Diamond Lewy Health Economics Analysis Plan
1. [bookmark: _GoBack]Summary of project
The Diamond Lewy project has developed a new toolkit to assist in the diagnosis and management of people suffering from Lewy body dementia (LBD). LBD is comprised of two different types of dementia: Parkinson’s disease dementia (PDD) and Dementia with Lewy bodies (DLB). Patients with both PDD and BLD are included in the Diamond Lewy project. Work package 4 (WP4) consists of a pilot cluster randomised controlled trial (cRCT) of the management toolkit and assesses the feasibility and impact of implementing the management tool for those with LBD. The trial provided data regarding the management toolkit’s impact on patient symptoms, outcomes, quality of life and caregiver stress which will inform requirements for a subsequent, larger randomised controlled trial.
Patients for the cRCT will be recruited over a two-year period from two geographical locations in the UK (North-East and East-Anglia). DLB patients will be recruited from dementia/memory assessment services and PDD patients from neurology/movement disorder and geriatric services. Only PDD subjects over 65 years will be included.   
2. [bookmark: _Toc442286391][bookmark: _Toc528077227]Overview of the economic analysis
The main objective of the economic evaluation of the pilot cRCT is to rehearse the methods for a definitive evaluation and perform an exploratory cost-effectiveness analysis of the new assessment and management toolkit compared with the usual care provided for dementia.
2.1 [bookmark: _Toc528077228]Synopsis of exploratory cost-utility analysis
Within this exploratory economic evaluation a cost-utility analysis analysis will be reported. The costs contributing to the analysis will be from the perspectives of the NHS & PSS and patients and carers. For the cost-utility analysis, incremental cost per quality adjusted life year (QALY) will be calculated with QALYs based on generic (EQ-5D-5L) and condition specific health state utilities (DEMQOL). The costs and QALYs of patients in the intervention group (patients randomised to clinics using the management toolkit) will be compared to those in the control group (patients randomised to clinics providing usual care without use of the management toolkit). 
3. [bookmark: _Toc528077229][bookmark: _Toc528077230]Within trial cost-utility analysis
3.1.1 Resources and costs for delivering intervention
At the end of the trial (six-months) the costs of administering the tool will be sought. This will involve the completion of a structured questionnaire by a small sample of practitioners asking about the time, travel and material involved in the process of using the management toolkit. Resources that would be required in usual care will not be included. 
Resources required to implement the management toolkit beyond those used in standard care will be recorded and costs attributed to each element. The measurement of these resources will be sought from trial records and direct communication with trial researchers, each element is discussed below.
· Printing and preparing the management toolkit documents for use by clinical staff. Information on the approximate number of toolkits prepared will be obtained from records of materials and costs kept by the research team. 
· Time of trainers to train clinicians – approximate length of training sessions will be obtained from direct communication with trainers.
· Time of clinicians attending training – the number and role of attendees will be taken from training logs.
The management toolkit is intended to be used as part of routine clinical practice with patients, therefore, the number and length of clinic appointments is not recorded as part of intervention delivery. However, this data can be obtained from the health service use questionnaire (see section 3.2).
3.1.2 [bookmark: _Toc474250713][bookmark: _Toc528077231]Unit costs for delivering the intervention
Costs associated with printing and preparing materials will be taken from research management records. Salary costs for researchers involved in training will be identified in project management records. The unit cost of clinician time to attend training will be calculated from the relevant clinician salaries published in the 2017 Unit Costs of Health and Social Care report published by the Personal Social Services Research Unit (PSSRU) [1]. 
3.1.3 Calculating costs per person with dementia
The total resource costs for the intervention will be estimated as the product of the quantity of resource used and its relevant unit cost (Table 1). The total cost of delivering the intervention can then be estimated by summing the total resource costs. In order to obtain a mean cost per person with dementia, the total intervention costs will be divided by the number of people with dementia in the intervention arm of the trial. No cost is associated with delivery of the control arm, therefore, the cost per person with dementia of the intervention is considered the incremental cost per person with dementia.
[bookmark: _Ref528764416]Table 1 - Calculating cost of delivering intervention per person with dementia
	Activity
	Unit cost
	Resource use
	Total

