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Summary

To achieve WHO hepatitis C virus (HCV) elimination targets by 2030, mathematical
models suggest there needs to be significant scale-up of treatment among people who
inject drugs (PWID). We tested whether people who actively inject drugs can be re-
cruited and treated successfully through a community needle and syringe programme
(NSP), and assessed rates of re-infection. 105 HCV RNA positive participants were
enrolled prospectively. Participants were recruited from the largest NSP in Dundee
over 42 months. 94/105 individuals commenced treatment. Genotype 1 (G1) individu-
als (n=37) were treated with peg-interferon+ribavirin+Simepravir/Telaprevir.
Genotype 2/3 (G2/3) (n = 57) received peg-interferon+ribavirin. Weekly study visits
took place within the NSP. Mean age of participants was 34.0 years (SD 6.9), 71.3%
(61/94) were male. One in five (20/94) participants were homeless. 68.1% (64/94) were
on OST (opiate substitution therapy) at enrolment; participants injected median 6.5
times/wk. In terms of clinical outcomes, >80% treatment adherence was 71.3% (67/94).
There was no difference in SVR-12 rates by genotype: 81.0% (30/37) for G1 and 82.5%
(47/55) for G2/3. At 18 months post-treatment, 15/77 participants were reinfected,
followed up over 69.8 person-years, yielding a re-infection rate of 21.5/100 person-
years (95% Cl 13.00-35.65). This trial demonstrates that HCV treatment can be deliv-
ered successfully to the target population of treatment as prevention strategies. We
report higher rates of re-infection than existing estimates among PWID. Scale-up of
HCV treatment should be pursued alongside a comprehensive programme of harm

reduction interventions to help minimize re-infection and reduce HCV transmission.

KEYWORDS
hepatitis C virus, injecting drug use, people who inject drugs, re-infection, treatment as

prevention
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1 | INTRODUCTION

The global burden of hepatitis C virus (HCV)-related liver disease
continues to rise.! In 2010, the number of deaths due to HCV
was estimated to be 500 000 worldwide.? WHO targets are to
eliminate HCV by 2030.% In Scotland, over 90% of new HCV in-
fections occur among people who inject drugs (PWID).* HCV an-
tibody prevalence among PWID is 58%, similar to other European
countries.>®

In 2016, 1.76 million of the 71 million people living with

HCV worldwide received treatment (~2.48% treatment uptake).7

724 Number of DBS tests carried out at
Cairn Centre from Dec 2012-Jul 2016

v

124 HCV antibody positive individuals
newly diagnosed on DBS testing

v

92 PCR confirmed positive individuals
23 Excluded L
A assessed for eligibility
as did not
meet
eligibility <
criteria or v
decllln.ed to 69 newly diagnosed individuals
participate .
recruited

Treatment uptake has been historically low among PWID prior to
the introduction of new direct-acting antivirals (DAA) treatments.®
However, there is now good evidence that HCV treatment is safe
and effective among PWID.”*? The latest international guide-

lines'®4

now recommend treatment for all PWID. However, latest
data from Hep-CORE study found 8/25 (32%) of European countries
surveyed continue to refuse treatment to PWID.?

Treating active PWID also has the potential to reduce HCV
transmission, a concept known as treatment as prevention (TasP).
Modelling data suggest that scaling-up treatment among current

PWID with DAAs is critical to reducing HCV prevalence,***® and is
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individuals recruited

; 105 Individuals enrolled and consented
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n = 37 Individuals
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ribavirin +
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FIGURE 1 Flow diagram of cohort recruitment into Eradicate study
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cost-effective in settings such as the UK with moderate HCV prev-
alence.” Reductions in prevalence are greater when combined with
scale-up of harm reduction interventions—opioid substitution therapy
(OST) and high coverage Needle and Syringe Programmes (NSP).20-22
Recent modelling of the Scottish epidemic attributed 55% of the re-
duction in HCV incidence from 14.2/100 pyrs in 2008 to 5.5/100 in
2015 to national scale-up of harm reduction interventions.?!

To date, studies assessing HCV treatment success among PWID
have recruited from populations engaged in hepatology or special-
ist addiction services.”1%2324 These studies define “active injecting
drug use” as those who have injected in the last 6 or 12 months,
and many require a period of abstinence from injecting drug use
(IDV) prior to starting treatment. These are therefore populations of
largely stable PWID, at low risk of transmitting HCV. To achieve the
greatest reduction in HCV incidence, treatment programmes should
target PWID who are most likely to transmit the virus. This is the
study population we aimed to recruit.

