants to the study hypothesis is an
alternative.

Upon completion of trials, the success of masking can be
evaluated by asking participants and investigators to guess
which treatment was administered, although this approach
is controversial.” Alternatively, scales to assess masking
success objectively, via detection of a low degree of
masking, response bias, and differing behavior between
trial arms, have been proposed.’

Randomization

It is essential that investigators provide detailed and
accurate accounts of their randomization and concealment
techniques. Randomization is the process by which partic-
ipants are assigned by chance to different interventions,
ensuring objective unbiased assignment to study arms and
equal distribution of potential confounding variables that
may influence outcomes. Unrestricted randomization sim-
ply involves assigning participants without taking known
covariates into account. This strategy is potentially prob-
lematic, because it can lead to chronological bias and un-
equal distribution over time. Stratified randomization
based on prognostic factors, such as age, sex, or risk factors
(eg, postinfection status in IBS) that likely influence treat-
ment outcomes, ensures these covariates are balanced
across treatment groups.

Potential imbalances can be minimized further using
block randomization with equal block sizes, ensuring equal
numbers of participants are assigned to each study arm,
because the intervention assignment is randomized within
the block. The size of blocks used and their order are
concealed to avoid allocation bias. Key to this study arm
assignment process is allocation concealment, which pre-
vents the research team from influencing group assign-
ment. Centralized randomization companies or pharmacies,
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web-based data collection platforms, or sequentially
numbered, opaque, sealed envelopes, can facilitate allocation
concealment,'’ although the latter may be less rigorous.

Selecting a Control Group

Drug trials often use a placebo, with the lack of gold
standard treatments for a given DGBI used as justification
for this choice. However, this may be considered unethical,
particularly where effective treatments already exist. In
this situation, an alternative approach would be to consider
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the use of an accepted standard of care or a “rescue”
medication on an as-required basis. Considerations specific
to selection of control interventions in nondrug trials are
discussed below.

Placebo and Nocebo Responses

Placebo response. Placebo response is an improve-
ment in symptoms experienced in response to an inert
treatment not attributable to the treatment itself
(Figure 1).""'* Placebo response rates of 35% to 45% are
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Figure 1. Beneficial and harmful effects of active drug and placebo in a treatment trial. Participants assigned to active
treatment and placebo can experience both positive effects (“benefit”) and negative effects (“harm”). The components of
beneficial changes (“benefit”) in patients’ clinical symptoms and signs include the genuine treatment effect produced by the
active intervention, the placebo effect, and the natural history of untreated disease, together with regression to the mean and
a spontaneous remission of symptoms. Conversely, treatment “harm,” or the development of AEs or side effect symptoms,
relates to combined effects of genuine harm due to undesired pharmacologic or other effects of the active treatment, nocebo
effects, and again the natural history of untreated disease with spontaneous worsening of symptoms. Adapted from
Ozdemir V, Endrenyi L. Rethinking clinical trials and personalized medicine with placebogenomics and placebo dose. OMICS

2021;25:1-12.12
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reported in DGBI trials,*® although these rates are in line
with those observed in other gastrointestinal conditions
and other chronic painful disorders.'* Higher placebo rates
may affect power calculations, leading to inadequate sam-
ple sizes, study underpowering, and threaten the trial’s
potential to detect true statistically significant differences
between an experimental treatment and a placebo control.
Thus, minimizing placebo response in DGBI trials is
essential to drug development and determination of the
true efficacy of the experimental intervention.

Multiple factors have been proposed as potential me-
diators of placebo response in trials of drugs in IBS. Use of
standardized, more stringent, entry criteria (eg, Rome V
criteria), patient-reported outcomes, longer durations of
therapy, and more rigorous end points (eg, FDA composite
responder definitions in IBS) are associated with signifi-
cantly lower placebo response rates.”'*

Nocebo response. Nocebo responses comprise a
worsening of symptoms and are often reported as the
proportion of participants experiencing side effects or
adverse events (AEs) during an inert intervention
(Figure 1).'® Nocebo effects may be attributable to neuro-
biological and psychological mechanisms of expectation,
usually due to cognitions and worries that an intervention
will cause harm. In DGBI, where negative expectations of
treatments can be formed faster than positive ones, the
nocebo effect may influence clinical outcomes more sub-
stantially than placebo effects through reductions in treat-
ment compliance and confidence in therapy, thus biasing
trial outcomes.'®'” The nocebo effect may also increase AE
rates in both placebo and treatment arms, confounding
accurate assessment of medication safety.

Because DGBI patients often do not respond to initial
interventions and cycle through various treatments, pre-
vious unsuccessful treatment or negative experiences with
specific treatments can hamper positive effects of subse-
quent treatments.'® Nocebo effects have also been
demonstrated to reduce the efficacy of active treatment."’

Baseline Observation Versus Placebo Run-In
Before randomization, run-in periods allow prospective
observation of potential participants to determine study
eligibility. Run-ins reflect a “bias by design” in that they
increase the power to detect intention-to-treat effects.
However, this comes at the expense of clinical applica-
bility.”’ Potential benefits of run-in periods include the
ability to exclude patients who are noncompliant or do not
meet the required symptom severity threshold and to allow
participants to reflect further on trial participation.”?’
However, such prerandomization run-in periods should be
for observation only, not for implementing any form of
intervention with either placebo or active treatment. Run-
ins with placebo to identify and reduce placebo response
are problematic because they create a selection bias and
are not recommended.”” Evidence suggests they do not
achieve the desired effect, with comparable placebo
response rates to trials without a placebo run-in.**
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Choice of Study Design

The choice of study design is largely determined by the
phase of development of the treatment (Supplementary
Table 2) and the primary end point of the trial. Designing
a treatment trial in DGBI can be facilitated using the
aforementioned PICOT approach. The most common and
important trial designs are dealt with below, with detail on
these and other designs provided in Table 2 and in
Figure 2. Mechanistic elements may be incorporated into
any trial design to evaluate physiological processes un-
derlying the beneficial effects of the active intervention.

