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Many thanks for invitation to speak – I changed the title slightly as I am allergic to saying elimination – but want to present recent global evidence on epidemiology and prevention
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Cochrane Database of Systematic Reviews DOI: 10.1002/14651858.CD012021
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So now want to turn to our knowledge of the effectiveness of OAT and NSP to prevent HCV which we recently assessed - published by Cochrane and Addiction



Impact of current OST 
exposure (adjusted estimates)

• 12 studies:
• 6361 participants
• 1030 HCV cases

• 50% reduction 
in risk of HCV

• Little 
heterogeneity 

• GRADE: Low 
Evidence.

Presenter
Presentation Notes
Here you see forest plot for opioid agonist treatment– from studies that adjusted for confounders.   So each line and square is an individual study. And the diamond is the synthesised or weighed average of the intervention effect.  And in this graph we show twelve observational studies – including over 6300 participants and 1000 HCV incident events. And show them grouped in Australia, North America and Europe.  Critically there is consistent evidence across geographical areas– with little heterogeneity that OAT reduces HCV transmission by 50%.  Because no trials (and there wont be any as would be unethical now) Cochrane rules say we have to grade the evidence as low quality – but really is strong good low quality evidence… 



Impact of high NSP by region 
(unadjusted analyses)

• 7 studies

• High heterogeneity 
(I2=79%) 

• Weak evidence 
overall – RR 0.77

• In Europe NSP 
associated with 
66% reduction in 
HCV

• Grade: very low 
evidence
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Unfortunately evidence is weaker for impact of Needle and syringe programmes.  Here we show Forest plot for all studies with unadjusted estimates because didn’t want to drop too many studies if just used adjusted estimates.  And again lines are individual studies – diamonds are weighed estimates –and grouped for North America and Europe. Overall we find weak evidence – across seven studies – that high coverage NSP High coverage reduces HCV transmission by 23%.High coverage NSP defined either as regular attendance or people receiving sufficient syringes for their injecting frequency There is a great deal of heterogeneity.  Thankfully we are in Europe.  For studies in Europe which had a more consistent measure of NSP exposure – where we measure high coverage in terms of sufficient syringes for injecting frequency - there is evidence that can reduce HCV transmission by 50% or more.   So in our modelling – especially when in Europe – we use these estimates.Studies in US show insufficient evidence – and embarrassed as an epidemiologist to give excuses for a null result – but is because of problems with getting a consistent NSP coverage measure, mixed epidemics of opioid and stimulant injecting and confounding by indication – whereby NSP in North America attract  people with the most chaotic and risky injecting practices.  But clearly we need to strengthen the evidence base for effectiveness of NSP on HCV prevention.  



Impact of NSP and OST

High NSP with OST
•4 studies
•3356 participants
•518 HCV cases 
Reduced HCV by 
71% 
•moderate 
heterogeneity 

Low NSP with OST
•3 studies
•3071 participants
•449 HCV cases, 
•Reduced HCV by 
24%

•GRADE: low 
evidence

Presenter
Presentation Notes
Four studies reported combined exposure to both NSPs and OST – the combination of high coverage NSP and OST reduced HCV by 71% - shown in top forest plot3 studies also could assess combination of low NSP and OST – and suggested that impact of OST on HCV transmission was reduced in absence of high coverage NSP – shown in bottom.We do need to strengthen the evidence base also on the benefits of combining interventions.



MODELLING HCV TREATMENT 
AS PREVENTION
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Presentation Notes
Onto some modelling



Martin NK, Hickman M, Hutchinson SJ, Goldberg DJ, and 
Vickerman P. C. Clinical Infectious Diseases 2013

40% chronic prevalence • Dark red: modest 
(<20%) impact, high 
HCV

• Orange: ~50% impact

• White: >80% impact

COMBINATION PREVENTION SCALE-UP: 
10 YEAR RELATIVE PREVALENCE REDUCTIONS WITH NO 
BASELINE COVERAGE OF OST/NSP AND USING DAAs