In this study, we aimed to test whether 100 people who were
currently injecting drugs could be recruited and successfully treated
for HCV in a NSP. We also assessed rates of re-infection. The sec-
ondary aims were to identify factors associated with treatment ad-

herence, re-infection and cure.

2 | METHODS

2.1 | Study design and cohort recruitment

Eradicate was a prospective observational study conducted at the
largest Needle and Syringe Programme (NSP) in Dundee, Scotland.
Participants were recruited between December 2012 and July 2016
(Figure 1). Since 2009, all PWID attending the central NSP in Dundee
(range 1280-2118 anonymous individuals per year between 2012
and 2016) were offered yearly dried blood spot testing (DBS) for
blood-borne viruses (BBV) (range 123-203 identified PWID tested
per year 2009-2016). During the study enrolment period, all PWID
who tested positive for HCV and fulfilled study enrolment criteria
(Table 1) were invited to participate. Only individuals who had in-
jected in the past week were eligible for the study. Recruitment was
carried out by on-site research nurses. All participants who were
not already prescribed OST were offered low-threshold methadone
treatment at enrolment. This was defined as low-threshold as the
primary goal was improved HCV treatment adherence, not complete
abstinence.?> Each participant was offered naloxone training, as rec-
ommended by clinical guidelines.26 All participants provided written
informed consent. Ethical approval was obtained from the East of
Scotland Research Ethics committee.

2.2 | HCV treatment

HCV treatment followed standard NHS clinical practice at the
time of study enrolment. Individuals were treated with peg-
interferon+ribavirin+/- protease inhibitor for 12, 16 or 24 weeks

WILEY-

TABLE 1 |Inclusion and exclusion criteria for Eradicate study

Inclusion criteria

1.Age 18-70y
2. Active HCV positive infection confirmed with PCR

3. Current injecting drug use established through review of needle
injection sites and patient history

4. If female, negative urine test for pregnancy and on Long-Acting
Reversible Contraception during study

Exclusion criteria

1. Aggressive or violent behaviour
2. Features of decompensated liver failure
3. Evidence of primary hepatocellular carcinoma

4. Pregnancy, breastfeeding or pre-menopausal female not using
effective contraception

5. Contraindications to peg-interferon or Ribavirin
6. Previous treatment with peg-interferon and Ribavirin
7. Participation in a drug study within previous 30 d

8. Inability to provide informed consent

(see Appendix S1). During treatment, patients attended weekly
study visits at the NSP. At each weekly visit, participants received
an interferon injection and a week’s supply of tablets. Participants

who were subsequently in prison had medication delivered weekly.

2.3 | Data collection

At enrolment (visit 1), participants completed a questionnaire com-
prising of: demographics; social history (current living situation, em-
ployment, incarceration); medical and psychiatric history; alcohol
and drug use; and injecting practices. Baseline bloods including viral
load, genotyping, HIV, hepatitis B, full blood count, ferritin, urea &
electrolytes, liver function tests were obtained and level of fibrosis
level was assessed using Fibroscan or Fib4 scores. At visit 2, partici-
pants commenced treatment.

Prior to treatment commencement participants completed the
EuroQol-5 Dimensions questionnaire (EQ—SD—SL).27 Participants were
assessed weekly for adverse events, which were managed as per local
standard clinical practice. At each visit, participants were given a £5
supermarket voucher (contingency management) and week supply of
protein drinks. Monitoring bloods were taken weekly for the first four
weeks, then fortnightly until end of treatment. HCV RNA was obtained
at week 4 (to determine rapid virological response), week 12 and end of
treatment. Participants were PCR tested post-treatment to determine
sustained virological response at 12 weeks (SVR-12), and at 6- and 18-
month post-treatment to determine re-infection.

2.4 | Study outcomes and analysis

Three primary outcomes were assessed: (a) successful recruitment
of our target population into the study; (b) proportion who achieved
SVR-12; (c) re-infection rate. All positive post-treatment PCR RNA
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results were genotyped to determine whether this represented a
new HCV strain. Re-infection was defined as a positive PCR result at
6- or 18-month post-treatment, for individuals who achieved SVR-
12. The secondary outcome was treatment adherence. Adherence
was defined using the “80/80/80 rule”: participants must complete
80% interferon injections and 80% ribavirin tablets for 80% of the
treatment duration. At each study visit, patients returned any un-
used tablets from the previous week to estimate weekly medication

compliance.

