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Abstract
Pragmatic randomised clinical trials aim to dirgdtiform clinical or health paolicy decision-
making. Here, we systematically review methodsa@eglgn of pragmatic trials of pain

therapies to examine methods, identify common ehgks, and areas for improvement.

Seven databases were searched for pragmatic raselbigontrolled clinical trials which
assessed pain treatment in a clinical populaticedatfts reporting pain. All screening steps
and data extractions were performed twice. Data wgnthesised descriptively and
correlation analyses between pre-specified triaiiuiees and PRECIS-2 (PRagmatic —
Explanatory Continuum Indicator Summary 2) ratiagd attrition were performed. Protocol

registration: PROSPERO-ID CRD42020178954.

Of 57 included trials, only 21% assessed pharmagambinterventions, the remainder
physical, surgical, psychological or self-manageihpam therapies. Three-quarters of the
trials were comparative effectiveness designsnaftenducted in multiple centres (median: 5;
Q1/3: 1, 9.25) and with a median sample size of28#nts at randomization (Q1/3: 135.5;
363.5). Although most trials recruited chronic ppatients, reporting of pain duration was
poor and not well described. Reporting was comprgire for most general items, while

often deficient for specific pragmatic aspects. rage ratings for pragmatism were highest



for treatment adherence flexibility and clinicaleneance of outcome measures. They were
lowest for patient recruitment methods and extémblow-up measurements and

appointments.

Current practice in pragmatic trials of pain treatts can be improved in areas such as
patient recruitment and reporting of methods, asialgnd interpretation of data. These
improvements will facilitate translatability to @hreal-world settings — the purpose of

pragmatic trials.

Keywords: pain; Clinical trials; Pragmatic Triatsgmparative Effectiveness Research; Trial

Methodology; systematic review

1. Introduction

Increasingly, alternatives to the classical plaeetwmtrolled randomised clinical trial
(RCT) are proposed. The main criticism traditioR&Ts concerns the lack of
generalisability of research findings due to keyeass of the trial design [98], including
exhaustive exclusion criteria (co-morbidity, polgpmacy, psychiatric iliness, substance use
disorder) [98,107,4,100,121], trial populationdetiihg from the general patient population
[72,79], and unrealistic treatment compliance [4%R]. Maybe most importantly, what
matters to a patient may not have been assessedRICT: to be relevant for clinical
decision-making, statistical changes in outcomesues need to be reflected in clinically
noticeableand personally valuable changes in symptoms, qualfitifey or disease risk
[31,112,25,120]. Even so, the time horizon of agdi's decision is rarely encapsulated by

common RCT follow-up periods that are usually somtis or less [32]. Despite this lack of



generalizability, RCTs still form the basis of mbstlth policies, medicines regulatory
approval and treatment guidelines [89,57,43,45lhag provide a situation in which most

factors apart from the intervention are controbsdvell as realistically possible.

Pragmatic trial designs have been proposed assibpmwsemedy to bridge the gap
between highly controlled RCTs and clinical pragtithe concept of ‘pragmatism’ refers to
the research aim of directly informing a healthecar health policy decision, especially in
situations where there is a choice between twoareroptions [17,40,56,103,115].
Importantly, ‘pragmatism’ in clinical trials is biegewed as a continuum, the two poles
being explanatory (efficacy) RCTs and pragmatiteiveness) trials [115,68]: many RCTs
entail pragmatic elements to increase their extemality, while some ‘pragmatic’ trials

employ methods such as placebo control and blindiapy

By concept, pragmatic trials are large in scalehended into ongoing clinical
practice, and frequently investigate complex intations. Whilst patients are still randomly
assigned to treatment groups, they are rarely étirid their allocation. Also, the treatment
protocol is deemed flexible, for example allowirigicians to adjust drug therapy to
individual patients. Outcome measures are thoughdftect what is important in clinical
practice, focusing on disability and function, ris&nefit analyses or even cost-effectiveness
rather than average pain scores [96,78,17,124M2he extreme end of the explanatory-
pragmatic spectrum, pragmatic trials assess outctataesampled routinely in clinical
practice and alter routine care minimally or noalatTo enable clinicians to judge how
relevant a study’s findings are to a particulanickl scenario, many have called to improve
reporting of features associated with the extevahtlity of trials (such as details of the study

population, provider expertise, treatment centlemwes, and intervention standardisation)



[11,13,99,33,68,12]. Tools are available to guitkgmatic trial design [114,68] and an
extension of the CONsolidated Standards of Repypifimals statement (CONSORT) exists

for pragmatic trials [130].

Aims and objectives

Pragmatic approaches to trial design have beengiszhwith the goal of increasing
the relevance of clinical trials to real world d@on-making and policy implementation. To
understand the current specifics of trial desigmdrict and reporting in the field of

pragmatic trials of pain treatments, the objectivEsis review were to:

1. Survey the number of randomised controlled triait tire declared to be ‘pragmatic’
or ‘comparative effectiveness’ and that are inggging any therapy aimed at pain-
reduction in an adult human population experienciimgcal pain.

2. ldentify which therapeutic interventions have bassessed in such trials.

3. Evaluate the prevalence of individual design fezguelating to the concept of
‘pragmatism’ amongst the included studies.

4. Determine areas for future debate and researclrwitib field of pragmatic trials of

pain treatments.

Notably, the aim of this review was not to gaugast risk of internal bias or review

the effectiveness of treatments.



2. Methods

Protocol registration

A protocol formulated in accordance with the 20tesment of Preferred Reporting
Items for Systematic Review and Meta-Analysis Rrot® (PRISMA-P) [76,86] and detailing
both the review methods and analysis plan waseqmistered with the International
Prospective Register of Systematic Reviews (PRO&®HEIRor to commencing data

extraction [10] ([55], registration ID: CRD420201943!). Ethical approval was not required.

Eligibility criteria

We reviewed any randomised clinical trial [126]cldeed by the study authors to be
‘pragmatic’, ‘practical’, or ‘comparative effectimess research’. To be included, studies had
to investigate people with clinical; i.e., non-exp®ental pain (including procedure-related
pain, irrespective of their age, gender, underlyathology or the severity and duration of
their pain). All interventions aimed at reducingrpi a clinical population or at affecting an
outcome measure relevant to the treatment or mamageof people in pain were eligible,
irrespective of treatment setting or delivery fotnTaials were included where pain or pain-
related measures formed part of the primary anglgsiwhere the primary aim was to assess
endpoints directly relevant to the treatment andaggament of patients in pain and not
administrative processes or diagnosis. No geogcagitrictions were applied. Included
trials had to have a control or comparison groupthe type of comparator was irrelevant for
study selection. Within-patient controls were ngible. Retrospective and observational

studies were excluded, as were studies drawingisixelly from registry data. We excluded



feasibility or pilot studies in order to capture tthallenges of conducting full-scale
pragmatic trials and a minimum of 40 participargs gtudy arm was required. Primary
outcome reports had to be published in peer-revdesweirces between January 2018 and
March 2020. This timeframe was chosen for sevexadons: the rapidly evolving nature of
the field [128], the aim to capture thtatus quan order to inform future methods
development, and also because the last milestqrer @ the design of pragmatic trials, the
PRECIS-2 tool [68], was published in 2015 and wended three years to be the minimum
amount of time for this recommendation frameworkéareflected by the published reports
of pragmatic trials. Studies published in the laages English, German, Spanish, Italian,
French, and Mandarin were eligible, and othersatiglations could be obtained. Studies
were excluded if no full text could be retrievedjther online nor through the corresponding

author.

Information sources

The following databases were searched from 01 Jp204.8 to 01 March 2020:
MEDLINE, Embase, and Psychinfo (through Ovid iraed); the Cochrane Central Register
of Controlled Trials (CENTRAL), NIH Clinicaltrialgov, CINAHL (nursing and allied
health, via EBSCO), and the Physiotherapy evidelate@base (pedro.org.au). As pragmatic
trials were expected to be relatively large andlgowe did not anticipate publications in
grey literature and no such sources were searétefdrence lists of included studies were
reviewed for additional eligible studies. Systemativiews or meta-analyses were used as
sources of further primary studies. We consulted tegistries or contacted authors

electronically to identify the trial status wherofocols were retrieved. Similarly, authors



were contacted if full reports of potentially ebég trials could not be obtained. For any

included study, protocols were consulted for adddi information during data extraction.

Search

MeSH or equivalent and text word terms were useblig provided in full as
supplement (available at http://links.lww.com/PABS/74): pain OR painful conditions (i.e.,
specific disease names) AND (pragmatic trials O&tfeal trials OR comparative
effectiveness). Limit: human studies, 2018 to auttrréhe search strategy was developed in
an iterative manner and under consultation of gl literature, designated experts who are
part of the research team (pain researchersgemsibners, and therapists), as well as experts
in systematic review methodology and database IsiegycThe full search string is provided

as supplementary material (available at http:/dilvaw.com/PAIN/B374).

