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Abstract \
Many questions regarding the clinical management of people experiencing pain and related health policy decision-making may best be
answered by pragmatic controlled trials. To generate clinically relevant and widely applicable findings, such trials aim to reproduce
elements of routine clinical care or are embedded within clinical workflows. In contrast with traditional efficacy trials, pragmatic trials are
intended to address a broader set of external validity questions critical for stakeholders (clinicians, healthcare leaders, policymakers,
insurers, and patients) in considering the adoption and use of evidence-based treatments in dalily clinical care. This article summarizes
methodological considerations for pragmatic trials, mainly concerning methods of fundamental importance to the internal validity of
trials. The relationship between these methods and common pragmatic trials methods and goals is considered, recognizing that the
resulting trial designs are highly dependent on the specific research question under investigation. The basis of this statement was an
Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) systematic review of methods and a consensus
meeting. The meeting was organized by the Analgesic, Anesthetic, and Addiction Clinical Trial Translations, Innovations, Opportunities,
and Networks (ACTTION) public—private partnership. The consensus process was informed by expert presentations, panel and
consensus discussions, and a preparatory systematic review. In the context of pragmatic trials of pain treatments, we present
fundamental considerations for the planning phase of pragmatic trials, including the specification of trial objectives, the selection of
adequate designs, and methods to enhance internal validity while maintaining the ability to answer pragmatic research questions.
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1. Introduction

Pragmatic clinical trials are designed to answer research
questions directly relevant to clinical or health policy decision-
making.*®"" Examples include comparing the relative effective-
ness of established treatment options under everyday clinical
circumstances or answering research questions related to clinical
processes, such as strategies of treatment delivery, dosing,
interactions between interventions, or stepped-care approaches.

Pragmatic trials have become increasingly common in the field
of pain research and other areas®®%28"1® pecause the narrow
remit of traditional placebo-controlled trials cannot answer the full
range of clinical questions. For example, a pragmatic trial is
valuable to assess whether a given therapy works as well as, or
better than, established care when studied in a broad population
and in nonacademic settings,?® regardless of the underlying
mechanisms of benefit. Such research questions are most
pertinent for therapies with an established efficacy and safety
profile. They are also commonly formulated for therapies that have
limited evidence of efficacy but are already widely used in clinical
practice, and where the potential for harm is judged to be low, such
as many complementary and integrative therapies.®*? Particularly
in chronic pain-related research, pragmatic trials may overcome
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limitations of trials with stringent eligibility criteria by better reflecting
the realities of clinical practice, which often include patients with
multiple comorbidities, high levels of disability,®*>"® or socioeco-
nomic barriers to treatment participation.®”-59%* Finally, pragmatic
trials may provide more realistic effect size estimates and enhance
translation of research findings into clinical practice.® Key terms
relevant for this article are defined in Box 1.

While pragmatic trials are frequently portrayed as methodologically
distinct from traditional explanatory randomized controlled trials
(RCTs), a more suitable conceptualization is to view the role of RCTs
on an explanatory-pragmatic spectrum.##%827 One end of the
spectrum represents highly explanatory RCTs, which focus on
answering mechanistic research questions and on evaluating efficacy
and safety, often comparing treatments with placebo controls in a
relatively homogeneous population. The other end of the spectrum
represents RCTs with pragmatic aims.®? It is more helpful to examine
the research question rather than individual trial methods to
determine the pragmatism of trials because it is the research
question which informs the choice of trial design and methods.*? In
this sense, the distinction between pragmatic and explanatory
depends on a trial’s ability to answer a particular type of research
question. Explanatory trials commonly ask efficacy questions (Box 1).
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Box 1. Glossary of relevant terms.

Term Definition
Effectiveness Effectiveness assesses whether an intervention is beneficial when provided under usual circumstances of healthcare practice
(“Does it work in practice?”)>®
Pragmatic RCT AnRCT intended to directly inform clinical or health policy decision-making, usually investigating therapeutic effectiveness or
Used interchangeably with “effectiveness ~ comparative effectiveness under conditions similar to clinical practice*¢:5217
RCT”
Real-world evidence “Information on health care that is derived from multiple sources outside typical clinical research settings, including electronic

health records [...], [...] billing data, [...] registries, and [...] through personal devices and health
applications.” (p. 2293).""® Real-world data are distinct from pragmatic trial data, in that the latter are collected in a
specifically designed research paradigm and real-world evidence from unmodified clinical practice.

Generalizability The degree to which trial results may be considered valid in and applicable to participants, practitioners, interventions,
Used interchangeably with “external outcome measures, and settings outside the respective tria/%1%%110

validity” and “applicability” %"

Internal validity “Internal validity describes the [...] accuracy of the study results by minimizing error. Thus, internal validity is the degree to
which changes in the dependent variable can be attributed to the intervention and is maximized by decreasing bias using
design features such as random assignment, allocation concealment, and blinding” (p. 164)'4°

Efficacy Efficacy is the extent to which an intervention provides benefit under ideal circumstances (“Can it work?”)*°

Explanatory RCT An RCT that tests the benefits and/or harms of a treatment under relatively ideal conditions, aimed primarily at investigating a

Used interchangeably with “efficacy RCT”  scientific or biological problem?¢:82117
Mechanistic RCT AnRCT that investigates treatment mechanisms under relatively ideal conditions (alongside benefits and harms or exclusively)

RCT, randomized controlled trial.

This requires the trial design to control for effects of variables other  frequently designed to reproduce routine clinical care''? or are

than the studied intervention components, eg, by using placebo  embedded within it.”>
controls and narrow eligibility criteria.®! Pragmatic trials, because of In pragmatic trials, researchers have to achieve a balance
their emphasis on enhancing the generalizability of findings, are  between methods known to enhance internal validity and methods
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that align the trial with normal clinical practice. The appropriateness
of “real-world” methods, such as flexible treatment delivery, depends
on the question being asked and the intervention being tested.
However, even if the research question is one of effectiveness,
methods from normal clinical practice may unnecessarily compro-
mise researchers’ ability to interpret the findings. Mitigating steps
may be possible that do not interfere with the trial’s ability to answer a
pragmatic research question. For example, while reflective of normal
clinical practice, relatively flexible approaches to treatment delivery
may mean that it is not clear whether participants actually received
the allocated interventions and to what extent. In this case, one may
conclude that the treatment is or is not effective. Only monitoring of
protocol adherence, participant drop-out, or use of concomitant
treatments would help determine whether these effects were due to
the treatment or other confounding factors. “This information is not
only relevant to interpret findings but also ‘pragmatic’ as it can inform
implementation and intervention development”.

