Supplementary Material
Evaluating the cost-effectiveness of needle and syringe programmes in preventing Hepatitis C transmission in people who inject drugs
[bookmark: _Hlk489520765]Methods
Estimation of Costs
Data Collection 
Data collected incorporates the costs for different modalities of NSP provision (pharmacy, specialised and mobile sites) within each city. Each area provided a different range of modalities.  In Bristol, one fixed site NSP which also provided outreach and sub-contracted NSP services to 25 pharmacies.  In Dundee, there was one fixed-site NSP and five pharmacies overseen by a team of specialist nurses.  Finally, in Walsall there was one fixed-site NSP which sub-contracted to 12 pharmacies, 1 out-of-hours pharmacy, and one drop-in centre. In total, we collected cost data for three fixed sites (one per city), six pharmacies (two per city), and three ‘other’ modalities (including mobile outreach, out-of-hours pharmacy services, and a drop-in centre), which could potentially enable scale-up of output and coverage levels.  Only a sub-sample of pharmacies was costed in detail due to time and cost limitations for the study. The costs of remaining pharmacies in each area were estimated using their output data and unit cost data from the pharmacies where detailed costings were undertaken to give an overall cost estimate per area.  
The cost analysis covers a period of one financial year (2013-14), the most recent for which data was fully available, and takes a provider perspective.  We estimated the total and unit economic costs for distributing clean needles to people who inject drugs.  Our approach to costing was incremental to existing services, and was focused on needle and syringe exchange.  We took an ingredients-based approach in costing, first estimating the resources used in delivering NSP services and then applying current market prices (2014 pounds sterling) to all resources in order to estimate a cost.  Where the market price did not accurately reflect the value of resources (for example volunteer time), we estimate a ‘shadow cost’ based on equivalent salary rates for the position in question (1, 2).  Overhead and support costs were estimated from programme records, and a portion allocated to NSP services.  
In collecting resource use data, where possible, data were extracted from existing reporting mechanisms including budget and expenditure records, human resources records and the management information system.  In addition, we carried out direct observations of staff time and activities in order to confirm supply use estimates, and allocate resources which are shared between the NSP and other harm reduction services (such as staff time, building space, equipment or vehicle operation).  Shared resources were allocated to services as a proportion of total services delivered and total time spent on each service.  Data were collated in a standardized MS Excel spreadsheet.  Data collection was primarily conducted by one researcher, and quality-controlled by a second researcher.
Due to the nature of pharmacy-based needle exchange, there was far less detailed output data available within pharmacies.  We therefore took a number of assumptions in estimating the outputs at pharmacies.  The type of data available for pharmacy-based needle distribution in each city varied; in Bristol pharmacies reported on the total number of visits, while in Dundee pharmacies reported on both the number of visits and the total number of needles distributed.  Walsall pharmacies reported on the number of packs distributed. Based on feedback both from pharmacies and fixed sites, we assumed that 100% of clients obtaining needles at pharmacies were opiate users, and that users of image and performance-enhancing drugs (IPEDs) did not access NSPs at pharmacies. We conducted observations of transactions at six pharmacies, and from these observations assumed that pharmacies distributed an average of 1.12 needle packs per transaction.  The out-of-hours pharmacy had begun distribution of ‘one-hit kits’ shortly before the data collection period; as there was very little information on the quantity of ‘one-hit kits’ distributed per visit, we varied our assumption of ‘one-hit kit’ distribution as between 1 and 10 kits per visit – this was drawn from the minimum and maximum quantities distributed per visit in the two weeks prior to the site visit. 
Data Analysis
Fixed and Variable costs
Costs at all sites were classified as fixed and variable costs to facilitate analysis.  Fixed costs are defined as those costs which are not easily changed in the short-term.  Fixed costs included the following ingredients:
· Overhead costs for pharmacy/ fixed site management, estimated as the percentage of needle exchange services delivered, as compared to other services delivered in the pharmacy/ in the local area.
· Coordination by commissioners, included as overhead and allocated to the site as the percentage of needle exchange services delivered, as compared to other services delivered in the pharmacy/ in the local area.
· Training as a minimum includes awareness of the need for discretion, but this should also include an understanding of how to treat people in a non-judgemental way, and may include further education on common injecting practices and harm reduction messages.  Training costs were estimated using an ingredients-based approach 
· Health and safety training, included as a cost for fixed site staff but not for pharmacists, who as a part of their normal job, will already have received health and safety training (e.g. needle stick injuries) and received hepatitis B vaccines
· Vehicle purchase, estimated using an ingredients approach, and allocated as the proportion of mileage used for NSP services as compared to other services.
Variable costs are those costs which vary depending on the volume of services provided, and can change in the short-term.  Variable costs included in the analysis are:
· Injecting equipment in pre-made packs or “pick ‘n’ mix” as appropriate to the site/service.  Equipment and paraphernalia distributed varied between pharmacies and fixed sites and from site to site.  Equipment distributed includes: pots, water, citric acid, needles/syringes (various types and sized), condoms, sharps bins.  The cost of this equipment will be estimated using a combination of the ingredients-based approach and step-down accounting.  For pharmacies distributing needle packs, the base case analysis assumes that packs of 10 are routinely distributed.  This is varied to packs of 20 needles in the sensitivity analysis.  
· Staff time costs including service and administrative staff, allocated to NSP services as a percentage of their time use for NSP services as compared to other services, using a combination of observational and interview data
· Waste management and disposal of returned needles.   
· Vehicle fuel, insurance and maintenance costs, estimated using an ingredients approach, and allocated as the proportion of mileage used for NSP services as compared to other services.
Estimating city-level costs
In order to input into the cost-effectiveness model, we estimated the total cost for distribution of needles to people injecting opiate and other non-IPED drugs in each of the three commissioning areas included in the study.  We take the assumption that IPED users are at reduced risk of hepatitis C infection via shared needles (3). This is based on low reported prevalence of hepatitis C within IPED users.  
Our estimate of total costs for distributing needles to non-IPED users is estimated using total fixed costs at the city level, plus a weighted average variable cost per needle distributed to opiate clients.  This estimation approach is intended to proxy the equivalent costs of providing needles only to opiate users; it represents the full fixed cost of the infrastructure necessary to provide needle and syringe exchange and the variable cost attributable to non-IPED users. We anticipate this to be a conservative approach, which does not account for the benefit of distributing needles to IPED users.  
Total fixed cost at city level are estimated accounting for the fixed site in each city, as well as all pharmacies and other modalities operating in each city.  For pharmacies not included in our costing sample, we estimated an average fixed cost per pharmacy for each commissioning area using the two or three pharmacies sampled for detailed cost data collection.  We then applied an average fixed cost to all pharmacies across the commissioning area; this information was provided by fixed sites in each city. Most pharmacies were provided with a small incentive payment per transaction. Where incentive payments were less than or equal to the costs of staff time for transactions these were treated as a transfer, and not included as an additional cost.  Where incentive payments were greater than the costs of staff time, any additional amount was considered to be an additional cost and factored into the total cost estimate.
Average variable costs per opiate needle distributed were estimated for each service modality in each city, and weighted to reflect the total proportion of opiate needles distributed through that service modality city-wide.  This weighted average variable cost was then applied to the total number of needles distributed city-wide to come to an estimate of the total city-wide variable cost.   
[bookmark: _GoBack]In order to understand the impact of uncertainty encountered in collecting NSP costs in the cost-effectiveness model, we conducted a univariate sensitivity analysis. We included factors in the sensitivity analysis which could not be directly observed, or which varied substantially between sites – including supply wastage, staff time taken for needle distribution, volunteer salaries, equipment wastage, opiate/IPED client mix, number of needles distributed per visit, and discount rate. The results from this sensitivity analysis are presented in Supplementary Figure 2.  Parameters with the greatest impact on cost at a city level included assumptions surrounding supplies/equipment wastage and personnel time.  Reducing estimated supplies/equipment cost by 50% resulted in an average of 26% reduction in city-level costs, while increasing equipment costs to 200% of that observed increased city-level costs by an average of 52%.  Reducing staff costs by 50% reduced total city-level costs by an average of 8%, while increasing staff costs to 200% increased total city-level costs by an average of 17%.
Table S3 Health related costs and QALY weights associated with different stages of disease progression
	