The gold standard for assessing the efficacy of a new
treatment is a double-masked, randomized, placebo-
controlled, parallel group trial. In this design, patients are
divided randomly into parallel groups to receive, in a
masked fashion, various treatments, one of which is a
placebo. This design is used to demonstrate superiority of
an active intervention over a placebo. The design can be
modified depending on the aim of the study. For example,
some studies will include more than 2 parallel arms in a
multiarm trial, whereas others may examine different
doses or regimens of the same drug in a dose-ranging trial.
Classically, it consists of an initial therapy-free observation
period, a standard trial period, and may include a washout
period once the trial is completed.

If the aim of the study is to address the effectiveness,
convenience, or safety profile of a new therapy against
another treatment considered to be the current standard of
care, trials of noninferiority may be used. In this case, the
study will compare a new therapy with a standard therapy
(control) in a parallel group design to show it is at least as
effective.

In a randomized crossover trial, each patient receives
both active and control treatments for a specific period.
The order of the intervention is randomized and masked,
with treatment intervals separated by a washout period,
whose duration depends upon the presumed longevity of
response to the active intervention. Data analysis should
account for period-by-treatment and sequence effects and,
if sequence effects are identified, should be limited to data
collected during the first treatment period.

Factorial trials evaluate 2 or more interventions in
various combinations. This design is most appropriate
when evaluating the interactive effects of combination
therapy that might be desirable or where there may be a
plausible mechanistic rationale for combination treatments,
such as a dietary intervention and a probiotic. The effects of
these different interventions can be measured, and a
smaller sample size is required because results within
comparator groups can be pooled to examine main effects.

Adaptive trials allow for several different treatments to
be evaluated concurrently and for data accumulated during
the trial to be used to modify the trial prospectively,
increasing efficiency. Such adaptations include discontinu-
ing an arm for futility or safety concerns, closing recruit-
ment to an arm early if clinical efficacy is achieved, or
altering sample size or allocation of enrollees based on
early efficacy signals in 1 or more arms of the trial. In these
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Table 2. Summary of Available Trial Designs With Advantages and Disadvantages of Each
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Type of trial

Summary of design

Advantages

Disadvantages

Double-masked,
randomized,
placebo-
controlled,
parallel group
trial

Noninferiority trial

Crossover trial

N-of-1 trial

Factorial trial

Patients are divided randomly into

parallel groups to receive, in a
masked fashion, various
treatments, one of which is a
placebo.

As for parallel group trial, with the

aim being to confirm
noninferiority of a new therapy
against another treatment
currently considered to be the
standard of care.

Each patient receives both

treatments (a comparator and
control) for a specific period with
the order of the intervention
randomized and masked and
treatment intervals separated by
a washout period.

A variation of crossover trials, with

similar benefits and limitations.
This trial design helps overcome
logistic and statistical limitations
in rarer DGBI, with each patient
acting as their own experimental
and control group and receiving
each treatment in a random order
a repeated number of times
during a trial. Washout periods
between interventions may be
necessary.

Evaluate >2 interventions in various

combinations; eg, in a classic
2x2 design with placebo,
patients are randomized into 4
groups: (1) treatment A plus
placebo B; (2) treatment B plus
placebo A; (3) both treatment A
and treatment B; (4) placebo A
and placebo B.

Classical, gold standard
approach.

Appropriate when concerns
about carryover effects are
present.

Beneficial when disease
variability may occur during
the trial.

May be easier to recruit to, given
that all participants receive an
active intervention.

Allows alternative interventions to
be studied in people with the
condition, which may be less
costly, have fewer side
effects, or may be less
cumbersome to apply.

Trials require smaller sample
sizes.

Each patient serves as her or
his own control, increasing
the sensitivity to detect
changes (less variability in
measurements).

May facilitate recruitment because
if one treatment is perceived to
be “better” by the participants,
everyone will receive the
perceived better treatment.

Can help assess treatments that
elicit heterogenous responses
in different subjects (eg,
subgroups of patients within
one DGBI).

Smaller sample size.

Allows for greater statistical
powering.

May be easier to recruit to
because there is a higher
chance for participants to
receive an active intervention.

Permits studying synergistic
effects of 2 treatment
modalities.

May require a large sample
size.

Larger sample sizes are
necessary to prove
noninferiority or
equivalence, because the
noninferiority margin is
smaller than the effect size
in superiority trials.

Use of a wide noninferiority
margin may lead to false-
positive results.

May be difficult to recruit an
appropriate sample size
based on the prevalence of
the underlying condition.

Carryover effect of
treatments. In drug trials,
there is a higher likelihood
of unmasking due to side
effects of the drug.

Studies take longer,
increasing the risk of
missing data and patient
drop out, potentially
compromising the study
power and complicating
data analysis and
interpretation.

As for crossover trials and
require complex statistical
analysis.

Complex statistical analysis. If
an interaction exists
between treatments, a loss
of power is possible.
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Table 2.Continued
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Type of trial

Summary of design

Advantages

Disadvantages

Randomized
withdrawal trial

Adaptive trial

All patients initially receive an open-

label intervention and, at a
predefined time point, are
classified as responders or
nonresponders. Responders are
subsequently randomized to
either continue to receive the
intervention or a placebo during
the second phase of the trial.
Response data are assessed only
during the withdrawal part of the
trial, when active treatment is
compared with placebo.

Allows for several different

treatments to be evaluated
concurrently and for data
accumulated during the trial
course to be used to make

Reduced time on placebo, since
only responders are
randomized to placebo,
thereby giving an ethical
advantage.

Increased acceptability to
potential participants and,
hence, facilitates recruitment.

Reduced trial time and cost by
tackling multiple research
questions simultaneously
under a single protocol.

