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s u m m a r y 

Background: Elimination targets for hepatitis C have been set across the world. In the UK almost 90% of 

infections are in people who inject drugs. Evidence shows community case-finding is effective at identify- 

ing and treating undiagnosed patients. The aim of this analysis was to assess, from a healthcare provider 

perspective, the cost-effectiveness of a new pharmacist-led test and treat pathway for hepatitis C in opi- 

oid agonist treatment (OAT) patients attending community pharmacies compared to conventional care. 

Methods: In a cluster randomised controlled trial, pharmacies were randomised to the pharmacist-led 

or conventional care pathway. Mean cost per OAT patient and per patient initiating treatment was iden- 

tified for each pathway. A Markov model tracking disease progression was developed, with a 50-year 

time horizon and 3 ·5% time discount rate, to estimate the incremental cost-effectiveness ratio (ICER) 

per quality-adjusted life-year (QALY) gained and the probability of being cost-effective at a £30,0 0 0 per 

QALY willingness-to-pay threshold. Probabilistic sensitivity analysis was performed for a range of drug 

discounts, re-infection rates, and model assumptions. 

Findings: Mean cost per OAT patient (£3,674 vs £1,965) and per patient initiating treatment (£863 

vs £404) was higher in the pharmacist-led pathway, due to higher uptake of testing and phar- 

macist time requirements. Over a 50-year time horizon the ICER per QALY gained was £31,612 at 

NHS indicative price for treatment (£38,979 for 12 weeks) and 12 ·1/100 person-years re-infection 

rate, reducing to £21,027/£10,220/-£501 per QALY gained with 30%/60%/90% drug price discounts 

and £25,373/£21,738/£14,912 per QALY gained at re-infection rates of 8/5/2 per 100 person-years. At 

30%/60%/90% drug discount rates, the pharmacist-led pathway has an 80%/98%/100% probability of be- 

ing cost-effective. 

Interpretation: The pharmacist-led pathway is effective at increasing testing and treatment uptake, with 

cost-effectiveness being highly dependent on drug price discounts. 

Funding: Trial funding provided by the Scottish Government, Gilead Sciences, and Bristol-Myers Squibb. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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treatment for HCV (Radley and colleagues, 2020). In 2019, 
we reported a systematic review in Cinahl, Embase, Medline, 
PsycINFO, PubMed and Google Scholar to December 2017 of 
community and primary-care-based hepatitis C testing and 

direct acting antiviral drug treatment services (Radley and 

colleagues 2019). It found two studies of services provided 

by pharmacists; the feasibility study for the SuperDOT-C trial 
(Radley and colleagues, 2017), and a non-randomised study 
of patients served by an American Indian/ Alaskan Native 
tribal health system, which found that patients treated in 

pharmacist clinics achieved high rates of SVR similar to non- 
pharmacist clinics (David and colleagues, 2017). To the best 
of our knowledge, no economic evaluation of pharmacist-led 

hepatitis C testing and direct acting antiviral drug treatment 
services has been published. However, the cost-effectiveness 
of routine HCV screening and treatment has been shown in 

other settings, including by general practitioners and commu- 
nity hepatitis nurses in Australia and New Zealand (Palmer 
and colleagues, 2020). 

Added value of this study 

Our study shows that in addition to higher uptake of both 

testing and treatment for HCV, the pharmacist-led service can 

improve quality of life among people with hepatitis C who 
inject drugs and that the pathway was cost-effective having 
accounted for realistic drug discount rates. 

Implications of all the available evidence 

WHO hepatitis C elimination targets require improvement 
in both the identification and treatment in high-risk groups 
and reliance on conventional hospital-based care is subopti- 
mal as high-risk groups including people who inject drugs 
are less likely to engage with these services. Our study has 
demonstrated that the pharmacist-led streamlining of the pa- 
tient pathway can contribute to the called-for improvement 
and represents good value for money within the context of 
the UK health service. 

ntroduction 

The World Health Organization (WHO) targets to eliminate hep- 

titis C virus (HCV) 1 have been adopted and accelerated by Eng- 

and and Scotland with earlier deadlines of 2025 2 and 2024 3 , re- 

pectively. HCV infection is often asymptomatic, but if not treated, 

an progress to liver cirrhosis and hepatocellular carcinoma. 4 In 

he UK, almost 90% of infections are in people with an injecting 

istory or people who inject drugs (PWID), with around half be- 

ng infected. 5 Therefore, finding and testing high-risk populations 

uch as PWID is essential to reach elimination targets. While dried 

lood spot tests (DBSTs) screen for HCV antibodies with high di- 

gnostic accuracy 6 and direct-acting antivirals (DAAs) achieve an 

ffective cure in over 90% of patients, almost half of PWID in- 

ected with HCV in England, Wales, and Northern Ireland are un- 

iagnosed. 7 Evidence suggests testing for HCV within community 

harmacies can be effective at identifying undiagnosed individuals 

nd increasing treatment rates, 8 , 9 and be cost-effective. 7 A stream- 

ined pathway 10 for testing and treatment, in which all care is pro- 

ided within the community pharmacy where the individuals re- 

eive opioid agonist treatment (OAT), could increase testing and 

reatment uptake, by minimising stigma and interactions with un- 

amiliar health care professionals which is considered a barrier to 

reatment. 