	Value £
	Distribution
	Source

	Annual Costs
	
	
	

	OST (specialist prescribing)
	2,839.28
	Gamma
	(4)

	Uninfected
	0.00
	Constant
	(5)

	F0 and F1 Mild HCV 
	187.59
	Gamma(0.659,289)
	(5)

	F2 and F3 Moderate HCV 
	974.68
	Gamma(0.485,2038)
	(5)

	Compensated Cirrhosis 
	1,546.98
	Gamma(0.211,7452)
	(5)

	Decompensated cirrhosis
	12,397.57
	Gamma(0.901,13974)
	(5)

	Hepatocellular Carcinoma
	11,170.04
	Gamma(0.926,12251)
	(5)

	Liver transplant
	40,273.00
	PPIxGamma(89.75,304.5)
	(6)

	Post-transplant
	2,041.00
	PPIxGamma(15.22,91.1)
	(6)

	Hospital costs year of transplant
	13,937.00
	PPIxGamma(13.78,686.4)
	(6)

	Treatment
	
	
	

	sofosbuvir + ledipasvir – PWID
	48,816.00
	Constant
	(6)

	sofosbuvir + ledipasvir - ex/non-PWID
	40,680.00
	Constant
	(6)

	Liver-related death
	0.00
	Constant
	 assumption

	
	
	
	

	QALY Weights
	
	
	

	Uninfected
	
	
	

	Ex / non-PWID
	0.94
	Constant
	(6)

	PWID
	0.85
	Uniform (0.8, 0.9)
	(6)

	Mild HCV
	
	
	

	Without Treatment (F0 and F1)
	0.77
	Beta (521.2375,155.6943)
	(6)

	SVR (F1 only)
	0.82
	Beta (65.8678,14.4588)
	(6)

	Moderate HCV (F2 and F3)
	
	
	(6)

	Without Treatment
	0.66
	Beta (168.2461, 86.6723)
	(6)

	SVR
	0.72
	Beta (58.0608,22.592)
	(6)

	Compensated Cirrhosis 
	
	
	

	Without Treatment
	0.55
	Beta (47.1021, 38.5381)
	(6)

	SVR
	0.61
	Beta (58.0608,37.1124)
	(6)

	Decompensated cirrhosis
	0.45
	Beta (123.75, 151.25)
	(6)

	Hepatocellular Carcinoma
	0.45
	Beta (123.75, 151.25)
	(6)

