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Abstract

Appropriate design and reporting of superiority, equivalence 
and non-inferiority clinical trials incorporating a benefit–risk 
assessment: the BRAINS study including expert workshop

Nikki Totton ,1* Steven A Julious ,1 Elizabeth Coates ,1  
Dyfrig A Hughes ,2 Jonathan A Cook ,3 Katie Biggs ,1  
Catherine Hewitt ,4 Simon Day 5 and Andrew Cook 6 

1School of Health and Related Research, University of Sheffield, Sheffield, UK
2Centre for Health Economics and Medicines Evaluation, Bangor University, Bangor, UK
3Centre for Statistics in Medicine, Nuffield Department of Orthopaedics, Rheumatology and 
Musculoskeletal Sciences, University of Oxford, Oxford, UK

4York Trials Unit, Department of Health Sciences, University of York, York, UK
5Clinical Trials Consulting & Training Limited, Buckingham, UK
6Wessex Institute, University of Southampton, Southampton, UK

*Corresponding author n.v.totton@sheffield.ac.uk

Background: Randomised controlled trials are designed to assess the superiority, equivalence or non-
inferiority of a new health technology, but which trial design should be used is not always obvious in 
practice. In particular, when using equivalence or non-inferiority designs, multiple outcomes of interest 
may be important for the success of a trial, despite the fact that usually only a single primary outcome 
is used to design the trial. Benefit–risk methods are used in the regulatory clinical trial setting to assess 
multiple outcomes and consider the trade-off of the benefits against the risks, but are not regularly 
implemented in publicly funded trials.

Objectives: The aim of the project is to aid the design of clinical trials with multiple outcomes of 
interest by defining when each trial design is appropriate to use and identifying when to use benefit–risk 
methods to assess outcome trade-offs (qualitatively or quantitatively) in a publicly funded trial setting.

Methods: A range of methods was used to elicit expert opinion to answer the project objectives, 
including a web-based survey of relevant researchers, a rapid review of current literature and a 2-day 
consensus workshop of experts (in 2019).

Results: We created a list of 19 factors to aid researchers in selecting the most appropriate trial 
design, containing the following overarching sections: population, intervention, comparator, outcomes, 
feasibility and perspectives. Six key reasons that indicate a benefit–risk method should be considered 
within a trial were identified: (1) when the success of the trial depends on more than one outcome; (2) 
when important outcomes within the trial are in competing directions (i.e. a health technology is better 
for one outcome, but worse for another); (3) to allow patient preferences to be included and directly 
influence trial results; (4) to provide transparency on subjective recommendations from a trial; (5) to 
provide consistency in the approach to presenting results from a trial; and (6) to synthesise multiple 
outcomes into a single metric. Further information was provided to support the use of benefit–risk 
methods in appropriate circumstances, including the following: methods identified from the review 
were collated into different groupings and described to aid the selection of a method; potential 
implementation of methods throughout the trial process were provided and discussed (with examples); 
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and general considerations were described for those using benefit–risk methods. Finally, a checklist of 
five pieces of information that should be present when reporting benefit–risk methods was defined, 
with two additional items specifically for reporting the results.

Conclusions: These recommendations will assist research teams in selecting which trial design to use 
and deciding whether or not a benefit–risk method could be included to ensure research questions are 
answered appropriately. Additional information is provided to support consistent use and clear reporting 
of benefit–risk methods in the future. The recommendations can also be used by funding committees to 
confirm that appropriate considerations of the trial design have been made.

Limitations: This research was limited in scope and should be considered in conjunction with other 
trial design methodologies to assess appropriateness. In addition, further research is needed to provide 
concrete information about which benefit–risk methods are best to use in publicly funded trials, along 
with recommendations that are specific to each method.

Study registration: The rapid review is registered as PROSPERO CRD42019144882.

Funding: Funded by the Medical Research Council UK and the National Institute for Health and Care 
Research as part of the Medical Research Council–National Institute for Health and Care Research 
Methodology Research programme.



DOI: 10.3310/BHQZ7691 Health Technology Assessment 2023 Vol. 27 No. 20

Copyright © 2023 Totton et al. This work was produced by Totton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

ix

Contents

List of tables xi

List of figures xiii

List of boxes xv

List of abbreviations xvii

Plain language summary xix

Scientific summary xxi

Chapter 1 Introduction 1
Background 1
Aims and objectives 2
Scope of the report 2
Development of the recommendations 2

Survey (work package 1) 2
Rapid review (work package 2) 2
Consensus workshop (work package 3) 3

Chapter 2 Selecting a trial design 5
Definitions 5

Superiority 5
Equivalence 5
Non-inferiority 6

Outcome measure selection 6
Factors for selecting a trial design 6
Elaboration and explanation 8

Population 8
Intervention 8
Comparator 8
Outcomes 9
Feasibility 10
Perspectives 10

Example 1: superiority 11

Chapter 3 Benefit–risk inclusion in randomised controlled trials 15
Benefit–risk dependent on trial design 15
Reason for inclusion 15

Trial success 15
Conflicting outcomes 16
Patient preference 16
Transparency 16
Consistency 17
Single metric 17

Chapter 4 Using benefit–risk methods 19
Definition 19
Methods 19



x

NIHR Journals Library www.journalslibrary.nihr.ac.uk

CONTENTS

Overarching framework 19
Narrative summary 19
Summary table 19
Quantitative trade-off 19
Preference elicitation 20
Uncertainty estimation 20
Visualisations 20

Applications of methods 20
All National Institute for Health and Care Research Health Technology Assessment  
randomised controlled trials 20
Trial success depending on more than one outcome, outcomes in competing directions  
and transparency and consistency 20
Patient preference 21
Create a single metric from multiple outcomes 21

Implementation of methods within randomised controlled trials 21
General considerations 21

Distinction between evidence and judgement 22
Difficulty of assigning weights 22
Perspectives 23
Sufficient statistical power 23
Intervention type 23
External data requirements 23
Considering costs in the trade-off 23
Utilising quality-adjusted life-years 24

Chapter 5 Reporting information 25
Checklist for reporting on trial design and results 25

Reporting on trial design 25
Reporting on trial results 26

Example 26
Reporting the trial design 27
Reporting the trial results 27

Chapter 6 Conclusions 29
Implications for practice 29
Limitations 30
Recommendations for future research 30

Acknowledgements 31

References 33

Appendix 1 Survey of current practice (work package 1) 39

Appendix 2 Literature review of available methods (work package 2) 43

Appendix 3 Expert consensus workshop (work package 3) 47

Appendix 4 Trial design: further examples 49

Appendix 5 Checklists for reporting 55

Appendix 6 Benefit–risk examples 57



DOI: 10.3310/BHQZ7691 Health Technology Assessment 2023 Vol. 27 No. 20

Copyright © 2023 Totton et al. This work was produced by Totton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xi

TABLE 1 Factors to inform the most likely trial design selection from superiority, 
equivalence and non-inferiority 7

TABLE 2 Appropriate benefit–risk methods for use in each stage of a randomised 
controlled trial 22

TABLE 3 Example use of the Benefit–Risk Action Group (BRAT) key benefit–risk 
summary table 28

TABLE 4 Example of quality-adjusted life-years (QALYs) split into gained and lost 28

TABLE 5 Demographics of the survey participants 39

TABLE 6 Experience of benefit–risk of the survey participants 40

TABLE 7 Benefit–Risk method groups created from the rapid review 45

TABLE 8 Summary of benefit–risk regulatory requirements found from grey literature 46

TABLE 9 Demographics of the expert consensus workshop participants 48

TABLE 10 Example of benefit–risk methods for each of the method groups identified in 
the rapid review 57

List of tables





DOI: 10.3310/BHQZ7691 Health Technology Assessment 2023 Vol. 27 No. 20

Copyright © 2023 Totton et al. This work was produced by Totton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xiii

FIGURE 1 Demonstration of intervention effects for a health technology, with 95% 
confidence intervals, in relation to superiority, non-inferiority and equivalence 5

FIGURE 2 Mapping of the PROTECT roadmap (reference 5 and 36) to an individual 
ranomdised controlled trial 22

FIGURE 3 Items requested within the survey for advice and recommendations 41

FIGURE 4 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) flow chart from article identification to inclusion for the rapid review 44

FIGURE 5 Benefit–Risk method groups from the rapid review and their interactions 45

List of figures





DOI: 10.3310/BHQZ7691 Health Technology Assessment 2023 Vol. 27 No. 20

Copyright © 2023 Totton et al. This work was produced by Totton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xv

BOX 1 Trial design selection checklist example for a superiority trial 12

BOX 2 Summary box showing the main reasons for using a benefit–Risk methodology 15

BOX 3 Trial design selection checklist example for an equivalence trial 49

BOX 4 Trial design selection checklist example for a non-inferiority trial 52

List of boxes





DOI: 10.3310/BHQZ7691 Health Technology Assessment 2023 Vol. 27 No. 20

Copyright © 2023 Totton et al. This work was produced by Totton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xvii

List of abbreviations

ACL anterior cruciate ligament

B–R benefit–risk

BRAINS Benefit–Risk Assessment to 
Inform Non-Inferiority and 
Superiority Study Design

BRAT Benefit–Risk Action Team

CBT cognitive–behavioural  
therapy

CfD counselling for depression

CONSORT Consolidated Standards of 
Reporting Trials

DCE discrete choice experiment

HTA Health Technology Assessment

MeSH medical subject heading

MRC Medical Research Council

mYPAS modified Yale Preoperative 
Anxiety Scale

NGT nominal group technique

NICE National Institute for Health 
and Care Excellence

NIHR National Institute for Health and 
Care Research

PICO population, intervention, 
comparison, outcome

PPI patient and public involvement

PROTECT Pharmacoepidemiological 
Research on Outcomes of 
Therapeutics by a European 
Consortium

QALY quality-adjusted life-year

RCT randomised controlled trial

VoI value of information

WP work package





DOI: 10.3310/BHQZ7691 Health Technology Assessment 2023 Vol. 27 No. 20

Copyright © 2023 Totton et al. This work was produced by Totton et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xix

Plain language summary

Randomised controlled trials are considered the best way to gather evidence about potential NHS 
treatments. They can be designed from different perspectives depending whether the aim is to show 

that a new treatment is better than, equal to or no worse than the current best available treatment. The 
selection of this design relates to the single most important outcome; however, often multiple outcomes 
can be affected by a treatment. For example, a new treatment may improve disease management but 
increase side effects. Patients want a treatment to work but not at the price of poor quality of life; 
therefore, a trade-off must be made, and the recommended treatment depends on this trade-off.

Benefit–risk methods can assess the trade-off between multiple outcomes and can include patient 
preference. These methods could improve the way that decisions are made about treatments in the 
NHS, but there is currently limited research about the use of these methods in publicly funded trials.

The aim of this report is to improve the design of clinical trials by helping researchers to select the most 
appropriate trial design and to decide when to include a benefit–risk method.

The recommendations were created using the opinions of experts within the field and consisted of a 
survey, review of the literature and a workshop.

The project created a list of 19 factors that can assist researchers to select the most appropriate trial 
design. Furthermore, six key areas were identified in which researchers may consider including a 
benefit–risk method within a trial. Finally, if a benefit–risk assessment is being used, a checklist of items 
has been created that identifies the information important to include in reports.

This report is, however, limited in its applicability and further research should extend this work, as well 
as provide more detail on individual methods that are available.
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Scientific summary

Background

Randomised controlled trials (RCTs) are the gold standard of health technology evaluation. They can 
be designed to assess the objective of superiority, equivalence or non-inferiority; the objective is 
determined by the selected research question and primary outcome. However, in practice, selecting 
the most appropriate outcome measure and, subsequently, trial design can be difficult.

In addition, some trials may have more than one outcome of importance to consider; this is particularly 
the case when using equivalence or non-inferiority designs, as a secondary superiority outcome is often 
important. This multidimensionality is not considered if the focus of a trial’s success is a single primary 
outcome.

Benefit–risk (B–R) methods are used in the clinical trial regulatory setting to assess multiple outcomes 
and consider the trade-off of the benefits against the risks, but they are not regularly implemented in 
publicly funded UK trials.

Objectives

This guidance document aims to fill a knowledge gap, with a focus on publicly funded clinical trials 
throughout. This is undertaken by first providing recommendations on the most appropriate trial design 
to select and then identifying when a B–R method may be used within a trial to assess outcome trade-
offs, whether this be qualitatively or quantitatively.

Methods

In this project, three key methodologies were used across three work packages (WPs) to elicit expert 
opinion on trial design and B–R methods. These were:

• WP1, a web-based survey of relevant researchers in the area. The survey was sent to researchers 
through appropriate mailing lists, as well as through known contacts and networks, for completion.

• WP2, a rapid review of current literature. The review built on previous reviews to find available 
B–R methods, but, in addition to previous work, we retrieved details on which of these could 
be implemented in publicly funded studies, as well as details on each method’s strengths 
and weaknesses.

• WP3, a 2-day expert consensus workshop. Results from the survey and the review were presented 
to a group of experts (n = 15) who had been contacted because of their knowledge of and interest 
in the area. The nominal group technique was used to select items for inclusion in checklists. Open 
discussions, supported by the presented findings, were used to gain opinions on reasons for including 
B–R methods within a trial. Open discussions were thematically analysed to identify the key points 
discussed and support the results of the checklists.

Results

To aid researchers in selecting an appropriate trial design, a list of 19 factors to consider was created. 
This list relates to six different sections: population, intervention, comparator, outcomes, feasibility and 
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perspectives. Each factor is described in detail and the list of factors is used in conjunction with 
examples of trial designs to explain why a particular design might be chosen.

