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Introduction:

In the context of an increasing number of publications of trial data analysed by Bayesian methods, clinicians need support to better understand Bayesian statistical methods.

The existing checklists are intended for people who already know these methods. We aimed to establish and validate a checklist that contains a group of items considered crucial in interpreting the results of a phase III randomised controlled trial analysed with Bayesian methods.

Methods: A team of biostatisticians created a checklist of previously reported items as well as additional items identified from a literature review. Using 3 different articles in 3 rounds, the items were then validated by residents in anaesthesiology with no skills in statistics.

Results:

Based on an initial item list, 3 rounds led to a consensus checklist. Eleven items were considered important information to be specified for understanding the validity of the results.

Of these, 3 were considered essential: specification of the prior, source of the prior (when prior is informative) and the effect size point estimate with its credible interval.

Conclusion:

The checklist can help clinicians interpret the results of a phase III randomised clinical trial analysed by Bayesian methods, even clinicians with no particular knowledge of statistics, to ensure that the major elements of the statistical section are present and valid. Care should be taken in interpreting the results of a trial analysed by Bayesian methods that are not reported with these 3 essential items because the validity of the results cannot be established.

Introduction

Clinicians usually read innovative literature to resolve daily clinical problems. Checking the validity of the methodology of a study is crucial and depends highly on the statistical aspects of the study. In this context, many guidelines have been created to help report the findings, such as CONSORT, STROBE, PRISMA, or STARD [START_REF] Altman | The revised CONSORT statement for reporting randomized trials: explanation and elaboration[END_REF][START_REF] Elm | Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF][START_REF] Liberati | The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration[END_REF][START_REF] Bossuyt | The STARD statement for reporting studies of diagnostic accuracy: explanation and elaboration[END_REF] . Among the different parts of an article, the "statistical analysis" section in the methods is both particularly important and also difficult to grasp for many readers, most mainly having a clinical background. In a local unpublished survey, we observed that most clinicians did not read the statistical part of a report of a randomised controlled trial (RCT) because it was considered too difficult to understand. Clinicians also felt that they were not adequately trained to critically read this section or just did not feel concerned by this part.

The mainstream statistical method is the so-called classical or frequentist method. The last 2 decades, with the improvement in computers, has witnessed renewed interest in an older statistical concept, Bayesian statistics 5 6 . Many papers have demonstrated the wide applicability and value of the methods in clinical trials [START_REF] Berry | Statistics: A Bayesian Perspective[END_REF][START_REF] Spiegelhalter | Bayesian Approaches to Clinical Trials and Health-Care Evaluation[END_REF][START_REF] Goodman | Introduction to Bayesian methods I: measuring the strength of evidence[END_REF][START_REF] Louis | Introduction to Bayesian methods II: fundamental concepts[END_REF][START_REF] Berry | Introduction to Bayesian methods III: use and interpretation of Bayesian tools in design and analysis[END_REF] . To facilitate Bayesian reporting, some guidelines were implemented, such as BayesWatch, BaSiS or ROBUST [START_REF] Spiegelhalter | Bayesian methods in health technology assessment: a review[END_REF][START_REF] Basis | Bayesian standards in science[END_REF][START_REF] Sung | Seven items were identified for inclusion when reporting a Bayesian analysis of a clinical study[END_REF] . However, these guidelines are difficult for clinicians to use because they are not meant to help in interpretation and comprehension by non-statistician readers. These works were more for guidance in the writing and reporting of articles rather than reading trial articles and therefore were intended for an informed audience only. The users of such tools are supposed to be already acquainted with Bayesian statistics. Nevertheless, despite the increase in the number of publications of trial data analysed by Bayesian methods [START_REF] Ferreira | Bayesian analysis from phase III trials was underused and poorly reported: a systematic review[END_REF] , clinicians are still poorly trained in Bayesian methods. Publications are usually written by a multidisciplinary team consisting of clinicians, biologists, and statisticians; few are written by authors who master each part of the study and its manuscript. The same holds true for readers of a publication, who may also lack the required background. Thus, in terms of statistical analysis, new tools are needed to help clinicians identify the essential items in research articles so that they can critically evaluate the statistical methods used, even if they do not completely understand the methods used. Without a thorough understanding of what is implied by Bayesian methods, the clinician could still search for items that may help determine whether the reporting of results of a Bayesian trial is appropriate and whether the article reports the essential elements of the statistical analysis to be valid.

The aim of this study was to create and validate a checklist to identify the crucial items of the statistical part of Bayesian publications. This checklist is intended to be used by readers without any knowledge of Bayesian methods (clinicians, editors, reviewers and investigators).