SuperDOT-C was a cluster randomised controlled trial (cRCT) 

o compare a community pharmacist-led pathway with a conven- 

ional care pathway of testing for HCV and treatment using DAAs 

n people receiving OAT. 11 The trial aimed to investigate testing 
2 
nd treatment uptake, completion, and cure rates within the path- 

ays to inform HCV elimination strategy. Within the conventional 

are pathway OAT patients who accepted the offer of a DBST and 

ad a positive result or had been previously identified as having 

CV antibodies, were referred to HCV treatment services within 

ocal drug treatment centres for assessment and treatment pre- 

cribing, then referred back to the pharmacy for treatment ob- 

ervation. Within the new pharmacist-led pathway all testing and 

reatment assessment, prescription and observation occurred solely 

ithin the pharmacy. 

To inform HCV elimination policy decision making, this paper 

sed data collected in the trial and assumptions about drug prices 

nd HCV progression to explore whether the new pathway is a 

ost-effective strategy for HCV testing and treatment in OAT pa- 

ients compared to conventional care. 

ethods 

The trial protocol (https://clinicaltrials.gov/ct2/show/NCT0270622

rovides full details of eligibility criteria, recruitment, randomi- 

ation, treatment pathways and assessment methods. 11 In brief, 

5 community pharmacies within three Health Boards in Scotland 

NHS Tayside, NHS Grampian, and NHS Greater Glasgow and 

lyde) were recruited. Pharmacies were randomised to either 

he pharmacist-led intervention or the conventional care com- 

arator. As knowledge of the testing and treatment pathway was 

ssential to provide care, treatment blinding was not possible for 

harmacists or patients. All patients attending the pharmacies 

or OAT, within the recruitment period of 9th December 2016 

o 31st May 2018, were eligible to participate, yielding 2,718 

otal patients. Treatment eligibility criteria included: 11 HCV PCR 

ositive, HCV genotype 1 or 3, stable OAT dose for more than 12 

eeks, Fibrosis-4 (FIB-4) score ≤3 ·25, no evidence of current or 

ast decompensated liver disease, and willing to have a pharma- 

ist supervise DAA administration. The primary outcome was to 

ompare the rate of sustained virological response at 12 weeks 

SVR12) calculated as the number of patients achieving SVR12 

ver the total number of eligible OAT patients for each pathway. 

econdary outcomes include the comparison of the rates of DBST 

esting, DAA treatment initiation, DAA treatment completion, and 

VR at 12 months. 

Twenty-eight pharmacies with 1365 OAT patients were ran- 

omised to the pharmacist-led arm (see Supplementary Fig. S1). 

wenty-eight pharmacies were initially randomised to the conven- 

ional care arm, however one pharmacy dropped out prior to pa- 

ient enrolment resulting in 27 pharmacies with 1353 OAT patients. 

ive participants (two in the pharmacist-led arm and three in the 

onventional care arm) had Fib 4 > 3 ·25 and were excluded from 

reatment; they were included in our analysis, but costs after re- 

erral were not applied as further information on resource use by 

hese patients was not available. Individual-level data were col- 

ected from patients who consented to treatment, totalling 356 pa- 

ients. As reported previously, in the pharmacist-led arm 219 pa- 

ients consented to treatment compared to 137 in the conventional 

are arm, with 98 and 43 patients achieving SVR12, respectively. 12 

he pharmacist-led pathway achieved a higher rate of testing (18% 

s 11%, p = 0 ·0594), treatment initiation (8% vs 5%, p = 0 ·0015),

nd SVR12 (7% vs 3%, p < 0 ·0 0 01). 

The pathways were mapped out through discussions with clini- 

al members of the research team to identify the components of 

esource-use at each stage. Resources included: diagnostic tests 

opportunistic screening DBST, blood samples for treatment as- 

essment, SVR12 assessment DBST); drug treatment; staff time in 

he provision of the tests, treatment assessment, prescription, and 

onitoring. Within the pharmacist-led pathway, treatment assess- 

ent bloods were taken by a nurse visiting the pharmacy who was 
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ooked in for a 2 ·5-h slot to assess six to eight patients when the

eed arose. For this analysis, costs were applied based on the nurse 

eeing seven patients per slot. Data were collected on case report 

orms completed by the pharmacists at each pharmacy and entered 

nto a data management system by the trial management team. 