Once the appropriate trial design has been selected, considering a B–R method may be justified if one of 
six key reasons is present:

1. The success of the trial depends on more than one outcome.
2. Important outcomes within the trial are in competing directions (i.e. a health technology is  

anticipated to be better on one outcome but worse on another).
3. To allow patient preferences to be included and directly influence trial results.
4. To provide transparency on subjective recommendations from a trial.
5. To provide consistency in the approach to presenting results from a trial.
6. To synthesise multiple outcomes into a single metric.

In particular, the first reason (considering multiple outcomes) is often applicable to equivalence and non-
inferiority trials, in which success also depends on the superiority of a secondary outcome; a description 
of this was flagged as important in the consensus workshop.

Owing to the range of B–R methods available, difficulties arise when discussing a globally recommended 
B–R assessment. To aid with this, the 92 methods that were identified from the literature review as 
potentially suitable for use in publicly funded RCTs were categorised into seven groups. The first group 
was an overarching framework that provided structure for a B–R assessment from start to finish. The 
most basic group, the second group, was the use of a narrative summary of the benefits and risks; 
although this is not an official method, it was considered important to provide such a summary at the 
end of a trial. The next two groups comprised a summary table with a specific structure to contain all 
relevant information, before moving on to methods that can quantitatively trade off multiple outcomes. 
The final three groups related to preference elicitation from stakeholders, uncertainty estimation and 
visualisations.

Importantly, these groupings show that quantitative methods are not always necessary or appropriate. 
However, this should not negate the need for a summary or narrative discussion of subjective 
interpretations. As it could be argued that favourable and unfavourable outcomes are present in all 
RCTs, a narrative summary of the benefits and risks would add value to the reports of all publicly funded 
trials.

It is noted that some methods require additional data to be collected, so the need for these added 
resources and expenses should be considered on a case-by-case basis. To provide some clarity on this, 
the methods groups were linked with different stages of the RCT, from design through to conclusion and 
dissemination. Group discussions identified the difficulty of additional work during the trial design stage, 
which is something that this breakdown of the methods at different stages hopes to address.

Finally, when a B–R method has been deemed important to use, whether that be a narrative summary or 
a quantitative trade-off method, the reporting should be transparent and consistent. A checklist of items 
to include when reporting the trial design in applications or protocols was created, as was a separate 
checklist for reporting the trial findings.

There are five pieces of information that are recommended when reporting the trial design:

1. a heading of ‘benefit–risk’
2. explicit use of the term ‘benefit–risk’
3. a plan for B–R assessment
4. the anticipated benefits and risks
5. discussion of the B–R balance with patient representatives.
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Two further items are recommended when reporting the results of the trial:

6. a summary table of benefits and risks
7. reporting of quality-adjusted life-years in terms of B–R.

Conclusions

The advice and recommendations provided in this report aim to improve the selection of a trial design, 
understanding of B–R methods and when it is appropriate to include them and how to effectively report 
the use of the methods. This guidance is aimed at researchers designing publicly funded RCTs, such as 
those by the National Institute for Health and Care Research or the Medical Research Council, as well as 
those on the funding panels.

Using these recommendations will improve the design of RCTs, as well as the clarity and consistency of 
reporting the benefits and risks associated with the health technologies being evaluated.

Further research should focus on providing more detail on each of the different B–R methods and 
recommendations on how they can be fully integrated in publicly funded clinical trials. Practical barriers 
to this implementation could be assessed to ensure that the information presented in this report can be 
used most effectively.

Study registration

This study is registered as PROSPERO CRD42019144882.

Funding

Funded by the Medical Research Council UK and the National Institute for Health and Care Research as 
part of the Medical Research Council–National Institute for Health and Care Research Methodology 
Research programme.
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Chapter 1 Introduction

Background

Randomised controlled trials (RCTs) are an essential methodology for an unbiased assessment of 
different health technologies in a real-world setting. RCT results are used to inform patient treatment 
decisions. In National Institute for Health and Care Research (NIHR) Health Technology Assessment 
(HTA) programme-funded RCTs, the comparison is often between a new health technology and an 
existing one that is already part of regular practice. In these cases, the benefit (i.e. superiority) of the 
new health technology may be not a health outcome, but instead an improvement in the safety profile, 
cost or convenience of delivery. However, it remains important that the RCT demonstrates that it is 
similar or at least non-inferior to the existing health technology for the desired health outcome to 
ensure that it would be acceptable for implementation in regular practice (assuming its superiority on 
another outcome).

Instead of the RCT being designed on a superiority basis, the trial may have an equivalence or non-
inferiority design. Equivalence implies that the two health technologies are ‘equal’ to each other with 
respect to the primary outcome, whereas non-inferiority implies that the ‘new intervention is “not 
unacceptably worse” than the intervention used as the control’.1 In this report, key factors that influence 
the trial design are outlined to aid the decision of which design is most appropriate.

Certain key elements of the trial, such as the sample size, depend on the trial objective chosen (i.e. 
superiority, equivalence or non-inferiority), which is usually based solely on the primary outcome. 
However, this singular focus does not reflect the complexity of policy decisions when information 
on multiple outcomes is of interest. For example, as well as the clinical effectiveness of a new health 
technology, there is a need to compare the effect of the technology on safety, cost(-effectiveness) and 
convenience with that of the existing technology when deciding if the former should be used in regular 
practice in the NHS.

There are existing statistical methodologies to account for the issue of more than one outcome of 
interest, such as the use of multiple primary outcomes,2 composite outcomes3 or multivariate analysis 
(i.e. where two or more outcomes are analysed simultaneously). These methods may be appropriate to 
use when multiple outcomes are expected to be improved by the treatment or when there is a clear 
ranking of health states in terms of their importance. However, they still require implicit judgement 
about how the outcomes relate and careful interpretation when the outcomes are in competing 
directions. For example, if a new health technology is clinically better than current practice, but results 
in an increase in the number or severity of adverse events, a method to identify the overall best health 
technology is required.

Benefit–risk (B–R) approaches are a group of methodologies that can be used in such situations to 
evaluate the net clinical benefit and allow a direct comparison of competing health technologies. 
B–R approaches are already used in the regulatory setting, where it is important that regulators 
can evaluate the benefits of a drug against its harms. In addition, the B–R trade-off is an important 
element of portfolio management decisions.4 A European consortium B–R methodology project 
[named Pharmacoepidemiological Research on Outcomes of Therapeutics by a European Consortium 
(PROTECT)], which had a goal to improve the evaluation of benefit and risks related to medicines, is now 
complete.5 However, despite their utility, the methods have yet to be fully applied to publicly funded 
RCTs, such as NIHR HTA trials.
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INTRODUCTION

Aims and objectives

The overall aim of this project is to provide consensus-driven recommendations for the inclusion of B–R 
approaches in the design of NIHR HTA programme-funded RCTs.

The objectives involved in achieving this aim are to:

• describe the factors affecting selection of the appropriate design for a trial (i.e. superiority, non-
inferiority or equivalence)

• evaluate when it may be appropriate to apply B–R methods
• explore the different B–R methods that could be included within NIHR HTA RCTs
• define the information related to B–R that should be included in trial proposals, protocols 

and reports.

Scope of the report

This report discusses trial design in relation to superiority, non-inferiority or equivalence, but does 
not discuss the differences in other trial design features, such as crossover trials, network analyses or 
indirect comparisons. The focus of this report is predominantly on the parallel-group design in the first 
instance; in the future, work could be extended to assess the appropriateness of other designs.

In addition, this report considered clinical trials in which outcomes are assessed at the individual level. 
Again, this work could be extended in the future to contain population-level outcomes, for example 
including studies that aim to estimate prevalence effects.

Development of the recommendations

The Benefit–Risk Assessment to Inform Non-Inferiority and Superiority Study Design (BRAINS) project 
consisted of three key research stages, leading to the development of the recommendations. The stages 
were as follows.

Survey (work package 1)
Between March 2019 and July 2019, a survey of current practice relating to B–R was circulated to 
researchers within the field of B–R and/or publicly funded RCTs. The aim of this was to elicit how and 
why B–R has been used to date (if applicable) and respondents’ desire for information relating to B–R.

In total, 64 people took part in the survey, with most being from academic backgrounds in the UK. 
The majority (64%) did not have experience with B–R methods, but were interested in learning about 
the methodology. The most prevalent response was to include recommendations on how to select an 
appropriate trial design, which informed the focus of this topic in the workshop. Further details can be 
found in Appendix 1.

Rapid review (work package 2)
A rapid literature review was completed to assess available methods for B–R analysis in RCTs. This used 
a pearl-growing technique, starting with relevant papers known to the research team, to identify key 
words and medical subject headings (MeSH) to inform our formal search strategy. We performed two 
iterations of searches using MEDLINE and Web of Science™ (Clarivate Analytics, Philadelphia, PA, USA), 
plus a citation review. The foci of the review were on methods papers and building on previous, known 
reviews, with a different focus for data extraction.
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Relevant information was extracted from 76 identified articles; 97 different methods were found, which 
have been categorised into six groups, ranging from an overarching framework to quantitative methods. 
These papers were then evaluated for context, reason, strengths and weaknesses associated with 
using the methods, as well as identifying those methods that can be completed with the data currently 
collected in publicly funded RCTs and those methods that would require additional information (see 
Appendix 2).

Consensus workshop (work package 3)
Information gathered from the survey and literature review was discussed at a 2-day consensus 
workshop that was held in September 2019 in Sheffield, UK. This included the use of presentations, 
the nominal group technique (NGT)6 and open discussions, followed by thematic analysis7 of the 
transcriptions (see Appendix 3 for further information).

The workshop was attended by 15 researchers, representing a mix of disciplines and sectors. A 19-item 
list of factors affecting the decision on the appropriate trial design to use was created at the workshop 
using the NGT. Themes from the discussions were extracted to provide reasons that would indicate 
the potential for use of a B–R method. A checklist was then produced to be used when reporting 
B–R information; the checklist contains five items at the trial design stage and seven items at the trial 
results stage.
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Chapter 2 Selecting a trial design

Definitions

This chapter will further define the different types of trial objective (superiority, non-inferiority and 
equivalence) mentioned in Chapter 1 (Figure 1 presents a visual representation), before providing a list of 
factors that affect the decision of which design is the most appropriate for a trial. This was the item in 
the survey that most researchers said that they wanted guidance on (see Appendix 1).

Superiority
Superiority trials are designed to ‘detect a difference between treatments’.9 The null hypothesis is that 
there is no difference between the comparison groups, and the statistical tests aim to identify whether 
or not the observed difference could have occurred by chance if this assumption of no difference is true. 
If a test concludes with a p-value of < 0.05 (by convention) on a two-sided test, then this is considered 
evidence that the null hypothesis can be rejected and that there is evidence of a statistical difference 
between the comparison groups. Typically, this is based on a power level of either 80% or 90%.10,11

The majority of clinical trials use a superiority design, as the aim is to show an improvement from current 
practice. The sample size for superiority trials is that required to ensure that a predetermined target 
difference of interest (δ)11 can be statistically detected within the data, if it is present.

Equivalence
Equivalence trials are designed to show that the health technologies differ only by a predefined value 
(δE) that has been deemed clinically not relevant. This provides a lower and upper bound around zero for 
the difference between the groups, which may be viewed as equivalent. The null hypothesis is that the 
treatment difference is of a size that would be considered clinically meaningful. To reject this, the point 
estimate and the two-sided 95% confidence interval must be within the limits of both the positive and 
the negative value (–δE, δE).

Treatment difference

Equivalence: no signif icant difference
between intervention and control
(i.e. 95% confidence interval does

not cross δNI or δE)
Non-inferiority: intervention not

statistically worse than control
(i.e. 95% confidence interval does

not cross δNI)

Superiority: intervention
significantly better than control

(i.e. 95% confidence interval does
not cross zero)

Favours
control

Favours
intervention

δNI
–δE

δE0

FIGURE 1 Demonstration of intervention effects for a health technology, with 95% confidence intervals, in relation 
to superiority, non-inferiority and equivalence. Adapted from Hahn et al.8 This is an Open Access article distributed in 
accordance with the terms of the Creative Commons Attribution Non-Commercial (CC BY-NC 3.0) license, which permits 
others to distribute, remix, adapt and build upon this work, for non-commercial use, provided the original work is properly 
cited. See: https://creativecommons.org/licenses/by-nc/3.0/.

https://creativecommons.org/licenses/by-nc/3.0/
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Equivalence trials have been used to show that a new health technology is not only no worse than the 
existing health technology, but also no better (within given limits). For example, researchers may wish to 
design an intervention to increase screening contacts in certain subgroups, but with the total number 
of invitations remaining the same across all patients (see Appendix 4 for more details). This may be 
important in a real-world setting.

Non-inferiority
Non-inferiority trials are similar to equivalence trials, but focus on a single direction and, therefore, 
in terms of the analysis, on one side of the confidence interval for the treatment effect only. The null 
hypothesis is that there is a treatment difference in favour of the comparator and the result relies on the 
one-tailed 97.5% confidence interval (lower limit) being inside the predefined non-inferiority margin (δNI). 
This margin can be based on the same principle as the equivalence margin, with the key difference being 
that the trial ignores whether or not the intervention is better than the comparator.

Non-inferiority trials are particularly used when new health technologies are tested against standard 
care and the benefit is on a secondary outcome, such as lower cost or reduced patient burden. In these 
cases, showing that the health technology is no worse than standard care suggests that it would be 
worth implementing this in practice.

Outcome measure selection

Selecting the outcome measures to be used in a trial is often based on the clinical decision of which 
aspects of health and well-being the health technology will affect. The primary outcome should be 
the most important outcome related to the health technology and the most important to patients. In 
addition, the Core Outcome Measures in Effectiveness Trials Initiative12 collates Core Outcome Sets 
to inform the decision of which key outcomes to include depending on the disease area and/or health 
technology. It is important to gather a range of opinions from various stakeholders, including patients, 
when selecting important outcomes for the trial to ensure that their considerations are included.13

Factors for selecting a trial design

Through the workshop, a list of factors that inform the selection of the trial design was compiled that 
aims to assist decision-making when a study is being planned. These 19 items have been summarised 
in Table 1 and further elaboration is provided in the subsequent section. This list of factors will be 
illustrated further through worked examples.