• >40% reduction 
requires HCV 
treatment

• OST&NSP increases 
benefit of HCV 
treatment

Presenter
Presentation Notes
Now this model for a place like many in Europe with 40% chronic HCV prevalence - and projects impact of scaling up HCV treatment with the new DAAs and also OST and high coverage NSP over ten year period.  Projections presented in a sort of heat-tech topography map with horizontal/x-axis showing impact of increasing coverage of OST/hcNSP and vertical/y-axis increasing HCV treatment rates. These are expressed as annual number per 1000 people who inject drugs (so set at constant annual number – because if we measured number per chronically infected individual then would have to change each year as the dynamics of infection changed).The topography lines show % HCV reduction in 10 years with only modest or little effect where graph is dark red, rising to greater impact where orange or near elimination when white. So what this model is showing us is that if we want to achieve a substantial reduction in HCV – say >40% in 10 years then need to scale up HCV treatment – cant do it with scaling up OST and hcNSP alone. But also as lines are at an angle/slanted downwards– then that as a population scales up OST/hcNSP for people who inject drugs then require less HCV treatment to achieve specific target reductions in HCV prevalence – so can use OST/hcNSP to conserve HCV treatments, minimise re-infection, and to increase the prevention benefit of HCV treatment.



GENERAL SCENARIOS: COMBINATION INTERVENTION REQUIRED 
TO REDUCE INCIDENCE AMONG PWID BY 90%, 2017-2030

Preliminary work based on Martin NK et al.  CID 
2013
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• Stable epidemics, 12 
year injecting duration

• <60 per 1000 PWID 
treated annually 
without harm 
reduction

• With harm reduction, 
could reduce to <40 
per 1000 PWID 
annually

No coverage of OST or NSP
Coverage of OST and NSP = 20%
Coverage of OST and NSP = 40%
Coverage of OST and NSP = 60%
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Here we show model projects of how many HCV treatments needed per 1000 PWID in populations with 20%, 40% or 60% chronic HCV in PWID populations to to achieve endemically low levels of HCV transmission i.e. to reduce incidence by 90%.  So in each scenario the number of treatments required reduces substantially as increase OAT and HC NSP.  OAT and NSP act synergistically with HCV treatments – minimisng re-infection and achieving greater amounts of HCV treatment as prevention – making HCV treatment more effective and cost-effective.[But of course we have already seen in our global review and figures that it is estimated that less than 1% of people who inject drugs have sufficient access to OAT and NSP to make the most of scaling up HCV treatment.]
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Paper published in 2016 showing economic argument for prioritising early treatment of HCV to PWID
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*£20,000 willingness to pay. 
Martin NK et al. J Hepatol 2016: 65(1):17-25.

MORE COST-EFFECTIVE TO PRIORITIZE EARLY TREATMENT 
FOR PWID INSTEAD OF BY STAGE IN 20/40% PREV SETTINGS

Economic modeling supports treatment for and prioritization of 
PWID – essential for achieving elimination targets

Presenter
Presentation Notes
So the model assumes that people with severe disease/ cirrhosis should be treated first – and then consider which patients groups to prioritize next for early DAA therapy – depending on whether patient is a person who injects drugs (and at risk of re-infection) with mild or moderate disease or a non-injector (and no risk of re-infection) with mild or moderate disease.   We looked at three settings –for populations with chronic prevalence of 20%, 40% or 60%.  And the model ranks patient groups by net monetary benefit (NMB) which is the mean mean incremental QALYs x willingness to pay threshold - mean incremental costs -  using £20,000 per QALY as willingness to pay threshold.  The highest rank and next patient group to be prioritised for treatment after people with cirrhosis is the one with the highest Net Monetary Benefit.  So in population with 20% chronic HCV in PWID then would prioritize early treatment to PWID with mild or moderate disease over other patient groups – because of prevention benefits.[click]  So in population with 40% chronic HCV among PWID also prioritise PWID with mild or moderate disease for early treatment.[click]  Only in a very high prevalence setting is it best to prioritize first by disease stage, treating those with more advanced disease first. This is because of the high rates of reinfection in this setting. A negative Net monetary benefit implies that not cost-effective to treat the patient group early – better to delay treatment.  But as HCV drug costs fall/ and have fallen then will become cost-effective to treat PWID early even in high prevalence areas with high rates of re-infection.  But importantly the ranking is independent of HCV drug costs. So from an economic point of view it is best to prioritize treatments first by risk status- first treating PWID regardless of disease stage because of the substantial prevention benefits – except in areas with very high chronic HCV when should prioritise other patient groups first – and use other harm reduction services to minimize re-infection..  