	Liver transplant
	0.45
	Beta (123.75, 151.25)
	(6)

	Post-transplant
	0.67
	Beta (59.2548, 29.1852)
	(6)

	Liver-related death
	0
	
	(6)


PPI =Hospital and Community Health Services Pay and Price Index Inflation 2003/04 to 2014/2015 (1.47).  QALY  (quality adjusted life year)

[bookmark: _Hlk489520796]Model Description for Estimating Impact and Cost-effectiveness
[bookmark: _Hlk503956549][bookmark: _Hlk500922543][bookmark: _Hlk500922720]Stratifications by injecting duration are included to incorporate increased injecting cessation and HCV-acquisition risk among people recently initiated into injecting(7-9), with the chosen category in line with reporting from the unlinked anonymous monitoring (UAM) survey of PWID (10). PWID are also stratified into different intervention states that influence HCV transmission risk: no intervention, OST only, HCNSP only, or both. PWID enter the model as recent initiates with no intervention coverage. They transition through successive injecting duration categories with rates of injecting cessation and non-HCV related death. Due to a lack of data, we assumed recruitment and leaving rates onto and off OST and HCNSP were independent of the current intervention state; previous modelling suggests this should not affect our model projections(11). The model is further stratified by high and low HCV transmission risk, with a proportion starting injecting in the high-risk category(12) and PWID transitioning between these categories. PWID were defined as high-risk if they had been homeless in the last year and/or injected crack in last 4 weeks (low-risk otherwise), which was associated with increased HCV transmission risk(13).  

[bookmark: _Hlk500771160]New initiates into injecting are initially susceptible to HCV, and become infected at a per-capita rate depending on their intervention state, injecting duration category, risk category, and prevalence of HCV infection in the population. Previous analyses suggest incorporating like-with-like mixing (individuals with the same risk behaviour or characteristics being more likely to form injecting contacts with each other than with other individuals) will have little effect on our model projections(11), with data suggesting it only occurs weakly in Bristol(14), and so random mixing was assumed between all sub-groups.  

[bookmark: _Hlk501359916][bookmark: _Hlk500771282][bookmark: _Hlk503775565]Once infected, some PWID spontaneously clear infection(15), with the remainder becoming chronically infected, which is life-long unless treated. Chronically infected PWID progress through disease states (Figure 1c) with HCV disease-related death occurring from the decompensated cirrhosis, hepatocellular carcinoma, liver transplant and post-liver transplant stages. 

[bookmark: _Hlk500923351]HCV treatment is only allowed in the F0-F3 and compensated cirrhosis states as it is unclear whether treatment in later disease stages is beneficial(16).  An annual number of PWID are treated, with a proportion achieving a sustained virological response (SVR-effective cure) and the remainder returning to their prior infection category. Following successful treatment, no further disease progression occurs in the F0-F3 states(17, 18), but continued slower progression occurs among those with compensated cirrhosis(18, 19).  We allow re-infection of those who have attained SVR, and re-treatment of those who fail treatment or become re-infected in line with current recommendations(20). 

Model Equations
and  are the number of susceptible and chronically infected individuals in the model, where for off OST and on OST respectively,  for <100% NSP and >100% NSP respectively,  for recent and non-recent or long-term injectors and ex PWID,  for low and high risk respectively and  for the disease progression states chronic infected (F0, F1, F2, F3), compensated cirrhosis, decompensated cirrhosis, hepatocellular carcinoma, liver transplant and post liver transplant respectively.   
The ordinary differential equation model is made up of 450 equations which are described below in sections for different aspects of the model.
Inflow of injectors
There are only two variables in the model which allow an inflow of new injectors. These are low and high-risk susceptible individuals in the first disease progression category with no intervention: the number of new low risk individuals per year is  and the number of new high-risk individuals per year is .
Injecting duration progression
These terms in the equations are concerned with movement from one injecting duration category to another as well as PWID related and background mortality.   denotes the terms in an ordinary differential equation of injecting duration category .  It occurs for all values of .   is used to describe one of the variables in the model, where  and the subscripts and superscripts are as described previously.  The leaving rate, , where  is the cessation rate and  is the death rate for injecting duration 

When  (ex PWID) the terms have a different form:


Interventions: OST and NSP
These terms in the equations are concerned with movement of injectors from one intervention category to another.   denotes the terms in the ordinary differential equation of OST intervention category and NSP intervention category  The rates  and   are the recruitment rates onto NSP and OST respectively.  The rates  and  are the leaving rates of NSP and OST respectively. These terms can be found for all values of and current injector categories but not the exPWID categories ()

High and Low risk
These terms in the equations are concerned with movement of current injectors between low and high risk.  denotes the terms in the ordinary differential equation of risk category .  Here  is the initiation rate into high risk categories and is the leaving rate. These terms can be found in the equations for all values of  and .

