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Abstract
We propose a short-cut heuristic approach to rapidly estimate value of information (VOI) using information commonly reported in a research funding application to make a case for the need for further evaluative research. We develop a “Rapid VOI” approach which focuses on uncertainty in the primary outcome of clinical effectiveness and uses this to explore the health consequences of decision uncertainty. We develop a freely accessible online tool, RANE (Rapid Assessment of the Need for Evidence), to allow for the efficient computation of the value of research. As a case study, the method was applied to a proposal for research on shoulder pain rehabilitation. The analysis was included as part of a successful application for research funding to the UK National Institute for Health and Care Research. Our approach enables research funders and applicants to rapidly estimate the value proposed research. Rapid VOI relies on information which is readily available and reported in research funding applications. Rapid VOI supports research prioritisation and commissioning decisions where there is insufficient time and resources available to develop and validate complex decision-analytic models. The method provides practical means for implementing VOI in practice, thus providing a starting point for deliberation and contributing to the transparency and accountability of research prioritisation decisions.
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Running heading
Rapid VOI
Key points
· We propose an approach to rapidly estimate the value of research funding applications. This method was developed so that it would be practical for those without extensive time and resources such as those submitting research funding applications and research funding bodies.
· The case study in the paper describes a proposal which was submitted to NIHR in the UK. This successful funding application utilised our method to support the case for new research. 
· To aid its implementation in practice this paper links to an online tool which implements our method https://shiny.york.ac.uk/rane/ 

1. Introduction
Empirical research provides the scientific foundation for modern medicine. Research can take many forms, such as randomised controlled trials (RCTs), observational studies, and feasibility studies, which provide additional evidence to support the use of health technologies. Regardless of its form, budgets to fund research and the resources required to carry it out are limited. Research prioritisation is the practice of choosing to fund certain research proposals at the expense of not funding others. This task is carried out by a range of national and international agencies. 

When making funding decisions across research proposals, the aim is to fund research that is efficient, effective and offers an improvement in population health outcomes. This complex task requires careful scrutiny by working closely with stakeholders across the health system to respond to research needs, improve health outcomes, and ensure that the research represents good value for money. Quantitative methods, which estimate the health impact of research projects, can improve the transparency and accountability of the research prioritisation process. Value of information (VOI) methods provide an analytic framework to quantify the expected benefits of research. VOI quantifies the extent to which further research resolves decision uncertainty, i.e. the probability weighted consequences of making an incorrect decision given current evidence (1-5). 

VOI methods were developed originally by Raiffa and Schlaifer in the context of business decision making with the aim of maximizing profit (6). They have since been adapted for use within healthcare decisionmaking with the aim of maximizing health (2, 7, 8). VOI has traditionally been applied within the context of probabilistic decision-analytic models used to inform health care decisions. Decision analytic models are mathematical structures used to inform decision making by comparing the costs and health effects associated with the relevant treatment options, with health benefits typically expressed in quality-adjusted life years (QALYs) (1). These models can range in complexity from relatively simple decision trees to more sophisticated patient level simulation models (9). 

Recent advances in “efficient computation” for VOI have substantially reduced the computation time required to calculate VOI metrics (10, 11). However, the large amount of time required to construct and validate decision models remains a barrier to uptake. Research funders often operate within rigid timelines, and so cannot easily delay decisions until a full decision model has been constructed (12, 13). Further, the standard information provided in research funding applications is not sufficient to construct full decision models. “Minimal modelling” approaches have been developed to overcome these barriers. Meltzer et al (2011) proposed a method based on individual patient data (14). Bennette et al (2016) developed an approach based on simple Markov models commonly seen in oncology (12, 13). An alternative approach was proposed by Claxton et al (2015), which places the focus on a primary outcome of relevance to the decision and uses it to understand the consequences of decision uncertainty, expressed in terms of the primary outcome (3, 15). This “Rapid VOI” approach assumes that the primary outcome reported in studies or a proposed new research study, typically captures the most important aspect of outcome for the decision. 

