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Background

In July 2011 NICE was asked by the Department of Health to develop a prototype model for local authority commissioners showing the potential return on investment (ROI) for health improvement interventions. The initial work which focused on tobacco control
 was published in October 2012 and is available on the NICE website at http://www.nice.org.uk/usingguidance/implementationtools/returnoninvesment/TobaccoROITool.jsp.  
The Tobacco Control ROI tool published in October 2012 was built on a previous tool commissioned by the regional tobacco control offices called ‘Tobacco Control Economic Toolkit’ (Trapero-Bertran, Pokhrel & Trueman 2011)
 developed by Health Economics Research Group (HERG) at Brunel University. The tool introduced the concept of “subnational tobacco control programme
”.  The subnational tobacco control programme is an umbrella term used to represent a set of interventions implemented and/or coordinated by regional offices of tobacco control of the kind currently in operation in the North West, North East and South West of England.  The aim of such programme is to reduce tobacco use through cessation and prevention. This may include monitoring and enforcement of legislation (e.g. indoor smoking bans and preventing illicit tobacco sales), undertaking mass media campaigns, and promoting effective provision of support for smoking cessation. 

The commissioning of "subnational" programmes to tackle tobacco provides the coordination, resources and expertise needed to stimulate coordinated, strategic implementation of effective local community tobacco control delivery and optimise economies of scale. Local delivery is particularly successful in targeting individuals who wish to stop smoking through local Stop Smoking services. However, reducing the uptake and promoting continued reduction in smoking rates also requires environmental changes – through enforcing regulation, managing access and changing social norms about smoking – which are best co-ordinated over a larger footprint at a sub-national level.

The ROI tool allows the users to estimate savings to local economy (productivity gains) and wider sectors such as health and social care that could be achieved by having local tobacco control services (i.e. smoking cessation interventions including those offered by Local Stop Smoking Services) and/or sub-national tobacco control programmes in their geographical area (e.g. region, county or local authorities). In this tool, the sub-national tobacco control programmes are defined as collective activities coordinated and implemented at sub-national levels to help promote increased cessation and prevent uptake of smoking, such as the FRESH programme in the North East
. The tool has a user friendly interface that allows users to explore the short, medium and long term impact of different combinations of interventions and strategies (i.e. to explore the impact of different scenarios). It also allows users to save, export and print scenarios for later reference, and has easily accessible user-guides. 
Following the publication of this tool, NICE has received feedback from the users, e.g. service commissioners and providers, tobacco control leads at local authorities and smokefree offices, directors of public health, local authority representatives and pharma industries. This feedback provided an opportunity for NICE to review the published tool. As a result, the tool has been extended to include the following key gaps
:
· Smoking in pregnancy interventions

· NRT assisted reduction intervention, i.e. OTC NRT for cutting down (no structured support) for smokers not intending to quit

· Provision of probabilistic sensitivity analysis (PSA) to estimate uncertainty around the point estimates generated by the tool (restricted to advanced users only)

· Provision to analyse a ‘novel’ intervention of known effectiveness, costs and uptake rates within the package or on its own, in intuitive manner with improved user-interface. A ‘novel’ intervention is any intervention that the users want to include in their ROI analyses but is not already listed in the tool, as long as the users have estimates of quit rates, uptake rates and costs of the novel intervention in the format required by the tool. 

Hereafter, this new tool is called “Return on Investment Tool for Tobacco Control v. 3.0” or “Tobacco ROI Tool” for short.  
The features of Tobacco ROI tool v. 3.0
1. Tobacco ROI tool includes the following economic metrics (or indicators showing ‘value for money’)- please see Table A1 for definitions: net present value (NPV), net cost-savings, benefit-cost ratios, cost per death avoided, cost per life year gained, incremental cost effectiveness ratios (ICER); and population metrics (or indicators showing burden of disease): QALYs gained per 1000 population. These indicators were selected on the basis of previous work carried out by NICE which showed that commissioners use a variety of metrics, not just one, for supporting decision making (NICE 2011).
2. A total of 28 tobacco control interventions are included (Table A2). 12 of these interventions are offered by Local Stop Smoking Services.

3. A user-interface is developed to allow users easy access to select their data and obtain the outputs in a meaningful way. Where appropriate, graphical displays are used to summarise the outputs. 
4. The tool yields outputs (ROI metrics) according to various ‘investment packages’. For example, a package could just be the ‘baseline’, defined as the absence of local and sub-national tobacco control interventions. The baseline estimates represent the ‘cost of illness’ and lost productivity due to current tobacco use. Other packages could be a mix of local tobacco control interventions with or without a sub-national programme.
5. The tool is pre-populated with default allocations based on data obtained from various sources
: Integrated Household Survey (smoking prevalence); Local Stop Smoking Services returns (uptake); published studies (effectiveness and costs); and an analysis based on Smoking Toolkit Study data (effectiveness and costs). The details are provided in the Appendix (Tables A2-A5).  However, the users can choose their own allocation of smokers to different interventions. Note that the ROI metrics are therefore generated for a package (i.e. a mix of interventions and sub-regional programme) and not for individual interventions. 
6. In order to ensure the ease of use and to keep the run-time as short as possible, the model outputs are presented as point estimates. However, the uncertainties around those estimates can be evaluated using a function within the model, known as Probabilistic Sensitivity Analysis (PSA).
7. The tool allows users to include a ‘novel’ intervention of known effectiveness, costs and uptake rates. That is, users are now able to include in their ROI analyses any intervention that is not already listed in the tool as long as the users have estimates of quit rates, uptake rates and costs of the this intervention in the format required by the tool. 

8. The tool includes different sub-population groups (and hence different types of interventions) to model: (a) adult smokers willing to make quit attempts– Local Stop Smoking Services (LSSS) and non-LSSS; and adult smokers not willing to quit – OTC NRT for cutting down; and (b) smoking in pregnancy – behavioural support, incentives, and combo NRT.
9. The tool provides users with a Microsoft Word Report of headline figures. This facility can be used to obtain information on: (a) the current burden of tobacco in a local area, e.g. how much it costs to local economy due to productivity losses, to Local Authority Social Services due to social care costs to look after survivors of smoking-attributable stroke; to the NHS due to treatment of smoking attributable diseases and passive smoking, etc.; (b) the extent of ‘potential’ benefits to local economy as well as to health and social care sector of any intervention package the users want to analyse; and (c) several ROI metrics estimated for different payback timescales (see point 10 below). The Report also provides simple interpretation of such ROI estimates. 

10. In addition, the tool also has an exportable Data dash board which has much more information on ROI metrics than the Word Report. This Excel Report stores the results of all analyses that the users have asked the tool to run. This way, one can compare the ROIs of various packages of interventions they are interested in. 
11. The tool provides estimates of ROI at various payback timescales: 2 years; 5 years; 10 years; and lifetime. Thus, the users can see when (in the short, medium or long term) their package of interventions would provide economic returns. 

12. The tool has an interactive help menu which offers links to further information pertaining to the specific item in the tool.    
Methods 
The extension of the ROI tool to version 3.0 has been achieved in the following stages:

Stage 1: Identification and selection of interventions and parameter values
A rapid literature review was conducted to identify interventions to reduce harm from tobacco use. This was achieved by conducting searches on three databases:

· NICE Public Health Guidance page which was expected to pick up interventions evaluated by NICE (general search)

· Medline which was expected to pick up published reviews (using clinical queries filter for review in Ovid Medline)

· Cochrane library which was expected to pick up systematic reviews (general search)

As the intention of this review was to draw a long list of interventions to evaluate their potential inclusion in the tool, it was deemed sufficient to restrict the searches to:

•
Include reviews (narrative or systematic) only

•
Publication dates between 2008 to current (last 5 years)

•
Specificity (i.e. very narrow focus)
Medline search strategy, adapted from Chen et al. (2012), returned 395 reviews:
	1
	((smoke or smokes or smoker* or smoking or nicotine or cigarette* or tobacco) adj3 (prevent$ or abstain$ or abstin$ or discourag$ or cease$ or cessation or quit$ or stop$ or withdraw*)).ti,ab.
	25253

	2
	exp "Tobacco Use Cessation"/
	18906

	3
	smoking/pc
	14194

	4
	or/1-3
	38673

	5
	limit 4 to yr="2008 -Current"
	11763

	6
	limit 5 to "reviews (maximizes specificity)"
	395


The 395 returns were imported to Endnote reference management software and checked for duplicates. A total of 369 titles were retained in the process. A team member applied the following screening criteria:

	Topic – interventions to reduce harm from tobacco use

Design – reviews describing and/or evaluating interventions that are targeted at reducing harm from tobacco use

Participants - UK and comparable industrialised countries 

Intervention/ Exposure - one of the following:

· A service or a measure that is used to help current adult smokers quit (adult cessation interventions). These are the interventions targeted at adult current smokers to help them quit tobacco smoking. These interventions may be offered through Local Stop Smoking Services or other means (e.g. text messages) and may include pharmacotherapy with or without behavioural support. Such intervention may also be targeted at sub-groups, e.g. pregnant women

· A service or a measure that is used to prevent young people from taking up smoking (youth prevention interventions). These are the interventions targeted at young people, generally aged between 11-15 years, to prevent young people from taking up smoking.

For full texts inclusion: the following two questions needed to be answered positively:

· Does this review identify and describe any service or intervention that could reduce harm from tobacco use in adult population and/or young people aged 11-15 years?

· Are the interventions described in the Review applicable to the UK population? 


A total of 197 titles with abstracts were included for full text review, following the application of the above screening criteria. A further 40 titles were excluded because no intervention was being described or evaluated in the review (e.g. the review was about the relationship between smoking and a health outcome). This resulted in a final of 157 papers to be included for identifying interventions. 
The 157 papers [Appendix 1] were reviewed in batches of 60 papers (alphabetical order). The incremental additions in the list of interventions were as follows: First 60 (baseline); Second 60 (12 additional interventions appeared 3 of which were provider-based interventions); Third 60 (7 additional interventions appeared). Using Excel Pivot table, the data was summarised according to target population, and within the target population by intervention category and names. This list was called the ‘long list of interventions’.
A further search on Cochrane library returned no additional review that didn’t include any intervention not listed in the long list of interventions. Finally, the NICE Public Health Guidance website (http://guidance.nice.org.uk/PHG/Published) was searched for any missing intervention: only one missing intervention - Allen Carr - was picked up in this process and was added to the long list.  

The long list of intervention (Appendix 2) was assessed by a lead tobacco control and smoking cessation expert (RW) who confirmed that the list was comprehensive. The following criteria were then applied to draw a short list of interventions:
· Include all interventions that are already in the existing Tobacco ROI tool

· Include additional interventions targeted at the following population: pregnant women, smokers who are not intending to quit
· The interventions are recommended by NICE as part of their Public Health Guidance; 

· The interventions have clear RCT evidence supporting them, (at least two high quality RCTs and a pooled odds ratio significantly different from 1); or have real world observational data supporting them in the form of a difference between success rates of those using/exposed to this intervention versus a comparison with important potential confounding variables adjusted for statistically. 
· Modelling of any additional intervention- provided good quality evidence to support it exists as per the bullet point above- can fit into the current structure of the tool. 

These criteria (except the 4th bullet point) were from the original work specification provided by NICE. The additional criterion was suggested by the lead expert (RW) and applied to interventions not already assessed by NICE.  

The final short list was assessed by the lead expert (RW) as the one based on ‘best available evidence’ and is provided in Table A2. All interventions included in the tool are already covered in NICE guidance.  
The next step was to parameterise the short list of interventions. In order to achieve this: the following process was followed:
· For 23 interventions that are already listed in the existing tool (version 2)- the parameter values were retained but updated where it was deemed necessary (e.g. costs inflated to 2012 prices and uptake data sourced from the most recent services update). 