Disease progression
These terms in the equations are concerned with movement through the disease states.  Infection and treatment are described separately.   denotes the terms in the ordinary differential equation of disease category  for susceptible individuals and   for infected individuals.  Below is a description of the rates.
	Parameter description
	symbol

	Yearly progression rate from f0 to f1
	

	Yearly progression rate from f1 to f2
	

	Yearly progression rate from f2 to f3
	

	Yearly progression rate from f3 to compensated cirrhosis
	

	Yearly progression rate from compensated cirrhosis to decompensated cirrhosis
	

	Yearly progression rate from compensated cirrhosis or decompensated cirrhosis to hepatocellular carcinoma 
	

	Yearly progression rate from decompensated cirrhosis or HCC to liver transplant
	

	Yearly progression rate from liver transplant to post liver transplant
	

	Decompensated cirrhosis related death rate per year
	

	Hepatocellular carcinoma related death rate per year
	

	Liver transplant related death rate per year
	

	Post liver transplant related death rate per year
	

	Relative risk for progression rate from  compensated to decompensated cirrhosis ( following SVR
	

	Relative risk for progression rate from compensated cirrhosis to HCC ( following SVR
	






















These terms can be found in the equations for all values of  and .  




Infection terms
The forces of infection below are concerned with acquiring infection.  The terms are of the form

where  is the force of infection for the subcategory in question.  Relative risks of HCV transmission for recent injectors, non-recent injectors, high risk injectors, those on OST or NSP or both are  and  respectively. The spontaneous clearance rate of HCV is  and the base transmission rate is . When the ordinary differential equation is for susceptible the FOI term is subtracted and the same term is added to the matching infectious category.



Define



to give


Treatments
There are a fixed number of treatments per year, given by .  When the total number of infected individuals in the model is greater than this number, the treatments are allocated proportionately.  When the total number of infected individuals is less than the number of possible treatments per year, all are treated.  Only the first two disease progression categories are eligible for treatment and will have treatment terms.  If the ordinary differential equation is for an infected category the treatment term will be subtracted and for a susceptible category the term will be added.
If

for 
Otherwise

for 
For ex-PWID treatment is more straightforward with a proportion,  of the chronically infected and compensated cirrhosis individuals being treated each year. 

for  5
As an example here is the ordinary differential equation for the susceptible category for the first disease progression category, no interventions, recent injector (<3 years) and low risk.  On the right hand side in order from left to right there is an inflow term, injecting duration terms, intervention terms, high/low risk terms, disease progression terms, infection term and treatment term.  


Model Parameters
Table S2 Model Parameters
	Parameter
	Symbol
	Value/Range
	Reference

	Epidemiological and Demographic parameters

	Number of new injectors per year
	
	Fitted to obtain population sizes
	Bristol (21, 22), Walsall (22) and unpublished estimates, Dundee adjusted from (23).  See Table S2 and supporting information

	Combined death and cessation rates per year
	
	Fitted to obtain injecting duration profiles for each setting
	Lower bounds of 0.004 and 0.008 were chosen to ensure the leaving rate was greater than the likely death rate (24). See Table S2 and supporting information

	Infection rate per year
	
	Fitted to obtain HCV prevalence required in each setting
	See Table S2 and supporting information

	Proportion of new infections which spontaneously clear
	
	Sampled from uniform distribution (0.22-0.29)
	(15)

	Leaving rate per year from high to low risk behaviour
	
	Sampled range (0.6761-1.617)
	Data from cohort study (12) found 78/145 injectors no longer homeless after 8 months. Transition probability sampled from beta distribution α and  and converted to instantaneous rate

	Recruitment rate per year from low risk to high risk behaviour
	
	Fitted to obtain required high risk proportions in each setting
	See Table S2 and supporting information

	Intervention Related parameters

	Leaving rate per year off OST
	
	1-3
	Duration on OST was 8 months (4-12 months) in cohort of PWID in UK (24)

	Leaving rate per year off HCNSP
	
	0.37-0.77
	Welsh cohort study 61% PWID still >100% NSP after 1 year.  Duration on NSP was 1.3-2.7 years. (25)

	Recruitment rate per year on to OST
	
	Fitted to obtain required OST coverage proportions in each setting
	See Table S2 and supporting information

	Recruitment rate per year on to HCNSP
	
	Fitted to obtain required high NSP coverage proportions in each setting
	See Table S2 and supporting information

	Proportion of treatments achieving SVR  prior to 2015
	
	Sampled from uniform distribution (0.3992-0.6653) 
	Weighted mean of pooled intention to treat SVR for genotypes 1 and 2/3 taken from treatment data for PWID in UK  (26)

	Proportion of treatments achieving SVR post 2015
	
	Sampled from uniform distribution (0.859-0.915)
	(27)Weighted mean of SVR for genotype 1 (90%) and genotypes 2/3 (82-93%) from (28).

	Number of PWID’s treated per year
	
	Bristol – 18
Dundee – 34 (2009 to 2015), and then 40 (2015 onwards)
Walsall – 2
	Number of HCV treatments in 2011.  Assumed treatment of PWIDs commenced in 2009(26).  More recent estimate for Dundee (personal communication John Dillon).  Walsall value assumed same rate per infected PWIDs as Bristol.