241 | EQ5D

The EQ5D-5D-3L is a standardized questionnaire which assesses
quality of life (QoL) in five dimensions. It is widely used to measure
health states among this population.28'29 During analysis, a single
summary QoL index value for each participant was derived using
country-specific EQ-5D value sets and a known algorithm.30 These
were then compared to latest UK population norms by age and sex.3!

2.4.2 | SVR and adherence

Univariable logistic regression was performed to determine factors
associated with treatment adherence. Predictor variables decided a
priori®®>®2 included age, sex, on OST treatment, length HCV treat-
ment, incarceration during treatment, homelessness, living with
other PWID, history of anxiety and depression and injecting fre-
quency. Logistic regression was also used to assess predictors of
SVR-12. Factors were based on known predictors of SVR-12 from
existing literature.?33234 These included treatment adherence, age,
sex, fibrosis score, HCV genotype and pre-treatment HCV RNA
level. We hypothesized that OST treatment, homelessness, incar-
ceration, living with other PWID, history of anxiety and depression
and injecting frequency may also be associated with attainment of
SVR-12. However, any association would be mediated through their
impact on adherence; therefore, they were not included in the SVR-

12 logistic regression analysis.

2.4.3 | Re-infection rate

The incidence of re-infection is expressed in person-years. Time at
risk began following attainment of SVR-12 and ended at date of re-
infection or date of last negative PCR test (if not reinfected). The
time at which re-infection occurred was estimated to be the mid-
point between the last negative and first positive PCR result. One
participant had become reinfected at 3 months (PCR negative at end
of treatment, PCR positive at 3 months with different genotype). For
this participant, the time-at-risk period was the mid-point between
end-of-treatment and SVR-12. Participants who did not achieve
SVR-12 or who died prior to 6-month PCR test were excluded from
estimates of re-infection. Participants who were lost to follow-up
were censored at the last post-treatment PCR test obtained. Six pa-
tients were not yet 18-month post-treatment and were therefore
censored at 6 months.

Poisson regression assessed factors associated with re-infection
rate. These included age, sex, on OST treatment, homelessness, liv-
ing with other PWID, history of anxiety and depression and injecting

frequency.®>3¢ All analysis was performed in STATA.

3 | RESULTS

3.1 | Recruitment and baseline characteristics

A total of 724 individuals were tested for HCV at the Needle and
Syringe Programme (NSP) during study enrolment period (Figure 1).
Of these, 145/724 (20.0%) were HCV antibody positive on DBS test-
ing, with 92 positive on PCR RNA testing. Of these newly diagnosed
individuals, 69/92 were recruited into the study. 36 individuals al-
ready known to be positive from previous testing were also recruited.
This gives a total of 105 individuals were enrolled into the study, with
94 participants ultimately commencing treatment (Figure 1).

For participants commencing treatment (n = 94), mean age was
34 (SD 6.9) years; the majority, 71.3% (67/94), were male; 1 in 5
participants were homeless or living in unstable accommodation
(20/94); and 12.8% (12/94) were in prison at some point during the
treatment period (Table 2). Reported history of anxiety/depression
was high, 69.2% (65/94), and 37/94 (39.4%) reported a previous
suicide attempt. Median injecting frequency was 6.5 times/week;
54.3% (51/93) participants injected daily/more than once a day.
Reported alcohol consumption was comparatively low: 9.6% (9/94)
consumed alcohol >3 times a week.

Median health utility was 0.72 (IQR 0.41-0.85) on EQ5D, with
nearly % (74%) of the study population reporting a health utility
below the 25th percentile, when compared to the general UK pop-
ulation of a similar age and sex.3! In terms of harm reduction inter-
ventions; the majority, 82.4% (75/91), had 100% needle and syringe
provision (1 or more needles obtained from NSP for each injection
reported),®” and 62.5% (55/88) were receiving opiate substitution
therapy (OST) prior to enrolment (with a further 11 participants
commenced on OST at enrolment). 39.4% (37/94) were genotype 1
(G1), 60.6% (57/94) genotype 2/3 (G2/3). Levels of significant fibro-
sis (F2-F4) were low; 17/94 (18.1%). All participants were HIV and
hepatitis B negative.