Moreover, its purpose is not to ensure that readers will thoroughly understand every detail of the Bayesian statistics, although we hope that they will gain a better understanding of these methods. For this secondary goal, the general concepts of the Bayesian analysis are described in an accompanying publication [START_REF] Ferreira | Interest of Bayesian methods compared to frequentist methods: the example of the IMMERSION clinical trial[END_REF] . To illustrate and clarify each item of our Bayesian interpretation checklist, we refer to a recently published trial with results analysed by Bayesian methods, the IMMERSION trial [START_REF]Effect of Immersion, Performed Under the Conditions of Obstetrical Dilatation Bath, on Diuresis and Hemodynamic Variables in Young Women -Full Text View -ClinicalTrials[END_REF] .

Methods

The checklist was created and validated in five steps:

1) Collection of items from previous guidelines

Guidelines for reporting Bayesian methods were searched. Each item of the identified reading grids was included and clarified to be understandable to a clinician with no knowledge of biostatistics. The item list was generated by a team of biostatisticians who were specialised in the use of Bayesian methods (Strasbourg University hospital methodological unit).

2) Identification of other items or sub-items from a literature review

We aimed to identify items other than those identified in the first step that might be included.

Items were searched from the statistical sections of identified reports of phase III RCTs [START_REF] Ferreira | Bayesian analysis from phase III trials was underused and poorly reported: a systematic review[END_REF] .

3) Formulation of checklist keywords

For each item identified in step one or two, we searched reports of trials included in the review for terms that may match the item domain and thus be considered keywords. The aim of this step was to improve the correct identification rate of each item, despite a possibly limited knowledge of Bayesian statistical terminology. The characteristic of each item was classified as "comprehension" or "reproducibility". "Reproducibility" refers to the possibility for an author to replicate the study in a subsequent similar investigation using the related information. When an item was related to the study reproducibility, its sole presence was considered relevant. When the item was missing, the possibility of replicating the study must be critically evaluated. "Comprehension" refers to the fact that a missing item may be a source of bias or omission and the reader must search for this bias [START_REF] Ferreira | Interest of Bayesian methods compared to frequentist methods: the example of the IMMERSION clinical trial[END_REF] .

4) Selection and reformulation of items by the working group

We established an experimental version of the tool with the pre-selected items. This version was examined by the working group to reach consensus. The objective of this step was to select a small set of items and reformulate them so that clinicians can check for their presence in a manuscript. Then, considering that in a reading grid, not all items on the list had the same weight, members of the working group were asked to identify those that are essential for validating the results of a trial analysed by Bayesian methods.

5) Reformulation and validation by clinicians

We recruited residents without knowledge of statistics and Bayesian methods to use the checklist as they read several reports of RCTs to evaluate the clarity of each items. The aim of this step was to evaluate whether a physician could check for the presence or absence of each matching keyword in the report without having to completely understand the concept behind each item. The expected result was the unexperienced reader being able to have a comprehensive view of the Bayesian methods described in the paper. The ease with which each item was found was scored on a 4-point scale: 1, very easy to identify; 2, easy to identify; 3, difficult to identify; 4, very difficult or impossible to identify. The item in the report was matched with the corresponding checklist item. After each trial, residents were asked to explain their scoring. If the score was 3 or 4, residents had to describe their understanding of the item. They were also asked to describe their understanding of the items they had not found. Descriptions of the items were then adjusted accordingly and residents retested the new modified checklist with the same methodology on a new randomly selected trial until all items had been rated 1 or 2 by all residents, and each item identified by residents matched the items identified by checklist authors. The checklist was then considered validated.

6) Practical use of the reading grid

The validated reading grid was tested by clinicians in real practice using an online questionnaire. Volunteers with no training in statistics or Bayesian methods were provided with randomly selected randomized clinical trial, and a list of keywords covering the different list items (listed in table 2). They had to search each item in each specific article part, by timing the time needed to find them.

Illustration

We used the IMMERSION study [START_REF]Effect of Immersion, Performed Under the Conditions of Obstetrical Dilatation Bath, on Diuresis and Hemodynamic Variables in Young Women -Full Text View -ClinicalTrials[END_REF] to illustrate our checklist. The IMMERSION trial used only Bayesian methods. The main objective of the IMMERSION study was to determine the effect of immersion on diuresis and hemodynamic variables in young women. It aimed at demonstrating a reduction in blood volume with an increase in hourly diuresis, after partial immersion in an obstetric dilatation bath. This was an open prospective interventional study of 2 randomised and controlled parallel groups.