Study selection

Prior to screening, search results were importerEmdNote (X9) and duplicates
removed. For subsequent screening, the studiesexparted from Endnote into Covidence,
an online platform for systematic reviews (Verikgsalth Innovation, Melbourne, Australia.

Available at www.covidence.org), and another autecthae-duplication was performed.

Eligibility screening was performed in duplicate,.j screened twice by independent
reviewers (DHS, AK, EM, JDR, IB, JC, JP). Disagreens were resolved through discussion
or, if not possible, by a third party (DHS or RID).a first step, screening was performed

based on study title and abstract. For studiesoconifg with the eligibility criteria at this



stage and not meeting any of the exclusion critéuiatext publications were accessed and

again screened in duplicate.

Data collection process

Like the screening process, the data extractionired a minimum of two
independent reviewers. Discrepancies were resalredgh discussion and involved a third
party if necessary. If available, trial protocolere examined for methods not reported in the
trial reports. Missing data which could not beiested in this way were recorded as not
reported. Where reports were judged to be ambigwibors were contacted for
clarification. The data extraction form was createchtively and piloted prior to data

extraction.

Data items

The domains of data extraction were source detaihding, trial methods, outcome
measures, analysis methods, discussion and coatisgiion of information, and reporting.
The full extraction table is available as suppletagnfile (available at
http://links.lww.com/PAIN/B374). The extraction sfudy methods had a triple focus. First,
key aspects of pragmatic trial design, conduct,aralysis were extracted. This included
eligibility criteria, treatment provision and s&tcal methods. Secondly, to assess how
trialists handled the tension between externaliatginal trial validity, methods deemed to
affect internal trial validity, such as randomipatiprocedures, allocation concealment, and
blinding of participants and personnel were exgd¢iL10]. By extracting information on

placebo control groups, blinding, and number @& settings, currently debated areas of



pragmatic trials design were addressed [28,129thEy potential shortcomings in
randomization were assessed by means of heterdgéesing between trial groups,
performed on baseline age data [21]. Thirdly, tarexe how researchers dealt with the
specific challenges of pragmatic trials, informatan the discussion and methodological
treatment of potential heterogeneity between sardys, differences between multiple study
centres, differences in therapist expertise, getiisources, treatment flexibility and fidelity,
lack of blinding, prolonged follow-up periods, difential attrition, and study cost (i.e.,
funding information) was extracted. Given that marmgluded studies were expected to be
comparative effectiveness trials, it was extrastbdther these were designed as superiority

or as non-inferiority (equivalence) trials [41].

Complementary to the above-mentioned methods, ipéserdata relating to the nine
core domains of pragmatic trial design were samediefined by the PRECIS-2 tool [68].
As part of the data extraction process, trials wated for each of these domains. The
PRECIS instrument has been used both during thgrdphase of trials [58], including in
pain research [65], and to retrospectively rate RGA a pragmatic — explanatory spectrum
[62,14,48,125,92,70,105]. In the latter applicatioowever, some authors have commented
on difficulties with inter-rater reliability and 8ing or unreported data [28,125,80,129]. For
this reason, the rating of PRECIS-2 domains watetliextensively within the team drawing
on seminal publications and their explanations [62468,42,128,131], published annotations

and examples (https://www.precis-2.org/Trials) &bl a&s the experience of other researchers

performing reviews with this tool [105]. Rating acced in duplicate and inter-rater
reliability was assessed. Disagreements of more dha (of five) points were resolved
through discussion and / or expert consultatiohe@tise, the average rating was used.

Where domains were not applicable or informatios waufficient to perform ratings,
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domains were left blank, reflecting the currentestaf the debate in this field [28,129].
PRECIS-2 ratings require comparing a given triggnivention with ‘usual care’. In studies
where ‘usual care’ was not described in detailigwers had to draw on their own
knowledge of the current practice standard. Forigndus cases, it had been planned to
consult national guidelines or clinicians to inforaviewers’ conceptions of respective ‘usual
care’ but this was not deemed necessary. Additidatl extractions were conducted based
on discussions with the review’s steering groupluding information regarding the content
of treatment-as-usual, and details on concomitaimt fpeatments, risk-benefit, and cost-

effectiveness analyses.

Apart from methodological features and PRECIS-Rigat recommended reporting
items for pragmatic trials were identified, as mepd by the CONSORT statement extension

for pragmatic trials [130].

Risk of bias in/individual studies

Effect sizes of clinical outcome measures wereentitacted nor were potential
causes for heterogeneity formally examined (aparhfheterogeneity arising from
randomization, see below). As the purpose of #&wgew was not to judge clinical or

comparative effectiveness, a formal risk of bisseasment was not performed.
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Data synthesis

This report was formulated in accordance with thefd?red Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) stat# [76]. Some subheadings had to

be adapted to the purpose of this systematic regfawal methods.

The main results of this review are qualitative anesented using descriptive
statistics (means, standard deviations, and pexgestof total sample) and appropriate
graphs. Additionally, it was assessed if certaad methods were more prevalent under
certain circumstances, using appropriate statlstimaelation methods and following a pre-
specified analysis plan [55]. Analysing the daté&i@ above way may help inform the design

of future trials by highlighting areas for potehtanflict and opportunity in trial design.

Risk of bias across studies

Risk of bias across studies was addressed by saggdita on reporting quality,
which mainly affected the readers’ ability to judge generalizability of results. By
extracting and analysing average and dispersiorsunes of study participants’ age, a
heterogeneity meta-analysis between groups soagdtientify potential shortcomings in

randomization procedures [21,52].

Additional Analyses
Sensitivity analyses examined the above correlatwathout pre-identified
covariates. The only deviation from the analysandb5] was the addition of two subgroup

analyses, investigating whether PRECIS-2 ratinfjeréd between trials of pharmacological
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and non-pharmacological pain therapies as welkasden trials of acute versus chronic
pain.

Results

Study selection

The search resulted in 769 records after dupliGateval. After excluding 527
records based on titles and abstracts and a fut8tebased on assessing the full text for
eligibility, 57 individual trials were included itme final sample (Figure 1). Meta-analysis in
the sense of descriptive statistics and severatledion analyses was performed on the entire

sample of included studies.

[Insert figure 1 about here]

Study characteristics: Descriptive statistics

An overview table of included studies is providedsapplementary material
(available at http://links.lww.com/PAIN/B374), spitng each trial’s patient population,
experimental and comparison interventions, princartgome measures, and timepoints of
primary and longest follow-up. Authors of nine Isidescribed their study as ‘comparative
effectiveness’ but not ‘pragmatic’, but these #ridid not differ significantly from declared
pragmatic trials in terms of sample size (t(55).£30p = 0.9) nor overall PRECIS-2 score
(see below).

Pharmacological treatments for pain were the nmtoslied index treatment (21%),

followed by cognitive-behavioural and other psydigoapy approaches (16%), surgery
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(12%), acupuncture or acupressure (11%), manuedphes (also 11%), physiotherapy (7%),
and others (Table 1). All trials investigated pagmes of complex interventions, such as
rehabilitation, manual therapy, cognitive-behavabtinerapies, various forms of patient
management, surgery or drug regimens, or treatpregrammes of several modalities.

Concomitant pain treatments were disallowed intrsts (11% of applicable cases, N
= 55), either by means of eligibility criteria fparticipants or after enrolment, and two
further trials discouraged patients from seekiegtiment outside the trial. However, ten trials
did not report whether or not concomitant therapiese permissible.

Where allowed, concomitant treatments were unggstiiin 30 trials (68% of
applicable cases) and six trials permitted any contant treatment other than those akin or
similar to the study interventions. Some trialsleded individual unrelated interventions,
such as injections and surgery [88], injections/d8¥], physiotherapy [16], tricyclic
antidepressants [5], or pain medication (not furipecified) [59,102]. Only one drug trial
made specific allowances for medications and dasageluding some of the same class as
study interventions and opioids [35]. Another tahhnged the regimen from allowing
NSAIDs only in the first six weeks to applying restrictions thereafter [19]. Thirty trials
(68% of applicable cases) reported detail on com@minpain-reducing treatment actually
received, four of which, however, only partly or pecific treatments deemed to relate to
the trial intervention (e.g., physiotherapy in@atiment as usual control group of a

physiotherapy trial) but not for others (e.g., paiedications [122]).

Whilst pain associated with the musculoskeletalesysvas most commonly studied

(over 60% of trials), diffuse chronic pain conditgsuch as fiboromyalgia were only studied

by a single trial [118]. (Table 1).
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In more than half the included trials, the patigopulation consisted of chronic pain
patients (Table 1). Whilst this is typically defthas pain lasting for at least three months,
patients in most trials had been experiencing fiiseveral years (supplementary table,
available at http://links.lww.com/PAIN/B374). In 4Rof trials pain was studied in an acute
context, such as pain after injury or associatetl miedical interventions. Reporting of the
sample’s exact or even approximate pain duratios) Wwawever, poor, with 28% of studies

not providing any indication.

