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STUDY PROTOCOL Open Access

Utilising benefit-risk assessments within
clinical trials—a protocol for the BRAINS
project
Nikki Totton1* , Steven Julious1, Dyfrig Hughes2, Jonathan Cook3, Katie Biggs1, Lizzie Coates1, Andrew Cook4,

Catherine Hewitt5 and Simon Day6

Abstract

Background: Depending on the treatment to be investigated, a clinical trial could be designed to assess objectives

of superiority, equivalence or non-inferiority. The design of the study is affected by many different elements

including the control treatment, the primary outcome and associated relationships.

In some studies, there could be more than one outcome of interest. In these situations, benefit-risk methodologies

could be used to assess the outcomes simultaneously and consider the trade-off between the benefits against the

risks of a treatment.

Benefit-risk is used within the regulatory industry but seldom included within publicly funded clinical trials within

the UK. This project aims to gain an expert consensus on how to select the appropriate trial design (e.g. superiority)

and when to consider including benefit-risk methods.

Methods: The project will consist of four work packages:

1. A web-based survey to elicit current experiences and opinions,

2. A rapid literature review to assess any current recommendations,

3. A two-day consensus workshop to gain agreement on the recommendations, and

4. Production of a guidance document.

Discussion: The aim of the project is to provide a guideline for clinical researchers, grant funding bodies and

reviewers for grant bodies for how to select the most appropriate trial design and when it is appropriate to

consider using benefit-risk methods. The focus of the guideline will be on publicly funded trials however, the vision

is that the work will be applicable across research settings and we will connect with other organisations and

committees as appropriate.
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Background

Randomised controlled trials (RCTs) are a rigorous

methodology used to compare health technologies on a

multitude of outcomes in a real-world setting. Often, the

aim of an RCT is to provide evidence that a new health

technology (HT) is superior to current practice (super-

iority trial design). As more HTs come into practice, it is

common for current practice to be an existing HT. In

these circumstances, it is important that the RCTs show

the new HT is equivalent, or at least not inferior, to the

existing one on the primary health outcome and this re-

mains the primary outcome of the study (equivalence or

non-inferiority trial design). Equivalence suggests the

two HTs are “not too different” [1] to each other whilst

non-inferiority implies that the “new intervention is ‘not

unacceptably worse’ than the intervention used as the

control” [2].

Key elements of the study, such as the sample size, are

dependent on the selected primary outcome and related

trial design. However, particularly with equivalence and

non-inferiority designs, there are other important out-

comes within the study to consider. Considering mul-

tiple outcomes reflects the complexity of policy

decisions, where information on clinical effectiveness,

safety, cost, convenience and/or time could be consid-

ered when choosing whether to implement across the

National Health Service (NHS).

Benefit-risk (B-R) methodologies can be used in these

situations to consider the trade-off between outcomes

and evaluate “whether its benefits outweigh its risks” [3].

This is therefore providing a comparison of competing

treatments over multiple outcomes. B-R methodology is

already commonly used within the regulatory setting

where it is important for regulators to be able to evalu-

ate the benefits of a drug against its harms [4]. In 2007,

the European Medicine Agency (EMA) published a re-

port which showed the potential value of existing B-R

models and methods [5, 6] and further created decision-

making models for use in this area [7].

In the UK, the National Institute for Health Research

(NIHR) and the Medical Research Council (MRC) pub-

licly fund RCTs to provide the evidence to inform na-

tional policy decisions on HTs. Utilising the B-R

methods used in regulatory, drug trials in a publicly

funded setting requires additional considerations such as

economic outcomes and funder perspective.

There are signs that recent work in this area has begun

to influence practice [8]. However, these methods are

often considered during the analysis phase of the study

and not at the design stage which would help to ensure

all appropriate information is collected to complete this

work during analysis.

Further work is required to consider when different

trial designs are appropriate, evaluate the current

practice of using B-R in practice for these situations and

gain expert consensus on the appropriateness of B-R in

this setting to enable the production of more compre-

hensive guidance for this context.

Aims and objectives

The overall aim of this study is to provide consensus-

driven guidance for the inclusion of B-R approaches

within the design of NIHR/MRC funded RCTs.