[bookmark: _Hlk163125844]The different approaches to VOI may be viewed as a “spectrum of complexity” (see Table 1). At one end of the spectrum is a narrative approach in which decision makers use the principles of VOI to compare research proposals without quantitative estimates. The principles of VOI are the insights which come from formal VOI literature, namely insights into the drivers of research value. Rapid VOI and minimal modelling approaches represent an increase in complexity relative to the narrative approach, requiring additional time, assumptions and resources but potentially providing additional insight. VOI calculated using full decision analytic models represents a further increase in complexity (16-18). It is important to note that additional complexity comes with potential benefits (better representation of reality) as well as costs (more resource intensive, less transparency to non-specialists). The appropriate level of complexity for a given context will depend on the needs of the decision maker. 

The aim of this paper is twofold. First, we aim to support narrative assessments of research value by showing how the principles of VOI can be used to interpret the standard information provided in research funding applications. Second, we build upon the Rapid VOI approach of Claxton et al to show how a minimal information set can be used to produce quantitative VOI estimates of research value (3). We have developed a freely available online tool, RANE (Rapid Assessment of the Need for Evidence), to calculate the value of research proposals to inform research funding and prioritisation decisions in a timely manner: https://shiny.york.ac.uk/rane/ (version 1.0). We illustrate the method using a research proposal which was successfully funded by the National Institute for Health and Care Research (NIHR) and included a Rapid VOI analysis.

[INSERT TABLE 1]
2. [bookmark: _Hlk131166155]Methods
[bookmark: _Hlk163125728]In this section, we describe the minimum requirements to conduct a rapid assessment of the value of research using the principles of VOI. Informed by these principles, we describe how each piece of information relates to the health consequences of uncertainty. If a narrative approach to research prioritisation is taken, then these principles can improve deliberation by clarifying the drivers of research value. In the case study section, we illustrate how to go beyond a narrative understanding by combining the information to create a quantitative estimate of research value.
[bookmark: _Hlk129707670]2.1 Information required for research prioritisation
2.1.1.Primary outcome measure
RCTs are commonly designed around a primary outcome measure or endpoint. If a primary outcome can be chosen which captures the most important aspects of health outcome, this can be used to express the value of research in terms of this outcome, e.g., as ‘benefits gained’ or ‘harms avoided’ depending on whether the outcome is a benefit or harmful outcome. Typically, primary outcomes can be classified as binary, continuous or survival outcomes. 
2.1.2.Expected health outcomes with current standard of care (baseline outcome)
The value of research comes from potential changes to current practice, therefore an estimate of the baseline event rate under the current standard of care, is required for binary and survival outcomes. For binary outcomes, this is the probability of the outcome with current standard of care, while for survival outcomes this is the baseline event rate under current standard of care. This should be expressed in terms of the primary outcome measure. This is required to understand the consequences of current uncertainty as, all else equal, uncertainty about more common events will have larger absolute health consequences. The baseline probability/rate of an outcome may be informed by the control arm of clinical trials, external evidence, or expert opinion or judgements relevant to the target population, and is likely to be subject to uncertainty.
2.1.3.Uncertainty about relative effectiveness of the experimental treatment
To understand the value of research, an estimate of the relative effectiveness of the experimental treatment compared to the current standard of care is required for the primary outcome measure, along with an estimate of its uncertainty. Depending on the nature of the primary outcome this may be expressed as an odds ratio, relative risk, risk difference, mean difference, or hazard ratio. Importantly, some judgement about uncertainty in the estimate of the relative effectiveness of the new treatment compared with the standard of care must be made in order to determine whether additional evidence is required. This judgement may come from a single study or systematic review and meta-analysis of existing evidence (3). In cases where there is no existing evidence upon which to form a judgement, methods such as expert elicitation and meta-epidemiological studies are available (19, 20). If a single estimate is unavailable or considered inadequate, alternative values can be used to represent different judgements about the uncertain estimate of relative effect.
2.1.4.Incidence per annum
Information generated by research is used to inform decisions for the population of individuals who could potentially benefit from the information. In order to translate clinical uncertainty into an estimate of the health consequences of uncertainty, some assessment of the number of patients affected by the clinical decision each year is required (1).
2.1.5.Minimum clinical difference (MCD) in primary outcome
In some situations, the primary outcome will not be sufficient to capture some important aspects of outcome that are relevant for choosing between the alternative treatments. The new treatment may be more or less expensive and/or have increased or decreased side effects relative to current standard of care. In these cases a minimum clinical difference (MCD) in effectiveness in the primary outcome may be specified in order to capture these additional considerations i.e. secondary outcomes (3). A positive MCD represents the required improvement in the primary outcome to compensate for some undesirable secondary outcomes (e.g., additional cost). See appendix A1 for further details. 
2.1.6.Costs of the proposed new study
Some assessment of the likely costs of the proposed new study to the research funder is required in order to establish whether the expected benefits of the study are sufficient to justify the expected costs (2, 21).
2.1.7.Duration of the proposed new study
A judgement about the duration of time it will take for the proposed research to be conducted and for the results to report is required since the information produced by a study is only available at the end of that study. This means that the health benefits of research decline the longer it takes for research to report (1, 21). This might be informed by an assessment of study sample size, expected recruitment rates, or historical experience from conducting similar types of studies.
2.1.8.Length of time for which new evidence is expected to be valuable
The information generated by new research will not be valuable indefinitely because other changes occur over time (22). For example, over time new and more effective treatments become available, which will eventually make those currently available obsolete. This means that clinical evidence is only relevant for a specific amount of time. A judgement about the length of time that the evidence from the proposed new study might be valuable is required in order to estimate the expected benefits over an appropriate time horizon. This judgement could be informed by historical evidence or experience about whether a particular research area is likely to see future innovations and/or other evaluative research reporting. As this judgement represents an important source of structural uncertainty, one-way sensitivity analysis is usually recommended in which different values are used to explore the impact on results (1, 23).
2.1.9.Discount rate
When a time horizon greater than one year is considered, discounting should be used to reflect the fact that resources committed today could be invested at a real rate of return to provide more resources in the future. 
3. Case study
This case study represents a proposal which was submitted to NIHR in the UK (24). This successful funding application included Rapid VOI to support the case for new research. Details of the application are summarised in Table 2. 