· For additional interventions, NICE economic modelling reports were searched for and relevant data extracted. Where appropriate, they were updated to reflect the most recent price year (2012/13). 

· The final parameter values were agreed by lead expert (RW). 

The list of key parameter values (quit rates, unit costs and uptake rates) are provided in Table A2. The additional data that were required to build the economic models are provided in Tables A3-A8. 
The following experts provided inputs related to use of data: Professor John Britton, Professor Linda Bauld and Professor Robert West. 

Stage 2: Economic modelling

The tool is built on Microsoft Excel with integrated front-end user-interface programmed on Visual Basic software. The economic model underlying this tool is adapted from Trapero-Bertran, Pokhrel & Trueman (2011) that based the analysis mainly on a Markov-model developed by Flack et al. (2007).

The outcome data that are presented to a user are generated from a cohort model in which the population of interest (e.g. adult smokers or pregnant women who smoke currently or adult smokers not intending to quit in a selected area) is followed up on their smoking status and associated morbidity, mortality and healthcare resource use for their lifetime (maximum age of 85). The population segments are depicted in the figure below, London as an exemplar. The idea is that depending on the uptake of tobacco control interventions and how effective those interventions are, the risk of mortality and morbidity for current smokers changes and any benefit of the intervention package can thus be captured. Although the main idea for cohort modelling remains the same, there are some fundamental differences in the way different population groups are modelled (details in respective sections below). 
The population that receives GP advice is worth explaining. As seen in the figure below, GP Brief advice is allocated in the same proportion to all smoking populations except pregnant women, regardless of other interventions being received.  The effectiveness of the GP Brief Advice intervention is therefore applied proportionately to all populations as an elevation of 1% point to the existing quit rate associated with any existing interventions, natural attrition, etc. 

[image: image1.emf] 

Adult  population: 6,388,233  

Adult smokers: 1,210,335 (18.95%   of adults )  

Non - LSSS cessation interventions :    205,878 ( 17.01 %   of smokers )  

LSSS cessation interventions :    108,536 ( 8.97 %   of smokers )  

Interventions for pregnant smokers :  2,991   ( 30.00 %   of preg smokers )  

Maternities :  122,246  

Pregnant smokers :    9,971 (8.16%   of maternities )  

 

OTC NRT :   110,141 ( 9.10 % of smokers)  

Prescription pharma :   85,939   ( 7.10 % of smokers)  

 

Smokers who will quit  unassisted :    24,207 (2% of smokers)  

Smokers prepared to    quit but not currently  making attempts  

Smokers receiving GP brief advice :    314,687 (26% of   non - pregnant   smokers)   When in combination with other interventions,    elevates chance of quitting by 1%pt  

Default populations from ROI tool (London region example)  

Smokers receiving NRT to  reduce smoking :  23,723     ( 2 %   of smokers )  

593 smokers     receiving NRT to  reduce smoking    (2.5%)  will go on to quit  


Adult smokers (18+)

The model first estimates the proportion of the population who fall into three categories – (a) current smokers; (b) former smokers; and (c) those dying in the current year.  The proportion of the population who are smokers and former smokers is based on both the background quit rate in the population and the relapse rate because (a) not every smoker can be offered an intervention, nor all who are offered an assistance will take it up; (b) some smokers may be able to quit unassisted; and (c) those who are assisted to quit may relapse. The number of smokers who will die is based on the differential risk of death for smokers and former smokers.  This allows estimation of the number of deaths and life expectancy for different time horizons.

Based on clinical data relating to the attributable risk of smoking with respect to disease, the model provides an estimate of the number of cases each year of lung cancer, coronary heart disease, COPD, myocardial infarction and stroke
.  These are allocated costs which allow the derivation of total healthcare costs associated with these diseases for different time horizons.  These are also allocated utility values which allow estimation of the expected quality adjusted life years (QALYs) for the population. The data sources for these costs and utility values are provided in Table A3.
The population of smokers is divided into three potential categories:
A. Smokers who did not use a tobacco control intervention in the first year (for the modelling purposes, the first year refers to the year where smokers receive an intervention)
a. A proportion of these smokers will quit smoking by end of the first year due to background quit rate (2%) without intervention

b. In subsequent years, further smokers may quit smoking based on the underlying quit rate.

B. Smokers who use a tobacco control intervention and are able to quit smoking in their first year according to the intervention’s effectiveness rates
a. All of these smokers are former smokers (or die
) at the end of the first year

b. In subsequent years, former smokers may relapse and become smokers again.

c. In subsequent years, a proportion of those who relapse may quit smoking based on the background quit rate without intervention.

C. Smokers who use a tobacco control intervention and are not able to quit smoking in their first year

a. All of these smokers are smokers (or die6) at the end of the first year

b. In subsequent years, a proportion of smokers may quit smoking based on the underlying quit rate without intervention
c. In subsequent years, former smokers may relapse and become smokers again.
It is assumed that the proportion of smokers who fall into each of the three categories listed above are determined by the uptake of local interventions (listed in Table A2) and their associated probability of quitting. That is, if 20% of smokers attempt to quit using a particular intervention with a probability of quitting of 10%, the proportion of smokers falling in to the three categories would be: 
(A) 
Smokers who did not utilize an intervention in their first year = 1-0.2 = 0.8; 
(B) 
Smokers who use an intervention and are able to quit smoking in their first year =0.2*0.1 = 0.02; and 
(C) 
Smokers who use an intervention and are not able to quit smoking in their first year =0.2*(1-0.1) = 0.18.
The model is run for a cohort of population (e.g. current smokers), taking into account the differential risk by age and gender of smoking behavior, mortality, disease incidence and days lost due to absenteeism
. 
Individual component of the model estimation (e.g. how passive smoking events or social care costs were derived) is described in the section called “Key Assumptions” below. 
The mortality rates and co-morbidities associated with smoking status are estimated in the same way as those reported in Flack et al.(2007) p. 5-6 and summarized below. The report can be viewed here
. 

	 Calculating mortality rates by smoking status

A= odds ratio for smokers versus former smokers

B= odds ratio for smokers versus non-smokers 

C= real mortality for each age 

D= prevalence of smoking for each age and gender 
E= actual mortality rates for smokers
F= actual mortality rates for former smokers 
G= actual mortality rates for non-smokers 
The following equation will then allow one to estimate E, F and G. 

C=  (E × D1)+ (F × D2)+ (G× D3) 
where E:F = A 
and 
E:G = B
Calculating prevalence of each co-morbidity by smoking status
H= Prevalence of co-morbidity in the general population (regardless of smoking status)

I= relative risk of each co-morbidity by smoking status (smokers versus formers smokers 

J= relative risk of each co-morbidity by smoking status (smokers versus non-smokers) 
K= the prevalence of smoking. 
L= prevalence of each co-morbidity for a current smoker 
M = prevalence of each co-morbidity for a former smoker 
N= prevalence of each co-morbidity for a non-smoker

The following equation will then allow one to estimate E, F and G. 

H=  (L × K1)+ (M × K2)+ (N× K3)  where L:M = I and  N:M = J
Source: Flack et al. (2007) p. 5-8. Available from: http://www.nice.org.uk/nicemedia/pdf/WorkplaceInterventionsPromoteSmokingCessationEconomicReport1.pdf 


A rate of 3.5% has been applied to discount the future streams of costs and benefits. The same rate applies to all population types reported below. 
Pregnant women who currently smoke (16-44 years)

The outcome data that are presented to a user are generated from a cohort model in which the smoking population of interest (i.e. pregnant smokers in the selected area) is followed up on their smoking status and associated morbidity, mortality and healthcare resource use for their lifetime (maximum age of 85). The idea is that depending on the uptake of tobacco control interventions and how effective those interventions are, the risk of mortality and morbidity for current pregnant smokers changes and any benefit of the intervention package can thus be captured. For pregnant smokers, the model simulates the high spontaneous quit rate in pregnant women and the high relapse rate in the year post pregnancy.  The impact of interventions is to increase that initial quit rate thus leading to a reduced proportion of the cohort being in the current smoker category. For each subsequent year, the model estimates the proportion of pregnant smokers who fall into three categories – (a) current smokers; (b) former smokers; and (c) dead.  The proportion of the population who are smokers and former smokers is based on the effectiveness of the interventions, the background quit rate in the population and the relapse rate. The number of smokers who will die is based on the differential risk of death for smokers and former smokers.  This allows estimation of the number of deaths and life expectancy for different time horizons. Based on clinical data relating to the attributable risk of smoking with respect to disease, the model provides an estimate of the number of cases each year of lung cancer, coronary heart disease, COPD, myocardial infarction and stroke.  These are allocated costs which allow the derivation of total costs associated with these diseases for different time horizons.  These are also allocated utility values which allow estimation of the expected quality adjusted life years (QALYs) for the population. 

In addition to the impact on pregnant women themselves, additional costs of treating babies of pregnant women in the 1st and up to 5th year of their life have been included in the model (NICE PHG 26). So has the likelihood of low-birth weight and SIDS in babies (Trapero-Bertran 2011). No pregnancy related co-morbidities excessive vomiting or gestational pre-eclampsia in pregnant women were modelled, as there exists no robust evidence to support their inclusion. 

The prevalence of smoking in pregnancy was sourced from Statistics on Women's Smoking Status at Time of Delivery: England (HSCIC). Self-report on smoking in pregnancy is found unreliable. Shipton et al. (2009) show that self-reports underestimate true smoking by 25%. Usmani et al. (2008) found that 27% of true smokers provided false answers to the self-reported questions at maternity booking, a figure thought to be comparable by the authors with a previous study suggesting 20% women falsely categorised themselves as non-smokers when asked by their midwife in New Zealand and the US. This suggests that smoking in pregnancy self-report data need to be adjusted upwards. We have chosen a figure of 25%, based on Shipton et al (2009) to do so. 
Stage 3: Probabilistic Sensitivity Analysis (PSA)
Note that the results of the economic modelling in the form of ROI metrics for the user-selected package of interventions are presented as point estimates. In generating such results, economic models use assumptions and best available evidence which often are subject to uncertainty in their own right. It was therefore necessary to evaluate uncertainties around such point estimates. A probabilistic sensitivity analysis (PSA) was conducted to allow estimation of the degree of uncertainty around the model results. The results of the PSA are presented for the adult (combination of adult smokers currently making quit attempts, pregnant smokers and adult smokers not intending to quit) and are presented in terms of lifetime costs and QALYs. The PSA results are generated by representing key parameters within the models as probability distributions rather than fixed values (see Table A9) for the parameters subjected to PSA and corresponding distributional assumptions and values).  The PSA involves sampling from each of these probability distributions and obtaining a new estimate of the lifetime costs and QALYs within each population for each intervention package. For each estimate, a random value is obtained for every uncertain parameter in the model.  These estimates can be called “replications”.

The results of the PSA are presented in the model by two graphical tools. The scatterplot shows the distribution of the incremental costs and QALYs for each package.  Each dot represents a pair of these values from one replication. The scatterplot allows the user to obtain a visual representation of the distribution of the incremental costs and QALYs – this can be defined as “joint density plots”. 

A cost effectiveness acceptability curve (CEAC) provides the user the opportunity to determine how likely a package will be cost effective given different values for a QALY, the user can choose a value on the horizontal axis for a QALY and read off the probability that the package of intervention is cost-effective.  Note that the CEACs are provided for adult population (combination of adult smokers currently making quit attempts, pregnant smokers and adult smokers not intending to quit). To avoid double counting, each sub-group was separated from the total adult population, the model was then run separately on each sub-group, and final outcomes were combined using population weights. 
Stage 4: Development of graphical user interface (GUI)

The ROI models are created in Microsoft Excel. However, to broaden their accessibility, a user-friendly graphical user interface (GUI) has been developed as the front-end. In order to be compatible with Excel, the GUI is developed using Microsoft Visual Basic for Applications (VBA) v7.0. The GUI has two distinct sections: 
· Inputs section showing a variety of parameters that are required to inform the model, including population sizes, smoking and ex-smoking rates, uptake of different interventions by smokers, their relative costs and effectiveness. Some of such parameters are pre-populated based on default values, others may be specific to the geographical location defined by the user; and  
· Outputs section: once inputs have been defined and the tool has been initiated, the GUI provides a platform from which to view the various results of the analyses performed by the underlying model. 
In order to ensure users’ familiarity of the GUI in the existing Tobacco ROI tool, the major GUI platform has been retained but many more functionalities have been added.  