This aim will be achieved by completing the following

specific objectives:

1. Review current practice of B-R methodology in re-

lation to different trial designs (superiority, equiva-

lence, non-inferiority),

2. Review recommended B-R methodologies and the

rationale for use within RCTs,

3. Achieve expert consensus on how to select an

appropriate trial design and when to consider

implementing the recommended B-R

methodologies,

4. Produce guidance to inform the inclusion of B-R

methodologies within RCTs for NIHR/MRC trials.

Methods

The project has been split into four work packages

(WPs) to represent the four objectives.

� WP1. A survey of relevant researchers about their

experiences of using B-R methodologies within

RCTs,

� WP2. A rapid literature review to assess any current

recommendations for B-R methodologies,

� WP3. A two-day consensus workshop to gain agree-

ment on the recommended design and methods that

could be used in the NIHR/MRC setting,

� WP4. Create a guidance document to aid

researchers on designing studies and potentially

including B-R methodologies within NIHR/MRC

grant applications.

WP1—survey

A web-based survey of current practice will be con-

ducted using the Qualtrics [9] platform. The main ob-

jective of the survey is to elicit current use and initial

opinions on the use of B-R methodologies in RCTs (in-

dustry or publicly funded). In addition, it will be used to

identify any methodological updates currently in pro-

gress and understand the information required to be

within the final guidance document.

The survey will be sent via email to a range of key

stakeholders within clinical trials including representa-

tives of trial funding bodies, experts and researchers
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known to be working in the field to get a range of

experiences.

Summary statistics will be completed on the results from

the survey and presented as means and standard deviations

or medians and inter-quartile ranges for continuous data

and counts and percentages for categorical data. No formal

statistical testing will take place on the survey data.

WP2—literature search

A rapid methodological [10] review will be conducted of

the published and unpublished guidance on B-R meth-

odology using a pearl growing technique. Pearl growing

is a method of iteratively developing search strategies

based on the thesaurus and free-text terms associated

with articles of known relevance [11]. This will comple-

ment the review completed by the PROTECT group

which focussed on B-R in drug development [12] by

concentrating on B-R methodologies recommended for

use in RCTs.

Eligible material will be published and unpublished

guidance and methodological articles in English propos-

ing B-R methodology between 1999 and 2019. This

chosen time period was to ensure sufficient article iden-

tification without repetition and was supported by the

timelines presented by Garrison [13]. Formal search

strategies will search MEDLINE and Web of Science

starting with key terms and papers known to the re-

search team to identify MeSH headings for the formal

search strategy. Informal search strategies will focus on

Google Scholar, grey literature, reference and citation

tracking [14]. The review will be registered on

PROSPERO.

The review will link sources to broad methodological

categories with other variables including context, ration-

ale, procedures and author-identified methodological

strengths and limitations. No formal, pre-specified as-

sessment of methodological quality will take place with

deductive reasoning - that bias could be a formal logical

consequence of the proposed method—explicated in the

narrative synthesis. We will apply the constant compari-

son method to extracted data [10]. Narrative synthesis

will involve one or more tables of B-R rationale and

practices.

The results from the literature search will be coupled

with the survey responses (WP1) to produce an overview

of current possible methods of B-R, their potential uses

in RCTs and any strengths and weaknesses found within

the literature related to each one. These findings will

then feed into the workshop to facilitate discussion

about appropriate B-R methodologies.

WP3—workshop

To reach consensus on how to select a trial design and

when to use B-R methodologies, a 2-day expert

consensus workshop will be completed which will in-

clude presentations, discussions and use the Nominal

Group Technique (NGT) to reach consensus as appro-

priate [15]. NGT is an interactive multi-stage approach

which is designed to combine opinion into group con-

sensus during a structured face-to-face meeting. This fa-

cilitates the generation of a wide range of ideas,

encourages equal participation, helps to avoid conflict

and the possibility of some viewpoints dominating and

crucially enables the achievement of a credible solution

within a short timeframe.

Elements of the workshop will be:

1. A briefing document which summarised the

findings of the survey and literature review

(containing all B-R approaches identified) will be

sent to workshop participants in advance;

2. Presentations will be used to set the scene of the

workshop and give all the necessary background

information to the topic. This will from different

perspectives, e.g. methodology and application so

that all outlooks can be considered in the

discussions.