[INSERT TABLE 2]
[bookmark: _Hlk139464367]3.1. Why is the trial needed?
The primary aim of the RCT is to determine the effects of early patient-directed rehabilitation (EPDR) compared with standard rehabilitation on Shoulder Pain and Disability Index (SPADI) score at 12 weeks in adults who have undergone surgery for tears of tendons of the shoulder (rotator cuff). The SPADI score is a patient reported questionnaire with 13 items assessing pain level and extent of difficulty using the involved shoulder. It is a continuous outcome which ranges from 0 (best) to 100 (worst) (25). 


[INSERT BOX 1]
3.2. Primary outcome measure
The primary outcome for the proposed trial is the difference in total SPADI score between treatments at 12 weeks as estimated by ANCOVA. The incremental health benefits of EPDR are estimated by the average change in the SPADI score relative to the comparator. If EPDR is better than standard rehabilitation, then the change in SPADI score will be negative in the EPDR group.
3.3. Relative effectiveness of treatment based on existing evidence
A UK based pilot study was used as the source of data on relative effectiveness as it is representative of the population and treatments of interest (26). Littlewood et al (2021) reported a mean between-group difference in the SPADI score at 12-weeks of -5.5 favouring EPDR relative to standard rehabilitation. The 95% confidence interval[footnoteRef:1] ranged from -19.8 to 8.7. The link between current uncertainty and health consequences at the individual level is illustrated in Figure 1. To calculate the magnitude of health consequences associated with current uncertainty, we fit a normal distribution to the 95% uncertainty interval. A normal distribution was chosen because the study had over 35 observations per arm which means the sampling distribution of the mean should be approximately normal under the central limit theorem. This distribution has a mean at -5.5 and has 22% of its density above zero. Assuming that any improvement in the outcome is considered beneficial, this means that with current information we expect the new treatment to improve outcomes but there is still a 22% chance that the new treatment will make the primary outcome worse. [1:  Note that this uncertainty interval was estimated using a frequentist procedure and so is a confidence interval. However, in this analysis we are technically interpreting it as a Bayesian 95% credible interval. Throughout the text we will refer to this simply as an 95% interval.] 