There is a degree of overlap between some of the factors mentioned. However, based on the workshop, 
where the importance of items was voted on, the factors remain separated to reiterate or provide 
nuance to points when necessary. Those items in italics in the table represent factors that would 
necessitate choosing the given trial design. Other factors will influence the trial design, but do not 
dictate it.

This list mirrors both the population, intervention, comparison, outcome (PICO) format, which is used to 
appropriately frame research questions,14 and the estimand framework, which was an addendum to the 
International Council for Harmonisation (ICH) E9 guidance.15 The aim of this framework was to clearly 
describe the trial objectives and, ultimately, ensure appropriate analysis, reporting and interpretation in 
relation to these.
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TABLE 1 Factors to inform the most likely trial design selection from superiority, equivalence and non-inferiority

Item

Trial designs

Superiority Equivalence/non-inferiority

1: Population

1a: What is the trial population? Low-disease-burden population High-disease-burden population

1b: What are the subpopula-
tions of interest?

Superiority across all subpopulations Different trial design on different 
subpopulations

2: Intervention

2a: What is the intervention? Intervention is different to comparator 
in terms of mechanism, dose, method 
of administration, etc.

Intervention is similar to comparator in 
terms of mechanism, dose, method of 
administration, etc.

3: Comparator

3a: What is the comparator? Placebo or no treatment (active 
comparator possible)

Active comparator

3b: What is current practice or 
standard care?

Current practice is more effective than 
the chosen comparator

Current practice used as comparator

3c: What evidence is there in 
relation to the comparator?

Poor-quality evidence that shows little 
benefit over placebo/no treatment

Good-quality evidence that shows a large 
benefit over placebo/no treatment

4: Outcomes

4a: What are the priorities of 
different outcomes?

Highest priority outcome is improved 
by intervention

Highest priority outcome is not necessarily 
improved by intervention

4b: How many clinical 
outcomes are key to eventual 
decision-making?

One outcome Multiple outcomes are key to eventual 
decision-making, such as quality of life, 
safety

4c: What are the superiority 
outcomes?

Primary outcome is superiority outcome At least one secondary outcome is viewed as 
superior (must be defined), but the primary 
outcome is not

4d: Are the costs of the 
comparator and intervention 
being considered?

Higher expected costs for intervention 
than for comparator

Similar or lower expected costs for 
intervention than for comparator

4e: Is non-inferiority or 
equivalence on the primary 
outcome plausible?

Not plausible that the intervention is 
within a reasonable limit compared with 
the comparator

Plausible that the intervention is within 
a reasonable limit compared with the 
comparator

4f: What are the health 
economic outcomes?

Positive incremental net benefits 
expected

Cost-minimisation expected

5: Feasibility

5a: What is the proposed 
sample size?

Infeasible to achieve sample size for 
alternative trial design

Highest sample size is associated with 
equivalence, so if it is not possible to 
achieve the sample size, use non-inferiority

5b: What is the VoI for the 
different trial designs?

Value of additional information from 
larger sample size does not provide good 
value for money

Value of additional information from larger 
sample size provides good value for money

6: Perspectives

6a: What ethics considerations 
are there?

Not ethical to observe any reduction on a 
particular outcome

Ethical to allow for some inferiority on 
the outcome, provided that there is an 
expected benefit on another outcome

continued
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Elaboration and explanation

Each of the items in Table 1 is explained further in the subsequent sections and examples are provided 
(one in Example: superiority and two further examples in Appendix 4).

Population

1a: What is the trial population?
The trial populations with the highest level of disease burden are likely to trade off gains in one element 
of burden for slight losses in another; here, the use of an equivalence or non-inferiority study design may 
be more appropriate. Those with the least burden are less likely to have such trade-offs and would be 
more focused on improvements; hence, a superiority trial is likely to be appropriate.

1b: What are the subpopulations of interest?
In any given trial, there may be subgroups of patients for whom superiority is hypothesised and 
others for whom equivalence/non-inferiority would be hypothesised. The importance of each of these 
subgroups and their impact on the overall results will inform the main research question to ensure that 
the design accurately reflects the most important or prevalent subgroup.

Intervention

2a: What is the intervention?
If the intervention is similar (e.g. in terms of mechanism of effect or method of administration) to the 
comparator, demonstrating superiority may not be feasible. In addition, the selection of the outcome 
measure used to assess clinical effectiveness (which, in turn, influences trial design; see Outcomes) is 
based on existing trial data or other data pertaining to the intervention.

Comparator

3a: What is the comparator?
If the comparator (i.e. control group) is a placebo or no treatment, it is conventional for the trial to 
adopt a superiority design. However, if the comparator is an active treatment, then equivalence or 

Item

Trial designs

Superiority Equivalence/non-inferiority

6b: What is the perspective of 
patients and service users?

Want to see superiority on chosen 
outcome to make treatment attractive

Secondary superiority outcome means 
patients are willing for equivalence or 
non-inferiority result on primary outcome

6c: What is the perspective of 
decision-makers?

6d: what is the perspective of 
clinicians?

6e: What is the impact on 
different sectors (e.g. health, 
education, social care)?

Potential negative impact on another 
sector (e.g. increased workload)

Potential positive impact on another sector 
(e.g. reduced workload)

VoI, value of information.

Notes
Many of the elements are interrelated and, in isolation, may not be the sole reason to choose one design over another. 
Items in italics are non-negotiable; if one of these factors is present, then that trial design must be chosen.

TABLE 1 Factors to inform the most likely trial design selection (continued)
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non-inferiority designs could be considered, depending on the expected treatment effect (see 2a: 
What is the intervention?). There may be a situation in which a trial compares an active treatment given 
in addition to the active control, in which case the comparator is the active control on its own (i.e. 
evaluating the active treatment as an ‘add-on’); equivalence or non-inferiority could also be considered 
in this situation.

3b: What is current practice or standard care?
If an active treatment is currently used in practice and a placebo or no treatment is being considered 
as the comparator, the trial should be on a superiority basis. The chosen value of delta should be 
at least the clinical effectiveness between the active treatment used in practice and control being 
used in this trial. However, use of the current standard practice as the comparator is most commonly 
recommended for HTA trials. If this is an active treatment, then the trial design is determined by target 
treatment effects.11

3c: What evidence is there in relation to the comparator?
Evidence for the comparator treatment that suggests a large benefit of the active control against 
placebo/no treatment could warrant the use of a non-inferiority design, as the improvement has already 
been demonstrated. However, it is also important to consider the quality of this evidence, as, if this has 
a large margin of error, then the confidence in the improvement may be limited. Without this evidence, 
proving non-inferiority against a poorly judged active control would not be a worthwhile result and, 
therefore, a superiority design would be required.

Outcomes

4a: What are the priorities of different outcomes?
The prioritisation of outcomes will provide guidance on the selection of the primary outcome (and the 
key secondary outcomes), which will, in turn, determine which trial design is selected. This prioritisation 
should be justified and considered with input from patient representatives. The highest priority outcome 
can then be evaluated on either a superiority or an equivalence/non-inferiority basis.

4b: How many clinical outcomes are key to eventual decision-making?
Within a trial, there may be one key outcome of interest that is by far the most important, as it is related 
to the disease and its treatment (e.g. mortality). With only one important outcome, the trial would 
probably be considered on a superiority basis. If there are multiple outcomes of relevance, then an 
equivalence or non-inferiority design may be considered.

4c: What are the superiority outcomes?
Often the chosen primary outcome will be considered on a superiority basis and, therefore, no further 
consideration needs to be made. However, superiority may be a secondary outcome, such as cost 
or patient burden, meaning that the primary outcome could be designed on an equivalence or non-
inferiority basis. When equivalence or non-inferiority designs have been selected, it is essential that the 
superiority outcomes and the method for evaluating these is clear.

4d: Are the costs of the comparator and intervention being considered?
If the consideration of the incremental costs of care is essential for decision-making about treatment 
success, this can affect which trial design is chosen. If the a priori expectation is that costs associated 
with the new health technology are higher than those associated with the comparator, then the trial will 
normally have to show superiority on health outcomes for this technology to be considered worthwhile 
in practice. By contrast, if one of the key benefits is the reduced cost of the new health technology, 
then the main outcome may be considered on an equivalence or non-inferiority basis; however, in any 
economic analysis, the joint uncertainty in costs and outcomes should always be considered alongside 
cost-effectiveness.
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4e: Is non-inferiority or equivalence on the primary outcome plausible?
When considering some outcomes, it can be deemed implausible that a new health technology would 
be considered equivalent or non-inferior if the evidence to date suggests that, for this outcome, the 
comparator may be better than the intervention group. Depending on the importance of this outcome, 
this would require a superiority trial on another outcome to mitigate this potential negative effect.

Distinguishing between non-inferiority and equivalence designs relies on the acceptability of an 
improvement in the outcome due to the intervention. In some cases, logistical and/or resourcing 
constraints may prevent an improvement in the outcome and, therefore, equivalence must be shown 
rather than non-inferiority.

4f: What are the health economic outcomes?
Cost-effectiveness analyses are conducted as part of most NIHR HTA clinical trials. These are usually 
based on the cost of the intervention (or comparator) plus all other related resource use costs and the 
expected number of quality-adjusted life-years (QALYs) experienced. If the primary outcome is also a 
health economic outcome, the expected positive incremental net benefits would suggest a superiority 
design. An equivalence or non-inferiority basis might apply in exceptional instances of cost-minimisation.

Feasibility

5a: What is the sample size?
The sample size calculation for superiority trials often results in a smaller number than that for a non-
inferiority or equivalence trial. This is driven by the decreased size of the margin (δ) that is usually used 
in non-inferiority/equivalence trials.16 Furthermore, the equivalence design requires a larger sample size 
because it requires two tests to be carried out, which requires an adjustment to the type II error within 
the calculation. Although a particular trial design should not be chosen because it requires a larger 
sample size, it may be that an equivalence study would not be feasible in the population of interest if an 
extremely large sample size were required. This issue could lead to a non-inferiority design being chosen 
if the limit on the upper confidence interval (reflecting superiority) is not necessary.

5b: What is the value of information for the different trial designs?
Value of information (VoI) analysis is a ‘quantitative method to estimate the return on investment in 
proposed research projects’17 that could be used when selecting a trial design. Owing to the increased 
sample size required for non-inferiority and equivalence trials, there is an additional cost to running 
these trials. A VoI analysis could assess the information gained against the cost of each trial design and, 
therefore, identify the design that represents the best value for money. Methods to estimate the sample 
size based on VoI analysis may be useful.18

Perspectives

6a: What ethics considerations are there?
In some trials, it may be unethical for patients to receive no treatment or a placebo when a standard 
active treatment is commonly available. In this case, a non-inferiority trial design may be the most 
appropriate design as it allows comparison against the current active treatment. However, in certain 
contexts, non-inferiority/equivalence trials could be unethical, as any reduction in a particular outcome 
would not be ethical to implement in practice.19

6b: What is the perspective of patients and service users?
Patients and service users play an essential role when designing research, including clinical trials. 
NIHR actively promotes public involvement20 in studies to ensure that the public perspective is taken 
into account. In this context, patients can have a key role in defining the trial design that should be 
used. It will be clear to them, as users of the service, if they would be willing to see an equivalence or 
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non-inferior result on an outcome or if it would be essential that the new health technology be superior 
for there to be uptake. Consulting with patient representatives early in the trial design will help to 
inform this and ensure that engagement with the trial is satisfactory.

6c: What is the perspective of decision-makers?
Convincing key decision-makers, such as those who run the service [NHS, the National Institute for 
Health and Care Excellence (NICE), the Medicines and Healthcare products Regulatory Agency (MHRA), 
etc.], of the quality of the evidence is essential, as this evidence will be used to inform recommended 
practice. If they require evidence of superiority of the health technology, a non-inferiority or equivalence 
trial may not be worthwhile. However, if they are convinced by a secondary outcome of superiority that 
can also be shown within the trial, then this design would be attractive to them if there is a key benefit 
to changing health technologies.

6d: What is the perspective of clinicians?
Clinicians need to be convinced by the results of a study to ensure that they would be willing to 
implement the health technology in practice. This means that they have an important input, alongside 
that of patients, to the outcomes of interest and their prioritisation. These decisions then dictate the 
trial design, depending on whether the clinicians feel they would require evidence of superiority on 
these outcomes or the existing evidence for benefit is sufficient but that non-inferiority or equivalence 
of a key health outcome must be shown.

6e: What is the impact on different sectors (e.g. health, education, social care)?
Some interventions may have an impact (unintended or otherwise) on different sectors, for example 
social care, that should be taken into account. If there is going to be a negative impact on a different 
sector (i.e. increased burden), it may be important to consider the trial using a superiority outcome, 
otherwise there would not be sufficient evidence to implement the intervention in practice. However, 
the fact that there may be a positive impact on a different sector is a reason to consider a non-inferiority 
or equivalence design.

Example 1: superiority

A RCT is being used to compare the clinical effectiveness and cost-effectiveness of two management 
strategies for non-acute anterior cruciate ligament (ACL) injury.21 Box 1 presents the completed list of 
factors that have an impact on the trial design.

As there are two active health technologies to be assessed, an argument could be made for a non-
inferiority trial design. However, there is no basis for suggesting that any of the secondary outcomes  
(in addition to knee health) would be superior for the intervention over the comparator; therefore, 
showing superiority on knee health is essential. Furthermore, as the comparison is between two 
management strategies, the desire is to identify which is more clinically effective. Owing to the lack 
of evidence regarding the health technologies, the main aim of the study is to define which is more 
clinically effective for treating knee health (i.e. a superiority design).