[Insert table 1 about here]

The median sample size at the point of randomigatias 234 (Q1/3: 135.5; 363.5)
with the largest trial featuring a total of 1702tpApants [18] and the smallest trial 80 [71].

The median number of trial centres or settings vé@1/3: 1; 9.25) with one open-
label comparative effectiveness trial of drugsdout flare-ups taking place across 100
general practice clinics across England [95] an@@126) single-centre studies. Seven studies
did not report the number of participating treatineemtres.

Whilst 37 studies (65%) did not report the numidgorovidersin the treatment
group, the median number of reported therapy providers ¥d (Q1/3: 6.25; 35.5), with

Adams et al. [2] having 400 general practitionaksetpart in their trial.

Only seven trials (12%) were fully industry-funde®,29,35,94,97,104,127], 44
trials (77%) had public funders, and five (9%) wkneded by mixed sources
[50,59,67,83,85]. Funding sources were not repartexhe trial [91]. Most trials were
conducted in the US (35%), followed by the UK (14%)stralia (7%), and Norway (7%).

Four studies (7%) were conducted in East Asia aradilo South America [38]. Only one

15



study was conducted across multiple countries [Pdjtocols were registered for all but one
trial [91]. For the purpose of this systematic esvj accessing protocols for additional data

extraction was deemed necessary in 34 cases (60%).

General trial methods

All but one of the included trials were parallebgp RCTs, with Berdal and
colleagues employing a stepped-wedge design [8hanther trial including a cross-over
option after 12 weeks [97]. The number and natfigraups differed between trials. Most
trials (45; 79%) employed a two-group design, telg (18%) had three groups, and two
trials (4%) had five groups [118,111] (supplementable, available at
http://links.lww.com/PAIN/B374). More than threeayters of the trials in the sample were
comparative effectiveness (CER) trials, comparindtiple specific interventions or using
treatment-as-usual as the comparator. Placebootgntups were employed in 9% trials and
7% a no-treatment control group. One trial eacld wse of the following alternative
comparators: Waitlist controls, advice only, wait&e, and no-treatment without informing
patients of a trial being performed (Table 2). Répg of the content of treatment-as-usual
controls is illustrated in table 3.

Participants were reported to be blinded in 13<1(24% of the trials reporting on
participant blinding, n = 54) [2,5,7,8,18,23,298882,119,123,127], providers in four (7%,
n =55)(2,5,44,127], and outcome assessors indls {90%, n = 50). Only five studies

reported unblinded assessment (Table 3).

[Insert Table 2 about here]
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54 of 57 trials (95%) reported that patients gafermed consent, with none of the
trials stating clearly what this information andcheent process entailed. In two trials [30,106]
consent for patients was waived. In a third trgd) fhe unit of randomization were physicians
for whom consent was not required; patients, howelid provide informed consent. Lastly,

a single article [104] did not report whether ot patients provided informed consent.

Outcome analysis and interpretation

Trials were designed as superiority trials in S2ances (91%), four (7%) were non-
inferiority or equivalence trials [38,63,71,74],daa single study [29] did not report whether
or not the trial was designed to show a differdneieveen groups. ‘Unsuccessful’ superiority
trials cannot claim equivalence between interversi@d 7]; Nonetheless, equivalence or
comparative effectiveness was the reported in ©@bR4 (38%) superiority trials where no
significant difference between groups had been dstnated
[6,7,23,50,59,101,104,111,118]. Despite the reconaagon to include a third (placebo)
control group in-non-inferiority trials in order &xcount for the trial-specific possibility of no
demonstrable effect beyond placebo in the contalg[41], none of the four non-
inferiority trials included a placebo control group

Out of fifteen trials with multiple outcome measudefined as primary outcomes,

nine (60%) did not address the issue of multipligittheir analysis.

Adherence to reporting guidelines

Adherence to relevant reporting guidelines is presgin table 3.

17



[Insert Table 3 about here]

Pragmatic trial methods

Average PRECIS-2 ratings

The PRECIS-2 instrument has nine domains thataoke eted from 1, indicating a
very explanatory design, to 5, indicating a pragonapproach to a design feature [68].

Inter-rater reliability was moderate for overall B&S-2 ratings (ICC 0.73; 95% CI
0.68-0.78p < 0.001), having calculated the intraclass conaatoefficient (ICC) using a
two-way mixed-effects model for absolute agreenfi@dts1,61]. Disagreements had to be
resolved through discussion in 22.4% of all insésnas initial disagreements exceeded one
point on the PRECIS-2 scale. As per protocol, disagpents of a single point were averaged
automatically. Assessing inter-rater reliability fodividual PRECIS-2 domains, we found
moderate (ICC of 0.5 - 0.75) or good (0.75 - Og@eament for all domains but domain 1
(participant eligibility), for which-initial agreeemt was poor (ICC < 0.5) (see Supplement
table, available at http://links.lww.com/PAIN/B37)0].

In our sample of studies, the average rating aafsmains was 3.8 (SD 0.62).
Only 19 out of 513 overall items were deemed imjbsgo rate due to required information

not being reported (3.7%).

There was no significant difference in overall PR&R ratings between declared
pragmatic trials and those which authors descrasedomparative effectiveness’ trials and
not ‘pragmatic’ (t(55) = 1.73 =.092). The only individual domain where theresvaa

significant difference was ‘organization’ (t(492-13, p = 0.039), with trials not declared
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pragmatic showing less pragmatic features. T-festsll other domains haglvalues of >

0.175.

Ratings for individual domains and factors influggcthese ratings are presented in
more detail below, rating statistics are illustdaby figure 2 and presented in a

supplementary table (available at http://links.l\a@m/PAIN/B374).

[Insert figure 2 about here]

Eligibility

Assessment of this domain was possible in all meta (M 3.97; SD 1.1; n = 57),
even though in only 68% of studies the reportinglaibility criteria was explicitly framed
to show the degree to which they included typieatipipants and/or, where applicable,
typical providers (e.g., nurses), institutions (ehgpspitals), communities (or localities e.g.,
towns) and settings of care (e.g., different heath financing systenig130].

The main reasons for low ratings in this domain th@sexclusion of patients with
comorbidities common for the specific trial popidat which was the case in more than a
quarter of all trials (15 studies; 26%). Similatpmmon medications were a reason for non-
eligibility in seven studies (12%). Once enrollpdfients were advised not to seek additional
care outside the trial in 9 studies (16%) [19,231988,93,102,111,127]; The report was

unclear on that point in 19 instances.

Eligibility criteria for providers, specifically minimum number of years in practice,

could be confirmed in six trials (11%). This infaaton was not reported in 41 studies (72%)
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and not relevant for assessment in a further tini@s (e.g., where the treatment was
automated). A minimum amount of experience withttfed intervention (other than trial-

specific training) was required in at least sial8i(11%).

Entry criteria for trial centres existed in at leaght cases (14%), not in four cases
(7%), and were not reported on in 42 trials (74%hyee further studies took place entirely in
the patients’ home or another community setting\wack thus not relevant for this

assessment.

Recruitment

In terms of patient recruitment, convenience sangplvas deemed most in line with
the principles of pragmatic trials [68]. Insteadwever, almost half the trials (25 cases, 44%)
resorted to targeted recruitment methods, suclatasnp identification through records or
targeted adverts. A mixed approach was employetiBy, and recruitment methods were
not reported on in another 16% of studies. Thisunek on more laborious recruitment
strategies is reflected by the fact that PRECI&tihgs were lowest on average for this
domain (M 3.03; SD 1.6; n = 47); it also point#dient recruitment as a major challenge in
pragmatic trials, especially when sought to beqraréd ‘pragmatically’, i.e., in tune with
every day-practice. In further support of this angut, out of 56 studies which reported a

target recruitment number, 15 (27%) did not redeir taim.

20



Setting

The PRECIS-2 domain ‘setting’ asks how differer sietting of the trial and the
usual care settings are. Reporting in line withG@NSORT extension item 21 would help
readers to assess generalisability of resthisy aspects of the setting which determined the
trial results” [130] were only reported in 21 studies (37%); Andiscussion ofpossible
differences in other settings where clinical traatis, health service organisation, staffing, or
resources may vary from those of the trifl30] happened in 19 reports (34%). Whilst
explicit considerations of generalisability weréeoff lacking, extrapolation allowed reviewers

to rate this PRECIS-2 domain in all but one casetaging at 3.79 points (SD 1.4; n = 56).