Costing of the pathways was performed at the cluster/pharmacy 

evel. Unit costs (Supplementary Table S1) of diagnostic tests were 

rovided by NHS Tayside, staff costs from the Unit Costs of Health 

nd Social Care 2019, 13 and the cost of sofosbuvir/ledipasvir treat- 

ent from the British National Formulary. 14 Sofosbuvir/daclatasvir 

reatment was also used within the trial for the treatment of geno- 

ype 3 infection, however as daclatasvir has since been discontin- 

ed all treatment was costed as sofosbuvir/ledipasvir which is ap- 

roved for treatment of both genotype 1 and 3 infections. Other 

angenotypic drugs approved for the treatment of both genotypes 

 and 3 are available, most having similar NHS indicative prices 

s sofosbuvir/ledipasvir meaning costs reported in this analysis are 

pplicable to alternative treatment regimens. At the time of the 

tudy, treatment duration differed by genotype (typically 8 weeks 

or genotype 1, 12 weeks for genotype 3). However, an equal treat- 

ent duration of 12 weeks for both genotypes was assumed for 

stimating drug costs in this analysis, which is the length of most 

urrent pangenotypic treatment regimens. Typical staff time spent 

n each pathway stage was determined through discussion with 

linical members of the research team. As data on the number of 

reatment assessment PCR tests were recorded in each pathway, 

ut not for each pharmacy, a pathway-specific average cost (num- 

er of tests taken in pathway x unit cost / number eligible for DAA 

reatment in pathway) was applied to patients treated with DAA in 

ach pharmacy. All costs are presented in pound sterling at 2019 

rices, inflated where necessary using a UK government GDP de- 

ator. 15 

ithin trial period analysis 

The trial period economic analysis was conducted using 

harmacy-level testing data and individual patient-level treatment 

ata collected prospectively within the trial, from a healthcare 

rovider perspective. The mean cost per OAT patient and per pa- 

ient initiating treatment for each pathway was identified. The 

ost-effectiveness of the pharmacist-led pathway within the trial 

eriod, assessed based on the incremental mean cost per pa- 

ient achieving SVR12, was analysed using bootstrapping meth- 

ds. 16 Sensitivity of the findings to reductions in drug prices was 

ssessed. It is standard practice for the NHS in the UK and health- 

are services in many countries to negotiate discounts from the 

ublished list price of patented drugs. The actual price paid is 

ommercially confidential and reflects volume discounts and com- 

etition. Therefore, we performed the analysis with a range of dis- 

ounts (30%/60%/90%) from the list price that represent the true 

ange of the actual cost to health services. 

ong-term analysis 

To evaluate cost-effectiveness of the intervention over a longer- 

erm, a closed cohort Markov model of chronic HCV infection, dis- 

ase progression, testing and treatment, and reinfection was de- 

eloped (see details in Supplementary Figs. S2 and S3). The model 

ssumed the higher treatment rate in the pharmacist-led (32 ·8% of 

stimated infected) versus conventional care (18 ·0% of estimated 

nfected) pathway from the trial 12 in the first year, with these rates 

educed from the second year onwards to background treatment 

ptake rates (7% for Scotland) as they were prior to the SuperDOT- 

 trial, based on data from the 2015-2016 Needle Exchange Surveil- 

ance Initiative (NESI) (Supplementary Table S3). We modelled 

he entire cohort following either the pharmacist-led pathway or 
3

he conventional care pathway and compared them. Disease pro- 

ression transition probabilities were taken from published litera- 

ure (Supplementary Table S3). Testing and treatment costs were 

aken from our costing analysis, while HCV-related disease man- 

gement costs and quality of life utility indices for chronic HCV 

nfection were taken from UK-based studies (Supplementary Table 

4). Model parameters were sampled probabilistically from their 

espective uncertainty distributions. Outcomes and costs for each 

athway were tracked over a 50-year time horizon and compared, 

sing a 3 ·5% yearly discount rate. We ran 10 0 0 model simula- 

ions and calculated the incremental cost-effectiveness ratio (ICER) 

f the pharmacy-led pathway compared to the conventional path- 

ay as the median cost per QALY gained. The probability of the 

harmacy-led pathway being cost-effective at a UK willingness-to- 

ay (WTP) threshold of £30,0 0 0 was also estimated. 