Demonstrating superiority on the primary outcome is particularly important when trying to convince 
clinicians that rehabilitation should be used instead of surgical management, which is currently the most 
commonly used treatment. Given all of this information, the trial was designed on a superiority basis.
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BOX 1 Example: trial design selection checklist for a superiority trial

Trial design selection checklist

1: Population

1a: What is the trial population?

The trial population is patients with non-acute ACL deficiency; the patients may be experiencing issues 
beyond the specific injury (i.e. effect on quality of life).

1b: What are the subpopulations of interest?

There are no key subpopulations of interest to consider.

2: Intervention

2a: What is the intervention?

The intervention is non-surgical management (i.e. ACL rehabilitation), which is sometimes used in practice, but 
the available evidence for its clinical effectiveness is weak and may lead to surgical management in the future.

3: Comparator

3a: What is the comparator?

The comparator is surgery (i.e. ACL reconstruction), which has the same purpose as the intervention, but uses 
a different mode of action to achieve this.

3b: What is current practice or standard care?

Surgery (i.e. ACL reconstruction) is currently used in 80% of non-acute patients and this is the comparator.

3c: What evidence is there in relation to the comparator?

There is good evidence that surgery is beneficial for ACL injuries in some instances, but there is uncertainty 
between two potential management strategies (i.e. surgery vs. rehabilitation with the possibility of later surgery).

4: Outcomes

4a: What are the priorities of different outcomes?

The most important outcome for these health technologies is knee health; the aim of the trial is to assess the 
most superior technology in relation to this outcome.

4b: How many clinical outcomes are key to eventual decision-making?

There is one key clinical outcome (knee health), as well as cost-effectiveness and quality of life as important 
outcomes. Therefore, there is more than one outcome of interest.

4c: What are the superiority outcomes?

The key clinical outcome (knee health) is to be assessed on a superiority basis; the impact on quality of life 
and cost-effectiveness is unknown.
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4d: Are the costs of the comparator and intervention being considered?

The cost of rehabilitation (i.e. the intervention) could be lower than the cost of surgery (i.e. usual care). 
However, some patients may still require surgery after rehabilitation, thereby increasing costs overall. This is 
important to assess in the trial, but does not form part of the a priori hypothesis.

4e: Is non-inferiority or equivalence on the primary outcome plausible?

The two underlying health technologies are very different. Furthermore, the study is comparing management 
strategies, rather than individual health technologies. The study premise does not fit the classic non-
inferiority/equivalence paradigms.

4f: What are the health economic outcomes?

Cost-effectiveness is a key outcome of the trial, but it is in addition to the health outcome, not in place of it.

5: Feasibility

5a: What is the sample size?

The calculated sample size of 320 participants for a superiority study has been deemed achievable within the 
patient population.

5b: What is the VoI for the different trial designs?

Showing non-inferiority in this trial design would not change practice and, therefore, the value of undertaking 
such a trial does not represent good value for money.

6: Perspectives

6a: What ethics considerations are there?

As surgery is currently the most common management practice, it would be unethical to have no treatment as 
the comparator.

6b: What is the perspective of patients and service users?

Patients often prefer to avoid surgery, if possible, so the option for rehabilitation first is an attractive 
treatment as long as it works as well as surgery does.

6c: What is the perspective of decision-makers?

The trial was funded by the NIHR HTA programme, which provides evidence for health technologies within 
the NHS. Therefore, improving the outcome of patients and the potential cost saving arising from a reduction 
in post-treatment requirements would be more cost-effective and is of interest to the decision-makers.

6d: What is the perspective of clinicians?

Clinicians may be more convinced of the clinical efficacy of a surgical treatment than rehabilitation and, 
therefore, a superiority result may be required on the outcome of knee health to change clinical practice.

6e: What is the impact on different sectors (e.g. health, education, social care)?

The impact should remain within the health sector for this trial.

BOX 1 Example: trial design selection checklist for a superiority trial (continued)
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Chapter 3 Benefit–risk inclusion in  
randomised controlled trials

Benefit–risk dependent on trial design

The considerations that take place when selecting the most appropriate trial design can also have an 
impact on whether or not a B–R method is appropriate. In the case of a superiority trial design, in which 
the only consideration is the primary outcome (and, potentially, other superiority secondary outcomes, 
as measured in the trial), trial conclusions could be considered self-evident and so a B–R method would 
be unnecessary.22 One workshop participant said:

. . . for others [trials] it probably is quite benign treatments. You’ll just go with the most effective one or the 
most cost-effective one, other considerations might not be as important.

Workshop participant

However, there are numerous scenarios in which it could be useful to include a B–R method in a clinical 
trial, especially when an equivalence or a non-inferiority trial design has been selected.

Reason for inclusion

The key reasons for using a B–R method were identified from the survey, literature review and 
workshop and were collated into a few specific themes that are described in the following sections and 
summarised in Box 2.

BOX 2 Summary box showing the main reasons for using a B–R methodology

Summary of the main reasons for using a B–R methodology

• The success of the trial depends on more than one outcome.
• Important outcomes in the trial are in competing directions (i.e. a health technology is expected to be better 

on one outcome but worse on another).
• To allow patient preferences to be included and directly influence trial results.
• To provide transparency on subjective recommendations from a trial.
• To provide consistency in the approach to presenting results from a trial.
• To synthesise multiple outcomes into a single metric.

Trial success
The most common reason for including a more formal B–R method was that the overall success of 
the trial depended on not only the results of the designated primary outcome, but also the ‘totality of 
evidence’ (workshop participant). One participant phrased it as:

When you move away from the efficacy trials and you start doing effectiveness, you want to incorporate 
as many of these things [outcomes] that would be relevant.

Workshop participant

An indicator of this would be if the selected target difference or non-inferiority limit (δ) in the sample 
size has been adjusted based on other outcomes. This would suggest that the secondary outcomes 
have an important influence on the primary outcome and, therefore, have an impact on the success of 
the trial.
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The importance of other outcomes in addition to the primary outcome is particularly pronounced in 
equivalence/non-inferiority studies in which showing equivalence or non-inferiority on the primary 
outcome is not sufficient. In these cases, equivalence or non-inferiority must be accompanied by 
an important benefit on another outcome. In these circumstances, by definition, the success of an 
intervention depends on more than one outcome.

Conflicting outcomes
In addition to multiple outcomes, there are cases in which the outcomes are conflicting (i.e. a health 
technology results in an improvement in one outcome, but has a detrimental effect on another 
outcome). B–R methods can consider multiple outcomes simultaneously in a formal trade-off to make an 
overall decision about a treatment. One participant stated:

If one of your outcomes gets better, if your key secondary outcome gets worse, then how do you say which 
one [health technology] is better overall? And so it’s being able to assess those things in one framework, 
whether that be qualitatively or quantitatively.

Workshop participant

At present, the decision as to which is the overall ‘best’ treatment in this context is typically subjective 
and is taken by the chief investigator when reporting the trial results. Using B–R methods could help to 
improve this by including:

. . . some explicit statements, supported by some analytical framework, of the benefits and risks, rather 
than making it implicit based on the text around the primary outcome and reporting of adverse events, 
which is what happens now.

Workshop participant

Patient preference
The inclusion of patient preferences is a key advantage of using B–R methods. One workshop 
participant stated:

[In] the HTA, we put a lot of emphasis on patient involvement in the design and deciding on the primary 
and secondary outcomes. People talk about using the patients to help with interpretation, but I don’t 
think we use them that much. So, potentially, that aspect is missing and it would maybe bring patient 
involvement right through the whole process.

Workshop participant

As patient and public involvement (PPI) and engagement are important elements of all NIHR projects 
from an early stage, any discussions with patients regarding their opinions of the relationship between 
outcomes would indicate that the trial could benefit from including a preference elicitation method.

An additional use of patient preference could be to reduce the number of treatment options in a 
multiarm study prior to starting a clinical trial. One workshop participant suggested that this could be a 
more ‘cost-effective way of doing the experiment’.

Transparency
Transparency is important within NIHR.23 This transparency can be improved using B–R methods in a 
few different ways:

• First, defining ‘upfront what your important outcomes really are’ (workshop participant) will improve 
the transparency of trial results, as instead of focusing on defining only a primary outcome, all 
important outcomes will be identified a priori, preventing undue focus on only the beneficial 
outcomes in the results.
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• Second, using a B–R framework, even if this is qualitative in nature, provides a transparent method 
of presenting all relevant data and information that will be used for decision-making. This ensures 
that everyone has the same objective information when making subjective decisions, thus providing 
‘rational and transparent approaches to decision making’.24

• Last, if a quantitative B–R method is used, a transparent approach will have been used to create the 
overall trade-off metric. All of the methods, outcomes, weightings and related uncertainty can (and 
should) be described to provide clarity on the information used.

Consistency
A consistent approach to presenting information and results, which is the basis of many B–R frameworks, 
provides a structure to communicate the results of clinical trials and treatment recommendations. Ouellet25 
suggests that ‘[a] more systematic approach of this trade-off would enhance our understanding of 
therapeutic index’.

Single metric
The reason for the use of some B–R methods is the ability to ‘score qualitative information’26 and, 
therefore, synthesise multiple benefits and risks into one metric. Many B–R methods use quantitative 
data as evidence, but summarise these in a qualitative way (e.g. by placing point estimates and 
confidence intervals from outcomes into a summary table). An extension of this is to quantify all of the 
relevant information (including weighting of the important outcomes) and combine this into a single 
quantitative metric that represents the overall trade-off between the benefits and risks of the health 
technology. A positive value would represent an overall beneficial health technology and values for each 
of the health technologies can be directly compared.

Although a quantitative method is not always desired or necessary, being able to quantify qualitative 
information can ensure that all important information is included in the analysis and results in a 
systematic way.
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Chapter 4 Using benefit–risk methods

Definition

Benefit–risk assessment is a group of methods to compare or trade off favourable and unfavourable 
effects of a treatment.27 This could be a subjective judgement or one achieved through more complex, 
quantitative, methods, but the overarching idea is that information related to multiple outcomes is taken 
into account simultaneously. The aim of this may be to assess if a single treatment has a positive B–R 
balance (i.e. the favourable effects outweigh the unfavourable effects) or to see which treatment has the 
best overall B–R balance, and thereby inform clinical practice.

Methods

Numerous methods are captured under the umbrella of B–R assessment; other reviews28–30 and the 
PROTECT group’s website5 provide a useful overview of these, as well as further detail.

The rapid review identified 92 appropriate methods, and these methods, along with information gained 
from the workshop, were split into seven groups. An overview of these methods is provided in this 
section and further details, including examples of specific methods, are reported in Appendix 2.

Overarching framework
Many of these methods are frameworks that are used from the planning of the evaluation to the point 
when an end judgement is made. As this report focused on NIHR HTA trials, the process of defining 
the problem is, naturally, included in the process of designing the study and submitting the proposal, 
although this step-by-step approach may still be helpful for providing an overview of the problem.

Narrative summary
Although it is not a formal method, workshop participants felt that it was important to include a 
narrative summary of the benefits and risks found in a trial as an option. A narrative synthesis of the 
(qualitative or quantitative) information on relevant outcomes would provide clarity around the decision-
making and judgements that have been made based on the final trial conclusions.

Summary table
A table in which all important outcomes (defined a priori) are included (split into favourable or 
unfavourable events), along with the quantitative results and related uncertainty, would facilitate 
transparency in the reporting of trial results. One participant described this as follows:

. . . it’s putting all the outcomes together and saying ‘Which ones have shown benefit and which ones have 
shown harm?’. So it’s more formal . . . about trying to put all your evidence together.

Workshop participant

Quantitative trade-off
Formal quantitative methods take favourable and unfavourable outcomes and assign weights to them 
to evaluate an overall B–R balance (i.e. either positive or negative). Numerous methods could be used 
for this within a RCT; however, some of these would require the collection of additional data (see 
Appendix 2), especially if preferences for outcomes are taken into account. Many NIHR HTA trials with 
an economic evaluation will include an economic model. This, in effect, maps out the benefits and 
harms in a structured framework (e.g. decision analysis), maps out the weighted outcomes by utilities 
and considers the probabilities of occurrence. Although the outcome is typically the number of QALYs 
gained, this could be extended to express outcomes in alternative ways.
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Preference elicitation
Preference elicitation for outcomes can be an essential part of a B–R analysis to provide a representative 
assessment of health technologies. In most NIHR HTA trials, the stakeholder of interest will be patients, 
but there can be a range of opinions among patients. The choice of which patients or other stakeholders 
to include can have a significant impact on the results and should be given sufficient consideration to 
ensure that the stakeholder group is appropriate to provide an answer to the intended research question.

Uncertainty estimation
In B–R quantitative trade-offs, as in many trial analyses, it is important to assess the robustness of the 
results. This can relate to model assumptions, uncertainties in the data and the included preferences, 
which could vary. Estimating the uncertainty in the data provides a better characterisation of the results 
and, therefore, provides greater validity; however, additional data collection may be required.

Visualisations
Generally, in RCTs, visualisations are used to support the understanding of the results for all readers. 
This can be even more worthwhile when a trade-off is present. The visualisations can provide the 
reader with information quickly and easily to show the trade-off that is being made and ‘facilitates 
understanding of information on multiple points’.31 Numerous options of visualisations are available, 
many of which are consistent with those already used in NIHR HTA RCTs, and there are visualisations 
‘available to suit specific methodologies or tasks’.32

Applications of methods

During the workshop, there was universal agreement, supported by the literature,22,33 that there is not 
one method that best fits all situations. The scope of this project was not to assess the intricacies of 
which specific method to use. Rather, this section will suggest which of the group of methods outlined 
in Chapter 4, Methods, may be appropriate for each reason. Case studies that implement a range of 
methods are summarised in Appendix 4 for further information.