Organization

The PRECIS-2 domain ‘organization’ compares theviger expertise, resources and
the organisation of care delivery in the interventarm of the trial to those available in usual
care [68]. Information on these trial features rhalp readers to assess the generalisability of
trial results to another setting. Nonethelessfia¥ reports did not indicate the level of
experience of those delivering the interventior’£69 = 54; not relevant in three automated
intervention trials). Twenty-nine reports (51%; ®#) did not state whether or not resources
were altered compared to usual care settings ieraodmplement the intervention. Where
this item could be assessed (n = 28), half thaesu®0%) did alter resources for the purpose
of the trial and half did not. Trial-specific trang in an intervention constitutes such an

alteration of resources and was part of at leastiai3 (40%). PRECIS-2 ratings for this
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domain were lower than for most other domains, ifipalty a mean of 3.5 (SD 1.3; n = 51).

Poor reporting meant that this domain could notabed in six cases.

Flexibility (Delivery & adherence)

Aspects of the intervention delivery were standsediin 35 trials (61%), with 11
reports not indicating (19%). Out of those triadsanihich the delivery was reported to be
standardised, about one third reported monitorintgefidelity with which treatments were
provided, for example by record checking or vid@ainig of treatment sessions (n = 11,
31%). Where applicable, these features contribitdéow PRECIS-2 ratings for this domain

and the sample’s average was 3.51 (SD 1.2; n fos@exibility in treatment delivery.

For the patients’ adherence to treatments andvieiéions, however, an average of
4.34 points was obtained (SD 1.0; n = 56), meathagpatients were flexible in how they
had to follow intervention plans, adherence wa®araged little more than what would be
expected in usual practice, and non-adherenceynarehnt exclusion from the trial analysis.
In fact, post-randomization exclusion criteria sashminimum compliance, absence of
adverse events, or other outlier criteria, werg @nésent in a small percentage of trials (n =

5: 9%).

Follow-up

The primary time point at which outcomes were messwas a median of 26 weeks
post-randomization (Q1/3: 8; 52 weeks; n = 36) nagdrom a single day [104] to five years

[6]. However, there were many studies which assksstcomes over a period of time
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[5,9,30,34,97,102,106], at flexible time points B0 108], studies which defined several
time points as primary [75,111], and several whilchnot specify grimary point of follow-

up [3,8,26,59,66,83,109,122]. A better indicatartiow long self-declared pragmatic trials
are, may thus be the longest time point of follquy4eor which the median was about one
year after randomization (Median 50 weeks, Q1/322352 weeks; n = 56; not reported in
one case [50]). The shortest trial assessed pesdt phin during a stenting procedure for
acute myocardial infarction, i.e., lasted for noder than a few hours after the intervention
[108]. On the other extreme, Beard et al. [6] ammparing the clinical and cost-effectiveness
of total versus partial knee replacements for uggmoyears after the event (10-year results

not yet published).

Over such potentially long follow-up periods, ditm of study participants can be
expected. We found that intervention groups lostvarage of 14.9% (SD 12.9, n = 57) of
participants until the point of primary follow-upm@ control groups lost 14.8% (SD 12.78),
ranging from no attrition at all to a trial of insige uterine fibroid surgery where 63% of

participants in the intervention group did not cdeng the trial as per protocol [67].

Across our sample of included studies, there wagraficant difference in attrition
between groups (1(56) = 7.116< 0.001) and a third of studies reported diffei@rttrition
(19; 33%, n = 57). Where there was differentiaitan, it was almost as often into the
direction of the control group (9 cases, [5,16,8198,101,117,127]) as it was into the
direction of the intervention group (11 cases, ,p0%7,81,82,85,87,94,111,118,123]), with
intervention groups losing an average of 14.9% {2®) and control groups losing an

average of 14.8% (SD 12.8) of participants ungl ploint of primary follow-up (t(112) =
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0.032,p = 0.97), possibly accounting for the fact thathbgtoups were of active
interventions in most cases.
Where patients were lost, reasons for drop-oueweported in 35 papers (65%, n =

54).

The PRECIS-2 ratings for the domain ‘follow-up’‘csncerned less with the length of
the follow-up period or differential attrition, brather the frequency and duration of follow-
up appointments as well as the intensity of clinkssessments compared to usual care [68].
Based on this, the average rating was 3.24 pd8idsl(3; n = 57), meaning that follow-up

was often more elaborate than what would be exgdoben normal practice.

Outcomes

The choice of outcomes In pragmatic trials shoaftect what ‘matters’ to the
patient, choosing direct symptom reports or functielated measures over lab tests,
surrogate markers; expert assessment or othenakjedgement [68]. In our sample of
trials, subjective pain ratings, certain conditr@hated questionnaires, or pain-related
functional assessments were the obvious choice [8d¢ed, on average, trials had the
highest rating for this domain (M 4.46; SD 1.0; 6A. 49 trials obtained a primary outcome
through such patient report (86%; n = 57), fivalfiused a lab or other remote physiological
assessment such as radiographs (9%) [35,38,8719,ltlifee used a physical or personal
assessment (5%) [16,91,101], and one trial each (8&d data obtained from health records
[106] or an objective incident in the medical magragnt of patients, namely the
reoccurrence of a medical intervention [67]. Asoselary outcomes, objective measures

were far more common, being reported in 30 tria#g4) and including measures of
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healthcare utilization, physical tests, lab markansl absence from work. Only half the
reports, however, complied with the CONSORT itenjustify the chosen outcome and
length of follow-up (29 cases, 51%) (Table 3, it@mWhether or not significant harms or
unintended effects occurred was reported in 47iesuU@2%) (Table 3, item 19). Harms did
occur in 22 of those studies, and in nine of thasés there was a significant difference
between groups [23,63,71,81,84,94,95,97,127].

Not affecting PRECIS-2 ratings, but arguably retéviar clinical decision-making
are outcome measures and analyses that directhpose treatment risks and benefits
[37,36]. None of the included studies employed starhposite metrics. Risk-benefit
considerations were, however, implicit in 3 trifgd,6,111] assessing high-risk interventions
or comparing a high-risk vs. a low risk interventi@.g., opioid and non-opioid
medications). These trials provided extensive datadverse events. In most other trials, the
studied interventions held very little apparenk is the patients' safety, arguably making
risk-benefit analyses less pertinent.

Cost-effectiveness analyses were performed a©paf studies (21%) and
considered in another eight (14%; either declangulotocol but not reported or considered
as part of trial rationale). Downstream healtheaiézation was reported in two trials (4%),
allowing for some economic considerations. Againsome instances one of the tested
interventions was so apparently less costly that-benefit analyses did not appear

warranted if comparative effectiveness or supdsidrad been shown [74].

Primary analysis

The highest PRECIS-2 rating for this domain is otgd by trials which perform a

true intention-to-treat (ITT) analysis for theiimpary outcome assessment [68], meaning that
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all patients randomized are analysed as if treatexspective of actual treatment compliance
or a failure to attend follow-up assessments (é&glrresulting in missing data).
‘Pragmatism’ in the primary analysis was high, ageng at 4.3 points (SD 1.3, n =57). The
distinction between a true intention-to-treat aseyand a modified ITT [1,53,77] is made
clear by the following data: Whilst 48 studies rgpd to have performed an ITT as primary
analysis (84%; not discernible in one instance)[1B) of those (21%) excluded participants

who did not provide follow up data or had missiraged

Multi-centre trials

At least 45 trials (79%) of our sample were muéirtre studies (with seven studies
not reporting the number of participating treatmesaritres). Despite the possibility of
differences between trial centres, for exampl@ims of case load, resources, and attending
patient population, only two studies [49,87] repdrhaving assessed such differences
between centres. Those authors also discusseduubwdgferences may have affected the
trial results, thus contextualising their findireysd enabling the reader to better judge
generalisability. Randomization was stratified g & 15 trials, another method to account
for potential differences between study centres.

At least 21% of trials were single-centre trialfiiehh have been highlighted as

potentially unpragmatic in recent debates due ppssed low generalizability [28].

Second-level analyses

Baseline heterogeneity
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When testing for differences in mean age betwetmiantion and control groups as
an indicator of baseline heterogeneity by mearspdired samples t-test, no significant
difference was detected (t(52) = 1.p% .079), suggesting that randomization was not

systematically biased in this sample of studies.

Preliminary analyses

Testing for potential confounders

There were significant correlations between theal/&ial size (total sample size at
randomization) and a number of other variablesitarest: These included overall PRECIS-2
scores, driven by highly significant correlationghathe domains ‘setting’, ‘organization’,
and ‘analysis’. Larger trials were also less likelyshow differential attrition, irrespective of
in which group most drop-outs occurred (treatmenicentrol group) (Table 4). Sample size
was thus be included as a covariate of no intémesibsequent analyses of PRECIS-scores

and attrition.