As Ford and Norrie noted in an influential 2016 article,*®
“Pragmatism should not be synonymous with a laissez-faire
approach to trial conduct. The aim is to inform clinical practice,
and that can be achieved only with high-quality trials” (p. 462).
Instead of dichotomizing into explanatory and pragmatic trials,
these authors call for trials that adequately state and address their
main objectives, including informing clinical practice. Therefore,
each design choice requires consideration of at least 2 factors: its
relation to the research question and its effects on trial quality.

This article presents considerations to help clinical pain
researchers to optimize the balance between internal and external
validity when they develop their trial design and methods (Box 2).
Drawing on examples from pain research wherever possible, the
article discusses fundamental considerations for the planning phase
of pragmatic trials. These considerations include the clarification of
trial objectives to facilitate the appropriate choice of design features,
a summary of available trial designs, and several items relevant to
increase a trial’s internal validity, including available blinding and
randomization methods. A second paper will discuss more specific
research methods for conducting pragmatic trials of pain treatments.
For example, this follow-up paper will include discussions of
treatment delivery, comparator and control conditions, patient
populations and study sites, outcome measures, study monitoring,
and approaches to data analysis. Together, these publications will
present best-practice research methods, proposing considerations
for specific challenges and introducing methods to enhance the
quality and value of pragmatic clinical trials.

2. Methods of manuscript development

On October 22 and 23, 2020, a videoconference consensus
meeting was held by the Initiative on Methods, Measurement, and
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Pain Assessment in Clinical Trials (MMPACT), under the auspices of
the Analgesic, Anesthetic, and Addiction Clinical Trials, Translations,
Innovations, Opportunities, and Networks (ACTTION) public—private
partnership with the U.S. Food and Drug Administration. Meeting
participants were invited by the IMMPACT steering committee
based on their expertise or experience involving pragmatic trials and
to represent stakeholders from patient organizations, public
institutions (such as the FDA and the National Institute of Health),
and industry. In addition, allmembers of the ACTTION management,
steering, executive, and oversight committees were invited. The
meeting’s objectives were to discuss important considerations and
provide best-practice suggestions regarding the design, implemen-
tation, interpretation, and evaluation of pragmatic clinical trials of pain
treatments to inform the planning, conduct, and reporting of such
studies. Three consensus discussions were informed by nine 25-
minute presentations by content experts and co-authors of this
article. Presentations included the following topics: definitions and
general considerations (L.D.), statistical approaches (S.E.), lessons
learnt from pragmatic trials in various settings (A.W. and R.K.), study
population definition and patient recruitment (J.M. and M.B.), study
sites (J.F.), concomitant and rescue treatments (M.R.), and outcome
domains and measures (M.B.). Furthermore, the results of a
systematic review were presented (D.H.-S.).52 All participant details,
lecture slides, and meeting transcripts are available on the IMMPACT
web site, http://www.immpact.org/meetings/Immpact24/partici-
pants24.html. After the meeting, the first author drafted a consensus
manuscript that was then reviewed by the co-authors. The reviewed
materials and meeting discussions were then categorized into
general and specific considerations with extensive internal manu-
script reviews. The recommendations in this article are the product of
vigorous discussions at the consensus meeting and continued
iterative revisions of multiple draft manuscripts that were circulated
among all the authors. The issues that required the most attention
addressed the distinctions between pragmatic trials that are
designed to meaningfully inform clinical practice and trials that
prioritize the evaluation of treatment efficacy. The major concems
included the extent to which pragmatic trials can and should focus
on bias control, including the measurement of expectations, as well
as the relevance of clinical trial designs other than parallel-group
RCTs and their congruency with pragmatic objectives.

3. Methods in current pragmatic trials of
pain treatments

The background for these best-practice considerations is
provided by a systematic review of methods of 57 self-labelled
“pragmatic” or “comparative effectiveness trials” of pain treat-
ments.®? Typically, such trials were multisite comparisons of 2 or
more treatments, conducted across a broad spectrum of

Box 2. List of core considerations for pragmatic trials in pain interventions. Individual points are elaborated on in the article text.

Clarify the objectives of the trial, including the appropriateness of a generally pragmatic vs a more explanatory approach

Ensure that design choices allow trial objectives to be met
This includes

e considering whether adaptive trial designs and other less commonly used designs may better answer the research question than traditional parallel-group designs,
o using the PRECIS-2 tool®? and additional considerations presented here to evaluate design choices on the explanatory—pragmatic continuum during the planning phase of a trial, and
e halancing of pragmatic design choices against more controlled approaches in the context of the research question

Report trial conduct and findings using the CONSORT extension for pragmatic trials

and all other relevant extensions

Consider publishing the completed PRECIS-2 table'®" along with justifications for design decisions in the context of the specific trial®?