Perspectives of analyses

Three perspectives are adopted in the modelling and summarising outputs (moving from narrow perspective to wider perspective):

NHS and Social Care perspective – In evaluating any intervention with implications for population health, NICE recommends that NHS and Social Care perspectives are to be taken as a minimum. This includes considerations of benefits and costs to healthcare sector (NHS) and social care (Local Authority). NHS costs include costs of treating smoking attributable conditions and due to paucity of data the Social Care costs only include LA costs of looking after people living with smoking-attributable stroke. This perspective is retained for all payback timescales: 2 years, 5 years, 10 years and lifetime. 
Quasi-societal perspective – In addition to considerations of benefits and costs to the NHS and Social Care, further benefits and costs to local economy (i.e. lost productivity due to tobacco use and gain in productivity as the result of any tobacco control measures) are added in the analyses.  This perspective is retained for all payback timescales: 2 years, 5 years, 10 years and lifetime.
Short-term quasi-societal perspective: The existing tool also provides short-term (2 year) count estimates for days absence from work, hospitalisations, primary care (GP visits, Nurse visits and Prescriptions), and passive smokers (both adult and children). In order to retain this feature, the costs of such resource use events, productivity losses and passive smoking for adults and children are added to the analysis in addition to considerations of benefits and costs to the NHS and Social Care. These costs and benefits in the short term required different input parameters [e.g. probabilities and costs of different types of resource use (hospital admissions, GP visits, etc.) rather than a single value of probability and annual treatment costs for smoking attributable disease, say, lung cancer).
It is important, therefore, to note that results reported under ‘quasi-societal’ perspective (2 year) and ‘short-term quasi-societal’ perspective (2 year) are likely to be different not only because the latter includes passive smoking costs and benefits on top of what is included in the former, but also because the NHS costs and benefits are estimated differently on those two occasions. 

Flexibility in input data

The tool is pre-populated at local authority level
. This means the users can choose their own local area and the tool pre-populates their population, prevalence of smoking and current uptake of local tobacco control interventions using data from sources listed in the Appendices. If the users believe they have better data than what has been suggested by default, they can overwrite those input parameters.  

The user can also choose the cost-effectiveness threshold (default £20,000 per QALY
).The cost-effectiveness threshold is a figure indicating decision maker’s willingness to pay for a QALY gain (i.e. gain in a year in full health). Currently, the NICE guideline for this threshold for the NHS is £20,000 per QALY gained (NICE 2009).  

There are a number of input parameters (e.g. relative risks) which the users are not allowed to change. These are shown in the Appendix Tables. 
The model outputs

The default final results are presented for two investment packages:

1. Assuming no tobacco control interventions – the Baseline 
2. Assuming current package of tobacco control interventions – Current Package 
3. Assuming a new intervention package created by users by selecting out a listed intervention, changing population, changing input parameter values or adding a new intervention – Alternative Package 
When first viewing the calculated results, the user is presented with a summary of the totals associated with the Current Package (as defined in the Input Area) and the Alternative Package (as defined in the Results Area). By default, the Alternative Package is presented as the Current Package plus the impact of implementing a subnational strategy. If the user does not wish to consider the impact of a subnational strategy in their analyses, they can easily exclude this from the results by clicking the relevant button in the Intervention Overview; this will allow users to view the Alternative Package just in terms of changes made to the current provision of local services. The reports are presented for adult population. This combines results from interventions intended for adults currently willing to make quit attempts, adults who are not intending to quit and pregnant women. 

Note that, the Baseline estimates refer to the ‘cost of illness’ and lost productivity associated with tobacco use, where appropriate. Usually, baseline serves as the first line comparator for any intervention package. However, the users can run the model with various ‘mix and match’ of the interventions and compare results between any two packages
. 
The results are organised as follows (see Table A1 in the Appendix for definition of metrics listed below):
	Summary of input parameters

Allocation Overview- population of chosen area and smoking prevalence 

Package Parameter Overview: percentage of smokers in chosen area allocated to different tobacco control interventions

	Summary of model results
Short term payback window (2 years):

Short Term Quasi-societal Savings – value of productivity gains, healthcare and social care
 cost-savings and cost-savings due to reduction in passive smokers


Short Term Productivity Gains – value of productivity gains in the first two years of investment
Short Term Resource Use Savings – the savings in the number and corresponding costs of GP visits, hospital admissions, prescriptions, nurse visits, and  LA costs of caring for stroke patients averted in the first two years of investment

Short Term Passive Smoking Savings  –the savings in the number of adults and children who are exposed to second-hand smoke and associated costs averted in the first two years of investment
Different payback windows (2 years, 5 years, 10 years and lifetime) from 

Quasi-societal Incremental Cost-Effectiveness Ratios (ICERs):  Productivity gains per smoker and NHS cost per smoking related death averted; NHS cost per life year gained; and NHS cost per QALY gained over 2, 5, 10 years and lifetime

Quasi-societal Benefit Cost Analyses (BCA):
Productivity gains per smoker, NHS savings benefit-cost ratios, NHS savings and value of health gains benefit-cost ratios

Quasi-societal Net Present Value Analyses (NPV): Productivity gains per smoker, NHS cost savings per smoker, NHS cost savings and value of health gains per smoker
Avoidable Burden of Disease - the number of QALYs averted per 1000 population over 2, 5, 10 years and lifetime



Key assumptions

A number of assumptions were inevitable to estimate the economic impact of tobacco control interventions. These are described below: 
	Hospital admissions

1) Statistical attributable fraction (SAF) approach has been used to estimate the number of hospital admissions attributable to smoking and how this changes as a proportion of smokers receive interventions and quit successfully. The SAF is calculated as attributable proportion = [pcur(rcur-1)+pex(rex-1)]/[1+ pcur(rcur-1)+pex(rex-1)] where, pcur= proportion who are current smokers;  rcur= relative risk for current compared with never-smokers; pex = proportion who are  former smokers; and rex= relative risk for former smokers compared with never-smokers.  






2) The SAF is a dynamic entity in the model, i.e. the value of SAF changes as soon as users select a different location. This is because the variation in smoking prevalence across local-authorities would mean that this cannot be a static figure that applies across all local authorities. As such, this is one of the strengths of the model to predict realistic hospital admissions figures. 

3) The variation in relative risks across (smoking related) diseases have been taken into account in the estimation of SAF. This is done by  calculating gender-specific SAF for all diseases included in the model (Appendix Table A6) 
4) The calculation of total smoking attributable admissions involved estimating attributable admissions for each disease area first. This is done by multiplying total admissions by relevant SAF. These numbers are then added up to arrive at the total attributable admissions. 
5) The admissions rates specific to each local authority was obtained by applying age/gender/locality specific hospital admissions data from the Hospital Episode Statistics (average of admissions observed between 2006 and 2008) on the 2011 population data from the ONS. The ‘average’ admissions approach was needed, as relying on one year HES data would mean that HES return would not have admissions data for those local authority where total number of admissions were small (hence breaking them down into age and gender would raise confidentiality issues). 

	Primary care

1) Four primary care events have been included in the model- GP visits, Nurse Visits, prescription and outpatient visits. Unlike hospital admissions, the smoking related primary care use is calculated by using excess events rate. Excess events = [(dsmokers + dformer-smokers)/2] where, dsmokers = difference in average primary care event between smokers and never-smokers; and dformer-smokers = difference in average in-patient stays between former smokers and never-smokers.
2) General Lifestyle Survey 2006 data was used to obtain age and gender specific rates (Appendix Table A5). These rates were applied to the number of smokers in each cycle in the cohort model to predict the expected number of primary care events. 


	Passive smoking adults and children
1) To calculate the costs associated with passive smoking we took data for the UK of the total burden of diseases potentially associated with passive smoking from the Royal College of Physicians report (RCP 2010). 
2) For children, the costs were £9,700,000 for GP visits and £13,600,000 for related hospital admissions for a total of £23,300,000.  Taking the number of smokers in the UK (10,748,403), we get a cost per smoker per year of £2.17.  
3) For adults, we take all the smoking related costs of the associated diseases and apply a population attributable fraction (PAFs) which tells us the amount due to passive smoking and then divide by the number of smokers.  The PAFs for passive smoking are estimated based on a relative risk of 1.27 and 1.22 respectively for CHD and lung cancer (Oberg et al. 2011) and applying this to smoking prevalence data. The PAFs for lung cancer are estimated as 0.0047316 (men) and 0.0111093 (women). The PAFs for CHD are estimated as 0.0384823 (Men 35-64 years), 0.0171471 (men ≥65 years); 0.0411338 (women 35-64 years) and 0.0393899 (women ≥65 years). The combined cost for lung cancer and coronary heart disease associated with passive smoking is £9.21 per smoker per year.  This was obtained by using RCP 2010 figure for total costs of smoking (£98.98 million) and attributing it to passive smoking using above PAFs divided by total number of smokers in the UK (10,748,403).  
4) Apply unit costs as in 2 and 3 (passive smoking cost per smoker per year) to predict total costs of passive smoking separately for children and adults. 

5) To calculate the number of children who are being regularly exposed to second hand smoke, it is assumed that the overall rate of exposure to second-hand smoke for never-smoking children is 0.25 per current smoker (Trapero-Bertran 2011, p. 87) and there are 0.54 children per adult (ONS population statistics). 

	Social care costs to look after stroke cases

1) Based on the selected package, the model predicts total number of admissions (ADM) due to smoking. This prediction is based on population attributable fraction method.

2) “ADM” is then multiplied by a factor of 0.033 to obtain the number of stroke cases. This is obtained by dividing 15300 stroke admissions out of 462900 total smoking attributable admissions (Statistics on smoking - England). 

3) The product obtained in step 2 is then multiplied by another factor 0.332 to obtain the number of smoking attributable stroke patients who would need informal care. This is obtained as follows: Stroke Rehabilitation Guide 2010/11 suggests that of the 11000 stroke cases, 7300 were left with disability, half of which left dependant (Commissioning Support for London 2011). This means, those needing care is [(7300/2)/11000]=0.332.

4)  The product in step 3 is further multiplied by a factor of 0.125 to obtain the number of smoking attributable stroke cases who would be on Local Authority care. Saka et al. (2009) suggest that of all type of carer needed for those stroke patients who need care, professional home help accounted for 12.5%. Professional home help is assumed to proxy LA care. 

5)  The product obtained in step 4 is then multiplied by unit cost of LA professional home help (£1,619 in 2012 value) to obtain total costs of looking after stroke patients. This was obtained by Saka et al. (2009) estimates that 200,000 individuals need informal care totalling 2420.921m of which 12.5% is professional home help.

	Productivity losses

1) The excess number of days absent from work due to smoking is estimated at 2.74 days per year (Weng S, Ali S, Leonardi-Bee J. (2012). 

2) Region-level employment rate in smokers data from the Integrated Household Survey allows for a more dynamic calculation of productivity costs that takes into account regional variations in smoking prevalence and employment rates.

3) Average wage rate data from Annual Survey of Hours and Earnings at regional levels are used instead of a single national average, thus better taking into account geographical variations in earnings. 