	Relative Transmission Risk parameters

	Risk associated with being on OST only
	
	0.41(0.22-0.75) sampled from Lognormal distribution
	Odds ratio and 95% CI from pooled analysis (in press NIHR report)

	Risk associated with being on HCNSP only
	
	0.59(0.36-0.96) sampled from Lognormal distribution
	Odds ratio  and 95% CI from pooled analysis (in press NIHR report)

	Risk associated with being on both OST and HCNSP
	
	0.26 (0.09-0.64) 
	Calculated as product of risk associated with being solely on OST or NSP. Compares well to estimate from systematic review 0.29 (0.13-0.65) (in press NIHR report)

	Risk associated with being a recent injector compared to a long-term injector*
	
	1.53(0.93-2.52) sampled from Lognormal distribution
	Odds ratio from pooled analysis (in press NIHR report)

	Risk associated with being in the high risk category
	
	Scotland: 2.13(1.40-3.24)
Bristol and Walsall:  2.75(1.97-4.22). Both sampled from lognormal distribution
	Odds ratio from pooled analysis. For Scotland, the OR is just for homelessness because there is little crack injection, whereas it is for crack injection or homelessness for Bristol and Walsall

	Parameter description
	symbol
	Distribution
	Source

	Yearly progression rate from f0 to f1
	
	0.529-0.2095 sampled from normal distribution
	PWID specific instantaneous rates from (29)



	Yearly progression rate from f1 to f2
	
	0.0216-0.1013 sampled from normal distribution
	

	Yearly progression rate from f2 to f3
	
	0.0450-0.1145 sampled from normal distribution
	

	Yearly progression rate from f3 to compensated cirrhosis
	
	0.0513-0.1838 sampled from normal distribution
	

	Yearly progression rate from compensated cirrhosis to decompensated cirrhosis
	
	0.0166-0.0921
	Instantaneous rates calculated from sampled beta distributions of transition probabilities in (16)

	Yearly progression rate from compensated cirrhosis or decompensated cirrhosis to hepatocellular carcinoma 
	
	0.0003-0.0684
	

	Yearly progression rate from decompensated cirrhosis or HCC to liver transplant
	
	0.0062-0.0962
	

	Yearly progression rate from liver transplant to post liver transplant
	
	1.0423-2.4412
	

	Decompensated cirrhosis related death rate per year
	
	0.1063-0.1842
	

	Hepatocellular carcinoma related death rate per year
	
	0.3904-0.7697
	

	Liver transplant related death rate per year
	
	0.0911-0.4348
	

	Post liver transplant related death rate per year
	
	0.0280-0.1016
	

	Relative risk for progression rate from  compensated to decompensated cirrhosis ( following SVR
	
	0.07 (95%CI 0.03,0.2)
	Sampled from transformed lognormal distribution (19)

	Relative risk for progression rate from compensated cirrhosis to HCC ( following SVR
	
	0.23 (95%CI 0.16,0.35)
	Sampled from transformed lognormal distribution (18)




Model Calibration
Model calibration was carried out in three steps with 1000 parameter sets obtained at each step:
1. Population size and injecting duration fitting using a PWID demographic sub-model without infection.
2. NSP and OST coverage fitting using a sub-model that includes HCV transmission but no disease progression.
3. HCV prevalence fitting using the full model with disease progression.

Step 1
In Dundee, survey data (30) suggested that the proportion of the PWID population in each injecting duration category was stable from 2008 to 2014, and so we assumed a constant population size estimated from unpublished data from Scotland.  In Bristol and Walsall, size estimation data suggests that the PWID population has decreased by between 10% and 30% between 2009 and 2011 (21, 22, 31, 32).  Concurrently, survey data(14, 30, 33-35) suggests the proportion of PWID injecting for longer than 10 years has increased whilst the proportion injecting for between 3 and 10 years decreased as shown in Figure 4.2a and 4.2b. There has been little change in the proportion injecting for less than 3 years. It was assumed that these changes were partly due to a decrease in the initiation rate of new injectors and a change in the cessation rates of non-recent and long-term injectors. We allowed for uncertainty around these parameters and estimated them by fitting the model to the population size and injecting duration profile (proportion of PWID in each injecting duration category) at two points in time for Walsall and Bristol and one time point for Dundee. This fitting was done with a demographic sub-model, which only had three injecting duration categories and no other stratification. We assumed that the PWID population size was at equilibrium initially (before 2004, 2006 and 2008 for Bristol, Walsall and Dundee, respectively). We sampled 1000 values for this ‘stable’ initial population size and the cessation rate from the recent injector category for each setting. For each of these 1000 parameter sets, the wide prior distributions for the cessation rates from non-recent and long-term injectors (see Supplementary Table 2) were then sampled, and for each sample the model was fit to the initial population size by calculating a suitable PWID recruitment rate using the steady state equations for the demographic sub-model (more details in Appendix 1).  Parameter sets were retained if the resulting injecting duration profile lay within the ranges suggested from data, otherwise the cessation rates were resampled.  We then sampled 1000 estimates for the later population size in 2011 for Bristol and Walsall, as well as new cessation rates for non-recent and long-term injectors, and the PWID recruitment rate was re-calibrated to fit to this new sampled population size for the 2011 data (only Bristol and Walsall). This refitting of the demographic sub-model was done using the Matlab algorithm fzero applied to the analytic solution of the model with initial conditions from the first step of fitting.  Parameter sets were retained if the resulting injecting duration profile lay within ranges suggested from data for years 2004 and 2011 for Bristol and 2008 and 2011 for Walsall, otherwise the new cessation rates for this second step were resampled to obtain a fit to each of the first step parameter sets (1000 each for Bristol and Walsall).   