[Insert Table 4 about here]

Correlation analyses

A range of planned correlation analyses were pewédrto identify potential

associations amongst different trial features aitld vatings of pragmatism, randomization

method, and blinding status of participants (T&hle
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Specifically, we asked if overall PRECIS-2 scoresavassociated with the number of
trial centres, the source of trial funding (publr@lustry, mixed), the primary therapy
investigated, the pain condition of participantgléx pain disorder), and the employed
analysis method (distinguishing a true ITT, modifl&T, and no ITT). Controlling for
sample size, only the variable ‘Index pain disordexs associated with PRECIS-2 ratings
(r(54) = -.285p = .033). Post-hoc analyses to see if specificribags drove this correlation
were not possible due to small case numbers in sditie categories.

Whether or not study participants were reporteldedlinded to group allocation did
not correlate with average PRECIS-2 ratings, timelifug source, the size of the trial, or the

employed analysis method.

[Insert Table 5 about here]

Attrition

The size of the trial (total n) did not correlatghathe percentual attrition, neither in
the intervention group nor the control group (102154 & -0.103, n =57, p = 0.254 & 0.445,
respectively). When ignoring the direction of thtiton, however (i.e., whether more drop-
outs occurred in the intervention or the contralug), the testing showed that larger trials
had less percentual attrition than smaller triaks {360, n = 57p = .006) (Table 4). This
latter analysis appears more suitable as the digimbetween intervention and control group
is somewhat arbitrary in comparative effectiverteésss, where the comparator was often

another active intervention.
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Subgroup analyses

Given the apparent division of our sample into dang non-drug trials as well as
populations of acute and chronic pain patientsexaamined whether total PRECIS-2 ratings
differed between these groups of trials. Only $rigoviding a clear indication of the patient
sample’s duration of pain and fitting into the gaiges of acute (< 4 weeks) or chronic (> 3
months) were included into this analysis (n = 38).

One-way analysis of variance revealed no differen@verage PRECIS-2 scores
between trials of pharmacological and non-pharnwagoél therapies (F(1, 55) = 0.375
0.6), with ratings averaging 3.7/0.7) and 3.8((/0.6) out of a maximum score of 5,
respectively. Domain-specific ratings only differfed the flexibility with which treatments
were delivered, with drug studies allowing sigrafitly less flexibility (2.8 1.2 vs. 3.7
1.6; F(1,54) = 5.14p = 0.027).

A significant difference in overall PRECIS-2 scoeesgsted between acute and
chronic pain trials (F(1, 36) = 5.1d = 0.03), with higher scores in acute trials (4.8.7 vs.
3.711 0.6). Exclusion of an outlier, a chronic painltidth the lowest overall rating [91], did
not alter the statistical significance of this degk(1,35) = 5.32p = 0.027). Upon evaluation
of individual PRECIS-2 domains, only the domairchtment’ differed significantly
between groups (F(1,28) = 5.§8+ 0.02), with chronic pain trials investing moréaimpatient

recruitment than acute trials.

3. Discussion

This systematic review of methods describes theeatistatus in the field of declared
pragmatic trials in clinical pain therapy reseai8hch trials typically include several hundred

participants, multiple trial centres, and have agerfollow-up periods of one year. Pragmatic
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trials in pain research compare two or more treatsweith one another or with ‘care as
usual’. Treatments are often applied flexibly, adéherence is rarely monitored. Pragmatic
trials of pain treatments employ outcome meastnasare deemed relevant for clinical
decision-making and, in the main, analyse all paé$i&rrespective of treatment compliance or
provision of follow-up data. Pragmatic trials inipaesearch mainly recruit patients living
with persistent pain, often musculoskeletal suchaak pain or peripheral joint pain, but a

small number of pragmatic trials is also condudteah-patient settings and peri-operatively.

Included trials predominantly investigated comphex-pharmacological
interventions rather than drugs. Many manual, rgitetiion, or cognitive-behavioural
interventions are already established in routimeize so that equipoise is between two or
more alternative (or complementary) treatment oti@ther than between a new treatment
and a placebo. Another driver for pragmatic comipagaeffectiveness research for non-drug
therapies is that these treatments are not sulojelctig regulators who require early efficacy
and safety signals for market approval. Insteag nin-drug therapy research is produced for
clinicians and clinical treatment guidelines, whevedence from comparative effectiveness
trials may be acceptable. It is unclear, howevéuy therapies for centralised pain disorders
such as fibromyalgia as well as common complaimts s headaches and neuropathic pain

were studied so rarely in pragmatic trials of & kwo years.

The present review provides readers with an overatwhat is currently called a
‘pragmatic trial of pain treatments’, enabling themcompare any given trial to this
comprehensive description. We did not include apaymon group, for example from a
randomly selected sample of pain trials or base@xisting reviews. Not only were there

feasibility constraints, we also did not want taspur findings by the selection of
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comparison data from non-comparable populationg. &@mple, if we had chosen a
systematic review of treatments for neuropathia @@ comparator [39], we would
unsurprisingly find large differences to our sampézause the neuropathic pain review only
studied pharmacological interventions. We are neaie of any reviews of pain treatments

that are not restricted to specific populationsirerventions.

Apart from describing the ‘typical’ pragmatic tri@l pain research, this systematic
review identified several areas for improvemenhtie around trial reporting, design, and
interpretation.

If the pragmatic aim of ‘informing real-world dema-making’ [115,129] is to be
reached, readers require more information aboughkeonment in which the trial was
conducted, including a better description of tceihtres, their resources and the typical
patient population and diagnoses. This appeargpkatly important in single-centre trials,
making up 21% of our sample, around which thedelsate as to whether they can be
considered pragmatic at all due to the arguablitddngeneralisability of results [28,129].
Multi-centre trials; on the other hand, provide tpportunity to assess for differences
between study centres and how these factors mayih#inenced trial results. This was done
in two reports only. Additional information abowietcharacteristics of trial centres could
facilitate readers’ assessment of the applicabalitirial results to their particular setting,
even when considering single-centre trials. Relgfdulit unlikely specific to pragmatic
trials, there is a need to better-describe the ladipn of patients: Too many trials do not
indicate the average duration of pain in their dgrapd many omitted descriptions of the
nature or location of pain reported by patientmiirly, provider characteristics, such as
professional qualifications and practical expereenith the intervention under investigation,

need to be reported. More broadly, trialists camssume that readers are aware of the

31



particularities of the healthcare system or so@aemic and cultural context in which the
trial has been conducted. What constitutes ‘catesaal’ or how a comparator therapy is
implemented may differ widely and is rarely repdrie detail. The same is true for
concomitant pain treatments, with a fifth of theessed trials not even indicating whether
these were permitted. Detailed information on coratoa groups and out-of-study
interventions is, however, fundamental to intenpgeand understanding the results of any
clinical trial and likely more variable in pragmatrials. Authors are in a unique position to
highlight likely similarities with and differences other potential settings. Another reporting
issue is the justification of employed trial methd80]. For example, why and how did those
designing the trial choose certain outcomes andldnation of follow-up periods?
Appropriate outcome measures in pain research lbese discussed extensively and in an
influential publication in 2005 [31]. Possibly, #eoutcomes have become common practice,
making an extensive justification of their choie2s arbitrary. The appropriate length of
follow-up periods, on the other hand, is not adwnedearched [32]. Authors should thus
indicate if the follow-up periods were chosen finical reasons, due to patient preferences,
or for reasons of trial feasibility, such as furglemd drop-out risk.

Our sample of 57 trials obtained an average raifr§)8 (10.6) on the PRagmatic -
Explanatory Continuum Indicator Summary (PRECIS)S2rument [68]. Whilst
comparisons with other research fields are diffiauis noteworthy that this overall score is
very similar to ratings of 23 self-declared pragmaardiovascular trials which averaged at
3.83 (10.78) [105].

Domain-specific PRECIS-2 ratings showed that tlaeeea few areas in pain research
where ‘pragmatic’ trial design and conduct areipalarly challenging: the relatively large
number of patients required often conflicts wite #im to recruit patients in ways

comparable to normal practice. Instead of conver@eampling, trialists frequently

32



implement targeted recruitment strategies sucdetification through records and the
selective contacting of potentially eligible paterHow much this interfers with the
generalisability of trial results remains to beedstined. Interestingly, recruitment was more
elaborate when chronic pain patients were samgdnponstrating that challenges and
opportunities for pragmatic trials depend on eaieth's circumstances and objectives [125].
In the field of pain research, differences appeaxist between trials with acute and chronic
patients as well as between drug and non-drugtrial

Relatedly, challenges to and opportunities forithglementation of a pragmatic
attitude to trial design can be domain-specificgémeral, more pragmatism appears easier to
implement in the area of follow-up assessments esms of reducing the frequency and
extent of outcome assessments. Nonetheless, folfppassessments in the present sample
often exceeded what would be expected in normalipeg mirroring findings from a small
retrospective analysis of weight-loss trials [48fould be tempting for trialists to implement
more complex and more numerous tests, simply bedagsopportunity arises. Whilst
understandable from a research perspective, exgeasicome testing adds to patient burden
and research costs [15,31,40,116]. The extent tohathis interfers with patient recruitment
and retention is an important question for pragoaials and worthy of investigation [27].