	Uptake of smoking

1) Expected number of new smokers is estimated assuming that uptake of smoking is a function of current smoking prevalence. This means that the higher the level of smoking prevalence in an area, the bigger the expected number of new smokers.  

2) Based on Health Survey for England (2006) data, age and gender specific ratios of new smokers to current smokers are calculated (Appendix Table A6). The methods are described in Trapero-Bertran (2011, p. 84). These ratios are then fed in the predicted number of current smokers in each cycle in the model to arrive at the number of new smokers.


Piloting with stakeholders 

Several face-to-face, telephonic and Web-ex conferences were organised with key stakeholders to test underlying model assumptions as well as functionality of the tool. A large number of feedback was received- mostly related to improving the user-interface and hence user experience, the way the tool handles different possibilities of a single input parameter, providing pop-up windows to aid users with extra information, and verifying the use of data in the model. This served as a reality check and based on this set of stakeholder feedback, the following are the changes since version 2 of the tool:

Data changes
Several changes have been made to the data, which include:
· Relative risks figures are updated using Thun et al. (2000), Health Profile of England (2007), Callum (2004) and Thacker et al. (2007). 
· Calculation of passive smoking costs revised to align with estimates provided in RCP (2010) report 

· Data tables optimised and restructured: structure of various worksheets reformatted to be in consistent database format to facilitate data lookup and make information more human-readable; Admissions table (now “SAF Admissions”) entirely restructured and Excel formulae replaced with VBA lookups to reduce system lag, local/regional ICD admissions counts moved to “Population Details” table for ease of lookup; 

· Inclusion of the pregnant smokers subpopulation (derived from SATOD rates applied to pregnant population from NHS Maternity Statistics, with a 25% elevation to account for underreporting based on advice from R. West and L. Bauld); 

· Inclusion of 3 new interventions for the pregnant smoker subpopulation (separate modelling from the general population implemented by the modelling team); 

· Inclusion of a new intervention to account for NRT assisted reduction in smoking; 

· In Version 2, the GP Brief Advice intervention was applied to the population of smokers who were otherwise unallocated to interventions. This was modified such that GP Brief advice is now allocated in the same proportion to all smoking populations except pregnant women, regardless of other interventions being received. The effectiveness of the GP Brief Advice intervention is now applied as an elevation of 1% point to the quit rate associated with any existing interventions / natural attrition / etc; 

· Region-level employment rate in smokers’ data added (Integrated Household Survey). This allows for a more dynamic calculation of productivity costs that takes into account regional variations in smoking prevalence and employment rates;

· Average wage rate data added (Annual Survey of Hours and Earnings survey) – regional figures now used instead of a single national average, thus better taking into account geographical variations in earnings;

· Option to run a probabilistic sensitivity analysis added.

 

User Interface changes
The Graphical User Interface has been completely redeveloped for v3, both to improve the user experience and to standardise the layout in line with the wider suite of NICE ROI tools. Main changes include:

· Functionality added to adjust the demographic values for the pregnant smoker subpopulation and employed smoker subpopulation; 

· Intervention view redesigned to display all parameters for each intervention (uptake, effectiveness and cost) in the same view; 

· Custom intervention functionality extended so that users can now add up to 16 new interventions for inclusion in the Current Package; 

· Sub-national Programme now listed separately as an intervention with editable parameters; 

· Find Out More options added throughout the tool to provide help to users; 

· “Package A” re-named “Current Package” – once this Current Package is defined, the parameter values for the constituent interventions can be amended to produce a differential, “Alternative Package”, thus highlighting the impact of making changes to the current provision of services;

· The results section of the tool has been entirely redeveloped and now allows for dynamic changes to made to the package of interventions and their impact to be reviewed in realtime;

· The term “Package A+” is no longer used. Instead of having a separate package for local + sub-national strategy, the additive effect of including a subnational strategy is now highlighted in the results display by automatically being added as part of the Alternative Package. In this way, the significant impact of including a subnational strategy is immediately obvious but can be readily excluded from analyses if not relevant to the location in question; 

· Options added to adjust scope of results, including the time horizon, discounted cost rate and discounted QALY rate; 

· Excel export completely redeveloped into a dynamic dashboard single page interface.

Results 
The tool can be used to generate results for any local or regional level in England. For the purpose of this report, Sunderland has been chosen for its high smoking prevalence rates and we report below the results.

Tobacco use and uptake of services in context

Sunderland has the adult population (18+ years) is about 221,000, of whom roughly 49,000 (22.1%) are current smokers. Sunderland has an ex-smoking rate of 30.8%. A total of 36.7% of adult smokers currently use some kind of smoking cessation interventions and 26% of non-pregnant smokers receive GP Brief Advice, grouped as follows: 
· 17.3% of smokers receive Local Stop Smoking Service (LSSS) interventions;
· 17.0% receive other, non-LSSS cessation interventions
· 1.9% receive NRT to help them cut down;

· 30.0% of pregnant smokers receive cessation interventions 

· 26% of non-pregnant smokers receive GP Brief Advice

The above group of interventions consists of:
	Individual interventions for Adults 

	Local Stop Smoking Service (LSSS) Interventions
	Non-LSSS Cessation Interventions

	-
	Mono NRT
	with
	Group support
One-to-one support
Drop-in support
	- OTC Mono NRT

	-
	Combo NRT
	
	
	- Prescription Mono NRT

	-
	Varenicline
	
	
	- Prescription Combo NRT

	-
	Bupropion
	
	
	- Rx Varenicline

	-
	All other LSSS interventions
	- Rx Bupropion

	
	
	- Pharmacy one-to-one support

	Cessation Interventions for Adult Sub-populations
	- Proactive telephone support 

	-
	Behavioural Support for Pregnant Women
	- Internet support

	-
	Incentives to Quit for Pregnant Women
	- Text to Stop

	-
	Rx Combo NRT for Pregnant Women
	- Self-help books and booklets

	-
	Harm Reduction for Smokers Unwilling to Make Quit Attempts
	


The economic and wider burden of tobacco 

Tobacco smoking costs Sunderland £17.8 million annually, of which £4.9million is due to productivity losses and £12.3 million is healthcare costs including that due to second hand smoke. The cost of productivity losses is the result of 53,573 days that smokers in Sunderland were not able to work in the past year as a direct result of smoking-related sickness. In other words, these are the costs that could have been avoided by businesses if their employees had not smoked.
The cost to the local health sector is the result of an additional 56,315 GP consultations; 16,849 practice nurse consultations; 9,738 outpatient visits; 2,706 hospital admissions; and 32,709 prescriptions. This amounts to an additional burden on the local NHS that could have been avoided if the patients in question had not smoked.
‘Potential’ benefits to local economy that tobacco control can generate
About 3,900 fewer lost days of working time translating to £362,000 cost-savings to the local economy per annum is being realised through the Current Package. The Alternative Package which combines current quit support services with a subnational programme (with an additional investment of £113,700) would save 5,355 working days translating to a cost-savings of £495,000 to the local economy. In other words, scaling up from current practice to alternative practice would save an additional £133,000 to the local economy. 

Wider benefits of tobacco control 
The impact of tobacco is much wider- it affects health of smokers, babies of pregnant women, and those people who are exposed to second hand smoke. The costs to the NHS in treating those affected people of smoking attributable conditions are enormous. If we put together all these costs and add them to productivity losses, Sunderland loses about £18 million every year due to tobacco. If a proportion of current smokers quit, Sunderland can potentially save up to £600,000 a year. In other words, 62.7% of all smokers are currently using a service from the package of interventions currently provided locally in Sunderland, which results in 1,845 quitters, leading to a saving of £600,000 a year.  

The need for investing in tobacco control
Any reduction in smoking prevalence, however, requires current smokers making quit attempts and eventually quitting. This is highly unlikely to happen in the absence of tobacco control interventions - only a small proportion of smokers are motivated enough to quit smoking without such intervention or support. Therefore, it is important to know how much money one needs to invest to realise those potential savings.
Weighing up costs and benefits of tobacco control 

Table 3 summarises the results of an analysis that took into account both the investment that is required now and all the benefits that would accrue in various time horizons for a package of interventions delivered locally in Sunderland. These results are called Return on Investment (ROI) as they provide an indication whether the investment is worth it. 

For illustrative purposes, we consider the quasi-societal
 costs (defined as costs to local economy due to productivity losses and wider sector such as healthcare in treating smoking attributable conditions) and benefits. By quitting, smokers are not only likely to ‘prolong’ their life years they are also likely to improve the ‘quality’ of their life and could reduce the number of absence days from work. In other words, the costs were measured in pounds and health gains were measured in QALYs. The QALYs were also converted into monetary values by using societal willingness to pay (WTP) for a gain in a year of life in full health. This societal WTP was proxied by NICE’s current threshold of £20,000/QALY. 

The selected package of interventions in this case is the one that includes local tobacco control services with the current uptake rate (Current Package). This includes interventions targeted at adult smokers who are currently willing to make quit attempts, those who are not currently willing to make quit attempts and pregnant current smokers, without a subnational programme. This is compared with a scenario where there were no such interventions (called baseline). The question that is being asked here is: what is the return on investment (ROI) of my current package of interventions? This allows users to review whether the current practice is actually cost-saving. In other words, – how long does it take for my investment to pay for itself and when does it actually start to make money? Table 1 answers this question. 

Reading from Table 1 where we have considered quasi-societal perspective in which both productivity losses and health care costs are included, it is apparent that the benefits of the investment required now in implementing the tobacco control package actually outweighs its costs in the long run. One way of looking at this investment is to see how much money in absolute term we are going to lose out in the first few years and how much money we might be able to pump back into local economy in the long run. The first two rows of Table 1 provide this answer. We will actually lose £36 per smoker per year in the first 2 years but this loss will get smaller over time and in the long run, we will be able to save £42/smoker per year. These promising returns however do not include the value of a QALY gain. If this value is considered, the returns are much higher, i.e. a loss of £4 per smoker per year out of the investment in 2 years but the return can be as high as £52 per smoker per year in the 5th year and £499 per smoker per year over a longer time horizon. 

Likewise, we can say that in the first two years the investment could give a return of 90p per £1 spent now. By the fifth year it can be as high as £2.10 (at today’s prices) for every £1 spent now and this return could go up to £11.20 (at today’s prices) per £1 spent now if we consider longer time horizon. Such a return is realised when we consider savings in terms of productivity losses, treatment costs and the value of health gains. 

The last three rows in Table 1 provide cost-effectiveness measures. The figures in these rows indicate that the current package is less costly and more effective from the lifetime perspective, compared with the baseline (i.e. no tobacco control package).  The package can be cost-effective from 5th year onwards (ICER=£5,846). 

	Table 1: Return on Investment of current package of tobacco control interventions targeted at adults in Sunderland, compared with no interventions (2012 prices, quasi-societal perspective)* 



	Compared with the Baseline scenario, the return*** on investment for the Current Package can be summarised by the following ROI metrics - quasi-societal perspective (includes benefits and costs to local economy and wider healthcare sector)

	 
	Metric
	2 years
	5 years
	10 years
	Lifetime
	 

	 
	Net present value (NPV): 
quasi-societal cost-savings
	-£35.97
	-£21.57
	-£2.40
	£41.84
	 

	 
	Net present value (NPV):
quasi-societal cost-savings 
and the value of health gains
	-£4.38
	£52.24
	£141.82
	£499.34
	 

	 
	Benefit-cost ratio:
quasi-societal savings
	0.3
	0.6
	1.0
	1.9
	 

	 
	Benefit-cost ratio:
quasi-societal savings 
and the value of health gains
	0.9
	2.1
	3.9
	11.2
	 

	 
	Avoidable burden:
number of QALYs per 1000 smokers
	1.6
	3.7
	7.2
	22.9
	 

	 
	Incremental quasi-societal costs per smoking-related death averted
	£431,877
	£78,919
	£3,933
	Current Package dominates Baseline
	 

	 
	Incremental quasi-societal costs per life year gained
	£462,637
	£36,527
	£1,128
	Current Package dominates Baseline
	 

	 
	Incremental quasi-societal costs per QALY gained
	£22,776
	£5,846
	£333
	Current Package dominates Baseline
	 

	 
	*** The term 'return' refers to the fact that both the costs of implementing your package of interventions and the benefits (health and non-health, including productivity losses and health and social care cost-savings from smoking attributable diseases) are included in the metrics. 
	 