All National Institute for Health and Care Research Health Technology Assessment 
randomised controlled trials
Members of the workshop considered a narrative summary of the benefits and risks to be appropriate 
in every publicly funded RCT. Providing this narrative of the totality of evidence provides assurance 
that the importance and likelihood of harms have been considered against the potential benefits of 
the treatment.

In addition, visualisations are often used in the reporting of RCTs and can be very useful for expressing 
information. Therefore, visual methods could be considered in any situation and the type of visualisation 
could be chosen based on how much information it is important to convey.

Trial success depending on more than one outcome, outcomes in competing directions 
and transparency and consistency
Most of the reasons for applying B–R methods can be satisfied using a summary table that collates the 
information gathered in the trial. This would allow readers ‘to be able to at least look and [at] compare’ 
(workshop participant) the information objectively. The use of summary tables is supported by the 
grey literature as the minimum requirement when submitting for regulatory approval. As it ensures that 
everyone is making judgements based on the same information and all relevant information is clear and 
accessible (see Appendix 2 for further details). This approach is also consistent with cost–consequence 
analyses, which report the breadth of costs and outcomes in economic evaluations. This could then be 
followed by a narrative summary of the B–R conclusion that has been made, subjectively, by the team.
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When there are multiple important outcomes in a trial, the delta value (i.e. superiority, equivalence 
or non-inferiority margin) in the sample size calculation may have been amended based on another 
outcome. This indicates that trade-offs are being considered (even subjectively) in a quantitative manner 
and it may be useful to use quantitative methods.

Patient preference
Preference elicitation methods are useful to quantify the extent to which patients are willing to trade-
off different outcomes. For example, how much of a reduction in benefit might a patient be willing to 
accept for a reduction in an adverse effect associated with a treatment? This can be used as a form of 
sensitivity analysis ‘to ascertain whether weighting outcomes by patient preferences for those outcomes 
result in different rank ordering of treatments when compared with unweighted outcomes directly from 
the trial data’ (survey participant). This was the case in the SANAD (Standard And New Antiepileptic 
Drug) trial, in which the rank order of treatment based on patient preferences diffrered from the results 
based on clinical effectiveness from the trial.34

For patient preferences to be included explicitly in a B–R analysis, quantitative methods, such as discrete 
choice experiments (DCEs), can be used to elicit stated preferences. This information can then be used 
to weight the outcomes of interest.

Create a single metric from multiple outcomes
If the reason for using B–R methods is related to the need for a single metric that represents multiple 
outcomes, then quantitative methods that provide a formal trade-off would be required. Examples 
of these can be found in Appendices 2 and 4. Sensitivity analyses are recommended35 and already 
commonly used in NIHR HTA RCTs to assess the robustness of the results; this extends to B–R methods, 
and uncertainty estimation could be considered if quantitative trade-offs have already been carried out.

Implementation of methods within randomised controlled trials

Within an individual trial, multiple B–R methods could be appropriate at different stages. In addition, 
there is an additive nature to the methods, meaning that multiple methods could also be appropriate 
at the same stage. For example, when using a quantitative trade-off, it could still be useful to present 
the results in a summary table and provide a narrative summary of the final decision and reason. As the 
complexity of the method increases, simpler methods could often be used to support the presentation 
of information.

There are also many situations when more than one method is required, for example the use of 
uncertainty estimation when quantitative trade-offs have been completed. A diagram showing how the 
methods interact is included in Appendix 2.

To assess the use of methods at different stages of the study, the roadmap,5,36 which contains five steps 
and was created by the PROTECT group, has been mapped onto the stages of a typical, individual NIHR 
HTA RCT (Figure 2). Potential method groups that could be appropriate at each of these stages, along 
with their purpose, are described in Table 2. In addition, as previously discussed, a descriptive framework 
may be useful, spanning all stages of the RCT. Examples of studies that have used B–R methods are 
provided in Appendix 4.

General considerations

Given the nature of B–R methods, there are a few additional considerations that should be taken 
into account.
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Distinction between evidence and judgement
When discussing B–R ideas, it is essential to distinguish between evidence and judgement in decisions. 
The evidence relates directly to the data that have been collected and evaluated, including effect 
point estimates and variability. The judgement of the B–R balance is taken based on these results. 
Quantitative trade-off methods use subjective elements to quantify the weightings used. By concluding 
with a single metric, it can give the impression of being non-subjective. Therefore, it is important to be 
transparent about the use of subjective elements and consider the metrics created accordingly.

This distinction is also reflected in the assessment of the clinical importance of any observed numerical 
differences in RCTs, even if the differences are statistically demonstrated. Various methods have been 
used to evaluate which values of a specific outcome measure can be considered clinically important11 in 
the context of RCTs, but these values are ultimately based on clinical judgement.

Difficulty of assigning weights
The weights used in B–R methods can have a large effect on the outcome of the analysis. Research 
shows that patients’ risk perception can be skewed towards assigning more weight to negative effects in 
a basic trade-off,37 so it is important to include appropriate methods to account for this.
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FIGURE 2 Mapping of the PROTECT roadmap (reference 5 and 36) to an individual ranomdised controlled trial.

TABLE 2 Appropriate benefit–risk methods for use in each stage of a randomised controlled trial

Stage Method group Purpose

1. Trial design Summary table Identify key variables that are important a priori as favourable and unfavourable 
effects using data available in the literature

2. Trial conduct 
and data collection

Preference 
elicitation

Elicit stakeholder preferences based on the key outcome variables

3. Analysis Quantitative 
trade-off

In addition to usual RCT analysis, quantitative trade-off between key variables 
can be undertaken, including a weighting for each variable to indicate 
importance

4. Sensitivity and 
post hoc analysis

Uncertainty 
estimation

Assess the robustness of the results to assumptions, uncertainties and 
weightings

5. Conclusions and 
dissemination

Summary table Summary tables transparently and consistently display the data used to make 
any final conclusions

Visualisations Visualisations provide transparency and clarity to the results gathered
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Perspectives
The choice of perspective can affect the trial results and whom the results most accurately represent. 
One participant stated:

It depends who’s on the committee. It could be the trial steering committee making the weights or it could 
be the PPI group, it depends who you choose.

Workshop participant

It is important to plan for this in the design stage of the B–R assessment, to ensure that the relevant 
stakeholders have been considered (i.e. NICE, patients, clinicians) and the information gathered from 
them is in line with the research question. Clarity and transparency regarding the perspectives that have 
been taken are essential.

Sufficient statistical power
As discussed in Chapter 1, Background, typically, clinical trials are powered on a single primary outcome. 
However, if a B–R method is used, the trial will use multiple outcomes. Therefore, consideration needs 
to be taken regarding whether or not the trial is sufficiently powered (or has sufficient precision) for the 
proposed B–R analysis.

Intervention type
The type of intervention being investigated must be considered during the B–R analysis, especially 
in relation to the selection of key outcomes. As a lot of the B–R research to date was completed in 
the regulatory setting,38 much of the research is related to drugs. However, some research has been 
completed on surgery39 and other medical health technologies.40 When considering publicly funded 
studies, many health technologies are considered complex interventions that, unlike other interventions, 
have more than one component to them and the potential for these components to interact with 
each other.41 There may be additional considerations because of the multidimensionality of this type 
of intervention.

External data requirements
According to one workshop participant, the choice of B–R method should depend on ‘whether it’s an 
individual trial, whether it’s an evidence synthesis, whether it’s a company making a case to NICE’.

This report is focused on the use of B–R methods in one individual trial; however, it may be possible to 
utilise other information within some of the models to achieve more robust results.

Considering costs in the trade-off
It may be intuitive to consider cost savings as a benefit and costs as a disbenefit (i.e. risk); however, in 
the context of resource allocation and maximising health, subject to budget constraints, the correct 
approach for assessing the B–R in the context of costs is to conduct a formal economic evaluation. The 
decision rules with reference to cost-effectiveness thresholds determine whether the incremental net 
benefits are positive (which indicates cost-effectiveness) or negative (which indicates that the health 
opportunity cost exceeds that gained by the beneficiaries of the intervention assessed in the trial).

Sometimes there is a conflict when benefits, harms and monetary costs are considered at the same time 
and a pragmatic approach may be required for a sequential analysis. For example, when assessing two 
drugs known to have differing efficacy and adverse effects, we may want to evaluate the B–R balance 
of the drugs first, before asessing their cost-effectiveness. The choice of what to assess first will depend 
on the study research question, that is whether the focus is principally on clinical effectiveness or 
cost-effectiveness.
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Utilising quality-adjusted life-years
The use of QALYs within NIHR-funded trials is common and, in itself, a form of single-metric outcome 
that could be used in a B–R assessment; however, QALYs are not usually interpreted from a B–R 
perspective. Presenting this differently, such as disaggregating the quality of life that are gained and lost 
from the life years gained and lost, may provide more information; however, this can be difficult owing 
to how/when the data are collected and the extent of modelled extrapolation, etc.:

Within single trials, you collect utilities often at regular clinic visits. If they coincide with an adverse drug 
reaction or a particular benefit event, then all’s well and good but chances are it’s not going to be the case.

Workshop participant

Nevertheless, utility or disutility assigned to events can be presented separately as QALYs gained and 
QALYs lost (which sum to the overall QALYs per treatment), providing further information and nuance to 
the QALY result in a RCT from a B–R perspective. Utilities benefit from incorporating societal weights 
for dimensions of health outcome. The individual-level utility may be considered more appropriate for 
personalised B–R assessments42 because of the difference in utilities between patients;43 nevertheless, 
for group-level decisions (i.e. consistent with interpreting the average effect of an intervention), group-
level value-sets remain more relevant.
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Chapter 5 Reporting information

When a B–R method is intended to be/has been used, it important to include all relevant 
information when reporting the trial design or the results of the trial. We recommend that this 

information is included in a standalone paragraph collating all relevant information, as this will ensure 
consistency and transparency.

As with any RCT, the plan for the assessment should be made when designing the trial; therefore, a 
checklist for information to include at this stage is separate from the checklist for reporting the results 
of the trial. The specification of planned B–R analysis should follow other RCT conventions and be 
defined a priori in the protocol and also in an analysis plan.

The checklists, including explanations, are included in Chapter 6, Checklist for Reporting on Trial Design 
and Results, and a worked example is included in Chapter 6, Example. A printable version of the checklists 
is available in Appendix 5.

Checklist for reporting on trial design and results

The sections below provide checklists for the reporting of B–R assessments. These are split between the 
information to include when reporting the trial design, for instance in a funding application or protocol, 
and reporting on the results of a study (e.g. in the final trial report or a journal article containing the 
results). When reporting the trial design, this information is likely to be found in the methods section 
of the documents; however, when reporting the results of a trial, the information may need to be split 
across the methods and results sections of the document.

Reporting on trial design

1a: A heading labelled ‘benefit–risk’
A specific section should be provided in the report that is labelled ‘benefit–risk’ and includes all 
relevant information.

1b: Explicit use of the term ‘benefit–risk’
When any B–R methods are being considered, the term should be explicitly used. This will allow 
recognition of the fact that there are potential trade-offs in the study, whether this be narratively 
or quantitatively.

1c: Plan for benefit–risk assessment
As with any report, it is important to define a plan for the method of assessment a priori. This ensures 
that appropriate methods are being used to answer the research question.

1d: Anticipated benefits and risks
A list or table of the anticipated benefits and risks in the trial is essential for providing transparency. By 
defining these a priori, this provides clarity on the important outcomes in the trial that would be used to 
make any final judgements over and above the primary outcome.

1e: Discuss benefit–risk balance with patient representatives
Patient and public involvement and engagement is a key part of any trial design. Discussing the main 
benefits and risks with patients to understand their perspective on the balance would aid the trial 
design, as well as ensuring that the trial is worthwhile.
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Reporting on trial results

2a: A heading labelled ‘benefit–risk’
A specific section should be provided in the report that is labelled ‘benefit–risk’ and includes all 
relevant information.

2b: Explicit use of the term ‘benefit–risk’
When any B–R methods have been used, the term should be explicitly used. This will allow recognition 
of the fact that trade-offs have been made in the study, whether this be narratively or quantitatively.

2c: Benefit–risk assessment used
A description of the B–R methods that have been used in the trial and/or analysis.

2d: Summary table of benefit–risk
A summary table, if applicable, containing all of the key outcomes defined at the trial design stage should 
be presented, including all relevant data and information gathered from the trial.

2e: Reporting quality-adjusted life-years in terms of benefit–risk
If an economic evaluation has taken place in the trial, report of the QALYs can be included within the 
B–R section. If it is possible to disaggregate QALYs gained and QALYs lost, this would be presented here.

2f: Realised risks (adverse events)
Information relating to the harms that were realised in the trial should be formally reported. This is, first, 
to compare the anticipated risks from the trial design stage with the realised risks. This will also ensure 
that any unfavourable effects that have occurred during the trial are properly considered and reported 
in the study. This should be supported by the Consolidated Standards of Reporting Trials (CONSORT) 
extension for harms.44

2g: Consider benefit–risk judgement with patient representatives
All of the information gained related to the B–R assessment should be discussed with the patient 
representatives; this is especially important if patient preference has not been formally captured in the 
chosen methods. Patient representatives should have access to all summary data in a format appropriate 
for laypeople and provide their judgement on whether or not the benefits outweigh the risks.

Example

This example has been created by following the checklist to ensure that all appropriate information is 
included. Although the example is a real trial, the results presented are fictional and do not represent 
actual trial results.

The MAGIC (Melatonin for Anxiety prior to General anaesthesia In Children) trial is a multicentre, parallel 
RCT, aiming to compare the use of melatonin and midazolam as premedication for anxious children 
attending for elective surgery under general anaesthesia. This trial has a primary outcome to assess 
children’s anxiety on a non-inferiority basis using the modified Yale Preoperative Anxiety Scale (mYPAS) 
outcome measure.
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Reporting the trial design

Benefit–risk assessment
The trial has multiple outcomes of interest and is designed on a non-inferiority basis for the primary 
outcome of children’s anxiety. Two active drugs are used in the trial, and side effects and recovery times 
are also important; therefore, a B–R assessment will take place to assess the overall best treatment. 
The Benefit–Risk Action Team (BRAT) key B–R summary table will be used to collate all information on 
important outcomes and inform a judgement on the comparative B–R balance of the two drugs.