Standardisation of treatment delivery was commd§q®f the overall sample), and
protocol fidelity monitoring occurred in a third tifose trials. Ratings for this domain were
significantly lower in trials of pharmacologicalah non-pharmacological treatments,
reflecting findings from Koppenaal et al. (2011)onveviewed a set of lifestyle intervention
trials and a group of beta-blocker RCTs, few ofakhihowever, declared pragmatic trials
[62]. From general practice to complementary andumatherapies, treatments are rarely
delivered in an inflexible way. Instead, they aglagted to the patient’s needs and

preferences, subject to provider expertise andnatbns, as well as influenced by available
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resources [22,54,113]. To account for these fa@ndsreconcile them with the need to
describe what happened during a trial, insteadtdicaally restricting the variability in
treatment delivery, qualitative research methodg beamore appropriate to assess and
communicate generalisability. Conversely, such dda@egiability would increase the need for
larger samples. Interestingly, treatment adheraraserarely controlled (also compare [70]).

The real or perceived need to control what hapdenisg a trial may also have
contributed to the organisation of participatingltcentres being more complex and likely
more sophisticated than what would be seen in nigonaatice. Comparably low ratings for
this domain were given in a review of RCTs in patsewith diabetes [70]. Again, this points
to a possible risk to trial design: Should researgesort to treatment centres and providers
who they know can comply with the various requiratseof a trial, or do they trust ‘normal’
practitioners to do the same? Whilst the first@pis assumed to further the sucessful
recruitment and completion of a trial, it also campises generalisability, and vice versa for
option two. As an encouraging example that largéstcan be conducted in non-research
facilities, Eklund et al: [34] conducted a trialtvi40 chiropracters treating over 300
participants in their private clinics across Sweden

Another area where the ability of a trial to inforeal-world decision-making is
potentially hampered by the trial’'s design is timpllementation of placebo control groups
and, relatedly, blinding of participants and prar&l As Dal-Ré and colleagues [28] point
out, these aspects are not part of normal cliqp&ttice and the authors argue that any trial
employing them is inherently explanatory. In ouriesv, five trials (9%) employed a
placebo control group. Participant blinding was@ened in 13 trials, representing a quarter
of all trials which reported on patrticipant blindirand providers were blinded to group
allocation in four trials. In the debate on whettierse design features preclude labelling a

trial ‘pragmatic’, Zwarenstein et al. [129] respahdt, for example in scenarios where
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patient or provider subjectivity needs to be exellids a source of apparent effectiveness,
such studies can still inform real-world decisioakimg, the main intention behind
pragmatism in trial design. The pain field withpiedominatly subjective outcome measures
offers illustrative examples of this reasoning,lsas Bayer et al. [5], a self-declared
pragmatic trial comparing an off-label beta blockerplacebo in the prevention of vestibular
migraine, or the CSAW trial of Beard et al. [7], isin was the first placebo-controlled trial
for subacromial decompression surgery, demonstyatnbenefit of real surgery over the
surgical placebo (exploratory arthroscopy). FollagvDal-Ré’s reasoning, however, by
employing a third, no-treatment arm and clearly destrating a marked placebo effect of
both interventions, the CSAW trial had a stronglamptory component that was not
reflected in its PRECIS-2 score of 4.33. On theepttand, the results of this trial are clearly
relevant to clinical decision-making given that d@pression surgery is (still) common
practice. It appears therefore that a pragmateniimn is compatible with elements of
mechanistic, explanatory studies but that thesamees should be clearly highlighted
alongside PRECIS-2 ratings to understand the réagdehind the trial design (also see
[82]).

Many of the above consideration point to difficettiwhen applying the PRECIS-2
instrument to trials design. When understood agaantive’ during the planning of a trial,
higher ratings in each domain may conflict withemmal validity requirements of a trial and
the developers rightly point out that high ratigge not an end in themselves [68,131].
Despite being a scale, PRECIS-2 may have contdhbiota false dichotomy. Often, trial
methods are discussed as either pragmatic or extplan28]. Rather than the design,
however, it is the trial’'s objectives that makerhgmatic or explanatory and trial methods
simply follow the need to answer pragmatic resegradstions in a methodologically sound

manner [103,42]. Further, when employed retrospelsti the comparison of trials from
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different fields may be challenging, with, for exale provider training and fidelity
monitoring being much more pertinent issues in demmtervention trials than in
pharmacological studies. For the present purpaseever, discrepancies in such ratings
allowed for a nuanced discussion of the poten¢iasons, again highlighting that PRECIS-2

ratings require context.

For future methodological work on pragmatic trifs pain therapies, it is worthwhile
to contextualize the inter-rater reliability of ddRECIS-2 ratings. In general, our overall
moderate agreement compares favourably to the RRECIS-2 validation study of Loudon
et al. [69] that found good inter-rater reliabilityr three domains and moderate reliability for
the remaining six [90], but we achieved much smaltefidence intervals in our study
(Supplementary table 3, available at http:/links/icom/PAIN/B374). Interestingly, rating a
sample of 15 trial protocols from a variety of €ig) the test raters in Loudon's study had most
difficulty agreeing on ratings for the domains gttnent and intervention adherence, whilst
in our study the rating of domain 1 (participangilility) was most ambiguous, possibly
underlining the need for authors of pragmatic $rtal more clearly report if and how their
trial population generalizes to the target popalabf the intervention in routine practice. In
our study, domains 2 (recruitment) and 4 (orgaonathad the most missing data due to
insufficient information in protocols and trial i@s (48 and 47 complete ratings,
respectively, less after reconciliation); for domdi(organization) Loudon et al. also had the
highest percentage of missing data, attestinghosimal reporting of this information in
many trials. Our approach of detailed preparatiwh taaining of those researchers who
performed the PRECIS-2 ratings, plus the averagirdiscrepancies of a single point, led to
moderate agreements and very feasible reconciigtiocess where only a fifth of items

required a mostly brief discussion and usually authinvolvement of a third party. However,
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the fact that initial inter-rater reliability wagnetheless only moderate, plus the fact that
about 4% of domains could not be rated even afseudsion, testifies to the inherent
challenges of retrospective PRECIS-2 ratings aad#ed to improve trial reporting to

facilitate such assessments in the future [28].

Apart from reporting and design considerationspi@gmatic trials, this review raises
concerns regarding the analysis and interpretatidnal results. As most pragmatic trials are
comparative effectiveness studies and mostly dedigm show a difference between group
means (superiority trials), authors need to beiex@lbout the clinical significance of
differences, if detected, and cannot claim ‘equwa€’ if the trial failed to show a significant
difference. The latter occurred in over a thirdfnon-significant superiority trials in this
sample, much higher than the 10% found in a rewkEWw6 reports of pain therapy trials with
non-significant primary analyses [47]. If desigr@dnon-inferiority or equivalence trials,
trial designers need to establish assay sensitidigally by including a third, no-treatment or
placebo control group [41]. Whilst only four norferiority trials were included in the
present sample, none of them complied with thismenendation, again making it difficult
to interpret the results. Lastly, what authors ust@dmnd as ‘intention-to-treat analysis’ (ITT)
differs, with 20% of self-declared ITT analysesleding participants who did not provide
follow-up data or where data were missing. Theafsaich modified ITT analysis and
incorrect labelling has direct implications for tinéerpretation and meta-analysis of results
[1,53,77] and mirrors the findings of a 2014 revieiphase 1l and lll trials of pain

treatments [46].

4. Limitations
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We excluded 14 studies because the authors didmploy the terms ‘comparative
effectiveness’, ‘pragmatic’ or ‘practical’ in refance to their own study. We pointed out in
our protocol that This review will only capture trials which have besdeclared as
‘pragmatic’, ‘practical’ or ‘comparative effectiveass’ by their authors, i.e., publications
which contain this or related terms in the titleadystract” We acknowledged thatélying
on author self-report might result in the inclusiohstudies which score low on current tools
for the evaluation of pragmatic aspects of triaidm (specifically PRECIS-2) as well as the
omission of trials not explicitly declared ‘pragn@@tout in fact conforming with many
criteria of pragmatic trials. A future sensitivity analysis may wish to examiof including
these trials would have affected the results &f slystematic review.

Further, the decision to include trials which wedeelared comparative effectiveness
trials but not necessarily declared pragmaticgniaby have resulted in the inclusion of trials
that were not explicitly designed as pragmatidgriAn area where this may have had an
effect is compliance with pragmatic trial reportiggidelines. Also, authors may label their
study pragmatic without considering that this sdaukan a trial with the potential to directly
inform clinical decision-making [103,42,129]. Inde¢he lowest-rated study in our sample
by Qi et al. may be such a case of conceptual migapion [91]. Lastly, there likely are
declared pragmatic trials that are not randomizetithese were outside the scope of this

review.