3.2 | Treatment outcomes

Overall, 82% (77/94) participants achieved SVR-12 (Appendix S2).
There was no difference in SVR12 rates between genotype: 81.0%
(30/37) for G1 and 82.5% (47/57) for G2/3. 71.3% (67/94) individu-
als achieved 280% treatment adherence (Table 3). Reasons for non-
adherence are available for 15/27 participants; eight missed multiple
appointments, four were admitted to hospital with injecting-related
health problems and advised to stop treatment; two withdrew from
treatment due to deteriorating mental health; one died from sus-
pected drug overdose. Of the 64/94 participants on OST at enrol-
ment, the majority, 93.8% (60/64), remained on OST during the
treatment period. All participants attended follow-up at 6-month
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TABLE 2 Baseline characteristics of study population

Characteristic n=94 %
Demographics

Age, mean (SD) (range), years 34.0 (6.9) (21-49)

Male 67 71.3

Living situation and employment

Owned or rented housing 67 71.3
Homeless/unstable housing? 20 21.3
Living with other PWID 34 37.0
Unemployed 88 93.6
Incarceration® 12 12.8

Current drug and alcohol use

Opiates 93 98.9
Benzodiazepines 55 58.5
Legal highs 13 13.8
Gabapentin/Pregabalin 38 40.4
Cannabis 57 60.6
Amphetamines 5 5.3
Consume alcohol >3 time a week 9 9.6

Injecting practices
9.7 (7.0) (5-13)
6.5 (9.3) (2-14)

No. years injecting®, mean (SD) (IQR)

No. times injected in past week?,
median (SD) (IQR)

Inject daily/more than once a dayd’e 51 54.3

No. clean needles obtained per 10 (19.2) (5-20)

week' median (SD) (IQR)

Harm reduction coverage

100% needle and syringe provision®® 75 824

On OST prior to enrolment” 55 62.5
Mental and social health

EQ5D health utility, median (IQR) 0.72 (0.41-0.85)
History anxiety/Depression 65 69.2
Previous suicide attempt 37 39.4

Clinical measures

HCV Genotype
1 37 39.4
2/3 57 60.6
Significant fibrosis (F2-F4) 17 18.1
HCV RNA (IU/mL), median (IQR) 440000 (61 000,

1700 000)

*Temporary/unstable accommodation/hostel/sofa surfing.

PIn prison for part or all of treatment period.

“Four participants did not wish to answer (n = 90).

4One participant did not wish to answer (n = 93).

°During an average month of injecting.

Three participants did not wish to answer (n = 91).

80ne or more needles obtained from a needle exchange centre for each
injection reported.

hMissing data for six participants (n = 88).

iUsing baseline Fibroscan scores or FIB-4 index for patients who did not
have Fibroscan results.

WILEY-

post-treatment. At 18 months, nine participants had been lost to
follow-up (Figure 2).

In total, eight participants had died by 18-month follow-up.
Cause of death is available in 5/8 cases; four participants died from
suspected drug overdose, one participant died of septicaemia sec-
ondary to injection of drugs. This gives an overall mortality rate of
5.55/100 person-years (95% Cl 2.77-11.09) during treatment and
follow-up period (total follow-up time 144.24 years).

3.3 | Predictors of treatment adherence and SVR-12

Longer treatment length (24 weeks vs 12/16 weeks) was associ-
ated with reduced treatment adherence, OR 0.35 (95% CI 0.13-0.98)
(P =0.047) (Table 4). Remaining on OST during the study was weakly
associated with increased adherence, OR 2.03 (95% CI 0.82-5.08)
(P =0.13). There was no convincing evidence of an association be-
tween adherence and other hypothesized factors; age, sex, unstable
housing, incarceration, living with other drug users, injecting fre-
quency, history anxiety/depression. Therefore, multivariable analy-
sis was not performed.

In univariable analysis, a greater proportion of treatment ad-
herent participants achieved SVR (OR 7.00, 95% Cl 2.24-21.8,
P < 0.001) (Appendix S3). Age, sex, fibrosis level, PCR RNA level
and genotype did not independently predict achievement of SVR-
12. In adjusted analysis, with all variables from unadjusted analysis
included in model, adherence remained positively correlated with
achieving SVR (P < 0.001).