Sensitivity analyses were conducted on varying the 12 ·1/100py 

ase case re-infection rate 17 (8/100py, 5/100py, and 2/100py) and 

AA drug price (30, 60, and 90% discount) to see how these af- 

ected the ICER. A threshold analysis was performed to deter- 

ine what reduction in DAA drug price would be needed for the 

harmacist-led pathway to have a 50% or 80% probability of being 

ost-effective at a £30,0 0 0 WTP threshold, and 80% probability of 

eing cost-saving. Further sensitivity analyses were also conducted 

o test assumptions on: background treatment rate of 7% (none or 

ouble the baseline rate), average cohort age of 40 years (20 years 

ounger or 10 years older), injecting duration of 11 ·5 years (5 or 

0 years), healthcare management costs (no costs pre-cirrhosis or 

ouble all healthcare costs), and 3 ·5% discount rate (none or dou- 

le the baseline rate). Model results are presented as the median 

nd 95% uncertainty interval (UI) of 10 0 0 model simulations. All 

odel analyses were performed in MATLAB (version 2021a). 

ole of the funding source 

Funders had no role in the study design; collection, analysis, or 

nterpretation of data; the writing of this report; or the decision to 

ubmit for publication. 

esults 

ithin trial period analysis 

The mean total cost of testing and treatment per pharmacy was 

igher in the pharmacist-led arm (£153,847) than the conventional 

are arm (£82,565) (Supplementary Table S2). Costs incurred var- 

ed considerably between pharmacies within each pathway. At the 

harmacy level, mean testing/assessment costs per pharmacy were 

138, £335, and £53 for opportunistic DBST, assessment bloods, 

nd SVR12 DBST, respectively, in the pharmacist-led arm and £87, 

167, and £25 in the conventional care arm, with the increase 

n cost per pharmacy being a result of higher testing rates. The 

ean cost of pharmacist time per pharmacy was £2,567 in the 

harmacist-led arm and £1,322 in the conventional care arm, the 

igher cost being due to higher testing rates and the pharmacist’s 

ole in treatment assessment in the pharmacist-led arm. The mean 

ost per OAT patient was £3,674 in the pharmacist-led arm and 

1,965 in the conventional care arm. The mean cost per patient 

nitiating treatment was £863 in the pharmacist-led arm and £404 

n the conventional care arm. 

Total pathway costs were dominated by drug treatment costs 

t a mean cost per pharmacy of £150,580 and £80,858 for the 

harmacist-led and conventional care arms respectively. The ma- 

or factor causing this difference is that more OAT patients agreed 

o testing and treatment in the pharmacist-led arm. 

The estimated incremental mean cost per OAT patient achieving 

VR12 was £39,094 (95% CI: £22,733, £50,330). Sensitivity analy- 
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Table 1 

Projected costs and QALYs from the Markov model for the pharmacist-led intervention and convention care pathways. Costs and outcomes 

are discounted at 3 ·5% per annum. 

Costs (£ millions) QALYs ICER 

Probability 

cost-effective 

Total Incremental Total Incremental 

Drug list price 

Conventional care £34 ·1 – 7450 ·0 – – –

Pharmacist-led £42 ·3 £8 ·3 7715 ·8 260 ·9 £31,612 44 ·3% 

30% drug discount 

Conventional care £28 ·5 – 7450 ·0 – – –

Pharmacist-led £33 ·9 £5 ·5 7715 ·8 260 ·9 £21,027 79 ·5% 

60% drug discount 

Conventional care £22 ·9 – 7450 ·0 – – –

Pharmacist-led £25 ·5 £2 ·7 7715 ·8 260 ·9 £10,220 98 ·3% 

90% drug discount 

Conventional care £17 ·2 – 7450 ·0 – – –

Pharmacist-led £17 ·1 -£0 ·1 7715 ·8 260 ·9 -£501 100% 

Fig. 1. Varying re-infection rate . Probabilistic sensitivity analyses showing the effects on (A) the cost-effectiveness plane, and (B) the cost-effectiveness acceptability curve 

(CEAC) of varying the re-infection rate. Plots show: (i) base case (12 ·1 per 100 person-years [py]), (ii) 8 per 100py, (iii) 5 per 100py, and (iv) 2 per 100py. Costs and QALYs 

are discounted at a rate of 3 ·5% per annum. Time horizon is 50 years. Results are for 10 0 0 model simulations. 
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es demonstrated that realistic reductions in drug price had a sub- 

tantial effect on the estimated cost-effectiveness. A 30%/60%/90% 

iscount on list price (£27,285/£15,592/£3,898 cost per 12-week 

ourse) improved cost-effectiveness to £27,605/£16,122/£4,640 per 

VR12 achieved, respectively. 

ong-term analysis 

Over a 50-year time horizon, assuming list treatment drug price 

nd high re-infection rates, the pharmacist-led pathway had an 

CER of £31,612 per QALY gained, with a 44 ·3% probability of being 

ost-effective at a £30,0 0 0 willingness-to-pay threshold ( Table 1 ). 