	 
	**** A package dominates when it is both less costly and produces more benefits, compared to the baseline.
	 

	 


In summary, like many public health interventions, tobacco control interventions are highly cost-effective and NICE has assessed and recommended many of them (see NICE Smoking Pathways website). This Tobacco ROI tool puts these interventions together to enable users to create a ‘package’ of local tobacco control that can be evaluated for its return on investment at the very local level the service commissioners are implementing such measures.  Note that, in the context of the tool, the baseline estimates show what would happen if there were no investment. In effect, this allows us to look at potential impact of disinvesting in tobacco control, i.e. what if we stopped all current funding going to local services and/or subnational programme? Using Sunderland as an example in Table 1 above, the current package of local services offers a good ROI compared with disinvestment in services. In other words, if we stopped providing local services, we would incur £18 million every year as the result of lost productivity and NHS costs. In addition, the tool can be used to answer a number of policy questions including ‘what if I scaled up my local tobacco control? This can be done by following three simple steps: increase the uptake of one or more interventions, re-run the tool, compare alternative package with current package. The results are then interpreted in the same way as in Table 1 above.  

Sensitivity analyses

In order to see whether the conclusions about the ROI that could be derived from the point estimates alone (Table 1 and above interpretation) could be any different from the conclusion obtained from the analysis which takes in to account uncertainties around key input parameters (e.g. quit rates and costs of interventions included in the package) that generates such estimates, a probabilistic sensitivity analysis (PSA) was performed taking Sunderland as the local area.

The focus of the PSA is on the lifetime costs and QALYs for the combined adult population. As lifetime costs and QALYs are built on several assumptions and parameter values over a longer period of time, assessing uncertainties in these outcomes would provide a sound basis to evaluate uncertainty around other metrics as well. 
A scatter plot of incremental effects (QALYs) and incremental costs can provide a quick overview of how likely it is that the package is cost-effective. This is called the cost-effectiveness plane. In order to understand the results, it is important first to look at Figure 1a below. NICE generally suggests that technologies that cost less than £20,000 -£30,000 per QALY gained (termed as, the “threshold”) are considered cost effective.   Those packages that fall into the lower right section of the graph, indicating the package is both cost saving and more effective, will always be considered cost effective.  Depending on where most of the dots in the scatter plots lie, one can determine whether the package is cost effective or not.

Figure 1a: The cost-effectiveness plane
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Figure 1b below provides such a scatter plot for the adult population in Sunderland. Note that the scatter plot is the outcome of a 1000 different estimations (called iterations) of incremental costs and incremental QALYs. In other words, 1000 combinations of all possible values, drawn at random, of different input parameters were used to generate incremental costs and QALYs. These estimates are for local interventions with or without subnational programme for all adult population (currently willing to make quit attempts, currently unwilling to make quit attempts and pregnant current smokers). 

Figure 1b shows that all of the values fall in the southeast (SE) quadrant which indicates the packages of interventions are cost saving and more effective. Note that perspective here is quasi-societal (see footnote 16, p. 24).

It can also be seen from Fig 1b that the values corresponding to a subnational programme all fall in the SE quadrant - in other words it was also cost saving. Thus, when a sub-national programme was added to local services, the package for all adult population was always cost-effective. 

Figure 1b: The cost-effectiveness planes for adult population (Sunderland)
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Another way to look at the uncertainty around the ROI estimates is to look at cost-effectiveness acceptability curves, known as CEAC (Figures 2a, 2b and 2c). Note that, CEAC is constructed by plotting the proportion of values in the probabilistic sensitivity analysis that are cost-effective for a range of threshold values. The X-axis represents the value of the threshold (remember, NICE recommends £20,000 to £30,000 per QALY) and Y-axis represents the probability that the package is cost-effective at the given value of the threshold. Compared with baseline, the package for adult interventions without a subnational program is cost effective for all threshold values for a QALY (Figure 2a). At each threshold value the probability that the package is cost-effective was 100%. 

Figure 2a: The Cost-effectiveness acceptability curve (CEAC) for adult population (Sunderland) comparing adult interventions with baseline
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When comparing the package for adult interventions with a subnational population with baseline, the package is always cost effective. (Figure 2b)

Figure 2b: The Cost-effectiveness acceptability curve (CEAC) for adult population (Sunderland) comparing adult interventions including a subnational program with baseline
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Figure 2c shows that when comparing the adult interventions with a subnational program with the adult interventions without a subnational program, the adult interventions with a subnational program is always cost effective.  In other words, there is 100% chance that the package is cost-effective at even a very low threshold of, say, £1,000 per QALY.

Figure 2c: The Cost-effectiveness acceptability curve (CEAC) for adult population (Sunderland) comparing adult interventions including a subnational program with adult interventions without a subnational program

[image: image6.png]Probability Programme is Cost Effective

1.00

0.90

0.80

0.70

0.60

0.50

Probability a Local Tobacco Control Programme Targetting Adult
Smokers in Conjunction with a Subnational Programme is Cost
Effective Compared to No Programme

£0 £10,000 £20,000 £30,000 £40,000

Decision Maker's Maximum Willingness to Pay for a QALY

£50,000





Impact of Age and Gender 
This analysis will look at how incremental costs and incremental QALYs vary across age within a gender.  This analysis was performed with Sunderland as the local area.
In the base case analysis, over the whole smoking population the current package (adult interventions without a subnational program) results in incremental cost savings of £29 as compared with baseline and incremental QALYs of 0.02.  The following graphs depict the results of two-way analysis whereby the change in incremental cost and QALYs is graphed by varying age (16-84) and gender (male and female).
Figure 3: Incremental costs per smoker between the Current Package and the Baseline, by age and gender 
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Incremental costs in Figure 3 relate to the difference in costs between the Current Package and the Baseline.  Costs include the costs of tobacco control interventions as well as the NHS costs of treating smoking attributable disease.   Incremental costs are positive (i.e. the interventions are more costly) for males aged over 80 and females aged over 60 and negative (intervention was cost-saving) for all other age-sex cohorts.
The age-sex composition of the smoking population therefore impacts incremental costs. This means that the average incremental costs will be higher than the current average estimates if there are many more old (>80 years for males and >60 years for females) current smokers. This may be particularly important in the light of regional variation, if any, in the age composition of smoking population. However, systematic variations in incremental costs by age may not matter much as long as the implications of the results do not swing from cost-effective/saving to cost-ineffective. This requires further investigations on the effect of age on QALYs, as described below. 

A similar trend was found with respect to incremental QALYs (see Figure 4). For all-sex cohorts, the Current Package leads to greater QALYs. When comparing the Current Package with the Baseline, incremental QALYs (i.e. the difference in QALYs between the Current Package and the Baseline) increased from age 16 up to age 52 for females and up to age 64 for males and then declined.  Lower incremental QALYs in younger age groups is the result of the benefit from disease prevention occurring more in the future and thus being impacted more by the discount rate applied.   The declining incremental QALYs in the older age groups were due to the shorter time horizon for smokers to benefit from smoking cessation. 

Figure 4: Incremental QALYs per smoker between the Current Package and the Baseline, by age and gender 
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If we put the differential effect on QALYs of age together with that on costs as described above, the age effect is unlikely to change the implications of overall results. That is, incremental costs and QALYs vary by age but for all ages interventions remained cost-effective.
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Appendices

Appendix 1: Bibliography of selected studies to draw up long list of interventions – separate PDF file
Appendix 2: Long list of interventions – separate PDF file
Appendix 3: Short list of interventions – Table A2 (see below)
Appendix 4: Related NICE guidance 

	PH1
	Brief interventions and referral for smoking cessation (PH1)

	PH5
	Workplace interventions to promote smoking cessation (PH5)

	PH6
	Behaviour change (PH6)

	PH10
	Smoking cessation services (PH10)

	PH14
	Preventing the uptake of smoking by children and young people (PH14)

	PH23
	School-based interventions to prevent smoking (PH23)

	PH26
	Quitting smoking in pregnancy and following childbirth (PH26)

	PH39
	Smokeless tobacco cessation - South Asian communities (PH39)

	PH45
	Tobacco harm reduction (PH45)


Table A1- The definition of different metrics used in the tool
	Metrics
	Description


	Baseline estimates
	Count of events (e.g. days of absenteeism, passive smokers, GP visits or hospitalisations), productivity losses or health and social care costs due to tobacco use. These estimates refer to current economic burden of tobacco in local area. 

	Net cost saving, 1 year (including health care cost saving)
	Net cost savings per recipient for year 1 (health care cost savings in the first year minus the cost of the intervention).

	Net cost saving, 1 year (including health care cost saving and the value of productivity saving)
	Net cost savings per recipient for year 1 (health care cost savings and the value of productivity savings in the first year minus the cost of the intervention).

	NPV (including health care cost saving)
	The sum of health care cost savings per recipient less implementation cost per recipient. A positive value indicates that the value of the benefits exceeds the intervention costs.  

	NPV (including health care cost saving and health gain)
	The sum of health care cost savings and value of health gains (monetary value of QALY multiplied by the number of QALYs gained) per recipient less implementation cost per recipient. A positive value indicates that the value of the benefits exceeds the intervention costs.

	B:C ratios (including health care cost saving)
	The sum of health care cost savings per recipient divided by the cost of the intervention per recipient. A value greater than 1 indicates that the benefits of the intervention exceed its costs. 

	B:C ratios (including health care cost saving and health gain)
	The sum of health care cost savings per recipient and value of health gains (monetary value of QALY multiplied by the number of QALYs gained), divided by the cost of the intervention per recipient. A value greater than 1 indicates that the benefits of the intervention exceed its costs.

	
Cost per QALY gained
 
	The incremental cost of the package minus the sum of all cost savings divided by the number of QALYs gained. A negative number indicates that the health care cost savings are greater than the original cost of the intervention. 

	Cost per death avoided
	The incremental cost of the package minus the sum of health care cost savings divided by the number of deaths avoided. A negative number indicates that the health care cost savings are greater than the original cost of the intervention.

	Cost per LY saved
	The incremental cost of the package minus the sum of health care cost savings divided by the number of life years saved.  A negative number indicates that the health care cost savings are greater than the original cost of the intervention.

	Short run productivity gain
	Productivity gains per recipient for the first 2 years following the intervention.

	Avoidable burden of disease (QALYs)
	The product of number of QALYs gained per person and the population reached by the intervention (the population reached is the proportion of the UK population affected by the condition). This provides an indication of the scale of the health problem that can be resolved by the intervention. In the tool, this metric is standardised as QALYs gained per 1000 smokers. 


Table A2a- Tobacco control interventions included in the tool
	Interventions
	Description
	Absolute quit rate (unless stated otherwise)
	Source 

	Mono NRT + group support
	Target population: Adult current smokers 18+.