3.4 | Re-infection rate

At six months, 5/77 participants who achieved SVR-12 had be-
come reinfected yielding a re-infection rate of 23.53/100 person-
years (95% Cl 9.80-56.54). The total follow-up time was 21.25
person-years. At 18 months, there were 15/77 re-infections giv-
ing a cumulative 18-month re-infection rate of 21.49/100 person-
years (95% Cl 13.00-35.65) over total follow-up time 69.79
person-years.

Unadjusted analysis found age <30 years was weakly associ-
ated with a higher re-infection rate (vs 30-40 years, P = 0.063) (vs
>40 years, P = 0.14). There was no evidence of correlation between
other hypothesized factors (Table 4). Therefore, we did not perform

multivariable regression.

4 | DISCUSSION

4.1 | Main findings

We show that it is feasible to recruit people who inject drugs (PWID)
from a community-based needle and syringe programme (NSP) onto
HCV treatment, and achieve over 80% SVR-12 and impressive treat-
ment adherence (even with older regimens). Re-infection rates, how-

ever, in this population were high at 21.5/100 person-years (95% Cl
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13.00-35.65) at 18-month post-treatment. Mortality rates in our

population also were high.

4.2 | Strengths and limitations

This is the first HCV treatment study, to our knowledge, in which all

enrolment, treatment and follow-up took place in the community at

TABLE 3 HCV treatment adherence, sustained viral response,
re-infection and deaths

Genotype G1 G2/3 Total
Study outcome N % n % n %
Genotype 37 39.4 57 60.6 94 100
SVR-12° 30 81.0 47 82.5 77 81.9
280% treatment 67 71.3
adherence
Re-infections at 5
6 mo®
Re-infections at 15
18 mo®
Deaths at 6 mo
Deaths at 18 mo 8

2SVR-12: sustained virological response at 12 wk.
PCumulative number of re-infections.

a Needle and Syringe Programme (NSP) and that active injecting was
an inclusion criteria. This model achieved high levels of HCV testing
and treatment uptake among active injectors, with very low loss to
follow-up. The study population is unique; at enrolment, all partici-
pants had injected within the past week representing a highly active
population of injectors.

The study has several limitations. First, it was a small-scale pilot
study involving 94 participants, based in one NSP in Dundee. The
size of the study meant there was insufficient power to identify inde-
pendent predictors of adherence, SVR-12 and re-infection. Injecting
risk patterns following SVR-12 were unavailable which also limited
analysis of predictors of re-infection. Second, recruitment began be-
fore the shift in clinical practice from interferon-based treatment to
DAAs—though even with older regimens very high rates of SVR-12
were achieved. We expect that higher rates of cure should be pos-
sible with more effective, better tolerated DAAs. Third, follow-up
positive PCR results were genotyped to distinguish between relapse
and re-infection. Gold standard would be sequencing to confirm
re-infection.

4.3 | Comparison to existing literature and
implications

This study reports rates of re-infection following treatment that
are significantly higher than existing estimates among PWID. Two

meta-analyses estimate a pooled re-infection rate among PWID of

42 Remained
PCR negative
72 Remained
PCR negative ™ _
77 Achieved / NG 10 foct A
e . new re-infections a
SVR-12 . 4 18-months
94 Individuals h 4 new re-infections 5 Died.
commenced < A .t 6-months ; gedclmed PCR('jcest
- ! id not att
treatment 1 Died ldno 2 e?
" 17 did not achieve SVR12 6 not yet due for 18-
. month follow-up
A 14 relapsed (positive

PCR RNA at 12 wks)
2 Died

1 re-infection

CEP o € CD

FIGURE 2 Flow diagram of study outcomes at 3-mo, 6-mo and 18-mo follow-up
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1.77/100 pyrs to 2.4/100 pyrs.2%38 Though recent studies report
greater re-infection rates among higher risk populations; 4.9/100
person-years among relapsed PWID¥ to 5.7/100 person-years
among individuals hospitalized for a drug-related cause.®® However,
all these studies!®3>3638-43 defined “active PWID” as those who
have “injected in the past 6- or 12-months"—except Hilsden et al**
who defined “active” as having injected in the past 3 months, with a
reported re-infection rate of 2.8/100 person-years. This is signifi-
cantly different to our study population, all of whom had injected in
the past week and the majority were injecting daily.