owever, HCV drugs in the UK and many other countries are not 

rovided at list price. Sensitivity analyses varying re-infection rates 

uggest that lower rates improve the ICER, with rates of 8/100py, 

/100py, and 2/100py lowering the ICER to £25,373, £18,917, and 

12,881 per QALY gained with a 70 ·9, 90 ·6, and 98 ·6% probability

f being cost-effective ( Fig. 1 ). Sensitivity analyses considering re- 

listic discounts on drug price led to substantial reductions in the 

CER and increases in the probability of being cost-effective. While 

 30%/60% discount improves the ICER to £21,027/£10,220 per QALY 

ained with a 79 ·5%/98 ·3% probability of being cost-effective, a 
4 
0% discount in drug price results in a negative ICER of -£501 per 

ALY gained which has a 100% probability of being cost-effective 

t the £30,0 0 0 willingness-to-pay threshold and a 62 ·3% probabil- 

ty of being cost-saving ( Fig. 2 ). Threshold analyses suggest that the 

harmacist-led pathway has a 50% and 80% probability of being 

ost-effective if DAA drug prices are discounted by 4 ·9% (£37,100 

or 12-weeks) and 30 ·8% (£27,0 0 0 for 12-weeks), respectively, and 

n 80% probability of being cost-saving if DAA drug prices are dis- 

ounted by 92 ·3% (£3,0 0 0 for 12-weeks) ( Fig. 3 ). 

Additional sensitivity analyses ( Fig. 4 ) suggest that a bigger time 

iscount rate (7% instead of 3 ·5%) and shorter time horizon (25 

ears instead of 50 years) cause a large increase in the ICER for the 

harmacist-led pathway compared to the conventional pathway, to 

60,524 and £53,550 per QALY gained, respectively. Moderate in- 

reases in the ICER are associated with assuming longer injecting 

uration (30 years instead of 11 ·5 years), older age of the cohort 

10 years older), not including healthcare management costs, and 

o background treatment rate after the first year. Conversely, no 

iscount rate reduces the ICER to £16,058 per QALY gained, while 

maller decreases in the ICER occurred for a shorter injecting dura- 

ion, younger cohort age, higher healthcare management costs, and 

igher background treatment rate. 
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Fig. 2. Varying DAA prices . Probabilistic sensitivity analyses showing the effects on (A) the cost-effectiveness plane, and (B) the cost-effectiveness acceptability curve (CEAC) 

of varying the price of DAAs. Plots show: (i) base case, (ii) 30% reduction in price, (iii) 60% reduction in price, and (iv) 90% reduction in price. Costs and QALYs are discounted 

at a rate of 3 ·5% per annum. Time horizon is 50 years. Results are for 10 0 0 model simulations . 

Fig. 3. Relationship between DAA prices per 12-week course and cost-effectiveness 

of the pharmacist-led pathway. Sensitivity analysis showing the effect of differ- 

ent DAA medication costs (for 12 weeks) on the modelled incremental cost- 

effectiveness ratio (ICER) of the pharmacist-led pathway compared to the conven- 

tional pathway. Costs and QALYs are discounted at a rate of 3 ·5% per annum. Time 

horizon is 50 years. Results are for 10 0 0 model simulations. 
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Fig. 4. Sensitivity analyses on the incremental cost-effectiveness ratio (ICER). Prob- 

abilistic sensitivity analyses showing how different assumptions change the incre- 

mental cost-effectiveness ratio (ICER) of the pharmacist-led pathway compared to 

the conventional pathway. Results are for 10 0 0 model simulations for each sensi- 

tivity analysis. 
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ey findings 

This study highlighted the impact alternative strategies of test- 

ng and treatment can have on both uptake and costs. The imple- 

entation of the pharmacist-led pathway resulted in higher up- 

ake of testing and treatment for HCV, and thus costs incurred. Our 

nalysis suggests that the pharmacist-led pathway could be cost- 
5 
ffective with moderate reductions in drug price (achieved in many 

ountries and existing contracts). Reductions in HCV re-infection 

ates – that were high during the trial – would also improve cost- 

ffectiveness. The critical success factor was the increased diag- 

oses and acceptance of treatment (with high statistical signifi- 

ance). 12 Drug treatment cost was found to be the greatest cost 

ncurred within both arms and is responsible for most of the in- 

rease in cost associated with the pharmacist-led arm, due to get- 

ing more people onto treatment. The difference in costs are re- 

uced substantially and the probability of the new pathway being 

ost-effective increases considerably after taking into account mod- 

rate reductions in drug price. 
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omparison with the literature 