A specialist clinic is a clinic that offers multi-session (usually for at least 4 weeks post quit date) specialist behavioural support by practitioners whose primary role is in tobacco controlsupport and who have competences as assessed by the NCSCT recommendations (www.ncsct.co.uk). Lower intensity support by less specialised practitioners is covered by the figures for NHS non specialist clinic setting below.
	0.20
	West & Owen (2012)

	Combo NRT + group support
	
	0.26
	West & Owen (2012)

	Varenicline + group support
	
	0.31
	West & Owen (2012)

	Bupropion + group support
	
	0.23
	West & Owen (2012)

	Mono NRT + one-to-one support
	
	0.15
	West & Owen (2012)

	Combo NRT + one-to-one support
	
	0.20
	West & Owen (2012)

	Varenicline + one-to-one support
	
	0.24
	West & Owen (2012)

	Bupropion + one-to-one support
	
	0.17
	West & Owen (2012)

	Mono NRT + drop-in support
	
	0.11
	West & Owen (2012)

	Combo NRT + drop-in support
	
	0.15
	West & Owen (2012)

	Varenicline + drop-in support
	
	0.19
	West & Owen (2012)

	Bupropion + drop-in support
	
	0.13
	West & Owen (2012)

	All other SSS interventions
	
	0.07
	Weighted average of 12 core LSSS interventions

	OTC Mono NRT
	Target population: Adult current smokers 18+.

These include interventions in primary care and hospital setting in which there is limited behavioural support which may range from a prescription from the GP only to stop-smoking advice from practice nurses or pharmacists. If the pharmacist or nurse is delivering behavioural support according to the recommended treatment plan (see above) and has the necessary competences to do this, then the estimated success rates will be as given above for specialist services.
	0.04
	West & Owen (2012)

	Prescription Mono NRT
	
	0.07
	West & Owen (2012)

	Prescription Combo NRT
	
	0.10
	West & Owen (2012)

	Varenicline
	
	0.12
	West & Owen (2012)

	Bupropion
	
	0.08
	West & Owen (2012)

	Pharmacy one-to-one support
	Target population: Adult current smokers 18+.

Non-NHS interventions include those that smokers purchase themselves, or are (or could be) delivered by other agencies.
	0.03
	Bauld et al. (2010)

	Proactive telephone support 
	
	0.08
	West & Owen (2012)

	Internet support
	
	0.08
	West & Owen (2012)

	Text to Stop
	
	0.09
	West & Owen (2012)

	Self help books and booklets
	
	0.05
	West & Owen (2012)

	GP Brief Advice
	Target population: Adult current smokers 18+.

The only intervention known to have an effect is physician advice. Brief opportunistic advice from other health professionals may have an effect but to date there is no good evidence for this. Nevertheless they are recommended to give such advice so as to encourage smokers to use the Stop-Smoking Services which do have proven effectiveness.
	0.01
	West & Owen (2012)

	Behavioural Support for Pregnant Women
	Target population: Pregnant women aged 16-44 years

Interventions that are targeted at pregnant current smokers to help them quit during pregnancy and post-partum. 
	0.04
	NICE PHG 26

	Incentives to Quit for Pregnant Women
	
	0.09
	NICE PHG 26

	Rx Combo NRT for Pregnant Women
	
	0.04
	NICE PHG 26

	Harm Reduction for Smokers Unwilling to Quit
	Target population: Adult current smokers except pregnant women and those already allocated to LSSS and non-LSSS interventions who are not intending to quit 

OTC NRT for cutting down (no structural support) 


	0.02
	NICE PHG 45

	Comprehensive sub-national programme
	Target population: General population 

A coordinated programme of tobacco control at sub-national (e.g. regional) levels built around major key strands advocated by World Health Organisation's MOPWER model of tobacco control and is similar to FRESH North East 
	0.05
	Trapero-Bertran et al. (2011) – estimates based on Technical Report , p. 36-37.

	No intervention (background quit rate)
	Expected annual rate of fall in smoking prevalence 
	0.02
	West (2006)


Table A2b- Unit costs of tobacco control interventions included in the tool

	Intervention
	Historical Cost 
per person
	Net Cost 
Year
	Country
	Inflation 
adjustment
	Costs 2012
	Source / Notes

	NRT
	69.16
	2006
	UK
	1.1859693
	£82.02
	NICE Guidance PH10 (NICE 2007)

	Combo
	100
	2011
	UK
	1.0325262
	£103.25
	West & Owen (2012), unpublished

	Varenicline
	163.8
	2006
	UK
	1.1859693
	£194.26
	NICE Guidance PH10 (NICE 2007)

	Bupropion
	79.7
	2006
	UK
	1.1859693
	£94.52
	NICE Guidance PH10 (NICE 2007)

	Closed and rolling
	31.616
	2007
	UK
	1.143715
	£36.16
	NICE Guidance PH10 (NICE 2007). £59.28 (2007) for group support per session . Average number of group sessions per smoker =8. Average number of people per group session = 15

	One to one
	88.92
	2007
	UK
	1.143715
	£101.70
	NICE Guidance PH10 (NICE 2007). £14.82 (2007) for one-to-one  support per session. Average number of sessions per smoker = 6

	Drop in
	88.92
	2007
	UK
	1.143715
	£101.70
	NICE Guidance PH10 (NICE 2007). £14.82 (2007) for drop-in support per session. Average number of sessions per smoker = 6

	Text to Stop
	16.12
	2010
	UK
	1.0636634
	£17.15
	Guerrierra et al. (2012), unpublished. Year 2010 assumed.

	Pharmacy one-to-one support
	179
	2007
	UK
	1.143715
	£204.72
	Bauld et al. (2010)

	Self help books and booklets
	5
	2012
	UK
	1
	£5.00
	West & Owen (2012), unpublished

	Proactive telephone support 
	150
	2005
	UK
	1.2298752
	£184.48
	West & Owen (2012), unpublished

	Internet support
	5
	2011
	UK
	1.0325262
	£5.16
	West & Owen (2012), unpublished

	Sub national tobacco program
	2.26
	2011
	UK
	1.0325262
	£2.33
	Per smoker per annum. Analysis based on FRESH North East data (Traper-Betran et al. 2012)

	GP Advice
	15.4
	2011
	UK
	1.0325262
	£15.90
	Curtis (2011). 5 minutes of GP time assumed based on NICE Guidance PH1.

	Behavioural Support for pregnancy
	£155.68 
	2009
	UK
	1.0700375
	£166.58
	PH26 based on £155.68 per smoker in 2009

	Incentives for pregnancy
	52.83
	2009
	UK
	1.0700375
	£56.53
	PH26 based on £52.83 per smoker in 2009

	Combo NRT for pregnancy
	100.43
	2009
	UK
	1.0700375
	£107.46
	PH26 based on £100.43 per smoker in 2009

	OTC NRT for cutting down (no structured support)
	 
	 
	UK
	 
	£0.00
	Zero cost assumed as smokers will pay this cost on their own

	All other LSSS interventions not listed in the tool
	 
	 
	UK
	 
	£11.87
	Weighted average cost derived from 12 core LSSS interventions


Table A3a- Other input parameters- costs
	Intervention
	Historical Cost 
per patient
	Net Cost 
Year
	Country
	Inflation 
adjustment
	Costs 2012
	Cost description 
	Source

	Cost of lung cancer 
	£5,501.00
	2006
	£UK
	1.185969282
	£6,524.02
	Annual cost of lung cancer
	Flack et al. (2007)

	Cost of coronary heart disease 
	£1,063.00
	2006
	£UK
	1.185969282
	£1,260.69
	Annual cost of coronary heart disease
	Flack et al. (2007)

	Cost of chronic obstructive pulmonary disease 
	£926.00
	2006
	£UK
	1.185969282
	£1,098.21
	Annual cost of chronic obstructive pulmonary disease
	Flack et al. (2007)

	Cost of myocardial infarction 
	£2,175.00
	2006
	£UK
	1.185969282
	£2,579.48
	Annual cost of myocardial infarction
	Flack et al. (2007)

	Cost of stroke 
	£2,061.00
	2006
	£UK
	1.185969282
	£2,444.28
	Annual cost of stroke
	Flack et al. (2007)

	Cost of GP consultation 
	£36.00
	2009
	£UK
	1.070037453
	£38.52
	Annual cost of GP consultation
	Curtis (2010)

	Cost of  practice nurse consultations 
	£11.00
	2009
	£UK
	1.070037453
	£11.77
	Annual cost of  practice nurse consultations
	Curtis (2010)

	Cost of prescription 
	£40.00
	2009
	£UK
	1.070037453
	£42.80
	Annual cost of prescription
	Curtis (2010)

	Cost of admissions 
	£2,383.50
	2009
	£UK
	1.070037453
	£2,550.43
	Annual cost of admissions
	Curtis (2010)

	Cost of day cases 
	£637.00
	2009
	£UK
	1.070037453
	£681.61
	Annual cost of day cases
	Curtis (2010)

	Cost of outpatient visit 
	£152.00
	2009
	£UK
	1.070037453
	£162.65
	Annual cost of outpatient visits
	Curtis (2010)

	Cost of treating an adult passive smoker 
	£492.76
	2007
	£UK
	1.143714972
	£563.58
	Average cost per smoker (adult)
	RCP (2010)

	Cost of treating a child passive smoker 
	£429.89
	2007
	£UK
	1.143714972
	£491.67
	Average cost per child (passive smoker)
	RCP (2010)

	Costs in first year of life of hospitalisation in chidren due to smoking in pregnancy 
	£223.54
	2009
	£UK
	1.070037453
	£239.20
	Average cost per pregnant women
	Taylor (2009) - PH26

	Costs up to 5 years of age of life of hospitalisation in chidren due to smoking in pregnancy 
	£370.90
	2009
	£UK
	1.070037453
	£396.88
	Average cost per pregnant women
	Taylor (2009) - PH26

	Cost of treating smoking-related stoke survivors in the community
	£1,513.08
	2009
	£UK
	1.070037453
	£1,619.05
	Average cost per smoker who survived stroke and needs LA care
	Saka et al. (2009) - 200000 individuals needing informal care totalling 2420.921m of which 12.5% is professional home help


Table A3b- Other input parameters

	Data
	Value
	Assumption (if applicable)
	Source

	Utility score for smokers
	0.8497
	
	Vogl et al. (2012)

	Utility score for former smokers
	0.8695
	
	Vogl et al. (2012)

	Utility score for lung cancer
	0.8839
	
	Tengs and Wallace (2000)

	Utility score for coronary heart disease
	0.5767
	
	Tengs and Wallace (2000)

	Utility score for chronic obstructive pulmonary disease
	0.8000
	
	Tengs and Wallace (2000)

	Utility score for myocardial infarction
	0.7300
	
	Tengs and Wallace (2000)

	Utility score for stroke
	0.8000
	
	Tengs and Wallace (2000)

	Days lost per smoker
	2.74
	
	Weng S, Ali S, Leonardi-Bee J. (2012)

	Average hourly wage
	£11.68
	Labour Market Statistics. 
	Office for National Statistics

	Proportion of smokers in employment
	0.58
	Based on GHS 2006 data
	General Household Survey

	Proportion of stroke patients who would need care
	0.332
	per stroke patient. 
	Commissioning Support for London (2011)

	Local Authority care as % of total informal care
	0.125
	
	Saka et al. (2009)

	Proportion needing LA care
	0.041
	Assumptions underlined on p. 8 of this report
	

	proportion of stroke cases 
	0.033
	per smoking attributable admissions. 15300 stroke admissions out of 462900 total SA admissions
	Statistics on Smoking- England

	Average number of children per smoker
	0.54
	
	Trapero-Bertran et al. (2011)

	Proportion unwilling to quit (all)
	0.37
	
	ONS Survey (2011)

	Proportion unwilling to quit (male)
	0.39
	
	ONS Survey (2011)

	Proportion unwilling to quit (female)
	0.34
	
	ONS Survey (2011)

	Relapse rate – CDTQ population
	0.22
	Estimated based on 21% quit rate in general population and OR of 1.04 of Intent to quit in 1 month vs. other as reported in Zhou et al. 2009.
	Flack et al. (2007) and Zhou et al. (2009)

	Probability of SIDS
	0.00036
	
	FSID 2010

	Probability of low birth weight (LBW)
	0.072
	
	ONS (2007)

	Odds ratio – SIDS
	2.13
	
	Trapero-Bertran (2011)

	Odds ratio- LBW
	1.22
	
	Trapero-Bertran (2011)

	1st year costs related to babies due to smoking in pregnancy
	239.1961723
	Inflated to 2012 value
	Taylor (2009)

	5 year costs related to babies due to smoking in pregnancy
	396.8768914
	Inflated to 2012 value
	Taylor (2009)

	Relapse rate during pregnancy
	0.30
	
	BMRB (2005)

	Spontaneous quit rate in pregnancy
	0.49
	
	BMRB (2005)


Table A4- Uptake of interventions 

	Code
	Interventions included in the model
	Uptake as % of smokers (national rates based on Smoking Toolkit Study)
	Adjusted uptake (% of 
relevant pop)
	Source

	501
	OTC Mono NRT
	9.10%
	9.24%
	West & Owen (2012), unpublished

	502
	Rx Mono NRT
	2.00%
	2.03%
	West & Owen (2012), unpublished

	503
	Rx Combo NRT
	1.70%
	1.73%
	West & Owen (2012), unpublished

	504
	Varenicline
	2.80%
	2.84%
	West & Owen (2012), unpublished

	505
	Bupropion
	0.60%
	0.61%
	West & Owen (2012), unpublished

	101
	Closed and Rolling group combined + mono NRT
	0.14%
	0.14%
	Analysis based on LSSS Returns data. Note that this is % of those smokers who accessed LSSS. These figures will be adjusted by locality data in the model to get the dynamic uptake figures. 