CONSORT, Consolidated Standards of Reporting Trials; PRECIS-2, Pragmatic—Explanatory Continuum Indicator Summary-2.
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settings, recruiting several hundred participants living with
chronic, mainly musculoskeletal pain and involving follow-up
periods of 1 year on average. In the reviewed trials, complex
nonpharmacological interventions were often studied, such as
manual and physical therapies or acupuncture (28%) and
cognitive-behavioral or other psychological interventions (16%).
Twenty-one percent of trials investigated pharmacological
treatments, 12% surgery, and a small percentage evaluated
miscellaneous approaches such as multidisciplinary care, mind—
body therapies, education, or alterations in general practice
procedures. The most common comparators were another active
intervention or “treatment as usual.” Participants were usually
individually randomized, but 10% of trials used cluster random-
ization. Most trials were designed as superiority trials, aiming to
detect a significant difference in outcomes between groups. Less
than 10% were noninferiority or equivalence trials. Blinding of
participants to group allocation was reported in a quarter of the
trials (n = 18), with 3 studies “blinding” participants by
randomizing trial practices and not requiring participant con-
sent,®2'38! others comparing 2 treatments that were indistin-
guishable to patients,?®* or a “cohort multiple” design'®* where
patients were unaware of alternate study conditions.'*® Seven of
the reviewed trials reported single-blinding or double-blinding by
means of placebo or attention control groups.':7:48.93.133.144
Outcome assessments were almost always blinded.

To assess design features of the reviewed trials across the
pragmatic—explanatory spectrum, the Pragmatic-Explanatory
Continuum Indicator Summary (PRECIS)-2 tool was used. This
tool considers 9 domains of trial design on a spectrum from very
explanatory (scored as “1”) to very pragmatic (or similar to usual
practice in the field; scored as “5”). The methodological domains
assessed by PRECIS-2 include eligibility criteria, recruitment
methods, trial settings, expertise and resources used to deliver
interventions, flexibility of delivery and adherence, follow-up
methods, primary outcome choice, and the method of primary
analysis.®? Across the sample of 57 recently published trials of
pain treatments, the average PRECIS-2 ratings per domain
ranged from 3.0 (SD 1.6) for recruitment, indicating consider-
able effort to recruit participants, to 4.5 (SD 1.0) for outcomes,
indicating that primary outcome measures were typically
clinically relevant.®?

Beyond characterizing recently published pragmatic trials of
pain treatments, the review highlighted several areas for
improvement in methodology and reporting, such as providing
clear rationales about the choice of trial methods. As a major
methodological challenge, trial feasibility and validity had to be
balanced with attempts to interfere minimally with routine care.
Researchers responded to this challenge in often creative ways or
by sacrificing one aspect for the other, for example, using more
elaborate recruitment methods at the expense of “pragmatism,”
as defined by PRECIS-2, but ensuring successful recruitment or
recruitment targeted to their research question. Relatedly,
pragmatic design choices were prioritized differently or were
harder to achieve in some PRECIS-2 domains than in others. Trial
sites generally were judged to be better organized and equipped
than what would be expected in usual practice and follow-up
intensity often exceeded normal practice (also see 53). Chal-
lenges to trial pragmatism partly depended on the trial’s specific
circumstances, for example, with trials of drug therapies using
more treatment standardization or chronic pain studies investing
more efforts into patient recruitment. This systematic evaluation
of current methods illustrates the balancing act faced by trial
designers: to answer pragmatic research questions while

PAIN®

exerting a sufficient level of control for successful trial completion
and research validity.

4. Consensus statement of best-practice considerations

4.1. Clarifying trial objectives

When considering a pragmatic attitude to trial design, re-
searchers ought to clarify the appropriateness of and motivation
for a pragmatic trial, including an appraisal of available efficacy
and mechanistic literature. With a clearly defined study intention,
the most appropriate design choices can be made.®?

Nonblinded comparative effectiveness trials provide different
kinds of information than placebo-controlled efficacy RCTs.
Because both kinds of information are important, before testing
the effectiveness of new treatments in routine practice, existing
efficacy and safety evidence for a treatment or for core
components of a multimodal treatment ought to be considered
to determine whether more efficacy research is needed. Although
sufficient efficacy and safety data are required for new drug
approval,*® trials comparing the effectiveness of existing non-
pharmacological therapies are regularly conducted in the
absence of high-quality efficacy research.'®® Whether this is
appropriate depends on the research question and trial context.
For example, devising credible control groups is a major
challenge for trials of nonpharmacological therapies, distinguish-
ing treatment-specific effects of interest from other effects.®’%°
Indeed, blinding difficulties have been used to justify unblinded
comparative effectiveness designs.'®'®® To overcome this
challenge, specific guidance is becoming available for non-
pharmacological trials®'® most recently a comprehensive guide-
line by Hohenschurz-Schmidt et al.?® In addition, when low-risk
treatments are already widely used, it is sometimes difficult to
justify the need to evaluate against placebo. In these cases,
comparing effectiveness with another commonly used modality
can be considered. In other circumstances, a pragmatic (ie,
relevant to clinical or policy decision-making) research question
may require a sham-controlled trial (see 7; also discussed below).

The choices of appropriate study design and methods depend
on the pragmatic research question and the corresponding
testable hypothesis.*” There are several categories of compar-
ative trials (see 80 for a definition of terms):

(1) Superiority of treatment A vs control group (eg, usual care or a
specifically designed control condition).

(2) Superiority of treatment A vs treatment B.

(8) Noninferiority of treatment A vs treatment B.

(4) Equivalence of treatment A vs treatment B.

Additional specific objectives that could be considered
pragmatic and assessed include
(1) assessing different treatment-delivery strategies (eg, stepped,

stratified, or matched care)®®7%;

(2) testing effectiveness in different care settings and populations;

(3) evaluating differential effects for patient subgroups, pheno-
types, and other questions aimed at personalized care; and

(4) questions of risk-benefit, cost-effectiveness, and other
clinically relevant composite outcomes.

Finally, pragmatic research goals are often informed by
researcher engagement with key stakeholders (clinicians, health-
care leaders, and patients).

In summary, trial designers should clarify their research question
considering existing evidence and current practice and assess and
justify whether a pragmatic attitude to trial design is warranted.
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4.2. Meeting trial objectives with high-quality designs

The main goal of a pragmatic approach to trial design is to answer
a pragmatic research question'” in a scientifically robust
manner, producing clinically impactful evidence. The overall trial
design is thus guided by how trial results will be used. Study
objectives should be achievable using the proposed trial
methods, whether that means that the trial is closely aligned to
typical clinical practice or not.