The cost-effectiveness of routine HCV screening and treatment 

as been shown in a range of settings, including emergency de- 

artments, 18 antenatal care, 19 and primary care. 20 Additionally, the 

ndings of this study are consistent with those of other interven- 

ions aimed specifically at increasing testing and treatment up- 

ake. In an RCT in a primary care setting a complex interven- 

ion that aimed to increase patient awareness and identify high- 

isk patients was found to be cost-effective at increasing test- 

ng and treatment uptake. 21 Drug treatment costs were notably 

ower, with our analysis also showing cost-effectiveness at simi- 

ar drug prices. A systematic review of economic evaluations of 

CV screening found that case-finding of PWID had a range of 

ost-effectiveness, from £2,333 to £28,120 per quality-adjusted life 

ears (QALY) gained, when compared with no screening 22 and a 

elgian study has shown the cost-effectiveness of case-finding for 

CV in PWID. 23 Other cost-utility analyses of case-finding for HCV 

n PWID in the UK, which unlike our analysis used dynamic mod- 

ls capturing the impact of reduced onward transmission, found 

ase-finding and the use of DBSTs to be cost-effective in specialist 

ddiction services. 24 , 25 

A study assessing the cost-effectiveness of new community- 

ased HCV strategies in PWID (within substance misuse services, 

eedle exchanges, and community pharmacies) also highlighted 

he impact alternative strategies can have on cost-effectiveness 

nd supports the cost-effectiveness of community pharmacy-based 

esting, similarly finding drug price to be the main driver of cost- 

ffectiveness. 26 The im pact on uptake and cost-effectiveness that 

lternative HCV treatment strategies can have in PWID has also 

een shown using data from a RCT comparing primary and sec- 

ndary care treatment with DAAs. 20 One study assessing the cost- 

ffectiveness of testing high-risk groups for HCV in community 

harmacies using DBSTs found the strategy to be cost-effective, 

owever, although still cost effective, the intervention was less effi- 

ient in PWID. 27 One reason given is the lower rate of engagement 

n PWID, highlighting the importance of increasing testing uptake 

n this population. As was found in our analysis, at higher drug 

rice discounts testing was found to be likely cost-saving. 

trengths and weaknesses of the study 

The cRCT had a large sample size, recruiting 55 pharmacies 

ith 2718 OAT patients, initiating 172 patients onto treatment. 

owever, as this was a retrospective cost-effectiveness analysis not 

ll necessary data were collected, so an individual level analysis 

as not possible. Specifically, the number of treatment assessment 

CR tests per pharmacy was not available, with many patients hav- 

ng already had existing PCR results within 6 months, so a pathway 

verage cost had to be applied. This requires the assumption that 

he PCR positive rate and drop-out rate was the same across phar- 

acies within each pathway. The cost of nurse travel to the phar- 

acies in the pharmacist-led pathway was included in the anal- 

sis, however as we conducted the analysis from the healthcare 

rovider perspective, patient travel costs in the conventional path- 

ay travelling to the treatment centre were not included. If patient 

ravel costs had been included, the pharmacist-led pathway would 

ave been more cost-effective given the typically closer proxim- 

ty of the community pharmacy. The higher uptake of testing and 

reatment in the pharmacist led pathway may be, in part, due to 

he lower cost and greater convenience of receiving all care at the 

ommunity pharmacy. 28 

Alternative drugs used in the treatment of HCV have similar 

rices to sofosbuvir/ledipasvir used in this study. Additionally, the 

ffect that varying drug discount rates have on cost-effectiveness 

as been presented, so the results are applicable across differing 
6 
rug choices and discount rates that healthcare providers may ne- 

otiate. Our cost-effectiveness model of long-term impact did not 

ake account of changes in treatment uptake over time or sec- 

ndary prevention (averting onward transmission in people suc- 

essfully treated) – so our estimates of cost per QALY are likely to 

e conservative as a proportion of the study population are likely 

o be current injectors and at risk of transmitting infection to oth- 

rs. Reimbursement fees paid to pharmacies, which vary locally, 

ere also not included. However, given the dominance of the much 

arger drug price, fees are likely to have a minimal impact on the 

CER and probability of the pharmacist-led pathway being cost- 

ffective. Accounting for the reduction in onward transmission due 

o HCV treatment can sometimes improve cost-effectiveness. 29 , 30 

mplications for policy and research 

The identification and treatment of high-risk and hard to reach 

roups like PWID is essential if WHO elimination targets are to be 

eached. This study has demonstrated that streamlining diagnos- 

ic and treatment pathways can encourage the uptake of testing 

nd treatment in PWID, leading to improvements in the rate of 

VR12. The cost per QALY gained has been presented for a range of 

rug price discounts, allowing healthcare providers to apply these 

esults locally to aid in policy decision making. This study has 

rovided evidence that a pharmacist-led diagnostic and treatment 

trategy is, at realistic drug price discounts, highly likely to be cost- 

ffective at increasing the uptake of testing and treatment of HCV 

n PWID. As such, pharmacist-led testing and treatment should be 

caled up to reach patients in these settings. 

onclusion 

While the increased diagnostic costs are low, the cost- 

ffectiveness of the new pathway is highly dependent on drug 

rices and on re-infection rates. At drug list price the new 

harmacist-led pathway may not be cost-effective, however at re- 

listic drug discount rates the new pathway has been shown to be 

ost-effective. 

ata sharing 

Applications from researchers for access to the anonymised 

ataset for their research will be considered, requiring approval 

rom the chief investigator and funders. 

eclaration of Competing Interest 

AR received grants from Gilead and Bristol-Myers Squibb during 

he study and received grants from Roche and AbbVie outside the 

tudy. JFD received grants from the Scottish Government Depart- 

ent of Health, Gilead, and Bristol-Myers Squibb during the study; 

nd AbbVie, MSD, Janssen, Roche, and Genedrive outside the study. 

ll other authors declare no competing interests. 