Step 2
Coverage levels for PWID currently on OST have increased over the last 12 years.  In Bristol, the proportion of PWID currently on OST increased from 40% in 2004 (33) up to 81% in 2009(14).  In Walsall, OST coverage increased from 40% in 2006 to 70% in 2009 (36), and in Dundee it increased from 43% in 2008 to 72% in 2014 (37). Conversely, over this same time period, the proportion of PWID with >100% NSP coverage remained stable in both Bristol (55%) (14, 30, 33) and Walsall (38%) (30), while it increased over time in Dundee from 41% in 2008 to 60% in 2014(30).  Modelled OST coverage levels for each city were calibrated to this coverage data by varying the recruitment rate onto each intervention.  A service provision estimate of NSP coverage was calculated for each setting using data on needles distributed from the costings analysis (2014 data), population size (calculated from the model in 2014) and injecting frequency from survey data.  Bootstrap samples of the mean injecting frequency were calculated for each setting using UAM (Bristol and Walsall) and NESI (Dundee) data.  In addition the mean injecting frequency in Dundee has decreased from 717 injections per year in 2008 to 388 injections per year in 2014.  Therefore an estimate of NSP coverage was calculated for each time point. The average service provision estimates of NSP coverage were 56% and 28% in Bristol and Walsall respectively in 2014 and 27% and 49% in 2008 and 2014 respectively for Dundee (see Supplementary Table 2 for more details).  The recruitment rates were estimated using an intervention sub-model that incorporated no onward disease progression as these mechanisms have little effect on the coverage levels obtained.  Using the Matlab fitting algorithm lsqnonlin, recruitment rates were found to fit the sub-model to the initial and endpoint coverage of each intervention as shown in Supplementary Table 2, while assuming coverage levels were quasi stable. In the full model, the recruitment rates for the initial coverage level was first used to obtain initial conditions for the first time point for each city, and then the recruitment rate was gradually varied linearly between the two values to obtain the required increase in coverage for that city.

Survey data suggests that the prevalence of crack injecting and/or homelessness, our markers of high HCV transmission risk, have remained stable in Dundee (33% homeless) and Walsall (52% homeless or crack injection), whereas it has increased in Bristol from 75% in 2004 to 87% in 2014 (homeless or crack injection).  We assumed that a proportion of injectors are high-risk when they initiate injecting, which is consistent with available data(12).  The leaving rate from these high-risk categories was estimated from a cohort study on homelessness which found that approximately two thirds of homeless PWID are no longer homeless after one year(12).  This agrees with unpublished findings from a Welsh cohort study for both crack and homelessness(11, 25). The leaving rate was sampled 1000 times and used for all three setting.  The proportion of PWID that are high-risk was also sampled 1000 times for each setting.  The recruitment rates were then calculated for each parameter set using the steady state solution of the high/low risk sub-model (two variables). In Bristol, where the proportion of PWID that are high-risk has increased, we calculated a second recruitment rate for the second time point (2014) using the same method.  For Bristol, the recruitment rate was gradually varied linearly to obtain the increase in the proportion of PWID that are high-risk.  

Step 3
The last step of the model calibration involved fitting the full model to the HCV prevalence data from each setting (sampled 1000 times from the ranges given in Supplementary Table 2).  This incorporated the 1000 parameter sets from the previous model calibration steps, and involved calibrating the model’s infection rate using the lsqnonlin function in Matlab.  The model was first fit to the initial prevalence estimate (sampled from the ranges given in Supplementary Table 2) in 2004, 2006 and 2008 for Bristol, Walsall and Dundee, respectively (Supplementary Figure 1 and Supplementary Table 2), while assuming the epidemic was in a stable state at that time. For Walsall and Bristol, this one infection rate well captured the subsequent baseline epidemic dynamics (slightly increasing in Bristol and Walsall) and so no change in the infection rate was assumed after that point.  The baseline transmission rates in Bristol and Walsall were comparable (0.07-0.21 and 0.09-0.22 respectively), whereas Dundee had a slightly higher baseline transmission risk (0.16-0.39. However, for Dundee we needed to fit a second increased infection rate (0.36-0.94) to capture the increase in HCV prevalence from 2008 to 2014 (using the parameters from the first prevalence fitting step as the initial conditions). This either suggests the epidemic was not stable in 2008 or that there has been a change in the risk profile of PWID in Dundee that is not fully captured by changes in intervention coverage or the prevalence of high-risk behaviours. Supplementary Table 2 and Supplementary Figure 1 show the model parameters that were fitted in the model.  

Table S3 Summary of data collated for each setting for model calibration
	
	Bristol 
	Walsall
	Dundee
	Relevant parameter

	Current PWID population size
	2004: 
sampled 111-125% (22) of 2011 value(21).
2011: 
2025-2564 adjusted from(21)  to include only 60% of people on OST not in contact with other services (21).  Sampled   
uniformly
	2006:
125%(22) of 2011 value
2011:
1296-1623 estimated from local number on OST and unpublished PWID prevalence estimates for West Midlands. Sampled   
uniformly
	Constant level 
675-825 local estimate adjusted from (23)
Sampled   
uniformly
	, Number of new injectors per year

Value of  found using steady state equations of population sub-model for the first time point in all 3 settings.  In Bristol and Walsall a second value of  is found using Matlab fzero and analytical solution  to population sub-model that gives population size required with sampled cessation rates

	Injecting duration profile:
Proportion of PWID that are recent (R),  non-recent (NR),  or long-term injectors (LT)
	2004: 
R: 0.04-0.2
NR: 0.25-0.45
LT: 0.4-0.65 (UAM)
2014: 
R: 0.075-0.2
NR: 0.05-0.22
LT: 0.55-0.85 (UAM)