The precision of treatment effect estimates decreases with
increasing trial heterogeneity, which is introduced, for example, by
broad patient eligibility criteria, involvement of multiple trial centers,
unregulated concomitant treatments, and flexible treatment applica-
tion.%812" Variability that reflects clinical practice is desirable in
pragmatic trials but may pose a challenge to the interpretation of
trial results, for example, understanding why an intervention was found
to be (in)effective. Notably, this may be explained by how much
different patient subgroups contribute to findings or other information
relevant for clinical practice, such as low adherence to treatment
protocols. There are several ways that such challenges of pragmatic
trials may be turned into an advantage. For example, differential effects
in specific subgroups (eg, age, sex, comorbidities, and concomitant
treatments) can be determined by designing the trial to include sample
sizes large enough to permit adequately powered subgroup
analyses.%® Heterogeneity that is not required to answer the research
question may have to be reduced, controlled, or measured to help
interpret outcomes. For example, a question may ask about
effectiveness in a real-world population with realistic intervention
prescription scenarios (ie, with no or minimal adherence require-
ments). In this instance, it may be desirable to assess adherence,
collect information about concomitant treatments, or measure
changes in other behaviors to better understand trial outcomes.

In summary, researchers designing pragmatic trials need to
ensure the reliability of results. This is important to distinguish
effective from ineffective treatments, or treatments with differing
levels of effectiveness, and must be balanced with the aim of
producing research that is clinically meaningful, relevant, and
applicable. In general, possible sources of heterogeneity in
pragmatic trials should be explored and pertinent data measured
and included in analyses. At a minimum, the most relevant clinical
confounders (eg, comorbidities and concomitant treatments)
should be considered.

4.3. Balancing pragmatic and explanatory qualities

For each pragmatic trial, there is an “optimal balance point between
the poles of pragmatic and explanatory qualities.””*® Each design
decision should be carefully evaluated on this spectrum, resulting in
a robust framework to answer pragmatic research questions. At the
consensus meeting, there was agreement that PRECIS-2 is a useful
tool to inform the process of designing individual aspects of a
pragmatic trial. Trials can benefit from considering both internal and
external validity (or generalizability) for each PRECIS-2 domain.
Researchers may emphasize generalizability when required by the
research question but should preserve internal validity as much as
possible, drawing on other available tools to evaluate internal validity
(such as the Cochrane risk of bias tool).5%'2® Alowing and
measuring heterogeneity where necessary but reducing it where
possible is important. Trials that aim to align themselves as much as
possible with clinical practice typically show the following design
features across PRECIS-2 domains:
(1) eligibility criteria aimed at including a broad and representative
patient population, eg, not excluding participants with
common comorbidities;
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(2) participant recruitment that uses common means to engage
with patients (eg, referrals or patient-driven contact seeking);

(3) settings and organizations that provide routine care;

(4) flexibility in treatment delivery and relatively low requirements
for adherence;

(5) allowing  most
cointerventions);

(6) choosing outcomes that are relevant to patients; and

(7) analyzing all participants as randomized (intention-to-treat

(ITT]).

Other considerations in designing pragmatic trials include
(1) use of real-world data (RWD) for eligibility criteria definition and

recruitment;

(2) considering combined (eg, risk benefit) as well as responder
and other subgroup analyses in addition to primary analyses;

(3) simplifying outcome choice, such as using measures with few
scales as opposed to multiple-question disability question-
naires; and

(4) using real-world data collection tools, including consideration
of wearables and mobile data sampling.

Apart from trial methods usually aimed at enhancing
generalizability or answering pragmatic research questions, it
is worth discussing how 2 common design features that
enhance internal validity may apply to conducting high-quality
pragmatic trials: randomization and blinding.

concomitant medications (and other

4.4. Applying methods for internal validity to pragmatic trials
4.4.1. Randomization

Randomization is an essential design feature to enhance the
probability that study groups are balanced in known and
unknown factors that could affect treatment response. Related
to randomization, allocation concealment may reduce bias,?®
whereas stratification and blocking can increase precision, if
applicable. Various randomization methods exist and may be
considered to answer pragmatic questions:

(1) Cluster randomization involves randomizing entities or “clus-
ters” other than individual patients—frequently trial centers,
clinics, therapy providers, or geographic areas—and has been
used in pragmatic pain trials.? The choice of cluster depends
on the level of intervention implementation, which may be
easiest to perform and control at the clinic level. However,
cluster randomization may be inappropriate when there is
considerable variability in clinic size and characteristics. Another
threat to validity is when the unit of allocation (cluster level) is
different from the unit of outcome assessment (patients). When
opting for cluster randomization, trialists need to be aware of
possible selection bias arising when the assigned intervention is
known during patient recruitment. To mitigate selection bias,
baseline differences for potentially important predictors of
treatment response should be assessed.'® Where possible,
cluster randomized trials should recruit participants before site
randomization to avoid selection bias. Irrespective of selection
bias, trialists can recruit more clusters with fewer patients per
cluster to enhance power. "2

(2) Pragmatic research questions may invite researchers to
consider other options to simple randomization. For example,
patient preferences can be important predictors of treatment
response and adherence, thus shaping clinical decision-
making. Including patient preferences during randomization
can be implemented in various ways but requires sophisti-
cated controlling mechanisms and analyses.'”"®
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Figure 1. Schematic illustration of various group designs adaptable to pragmatic and comparative effectiveness trials. “Treatments” can also be other
comparators or usual care, ® signifies randomization, and ®, an adjusted randomization ratio. In panel (E), different box widths illustrate different group sizes after

the randomization ratio has been adjusted in response to interim analysis.

(8) More complex randomization processes, stepped-wedge
designs, and enrichment methods are discussed below
(Fig. 1).