[INSERT FIG1]
[bookmark: _Hlk162971594]

[INSERT BOX 2]
3.4. Incidence per annum
The expected health benefits of additional evidence depend on the size of the population whose treatment choice is to be informed by the evidence i.e., the number of individuals facing the uncertain choice between the alternative treatments. The research proposal states that 9,000 individuals each year undergo surgery for tears of the tendons of the shoulder (rotator cuff) and so may benefit from the EPDR approach (27).
3.5. Rapid estimation of the expected health benefits of research per year
On the balance of the pilot RCT data, EPDR is judged to be the most effective option (based on a mean difference of -5.5 in SPADI score at 12 weeks post-surgery compared with standard rehabilitation). However, due to uncertainty in the evidence base, there is a 22% chance that EPDR is not more effective than standard rehabilitation. The uncertainty translates into health consequences at a population level, i.e. number of additional SPADI units experienced each year due to uncertainty about the optimal rehabilitation option (Figure 2).  
[INSERT FIG2]
There is a 78% chance of no health consequences because EPDR is expected to be the optimal treatment choice. However, there is a 22% chance that EPDR is worse than standard rehabilitation. The consequences of getting the decision wrong are not uniform: there is a greater chance of more limited consequences (e.g. an 8% chance of 10,000 additional SPADI units per year) and a smaller chance of larger consequences (e.g., a <1% chance of 210,000 additional SPADI units per year). The average over this distribution of consequences provides an estimate of the expected consequences of uncertainty, which is 8,584 additional SPADI units per year. 
The expected consequences of uncertainty can be interpreted as an estimate of the expected health benefits that could be gained each year if the uncertainty surrounding the decision about optimal rehabilitation for those recovering from rotator cuff repair were resolved, i.e., it indicates an expected upper bound on the benefits of further research that would confirm whether standard rehabilitation or EPDR, is more effective[footnoteRef:2].    [2:  In the VOI literature this is the expected value of perfect information (EVPI), the value of resolving all uncertainty in all uncertain parameters in a decision model. The expected value of partial perfect information (EVPPI) is the expected value of resolving all uncertainty in a subset of model parameters. The expected value of sample information (EVSI) is the expected value of partially resolving uncertainty in a set of model parameters. In the case study the relative effectiveness of EPDR is the only uncertain parameter. EVPI is an expected upper bound for the value of research as it implicitly assumes a trial with infinite sample size which collects information on all uncertain parameters.] 

3.6. Length of time for which new evidence is expected to be valuable
The expected benefits of research increase with the size of the patient population whose treatment choice can be informed by the additional evidence and the time over which evidence about the effectiveness of the treatments is expected to be useful.
There is currently no empirical evidence about the rate at which standard practice in shoulder rehabilitation progresses, but it is anticipated that effective rehabilitation approaches might be valuable for a long time period. A time span of 20 years is assumed (alternative scenarios may be considered to assess the impact of shorter durations). This means that the health consequences of uncertainty surrounding the decision increase greatly by the fact that, in the absence of better evidence, the health system runs the risk of utilising the suboptimal option every year for the next 20 years. 
Taking the time horizon into account means that the expected consequences of uncertainty are 123,467 additional SPADI units over a 20-year period (after discounting at 3.5% per annum). However, the proposed trial will not report immediately, and the value of additional evidence will decline the longer it takes to report. The proposed trial is expected to take 4.5 years to report. Therefore, the expected upper bound on the benefits of further research is reduced to 87,727 additional SPADI units avoided over the 20-year period. This is illustrated in Figure 3.
[INSERT FIG3]
3.7. The value of new evidence
The value of new evidence is summarised by comparing the maximum expected benefits of research to the costs of research (Table 3). The trial is expected to cost the NIHR budget approximately £1.8 million.  The maximum expected value of the proposed trial is therefore £1.8 million / 87,727 = £21 per SPADI unit avoided[footnoteRef:3]. [3:  In technical VOI terminology this ratio represents the expected net gain of sampling (ENGS). In the case study the benefits of research are measured by EVPI. Typically ENGS is expressed as the benefits of research minus the costs of research, where both are expressed on a common scale (health or money). In the case study the benefits and costs are left in different units and so ENGS is expressed as a ratio.] 