	102
	Closed and Rolling group combined + combo NRT
	0.18%
	0.19%
	

	103
	Closed and Rolling group combined + varenicline
	0.25%
	0.26%
	

	104
	Closed and Rolling group combined + bupropion
	0.00%
	0.00%
	

	201
	One-to-one + mono NRT
	3.58%
	3.63%
	

	202
	One-to-one + combo NRT
	5.60%
	5.69%
	

	203
	One-to-one + varenicline
	3.29%
	3.35%
	

	204
	One-to-one + bupropion
	0.09%
	0.09%
	

	301
	Drop-in + mono NRT
	0.75%
	0.76%
	

	302
	Drop-in + combo NRT
	1.12%
	1.14%
	

	303
	Drop-in + varenicline
	0.50%
	0.51%
	

	304
	Drop-in + bupropion
	0.01%
	0.01%
	

	604
	Text to Stop
	0.10%
	0.10%
	West & Owen (2012), unpublished

	601
	Pharmacy one-to-one support
	0.01%
	0.01%
	Assumed close to zero

	605
	Self help books and booklets
	0.20%
	0.20%
	West & Owen (2012), unpublished

	602
	Proactive telephone support 
	0.30%
	0.30%
	West & Owen (2012), unpublished

	603
	Internet support
	0.20%
	0.20%
	West & Owen (2012), unpublished

	401
	Remaining LSSS
	1.80%
	1.83%
	 

	701
	GP Brief Advice
	26.00%
	26.41%
	26% of all smokers

	811
	OTC NRT for cutting down (no structured support)
	1.90%
	1.93%
	 

	801
	Behavioural Support 
	0.16%
	10.00%
	10% of pregnant smokers assumed allocation

	802
	Incentives
	0.16%
	10.00%
	10% of pregnant smokers assumed allocation

	803
	Combo NRT
	0.16%
	10.00%
	10% of pregnant smokers assumed allocation

	 
	Total uptake
	0.3432
	 
	 


Table A5- Excess number of primary care in smokers and smoking-attributable admissions
	GP Consultations
	Age
	Male
	Female
	Source

	 
	12-24
	0.56
	2.25
	Excess due to smoking. General Lifestyle Survey (2006). Assume 16-24 rates apply to 12-15 year olds as well. 

	 
	25-34
	0.71
	2.00
	

	 
	35-44
	0.87
	0.91
	

	 
	45-54
	1.21
	1.06
	

	 
	55-64
	1.34
	1.01
	

	 
	65-74
	1.50
	3.31
	

	 
	>75
	3.04
	-1.64
	

	Practice nurse consultations
	Age
	Male
	Female
	 

	 
	12-24
	0.17
	1.00
	Excess due to smoking. General Lifestyle Survey (2006). Assume 16-24 rates apply to 12-15 year olds as well.

	 
	25-34
	0.01
	-0.69
	

	 
	35-44
	-0.18
	0.47
	

	 
	45-54
	0.70
	-0.11
	

	 
	55-64
	0.91
	0.45
	

	 
	65-74
	0.13
	1.53
	

	 
	>75
	1.13
	0.24
	

	Admissions
	Age
	Male
	Female
	Illustrative figure for Dorset. These are dynamic estimates in the model, i.e. these figures change as the location changes. Hospital Episode Statistics for 2006-08. Assume 16-24 rates apply to 12-15 year olds as well.

	 
	12-24
	0.00
	0.00
	

	 
	25-34
	0.00
	0.00
	

	 
	35-44
	0.08
	0.04
	

	 
	45-54
	0.08
	0.04
	

	 
	55-64
	0.08
	0.04
	

	 
	65-74
	0.08
	0.04
	

	 
	>75
	0.08
	0.04
	

	Prescriptions
	Age
	Male
	Female
	 

	 
	12-24
	-0.21
	1.87
	Excess due to smoking. General Lifestyle Survey (2006). Assume 16-24 rates apply to 12-15 year olds as well.

	 
	25-34
	-0.12
	0.64
	

	 
	35-44
	0.57
	0.76
	

	 
	45-54
	0.93
	0.94
	

	 
	55-64
	0.79
	0.73
	

	 
	65-74
	1.08
	1.34
	

	 
	>75
	2.09
	-1.25
	


Table A6- Disease conditions and relative risks used to estimate smoking-attributable hospital admissions
	Group Code
	Description
	Age
	Current Smoker Male
	Former Smoker Male
	Current Smoker Female
	Former Smoker Female
	Source

	C00–C14
	Lip, Oral Cavity, Pharynx
	35+
	10.89
	3.4
	5.08
	2.29
	Statistics for Smoking for England 2013: Table B2

	C15
	Oesophagus
	35+
	6.76
	4.46
	7.75
	2.79
	Statistics for Smoking for England 2013: Table B2

	C16
	Stomach
	35+
	1.96
	1.47
	1.36
	1.32
	Statistics for Smoking for England 2013: Table B2

	C25
	Pancreas
	35+
	2.31
	1.15
	2.25
	1.55
	Statistics for Smoking for England 2013: Table B2

	C32
	Larynx
	35+
	14.6
	6.34
	13.02
	5.16
	Statistics for Smoking for England 2013: Table B2

	C33–C34
	Trachea, Lung, Bronchus
	35+
	21.3
	8.3
	12.5
	4.8
	Thun JAMA 2000 Table 3

	C53
	Cervix Uteri
	35+
	 
	 
	1.59
	1.14
	Statistics for Smoking for England 2013: Table B2

	C64–C65
	Kidney and Renal Pelvis
	35+
	2.5
	1.7
	1.4
	1.1
	Statistics for Smoking for England 2013: Table B2

	C67
	Urinary Bladder
	35+
	3.27
	2.09
	2.22
	1.89
	Statistics for Smoking for England 2013: Table B2

	C80
	Unspecified site
	35+
	4.4
	2.5
	2.2
	1.3
	Statistics for Smoking for England 2013: Table B2

	C92.0
	Acute Myeloid Leukemia
	35+
	1.8
	1.4
	1.2
	1.3
	Statistics for Smoking for England 2013: Table B2

	I20–I25
	Ischemic Heart Disease
	35-64
	2.6
	1.6
	3.2
	1.4
	Thun JAMA 2000 Table 3

	I20–I25
	Ischemic Heart Disease
	65+
	1.5
	1.2
	1.7
	1.4
	Thun JAMA 2000 Table 3

	I00–I09, I26–I51
	Other Heart Disease
	35+
	1.78
	1.22
	1.49
	1.14
	Statistics for Smoking for England 2013: Table B2

	I60–I69
	Cerebrovascular Disease
	35-64
	2.4
	1
	3.8
	1.5
	Thun JAMA 2000 Table 3

	I60–I69
	Cerebrovascular Disease
	65+
	1.5
	1
	1.6
	1.2
	Thun JAMA 2000 Table 3

	I70
	Atherosclerosis
	35+
	2.44
	1.33
	1.83
	1
	Statistics for Smoking for England 2013: Table B2

	I71
	Aortic Aneurysm
	35+
	6.21
	3.07
	7.07
	2.07
	Statistics for Smoking for England 2013: Table B2

	I72–I78
	Other Arterial Disease
	35+
	2.07
	1.01
	2.17
	1.12
	Statistics for Smoking for England 2013: Table B2

	J10-J18
	Pneumonia, Influenza
	35+
	2.5
	1.4
	4.3
	1.1
	Statistics for Smoking for England 2013: Table B2

	J10-J18
	Bronchitis, Emphysema
	35+
	17.1
	15.64
	12.04
	11.77
	Statistics for Smoking for England 2013: Table B2

	J40-J44
	Chronic Airway Obstruction
	35+
	10.8
	7.8
	12.3
	8.9
	Thun JAMA 2000 Table 3

	K25-K27
	Digestive Diseases
	35+
	4.5
	1.6
	6.4
	1.4
	Callum 2004 (Tobacco in London) Table A1 p. 39

	C54
	Endometrial cancer*
	35+
	 
	 
	0.7
	0.7
	Callum 2004 (Tobacco in London) Table A1 p. 39

	I73.9
	Peripheral vascular disease
	35+
	16
	7
	16
	7
	Callum 2004 (Tobacco in London) Table A2 p. 40

	K50
	Crohn's disease
	35+
	2.1
	1
	2.1
	1
	Callum 2004 (Tobacco in London) Table A2 p. 40

	K05
	Periodontitis
	35+
	3.97
	1.68
	3.97
	1.68
	Callum 2004 (Tobacco in London) Table A2 p. 40

	H25
	Age related cataract (45+)
	35+
	1.54
	1.11
	1.54
	1.11
	Callum 2004 (Tobacco in London) Table A2 p. 40

	S72
	Hip fracture
	55-64
	1.17
	1.02
	1.17
	1.02
	Callum 2004 (Tobacco in London) Table A2 p. 40

	S72
	Hip fracture
	65-74
	1.41
	1.08
	1.41
	1.08
	Callum 2004 (Tobacco in London) Table A2 p. 40

	S72
	Hip fracture
	75+
	1.76
	1.14
	1.85
	1.22
	Callum 2004 (Tobacco in London) Table A2 p. 40

	K51
	Ulcerative colitis*
	35+
	0.82
	0.82
	0.82
	0.82
	Callum 2004 (Tobacco in London) Table A2 p. 40

	D25
	Uterine fibroids -women*
	35+
	 
	 
	0.7
	0.7
	Callum 2004 (Tobacco in London) Table A2 p. 40

	O03
	Spontaneous abortion
	35+
	 
	 
	1.28
	1
	Callum 2004 (Tobacco in London) Table A2 p. 40

	G20-G21
	Parkinson's disease*
	35+
	0.31
	0.79
	0.2
	0.76
	Thacker et 2007 (Neurology 68(10) 764-768


*protective effect

Table A6- Input parameters not reported in this document (found in the model)

	Parameter
	Source

	Prevalence of smokers and former smokers
	IHHS (2011) – local area specific data 

	Population of local area
	ONS (2011) – local area specific data 

	Prevalence of Lung cancer: smokers & former smokers
	Copied from Trapero-Bertran et al. (2012) 

	Prevalence of MI: smokers & former smokers
	Copied from Trapero-Bertran et al. (2012) 

	Prevalence of COPD: smokers & former smokers
	Copied from Trapero-Bertran et al. (2012) 