May be more efficient and ethical

Carryover effect from the
enrichment phase.

The treatment effect may be
overestimated, because
only responders are
included.

Possible dismissal of a
potentially beneficial
treatment.

Complex statistical analysis is
required.

modifications prospectively
during the study. These include
discontinuing an arm for futility or
safety concerns, closing
recruitment to an arm, in the
event that clinical efficacy is
achieved, or altering sample size
or allocation of enrollees based
on early efficacy signals in >1
arms of the trial.

Proof-of-concept Exploratory trials that are typically
trial done in the early clinical

development phase of a drug to
provide evidence that a certain
dosage may be efficacious for
either the condition, or the subset
of patients, of interest. They may
be used to determine whether a
specific dose of a drug, or a
nondrug intervention, is taken on
to phase 3 trials.

Pragmatic trial Takes place in real-world clinical
practice settings with limited
control of variables. Hence, they
usually relax eligibility criteria to
correspond with everyday clinical
care.

Provides real-world evidence.
Outcome measures considered

because interim adaptations
are allowed. Participants are
more likely to be assigned to
active treatment.

May be a better reflection of real
clinical practice.

Requires a smaller sample size.
Usually allows greater latitude for
statistical significance testing.

May be underpowered for the
end point of interest or for
the study of a suboptimal
dosage of a drug, resulting
in the abandoned
development of a
potentially efficacious
drug.

Lack of generalizability of
findings to broader patient
populations.

Increased number of variables
requiring statistical
correction. Greater study
population heterogeneity.

from the patient’s perspective
and intention-to-treat
analysis.

trials, all experimental treatments are evaluated at planned
time points to control for predefined outcomes, facilitating
decisions to continue or terminate treatments. The FDA has
provided core principle guidance for such trials.**
Whereas traditional randomized controlled trials
(RCTs) are designed to limit confounding and biases, the
results obtained are not always practical or applicable to
the real world. Pragmatic trials, in contrast, take place in
real-world settings with limited control of variables. Such
trials usually relax eligibility criteria to correspond with
everyday clinical care.’* This study design increases the
likelihood that the trial outcomes are relevant to more

patients and that processes are similar to routine practice.
Developing a fully pragmatic trial is challenging, and hence,
such studies are instead often designed with multiple
pragmatic features. Tools exist to assist with pragmatic trial
design.”

Design of Trials for Nondrug Interventions in
Disorders of Gut-Brain Interaction

Challenges unique to designing nondrug trials include
selecting appropriate controls and masking participants.
Recommendations for placebo (sham) controls exist for
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Figure 2. Representation of different treatment trial designs depicting (A) double-masked, randomized, placebo-controlled,
parallel-group trial; (B) noninferiority/comparative effectiveness trial; (C) crossover trial; (D) N-of-1 trial; (E) factorial (2x2) trial;

(F) randomized withdrawal trial; and (G) adaptive trial.

trials of whole-diet interventions.?® For example, a sham
diet must appear as a special dietary intervention and alter
intake of some dietary components, but not the component
of interest or others that might influence the outcome of
interest. Recommendations for the development of sham
interventions are lacking for studies assessing procedures,
devices, BGBTs, or digital therapeutics. Use of a waiting list
or no treatment controls is common in nondrug trials.
These are limited by an inability to mask adequately and
are most appropriate in proof-of-concept or feasibility
trials.”” These can then be followed by comparative trials
that incorporate an active control, trials with higher-risk
sham interventions (eg, endoscopic procedures), or trials
with placebos requiring intensive development.

Ease of access to information on dietary, lifestyle, or
psychological management of health through the media or
scientific literature may inform certain beliefs about the
therapeutic potential of a particular treatment. Therefore,
expectations of benefit may be stronger in nondrug trials.
Where placebo or masking is not possible, control partici-
pants may have strong negative expectations of improve-
ment, which will overestimate efficacy of the intervention.
Choosing a control that is equally attractive or is likely to
have treatment effects allows both intervention and control
to be presented as potentially beneficial and may neutralize
participant expectations. Masking the intent of the research
may also be ethically appropriate, without violating prin-
ciples of informed consent, to reduce expectation bias.

Investigators may also have preconceived beliefs about
the benefit of a treatment, and these beliefs can,
consciously or unconsciously, influence patients. This

investigator bias is especially problematic in nondrug trials
in the absence of double-masking. To minimize this, details
of the interventions for all treatment arms should be
documented before the trial is initiated, and treatment
fidelity should be assessed. Nondrug trials can be influ-
enced by the training and experience of the researcher
applying the intervention. This may explain variability in
trial outcomes. Interventions should be manualized, with
detailed documentation of their components, delivery
procedures, and the training and qualifications of those
administering them. Standardized trial-specific training
should be provided, with ongoing training sessions avail-
able, if necessary. When multiple people are delivering the
intervention, precision or proficiency in implementation
and differences in therapeutic alliance can be assessed in
secondary analyses.

Just as in drug trials, adherence to treatment should be
assessed. Studies in which treatments are self-administered,
such as dietary interventions or digital cognitive behavioral
therapy, should report this objectively, where possible, with
a threshold informed by previous literature, established a
priori, to classify adherence and non-adherence.