5. Conclusion

In summary, this systematic review provided a cahpnsive snapshot of the current
practice in the pragmatic design of comparativeaiveness and other pragmatic trials of

pain treatments. Such trials typically include sal/aundred participants, numerous sites, are
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publicly funded, and assess complex interventionshfe treatment and management of pain,
predominantly chronic pain. These trials have ltoligw-up periods, employ clinically
relevant outcome measures, and resemble usuahcthe extent to which patients are
required to adhere to treatments. The resourcetogatpfor patient recruitment and the
intensity of follow-up often pre-empted higher s of ‘pragmatism’. The included trials
comply well with basic reporting guidelines but #esessment of generalisability is
frequently hampered by poor reporting of designuiess relevant to pragmatic trials.

Overall, the challenges and opportunities for pratigrtrial design are likely largely
dependent on an individual trial’s objectives airdwmnstances. There are no
recommendations for trial designers regarding fmwalvigate these challenges, on balancing
internal and external validity and on harnessirgggbtential for pragmatic trials to provide

highly clinically relevant insights in a trustwoytimanner.

This review ascertained the prevalence of selfated pragmatic, practical or
comparative effectiveness trials for the treatnagt management of patients with pain and
will inform future development of and guidance aaltmethods designed to enhance real-

world application of trial findings.
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Figurelegends

Figure 1: PRISMA flow diagram showing the identification, screening and selecpoocess
of records for the present systematic review. Resagar exclusion at the full-text eligibility-

screening phase are provided.

Figure 2. Average PRECI S-2 scores per domain for all included trials. Standard
deviations and n not indicated (see supplementdrigtavailable at

http://links.lww.com/PAIN/B373. Less pragmatic design choices result in ‘deimghe
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wheel diagram whilst higher average ratings per donctause the line to be closer towards

the rim of the wheel.
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Table 1: Treatment modalities and demographics.

12

Component therapeutic modalities nof trials | % Trial references

Pharmacological therapy 12 21.05 [5,20,24,37,45/669,106,11
0,113,129]

Cognitive-behavioural & other 9 15.79 [8,17,68,85-87,95,121,125]

psychotherapy

Surgery 7 12.28 [6,7,51,69,73,89,96]

Acupuncture / acupressure 6 10.53 [10,21,76,83384,9

Manual Therapy 6 10.53 [31,36,50,52,90,104]

Physiotherapy 4 7.02 [9,103,119,124]

Multidisciplinary care (non-drug) 3 5.26 [3,27,3%[R] [3]

General Practice (non-drug) 2 3.51 [19,30]

Rehabilitation 2 3.51 [65,77]

Body-mind therapies 2 3.51 [61,120]

Education 1 1.75 [108]

Automated symptom and treatment side| 1 1.75 [2]

effect monitoring

Virtual reality 1 1.75 [111]

Dentistry 1 1.75 [40]

Pain disorder / descriptor nof trials | % Trial references
[19,24,27,30,31,36,45,50,52,6¢
76,83,90,96,103,104,119,124,]

Back or neck pain 19 33.33 5]

Peripheral joint pain 10 17.54 [7,35,51,73,77,8088®37,121]




Arthritis (RA and / or OA) 8 14.04 [6,8,35,37,66,36,113]
Pain (not further specified) 6 10.53 [9,17,68,85188]
Post-medical intervention pain 5 8.77 [84,96,108,129]
Abdominal and other visceral pain 4 7.02 [10,211.60]
Neuropathic pain 3 5.26 [2,20,106]
Headaches 3 5.26 [5,61,99]
Leg pain 2 3.51 [93,103]
Post-injury pain 2 3.51 [27,65]
Tooth pain 1 1.75 [40]
Diffuse chronic pain (CFS, FM, CRPS) 1 1.75 [120]
Musculoskeletal pain (not further [3]
specified) 1 1.75
Pain duration noftrials | % Trial references
Acute 7 12.28 [27,30,45,65,84,106,110]
Subacute 2 3.51 [37,83]
Chronic 31 54.39 All others
Mixed 1 1.75 [50]
[2,5,9,10,19,31,35,36,40,69,73]
Not reported 16 28.07 85,89,108,111,121]
Type of setting nof trials | % Trial references
Not provided, see below for
Primary 25 43.86 detail
Secondary 20 35.09
Tertiary 17 29.82
Community 5 8.77
Setting specification nof trials | % Trial references
Public hospital 23 40.35 All others, unclear in3,[@6]




Private hospital 6 10.53 [73,90,93,96,99,119]
Patient home, phone, text messaging, mail, [17,68,87,104,108,124]

or online (entirely or predominantly) 10.53

Private practice 14.04 [9,31,36,52,76,77,99,113]
Military medical practice 3 5.26 [24,50,66]

Research institute 1.75 [104]

Rehabilitation centre 1.75 [8]

Emergency Dept. 1.75 [45]

University teaching clinic 1.75 [21]

All therapies studied across included trials ashaslpain disorders, and the average duration of
pain are presented. Note: Some pain descriptore Heeen applied twice, e.g., knee arthritis has been
classified as ‘Peripheral joint pain’ and ‘Arthrégl. Further, some samples included patients with
musculoskeletal pain, which may have included ‘Backneck pain’ and ‘peripheral joint pain’.
Depending on individual trial reporting, the aveeguration of the pain-related diagnosis or thedim
since the onset of pain was used. Acute pain wisedeas pain lasting < 4 weeks, subacute as 4 sveek

to 3 months, and chronic as 3 months. CFS, chrtatigue syndrome; CRPS, chronic regional pain

syndrome; FM, fibromyalgia; RA, rheumatoid arthsijtOA, osteoarthritis.







Table 2. Methods of trial design.

% of
Compar ator n of trials Trial references
sample
Another active specific therapy
(comparative effectiveness) * 29 50.88 All others
Treatment / care as usual * 14 24.56 [3,8,10,13%60,83—-85,87,95,108,124]
Placebo or sham intervention 5 8.77 [5,7,45,84,129]
no treatment group (explicitly
assigned, i.e., patient know they
won't get any treatment) 4 7.02 [7,9,93,110]
Treatment / care as usual plus
something else (e.g., advice,
education, etc.) * 2 3.51 [2,93]
Waitlist control 1 1.75 [125]
Advice only 1 1.75 [121]
Wait & see (not waitlist but
monitoring) 1 1.75 [77]
No-treatment group (but unaware o
trial) 1 1.75 [19]
Recruitment method
Targeted recruitment (such as All others
identification through records) 25 43.86
[5,6,8,9,20,27,30,40,45,52,65,73,76,89,95,1
Convenience sampling 16 28.07 |]
Not reported 9 15.79 [24,37,61,93,111,113,119,1291,1
Mixed (convenience and targeted) 8 14.04 [35,56%83,86,96,97]




M ethod of randomization
individually randomized 27 47.37
of which simple randomization 15 26.32 All other
of which blocked randomization 12 21.05 [17,213,36,37,45,68,73,90,104,119]
26.32 [5,7,20,24,50,51,61,65,69,76,77,83,96,106/12
stratified by site 15 9]
other stratification 9 15.79 [66,84,86,89,93,93,103,120]
Cluster randomised 6 10.53 [2,3,8,30,35,121]

Employed comparators and recruitment and randoriipaimethods are presented. Notes:
Multiple comparator groups were possible. The diffee between a waitlist control group and a no-
treatment control group is that patients expecatneent at a later point or know that they have been
assigned to not receiving any treatment, respedgtiv€ategories marked * are deemed part of
Comparative Effectiveness Research (CER). Convemisampling is the recruitment of patients who
attend the trial-delivering service anyway, whilgtrgeted strategies seek to specifically contact
populations of potentially eligible participantshd category of ‘blocked randomization’ includesivas
was of blocking, including a single fixed bloclesizgularly varying sizes, and randomly permutkxti
sizes. Blocking was occasionally stratified by .s@¢ratification was usually by trial centres (site
‘Other stratification’ includes stratification by emder, diagnosis or treating surgeon. Cluster
randomization refers to trials where the unit ohdmmization were not patients but, for examplaici

or individual providers.



Table 3: Selected items of the 2010 update of the Consolidated Standards of Reporting Trials (CONSORT) statement (Schulz et al., 2010)* and

all items of the extension for the reporting of pragmatic trials, as published in 2008 by Zwarenstein et al.%.

Item (number, sectiol Description of reporting item Results: Number of studies which complied with ezdjve
& CONSORT reporting items (n, %)

document! ° ?)

2: Background Describe the health or health service problemttieat | 55 (96.49%) 100% —

80%
intervention is intended to address

Not complied: [6,110]

40%
20%

modified 0%

80%

and other interventions that may commonly be aimed33 (57.89%) 100%
at this problem modified .