3. Brainstorming round/s—panel members will be

asked to record their individual thoughts on

elements of the guidance such as designing

superiority/non-inferiority studies and using B-R

methodologies. A “round robin” sharing of ideas will

then be completed to allow identification of all po-

tential approaches, followed by a structured whole

group discussion;

4. A preliminary rating round will be completed to

gain preferences on design and use of B-R method-

ologies, the results of which will be considered

within a second structured group discussion; and

5. A second, final round of rating will be completed to

elicit the final preferences of approaches.

Participants of the workshop will be co-applicants of

the project along with additional members identified

from the responses to the survey. Participants will be in-

vited to aim for input across the industry, academia, fun-

ders and policy makers from within the UK and

internationally if felt appropriate.

Key discussions from the workshop will be recorded,

transcribed and analysed using thematic analysis [16]

supported by the NVivo software. These results will be

used to provide further detail to the preferences stated

within the NGT.

WP4—guidance document

Using the information gained in WP1–3 with a focus on

results from the workshop, a guidance document will be

written to incorporate the opinions and preferences of
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the expert group. The guidance will describe the

methods for selecting a trial design, when it is appropri-

ate to use B-R methods and how this relates to the dif-

ferent trial designs. Any key recommendations about

particular methods will also be made as appropriate.

Recommendations will be illustrated using RCT case

studies.

Sample size

There will be no limit to the number of participants

approached for inclusion in the survey and it is antici-

pated there will be between 25 and 30 participants at the

workshop. Guidance on consensus methodology is not

overly prescriptive on sample size. Whilst Murphy et al.

(1998) [17] recommend between 6 and 12 participants,

it was hoped to accommodate a larger number for this

project, in-keeping with previous similar work [18], to

ensure that all stakeholder groups are represented.

Dissemination

The guidance document produced from this project will

be reported to the MRC and NIHR as well as other

funding bodies and stakeholders. The guidance will be

published in an appropriate peer-reviewed journal and

presented at relevant conferences.

Project management

The co-applicants of the study will make up an oversight

committee which will provide strategic input to the

focus, methodology and outputs of the project. These

members have a wide range of experience of clinical tri-

als within academia and the pharmaceutical industry to

give a range of perspectives to direct the project. There

will be two scheduled meetings with this group before

the workshop to provide an update to applicants and get

feedback as required.

A working group, consisting of SJ, JC, DH and NT,

will manage the day-to-day running of the project with

monthly meetings scheduled throughout the duration of

the project to keep up to date with progress.

Discussion

A guideline on selecting trial designs and using B-R

methodologies within NIHR/MRC funded clinical trials

could help facilitate their application in NHS policy deci-

sions. Our aim is to provide a guideline for clinical re-

searchers, grant funding bodies and reviewers for grant

bodies. The focus of the guideline will be on publicly

funded trials; however, the vision is the work will be ap-

plicable across research settings and we will connect

with other organisations and committees as appropriate.

Trial status

The WP1 survey was open between 21 May 2019 and 31

of July 2019. The WP2 full literature search was com-

pleted in July 2019 and extraction completed in August

2019. WP3, the workshop, ran in September 2019 and

the results from this and WP4, the guidance document

will be completed by April 2020. The current protocol is

Version 2 dated 10 May 2019. Recruitment within this

project was specific to each stage and the inclusions of

other experts’ input to the project have no limit. Al-

though the data from the workshop has been collected,

the information to include in the guidance document

(the key output from the study) will have input and add-

itional data included, as appropriate, from expert mem-

bers until saturated and the end date for inclusion

within the project will be once the guidance has been

submitted and the project closed down (April 2021).

Abbreviations

B-R: Benefit-risk; EMA: European Medicine Agency; HT: Health technology;

MeSH: Medical Subject Headings; MRC: Medical Research Council;

NGT: Nominal Group Technique; NHS: National Health Service; NIHR: National

Institute for Health Research; PROTECT: Pharmacoepidemiological Research

on Outcomes of Therapeutics by a European Consortium; RCT: Randomised

controlled trial; UK: United Kingdom; WP: Work package

Acknowledgements

Not applicable

Authors’ contributions

NT drafted the application and paper; SJ is the Principal Investigator for the

project; KB wrote the WP2 methods; EC wrote the WP3 methods; JC, DH, NT

and SJ were responsible for designing the methodology of the project. AC,

SD and CH gave expert insight and input to the grant application and the

protocol. All authors have read and approved the final manuscript.