4.4.2. Blinding and accounting for participant expectancies

For many pragmatic research questions, it is accepted that the
nonspecific (eg, contextual or placebo) effects form part of
treatments’ real-world effectiveness. From this perspective, blinding
may not be appropriate. Furthermore, a clinical decision may be
between multiple interventions with doubtful evidence of efficacy but
with different risks for harm or healthcare cost. These interventions
are often well-established and commonly used in clinical practice. In
this situation, nonblinded comparative effectiveness trials can
answer important questions while not negating the usefulness of
improved efficacy research. Overal, we recommend blinding
participants to group allocation where efficacy data are inconsistent
and where compatible with trial objectives.

When participants cannot be blinded to group allocation, blinding
to study hypotheses is often possible, for example, by not disclosing
study objectives.*®®? To preempt the possibility of “resentful
demoralization” or “compensatory rivalry” in the unblinded allocation
to atrial condition perceived as less desirable,*® participants can be

given limited information about the ftrial design—within ethical
standards. Alternatively, patient preferences for all trial arms may
be evaluated in a preparatory phase. Zelen or encouragement
designs address this problem.®*12° Relatedly, participants’ expec-
tations of treatment benefit may be considered.”" In some scenarios,
participant blinding may not be relevant, eg, when comparing patient
outcomes in clinics randomized to a potentially improved form of
care with clinics continuing to provide usual care. Christian et al.2*
proposed a useful framework for making blinding-related decisions
in pragmatic trials.

Where outcomes are collected by study staff, the blinding of
outcome assessors to treatment groups is considered essential;
this is also the case when patient-reported outcomes are used to
reduce the risk of assessor bias. For the same reason, it is
desirable that patients can enter patient-reported outcome
measures directly into data capture systems, for example,
electronically, reducing the potential for bias from study staff.
However, benefits of electronic data capture may have to be
weighed against its challenges, such as potentially lower
response rates, data incompleteness, variable participant literacy
or numeracy, technology access, and data privacy.8% 31144

When blinding is not possible, techniques for minimizing
potential bias are available. These will be discussed below.
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4.4.3. Other bias minimization methods relevant for
pragmatic trials

As in other clinical trials, pragmatic trialists need to consider
possible sources of bias. Although randomization is commonly
used to reduce bias in pragmatic trials, other bias-reduction
methods such as treatment standardization and blinding study
participants to treatment may conflict with pragmatic trial
objectives. Examples of relevant threats to internal validity are
listed in Table 1 together with recommendations on how to
address these in pragmatic trials. As discussed earlier, the
possible solutions for bias control in Table 1 need to be examined
for potential conflicts with a trial’s pragmatic objectives. In this
case, they may not be suitable or their implications for the
generalizability of findings should be declared. Additional
considerations can be found in Katz et al.”?

For some pragmatic research objectives and end points
measurement, precision and related aspects of internal validity

www.painjournalonline.com 7

are less of a concern, either because adequate measurement
precision is self-evident or because it is not needed to support the
study purpose. Examples include comparing 2 or more treatment
approaches for costs of care, duration of adherence, ortime to an
objective medical event or change in treatment.

4.5. Considering alternative study designs for pragmatic
research questions

So far, this article has discussed the importance of clarifying the
appropriateness and intention of a pragmatic trial design and of
carefully weighing methods that replicate normal clinical practice
against internal validity. The following section proposes alterna-
tive study designs to the parallel-group RCT that are adaptable to
the purposes of pragmatic trials.

Pragmatic trials of pain treatments are almost exclusively
parallel-group designs.®> However, some pragmatic research
questions may be usefully addressed with variations of parallel

Possible bias in clinical research and proposed considerations for methods to minimize bias in pragmatic trials of pain

treatments.

Bias

Possible solutions (and explanation)

Recruitment bias
Recruiting predominantly or failing to recruit certain

e Enhanced recruitment or targeted recruitment strategies
In pragmatic trials, recruitment bias is a problem when the trial fails to represent the clinical target

subgroups of eligible participants

population. If the research question requires a relatively representative sample, more effort may be required
to recruit diverse participants? even if recruitment methods no longer reflect standard clinical practice. For
example, a trial may not be conducted in the eventual target setting and thus not have access to “normal”
recruitment pathways. Results may still generalize to the populations typically seen in such settings if
representative participants are deliberately targeted for recruitment

Selection bias
Selection of study participants skewed by factors such as
participant characteristics (similar to recruitment bias but
mainly driven by study staff)

o Cluster randomized trials: site randomization after participant recruitment
o (Partial) blinding of recruiting study staff>*
o Monitor baseline differences and/or control for important covariates in the analyses

Allocation bias
Biased allocation of participants to study arms®®

« Effective allocation concealment'?®

Assessor bias
Knowledge of treatment allocation that influences outcome
measurements

« Blinded outcome assessment®*

o Use of objective outcome measures,?* eg, actigraphy
o Use of disability and quality of life outcomes

o Use multiple follow-up assessments

Although outcomes in clinical practice are typically evaluated by providers, this is rarely necessary for
pragmatic research questions. Therefore, bias control should be considered (see text)

142

Attrition bias
Asymmetrical participant loss between study arms for
nonrandom reasons>*

o Assess risk during pilot phase

o Monitor reasons for attrition

o Include patient preference

Although low adherence to treatments is common in clinical practice, it may undermine the interpretability of
pragmatic trial results. This risk needs to be weighed against the relevance of using low-touch (“pragmatic”)
strategies to increase adherence

Methods to evaluate reasons for participant loss do not interfere with pragmatic research questions and
should thus be implemented, especially if adherence is not promoted

Biased interpretation and reporting of results
Reporting bias typically refers to the selective reporting of
positive results. Apart from withholding negative results,
alternative analyses can be performed,®® and results can
be misinterpreted or misrepresented’**’.

o Evaluate overall internal validity

o Preregister trial and follow protocol

o Accurately report nonsignificant results in superiority trials (not claiming comparable effectiveness)

o Discuss limits of generalizability and avoid overgeneralization of findings

o Adhere to reporting guidelines'®

Because of potentially greater heterogeneity, pragmatic trials may require more extensive reporting and
more nuanced discussion than explanatory RCTs. This includes providing relevant contextual information
The generalizability of trial results is usually an educated judgment,™*® requiring knowledge of influential
population characteristics and eligibility criteria.®? When discussing generalizability, trial authors should
report relevant information to permit assessment of external validity,>' %% ensure that claims are
supported by data, and discuss study limitations