[INSERT TABLE3]
[INSERT BOX 3]

4. [bookmark: _Hlk163144228]Discussion
Using the principles of VOI we described how nine pieces of information may be used to establish the value of research. This represents the minimum information requirements to conduct the Rapid VOI analysis using the RANE tool. Because the budget for funding research is limited, it is reasonable to expect that these nine pieces of information should form a minimum requirement for research funding decisions. Going beyond a narrative assessment of the need for further research, we have shown how the minimum information set can be used to obtain a quantitative estimate of the value of research. We provide a free online tool (RANE) which can be used to quickly carry out the analysis. See appendix A2 for details on the validity and generalisability of RANE. The method and tool were illustrated through a case study which estimated the value of research comparing options for rehabilitation after shoulder surgery.

Moving from a narrative approach to a quantitative approach represents a step up in the spectrum of complexity, providing additional insight for additional time and resource use. Applying our Rapid VOI method estimated the value of research in terms of cost per SPADI unit avoided. In order to make decisions, the value of research proposals will need to be compared either to each other or to some other standard of value. For example, the value of the research in the case study is estimated as £21 per SPADI points avoided; this may be competing for funding against another proposal which is estimated to have a value of £40,000 per death avoided. Notwithstanding the benefits of Rapid VOI, decision makers in this scenario are required to implicity make trade-offs regarding the importance of the primary outcomes. 

Linking primary outcomes to costs, length of life and quality of life using QALYs provides one approach to making these trade-off explicit and accountable. This link to QALYs represents an increase in complexity, providing additional insight at the cost of additional time and resources. In appendix A3 we provide a rapid estimation that one SPADI point avoided results in 0.00471 additional QALYs for the patient population. As the value of the research is £21 per SPADI point avoided, this is equivalent to approximately (£21/0.00471 =) £4,500 per QALY gained.

It is possible to increase complexity further by carrying out VOI based on a “full modelling” approach. Traditionally, this has been a pre-requisite for undertaking a VOI analysis. A full modelling approach can overcome some of the simplifications of the Rapid VOI approach. Most importantly, the Rapid VOI approach requires a primary outcome which captures the main sources of value of the treatment of interest. Other outcomes are considered as secondary outcomes and can only be implicitly accounted for using the MCD. The advantage of full modelling is that a complex decision model can explicitly model a number of outcomes. The joint uncertainty in all inputs can be used to estimate downstream QALYs and costs. Because the Rapid VOI approach only takes account of uncertainty in the primary outcome, this means that the value of reducing uncertainty in other aspects of the clinical decision (e.g. probability of side effects, or other outcomes of interest) will not be estimated. Rapid VOI provides a short-cut heuristic which may be considered in the absence of a full decision model, where a full decision model would provide an exhaustive assessment of research value.

It should be noted that a full decision model linking all relevant evidence to costs and QALYs does not represent the maximum point on the spectrum of complexity. Within the class of full decision models there is a great range of complexity (e.g. cohort vs microsimulation), and there are many outcomes which are relevant to decision making which are not captured in the QALY but can be modelled quantitatively (e.g. effects on education, inequalities etc.) (28, 29). The appropriate analysis is not always the most complex, rather it will depend on the constraints faced. 

The case study application formed part of a successful research funding bid, demonstrating that it is feasible for research applicants to include this analysis in their funding bids to support the value of further research. Those who fund research, and the patients they serve, may benefit from this analysis insofar as it can improve the transparency and accountability of research funding decisions. The method can also be applied to interpret the results of a meta-analysis, to help understand the value of additional research. This is demonstrated in Claxton et al and McKenna et al (3, 15). 

In this paper we have discussed the use of Rapid VOI to estimate the value of an RCT within a defined population. In principle, the method can be applied to estimate the value of an observational study designed to answer a specific research question (30). However, observational studies may include biases which will reduce the value of research. Additionally, the methods here do not take account of the value of transporting evidence from one population to another (31). These are limitations in the VOI literature more broadly and further research is required to address them.