NUMBER OF NEW INFECTIONS 
AVERTED PER EARLY TREATMENT
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Martin NK et al. J Hepatology 2016
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Here we show the projected prevention benefit. So in a population with 20% chronic HCV we would expect for every PWID treated early a further 2 infections would be averted/ and in 40% chronic HCV then for every 1 person treated then a further 1 infection also prevented.  But in sites with high chronic HCV then re-infection rates also high reducing prevention benefit – though it is still there – which is why as HCV drug costs fall that will be cost-effective…..But also critical in these populations that scale-up OST and NSP to minimise re-infection and have greater impact on reducing transmission.



ARE CURRENT HCV TREATMENT 
RATES SUFFICIENT?

Presenter
Presentation Notes
I have cut some slides showing that prioritising early HCV treatment for people who inject drugs is the most cost-effective strategy for time (but we can show them later if like).So want to consider now in terms of evidence of treatment as prevention – are sufficient treatments taking place.  We don’t have these data from our recent global reviews.  And perhaps wont need to add them to next review if WHO elimination targets met.   So report two model exercises – one in Europe and one in US
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Paper just come out sought to identify what current treatment rates were among PWID in 11 sites in Europe – and shown in more detail by Hannah in a parallel session – which you could catch if you leave after my talk.



% of estimated PWID with chronic infections treated 
at baseline (2015/16)

Fraser et al, (2017) Journal of Hepatology
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Presentation Notes
So when we collected the data there was substantial heterogeneity in treatment rates – over 5-fold differences – and considerable uncertainty as shown by error bars predominantly because uncertainty in size of population of PWID in each site. Sites shown on horizontal axis: Amsterdam Netherlands, Belgium, Czech Republic, Denmark, Finland, France, Hamburg Germany, Norway, Scotland, Slovenia and Sweden. (Scandanavia and bits of elsewhere in Europe).Only three sites treating near or over 5% of those that are chronically infected at baseline.  And finland in 2015/16 virtually no treatment for people who inject drugs.



Baseline chronic prevalence

Fraser et al, (2017) Journal of Hepatology
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Presentation Notes
At baseline chronic prevalence shown in blue bars varies 3-4 fold. much higher in Finland and Sweden and lower in Czech Republic and Slovenia. 



Treatment needed per 1000 PWID to reduce 
HCV to 2 per 100pyrs by 2026

Fraser et al, (2017) Journal of Hepatology, In press

Purple: Baseline number of treatments 
in 2015/16

Green: Number of treatments needed 
per 1000 PWID with no OST/NSP 
scale-up in 2016/17

Yellow: Number of treatments needed 
per 1000 PWID with OST/NSP scale-
up to 80% coverage in 2016/17

Presenter
Presentation Notes
In this figure we consider what is needed in order to reduce HCV transmission to 2 per 100 person years in 10 years by 2025 – which is pretty low moving towards elimination. So the purple or blue bars show baseline treatment rates. And  the green bars shows the number of treatments per 1000 PWID required to minimise HCV transmission in each site.  The numbers are very far away from each other in most sites. Though in Amsterdam and Slovenia, we project that current treatment rates with DAAs are already at level required – and in Czech Republic only need to increase treatment by modest 50% to see 2% incidence by 2026. In all other sites greater scale-up is needed, ranging from 3-17 times current treatment rates in all other sites other than Finland where 200 times current rates are needed. However, we can see that per 1000 PWID this is actually a similar number of treatments to other sites. 



Treatment needed per 1000 PWID to reduce 
HCV to 2% by 2026 IF scale-up OST/NSP

Fraser et al, (2017) Journal of Hepatology

Purple: Baseline number of treatments 
in 2015/16

Green: Number of treatments needed 
per 1000 PWID with no OST/NSP 
scale-up in 2016/17

Yellow: Number of treatments needed 
per 1000 PWID with OST/NSP scale-
up to 80% coverage in 2016/17