Please note that the potential biases listed in the table also apply to more explanatory trials, but they may pose particular challenges in trials designed to inform clinical or policy decision-making. Potential biases are listed in the
left-hand column and potential approaches to minimize each bias on the right. The proposed solutions need to be examined for potential conflicts with a trial’s pragmatic objectives, in which case they may not be suitable or their

implications for generalizability of findings must be clearly reported by the study authors.
RCT, randomized controlled trial.
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designs, such as enrichment or adaptive designs, or cross-over
designs (Fig. 1). To date, these designs are not common practice
in pragmatic trials and may on occasion conflict with routine clinical
practice. Although these designs are not always suitable and have
limitations, their potential for effectively answering research
questions relevant to clinical decision-making is underestimated.
When planning a pragmatic trial, we suggest considering such
alternative options for their potential to answer specific research
questions and particularly whether they may increase efficiency
and trial feasibility. Below, potential opportunities and limitations of
alternative designs are presented. Further generic and pain-
specific methodological guidance is available.®84"

4.5.1. Large, simple trials

Large, simple trials (LSTs) are defined by large sample sizes, broad
eligibility criteria, minimal data collection requirements, and use of
objective, often routinely collected outcome measures. Large,
simple trials are parallel-group trials believed most suitable for
pharmacological postapproval effectiveness and safety research.
Large, simple trials typically interfere little with clinical practice and
maintain scientific rigor by randomizing participants to treatments
with clinical equipoise.'®'9” Their large size of often several
thousand participants can provide high-quality information even for
rare outcomes. Their minimal interference with routine care makes
them broadly aligned with a “pragmatic” attitude to trial design. There
are organizational challenges and large costs associated with
establishing research networks large enough to support
LSTs, "% 111 githough, once established, trials become much
more cost efficient. Their reliance on objectively measurable end
points, such as death or hospitalization, has likely hindered their
implementation in pain research. Exceptions exist, which also
ilustrate the usefulness of integrated healthcare systems and
electronic health records to facilitate clinical research.?! Especially
regarding analgesic safety studies, the lack of LSTs is a missed
opportunity. Given the prevalence of comorbidities and polyphar-
macy in people with persistent pain, LSTs might also provide
valuable insights into drug interactions while avoiding some biases of
observational studies. Potentially, improvements in electronic health
records and simple mobile data collection methods will facilitate the
broader adoption of LSTs in pain research.’'"

4.5.2. Cross-over design

Provided certain assumptions regarding study treatments and
medical conditions are met,®® cross-over designs may be useful for
addressing pragmatic research questions. If components or applica-
tion sequences within a complex treatment are to be assessed (eg,
symptom-guided vs generalized manual therapy™), cross-over
designs seem possible and may remove between-patient variance,
reducing sample size requirements.'®” Cross-over designs are rare in
pragmatic pain trials® and investigators typically choose parallel-
group designs for pragmatic questions.*>%481%3 For short-acting,
non—disease-modifying drugs, cross-over designs may be used to
answer pragmatic questions, respecting the usual methodological
standards."®” Finally, switching between treatments after a certain
time or on treatment failure is a common scenario in clinical practice
and its effects can be assessed in pragmatic trials. %% Either the
treatment sequence is randomized as in cross-over designs or a
postrandomization treatment switch is triggered by clinical factors (not
considered a traditional cross-over trial). The cross-over may act as an
incentive during recruitment, mitigate patient disappointment in
unblinded trials, or, under some circumstances, enable subgroup
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analyses. Individual (n-of-1) or multiperiod cross-over designs are
adaptations geared towards clinical decision-making.>'46

4.5.3. Stepped-wedge cluster randomized design

A variant of a cluster randomized trial is a stepped-wedge cluster
randomized trial. Stepped-wedge cluster randomized trials are a
pragmatic attempt to reconcile various stakeholders’ needs and
the practical constraints of large-scale intervention or policy
implementation. Starting with a nonexposure period for all study
clusters, this design involves “random and sequential crossover
of clusters from control to intervention until all clusters are
exposed.”’” Stepped-wedge designs have been successfully
applied to study healthcare interventions during routine imple-
mentation of new approaches over time,&” including multimodal
workplace interventions for low back pain'®® and digital health
psychological interventions for children and adolescents with
chronic pain.®® Recent trials also studied effects of modifications
in diagnostic procedures on healthcare utilization.®® With every
cluster eventually exposed, the phased baseline period acts as
the internal control condition and all clusters contribute to both
study conditions—a notable advantage over traditional cluster
randomization.

Stepped-wedge cluster randomized trials face challenges to
reconcile practical constraints (eg, the speed or extent with which
an intervention can be implemented and the transition periods
that may arise) and methodological requirements (eg, sample size
calculation, recruitment, concealment, potential dependence
within clusters, calendar time effects, and repeated measures).
Social and healthcare trends outside the trial may also affect
interpretability as individual clusters are affected differently.
Stepped-wedge trials provide more statistical power than parallel
cluster designs when clusters are heterogeneous and/or large.
Additional methodological guidance is available.®”

4.5.4. Enrichment designs

“Enrichment” refers to randomizing only patients with an in-
creased likelihood of treatment success (practical, prognostic, or
predictive enrichment'®®) or other specific characteristics.
Targeted preidentification during eligibility screening, including
the use of biomarkers, clinical diagnostics, and enrichment
phases can be pragmatic if these methods address a clinically
relevant question and are feasible in routine clinical practice.
Examples of prognostic enrichment are trials of patients at high
risk of developing chronic low back pain, as identified by a
routinely available risk-stratification strategy such as the STarT-
Back screening tool.23%° However, although this process allows
for pragmatic research questions, it certainly reduces generaliz-
ability by excluding a certain number of potential treatment
recipients.®? Readers are referred to existing guidance for
detailed discussions of enrichment strategies.%°%°