RediT authorship contribution statement 

G. Myring: Formal analysis, Writing – original draft, Writing 

review & editing. A.G. Lim: Formal analysis, Writing – original 

raft, Writing – review & editing. W. Hollingworth: Formal anal- 

sis, Writing – review & editing. H. McLeod: Writing – review & 

diting. L. Beer: Writing – review & editing. P. Vickerman: Formal 

nalysis, Writing – review & editing. M. Hickman: Writing – re- 

iew & editing. A. Radley: Writing – review & editing. J.F. Dillon: 

riting – review & editing. 



G. Myring, A.G. Lim, W. Hollingworth et al. Journal of Infection xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: YJINF [m5G; September 29, 2022;22:9 ] 

A

I

r

f

e

S

f

R

 

 

 

1

 

2

2

2

2

2

2

 

2  

2

3

cknowledgments 

GM and HM are funded, and WH partly funded, by the National 

nstitute for Health and Care Research Applied Research Collabo- 

ation West (NIHR ARC West). AGL and PV acknowledge support 

rom the NIHR Health Protection Research Unit in Behavioural Sci- 

nce and Evaluation at the University of Bristol. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.jinf.2022.09.021 . 

eferences 

1. World Health Organization. Combating Hepatitis B and C to Reach Elimination by 
2030: Advocacy Brief . Geneva: World Health Organization; 2016 . 

2. APPG 2018. Eliminating hepatitis C in England2018. http://www.hcvaction.org. 
uk/sites/default/files/resources/Eliminating%20Hep%20C%20APPG.pdf (accessed 

17th August 2020). 

3. Scotland HP. Scotland’s hepatitis C action plan: achievements of the first decade 
and proposals for a Scottish Government Strategy (2019) for the elimination of 

both infection and disease. Taking Advantage of Outstanding New Therapies, 
2019. 

4. Westbrook RH, Dusheiko G. Natural history of hepatitis C. J Hepatol 
2014; 61 (1):S58–68 Suppl . 

5. Public Health England. Unlinked Anonymous Monitoring (UAM) Survey of HIV 
and viral hepatitis among PWID: 2019 report, 2019. 

6. Lange B, Cohn J, Roberts T, et al. Diagnostic accuracy of serological diagnosis of 

hepatitis C and B using dried blood spot samples (DBS): two systematic reviews 
and meta-analyses. BMC Infect Dis 2017; 17 (1):700 Suppl . 

7. Buchanan RCK, Grellier L, Khakoo SI, Parkes J. The testing of people with any 
risk factor for hepatitis C in community pharmacies is cost-effective. J Viral 

Hepat 2020; 27 (1):36–44 . 
8. Radley A, Robinson E, Aspinall EJ, Angus K, Tan L, Dillon JF. A systematic re-

view and meta-analysis of community and primary-care-based hepatitis C test- 

ing and treatment services that employ direct acting antiviral drug treatments. 
BMC Health Serv Res 2019; 19 (1):765 . 

9. David C, David D, Essex W, Deming P, Qualls CR, Mera J. Hepatitis c treatment
outcomes in a pharmacist-managed clinic in a rural tribal health system. Hepa- 

tology 2017; 66 (s1):331A Poster 609 . 
10. Radley A, Tait J, Dillon JF. DOT-C: a cluster randomised feasibility trial evaluat- 

ing directly observed anti-HCV therapy in a population receiving opioid substi- 

tute therapy from community pharmacy. Int J Drug Policy 2017; 47 :126–36 . 
11. Radley A, de Bruin M, Inglis SK, Donnan PT, Dillon JF. Clinical effectiveness of

pharmacy-led versus conventionally delivered antiviral treatment for hepatitis 
C in patients receiving opioid substitution therapy: a study protocol for a prag- 

matic cluster randomised trial. BMJ Open 2018; 8 (12):e021443 . 
2. Radley A, de Bruin M, Inglis SK, et al. Clinical effectiveness of pharmacist-led 

versus conventionally delivered antiviral treatment for hepatitis C virus in pa- 
7 
tients receiving opioid substitution therapy: a pragmatic, cluster-randomised 
trial. Lancet Gastroenterol Hepatol 2020 . 

13. Curtis L, Burns A Unit costs of health and social care 2019. Personal Social Ser-
vices Research Unit . Canterbury: University of Kent; 2019 . 