	Delivery materials
	
	
	

	Clinical RA preparing training
	
	
	

	Clinical RA delivering training
	
	
	

	Attending training
	
	
	

	Consultant
	
	
	

	Research Nurse
	
	
	

	Total
	
	
	

	Number of PwD
	
	
	

	Total per PwD
	
	
	


3.2 [bookmark: _Toc528077233][bookmark: _Ref528833983]Costs associated with service use
It is expected that levels and types of health service use may differ between people with dementia in the intervention and control arms. The different use of services impacts the cost of the intervention and control to the NHS and social care services. In order to estimate the difference in costs between both arms of the trial, health service use questionnaires will ensure the capture of data on use of health services and personal social services. The resource data will be collected within the trial at baseline, three-month follow-up and six-month follow-up. Participants will be asked about their use of a broad range of health and personal social care services including: inpatient services, outpatient services, day activity services, and community care services. 
3.2.1 Unit costs of service use
Unit costs of each service used will be in pounds sterling (£). Unit costs will be estimated using the NHS reference costs [2], the PSSRU [1], annual compendium, and from other sources as necessary (particularly for hospital-based contacts, given the inherent variation in unit costs among inpatient care, outpatient attendances and accident and emergency visits). The most recently available version of each of the cost sources will be used.
3.2.2 [bookmark: _Ref528768250]Calculating costs per person with dementia
Total cost for each service area will be estimated as the product of resource use of the service area’s component services and their associated unit cost. A mean cost per person with dementia for each trial arm and dementia diagnosis (DLB or PDD) will be estimated by dividing the total service area cost for each group by the number of people with dementia in the requisite group. Data will be captured for each dementia diagnosis in the format displayed in Table 2.
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Table 2 - Mean and median costs per person with either DLB or PDD of health service use for intervention and control groups
	Service area
	Baseline
	Three-month follow-up
	Six-month follow-up

	
	Mean (SD)
	Median (IQR)
	95% CI
	Mean (SD)
	Median (IQR)
	95% CI
	Mean (SD)
	Median (IQR)
	95% CI

	Inpatient services

	Control
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	

	Outpatient services

	Control
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	

	Day activity services

	Control
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	

	Community services

	Control
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	

	Total1

	Control
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	


1 Costs reported are raw costs unadjusted for baseline values 


[bookmark: _Ref528768267]Table 3 - Cost per person with dementia of time and travel for each area of service use
	Activity
	Hospital appointment
	Outpatient visit
	GP appointment
	Community dementia specialist

	
	Mean (SD)
	Median (IQR)
	95% CI
	Mean (SD)
	Median (IQR)
	95% CI
	Mean (SD)
	Median (IQR)
	95% CI
	Mean (SD)
	Median (IQR)
	95% CI

	Patient attending appointment

	Control
	
	
	
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	
	
	
	

	Patient travel to appointment

	Control
	
	
	
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	
	
	
	

	Caregiver travel to appointment

	Control
	
	
	
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	
	
	
	

	Caregiver time to accompany patient

	Control
	
	
	
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	
	
	
	

	Caregiver time to visit patient in hospital

	Control
	
	
	
	N/A

	Intervention
	
	
	
	

	Caregiver time to stay with patient in hospital

	Control
	
	
	
	N/A

	Intervention
	
	
	
	

	Total1

	Control
	
	
	
	
	
	
	
	
	
	
	
	

	Intervention
	
	
	
	
	
	
	
	
	
	
	
	