Results

1)Collection of items from previous guidelines

Three previously published guidelines can be used to help investigators report the Bayesian analysis of trial results: BayesWatch 12 , BaSiS 13 and ROBUST [START_REF] Sung | Seven items were identified for inclusion when reporting a Bayesian analysis of a clinical study[END_REF] . These guidelines were intended for regular users of Bayesian methods considering that the wording required good knowledge of the Bayesian jargon. All items of these checklists were reformulated with simplified keywords for non-statistician readers, to help in identifying critical points of the Bayesian analysis.

2) Identification of other items or sub-items

We identified reports of 49 phase III clinical trials that used Bayesian methods for analysis [START_REF] Ferreira | Bayesian analysis from phase III trials was underused and poorly reported: a systematic review[END_REF] .

From the methods and results of these publications, two sub-items specific to phase III trials were identified in addition to those of the first step.

3) Formulation of checklist keywords

Keywords are reported in Table 2.

4) Selection and reformulation of items by a working group

An experimental version of the tool included 20 preselected items. The working group reached consensus, and 7 items were considered to have limited interest because their validity could not be checked. The remaining items are in Table 2, and among these, 3 items were identified as crucial for validating the results of a trial analysed by Bayesian methods: specification of the prior, source of the prior (in the context of informative prior), and presentation of the point estimate and its credible interval.

5) Reformulation and validation by clinicians

Reports of 3 clinical trials were used to validate the checklist [START_REF] Tinmouth | Low-dose prophylactic platelet transfusions in recipients of an autologous peripheral blood progenitor cell transplant and patients with acute leukemia: a randomized controlled trial with a sequential Bayesian design[END_REF][START_REF] Reddy | Percutaneous left atrial appendage closure vs warfarin for atrial fibrillation: a randomized clinical trial[END_REF][START_REF] Sananes | Acupuncture version of breech presentation: a randomized sham-controlled single-blinded trial[END_REF] . Nine residents in anesthesiology participated in the validation, at least 2 participating in each round (Table1).

With the final article, each resident clearly identified all items (items rated "1" or "2"). Items were included in the checklist to facilitate comprehension and assessment of the reproducibility of the trial. The final checklist is presented in Table 2.

6) Practical use of the reading grid

Forty-eight clinicians used the reading grid on an anaesthesia article [START_REF] Kranke | Comparison of vestipitant with ondansetron for the treatment of breakthrough postoperative nausea and vomiting after failed prophylaxis with ondansetron[END_REF] . Participating clinicians were from 4 different centers. There were 21 (43.8%) anaesthetists and intensive care specialists, 19 (39.6%) medical specialists and 8 (16.6%) surgeons, 21 (43.8%) of whom were interns and 27 (56.2%) doctors. On average, they identified 11.1 out of 14 items (sd 2.1) in 12.4 minutes (sd 5.7) (table1).

Explanation and illustration of the checklist

The following is a description of each item of the checklist. Each item is introduced in logical order of appearance in the paper. The "Section" was specified to inform the clinicians where items must be searched. Each item was classified as "comprehension" or "reproducibility".

METHODS Item 1: Objective

Was the question of interest written in a probabilistic language? The objective must be presented with wording such as "what was the likelihood that the relative risk was larger than 1 or larger than 1.5" rather than as "the objective is to estimate a relative risk of…" This formulation expresses the more relevant question that investigators do indeed ask: What was the probability that the treatment was clinically relevant?

Example:

The objective of the IMMERSION trial, "to estimate the probability [of] an increase in hourly diuresis after partial water immersion," was written in a probabilistic language. 

Model building

Example:

In the IMMERSION trial, the prior distribution was informative: "The priors were based on physiological knowledge."

2.3

Was the prior defined prospectively? When had the prior been defined? Was the prior defined before the data collection?

Bias can be induced if the prior was developed after data collection, especially if it was based on expert opinion.

Example:

In the IMMERSION trial, the statistical analysis was developed prospectively.

"The priors were defined before the study."

2.4 Which data or knowledge was the prior based on? Meta-analysis, previous study, expert opinion, elicitation etc.

It is important to specify the prior and its form. The validity of a prior derived from a trial or meta-analysis is less controversial than one derived from expert opinion, which appears more subjective. In this case, the authors must explain and justify the method of elicitation.

Example:

In the IMMERSION trial, the priors were based on physiology: "The priors were defined before the study and were based on the basis of physiological knowledge".

Item 3: Model

Was the statistical model specified? For example, linear regression, logistic regression.