	2006: 
R: 0.1-0.3
NR: 0.45-0.65
LT: 0.2-0.3 
2014: 
R:0.1-0.3
NR: 0.15-0.4
LT: 0.4-0.6
(UAM)
	Constant level 
R: 0.15-0.35
NR: 0.36-0.65
LT: 0.12-0.35
(NESI)
	Death and cessation rates () per year.  Prior distribution for  (0.0351 – 0.1702) calculated from assumption that between 10% and 40% of recent initiates cease injecting within 3 years (7).  A large upper bound of 0.4 was assumed for the prior distributions of  and  due to lack of information.  Lower bounds of 0.004 and 0.008 were chosen to ensure the leaving rate was greater than the likely death rate (24)

Parameter sets accepted if PWID demographic sub-model fits were within the ranges for each injecting duration

	Chronic HCV Prevalence (75% of HCV Ab prevalence)
	Constant level 40-50% (community surveys, UAM)
Sampled from truncated Beta(305.25,364.75)
	2006: 
11-26% (UAM)
Sampled from truncated Beta(30.75,132.25)
2014:  
15-39% (no fitting required)
	2008: 
15-30% (NESI)
Sampled from truncated Beta(18.75,64.25)
2014: 
19-32% adjusted from (NESI)
Sampled from truncated Beta(43.45,125.55)*
	, infection rate used to fit the HCV prevalence estimates

	Proportion high risk
	2004: 
70-80% (2004, 2006 community surveys and UAM). Sampled uniformly.
2014: 
80-95% (UAM). Sampled uniformly. 
	Constant level of
40-65% (UAM).
Sampled uniformly.
	Constant level of
26-42% (NESI).
Sampled from Beta (156,315).

	, proportion of injectors initially high risk assumed same as sampled proportion high risk
, recruitment rate per year from low to high risk behaviour, calculated from sampled leaving rate  and proportion high risk .

	Proportion on OST
	2004:  
33.3-46.7% (38) sampled from truncated Beta(81,121)
2009: 
76.5-86.3% (community survey, 2009) sampled from truncated Beta(241,55)
	2006: 
30-50% (UAM)
sampled from truncated Beta(32,48)
2009: 
61-82% (UAM) 
sampled from truncated Beta(47,18)
	2008:  
433-53% (NESI) sampled from
Beta(36,47)
2014: 
65-79% (NESI) sampled from
Beta(106,40)
	, recruitment rate per year onto OST

	Proportion >100% NSP
(needles distributed /(population  size*injecting frequency))
	Needles distributed in 2014 (786542-844646), population size in 2014 and injecting frequency (470-859 per year from UAM) sampled. Mean calculated coverage 56%
	
Needles distributed in 2014 (225275-237111), population size in 2014 and injecting frequency (435-716 per year from UAM) sampled.
Mean calculated coverage 28%
	Needles distributed in 2014 (assumed same in 2008), population size in 2008 and injecting frequency (517-999 per year from NESI) sampled.
Mean calculated coverage 27%.
Needles distributed in 2014 (138246-145768), population size in 2014 and injecting frequency (251-533 per year from NESI) sampled.
Mean calculated coverage 49%
	, recruitment rate per year onto high coverage NSP


· *Chronic prevalence  was available from the  NESI survey for 2014
Sub-Models used in the fitting procedure
Injecting duration model
A model with 3 injecting duration categories was used to fit the population data and the injecting duration profiles from survey data.  Here  is the number of susceptible injectors in the  category. The categories are: recent injector,  non-recent injector and , long-term injector.  The  and  are the same as the full model.




The steady state solution of this model is given below:

,

with total population  
The analytical solution of this system is

,




High risk model
A model with a high risk and low risk only was used to calculate parameter values in the calibration process. The variable  denotes high risk and  denotes low risk.




As this is a closed system we have: , which gives

Setting the left hand side to zero and solving gives to obtain the proportion of the total population that are high risk

This expression was used to calculate the required value of the recruitment rate  from the sampled values of the proportion of high risk individuals and the leaving rate .







Figure S1 Graphs showing fitting of the baseline scenarios in each setting.  
Error bars in black are data points from surveys, error bars in red are the ranges used for model calibration.
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Model Parametrization and Calibration
In order to capture costing uncertainty within the cost-effectiveness model, we conducted a multivariate simulation of all parameters included in the costing sensitivity analysis (described above), with uniform distribution between the minimum and the maximum values observed over 1000 iterations.  The results from these 1000 iterations were fed in as the cost estimates for NSPs in the cost-effectiveness model.
Other health-related costs and QALY weights as derived from the literature were input into the model using appropriate distributions, as described in Table S1.  Cost parameters were largely varied with a Gamma distribution, with the exception of treatment costs for sofosbuvir and ledipasvir; these were kept as a constant because of lack of data for a distribution.  QALY weights were varied using a Beta distribution.