In fact, these re-infection rates are closer to latest estimates of
HCV incidence among recent injectors (past 6 months) in Scotland
at 12.4/100 pyrs (Cl 6.8-19.5) in 2015/2016.%> This has two im-
plications. First, the evidence supports a critical assumption of
impact and economic models that there may be no additional be-
haviour change following HCV treatment (over and above expo-
sure to other interventions) and re-infection rates are similar to
HCV incidence in the community.?*'”'? Second, the high HCV in-
cidence and re-infection rates highlight the failure of current cov-
erage and intensity of harm reduction interventions to minimize
injecting risk.

This high re-infection rate, along with a significant mortality rate
(5.55/100 person-years) and high level of incarceration (12.8% in
prison at some point during study period), indicate this is an unstable
population who would benefit from a broader programme of social
and psychological interventions—alongside NSP and OST provi-
sion—to reduce injecting risk, as recommended by recent UK clinical
guidelines.?® Once treated, at-risk individuals should continue to be
regularly tested for re-infection and retreated if active infection is
detected, as per latest international guidelines.14 At the time of writ-
ing this paper, 10/15 of reinfected participants are currently being
retreated or have completed retreatment.

SVR-12 rates are higher than reported rates among PWID for
these drugs in the literature.’®2 This may be due to several factors.
The study population is on average younger, with lower fibrosis
scores and lower initial HCV RNA levels compared to those in ex-
isting studies.’®32 These are well-described factors associated with
higher cures for interferon, ribavirin and first-generation protease
inhibitors. Health-related quality of life was low, in keeping with
previous studies among HCV+ populations and PWIDs.284¢ Overall,
treatment adherence was 71.3%, slightly lower than has been re-
ported in literature.’®%? However, these data remain impressive con-
sidering this is a highly active injecting population with significant
rates of homelessness, incarceration and mental health problems.
Weekly nurse-led follow-up visits and use of contingency manage-
ment may have influenced adherence. The results add to growing
evidence that HCV treatment can be successfully provided through
community-based models.?10.2324.4447

Our results demonstrate some association between OST and
higher rates of adherence. This is consistent with findings from a
previous meta—analysis,32 with implications for the role of addiction
treatment alongside HCV care. Shorter treatment duration was as-
sociated with improved adherence (12/16- vs 24-weeks) (P = 0.047).

This has important implications for adherence on current DAA treat-
ment regimens which are now only 8- or 12-weeks. Re-infection
rate decreased with age (P = 0.063), consistent with existing liter-
ature.3%%? There was little association between other hypothesized
factors and adherence or re-infection.

5 | CONCLUSION

PWID were successfully recruited, treated and followed up from a
community NSP. However, we also report higher rates of re-infection
than many other studies. This demonstrates that we have success-
fully engaged with and treated a high-risk injecting population who
should be targeted as part of any successful treatment as prevention
(TasP) strategy. Scaling-up the intensity of harm reduction and HCV
treatment provision is needed to minimize re-infection and reduce

HCV transmission in the population.

ACKNOWLEDGEMENTS

The study was funded jointly by the Scottish Government de-
partment of Public Health and Janssen Pharmaceuticals. Roche
donated interferon alpha and ribavirin. We thank Tayside Clinical
Trials Unit for their help with collection and management of the
study data.

CONFLICT OF INTEREST

BS acknowledges honoraria for lectures from Abbvie, MSD and
Gilead. SH acknowledges honoraria for presentation from Gilead. PV
acknowledges honoraria for meetings and conferences from Gilead,
MSD, Abbvie. MH acknowledges honoraria for meetings and confer-
ences from Gilead, MSD, Abbvie. JFD has grant/research support
from Abbvie, Bristol-Myers Squibb, Boehringer Ingelheim, Gilead
Sciences, GlaxoSmithKline, Janssen, Merck Sharp & Dohme, Roche
and received speakers honoraria from Abbvie, Bristol-Myers Squibb,
Boehringer Ingelheim, Gilead Sciences, GlaxoSmithKline, Janssen,
Merck Sharp & Dohme, Roche.

ORCID

Jasmine Schulkind https://orcid.org/0000-0002-6335-6691

REFERENCES

1. Stanaway JD, Flaxman AD, Naghavi M, et al. The global burden of
viral hepatitis from 1990 to 2013: findings from the Global Burden
of Disease Study 2013. Lancet. 2016;388(10049):1081-1088.