Example:

In the IMMERSION trial, "We computed the mean difference and its 95% credible [interval], and the probability that the difference [was] positive."

Model Implementation

Item 4: Software Was the software specified? For example: R, WinBUGS, OpenBUGS, JAGS.

Example:

In the IMMERSION trial, the software was specified. "All computations were done with R 3.2.2 and JAGS statistical software with all the required additional packages." 

Example:

In the IMMERSION trial, the settings were specified: "A burn in of 5000 iterations followed by 100 000 iterations was used for each analysis."

Item 6: Validity criteria

Did the algorithm converge? The algorithm convergence is required for the model to be valid.

Example:

In the IMMERSION trial, the McMC algorithm converges: "Convergence of the

McMC sample chain [was] checked graphically."

RESULTS

Item 7: Data and likelihood

Was a summary of the data for the experiment available? (means, standard deviations, proportions, median, interquartile range).

Example:

In the IMMERSION trial, "Results are displayed in Table 2a" with means and 95% credible intervals.

Item 8: Description of results

Was the point estimate of the effect size or the relevant parameter value and its credible interval shown? A point estimate of the effect size and its credible interval ("range" for the parameter of interest) represents a summary of the posterior distribution that expresses all the information and knowledge available at the end of the study on the effect size measure.

Example:

In the IMMERSION trial, the point estimate and its credible interval were presented in 

Example:

In the IMMERSION trial, the posterior distribution of diuresis was shown in Figure 1.

Item 10: Sensitivity analysis

Was the impact of different priors (lowly informative or informative, enthusiastic

or skeptical) explored? What was the relative weight of the prior against data? Was a sensitivity analysis using another distribution performed? If the posterior distribution was only weakly modified and influenced, whether one uses or not any of several notably different prior distributions (i.e., favoring or not the expected result), it indicates a robust result, depending mainly on the data. Such a result was also susceptible to agreement among experts previously expressing diverging opinions.

Example:

In the IMMERSION trial, the sensitivity analysis was specified: "Comparisons were performed under the Bayesian paradigm, taking into account priors, either neutral or based on the results from Katz et al."

DISCUSSION

Item 11: Advantages and limitations of Bayesian analysis

Were the advantages and limitations of the Bayesian analysis presented?

Example:

In the IMMERSION trial, the advantages and limits of the analysis were not presented.

Discussion

We present a checklist to help clinicians critically read and interpret original reports of results of RCTs analysed with Bayesian methods. This checklist, based on expert knowledge, was validated by clinicians for clinicians. In the reading grids, items do not have the same weight. Among the 7 items in the list, 3 were considered essential for interpreting results of RCTs analysed with Bayesian methods: specification of the prior, source of the prior (when prior is informative), and presentation of the point estimate and its credible interval. Priors can entirely modify results; thus, their description and justification are essential in reports of RCTs. A scientific article with results analysed by Bayesian methods that does not include these 3 items is of limited interest because the validity of the results cannot be checked. The absence of one of these 3 items should be considered as D-Dimere in pulmonary embolism.

Their presence does not prove that the paper has a perfect statistical methodology but their absence makes it possible to rule out a good paper with a large negative predictive value. If we were provocative, we would say that the absence of these 3 items should cause the article to be rejected without even reading it because it is impossible to check its validity. Their presence does not guarantee the correct use of Bayesian methods, but allows verifications.

To validate our checklist, we used a sort of "anti-DELPHI" method considering that the residents included were "expert in the lack of knowledge" in Bayesian methods (i.e., perfectly inexperienced). Several rounds were necessary to clarify items for clinicians. The simplification of the description of items and identification of keywords were a crucial point to allow the clinician to identify them. Items such as settings of the prior distribution and its parameters may be of paramount importance for statisticians, but a lay clinician may not be able to fully grasp the details of their specification, even with the help of a simplified checklist. During the step of validation of the checklist, the residents had to justify their answers and they spontaneously copied on their answer grids these items because they intuitively identified their importance. In the practical use of the reading grid, clinicians, from different centers, without any knowledge of Bayesian methods and for the first use of the reading grid, were able to identify in 12 minutes an average of 11 items out of 14. The least well-reported item was the justification of the prior because they had not looked for the keyword in the right section. In fact, the keyword for the item 2.4 was present in the introduction section (the phrase cited by the people who identified this keyword), but outside of this section it had no value, as understood by half the group who had followed the instructions completely. Moreover, this performance is quite good considering that the volunteers only had the keywords to find the items (Table 2). They did not have the content of the present work to help them find the items.

The use of our final checklist helped readers without experience in statistics and Bayesian methods to identify crucial items without the goal of complete comprehension of the methods.