The anticipated benefits are focused around cost-effectiveness and, particularly, quality of life. The 
anticipated harms are anxiety, pain, recovery, safety, anaesthetic turnaround time and anaesthetic 
failure. In addition, the costs of the drugs will be considered.

It is hypothesised that the intervention drug will be superior on recovery, pain, safety and cost-
effectiveness. The intervention drug aims to be non-inferior on anxiety, anaesthetic turnaround time and 
anaesthetic failure within a pre-defined limit. The potential benefits of recovery and better safety have 
been discussed with patient representatives, who feel that this would outweigh the efficacy of the drug 
on anxiety; however, it is important that it does not increase anaesthetic failure rates.

Reporting the trial results

Benefit–risk assessment
The trial had multiple outcomes of interest and was designed on a non-inferiority basis of the primary 
outcome of children’s anxiety. Two active drugs were used in the trial, and side effects and recovery 
times were also important; therefore, a B–R assessment took place to assess the overall best treatment.

The BRAT key B–R summary table was used to collate all information on important outcomes (Table 3) 
and inform a judgement on the B–R balance of the two drugs. Furthermore, QALYs were separated into 
QALY component parts of QALYs gained and QALYs lost for each of the drugs (Table 4).

The realised risks relate to the adverse events that are shown in the summary table (see Table 3). The 
rates of serious and mild/moderate adverse events were similar in both arms but were slightly lower in 
the intervention arm than in the control arm. The adverse event rate in both arms was as expected and 
in line with that in the general population; therefore, increased risks were not present in this trial. There 
were no adverse events in the trial that were not expected a priori.

In the trial, most outcomes favoured the intervention drug, apart from anxiety, turnaround time rate 
and failure rate. However, these were within the predefined non-inferiority limits set out and the 
confidence intervals spanned zero. Patient representatives felt that, because the loss of efficacy in 
reducing anxiety and the change in failure rate were small, the intervention drug offered a better 
B–R balance.
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TABLE 3 Example use of the Benefit–Risk Action Group (BRAT) key benefit–Risk summary table

Outcome
Control: midazolam 
(N = 346)

Intervention: 
melatonin (N = 348) Differencea (95% CI)

Favourable outcomes

Cost-effectiveness, mean (SD)

  QALYs 0.83 (0.19) 0.87 (0.24) 0.04 (0.01 to 0.07)

Unfavourable outcomes

Anxiety (primary outcome), mean (SD)

  mYPAS score 45.8 (13.0) 46.7 (19.1) 0.9 (–1.5 to 3.3)

Anaesthetic turnaround, mean (SD)

  Turnaround time (minutes) 28.6 (11.7) 32.4 (12.4) 3.8 (2.0 to 5.6)

Cost-effectiveness, mean (SD)

  Cost (£) 18,432.71 (1274.34) 17,347.60 (1180.48) –1085.11 (–1268.22 to 902.00)

Recovery, mean (SD)

  Paediatric Anaesthesia Emergence 
Delirium scale score

15.4 (5.4) 10.4 (3.6) –5 (–5.7 to –4.3)

  Time to recovery (hours) 4.7 (1.3) 3.5 (1.2) –1.2 (–1.3 to –1.0)

Pain, mean (SD)

  Faces Pain Scale score 4.3 (2.3) 4.1 (2.9) –0.2 (–0.5 to 0.2)

Safety, n (%)

  Serious adverse events 12 (3) 11 (3) 0.9 (0.4 to 2.09)

  Mild/moderate adverse events 67 (19) 54 (16) 0.76 (0.52 to 1.13)

Anaesthetic failure, n (%)

  Failure rate 17 (4.9) 19 (5.5) 1.12 (0.57 to 2.19)

CI, confidence interval; SD, standard deviation.
a Mean difference for continuous measures and odds ratio for categorical.

Notes
These values have been created for demonstration purposes and are not real trial results.
Orange shading indicates that the outcome favours the control (midazolam); aqua shading indicates that the outcome 
favours the intervention (melatonin).

TABLE 4 Example of quality-adjusted life-years (QALYs) split into gained and lost

QALYs Control: midazolam (N = 346) Intervention: melatonin (N = 348) Difference (95% CI)

Gained 0.89 (0.18) 0.91 (0.21) 0.02 (–0.01 to 0.05)

Lost 0.06 (0.01) 0.04 (0.01) 0.02 (0.01 to 0.02)

Overall 0.83 (0.19) 0.87 (0.24) 0.04 (0.01 to 0.07)

CI, confidence interval.

Notes
It was assumed that the data on utilities were events based and, therefore, can be assigned as losses and gains. 
These values have been created for demonstration purposes and are not real trial results.
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Chapter 6 Conclusions

Selecting the most appropriate trial design (i.e. superiority, equivalence or non-inferiority) can 
be difficult and requires consideration of many elements. A list of 19 factors, in six categories, 

was created to aid researchers in making this decision. This follows the PICO format that is already 
commonly used and, in addition, includes feasibility and consideration of a range of perspectives.

Six key reasons have been identified for when B–R methods could be used. These are focused 
around the idea of multiple important outcomes being present in a trial (commonly the case with 
equivalence and non-inferiority studies), the possibility of including patient preferences regarding health 
technologies, and the consistency and transparency that the methods provide. All of these factors 
promote robust evidence in trials.

Benefit–risk methods can be split into seven groups that could be used at different stages of a trial; 
however, some of these methods require the collection of additional information. The methods range 
from simple (e.g. narrative summary) to complex (e.g. quantitative trade-off and uncertainty estimation). 
There is justification, supported by the regulatory agency recommendations,45 that a summary table 
containing all relevant quantitative information may be sufficient in many cases and will improve the 
transparency and consistency of the required results. This will also be followed by a narrative summary 
of the information presented in the table and a judgement on the trade-off being made.

When using a B–R method in a trial, there are five pieces of information that should be included when 
reporting on the trial design:

1. heading of ‘benefit–risk’
2. explicit use of the term ‘benefit–risk’
3. plan for a B–R assessment
4. anticipated benefits and risks
5. discussion of the B–R balance with PPI.

A further two items should be included when reporting the results of the trial:

6. summary table of benefits and risks
7. reporting of QALYs in terms of B–R.

Use of this checklist of items will ensure the consistency and transparency of the trial results.

Implications for practice

Findings from this research suggest that there are circumstances in which B–R methods would be useful 
in publicly funded clinical trials to assess the overall effects of treatments that depend on multiple 
outcomes. If one of the six key reasons that were identified applies to the trial, the team should consider 
including a B–R method. Funding panels can also use the list to assess the appropriateness of the 
research plan when reviewing applications.

The available methods vary widely in complexity and processes; appropriate methods should be chosen 
based on which of the reason(s) are relevant to the trial. Again, trial teams and funding panels can be 
informed by the results of this work.
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Limitations

The limited scope of this report means that there may be additional considerations required if other, 
more complex, design features are also present. This work would need to be evaluated to ensure that it 
remains applicable to these situations.

In addition, the sample size used in this work was small, which may have an impact on the 
representativeness of the results. However, the breadth of expertise was felt to be suitable for the 
recommendations produced.

Recommendations for future research

This project has focused on assessing when a B–R method, in any form, is applicable; however, detail on 
the individual methods has not been included, beyond using the methods as examples. Future research 
should create resources on specific methods and provide detail on how they can be integrated into a 
publicly funded clinical trial to support future research teams.
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Appendix 1 Survey of current practice  
(work package 1)

Methods

The survey was hosted on the Qualtrics platform46 between May 2019 and August 2019. The link 
was sent through the UK Clinical Research Collaboration Clinical Trials Network Lead Statisticians, 
Health Econ on JISCMail and Medical Research Centre Hubs for Trial Methodology Research (Trials 
Methodology Research Partnership) distribution lists, as well as through the steering group to known 
networks or researchers in the area.

Results

The demographics of the survey participants are shown in Table 5.

The data collected showed that most survey participants did not have experience with B–R methods. 
Those who did had mostly worked on publicly funded superiority trials testing a drug (Table 6); however, 
this finding reflects the demographics of the participants and is, therefore, not necessarily generalisable.

TABLE 5 Demographics of the survey participants

N  (%) Total = 64

Institution

 Academia 54 (84%)

 Industry 5 (8%)

 NHS 2 (3%)

 Other 2 (3%)

 Missing 1 (2%)

Job role

 Epidemiologist 1 (2%)

 Funder 1 (2%)

 Health economist 11 (17%)

 Investigator 2 (3%)

 Statistician 40 (62%)

 Other 7 (11%)

 Missing 2 (3%)

Location

 Australasia 1 (2%)

 Canada 2 (3%)

 Other European country 1 (2%)

 Switzerland 1 (2%)

 United Kingdom 55 (86%)

 United States 2 (3%)

 Missing 2 (3%)
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The reasons provided for carrying out a B–R assessment were that showing efficacy is not enough, to 
consider patient preferences in treatment decisions and because health economics were required in the 
trial, prompting the use of B–R methods. These were combined with the transcripts from the workshop 
to assess the key reasons for completing these designs. Out of eight respondents, only one had 
considered the B–R assessment in the design of the trial, although some respondents suggested that it 
was an important element to consider.

When asked, 44% of respondents stated that they would like recommendations on how to select the 
appropriate trial design, and 41% stated that they would like recommendations on how to select the 
end points, both of which have, therefore, been incorporated into the report (Selecting a trial design and 
Outcome measure selection, respectively). Other items were included where possible, but further work is 
needed in this area to provide further details and recommendations (Figure 3).

Limitations

A key limitation of the survey is that we were not able to estimate a response rate because of the use 
of mailing lists and personal networks to promote the survey. Therefore, we are unable to assess the 
potential bias in the selection of respondents; the focus on publicly funded trials suggests that the 
responses are not representative of all researchers using B–R methods.

TABLE 6 Experience of benefit–risk of the survey participants

Experience
Number (%) of 
participants (N = 64)

Experience of B–R

  No 41 (64)

  Yes 22 (34)

  Missing 1 (2)

Of those who answered yes, n (%) (N = 22)a

Trial design experience

  Superiority 15 (68)

  Equivalence 3 (14)

  Non-inferiority 6 (27)

Funding

  Charity 3 (14)

  Industry 6 (27)

  Public 8 (36)

  Missing 7 (32)

Intervention type

  Complex intervention 6 (27)

  Device 3 (14)

  Drug 9 (41)

  Therapy 1 (5)

  Other 1 (5)

  Missing 8 (36)

a Values will not add to 100% as multiple options could be selected 
to represent experience with multiple trials.
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FIGURE 3 Items requested within the survey for advice and recommendations.
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Appendix 2 Literature review of available 
methods (work package 2)

Methods

Full details of the rapid review methods are given on the PROSPERO web page.47 The rapid review has 
been registered with PROSPERO (PROSPERO reference CRD42019144882).

Search
A rapid review was conducted using systematic and pragmatic search strategies to gather information 
on the methods and guidance available relating to B–R methodology in clinical trials. To identify research 
articles, we performed two iterations of database searches (using PubMed) and conducted a citation 
search of eight key articles (four from iteration 1 and four from iteration 2, identified by the review 
team). A search of grey literature was undertaken using Google (Google Inc., Mountain View, CA, USA) 
for guidelines on B–R assessment in clinical trials.

For iteration 1 we searched for ‘benefit-risk’ in the title, or ‘benefit-risk assessment’ or ‘benefit-risk 
analysis’ in the abstract, combined with ‘methodology’ or ‘methodologies’ in the abstract. For iteration 
2, we reviewed the key words of papers identified in iteration 1 and added the MeSH ‘Decision Support 
Techniques’ and searched for ‘method*’ in the title. Both iterations were limited to English-language 
papers and those published from 1999 onwards.

Inclusion and exclusion
Publication titles and abstracts were reviewed by two reviewers (NT and KB) in EndNote (Clarivate 
Analytics, Philadelphia, PA, USA), and 10% of the papers excluded at this stage were reviewed 
independently. Nikki Totton reviewed all full-text papers for inclusion and included papers discussing 
B–R methods in clinical trials; papers excluded at this stage were reviewed by Katie Biggs.

Data extraction
Nikki Totton extracted data from the included publications. Data were extracted on paper characteristics 
(e.g. location, type, year, stakeholder), the context of B–R (e.g. intervention, trial design), the reason for 
the use of the B–R method, brief explanations of methods, and the strengths and limitations of each 
approach (as detailed in the publication).

Results

In total, 1196 articles were identified, with 76 extracted (Figure 4). The 97 methods that were identified 
were categorised into seven groups; common examples are presented in Table 7, along with information 
about whether or not additional data would be required on top of usual data collection to include these 
in a NIHR HTA RCT. Figure 5 shows how these groups of methods interact and indicates the split when 
additional data would be required.

Key recommendations from regulatory agencies, which commonly use B–R methods to assess the 
balance of drugs, are summarised in Table 8 and have been used to suggest which methods may be 
appropriate in a range of circumstances.
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Limitations

The use of a rapid literature review was selected because of the limit on time and resources in 
this project. This is not as thorough as a full systematic review,29 which could have resulted in less 
representative results. However, comparing the results of the rapid review with another published 
systematic review showed that more methods were identified in our review and none were omitted, 
providing some reassurance.