14. Joint Formulary Committee. British national formulary. http://www. 
medicinescomplete.com ; 2020. 

15. Treasury H. GDP deflators at market prices, and money GDP December 2019 
(Quarterly National Accounts). 2019. 

16. Campbell MK, Torgerson DJ. Bootstrapping: estimating confidence intervals for 

cost-effectiveness ratios. QJM Int J Med 1999; 92 (3):177–82 . 
17. Caven M, Baiano CX, Robinson EM, Stephens B, Macpherson I, Dillon JF. Hep- 

atitis C reinfection by treatment pathway among people who inject drugs in 
Tayside, Scotland. J Viral Hepat 2021; 28 (12):1744–50 . 

18. Williams J, Vickerman P, Douthwaite S, et al. An economic evaluation of the 
cost-effectiveness of opt-out hepatitis B and hepatitis C testing in an emergency 

department setting in the United Kingdom. Value Health 2020; 23 (8):1003–11 . 

19. Selvapatt N, Ward T, Bailey H, et al. Is antenatal screening for hepatitis 
C virus cost-effective? A decade’s experience at a London centre. J Hepatol 

2015; 63 (4):797–804 . 
0. Palmer AY, Wade AJ, Draper B, et al. A cost-effectiveness analysis of primary 

versus hospital-based specialist care for direct acting antiviral hepatitis C treat- 
ment. Int J Drug Policy 2020; 76 :102633 . 

21. Roberts K, Macleod J, Metcalfe C, et al. Cost effectiveness of an intervention to 

increase uptake of hepatitis C virus testing and treatment (HepCATT): cluster 
randomised controlled trial in primary care. BMJ 2020; 368 :m322 . 

2. Coward S, Leggett L, Kaplan GG, Clement F. Cost-effectiveness of screening 
for hepatitis C virus: a systematic review of economic evaluations. BMJ Open 

2016; 6 (9):e011821 . 
3. Opstaele L, Bielen R, Bourgeois S, et al. Who to screen for hepatitis C? A cost–

effectiveness study in Belgium of comprehensive hepatitis C screening in four 

target groups. Acta Gastroenterol Belg 2019; 82 (3):379–87 . 
4. Martin NK, Hickman M, Miners A, Hutchinson SJ, Taylor A, Vickerman P. Cost–

effectiveness of HCV case-finding for people who inject drugs via dried blood 
spot testing in specialist addiction services and prisons. BMJ Open 2013; 3 (8) . 

5. Ward Z, Reynolds R, Campbell L, et al. Cost-effectiveness of the HepCATT 
intervention in specialist drug clinics to improve case-finding and engage- 

ment with HCV treatment for people who inject drugs in England. Addiction 

2020; 115 (8):1509–21 . 
6. Manca F, Robinson E, Dillon JF, Boyd KA. Eradicating hepatitis C: are novel 

screening strategies for people who inject drugs cost-effective? Int J Drug Policy 
2020; 82 :102811 . 

27. Buchanan R, Cooper K, Grellier L, Khakoo SI, Parkes J. The testing of people with
any risk factor for hepatitis C in community pharmacies is cost-effective. J Viral 

Hepat 2020; 27 (1):36–44 . 

8. Radley A, van der Pol M, Dillon JF. Application of a discrete choice experiment
approach to support the design of a hepatitis C testing service in primary care. 

Int J Drug Policy 2019; 65 :1–7 . 
9. Martin NK, Vickerman P, Dore GJ, et al. Prioritization of HCV treatment in the 

direct-acting antiviral era: an economic evaluation. J Hepatol 2016; 65 (1):17–25 . 
0. Martin NK, Vickerman P, Miners A, et al. Cost-effectiveness of hepatitis 

C virus antiviral treatment for injection drug user populations. Hepatology 
2012; 55 (1):49–57 . 

https://doi.org/10.1016/j.jinf.2022.09.021
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0001
http://www.hcvaction.org.uk/sites/default/files/resources/Eliminating%20Hep%20C%20APPG.pdf
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0010
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0011
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0012
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0012
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0013
http://www.medicinescomplete.com
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0016
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0017
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0018
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0019
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0020
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0021
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0022
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0023
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0024
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0025
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0026
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0027
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0028
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0029
http://refhub.elsevier.com/S0163-4453(22)00551-5/sbref0030

	Cost-effectiveness of pharmacy-led versus conventionally delivered antiviral treatment for hepatitis C in patients receiving opioid substitution therapy: An economic evaluation alongside a pragmatic cluster randomised trial
	Introduction
	Methods
	Within trial period analysis
	Long-term analysis
	Role of the funding source

	Results
	Within trial period analysis
	Long-term analysis

	Discussion
	Key findings
	Comparison with the literature
	Strengths and weaknesses of the study
	Implications for policy and research

	Conclusion
	Data sharing
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgments
	Supplementary materials
	References