Considerations for Pediatric Trials in Disorders of
Gut-Brain Interaction

Many treatments effective in treating DGBI in adults
have proven to be ineffective in pediatric studies. Of the
drugs available in adults with DGBI, to date, only linaclotide
has been approved by the FDA for use in children with
chronic constipation.?® Although many topics presented in
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this article are applicable to treatment trials irrespective of
patient age, there are unique design and ethical consider-
ations when performing trials in children with DGBI. Some
challenges unique to pediatric DGBI trials include a paucity
of pediatric PROMs and complexity in their development,
difficulty in symptom reporting, and reluctance to enroll
children in clinical trials (Supplementary Table 3).*°
Working groups have been convened to establish stan-
dardized criteria for pediatric DGBI trials, and guidelines
have been published by the Rome Foundation.*%**

Patient-Reported Outcome Measures

Definition, importance, and selection of patient-
reported outcome measures. The FDA defines a
PROM as “any report of the status of a patient’s health
condition that comes directly from the patient, without
interpretation of the patient’s response by a clinician or
anyone else.”*? PROMs measure a “construct,” or defining
concept, such as pain,®® and may be generic or disease-
specific. Generic PROMs are useful to compare outcomes
with non-DGBI disease groups (eg, vs inflammatory bowel
disease or when assessing nondisease variables). For
example, health-related quality of life (HRQoL) can be
measured using the generic Medical Outcomes Study 36-
Item Short Form Survey (SF-36),** or DGBI-specific tools
such as the IBS Quality of Life (IBS-QOL) questionnaire.*”

PROM selection depends on a variety of factors,
including reliability and validity, psychometric perfor-
mance, change sensitivity, instrument conceptual frame-
work, the intended condition and study population, the
recall period, and the respondent burden.*” An instrument
that is intended for use in one specific population may not
be fit for purpose across other target populations. Conse-
quently, use and comparison of unique PROMs across
multiple conditions or samples is potentially problematic.
This section is intended to help guide the assessment and
selection of PROMs for DGBI treatment trials.

Classification of outcome measures. DGBI symp-
toms can be measured across various attributes, including
their frequency, severity, and bothersomeness.>® Symptoms
can also be measured as a combined symptom cluster (eg,
an integrative constipation PROM assessing straining, sense
of incomplete evacuation, stool form, and stool frequency).
There is increasing recognition of the importance of
psychological, emotional, and social function, and HRQoL in
treatment trials in DGBI. PROMs are also available to assess
dietary outcomes, work productivity, and resource utiliza-
tion in DGBI (Supplementary Figure 2).

Regulatory agency guidance for clinical trial
outcome measures. In 2012, the FDA published its first
set of recommendations for the design of drug trials in IBS.®
In 2015, the European Medicines Agency (EMA) released a
similar IBS-specific document, with concordant outcome
recommendations (Supplementary Table 4).3” For IBS trial
enrollment, the FDA endorsed a weekly average of worst
daily abdominal pain >3 on a 0- to 10-point numeric rating
scale (NRS) for study inclusion, and recommended the
Bristol Stool Form Scale (BSFS) to characterize stool form.®
Although this guidance limited the potential for negative

Gastroenterology Vol. 170, Iss. 6

trial outcomes due to floor effect, it also resulted in the
exclusion of individuals with milder symptoms. Further,
this guidance presumed that IBS study participants would
have daily symptoms, despite the recognition that in-
dividuals often experience much less frequent symptoms.*®
The FDA did not establish responder criteria for IBS with
mixed bowel habits (IBS-M) or IBS unclassified, although
IBS-M responder criteria have been proposed by the EMA
(Supplementary Table 4).3”

The IBS Working Group section of the Critical Path In-
stitute’s Patient-Reported Outcome Consortium developed
the Diary for IBS Symptoms-Constipation, -Diarrhea, and
-Mixed to identify future patient-centered end points for
IBS treatment trials.*’ The Diary for IBS Symptoms-
Constipation was used to establish 3 key abdominal sen-
sory symptoms as the most meaningful to patients: pain,
discomfort, and bloating. These were combined to establish
an abdominal score, with each measured on a 0- to 10-
point NRS.*’

PROMs used as primary end points leading to FDA and
EMA drug approval for constipation (both CC and opioid-
induced) have measured the number of spontaneous
bowel movements or complete spontaneous bowel move-
ments (CSBMs) on daily diaries.”"** Stool form is reported
using the BSFS*® or Likert scales, because stool frequency
alone appears to be insufficiently reliable to evaluate
constipation.44

For FD, the Leuven Postprandial Distress Scale,*® the FD
Symptom Diary,"® and the experience sampling method-
PROM*” were developed in line with FDA guidance.”® The
EMA has expressed support for using the Leuven Post-
prandial Distress Scale in trials assessing postprandial
distress syndrome.“’8 However, the FDA has not endorsed
any specific instrument for FD, to date.

Binary outcome measures. Many treatment trials in
DGBI have used a binary PROM as an end point, such as
“adequate relief,” or “satisfactory relief,” which provides a
dichotomous responder status (“yes/no”).*” Binary end
points are easy to administer, straightforward to interpret,
and have construct validity compared against other DGBI
end points.””*" Pragmatic trials, therefore, may consider
binary outcome measures as a primary end point.

The FDA discourages binary end point use in clinical
registration trials due to several limitations: (1) they do not
capture whether benefit is achieved across multiple signs
and symptoms; (2) responses may depend on baseline
severity; (3) they do not capture the magnitude or direction
of symptom changes; and (4) binary end points were not
derived from patient focus groups as the gold standard
approach.””

Integrated symptom questionnaires. Integrated
symptom questionnaires incorporate measures of multiple
symptoms, often combining them into a single score (eg,
the IBS Severity Scoring System), thereby providing a
global assessment of severity across a range of symptoms.
Integrated symptom outcomes could be used as secondary
end points in drug treatment trials.>*

Pictograms. Written DGBI symptom descriptors
require an adequate level of literacy and comprehension
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Figure 3. Pictograms for the assessment of DGBI symptoms depicting (A) belching; (B) epigastric pain; (C) postprandial
fullness; (D) epigastric burning; (E) nausea; (F) retrosternal burning; (G) bloating; (H) early satiation; and (/) lower abdominal

discomfort or pain relieved by defecation.

as well as abstract thinking. Pictograms overcome some
of the limitations of written questions by conveying
messages through pictorial or symbolic representation
(Figure 3). An example of a DGBI pictogram is the BSFS.**
In FD, validated pictograms used in conjunction with a
questionnaire lead to better concordance between
patient-reported symptom severity and frequency and a
physician’s evaluation.”**> Pictograms measuring the
presence and severity of symptoms can be used in

isolation (ie, without verbal descriptors), a useful
method when language lacks specific terms for
symptoms.