Records identified through
database searching

(n=1254)
• Iteration 1, n=61
• Iteration 2, n=1193

Additional records identified
through other sources

(n=162)
• Citation search, n=162

Records after duplicates
removed
(n=1196)

Records (title/abstract)
screened
(n=1196)

Full-text articles assessed for
eligibility
(n=103)

Articles included in qualitative
synthesis
(n=76)

Records excluded
(n=1093)

Full-text articles excluded
(n=27)

• B–R methodology not
    discussed, n=17
• Identified in citation review
    and content already
    covered, n=6
• Not applicable to RCT
    outcomes, n=2
• Paper retracted, n=1
• Review of book about B–R
    methods, n=1
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FIGURE 4 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart from article 
identification to inclusion for the rapid review.
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TABLE 7 Benefit–risk method groups created from the rapid review

Method group Example methods Reason
Additional data 
required?

Overarching 
framework

BRAT framework

PrOACT-URL framework

Overview of the whole B–R process. Provides 
consistency and transparency in the process

No

Summary table BRAT key B–R summary 
table

PrOACT-URL effects table

When multiple outcomes of interest are present 
in a trial, the use of a quantitative summary table 
provides transparency and consistency with the 
reporting of the trial results and the subjective 
decision made on the trade-offs between outcomes

No

Preference 
elicitation

DCE To elicit the preferences of key stakeholders, who 
often include patients

Yes

Quantitative 
trade-off

Number needed to  
treat

QALYs

Incremental net health 
benefit

Multi-criteria decision 
analysis

Stochastic multiattribute 
acceptability analysis

To be used when multiple outcomes of interest are 
contained in the trial and the conversion to provide 
directly comparable metrics or synthesis into a single 
metric is desired

By using an official process for this, it provides con-
sistency and transparency to the final comparison 
between health technologies on multiple outcomes 
and removes the subjectivity of the trial team

In some cases 
depending on 
the method

Uncertainty 
estimation

Probabilistic simulation 
method

Monte Carlo simulations

To provide transparency on the uncertainty in 
treatment comparisons and results

In some cases 
depending on 
the method

Visualisations Decision tree

Forest plot

Provides consistency and transparency on the data 
gathered in the trial that contribute to the final 
treatment recommendations

No

Summary table

Descriptive framework

Narrative
summary

No additional information
needed

Quantitative
trade-off without

extra data

Visualisations
Additional information needed

Preference
elicitation

Uncertainty
estimation

Quantitative
trade-off

Quantitative
trade-off with

extra data

FIGURE 5 Benefit–risk method groups from the rapid review and their interactions.
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TABLE 8 Summary of benefit–risk regulatory requirements found from grey literature

Organisation Location Recommendations

Tandvårds- och läkemedelsförmånsverket48 Sweden • Suggest use of QALYs

European Medicines Agency49–52 Europe • Incorporate a structured list of benefit and risk criteria 
and be explicit about the importance of these criteria

• Structured and mainly qualitative approach
• Describe sources of uncertainty and variability and 

their impact
• Use of effects table

Food and Drug Administration53–57 USA • Incorporate patient perspectives
• Use Food and Drug Administration B–R framework
• Use qualitative descriptive approach, with quantitative 

detail for each criteria
• Consideration of key benefits and risks and clinical 

meaning
• For each benefit/risk: evidence, uncertainties and 

conclusions, with reasons

Health Canada58 Canada • Qualitative conclusion about the balance of benefits 
and risks

Health Sciences Authority Singapore59,60 Singapore • Use of a periodic B–R evaluation report

International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals 
for Human Use61

Worldwide • All benefits and risks are specified and then key  
benefits/risks are identified for evaluation

• Consider clinical importance
• Strengths, weaknesses and uncertainties in the  

evidence
• Weighting and judgement described

International Risk Governance Centre62 Switzerland • Characterisation of risks and risk evaluation
• Engagement of stakeholders for perceptions of risks
• Assess social concerns and socioeconomic impact
• Assess uncertainty and ambiguity
• Evaluate potential trade-offs between benefit and 

risks

Institut für Qualität und Wirtschaftlichkeit im 
Gesundheitswesen63

Germany • Suggest use of QALYs
• Specify uncertainty
• Consider the net health benefit

Medsafe64 New 
Zealand

• Use of value-tree
• Identify benefits and harms separately
• Use of integrated B–R statement

Pharmaceuticals and Medical Devices 
Agency65

Japan • Completion of a risk management plan
• Identify risk population and seriousness of disease, 

complications and background incidence rates
• Assess adverse reactions, including their influence on 

the B–R balance
• Relevant evidence from overseas
• Outline identified and potential risks, as well as  

missing information

Therapeutic Goods Administration66 Australia • Apply scientific and clinical expertise to decision- 
making

• Patient perspective
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Appendix 3 Expert consensus workshop  
(work package 3)

Methods

Experts were invited to join the consensus workshop through several avenues:

• Respondents to the survey who expressed interest in the workshop were provided with 
further information.

• All co-applicants of the BRAINS project were invited.
• Experts from NIHR funding panels were provided with information about the workshop.
• Prominent experts in the area were invited directly.

The workshop contained presentations over the 2 days to support the discussions and, ultimately, the 
recommendations produced. The presentations were based on the findings from the two previous work 
packages (WPs) and included:

1. background to the project and its focus, highlighting the perspective of the funder who commis-
sioned the work

2. results from the survey
3. background to the different trial designs (i.e. superiority, equivalence and non-inferiority), with 

examples
4. results from the rapid literature review
5. an overview of available B–R methods
6. background to the differences between the regulatory and publicly funded setting
7. an introduction to other checklists, also highlighting the purpose of improving reporting.

Two different techniques were used in the workshop to answer the research objectives. NGT was used 
as a consensus methodology to enable the generation of item lists, and open discussions were used to 
produce themes.

The NGT is an interactive multistage methodology through which group consensus can be sought 
during a face-to-face meeting.6 This structured approach has several benefits, as it encourages equal 
and wide-ranging contributions from all participants and helps to reduce conflict and the potential for 
the discussion to be dominated by some participants. In addition, it can be completed in a relatively 
short time.

The potential use of B–R in clinical trials has additional complexities because of the number of methods, 
reasons for use and perspectives to consider. Therefore, an open discussion was held to ensure that 
no restrictions on points of discussion were in place. In addition, other relevant discussions ensued 
during the workshop following the presentations. Each of the workshop sessions was recorded and the 
recordings from the open discussion regarding the appropriateness of when to use B–R methods, as well 
as other relevant discussions, were transcribed verbatim. These transcripts were analysed thematically 
to identify key themes.7

Results

The key participant characteristics are shown in Table 9. Some participants spanned multiple sectors, 
but their primary purpose for being at the workshop was recorded. The workshop attendees provided a 
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good mix of those early in their career, developing in their career and in senior positions. This provided 
an overview of experiences within the group.

Trial design factors
Twenty-eight discrete items were suggested in the brainstorming round and were subsequently 
categorised into six overarching categories. After two voting rounds, there was consensus to include 16 
of the items. A further three items were included when the results were discussed with the oversight 
committee, resulting in the 19-item list in Factors for selecting a trial design.

Benefit–risk inclusion
Six themes were extracted from the transcripts, supported by the literature review findings that provide 
reasons for using B–R methods. A further six items have been included as general considerations for 
using B–R methods; a seventh item was added following review from the oversight team. In addition, 
information was gathered about whether or not the selected trial design affected the B–R method that 
was used to support data from the survey and literature review.

Benefit–risk reporting items
Twelve items were suggested during the brainstorming round. Five items were identified when reporting 
the design of the trial. For consistency, these five items, plus an additional two items, were identified 
for inclusion when reporting results of the trial. After both rounds of voting, there was consensus to 
include all items, resulting in the five- and seven-item checklists in Checklist for reporting on trial design 
and results.

Limitations

One limitation relates to the relatively small number of people who took part in this stage of the 
research. Owing to the limited use of B–R methods in the publicly funded setting, it was always going 
to be challenging to achieve a large sample size. Unfortunately, this means that the workshop is unlikely 
to have been widely representative; however, participants in the consensus workshop represented a 
range of specialties and perspectives, which helped to make up for the small number. As the aim was to 
achieve expert consensus, the representation achieved was suitable to reach the required conclusions. 
In addition, the draft results were shared with other researchers in the area, who were unable to attend 
the workshop, for input and confirmation.

TABLE 9 Demographics of the expert consensus workshop participants

Characteristic Number (%) (N = 15)

Sector

  Academia 10 (66)

  Funding body 3 (20)

  Industry 1 (7)

  NHS 1 (7)

Discipline

  Statistics 8 (53)

  Health economics 4 (27)

  Trial/programme management 2 (13)

  Clinical 1 (7)
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Appendix 4 Trial design: further examples

Example 2: equivalence

The Individualised Screening for Diabetic Retinopathy (ISDR) study67 is funded by NIHR to evaluate 
standard annual screening against individualised, risk-based, variable-interval screening for people with 
diabetes. Box 3 presents the completed trial selection considerations.

BOX 3 Trial design selection checklist example for an equivalence trial

1: Population

1a: What is the trial population?

The trial population is patients with diabetes attending screening clinics for diabetic retinopathy. As this is a 
screening visit, the population may be influenced by other factors, such as ease of access, which will have an 
impact on their attendance.

1b: What are the subpopulations of interest?

There are three retinopathy groups for estimated risk of developing sight-threatening diabetic retinopathy. 
The results should be consistent in direction for all of these groups; however, subgroup analyses may suggest 
that the intervention is most effective for certain subgroups.

2: Intervention

2a: What is the intervention?

The intervention is an individualised, risk-based, variable-interval screening (at 6, 12 or 14 months). As a 
screening plan, this is similar to the comparator, but the idea of the intervention being more individualised 
may make patients more willing to comply with the schedule.

3: Comparator

3a: What is the comparator?

The comparator is annual screening visits for all patients.

3b: What is current practice or standard care?

Annual screening visits is being used as the comparator.

3c: What evidence is there in relation to the comparator?

‘Previous studies have shown that screening for diabetic retinopathy is a highly cost-effective intervention’;67 
however, the use of annual visits was determined by clinical expert opinion and not direct evidence.

4: Outcomes

4a: What are the priorities of different outcomes?

The most important outcome is the attendance rate for screening, to ensure that the intervention is not 
reducing the number of patients who are attending or, overall, increasing the number of appointments to an 
unfeasible level. The detection of sight-threatening diabetic retinopathy is also important, to ensure that the 
incidence rate of this is not made worse.
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4b: How many clinical outcomes are key to eventual decision-making?

The aims are to evaluate the safety, acceptability and cost-effectiveness, which relates to many outcomes, 
namely attendance rate, detection of sight-threatening diabetic retinopathy cases and cost per QALY. 
Therefore, multiple outcomes are important for eventual decisions.

4c: What are the superiority outcomes?

It is hypothesised that the intervention will be more cost-effective than the control, as patients at high risk 
will be seen more often and, therefore, are likely to have any issues identified early. For those at lower risk, 
the benefit is they will have a longer interval between follow-ups.

4d: Are the costs of the comparator and intervention being considered?

The costs of the two health technologies are, potentially, comparable, should the overall attendance rates be 
deemed equivalent in each arm, but this is to be assessed in the trial.

4e: Is non-inferiority or equivalence on the primary outcome plausible?

Owing to the current evidence that screening is effective, but without any detail on the frequency of the 
screening, it is plausible that the two health technologies would be equivalent. An increase in attendance 
rates is not desired because of the funding and resourcing; therefore, an equivalence design is required, rather 
than a non-inferiority design.

4f: What are the health economic outcomes?

Cost-effectiveness is the key superiority outcome; however, this must be supported by clinical information on 
the attendance rates and detection of sight-threatening diabetic retinopathy.

5: Feasibility

5a: What is the sample size?

The sample size for an equivalence study is 4460 patients, which is felt to be feasible within a reasonable time 
frame (i.e. 18 months).

5b: What is the VoI for the different trial designs?

The evidence does not support a superiority trial, so the value of the additional information related to an 
equivalence/non-inferiority design would be worthwhile for the additional costs that this would incur. As 
resourcing is a considerable issue, ensuring that attendance is constrained would be important within the trial 
as, otherwise, the intervention may not be implemented; therefore, the use of an equivalence design could 
be worthwhile.

6: Perspectives

6a: What ethics considerations are there?

Ethically, it is important that this trial shows at least non-inferiority on the outcomes of attendance 
and detection of sight-threatening diabetic retinopathy, as a screening package is already in place in 
regular practice.

BOX 3 Trial design selection checklist example for an equivalence trial (continued)
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6b: What is the perspective of patients and service users?

Patients played an integral part in the design and felt that it was important to consider the attendance rates 
and detection of sight-threatening diabetic retinopathy. They were convinced by the idea of an equivalence or 
non-inferiority trial design for the benefit of a risk-based screening programme, and a personalised screening 
schedule based on risk may be attractive to patients.

6c: What is the perspective of decision-makers?

The trial was funded by the NIHR Programme Grants for Applied Research (PGfAR) programme. Cost-effectiveness 
is a key outcome for the NHS, and an improvement in this would be attractive; therefore, it would be important to 
show equivalence/non-inferiority on the health outcomes to ensure that these are not being affected.

6d: What is the perspective of clinicians?

Clinicians may need strong evidence of equivalence/non-inferiority to implement a strategy whereby 
some patients are seen less often; however, the idea of seeing higher-risk patients more often may be 
attractive to them. However, this would need to be shown to be cost-effective in the long run to make this 
increase worthwhile.

6e: What is the impact on different sectors (e.g. health, education, social care)?

There is no impact on other sectors that is considered to be important.

Given the lack of evidence around the timing of screening and the similarity between the groups, 
there is limited evidence that superiority would be seen on any of the health or screening attendance 
outcomes. These are the two key outcomes to assess in the trial, alongside the cost-effectiveness, 
meaning that consideration of equivalence or non-inferiority should be considered.

There is a resource constraint in the health-care system around the number of screening visits, which 
suggests that equivalence would be required on this outcome, whereas non-inferiority would be 
required for detection of sight-threatening diabetic retinopathy.