1 Costs reported are raw and unadjusted for baseline values



3.3 Patient and carer time and travel costs
In order to capture the out of pocket costs of LBD care on patients and their caregivers, data will be captured on the time and financial cost of attending health services. Data will be collected using a time and travel questionnaire at six months post randomisation. The questionnaire asked patients and caregivers about the patient’s most recent attendance at the following health services: hospital admission, outpatient services, GP appointment and visit to a community dementia specialist. The financial cost for travel will be elicited directly from the questionnaire responses and averaged over all patients in the trial arm. Unit costs for time spent attending health services will be estimated using values published by the Department of Transport for the cost of leisure and work time [3]. 
3.3.1 Calculating costs per person with dementia 
The total cost associated with attending and travelling to each of the four health services will be estimated as the product of the resource use and unit cost for each activity. A mean total cost per person with dementia will be calculated in the same way as outlined in section 3.2.2. Table 3 reports the unadjusted mean and median cost per person with dementia for each activity and service visit.
3.4 Medication costs
The use of the management toolkit may result in differences in prescribing patterns by clinicians. This will impact on the cost of these resources to the NHS and PSS. In order to estimate the extent to which use of the management toolkit impacts on NHS consumable resource costs, a case report form (CRF) will be used to capture data on medications prescribed during the trial to both intervention and control groups. 
The CRF will be completed at each time point: baseline, three-month follow-up and six-month follow-up. At baseline, the CRF captured all medication currently prescribed to the patient alongside dose and frequency. At three- and six-month follow-up the CRF will ask about any changes to medication over the past three months.  
3.4.1 Unit costs of medication 
Unit costs of medications will be sought from the British National Formulary (BNF) [4]. 
3.4.2 Calculating costs per person with dementia
The mean and median cost per person with dementia will be calculated for each trial arm and diagnosis based on mean medication costs (Table 4). Medications prescribed will be multiplied by their unit costs to obtain total costs for each resource. A mean total cost per person with dementia will be calculated in the same way as outlined in section 3.2.2. 
[bookmark: _Ref528828514]Table 4 - Mean and median costs per person with dementia of medications and tests for intervention and control groups
	
	DLB
	PDD

	
	N
	Mean (SD)
	Median (IQR)
	95% CI
	N
	Mean (SD)
	Median (IQR)
	95% CI

	Total medication cost

	Intervention
	
	
	
	
	
	
	
	

	Control
	
	
	
	
	
	
	
	


3.5 [bookmark: _Toc528077234]Intervention outcomes
3.5.1 [bookmark: _Toc474250716][bookmark: _Toc528077235]Effectiveness outcomes: quality adjusted life years
Patients’ quality of life (QoL) was derived from the participant responses to the generic EQ-5D-5L questionnaire (or caregiver responses to a proxy version for those patients unable to self-complete) and the condition-specific DEMQOL (or caregiver responses to the DEMQOL-proxy questionnaire), which were administered at baseline, three months and six months.
EQ-5D-5L
The EQ-5D-5L questionnaire asks about a patient’s general QoL over five dimensions (mobility, pain, usual activities, anxiety and depression, and self-care) and five levels. A visual analogue scale (VAS) is also completed which asks patients to rate their health that day on a scale of 0 (worst health) to 100 (full health). Responses to the EQ-5D-5L questionnaire will be transformed into generic, health state utilities using tariffs derived from the UK population. A standard algorithm will be applied to the raw data in order to produce a health state utility at each time point (baseline, three and six months) for each person with dementia and their caregiver. The health state utilities can then be used to estimate generic QALYs for each participant using the area under the curve approach [5].
DEMQOL	
The condition-specific DEMQOL questionnaire is divided into five dimensions (cognition, positive emotion, negative emotion, social relationships, and loneliness). The DEMQOL-Proxy has four dimensions of which three are common to the DEMQOL questionnaire (Cognition, Positive Emotion and Negative Emotion) with one additional dimension (appearance). Unlike the EQ-5D-5L, caregivers will not complete a DEMQOL questionnaire for themselves as it is specific to people with dementia. 
Condition-specific indices can be derived from DEMQOL and DEMQOL-proxy responses using appropriate algorithms. Indices can then be used to estimate condition-specific QALYs at each time-point. 
4. [bookmark: _Toc442286394][bookmark: _Toc528077237]Analysis
4.1 [bookmark: _Toc442286399][bookmark: _Toc528077238]Descriptive Analysis
Differences in service use at six-month follow-up between groups will be calculated using regression methods (Table 5), adjusted for baseline values to account for variability in corresponding baseline values. To account for potential skewness of the service use data, non-parametric bootstrapping methods can be used to estimate the mean differences and 95% confidence intervals. 
[bookmark: _Ref528832001]Table 5 - Mean difference in service use at six-month follow-up adjusted for baseline values
	Service use
	Six-Month Follow-up1