4.5.5. Adaptive and other designs responsive to
accumulating trial information

Characterized by “using results accumulating in the trial to modify
the trial’s course in accordance with prespecified rules,”®’
adaptive designs enable researchers to respond to interim safety
and efficacy data. For example, if problems are encountered early
in the trial, treatment intensity (eg, dose or number of treatment
sessions) can be altered, randomization ratios changed, or
treatment arms added or dropped, arguably saving research
resources.®® To be feasible, effectiveness and safety outcomes
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must be expected to occur relatively early in the treatment course.
Adaptive trials are challenging to conduct, both logistically and
methodologically, and require expert biostatistician support.
Regarding trial designs involving outcome (or response)-
adaptive randomization, there are important limitations including
bias and loss of efficiency of treatment effect estimators, bias
caused by temporal trends in participant characteristics, volatility
in sample size distributions with more participants assigned to the
inferior treatment, potentially large imbalances in participant
characteristics, greater potential for unblinding, and ethical
concerns,®19:20:34.58.77.102.116.126 £ ther theoretical and practi-
cal considerations of adaptive designs are available.?®2” Use of
such designs must be accompanied by careful consideration of
these limitations.

More relevant for pragmatic trials are designs of personalized
or stepped-care approaches, or adding or dropping of study
arms without losing the integrity of randomization.''% For
example, the STAR*D (Sequenced Treatment Alternatives to
Relieve Depression) trial®®1"%1* tested subsequent treatments
for nonresponders. The design was a precursor to Sequential
Multiple Assignment Randomized Trial (SMART) designs,”®
which mitigate some of the above concerns regarding adaptive
randomization. Sequential Multiple Assignment Randomized Trial
designs can be conceptualized as sequences of empirical trials of
different interventions, often mimicking and thus informing clinical
practice. STAR*D was conducted in 41 outpatient settings and
enrolled over 4000 participants. The trial included 4 levels of
randomization for patients who did not remit with a first course of
citalopram for major depressive disorder, resulting in up to 4
treatment levels of various medications, switch and augmentation
options, and cognitive therapy. Albeit a trial of depression, this
design may be applied to stepped care and treatment alternatives
for pain, such as those outlined in guidelines for painful conditions
but rarely tested against one another (eg, commencing treatment
with education, reassurance, and over-the-counter analgesics
before considering physiotherapy, manual therapy, multimodal
rehabilitation, etc'®). In STAR*D, the numerous treatment options
at level 2, and inclusion of treatment preferences (patients could
choose a range of potentially assigned treatments), resulted in
small group sizes, making comparisons difficult, and the absence
of no-treatment controls should be noted. Conversely, including
patient—and possibly provider—choice of treatment'? arguably
reflects routine practice,'?® as in a pragmatic trial of multiple or
multimodal pain therapies.®®12412° |ntegrating treatment choice
into randomization algorithms has also been proposed as so-
called equipoise-stratified randomization.”®

Although not as elaborate as STAR*D, several ongoing pain
trials use SMART designs to study clinically highly relevant issues,
mainly related to tailoring of nonpharmacological pain manage-
ment 86444974122 £ axample, a trial of breast cancer com-
pares different doses of a pain-coping skills program and dose
adaptations depending on an initial (non-)response.”* However,
this trial is designed to have adequate power only for the first
treatment period and related analyses (ie, before rerandomiza-
tion), underlining the logistical challenges of such designs.
Studies that have adequate power for subsequent analyses after
switching treatments are the ongoing OPTIMIZE trial, comparing
physical therapy and cognitive behavioral therapy and recruiting
945 participants, '?? and the SMART LBP study aiming for 1200
participants.*® Participant loss and nonadherence are major
threats to all types of trials. In SMART designs, this problem may
be heightened because of repeated randomization steps and
consequently smaller groups. Published protocols of SMART
designs thus document increased efforts and low PRECIS-2
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ratings in the “adherence” domain (ie, treatment adherence is
encouraged beyond normal clinical practice). Similarly, partici-
pants are followed up closely and recruitment is more elabo-
rate.*®?2 Finally, the “Determinants of the Optimal Dose and
Sequence of Functional Restoration and Integrative Therapies
study” investigates standard rehabilitation and complementary
therapy approaches in a military setting.** Most of these studies
also aim to identify predictors of initial treatment responses.

4.6. Exemplary trials balancing internal and external validity

We have suggested strategies that do not always reflect current
practice in the field.%? Primarily, we are calling for more attention
to the balance between real-world applicability and internal trial
validity. To illustrate how this can be performed effectively, we
discuss 2 well-designed studies:

Beard et al.” studied arthroscopic subacromial decompression
for subacromial shoulder pain, using 30 sites and 38 operating
surgeons of the UK National Health Service. When the trial was
planned, there was insufficient evidence from efficacy trials.
Nonetheless, shoulder arthroscopies were routinely performed in
clinical practice, making real-world effectiveness a pertinent
research question. To answer this question while safeguarding
against expectancy-related effects, the trial included both a sham
control group and a no treatment group. The control intervention
enabled the distinction between placebo effects and normal
disease course. The trial showed no difference between
arthroscopy and sham but a clear benefit of both over no
treatment. Further illustrating challenges of pragmatic trials and
potential solutions, Beard et al.” reported that they struggled with
participants not receiving their allocated intervention. The clinical
context and possibly patient preferences may explain these
problems. For example, shoulder surgery patients may change
their mind or surgery slots may not become available during the
trial period. Had the researchers not included preplanned
sensitivity analyses to assess the effects of intervention adher-
ence, interpretation of findings would have become nearly
impossible. Recently, Kerns et al.”® have advocated for investi-
gators to find the right “balance” between the flexibility in
treatment delivery and adherence monitoring that is consistent
with clinical practice and the importance of building confidence in
the fidelity of the independent variable, namely, the interventions
being studied. The arthroscopy trial by Beard et al.” addressed
clinically relevant questions in a typical clinical environment, while
using multiple features that are commonly considered priorities in
explanatory trials (eg, blinding and per-protocol analyses®*%2),
which added valuable information. Balancing explanatory and
pragmatic methods, the study reliably informs clinicians and
policy decision-makers about the utility of a pain treatment in a
realistic context. Albeit a single trial, this well-conducted study
resulted in the change of clinical recommendations. 32