Presenter
Presentation Notes
Now we show in Yellow bars what treatment needed if OST and NSP also scaled-up to 80% coverage.Can see that in most sites a decrease in the number of treatments is needed.If we compare to baseline, in Amsterdam and Slovenia no scale-up is needed. In Czech Republic and Belgium minimal scale-up is needed as in over 50% of the runs 2% incidence is already achieved once scale up OST and NSP.In other sites the scale-up needed compared to baseline is less than 5 times for all sites other than Finland,… and we see that by scaling up OST and NSP (depending on what baseline coverage rates were already) we see a 20-80% decrease in the number of treatments required to reduce HCV incidence to 2%.  And note the uncertainty driven largely because of uncertainty in PWID prevalence.So if we want to conserve HCV treatments, set achievable rates of scale-up, and obtain greatest impact really need to scale-up OAT and NSP
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WS1:  Demonstration study of rapid large scale HCV 
DAA therapy to PWID in Tayside (intervention site)

 Can rapid large-scale HCV DAA therapy be delivered to 
PWID in the community?
 Are cure (SVR) rates comparable to other real-world 
examples?
 What is the rate of HCV re-infection following 
treatment and cure? 

EPIToPe Programme (Evaluating the Population Impact of Hepatitis C Direct Acting Antivral Treatment as Prevention for People Who Inject Drugs)

WS2:  Enhancing Public Health Surveillance to 
monitor HCV, behaviours and service utilisation 
among PWID in the intervention and control sites 
across the UK

 What are the trends in chronic HCV  prevalence & 
incidence among PWID in intervention and control sites 
pre and post the demonstration study (in WS1)?
 Can we develop methods to estimate the number of 
PWID and chronic HCV PWID ?
 Can we determine if DAA therapy leads to improved 
health risk behaviours and uptake of drug services? 

WS3:  Qualitative study of the barriers and 
facilitators to scaling up HCV DAA therapy to PWID
 What are the system-, provider- and patient-level 
barriers and facilitators to scaling up HCV DAA therapy to 
PWID?
 What are the collateral effects of HCV DAA therapy on 
health risk behaviours of PWID, their engagement with 
services and perceptions of ‘recovery’?

WS4:  Modelling the  intervention effect and cost-
effectiveness of scaling up HCV DAA therapy  to 
PWID

 What is the effect of the intervention (in WS1) on 
chronic HCV prevalence among PWID?
 What is the contribution of HCV treatment and other 
primary prevention interventions to the intervention 
effect? 
 What is the cost-effectiveness of HCV Treatment as 
Prevention using real-world data?

WS5: Evaluation of HCV Treatment as Prevention  in 
England

 Can we conduct a large-scale evaluation to provide 
definitive evidence for patients, clinicians and policy makers? 

WS1 recruits 
patients for WS3

WS1 provides a 
template for scaling up 

therapy in WS5

WS3  generates logic 
model and manual on 
how best to scale-up 

therapy in WS5

WS1 provides 
data for impact 
and economic 

modelling in WS4

WS2  provides outcome data 
for evaluation in WS5

WS4  provides  model estimates 
and methods for design of 

evaluation in WS5

WS2 provides 
data for impact 
and economic 

modelling in WS4



Trends in HCV antibody prevalence among PWID in Scotland and England 2010/2011 to 2016. 

Matthew Hickman et al. BMJ Open 2019;9:e029538

©2019 by British Medical Journal Publishing Group

Presenter
Presentation Notes
Trends in HCV antibody prevalence among PWID in Scotland and England 2010/2011 to 2016. HCV, hepatitisC virus; PWID, people who inject drugs.



Projected chronic HCV prevalence and incidence among PWID in Tayside with and without the 
intervention. 

Ho: Rapid-scale up - over 2 years from 2017/2018 of at least 
500 HCV treatments in PWID will reduce chronic HCV 
prevalence to ~10% (>60% reduction) and reduce HCV 
incidence to ~1.4 p100py).

Presenter
Presentation Notes
Projected chronic HCV prevalence and incidence among PWID in Tayside with and without the intervention. Blue shaded area denotes the 95% credibility intervals of the model projections with and without the intervention. HCV, hepatitisC virus; PWID, people who inject drugs; py,person-years.



Overview of HCV testing and treatment pathways for the PWID population in NHS Tayside. 

Target Reached ahead of schedule:– 555 patients treated on 
583 occasions by September 2019 and to date >730 HCV Rx

Presenter
Presentation Notes
Overview of HCV testing and treatment pathways for the PWID population in NHS Tayside. DBS, dried blood spot; HCV, hepatitis C virus; NHS,National Health Service; OST, opioid substitution treatment; PWID, people who inject drugs.