Results
Table S4 DETAILED COSTING RESULTS
	 
	Total Needles
	Total Cost
	Non-IPED PWID population size
	Visits per user
	Cost per non-IPED PWID
	Needles per non-IPED PWID

	Bristol
	883,524
	£232,116.78
	1,847-2,595
	13-18
	£89.45-£125.67
	340-478

	Dundee
	150,790
	£104,495.75
	675-825
	17-20
	£126.66-£154.81
	183-223

	Walsall
	245,002
	£98,649.03
	1,144-1,646
	12-17
	£59.93-£86.23
	149-214




Table S5 TOTAL COSTS AND NEEDLES FOR DISTRIBUTION TO OPIATE USERS, BY CITY
	
	Total Needles
	Total Fixed Costs
	Average Variable Cost per Needle
	Total Cost

	Bristol
	
	
	
	

	Fixed Site
	252,039
	12,229.50
	 0.16 
	51,861

	Pharmacies (n = 25)
	495,500
	28,392.32
	 0.26 
	157,894

	Other
	92,171
	536.63
	 0.24 
	22,362

	Total City-Wide
	839,710
	41,158.44
	 0.23 
	232,117

	Dundee
	
	
	
	

	Fixed Site
	36,455
	5,859.49
	 1.49 
	60,285

	Pharmacies (n = 5)
	100,604
	3,880.79
	 0.41 
	44,210

	Other
	 -   
	 -   
	 -   
	-

	Total City-Wide
	137,059
	9,740.28
	 0.69 
	104,496

	Walsall
	
	
	
	

	Fixed Site
	63,644
	1,347.35
	 0.35 
	23,585

	Pharmacies (n = 12)
	151,460
	17,357.32
	 0.46 
	67,690

	Other
	14,628
	941.47
	 0.34 
	7,373

	Total City-Wide
	229,732
	19,646.14
	 0.35 
	98,649



Figure S2 Costing Sensitivity Analysis
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Table S6 Total deaths and infections averted though NSP over 50 years by city
	
	Deaths Averted
	Infections Averted

	
	Median
	2.5% CrI
	97.5% CrI
	Median
	2.5% CrI
	97.5% CrI

	Bristol
	20.5
	4.3
	51.1
	199.5
	42.5
	505.2

	Dundee
	2.1
	0.2
	24.4
	84
	12
	663

	Walsall
	5.8
	1.2
	14.9
	92.7
	22.3
	200.5


CrI – credible interval
Table S7 Projected total health-related costs over 50 years (GBP millions), by city
	
	Projected total health-related costs over 50-year time horizon (GBP millions)
	

	
	With NSP
	No NSP for 10 years
	

	 Costs (2014 GBP)
	Mean
	2.5% CrI
	97.5% CrI
	Mean
	2.5% CrI
	97.5% CrI
	Mean Difference

	Bristol
	
	
	
	
	
	
	

	Healthcarea
	£130.4
	£60.0
	£288.4
	£131.6
	£60.8
	£290.1
	-£1.20

	HCV treatmentb (no injecting) 
	£39.9
	£23.9
	£58.2
	£41.1
	£24.8
	£60.1
	-£1.20

	HCV treatment (PWID)
	£15.5
	£13.6
	£16.1
	£15.5
	£14.1
	£16.1
	-£0.05

	NSP
	£6.0
	£3.7
	£8.3
	£3.8
	£2.3
	£5.3
	£2.20

	OST
	£112.3
	£86.8
	£142.5
	£112.2
	£86.8
	£142.4
	£0.08

	Total
	£304.0
	
	
	£304.1
	
	
	-£0.16

	 
	 
	
	
	
	
	
	 

	Dundee
	 
	
	
	
	
	
	 

	Healthcarea
	£32.2
	£16.4
	£68.0
	£32.6
	£16.7
	£69.2
	-£0.40

	HCV treatmentb (no injecting) 
	£11.4
	£7.2
	£16.4
	£12.0
	£7.5
	£17.9
	-£0.60

	HCV treatment (PWID)
	£8.8
	£5.2
	£14.1
	£11.4
	£5.6
	£21.7
	-£2.50

	NSP 
	£2.9
	£1.6
	£4.4
	£1.9
	£1.0
	£2.8
	£1.00

	OST 
	£37.1
	£32.1
	£42.3
	£37.1
	£32.1
	£42.3
	£0.0003

	Total 
	£92.5
	
	
	£95.0
	
	
	-£2.50

	 
	 
	
	
	
	
	
	 

	Walsall
	 
	
	
	
	
	
	 

	Healthcarea 
	£64.1
	£31.2
	£132.4
	£64.5
	£31.4
	£132.9
	-£0.40

	HCV treatmentb (no injecting)
	£23.3
	£15.1
	£33.1
	£23.9
	£15.6
	£34.0
	-£0.60

	HCV treatment (PWID)
	£1.7
	£1.6
	£1.8
	£1.7
	£1.7
	£1.8
	-£0.002

	NSP 
	£3.0
	£1.6
	£5.3
	£1.9
	£1.0
	£3.5
	£1.10

	OST 
	£61.7
	£38.3
	£96.5
	£61.7
	£38.3
	£96.5
	£0.01

	Total 
	£153.8
	 
	 
	£153.7
	 
	 
	 £0.10 


CrI – credible interval, ahealthcare costs include costs associated with disease stage (for example liver transplantation and management of hepatocellular carcinoma), bHCV treatment costs include drug and staff time associated with treating HCV; NSP, Needle and syringe programmes; HCV, hepatitis C virus; OST, opioid substitution therapy; PWID, people who inject drugs.

Figure S3 Cost-effectiveness planes for each setting
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Walsall
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WTP, willingness to pay threshold; QALY, quality adjusted life year.
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