	Prevalence of CHD: smokers & former smokers
	Copied from Trapero-Bertran et al. (2012) 

	Prevalence of Stroke: smokers & former smokers
	Copied from Trapero-Bertran et al. (2012) 

	Mortality and Life Table
	Office for National Statistics

	Pregnancy related data 
	Statistics on Women's Smoking Status at Time of Delivery: England (HSCIC)
http://www.hscic.gov.uk/catalogue/PUB11039 


Table A7- Parameter distribution assumed for probabilistic sensitivity analysis (PSA)
	 Name
	Mean value
	SE
	Distribution 
	alpha 
	beta 
	Domain

	quit no intervention and no subnational
	0.0198
	0.0195
	beta
	0.9901
	49.0099
	Quit rate

	increment quit sub national
	0.0302
	0.0240
	beta
	1.5099
	48.4901
	Quit rate

	LA quit rate to use
	0.0237
	0.0213
	beta
	1.1857
	48.8143
	Quit rate

	GP Advice
	0.0100
	0.0139
	beta
	0.5000
	49.5000
	Quit rate

	OTC Mono NRT
	0.0400
	0.0274
	beta
	2.0000
	48.0000
	Quit rate

	Rx Mono NRT
	0.0700
	0.0357
	beta
	3.5000
	46.5000
	Quit rate

	Rx Combo NRT
	0.1000
	0.0420
	beta
	5.0000
	45.0000
	Quit rate

	Rx Varenicline
	0.1200
	0.0455
	beta
	6.0000
	44.0000
	Quit rate

	Rx Bupropion
	0.0800
	0.0380
	beta
	4.0000
	46.0000
	Quit rate

	Closed and Rolling group combined + mono NRT
	0.2000
	0.0560
	beta
	10.0000
	40.0000
	Quit rate

	Closed and Rolling group combined + combo NRT
	0.2600
	0.0614
	beta
	13.0000
	37.0000
	Quit rate

	Closed and Rolling group combined + varenicline
	0.3100
	0.0648
	beta
	15.5000
	34.5000
	Quit rate

	Closed and Rolling group combined + bupropion
	0.2300
	0.0589
	beta
	11.5000
	38.5000
	Quit rate

	One-to-one + mono NRT
	0.1500
	0.0500
	beta
	7.5000
	42.5000
	Quit rate

	One-to-one + combo NRT
	0.2000
	0.0560
	beta
	10.0000
	40.0000
	Quit rate

	One-to-one + varenicline
	0.2400
	0.0598
	beta
	12.0000
	38.0000
	Quit rate

	One-to-one + bupropion
	0.1700
	0.0526
	beta
	8.5000
	41.5000
	Quit rate

	Drop-in + mono NRT
	0.1100
	0.0438
	beta
	5.5000
	44.5000
	Quit rate

	Drop-in + combo NRT
	0.1500
	0.0500
	beta
	7.5000
	42.5000
	Quit rate

	Drop-in + varenicline
	0.1900
	0.0549
	beta
	9.5000
	40.5000
	Quit rate

	Drop-in + bupropion
	0.1300
	0.0471
	beta
	6.5000
	43.5000
	Quit rate

	Text to Stop
	0.0900
	0.0401
	beta
	4.5000
	45.5000
	Quit rate

	Pharmacy one-to-one support
	0.0300
	0.0239
	beta
	1.5000
	48.5000
	Quit rate

	Self help books and booklets
	0.0500
	0.0305
	beta
	2.5000
	47.5000
	Quit rate

	Proactive telephone support 
	0.0800
	0.0380
	beta
	4.0000
	46.0000
	Quit rate

	Internet support
	0.0800
	0.0380
	beta
	4.0000
	46.0000
	Quit rate

	All other LSSS interventions not listed in the tool
	0.0669
	0.0350
	beta
	3.3432
	46.6568
	Quit rate

	Quit Rate on OTC NRT for cutting down (no structured support)
	0.0248
	0.0218
	beta
	1.2411
	48.7589
	Quit rate

	Behavioural Support for pregnancy
	0.0421
	0.0281
	beta
	2.1044
	47.8956
	Quit rate

	Incentives for pregnancy
	0.0897
	0.0400
	beta
	4.4859
	45.5141
	Quit rate

	Combo NRT for pregnancy
	0.0421
	0.0281
	beta
	2.1044
	47.8956
	Quit rate

	General relapse rate
	0.1894
	0.0549
	beta
	9.4708
	40.5292
	Relapse rate

	Cost of lung cancer 
	6524.0170
	652.4017
	gamma
	100.0000
	65.2402
	Disease cost

	Cost of coronary heart disease 
	1260.6853
	126.0685
	gamma
	100.0000
	12.6069
	Disease cost

	Cost of chronic obstructive pulmonary disease 
	1098.2076
	109.8208
	gamma
	100.0000
	10.9821
	Disease cost

	Cost of myocardial infarction 
	2579.4832
	257.9483
	gamma
	100.0000
	25.7948
	Disease cost

	Cost of stroke 
	2444.2827
	244.4283
	gamma
	100.0000
	24.4428
	Disease cost

	Cost of treating an adult passive smoker 
	563.5788
	56.3579
	gamma
	100.0000
	5.6358
	Disease cost

	Cost of treating a child passive smoker 
	491.6708
	49.1671
	gamma
	100.0000
	4.9167
	Disease cost

	Relapse post pregnancy
	0.3000
	0.0642
	beta
	15.0000
	35.0000
	Pregnancy

	Spontaneous quit rates in pregnancy
	0.4900
	0.0700
	beta
	24.5000
	25.5000
	Pregnancy

	SIDS
	0.00036
	 
	beta
	0.0180
	49.9820
	Prevalence

	LBW
	0.072
	 
	beta
	3.6000
	46.4000
	Prevalence

	SIDS
	2.13
	0.0682
	normal
	0.7561
	0.0682
	Odds Ratio

	LBW
	1.22
	0.0607
	normal
	0.1989
	0.0607
	Odds Ratio

	Smoking in pregnancy 1st year
	239.1962
	23.9196
	gamma
	100.0000
	2.3920
	Incremental cost

	Smoking in pregnancy up to 5 year
	396.8769
	39.6877
	gamma
	100.0000
	3.9688
	Incremental cost

	Days lost per smoker
	2.7400
	0.2740
	gamma
	100.0000
	0.0274
	Productivity

	Proportion of smokers in employment
	0.4654
	0.0698
	beta
	23.2700
	26.7300
	Productivity

	SA disease incidence (children exposed to passive) 
	0.0190
	0.0191
	beta
	0.9500
	49.0500
	Passive smoking

	SA disease incidence (adults exposed to passive) 
	0.1570
	0.0509
	beta
	7.8500
	42.1500
	Passive smoking

	Proportion of stroke patients who would need care
	0.3318
	0.0659
	beta
	16.5909
	33.4091
	Social care costs

	Proportion local authority care
	0.1250
	0.0463
	beta
	6.2500
	43.7500
	Social care costs

	Proportion needing LA care
	0.0415
	0.0279
	beta
	2.0739
	47.9261
	Social care costs

	proportion of stroke cases 
	0.0331
	0.0250
	beta
	1.6526
	48.3474
	Social care costs

	Cost of treating smoking-related stoke survivors in the community
	1619.0476
	161.9048
	gamma
	100.0000
	16.1905
	Social care costs

	Utility for smokers
	0.8497
	0.0005
	beta
	477911.5346
	84525.4693
	Utilities

	Utility for former smokers
	0.8695
	0.0014
	beta
	47832.7562
	7180.3289
	Utilities

	Utility for never smokers
	0.8839
	0.0026
	beta
	13157.7600
	1728.2678
	Utilities

	Utility for lung cancer
	0.5767
	0.1167
	beta
	9.7661
	7.1694
	Utilities

	Utility for coronary heart disease
	0.8000
	0.0200
	beta
	319.2000
	79.8000
	Utilities

	Utility for chronic obstructive pulmonary disease
	0.7300
	0.0033
	beta
	13487.2740
	4988.4438
	Utilities

	Utility for myocardial infarction
	0.8000
	0.0200
	beta
	319.2000
	79.8000
	Utilities

	Utility for stroke
	0.4800
	0.0520
	beta
	43.8277
	47.4800
	Utilities


[image: image9]
�In this tool, ‘tobacco control’ has been used as an umbrella term to refer to ways of helping smokers to stop (e.g. the stop smoking services) as well as ways of encouraging them to try to stop (e.g. subnational programme).  


� Funded by FRESH North East, Tobacco Free Futures and Smokefree South West. The Economic Toolkit was based on the economic model developed by Flack et al. (2007) for NICE. 


� For background and rationale for subnational programme, see the evidence report � HYPERLINK "http://www.brunel.ac.uk/__data/assets/file/0004/144706/Background-and-rationale-report-16-Dec-2011.pdf" �http://www.brunel.ac.uk/__data/assets/file/0004/144706/Background-and-rationale-report-16-Dec-2011.pdf� 


�  In line with the Regional Tobacco Policy 2005. Includes: monitoring and enforcement of national legislations (e.g. smoke free, illicit tobacco sales, advertising bans), taking responsibilities for paid and unpaid mass media, evaluation and monitoring progress of control programme and advocacy work to influence national and possibly international actions (Trapero-Bertran, Pokhrel & Trueman 2011).


� The 3rd version of the tool was originally planned to include children and young people (CYP) and selected interventions around them (mass media, point of sale and school-based interventions) as well as adult population based campaigns such as mass media. The stakeholder consultation identified a number of gaps, needing further piloting work before such interventions could meaningfully be included in the tool. 


� Web link to these data sources are provided in the bibliography.


� The inclusion of these five diseases is informed by Flack et al. (2007).


� For example, 2% background quit rate in England is suggested by West (2006). This means 2% of current smokers are assumed to quit each year anyway.


� As per all-cause mortality rates


� The data and sources used to estimate quit, relapse and mortality rates after the first year of the intervention are given in the Appendix (Tables A2-A7).


�http://www.nice.org.uk/nicemedia/pdf/WorkplaceInterventionsPromoteSmokingCessationEconomicReport1.pdf


� Clinical Commissioning Group (CGC) level data is also pre-populated in the model as a beta (testing) option. However, because of current definitions of boundaries, the population figures for LA and CGC may not always match. 


� QALY is the short form of “quality-adjusted life years”. A QALY is a year lived in full health, i.e. a year lived without any limitation or disability.


� Accompanying User Guide available at � HYPERLINK "http://www.nice.org.uk/ROITobacco" �www.nice.org.uk/ROITobacco� details how this analysis can be run. 


� Social care costs refer to LA costs of looking after patients who have had smoking-attributable stroke. Inclusion of social care costs in any ROI analysis is being given importance recently but it is important to emphasise here that these need to be looked at in terms of social care costs that are attributable to smoking. Unfortunately, such data is not available to the extent they are needed to include in the tool. Therefore, using best evidence available, we have included social care costs related to only one condition, i.e. stroke. This means that unless we can include all smoking related social care costs the figures are likely to be very small (e.g. social care costs of smoking attributable stroke). 


 


� Quasi-societal costs, for the purpose of this tool, is defined as costs to local economy due to productivity losses as well as costs to healthcare for treating smoking attributable conditions. The benefit is related to health gains and valued at £20,000 per year in full health. 


� Adapted from the figure available from � HYPERLINK "http://europace.oxfordjournals.org/content/early/2008/12/20/europace.eun342/F1.large.jpg" �http://europace.oxfordjournals.org/content/early/2008/12/20/europace.eun342/F1.large.jpg�





� In all the descriptions that follow, cost and effect of the intervention applies to the first year only unless stated otherwise. The metrics are provided for 2, 5, 10 years and lifetime, unless stated otherwise.


� Web link to respective data sources are provided in the bibliography. 
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