EMERGING EVIDENCE
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All PWID

9% decline29% decline

Estimates of chronic and cleared HCV infection among 
PWID in Scotland*

(*missing Ab and RNA data have been imputed)
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Presentation Notes
So moving from model evidence to actual empirical evidence.  Norah palmateer showing this in later session Thursday at 1.20.  In Tayside there has been an increase in community treatment of PWID.  This is associated with a reduction in chronic HCV of 29% from 34% to 24% in chronic HCV in PWID from 2013 to 2017/18 as measured by routine surveillance.  There has been less scale-up in rest of scotland and see less decline.



All PWID Antibody positive PWID
30% decline 5% decline

9% decline29% decline

Estimates of chronic and cleared HCV infection among 
PWID in Scotland*

(*missing Ab and RNA data have been imputed)
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Norah Palmateer REDUCTION IN THE 
POPULATION PREVALENCE OF HCV VIRAEMIA 
AMONG PWID…. : REAL WORLD 
DATA  (Addiction under review)
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And if only look at PWID with HCV antibodies – then in Tayside see viraemia/ chronic HCV fallen from 60% to 42% - 30% fall – in contrast to less than 5% - so direct evidence of HCV Treatment as Prevention .  Now how much can be attributed to HCV treatment scale-up and how much to other interventions – and is Tayside on track to hit elimination targets is what we will now model.Moving to modelling with real empirical evidence – rather than using model to raise and test hypotheses about what could be achieved and how important HCV treatment and other intervention scale-up could be in reducing HCV transmission in PWID. 



Causal impact synthetic control method (CIM) simulation and estimated intervention effects and 
95% credible intervals for a range of assumed effects. 

A Bayesian multivariate factor analysis model for evaluating an intervention by using observational time series data on 
multiple outcomes. Pantelis Samartsidis et al. JRSSA 2020 doi.org/10.1111/rssa.12569;  
Evaluating the power of the causal impact method in natural experiments of HCV treatment as prevention. ’Statistical 
communications in infectious diseases’: under review 
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Presentation Notes
Causal impact synthetic control method (CIM) simulation and estimated intervention effects and 95% credible intervals for a range of assumed effects. Footnote: Illustration of CIM. First subplot shows a single data set, where solid lines represent the simulated prevalence in the absence of the intervention, and the dashed lines represent the outcome of treated site in the post-intervention period under different intervention magnitude scenarios. For each one of the three scenarios,we calculate the estimated average intervention effect along with credible intervals. These are shown in subplots 2 to 4. We see that as the effect increases, the intervals tend to move away for zero. However, the intervention effect only becomes significant in scenario 3, where zero is not included in any of the post-intervention time points.



Next Steps

• Evaluate HCV TasP in Tayside
– Synthetic control analysis
– Infectious Disease & Economic Model
– Qualitative studies of scaling up – manual
– Qualitative accounts of opioid use disorder 

treatment outcomes post SVR

• Evaluate HCV TasP in England
– New protocol – emulate step wedge trial design



Modelling the impact of incarceration 
and prison-based hepatitis C virus (HCV) 
treatment on HCV transmission among 

people who inject drugs in Scotland

Jack Stone, Peter Vickerman, Sharon Hutchinson, 
Matt Hickman et al

26 October 202029



Recent incarceration associated with increased risk 
of HCV/HIV acquisition among PWID

Stone Lancet Infectious Dis 
2018 30

Overall (I2=57.3%, p=0.002) 1.62 (1.28,2.05)



Impact of Scaling-up Prison Treatments

26 October 2020
* 43% of incarcerated PWID have lengths > 16 weeks;
60% have sentence lengths > 12 weeks. sentence



Preliminary logic model HCV treatment as prevention (EPIToPe). 

Matthew Hickman et al. BMJ Open 2019;9:e029538

©2019 by British Medical Journal Publishing Group
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Preliminary logic model HCV treatment as prevention (EPIToPe). HCPs, healthcare providers; HCV, hepatitis C virus; HCWs,healthcare workers; Hep-C, hepatitis C; NHS, National Health Service; NSP,needle and syringe programmes; TasP, Treatment as Prevention; PWID, people who inject drugs.
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