60%
40%
20%

0%

3: Participants Eligibility criteria should be explicitly frameatshow | 39 (68.42%)
the degree to which they include typical particiigan
and/or, wher e applicable, typical providers (e.g.,

nurses), institutions (e.g., hospitals), commusifier




localities e.g., towns) and settings of care (e.g.,

different healthcare financing systems)

100%

80%

60%

40%

20%

0%

5: Intervention§

modified

Precise details of the interventions intendedtfier

intervention groueach-group-and-hew-and-when-the
were-actually-administered

57 (100%)

y

100%

80%

60%

40%

20%

0%

If the ‘treatment-as-usual’ or ‘usual care’ wasedias
comparator, provide additional informatien as t@th

nature of the intervention(s) available“as pathaf

(applicable in n =17)

12 (70.59%)

If the ‘treatment-as-usual’ or ‘usual care’ was
employed as comparatem,collect’and report data on

care received By patients in this group

(applicable in n =17)

10 (58.82%)




4 Intervention$

Describe extra resources added to (or resources
removed from) usual settings in order to implement

intervention

28 (49.12%) 100%
80%
60%
40%
20%

0%

Describe the health or health service problemttiet

intervention is intended to address

55 (96.49%) 100%

80%
60%
40%
20%

0%

Indicate if efforts were made to standardize the
intervention or if the intervention and its deliyavere
allowed to vary between participants, practitioners

study sites

Not applicable as intervention oo

80%

automated: 1; Reported: 46

60%
(82.14% of 56); of those a0%
20%

standardized: 35; Not standardized

o

9.

Describe the comparator in similar detail to the

intervention

43 (75.44%) -
80%
60%
40%
20%

0%




6 Outcomes

Explain why the chosen outcomes and, when releva
the length of follow-up are considered important to

those who will use the results of the trial

29 (50.88%)

100%
80%
60%
40%
20%

0%

7a: Sample siZe

Report how the sample size was determined.

53996) 100%
80%
60%
40%
20%

0%

7: Sample siZe

If calculated using the smallest difference consde
important by the target decision maker audience (th
minimally important difference) then report whelnést

difference was obtained

Not extracted

8b: Randomizatioh

Report the type of randomization & details of any

restriction (such as blocking and block size).

57 (100%) 100%
80%
60%
40%
20%

0%




10: Allocation
concealment

implementation

Who generated the random allocation sequence, what3 (75.44%) 100% -

enrolled participants, and who assigned particgpémt

interventions?

80%

60%

40%

20%

0%

11a: Blinding /

masking

modified

Whether participants,

100%

80%

60%

40%

20%

0%

Not applicable in one case as patients unawarartitjpating
in a trial [105]. Reported in 54 (96.43%) of 56;tNeported in

[65,82]

those administering the

interventions,

100%

80%

60%

40%

20%

0%

Not applicable in one case as intervention independf

providers. Reported in 55 (98.2%) of 56 relevaiatgr

and those assessing the
outcomes were blinded to

group assignment

100%

80%

60%

40%

20%

0%

Reported in 50 cases (87.72%).




11: Blinding / If blinding was not done, or | 100% - 31 (72%) of relevant studies reported reasons48)=
80%
masking was not possible, explain why.
40%
20%
0%
13a: Participant flow | Flow of participants through each stage (a diagsam | 57 (100%) 100%

strongly recommended)—specifically, for each group, o
60%

report the numbers of participants randomly assigng 40%
20%
modified 0%
receiving-intended-treatment Not extracted
completing the study protocol 57 (100%)
analysed for the primary outcome; 57 (100%)
describe deviations from planned study protocol, 21 (36.84%) complied. Of those: 100%
80%
together with reasons 10 reported following protocol; -

Deviations with reasons reported “%*

20%
in 11; Deviated without providing

reasons: 4.




13: Participant flow | The number of participants or units approachedke | 44 (77.19%) 100% -
80%

part in the trial, the number which were eligided con

reasons for non-participation should be reported. 40%
20%
0%
16: Numbers Whether the analysis was by ‘intention-to-treBor 48 (84.21%) reported the primary analysis as ‘ltibento-
analyzed each group, number of participants (denominator) | treat’; Not discernible in one instance [18]; aher did not

included in each analysis and whether the analyags | explicitly report a primary Intention-to-treat aysiks.

modified . _
by original assigned groups
Out of those 48 studies which called their primamglysis
‘Intention-to-treat’, ten trials (20.83%) excludpdrticipants
from the primary analysis who did not provide fellaip data or|
where data were missing.
19: Harms$ All important harms or unintended effects in each | Whether or not significant harms 100% -
80%
group. or unintended effects occurred son
was reported in 47 studies 40%
20%
(82.46%). 0%

Harms did occur in 22 of those studies, and in pindose
cases there was a significant difference betweenpy

[23,62,70,80,83,93,94,96,126].




21: Generalizability | Describe key aspects of the setting which deterthing 21 (36.84%) 100%
80%
the trial results.
60%
40%

20%

modified 0%

Discuss possible differences in other settings eher | 19 (33.33%) 100%
80%

clinical traditions, health service organisatidaffing, 0%

or resources may vary from those of the trial Ao
20%

25: Funding Sources of funding and other support (such aslgupp 40 (70.18%) 100%
80%
of drugs)and role of funders. 0%
40%
20%

0%

Where indicated by colour or strikethrough formatting, items were modified to match the review question or split into several itemsin
order to be extractable as individual data points. Bar charts indicate the percentage of studies complying with respective reporting items (green)
and not complying even though applicable (red). If items were not applicable to the entire sample of 57 studies, the applicable number is stated in

the respective row.



Table 4: Correlation analysis between domain-specific PRECIS-2 ratings and total sample size at

randomization.

— c
| 8 2 > = |2 @ o N .
h | 2 | E s |8 E FE 58|32 2 2 b 5 <
O 3 e} = c 5 2 > 9 g 3 8 > O o 2
5| 2 8 3 S B 38 § |2 £ g W @2 =
¥ S | @ & 5 E Sk 8| @ 3 < g g5 =
Total Correl.
250 029 4517 | 281 031 193 190 161 273 408" | <360
sample | coeff.
sizeat | p 061 846 .000 046 822 155 157 232 040 .002 .006
BL n 57 47 56 51 56 56 57 57 57 57 57

Also showing the correlation analysis between sarsj@e and differential attrition (last column)
as measured by the difference in drop-outs betvileespective of the ‘direction’ of attrition, i.ein

which group more patients were lost to follow-upg&man’s Rank Order Correlation used as data not

conforming with normality assumption; * p < 0,05,(5 < 0,01; 2-tailed). BL, baseline.



Table 5. Correlation analyses amongst trial methods with ratings of trial pragmatism (PRECIS-2

scores), randomization methods, and analysis method.

DV

Results

Sensitivity analysis

PRECIS-2 average

Samplesize

Number of trial centrest

190, p = .191, (df = 47)

Funding source

-.048, p =727, (df = 54)

Index therapy

-.005, p = .97, (df = 54)

.089, p=.512,n=57

Index pain disorder

-285%, p = .033, (df =54)

-213,p=.112,n=57

Analysis method *

198, p = .16, (df = 50)

.284*,p=.039,n=53

Randomi zation method

PRECIS-2 average

-197, p =145, (df = 54)

-137,p=.31,n=57

Baseline heterogeneity

Analysis not conducted as no trials with sign. lsem+group age

differences at baseline

Samplesize

21, p=.122,n=57

Analysis method

.0,p=.99,n=53

Funding source

-072,p=.594,n=57

Blinding of participants

PRECIS-2 average *

214, p = 124 (df = 51)

135,p=.331,n=54

Sample size

-08L, p= 562, (n="54)

Analysis method

.2,p=.16,(n=51)

Funding source

111, p= 424, (n=54)

Statistical tests were part correlation analysesrehcovariates were controlled for and Spearmahi r
where this was not indicated. Sample size was used as covariate of no interesisiti/ity analyses
assess the same correlation without controllingdoe-identified confounding variables. * signifidaat

p < 0.05 level (2-tailed). DV, dependent variable.



|

Screening

Included

Records identified through Additional records identified
database searching through other sources
(n =1296)

Records after duplicates removed
(n=769)

A 4

Records screened

(n =769)

v

Full-text articles assessed

Records excluded
(n=527)

for eligibility
(n=242)

Studies included in
qualitative synthesis
(n=57)

A

Studies included in
quantitative synthesis
(meta-analysis)
(n=57)

Full-text articles excluded,
with reasons
(n =185)

Reasons for exclusion

- protocol, no published results
found (72)

- < 40 participants per group (25)

- conference abstract, no full paper
found (22)

- not a randomized prospective
clinical trial (19)

- not declared pragmatic or
comparative effectiveness (14)

- secondary analysis (9)

- no full-text available (8)

- no pain-related intervention (5) or
population

- feasibility study (6)

- study question not appropriate (3)

- outcomes not directly part of or
related to a treatment (2)




Eligibility

Primary analysis Recruitment

Primary outcome

Follow-up

Flexibility (adherence)