Measuring disorders of gut-brain interaction

symptoms. This section will review the measurement of
some of the main gastrointestinal symptoms in DGBI and the
essential considerations and challenges in their assessment.
The National Institutes of Health Patient-Reported Outcomes
Measurement Information System (PROMIS)-Gastrointestinal
Symptom Scales cover a range of gastrointestinal symptoms,”®
but other questionnaires are also discussed.

Measuring functional heartburn. There are few func-
tional heartburn treatment trials, and their outcome mea-
sures are often extrapolated from the gastroesophageal
reflux disease (GERD) literature rather than being devel-
oped specifically for functional heartburn. GERD in-
struments applied to functional heartburn include
ReQuest,57 the GerdQ,58 the Reflux Disease Questionnaire,59

the Gastrointestinal Short Form Questionnaire,60 and the
GERD Analyzer (GERDyzer) tool.”'

Measuring satiation and fullness. Symptoms of satia-
tion and fullness can be assessed with previously described
questionnaires, such as the Leuven Postprandial Distress
Scale or FD Symptom Diary.*>*® In addition, the Dyspepsia
Symptom Severity Index, Leeds Dyspepsia Questionnaire,
and Glasgow Dyspepsia Severity Score have been used to
assess the severity of gastroduodenal symptoms.®* ®*

Measuring abdominal pain. Chronic, recurrent, abdom-
inal pain is a cardinal symptom of IBS and a feature of many
other DGBI. Reporting of pain is a sine qua non to diagnose
IBS, centrally mediated abdominal pain syndrome, and other
DGBI. A challenge to the objective assessment of abdominal
pain is the recognition that considerable fluctuations in pain
can be experienced throughout the day in patients both with
and without a DGBI (Figure 4).°%¢

Established measures of abdominal pain focus primarily
on pain intensity. Several simple, quick, methods of
abdominal pain intensity assessment have been used in
studies, including visual analog scales, NRS, and verbal
rating scales.®® Assessing abdominal pain symptoms in real
time can be conducted using ecological momentary
assessment. This uses digital devices carried by the patient
to record current symptoms throughout the day following
audio prompts, addressing both daily variations in pain and
the potential for recall bias that may result in overestimates



1398 Sayuk et al

= Patient with IBS
Healthy individual

Stress

; Pain
____________________________________________ threshold
level

Pain

Breakfast Lunch Dinner Sleep

Daily triggers
Figure 4. Theoretical representation of daily variations in
abdominal pain symptoms in patients with IBS and healthy
individuals. Adapted from Mujagic Z, Keszthelyi D, Aziz Q,
et al. Systematic review: instruments to assess abdominal

pain in irritable bowel syndrome. Aliment Pharmacol Ther
2015;42:1064-1081.%°

of abdominal pain.®®®” Baseline assessment of pain has
important implications on pain responses in DGBI treat-
ment trials, and a minimum 7-day diary is the standard
approach.®®

Measuring abdominal discomfort. Inconsistencies in
the theoretical and operational definitions of pain and
discomfort are highlighted in the literature.®® Individual
cognitive interviews have suggested that nearly 90% of
patients with IBS consider pain and discomfort as
different.”’ Together, these data support the measurement
of discomfort as a nonspecific abdominal symptom sepa-
rate from the pain construct. It can be measured similarly
to abdominal pain.

Measuring abdominal bloating and distension. Abdominal
bloating (a perception of increased abdominal fullness, tight-
ness, or swelling) and distension (a physical manifestation of
objective increases in abdominal girth) often coexist in pa-
tients but may be experienced individually.”* The presence of
abdominal bloating is regarded as a supporting symptom in
IBS and is part of the criteria for functional abdominal bloat-
ing. Although bloating is often a therapeutic priority clinically,
treatment trials historically have relegated bloating and
distension to secondary end points or symptoms considered
as part of a composite score.”?

Open-ended qualitative interviews have suggested that
patients with IBS categorize bloating by how it looks (eg, "full
of air”) or how it feels (eg, “tightness,” “fullness”).”® Although
some patients identify with looking “distended,” many
patients perceive this term as “very technical,” or “overly
clinical.” Bloating and distension frequently coexist, but only
weakly correlate.”? The Mayo Bloating Questionnaire has
been developed as an easy to use instrument for imple-
mentation in clinical settings and research studies.”*
Abdominal distension (girth) can be measured accurately and
objectively using abdominal inductance plethysmography.””

Measuring stool frequency and form. As with abdom-
inal pain, abnormalities of stool form or frequency are
cardinal symptoms of IBS.*® These symptoms are also
required to meet Rome criteria for CC and functional
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diarrhea.*® Although there are several validated question-
naires for use in CC, there are none for functional diarrhea.
The most widely used instrument in treatment trials of CC
is the wvalidated Patient Assessment of Constipation-
Symptoms questionnaire.76 However, the questionnaire
does not measure stool frequency, and current FDA end
points for CC treatment trials require assessment of self-
reported CSBMs per week, with response defined as a
minimum increase (eg, of at least 1 CSBM per week) above
baseline. A Bowel Function Diary has been validated for use
in opioid-induced constipation treatment trials.””