	
	PDD
	DLB

	
	Intervention
	Control
	Difference
(95% CI)
	Intervention
	Control
	Difference
(95% CI)

	Inpatient services
	
	
	
	
	
	

	Outpatient services
	
	
	
	
	
	

	Day activity services
	
	
	
	
	
	

	Community services
	
	
	
	
	
	

	Total
	
	
	
	
	
	


1 Values adjusted for baseline differences
4.2 [bookmark: _Toc528077239]Cost-utility analysis
Mean total costs will be estimated for each arm of the trial by summing mean total resource costs (health service use costs and medication costs) with mean total intervention delivery costs and time and travel costs. Time and travel costs will be excluded from the NHS and PSS analysis as these costs do not fall on the NHS and PSS sector. Regression analysis will be used to estimate the adjusted difference in total costs at six-month follow-up between the two arms.
Table 6 - Difference in total costs at six-month follow-up adjusted for baseline values
	
	Six-Month Follow-up1

	
	DLB
	PDD

	
	Intervention
	Control
	Difference
(95% CI)
	Intervention
	Control
	Difference
(95% CI)

	Total cost
	
	
	
	
	
	


1 Values adjusted for baseline differences
Mean QALYs for each arm and dementia diagnosis will be estimated by dividing the total QALYs in each arm by the number of patients in each arm. QALYs derived from both the generic and condition-specific questionnaires will be calculated and analysed separately. The QALYs derived from each questionnaire (EQ-5D and DEMQOL), group (control and intervention) and dementia diagnosis will be compared to each other in order to examine any differences (Table 7). 
[bookmark: _Ref528832181]Table 7 - Difference in total QALYs at six-month follow-up adjusted for baseline values
	
	Six-Month Follow-up1

	
	DLB
	PDD

	
	Intervention
	Control
	Difference
(95% CI)
	Intervention
	Control
	Difference
(95% CI)

	Generic QALYs from EQ-5D

	Patient QALYs
	
	
	
	
	
	

	Caregiver QALYs
	
	
	
	
	
	

	Condition specific QALYs from DEMQOL

	QALYs
	
	
	
	
	
	


1 Values adjusted for baseline differences
Estimated differences in mean costs and QALYs will be determined from the individual total costs of each patient in the control and intervention groups. However, for the cost-utility analysis, adjusted differences in costs and QALYs will be used. Regression methods will be used to adjust costs and QALYs to account for differences in baseline characteristics in order to account for any variation between the control and intervention groups that is still present following randomisation. An incremental cost-effectiveness ratio (ICER) can be calculated based on the mean costs and QALYS in order to examine whether the new assessment toolkit is below or above the current NICE cost-effectiveness threshold (£20,000/per QALY) [6]. 
Table 8 - Estimating the incremental cost per QALY gained. Values at six-month follow-up
	Option
	Mean Total cost
	Mean Total QALYs
	Comparison
	Incremental Cost 
	Incremental QALYs 
	Cost per QALY gained


	DLB

	Control
	£/PwD
	QALY/PwD
	-
	-
	-
	-

	Intervention
	£/PwD
	QALY/PwD
	Intervention vs. Control
	/PwD
(95% CI)
	/PwD
(95% CI)
	
(95% CI)

	PDD

	Control
	£/PwD
	QALY/PwD
	-
	-
	-
	-

	Intervention
	£/PwD
	QALY/PwD
	Intervention vs. Control
	/PwD
(95% CI)
	/PwD
(95% CI)
	
(95% CI)



5. [bookmark: _Toc528077241]Sensitivity analysis
Sensitivity analysis is performed to assess the impact of variations in costs and resources alongside other assumptions, such as the perspective of analysis. One and/or multiple-way sensitivity analyses (SA) will be conducted to explore uncertainties in the analysis parameters. In addition to this, stochastic analysis will be conducted to explore the statistical imprecision surrounding estimates of costs, QALYs and ICERs. This analysis will be presented as cost-QALY plots and cost effectiveness acceptability curves (CEACs). 
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