An important extension to the Rapid VOI approach is to extend the methods to take account of sample size. The method described in this paper provide an estimate of the expected upper bound for the value of research as it assumes that the proposed research will resolve all uncertainty in the primary outcome (3). VOI methods to adjust the value of research for the number of patients enrolled are well established (10, 32)[footnoteRef:4]. In addition to providing a more accurate estimate of the value of research this extended method could be used to help determine the sample size of proposed research. The advantage of this approach over the traditional power calculation is that sample size would be based on the principles set out in this paper, explicitly considering resource constraints, the size of the incident population, the time for research to report and the current levels of uncertainty. In principle, the Rapid VOI approach can also be extended to incorporate other dimensions of the “research design space” such as trial duration, unbalanced allocation, sequential designs and portfolio design (33-35) [4:  In VOI terminology, the expected value of sample information (EVSI) takes account of the sample size when calculating the value of research. The methods described in the case study and implemented in the RANE tool only estimate the expected value of perfect information (EVPI), which assumes an infinite sample size. By definition, EVPI ≥ EVSI.] 

5. Conclusion
This paper describes the principles of research prioritisation and provides a pragmatic method to approximate the value of research proposals to give a broad indication of the value for money of a research project. These methods may be useful to both research funders, charged with making research prioritisation decisions, and those applying for research funding. 
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Figures
Figure 1
[image: ]
Figure 1: Estimate of uncertainty in the relative effectiveness of EPDR before the trial was commissioned. This plot illustrates the mean between-group difference in SPADI score for EPDR (solid black diamond). The lower image shows the 95% interval from the pilot study, the upper image translates this into a histogram of uncertain health consequences. The SPADI score is a continuous measure of effectiveness where lower values indicate improvement. EPDR has a higher probability of improving outcomes relative to standard rehabilitation. This is shown by the larger proportion of white columns relative to grey in the histogram. 
EPDR = early patient-directed rehabilitation; SPADI = shoulder pain and disability index
Figure 2
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Figure 2: Number of additional SPADI units experienced each year due to uncertainty about the optimal rehabilitation option following shoulder surgery. The tall white column indicates the probability that EPDR is optimal, resulting in no adverse consequences of uncertainty. The lower grey columns illustrate the magnitude and probability of adverse health consequences if EPDR is worse than standard rehabilitation. EPDR = early patient-directed rehabilitation; SPADI = shoulder pain and disability index

Figure 3
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Figure 3: Taking account of the size of the population expected to benefit from the results of the research. The upper bar shows the total population and the value of research over the full 20-year time horizon. The lower bar shows how the size of the population which can benefit and the value of the research decrease as the duration of the research is considered. Because the proposed research is expected to take 4.5 years to report, logically, only the incident population after this time can benefit from the results. All results are discounted at a rate of 3.5%. SPADI = shoulder pain and disability index
Tables
Table 1
	Name of approach
	Summary
	Examples

	Narrative 
	Qualitatively consider the drivers of research value. The drivers considered may or may not be informed by the principles of VOI.
	Typical approach utilised by research prioritisation bodies

	Rapid VOI
	Apply VOI methodology to uncertainty in the trial primary outcome. Results may be expressed in terms of the primary outcome or linked to quality adjusted life years (QALYs).
	Claxton et al 2015 (3)
McKenna et al 2016 (15)
RANE online tool

	Minimal modelling 1
	Use the individual patient-level data from an existing clinical study to calculate VOI metrics. 
	Meltzer et al 2011 (14)

	Minimal modelling 2
	Construct simple Markov models to model disease progression over time then apply standard VOI methodology. 
	Bennette et al 2016 (12) Carlson et al 2018 (13)

	Full decision modelling
	Construct a full decision model which captures the progression of disease over time with an varying degree of complexity, then apply standard VOI methodology. 
	Kunst et al 2019 (16)
Jackson et al 2019 (17)
Tuffaha et al 2016 (18)



Table 1: Description of approaches to estimating the value of a proposed research study. In general, the degree of complexity and resources required increases from bottom to top. VOI = value of information, RANE = rapid assessment of need for evidence. 
[bookmark: _Hlk162971980]Table 2

	[bookmark: _Hlk139636500]Research question
	Does individualised (early) patient-directed rehabilitation (EPDR) improve shoulder pain and disability compared to current standard (delayed) rehabilitation for patients following surgery to repair the rotator cuff of the shoulder?