As with a "before take-off" aeronautic pilot checklist, all security points must be checked. In clinical practice, before modifying practice according to new results from an RCT, the validity of the results, with the statistical analysis, must also be checked [START_REF] Baker | 1,500 scientists lift the lid on reproducibility[END_REF] . This kind of checklist could be a part of the solution to reduce misinterpretation or not reading the statistical analysis section [START_REF] Mccloskey | The standard error of regressions[END_REF] resulting from methodological deficiencies of an article or a defect in training or other reasons (lack of time, not reading because of statistical technicalities etc.). This checklist may also help authors in drafting their research reports.

The limitation of the checklist is that clinicians do not have to understand the method if they apply it in a literal way as a list of items to check. Another limitation is that users cannot check implicit items. Each specialty has its own jargon, and statisticians are no exception. In a context of multidisciplinary publications, clarity must be the rule to enable each reader to find crucial items. The checklist will at least have the advantage of discriminating between goodand poor-quality papers. The interested clinician may consult additional material further explaining the Bayesian method [START_REF] Ferreira | Interest of Bayesian methods compared to frequentist methods: the example of the IMMERSION clinical trial[END_REF] .

The presence in a given paper of all of the items in our checklist is not sufficient to guarantee that the study is statistically correct from all its aspects. To check this point, in-depth comprehension of the statistical part is required, and our checklist only allows for ensuring that the required items identified are duly presented in the article.

Conclusions

This article presents a checklist for evaluating the results of RCTs analysed by Bayesian methods that was validated by clinicians inexperienced in statistical analysis. The primary objective of this checklist is to help readers of a given article, even with no particular knowledge in statistics, use the Bayesian paradigm to ensure that major items in the statistics section are present. The checklist is necessary but not sufficient for determining the quality of a Bayesian trial which explain why we have created another document designed to help the interested reader better understand the main concepts of Bayesian methods [START_REF] Ferreira | Interest of Bayesian methods compared to frequentist methods: the example of the IMMERSION clinical trial[END_REF] . We consider that results involving the use of Bayesian analysis that do not describe 3 essential items in the statistics section (prior specified, source of the prior (when the prior is informative), presentation of the point estimate and its credible interval) should be interpreted with caution because the validity cannot be properly ascertained.

Table 1: Number of residents;readers who rated a checklist item as easy or very easy to identify ("1" or "2") in reports of results of RCTs analysed with Bayesian methods and who correctly copied that given item to the matching Bayesian checklist item for each round of evaluation. Practical use corresponds to the number of readers who correctly identified the items present or absent when using the reading grid in real practice. 

Item 2 : 2 . 1

 221 Prior (or a priori distribution) Was the a priori distribution of the main outcome specified? (distribution, parameters): for example, normal N (µ,σ²) or binomial (n,p) or any other distribution.The prior distribution corresponds to the available information on the variable of interest before data collection. Was the distribution appropriate for the data type? Were the selected parameters relevant? Was the prior relevant in the context?Example:In the IMMERSION trial, the prior distribution was specified: "The different priors used in the analyses of the main outcome are listed in Table2ain the 'Results' section. For the bath group, priors were N(1,0.25), N(1,1), N(1,10), N(2,0.25), N(2.68,1). For the bed group, priors were N(1,0.25), N(1,1), N(1,10), N(2,0.25), N(1.75,1.56)"2.2 Was the prior informative?A prior distribution is considered informative if it expressed precise information about the parameter of interest, such as effect size. A non-informative or uninformative prior is considered vague and indicates high uncertainty on the parameter of interest.

Item 5 :

 5 Settings Were the algorithm and the settings of the algorithm specified? The algorithm used for the estimation, Markov chain Monte Carlo (McMC); number of chains used and initial values. Example: In the IMMERSION trial, the details of the algorithm used for the estimation were specified: "Convergence of the McMC sample chain [was]checked graphically." Were the settings of the algorithm specified? The settings include the number of iterations (number of McMC simulations planned), number of iterations burned (number of McMC iterations before chain convergence) and thinning (process allowing to keep one simulation for every X simulations).

Item 9 :

 9 Posterior distribution Was the posterior distribution shown? This involves a graphical representation of the main result of the study (posterior distribution).

Mean 8 .C 9 .Figure 1 :

 891 Figure 1 : Diagram of the posterior distribution of diuresis in the IMMERSION trial (17).

  

Table 2a .

 2a "For the difference [Bath-Bed], the mean difference [95% CrI] was 1.26 [0.20; 2.32]."
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