The IBS Severity Scoring System does not assess stool
form or frequency,’® but instead asks patients to report
how satisfied they are with their bowel habit. Similarly, the
Gastrointestinal Symptom Rating Scale-IBS does not assess
stool form or frequency,’’ although it does gauge bother-
someness of constipation, diarrhea, loose stools, and hard
stools. Other validated questionnaires for IBS, such as the
Bowel Symptom Severity Scale, only capture stool form and
frequency.®’

The FDA and EMA have made identical recommenda-
tions for the assessment of stool form in IBS-D and stool
frequency in IBS with constipation (IBS-C), the former by a
measure of stool form only, and the latter by a measure of
stool frequency only.>*"** For IBS-D this consists of a
pictorial and verbal description of stool form by the patient
via the BSFS.*® For IBS-C, this consists of assessing patient-
reported stool frequency measured by the number of
CSBMs per week, as is done for CC.

Measuring urgency. Urgency is an unpleasant sensation
of needing to rush to the toilet to prevent soiling,®* which is
most commonly reported in IBS-D, although it can also be
experienced in IBS-C or IBS-M. Usually regarded as a key
secondary end point, urgency has been included as a pri-
mary end point in some IBS trials.?* Urgency questions are
incorporated into PROMs for other non-DGBI, such as fecal
incontinence,”> but validated questionnaires measuring
urgency are lacking in IBS. The PROMIS-Diarrhea Scale
includes 3 Likert-style response items relating specifically
to urgency. Despite this, there is a clear lack of urgency-
specific PROMs for IBS, and consequently, the FDA con-
siders urgency to be an exploratory end point.®

Measuring other disorders of gut-brain interaction
symptoms. Although there are few validated PROMs to
capture symptoms in DGBI other than IBS and FD, the
PROMIS- Gastrointestinal Symptom Scales cover a range of
other gastrointestinal symptoms, including incontinence,
nausea and vomiting, urgency, and reflux.”® Other specific
PROMs have been developed for dysphagia, globus, supra-
gastric belching, and dyssynergic defecation.”**° When
PROMs for less common DGBI are available, but have not
been subjected to extensive psychometric testing, they are
recommended to be used in conjunction with other generic
validated PROMs or PROMs that have been validated in
other conditions.

Measuring health-related quality of life. Quality of
life (QoL), a measure of overall perceived biopsychosocial
well-being, is a frequently used PROM in DGBI treatment
trials. Differentiation between QoL and HRQoL is complex,
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but at its simplest, HRQoL scales reflect more on the
patient’s pathology and associated treatment.”

Reflecting this concept of pathologic conceptualization
of QoL, the FDA defines HRQoL as “a multidomain concept
that represents the patient’s general perception of the ef-
fect of illness and treatment on physical, psychological, and
social aspects of life.””> HRQoL instruments can be further
defined as generic (not condition or disease-focused) or
DGBI-specific.

The SF-36 is a well-established generic HRQoL scale”?
that assesses overall physical and mental functioning
across 8 domains. Due to its strong psychometric proper-
ties and established norms, the SF-36 is a suitable PROM
for trials in DGBL’*”* The PROMIS Global-10 assesses
HRQoL across physical and mental health domains and, like
the SF-36, has strong psychometric properties and estab-
lished norms.”>?® A recent study undertook a comprehen-
sive evaluation of QoL across all DGBI using the
PROMIS.””?® A series of confirmatory factor analyses
across different DGBI (both individual and combined by
anatomical region) found that the scale overall lacked
construct validity, although further analysis indicated that a
shorter version of the PROMIS demonstrated strong
construct validity and DGBI specific norms.’® Accordingly,
the brief PROMIS is recommended as a HRQoL. PROM for
trials in DGBL.'"’

One of the most well-used DGBI-specific HRQoL in-
struments is the IBS-QOL.>° Based on its use and evidence
of strong psychometric properties across multiple studies,
the IBS-QOL is, arguably, the best HRQoL scale available for
IBS."*" Further recommendations relating to QoL measures
and gastrointestinal-specific HRQoL measures are provided
elsewhere,'?%%%

Measuring diet and diet-related outcomes. Dietary
intervention trials in DGBI can be nutraceutical or nutrient
supplementation trials (eg, fiber supplementation),’** food
supplementation trials (eg, prunes),'’” or whole-diet trials
(eg, gluten-free diet), which usually involve exclusion of 1 or
more dietary components.'’® In nutrient and food supple-
mentation trials, assessment of overall dietary intake should
be undertaken to confirm that background dietary intake
has not changed. In whole-diet intervention trials, dietary
intake should be measured to confirm adherence to the
intervention.

Measurement should occur for short periods (ie, 3 to 7
days) at baseline and at the end of the intervention to
minimize burden and recording fatigue.'®” Selecting a
measurement method for diet depends on trial design, the
dietary constituent(s) of interest, and the resources and
staffing available. Research dietitians are best suited to
collect, analyze, and interpret dietary data and should be
involved early in the trial design.

Diet is challenging to measure because it is multidi-
mensional (ie, we eat many foods, in a variety of combi-
nations and preparations), and there is high temporal
variation in dietary intake. Hence, the number of recording
days for high precision can be considerable'°® and must be
weighed against the participant burden associated with
extensive diet recording. Finally, dietary assessment relies
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on self-report, which is subject to reporting error due to the
Hawthorne effect (ie, behavior modification in response to
an awareness of being observed), response bias, and
underreporting.'®’

Dietary trials often use food records to measure current
dietary intake. This involves recording all food and bever-
ages in real time, on paper or digitally, usually for 3 to 7
days. The 24-hour recall method involves a structured
interview by a trained interviewer to collect participant
data on food and fluid intake in the preceding day. In
feeding trials, all food is provided to participants, allowing
for tight control of dietary intake,'°° and adherence can be
measured using completion logs detailing consumption of
provided meals.