	Experimental treatment
	Early patient-directed rehabilitation (EPDR) enables patients to remove their shoulder sling following surgery as they feel able and to begin to move their arm, as they feel able.

	Comparator
	Standard rehabilitation where patients keep shoulder sling on after surgery for four weeks and remove it only when washing, eating, dressing, or when undertaking specific exercises.

	Primary outcome
	Shoulder Pain and Disability Index (SPADI) score at 12 weeks post-surgery.

	Secondary outcomes
	SPADI score at 6 and 12-months post-surgery; EQ-5D-5L at 12-weeks, 6 and 12-months; healthcare resource use over 12 months; time out of sling; time to return to usual activities, including driving and work; adverse events; rotator cuff integrity at 12 months.

	Proposed study
	Pragmatic multi-centre, open label, RCT with internal pilot phase using a parallel group design with 1:1 allocation ratio. The pilot will run for 6 months to assess recruitment rates and the number of sites opened. The RCT will recruit 638 adults (319 per treatment group).

	Duration of proposed study
	4.5 years to findings reported.

	Costs of proposed study
	£1,800,000



Table 2: Summary of proposal information for the trial of early patient-directed rehabilitation compared to standard rehabilitation. EPDR = early patient-directed rehabilitation; SPADI = shoulder pain and disability index; RCT = randomised controlled trial.
Table 3
	Cost of research

	£1,800,000

	Maximum expected value of additional evidence

	Primary outcome	
	SPADI units avoided

	per annum
(based on population size of 9,000 per year)	
	8,584 additional SPADI units avoided per annum.	

	per 20-year period
(based on population size of 129,449 and 4.5 years for research to report)
	87,727 additional SPADI units avoided.
£21 per SPADI unit avoided.


Table 3: Summary of the maximum expected value of proposed new research study based on SPADI score as the primary outcome. Individuals are expected to receive standard rehabilitation until new research reports. Outcomes discounted at a rate of 3.5% per year. SPADI = shoulder pain and disability index

Table A1
	MCD 
(units on the SPADI scale)
	Total SPADI units avoided by research
	Value of research, cost per SPADI unit avoided

	0 (base case)
	87,727
	£21

	1
	110,121
	£16

	2
	136,680
	£13

	3
	167,601
	£11

	4
	203,203
	£9

	5
	243,598
	£7

	6
	249,555
	£7

	7
	208,051
	£9

	8
	171,395
	£11

	9
	139,539
	£13

	10
	112,250
	£16


Table 2: Summary of the maximum expected value of proposed new research study for a range of positive MCD values. The health impact and the value of research reach a peak when MCD is between 5 and 6. Individuals are expected to receive standard rehabilitation until new research reports. Outcomes discounted at a rate of 3.5% per year. SPADI = shoulder pain and disability index; MCD = minimal clinical difference.
Boxes
Box 1
	RANE step 1

Go to https://shiny.york.ac.uk/rane/, navigate to the "Inputs” tab, then “Step 1: Primary outcome”. Choose “Continuous” endpoint. For this analysis we keep the results in “Natural outcomes” which is the default. A higher SPADI score is worse so this outcome is classified as a “Harm”. Type “SPADI points” as the name of the outcome.
 



Box 2
	RANE step 2

Navigate to the tab “Step 2: Interventions”. Keep the number of interventions at two (the default). Type “Standard rehabilitation” as the name of the baseline treatment. Keep the baseline treatment utilisation at 100% (note this will not impact the value of research, only the potential value of implementing EPDR).

Type “EPDR” as the name of intervention 1. Keep the intervention treatment utilisation at 0%. Use the sliders to set the 95% range for the mean difference to -19.8 and 8.7. In the base case analysis, EPDR is not expected to be associated with additional costs or side effects and, therefore, keep MCD at zero.




Box 3
	RANE step 3

Navigate to the tab “Step 3: Proposed research”. The proposed research is an RCT which is the default type of research. Move the slider for expected duration of research to 4.5 years. Input 1800000 as the cost of research (£ is the default currency). Adjust the slider for “Time over which evidence would be valuable” to 20 years. Keep the discount rate at its default (3.5% per year). Input 9000 as the incidence per annum. 

Click the “Run analysis” button and navigate to the “Results” tab.
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