Comparisons between 2 active treatments rather than with
sham comparators are more typical for pragmatic pain trials.®?
For example, Cherkin et al.?®> compared mindfulness-based
stress reduction (MBSR) to cognitive-behavioral therapy (CBT)
and to usual care for patients with chronic low back pain. This trial
balanced the considerations between internal and external
validity well. With an overall PRECIS-2 rating of 3.3 (placing the
overall design centrally between explanatory and pragmatic
poles), the researchers prioritized clinically relevant outcome
measures, pragmatic data analysis (intention-to-treat), and low
study questionnaire burden. The trial used more explanatory
methods in the domain “flexibility of intervention delivery,”
ensuring with pretrial training of providers and continuous
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monitoring that the interventions were delivered according to the
protocol (also see 75). This design feature was mainly driven by
funding requirements. Furthermore, the trial used targeted
participant recruitment and dedicated trial centers. In an other-
wise “pragmatic” trial, this illustrates reasons for design decisions
that deviate from usual care: the reduction of bias and practical
constraints. In addition, with more control over intervention
content, Cherkin et al. were able to draw more definite
conclusions than with MBSR practitioners who all followed their
own treatment preferences. Conversely, the trial’s treatment
protocol was later used for a university training program in MBSR,
providing a nice example of research and clinical practice
informing one another. Having aimed for a large study sample
and experiencing recruitment and adherence difficulties, the
practical requirement to complete the trial meant that recruitment
methods typical for clinical practice needed to be bolstered. With
a typical, moderate attendance of MBSR and CBT, the trial
showed a benefit of these interventions over usual care. As the
authors acknowledge, however, the absence of a sham or
attention control group prevented the assessment of effect
mediators. For example, such a control intervention could have
elucidated the effects of specific intervention features or of the
additional attention received from healthcare providers in the
treatment group.

In summary, these studies illustrate how trials can be designed
to answer clinically relevant questions in a rigorous manner. In
addition, they illustrate the practical challenges and research
constraints that can lead to methodological compromise. To
reduce research waste through small, flawed, and thus un-
informative trials, funding bodies should facilitate best-practice
SO|UtiOﬂS.18’41’141’143

5. Discussion

Pragmatic trials of pain treatments are conducted to inform
clinical decision-making and health policy for people living with
pain. They address important clinical or policy questions about
both pharmacological and nonpharmacological therapies. Be-
cause of large funding initiatives in the United States,%6°51%°
pragmatic trials are likely to continue to gain in importance in the
future. It remains a priority to find safer, more effective, and
practical approaches to pain management and to advance
personalized medicine. This article has outlined the consensus of
a group of participants with expertise in the design, conduct,
analysis, and/or interpretation of clinical trials. The fundamental
design and methodological considerations for pragmatic trials
emphasize the importance of balancing relevance for clinical
practice (external validity) with ensuring scientific integrity (internal
validity) of the trial results. Based on a systematic review of current
research practice and in-depth discussions, we identify oppor-
tunities for improving the conduct of pragmatic trials, provide
guidance on their design, and presented considerations for future
trials. The basic notion is that measurable variables that account
for heterogeneity should be identified and controlled or included
in statistical modeling where the research question permits it; but
heterogeneity should be accepted and incorporated into the trial
design where required by the objectives of a trial. Study designs
such as sequential multiple assignment or even cross-over
designs are essentially absent from current pragmatic trials of
pain therapies,® despite their potential to inform clinical and
policy decision-making.

This article is limited in that it has only presented general
considerations and guidance. Trial researchers will have to
consider each aspect of research designs and methods
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individually and in the context of their specific pragmatic research
question and potential study setting. We have highlighted
methods for minimizing bias in pragmatic trials while recognizing
that choice of methods needs to consider their impact on
generalizability of findings. More rigor in this regard will increase
the value of pragmatic clinical trials in shaping clinical decision-
making and health policy. Furthermore, the present consider-
ations were not developed by formal consensus methodology,&®
albeit being informed by a systematic review of current practice in
pragmatic trials. In addition, not all individuals involved had
expertise in pragmatic trials but all represented stakeholders,
such as academics, industry, regulators, and patient initiatives,
that have substantial investment in evaluating the effects and
safety of pain treatments.

To date, the main guidance documents for pragmatic trials are
the PRECIS-2 tool for the design® and the CONSORT extension
for the reporting of pragmatic trials.'*® Another useful resource is
the NIH Collaboratory’s “Living Textbook” (https://rethinkingcli-
nicaltrials.org/). For reporting, we suggest the CONSORT
reporting guidance (and all other relevant CONSORT extensions)
and believe that better adherence will increase the usefulness of
pragmatic trials. For design considerations, however, the
PRECIS-2 tool requires more nuanced discussion. The tool is
certainly useful in helping guide the design of individual trials”®
and we recommend its use, but researchers need to be aware
that a high rating may not always be desirable for each domain.
High ratings are given when the trial feature is comparable to
routine clinical practice and lower ratings represent departures
from the normal clinical procedures or scenarios. As our
considerations emphasize, pragmatic trials attempt to answer
pragmatic research questions by testing hypotheses about
treatment effectiveness and do not necessarily closely reproduce
clinical practice. For example, pain trialists may opt for real-world
resemblance more in some domains than in others, often
choosing more intensive recruitment methods to obtain a patient
sample representative of the population of interest or performing
more in-depth outcome assessments.®? Importantly, enhanced
recruitment efforts may also be required for more representative
or diverse samples. Finally, we strongly recommend that authors
report their reasons for all such choices. Publishing the PRECIS-2
table (rather than the more commonly reported wheel diagram) is
a good basis for such reporting®?'°! and such information will be
of value to readers and future trial designers.®?
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