Best practice in collecting patient-reported
outcome measures data. The selection of a PROM
depends on the research question and the trial design. For
example, simple binary adequate relief end points may be
appropriate for pragmatic trials. Other considerations
should include the PROM’s psychometric properties and
the required completion time. The recall period, which
should be sufficiently long enough to capture an “average”
symptom experience in a particular DGBI, should also be
considered. The recording duration should balance the
number of days needed for optimal data precision with a
recording period that limits participant burden. In the case
of abdominal pain in IBS, for example, daily recordings are
recommended; for stool form and frequency, a recording
duration of 7 days may be sufficient,"'” although several
weeks may be needed for optimal precision.'*’ Real-time
momentary assessments, such as experience sampling
method,”” may reduce recall bias. The mode of data cap-
ture, whether electronic or hard copy, in-person or remote,
should also be considered. Guidelines for design and
reporting of these methods are available.'*

Adverse events and safety monitoring. The accu-
rate acquisition and reporting of safety information are
crucial for the ongoing evaluation and management of known
and potential risks to trial participants. Good Clinical Practice
guidelines provide general principles and recommendations
for safety recording and reporting in clinical trials."**™'**
Supplementary Table 5 summarizes the definitions for AEs,
adverse reactions, and serious AEs (SAEs). It is recommended
that the collection of safety information is centralized and
risk-based to take appropriate measures in accordance with
the level of expected risks. The extent to which AEs are
recorded depends on (1) the study aims and purpose of the
data; (2) whether the drug is used in accordance with the
licensed indication (“on label”); and (3) the known safety
profile of the drug. SAEs should always be collected and
promptly reported.'*® The minimum information collected
should include the description, timing, severity, seriousness,
causality (in relation to the intervention), and outcome of the
event. For scientific journals, the Consolidated Standards of
Reporting Trials (CONSORT) statement also provides several
recommendations and a checklist for proper reporting of
“harm” (ie, “the totality of possible adverse consequences of
an intervention; the direct opposite of benefits, against which
they must be compared”).""’
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Recording adverse events in nondrug trials. Because
safety guidelines have mainly been developed for drug
trials, they may not always be appropriate for nondrug
trials, potentially leading to underreporting of AEs and
SAEs. Although BGBTs are generally considered to be safe,
AEs and SAEs are rarely reported adequately in clinical
trials testing them."'® AEs occurring in BGBT trials should
be based not only on medical grounds (eg, worsening of
symptoms or self-harm) but also on emotional (eg,
increased aggression or anxiety) and social (eg, increased
family strains) aspects. A stepwise process to define AEs
and adverse reactions in BGBT trials has been proposed
(Supplementary Figure 3).'%12°

Safety considerations for dietary interventions involve
many aspects that might differ depending on the type of
trial. Weight loss, limited dietary diversity, nutritional
insufficiency, and alterations in the gut microbial compo-
sition all are potential AEs with a dietary intervention.'*!
Moreover, abdominal symptoms may be aggravated by a
dietary intervention (eg, bloating with a high-fiber diet).
Best practices guidance has been published for dietary
intervention trials.'’”'**

Participant withdrawal from study participation. Reasons
for participant withdrawal from the trial may not always be
due to a lack of improvement, and include poor adherence to
the study or even the occurrence of an important AE. Clear
criteria for participant withdrawal are necessary, not only to
ensure the protection of the participants but also to minimize
loss of critical study data.'*®

Breaking the mask and early study termination.
Breaking the mask of a clinical trial for an individual trial
participant should be undertaken only if relevant for the
safety of the trial participants (eg, an AE plausibly related
to the intervention), and the decision to proceed should
involve the principal investigator, study sponsor, and Data
Safety and Monitoring Committee (DSMC). Early termina-
tion or suspension of studies should be considered to avoid
harm to the participants when a concerning or unexpected
number of AEs have been reported. These decisions, made
by the study sponsor after discussion with the principal
investigator and with the involvement of the DSMC, should
be taken carefully as they may lead to statistical and
methodological difficulties and inappropriate interpreta-
tion of the data.'**

Analysis and Data Reporting

Guidelines for Reporting Clinical Trial Results

Quality, clear, and transparent communication of clin-
ical trial findings in medical journals is fundamental for
readers to understand the design and results of studies
appropriately as well as to assess their validity.'*> How-
ever, a review found that detailed information was often
lacking or that the available information was not properly
described.’”® Although investigator competition and the
drive for “productivity” may compel researchers to report
positive trial results preferentially, publication of negative
results, such as nonconfirmatory, unexpected, or inconclu-
sive data, is equally important.**’
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The CONSORT statement proposes key elements that
clinical trialists should adhere to, with the aim of improving
the quality of reporting results of parallel RCTs."*® The
CONSORT statement includes a 25-item checklist and a flow
diagram, including (1) the enrollment section, reporting the
number of participants assessed for eligibility, and a
description of patients who were excluded or refused
participation; (2) the randomization and allocation section,
which indicates the total number of patients randomized
and how many patients were allocated per study arm; (3)
the follow-up section, which displays the number of
individuals who received the intervention and those who
did not (lost to follow-up); and (4) the analysis section,
which describes the number of individuals who were
analyzed and the number excluded from the analysis with
the reasons for exclusion (Supplementary Figure 4),'287130
A recent CONSORT extension for outcome reporting has
been published."**

Primary and Secondary Outcome Measures

The outcome of greatest importance associated with a
trial is identified as the primary outcome, with others being
defined as secondary outcomes."**'** Investigators should
consider the priority and number of outcome measures and
specify no more than 2 primary outcome measures in a trial
to minimize issues associated with multiplicity and inter-
pretation.'*” Secondary outcome measures can be useful to
include in a trial to assess other potential associated effects,
including those relating to AEs or side effects. Investigators
must identify, define, and describe each outcome clearly in
their trial protocol, including their provenance and
psychometric properties.132'133

The selection of primary and secondary outcomes needs
to include clear, preplanned methodological details relating
to data management (eg, evaluation of data integrity and
security, and screening), statistical procedures undertaken
(eg, how missing data will be addressed, and primary and
secondary data analyses), and the rationale for their se-
lection and interpretation. The selection of statistical
methods and any conclusions regarding the efficacy of an
intervention (ie, evidence for or against the intervention)
should be based on the primary outcome measure and its
estimated treatment effect (ie, the difference between the
intervention and control arms). Trials involving 2 primary
outcomes need to identify the preplanned determinations,
including the rationale in determining how intervention
success is defined (eg, do both primary outcomes need to
show a significant positive effect or only 1 of the 2 out-
comes?) and all statistical adjustments undertaken (eg,
Bonferroni’s correction).