Although an equivalence design would require a larger sample size, it was felt that it was feasible to 
achieve such a sample in the trial population. In addition, the equivalence restriction is essential to 
answering the research question and, therefore, the increased sample size (and, thus, cost) was felt to be 
good value for money.

Example 3: non-inferiority

PRaCTICED (Pragmatic Randomised Controlled Trial assessing the non-Inferiority of Counselling and 
its Effectiveness for Depression)68 aimed to assess counselling for depression (CfD) against cognitive–
behavioural therapy (CBT) in primary care patients who had suffered with depression. Box 4 considers 
the factors that influenced the selection of the trial design.

BOX 3 Trial design selection checklist example for an equivalence trial (continued)
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BOX 4 Trial design selection checklist example for a non-inferiority trial

1: Population

1a: What is the trial population?

The population is patients with a diagnosis of moderate or severe depression accessing Improving Access to 
Psychological Therapies services. Depression is a difficult condition that can affect many aspects of a patient’s 
life and, therefore, there is good reason to believe that there would be multiple outcomes of interest.

1b: What are the subpopulations of interest?

Subgroups have been identified as important based on the severity of diagnosis and the time to starting 
therapy. There are no hypotheses about some subgroups reacting in different directions to others, but this is 
being included for investigation.

2: Intervention

2a: What is the intervention?

CfD is similar to the comparator in that they both aim to help those with depression through therapy, 
although they differ in their frameworks. Current evidence does not suggest that superiority over the 
comparator is plausible.

3: Comparator

3a: What is the comparator?

The comparator is CBT, which is an active treatment.

3b: What is current practice or standard care?

CBT was recommended as a front-line psychological intervention by a NICE review69 and so is commonly 
used in practice. This is the comparator in the trial; therefore, superiority regarding effectiveness may not 
be plausible.

3c: What evidence is there in relation to the comparator?

There is a robust evidence base for the benefit of CBT for patients with depression and, therefore, a non-
inferiority or equivalence design to compare against this as the comparator would be appropriate.

4: Outcomes

4a: What are the priorities of different outcomes?

The key outcome is the patient’s depression and whether or not this is being treated effectively.

4b: How many clinical outcomes are key to eventual decision-making?

There are three key outcomes that could influence the eventual treatment decision: (1) depression, (2) patient 
preference (and, therefore, uptake of treatment) and (3) cost-effectiveness.

4c: What are the superiority outcomes?

CfD (the intervention) requires fewer formal qualifications so a larger number of therapists are available to 
deliver the intervention; therefore, costs and cost-effectiveness may be improved. However, there is little 
evidence to suggest that superiority would be found for the outcome of depression.
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4d: Are the costs of the comparator and intervention being considered?

The cost of delivering the intervention is hypothesised to be marginally cheaper and this is an important 
evaluation in the study.

4e: Is non-inferiority or equivalence on the primary outcome plausible?

Non-inferiority of the two therapies for the outcome of depression is plausible, and previous evidence 
suggests that a non-inferiority design is appropriate. The need for equivalence is not required here, as 
improvement in the outcome of depression is desirable and there is no reason for it to be limited.

4f: What are the health economic outcomes?

Cost-effectiveness is a key outcome of the trial, but is in addition to the health outcome.

5: Feasibility

5a: What is the sample size?

A sample size of 550 patients has been calculated for the non-inferiority design, and the team believes that it 
is possible to recruit this number within 36 months.

5b: What is the VoI for the different trial designs?

The previous literature suggested that a superiority outcome between the two health technologies is not 
realistic. An equivalence study would require a larger sample size and it is not required for CfD to be non-
superior in this case; therefore, the additional information provided is not of value.

6: Perspectives

6a: What ethics considerations are there?

It would not be ethical to test against no treatment, as CBT is routinely offered and recommended.

6b: What is the perspective of patients and service users?

The preference of patients is a key element in this trial, as some may have a preference for one of the two 
therapies. Evidence is required to show the comparison between the two therapies as, if they are similar, then 
patient preference can be taken into consideration in treatment decisions.

6c: What is the perspective of decision-makers?

If more cost-effective, the treatment would be attractive to funders. However, it is important for the 
treatment to be non-inferior on patient outcomes of depression; otherwise, it would not be considered.

6d: What is the perspective of clinicians?

Clinicians may have a preference for one treatment method over the other and, therefore, robust evidence 
of a difference in efficacy between the two is required. As CBT is the currently recommended treatment, 
CfD would need to be non-inferior for clinicians to consider changing their practice, and patient preference 
information would need to indicate that this change would be desired by patients.

6e: What is the impact on different sectors (e.g. health, education, social care)?

No other impact outside this sector is considered to be important.

BOX 4 Trial design selection checklist example for a non-inferiority trial (continued)
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The primary outcome for this trial must be the patient’s depression, to ensure that this is sufficiently 
treated by the interventions. Owing to the similarity of the two interventions, there is no evidence 
base to suggest that the intervention would be superior to the comparator; however, it may be cheaper 
and/or preferred by patients. As patient preference is often related to the efficacy of a treatment and 
not cost-effectiveness, this suggests that it would be important to demonstrate non-inferiority on 
the key outcome (i.e. depression). To change practice, the delta value chosen for the non-inferiority 
margin may need to be small in order for patients, clinicians and decision-makers to see this as a 
worthwhile treatment.

There is no restriction on an improvement in the outcome of depression for the intervention and, 
therefore, the added complexity of an equivalence design is not required. This trial was designed, using 
depression as the primary outcome, on a non-inferiority basis.
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Appendix 5 Checklists for reporting

Checklist for reporting the trial design

Checklist item Present?

1: Reporting on trial design

1a: A heading labelled ‘benefit–risk’ □
   A specific section within the report that is labelled ‘benefit–risk’ and has all relevant information collated in it

1b: Explicit use of the term ‘benefit–risk’ □

1c: Plan for B–R assessment □
   A plan for the method of assessment defined a priori

1d: Anticipated benefits and risks □
   A list or table of the anticipated benefits and risks within the trial defined a priori

1e: Discuss B–R balance with PPI representatives □
   Confirmation that patients feel that the B–R trade-off is acceptable to them

Checklist for reporting the trial results

Checklist item Present?

2: Reporting on results

2a: A heading labelled ‘benefit–risk’ □
   A specific section within the report that is labelled ‘benefit–risk’ and has all relevant information col-

lated within it

2b: Explicit use of the term ‘benefit–risk’ □

2c: B–R methods used □
   A description of the B–R methods that have been used in the trial and/or analysis

2d: Summary table of B–R □
   A summary table, if applicable, containing all of the key outcomes defined at the trial design stage

2e: Reporting QALYs in terms of B–R □
   Reporting of the QALYs, disaggregated into QALYs gained and QALYs lost, if possible

2f: Realised risks (adverse events) □
   Information of the harms that were realised in the trial, supported by the CONSORT extension for harms

2g: Consider B–R judgement with patient representatives □
   Patient judgement on the B–R balance; this is especially important if patient preference has not  

been formally included in the analysis
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Appendix 6 Benefit–risk examples

Case studies of some of the mentioned B–R methods in Appendix 2 are shown in Table 10, including 
references for further detail, if required.

TABLE 10 Example of benefit–risk methods for each of the method groups identified in the rapid review

Description of study Method used

Narrative summary

Herceptin (trastuzumab) use in HER2-positive 
breast cancer treatment. The drug improves survival 
outcomes, but also increases the risk of cardiac 
toxicity

Narrative text:
The cumulative incidence of CE at 6 years was slightly 
higher with the addition of trastuzumab; however, the late 
development of CE is infrequent. Trastuzumab (in the context of 
anthracycline- and taxane-based therapy) continues to have a 
favourable benefit-risk ratio

Advani et al.70

Evaluation of the effectiveness of carbamazepine, 
gabapentin, lamotrigine, oxcarbazepine or topiramate 
for treatment of partial epilepsy. Assessment of time 
to treatment failure, 12-month remission, QALYs and 
cost-effectiveness on each drug to evaluate which is 
the best overall

Narrative text:
We have found lamotrigine to be significantly better for time 
to treatment failure than the current standard treatment, 
carbamazepine, and the newer drugs gabapentin and 
topiramate. For time to 12-month remission from seizures, 
lamotrigine was non-inferior to carbamazepine

Marson et al.71

Summary table and overarching framework

Comparison of two different triptan drugs. Benefits 
of the drugs were reduced pain, sensitivity, function 
and nausea; risks were other adverse events. The 
comparison aimed to find which of the two drugs 
was best at dealing with the benefits, without an 
increase in risks

BRAT framework: the example followed the six steps of the 
framework, including creating a value tree and a key B–R table

This table provided results for each of the important outcomes 
for the two drugs; odds ratios of the comparison, with confi-
dence intervals; and a forest plot for the results72

Comparison of efalizumab with placebo for the 
treatment of moderate to severe plaque psoriasis. 
The expected benefit is an improvement on the 
Psoriasis Area and Severity Index; however, there is 
the possibility of an increase in progressive multifocal 
leucoencephalopathy or other adverse events

PrOACT-URL framework: the example used the 12-step 
framework, which uses a table format to evaluate all of the 
relevant information needed to make a subjective decision73

Quantitative trade-off

Evaluating the use of topiramate against placebo 
for the reduction of heavy alcohol intake, adjusting 
for the additional presence of adverse events. 
Alcohol intake was measured using the number of 
heavy-drinking days and abstinent days; adverse 
events were considered overall, as well as being split 
into moderate and severe

NNT: the NNT was calculated for topiramate to assess the 
number of patients needed to find a successful outcome in 
one patient. The NNT was adjusted for moderate and severe 
adverse events separately to assess their impact on this 
outcome74

Evaluate a new product against placebo aimed to 
assist with weight loss. Adverse events that have 
been identified are nausea, diarrhoea and, in a very 
few cases, cardiovascular events. All of this informa-
tion, along with the population epidemiology and the 
QALY impact, was considered important

INHB: QALYs for the expected benefits and risks were calcu-
lated separately and the INHB (i.e. net QALY) per patient was 
calculated as the difference between the two. These values 
were multiplied by the population entering the treatment 
annually to obtain the annual INHB75

continued
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Description of study Method used

Treatment of moderate to severe atopic dermatitis 
and plaque psoriasis using dupilumab or secukinumab, 
based on 13 key criteria, including disease severity, 
clinical effectiveness, safety, cost consequences and 
expert consensus

MCDA: the 13 criteria were used to obtain an overall value 
of the interventions for direct comparison. An expert panel 
assigned weights to each criterion; using data on the two 
drugs, experts allocate a score to each criterion for each drug. 
These criteria were used to gain an overall value, which was 
transformed on the 0–1 scale. A forest plot for the differences 
on each criterion (including variation) was then created and 
included the overall value estimate to show the preferred drug76

Assessment of using venlafaxine and fluoxetine 
to treat depression. Benefits were a reduction 
in depression symptoms based on the Hamilton 
Depression Rating Scale; risks were three key 
adverse events (i.e. nausea, insomnia and anxiety)

SMAA: using the four criteria, risk differences were evaluated 
for each drug, along with scaling vectors which are used to gain 
parameter values and, ultimately, rank acceptability indices. This 
was completed with and without preference information77

Preference elicitation

Elicit the preference regarding five antiepileptic 
drugs (i.e. carbamazepine, gabapentin, topiramate, 
valproate and lamotrigine), based on six attributes 
to assess the acceptable trade-off of the adverse 
events that come with an improvement in seizures. 
The beneficial attributes were seizure prevention 
and seizure reduction. The harmful attributes were 
memory issues, depression, aggression and preg-
nancy issues

DCE: experts were used to elicit the attributes in the first 
stage; these were then included in a survey, with trade-offs 
based on the attributes at different levels (assessed using 
appropriate data). The trade-offs chosen by respondents 
allowed the calculation of the maximum acceptable level of 
risk for each risk based on an improvement in the benefits. The 
preference-weighted outcomes were then applied to the data 
from the four drugs and the total utility calculated as the sum 
of the weighted outcomes to assess the treatment preferred by 
patients overall34

Uncertainty estimation

Compare two heparin options (i.e. low molecular 
weight and low-dose unfractionated) as prophylaxis 
against deep-vein thrombosis for the treatment 
of high-risk patients. There is a need to assess the 
potential increased risk of a major bleed

PSM: information on the estimated probability of deep-vein 
thrombosis and a major bleed is taken, along with measures 
of uncertainty for both. A probabilistic model was created that 
uses this information and Monte Carlo simulations were run 
to provide a joint uncertainty of the risks and benefits. These 
results were plotted on a B–R plane and the chance of each 
quadrant of benefit against risk was evaluated78

Visualisation

Evaluate the efficacy and safety of two antipsychotic 
drugs (i.e. olanzapine and perphenazine) for 
schizophrenic patients. A total of 14 key outcomes 
were considered. Efficacy outcomes were related 
to discontinuation, whereas safety outcomes were 
based on adverse events, hospitalisation, the use of 
further medication and weight gain

Forest plot: the risk differences between the two drugs for each 
of the 14 outcomes were plotted on a forest plot. This includes 
the confidence interval to show the uncertainty within each 
data point. The line used at 0 shows which side will favour each 
drug and the bars are ordered in decreasing effect size and 
shaded with two different colours to show the benefits and the 
risks, separately31

CE, cardiac events; HER2, human epidermal growth factor receptor 2; INHB, incremental net health benefit;  
MCDA, multicriteria decision analysis; NNT, number needed to treat; PrOACT-URL, Problems, Objectives, Alternatives, 
Consequences, Trade-offs, Uncertainity, Risk attitudes, and Linked decisions; PSM, probabilistic simulation method; 
SMAA, stochastic multiattribute acceptability analysis.

TABLE 10 The B–R examples for each method group (continued)
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