Funding

This project is funded by the MRC as part of the Methodology State-of-the-

Art Workshops series which are designed to achieve clarity around best prac-

tice in methodology and to provide guidance to the community [19]. Award

number: MC_PC_18018. The funding body has had no role in the design,

collection, analysis, interpretation and writing the manuscript on top of the

commissioning brief they laid out for an interest in a guidance document

around benefit-risk and for this to contain a workshop.

Availability of data and materials

Not applicable

Ethics approval and consent to participate

The research has been ethically reviewed by the University of Sheffield’s

School of Health and Related Research’s Independent Ethics Committee

(Application Reference: 024952) which included a full Data Management

Plan. The project will abide by the guidelines of the MRC on Good Research

Practice, follow the Research Governance guidelines of the University of

Sheffield, and comply with the MRC statement on data sharing and

preservation managing access rights accordingly.

Participants will consent to participate for WP1 and WP3 within the project.

No personal data will be kept beyond the time when it is needed for

contact for the workshop and all results will be anonymised. Only those that

require it for analysis will have access to the data.

Consent for publication

Not applicable

Competing interests

The authors declare that they have no competing interests.

Totton et al. Trials           (2021) 22:68 Page 4 of 5



Author details
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. 4Wessex Institute, University of Southampton,

Southampton, UK. 5York Trials Unit, Department of Health Sciences,

University of York, York, UK. 6Clinical Trials Consulting & Training Limited,

Buckingham, UK.

Received: 9 March 2020 Accepted: 5 January 2021

References

1. Lesaffre E. Superiority, equivalence, and non-inferiority trials. Bulletin of the

NYU Hospital for Joint Diseases. 2008;66(2):150–4.

2. Schumi J, Wittes TJ. Through the looking glass: understanding non-inferiority. Trials.

2011;12(106):1–12 http://www.trialsjournal.com/content/12/1/106.

3. European Patients’ Academy. Benefit-Risk Assessment - EUPATI [Internet]. [cited 2019

Jul 15]. Available from: https://www.eupati.eu/glossary/benefit-risk-assessment/.

4. Mühlbacher AC, Juhnke C, Beyer AR, Garner S. Patient-focused benefit-risk

analysis to inform regulatory decisions: the European Union perspective.

Value in Health. 2016;19:734–40.

5. (EMA) EMA. Benefit-risk methodology. [Internet]. [cited 2019 Jul 26].

Available from: https://www.ema.europa.eu/en/about-us/support-research/

benefit-risk-methodology

6. European Medicine Agency (EMA) CHMP. Reflection paper on benefit–risk

assessment in the context of the evaluation of marketing authorization

applications of medicinal products for human use. [Internet]. [cited 2019 Jul

26]. Available from: https://www.ema.europa.eu/en/documents/regulatory-

procedural-guideline/reflection-paper-benefit-risk-assessment-methods-

context-evaluation-marketing-authorisation_en-0.pdf.

7. Phillips LD, Fasolo B, Zafiropoulos N, Beyer A. Is quantitative benefit-risk modelling of

drugs desirable or possible? Drug Discovery Today: Technologies; 2011.

8. Hughes DA, Bayoumi AM, Pirmohamed M. Current assessment of risk-

benefit by regulators: is it time to introduce decision analyses? Clinical

Pharmacology and Therapeutics; 2007.

9. Qualtrics. Qualtrics [Internet]. Provo; 2019. Available from: https://www.

qualtrics.com/. [cited 2019 May 7].

10. Gentles SJ, Charles C, Nicholas DB, Ploeg J, McKibbon KA. Reviewing the

research methods literature: principles and strategies illustrated by a systematic

overview of sampling in qualitative research. Syst Rev. 2016;5(1):172.