Minimum clinically important difference. Although
effect size identifies the magnitude of effect, the minimum
clinically important difference (MCID) refers to the minimum
amount of change important to a participant. Based on vali-
dated PROMs, MCIDs have become increasingly important in
trials to determine both effect sizes and variability scores
used in sample size calculations."”**'*> Benefits of using
MCIDs include (1) the ability to use patient-centered
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measures that ensure the change being measured is mean-
ingful to the participant; (2) a reduction in bias; (3) provision
of a therapeutic threshold to define success or failure of a
trial; and (4) the ability to guide clinical practice and improve
the interpretation of trial outcomes."**™**” Despite the ben-
efits of using MCIDs in trials, they also present several
challenges, including (1) the limited number of validated
PROMs available with established MCIDs; (2) the methodo-
logical debate regarding how MCIDs should be derived (eg,
anchor- vs distribution-based approaches); and (3) the het-
erogeneity and potential limited generalizability of MCIDs."*

Intention-to-treat and per-protocol analysis. The
CONSORT statement recommends that the assessment of
both primary and secondary outcomes in RCTs be based on
an intention-to-treat analysis.l32 An intention-to-treat
approach minimizes bias involving the nonrandom loss of
data and is generally conservative for superiority hypoth-
eses.'*" Intention-to-treat requires a determination of the
method by which missing data are treated (eg, last obser-
vation carried forward, use of multiple imputation
regression-based methods)."****°

Limitations of the intention-to-treat approach are that it
may include participants who were randomized but did not
receive any treatment and may be imprecise or biased, or
both, due to the heterogeneity of including dropouts unre-
lated to treatment effects and noncompliant participants.'*®
Recognizing the potential for underestimation of the treat-
ment effect, CONSORT also recommends the consideration of
secondary analyses (eg, a per-protocol approach).’** A per-
protocol approach only considers participants who did not
deviate from the trial protocol and adhered to the inter-
vention."*! It tends to overestimate treatment differences,
and comparability is more problematic (ie, uncertainty
whether benefits of randomization are maintained).'** RCTs
should use an intention-to-treat approach for the primary
analysis and a per-protocol approach for supportive ana-
lyses."** If the findings from both intention-to-treat and per-
protocol analyses are similar, investigators can have more
confidence in the results."*%'**

Sample Size and Power Calculations

A trial protocol must include a clear statement about
what the minimum required sample size was and how this
was determined.'*>'** The trial should plan to enroll the
minimum number of participants to provide high proba-
bility (power) of detecting a prespecified MCID, where it
exists. 3% 14*

Interim Analysis and Stopping Rules

Although the CONSORT statement highlights the
importance of trials including predefined interim analyses,
associated stopping rules, and engagement with a
DSMC,'*%#'*5 research indicates that many trials do not
adhere to these recommendations.’*® Interim analyses can
be an important tool for investigators conducting RCTs to
monitor progress and assess efficacy and safety-related
aspects. However, the relevance of interim analyses to
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treatment trials in DGBI is more limited, particularly
because (1) there is a lack of mortality associated with
DGBI; (2) any SAE will trigger a safety committee review;
and (3) interim analysis may inadvertently influence a trial,
especially if it is unmasked. Stopping rules are an important
component of trials, especially when interventions involve
potential mortality or serious complications.

Ethical Issues

All trials must have a favorable opinion from a local
ethics committee. Where an investigational product is used,
regulatory agency approval is required before the trial can
start. All participants need to provide written informed
consent. It is important that participants understand the
objectives, risks, and inconveniences of the trial. Partici-
pants should be informed of their right to withdraw at any
time without it affecting their future care.

A balance should be maintained between scientific
ambitions and the patients’ interest in receiving therapy
without being exposed to risks. Invasive procedures should
be kept to the minimum that is clinically and scientifically
required. To maintain confidentiality, all trial information
needs to be properly recorded, handled, and stored.

Recommendations for Future Research
Future research priorities in DGBI treatment trials
include:

1. A need for PROMs to assess the efficacy of treat-
ments for the majority of DGBI that have been
recognized.

2. Additional treatment trials in pediatric patients, and
patients with DGBI other than IBS (eg, functional
abdominal bloating).

3. Establishing MCIDs for symptoms other than
abdominal pain.

4. Treatment trials evaluating abdominal pain
response as the primary end point where an iden-
tified pharmacotherapy is targeted at relieving pain
alone, without an anticipated effect on bowel habits.

5. Trials to assess the efficacy of treatments over du-
rations exceeding 3 months.

6. Trials using on-demand therapy or intermittent
dosing strategies.

7. Pragmatic trials in terms of end points used to
define response and patient populations studied
(eg, studying efficacy of a drug for constipation in
both IBS-C and CC or for diarrhea in both IBS-D and
functional diarrhea).’

8. Further assessment of what best constitutes control
therapy in nondrug trials (eg, trials of dietary in-
terventions or BGBTSs).
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9. Treatment trials comparing efficacious drugs with
each other, combining approaches of more than 1
drug, a drug and a dietary intervention, or a drug
and a BGBT, or comparing dietary interventions
with BGBTs.

10. Establishing biomarkers that can be used to
personalize the treatment to the patient with a
DGBI, based on their likely response to a drug or
other intervention.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://dx.doi.org/10.1053/
j-gastro.2025.12.040
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