11. Schlosser RW, Wendt O, Bhavnani S, Nail-Chiwetalu B. Use of information-

seeking strategies for developing systematic reviews and engaging in

evidence-based practice: the application of traditional and comprehensive

pearl growing. A review. Int J Lang Commun Disord. 2006;41(5):567–82.

12. Mt-Isa S, Wang N, Hallgree C, Callréus T, Genov G, Hirsch I. Review of

methodologies for benefit and risk assessment of medication.

Pharmacoepidemiol Reseasch Outcomes Ther by a Eur Consort. 2013.

Available from: http://www.imi-protect.eu/documents/

ShahruletalReviewofmethodologiesforbenefitandriskassessmentofmedicationMay2

013.pdf. [cited 2019 Jul 26]

13. Garrison LP. Regulatory benefit-risk assessment and comparative

effectiveness research: strangers, bedfellows or strange bedfellows?

PharmacoEconomics. 2010;28(10):855–65.

14. Bakkalbasi N, Bauer K, Glover J, Wang L. Three options for citation tracking:

Google Scholar, Scopus and Web of Science. Biomed Digit Libr. 2006 Dec;3(1):7.

15. Van de Ven AH, Delbecq AL. The nominal group as a research instrument

for exploratory health studies. Am J Public Health. 1972;62(3):337–42.

16. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.

2006;3(2):77–101. https://doi.org/10.1191/1478088706qp063oa.

17. Murphy B, Black NA, Lamping MK, Sanderson A, et al. Consensus

development methods, and their use in clinical guideline development.

Health Technol. 1998;2(3).

18. Dimairo M, Coates E, Pallmann P, Todd S, Julious SA, Jaki T, et al.

Development process of a consensus-driven CONSORT extension for

randomised trials using an adaptive design. BMC Med. 2018.

19. Medical Research Council. MRC-NIHR Methodology State-of-the-Art

Workshop: complex risk-benefit analysis [Internet]. 2017. Available from:

https://mrc.ukri.org/funding/browse/mrc-nihr-methodology-workshop-2018/

mrc-nihr-methodology-state-of-the-art-workshop-complex-risk-benefit-

analysis/. [cited 2019 Jul 15].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Totton et al. Trials           (2021) 22:68 Page 5 of 5

http://www.trialsjournal.com/content/12/1/106
https://www.eupati.eu/glossary/benefit-risk-assessment/
https://www.ema.europa.eu/en/about-us/support-research/benefit-risk-methodology
https://www.ema.europa.eu/en/about-us/support-research/benefit-risk-methodology
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/reflection-paper-benefit-risk-assessment-methods-context-evaluation-marketing-authorisation_en-0.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/reflection-paper-benefit-risk-assessment-methods-context-evaluation-marketing-authorisation_en-0.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/reflection-paper-benefit-risk-assessment-methods-context-evaluation-marketing-authorisation_en-0.pdf
https://www.qualtrics.com/
https://www.qualtrics.com/
http://www.imi-protect.eu/documents/ShahruletalReviewofmethodologiesforbenefitandriskassessmentofmedicationMay2013.pdf
http://www.imi-protect.eu/documents/ShahruletalReviewofmethodologiesforbenefitandriskassessmentofmedicationMay2013.pdf
http://www.imi-protect.eu/documents/ShahruletalReviewofmethodologiesforbenefitandriskassessmentofmedicationMay2013.pdf
https://doi.org/10.1191/1478088706qp063oa
https://mrc.ukri.org/funding/browse/mrc-nihr-methodology-workshop-2018/mrc-nihr-methodology-state-of-the-art-workshop-complex-risk-benefit-analysis/
https://mrc.ukri.org/funding/browse/mrc-nihr-methodology-workshop-2018/mrc-nihr-methodology-state-of-the-art-workshop-complex-risk-benefit-analysis/
https://mrc.ukri.org/funding/browse/mrc-nihr-methodology-workshop-2018/mrc-nihr-methodology-state-of-the-art-workshop-complex-risk-benefit-analysis/

	Abstract
	Background
	Methods
	Discussion

	Background
	Aims and objectives
	Methods
	WP1—survey
	WP2—literature search
	WP3—workshop
	WP4—guidance document
	Sample size
	Dissemination
	Project management

	Discussion
	Trial status
	Abbreviations

	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