2. Lozano R, Naghavi M, Foreman K, et al. Global and regional mortal-
ity from 235 causes of death for 20 age groups in 1990 and 2010:
a systematic analysis for the Global Burden of Disease Study 2010.
Lancet. 2012;380(9859):2095-2128.

3. World Health Organization. Global health sector strategy on viral
hepatitis 2016-2021. June 2016. Available from http://www.who.


https://orcid.org/0000-0002-6335-6691
https://orcid.org/0000-0002-6335-6691
http://www.who.int/hepatitis/strategy2016-2021/ghss-hep/en

SCHULKIND ET AL.

JOURNAL OF VIRAL HEPATITIS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

int/hepatitis/strategy2016-2021/ghss-hep/en. Accessed June 28,
2018.

Health Protection Scotland (HPS) and Glasgow Caledonian
University. Blood Borne Viruses and Sexually Transmitted Infections:
Scotland 2017. Glasgow: Health Protection Scotland; 2017.

Fraser H, Martin NK, Brummer-Korvenkontio H, et al. Model pro-
jections on the impact of HCV treatment in the prevention of HCV
transmission among people who inject drugs in Europe. J Hepatol.
2018;68(3):402-411.

Needle Exchange Surveillance Initiative (NESI). Prevalence of
blood-borne viruses and injecting risk behaviours among people
who inject drugs attending injecting equipment provision services
in Scotland, 2008-09 to 2015-16. 2017. Available from http://www.
hps.scot.nhs.uk/resourcedocument.aspx?id=5863. Accessed July
17,2018.

World Health Organization. Global Hepatitis Report 2017. 2017.
Available from http://www.who.int/hepatitis/publications/glob-
al-hepatitis-report2017/en/. Accessed July 17, 2018.

Iversen J, Grebely J, Topp L, Wand H, Dore G, Maher L. Uptake
of hepatitis C treatment among people who inject drugs attending
Needle and Syringe Programs in Australia, 1999-2011. J Viral Hepat.
2014;21(3):198-207.

Hellard M, Sacks-Davis R, Gold J. Hepatitis C treatment for injec-
tion drug users: a review of the available evidence. Clin Infect Dis.
2009;49(4):561-573.

Aspinall EJ, Corson S, Doyle JS, et al. Treatment of hepatitis C virus
infection among people who are actively injecting drugs: a sys-
tematic review and meta-analysis. Clin Infect Dis. 2013;57(Suppl
2):5S80-589.

Grebely J, Dalgard O, Conway B, et al. Sofosbuvir and velpatasvir
for hepatitis C virus infection in people with recent injection drug
use (SIMPLIFY): an open-label, single-arm, phase 4, multicentre
trial. Lancet Gastroenterol Hepatol. 2018;3(3):153-161.

Dore GJ, Altice F, Litwin AH, et al. Elbasvir-grazoprevir to treat hep-
atitis C virus infection in persons receiving opioid agonist therapy: a
randomized trial. Ann Intern Med. 2016;165(9):625-634.
AASLD/IDSA HCV Guidance Panel. Hepatitis C guidance: AASLD-
IDSA recommendations for testing, managing, and treating adults
infected with hepatitis C virus. Hepatology. 2015;62(3):932-954.
European Association for Study of Liver. EASL recommendations
on treatment of hepatitis C 2018. J Hepatol. 2018;69(2):461-511.
Lazarus JV, Stumo SR, Harris M, et al. Hep-CORE: a cross-sectional
study of the viral hepatitis policy environment reported by patient
groups in 25 European countries in 2016 and 2017. J Int AIDS Soc.
2018;21(Suppl 2):e25052.

Martin NK, Vickerman P, Foster GR, Hutchinson SJ, Goldberg DJ,
Hickman M. Can antiviral therapy for hepatitis C reduce the prev-
alence of HCV among injecting drug user populations? A modeling
analysis of its prevention utility. J Hepatol. 2011;54(6):1137-1144.
Martin NK, Vickerman P, Grebely J, et al. Hepatitis C virus treat-
ment for prevention among people who inject drugs: modeling
treatment scale-up in the age of direct-acting antivirals. Hepatology.
2013;58(5):1598-1609.

Harris RJ, Martin NK, Rand E, et al. New treatments for hepatitis C
virus (HCV): scope for preventing liver disease and HCV transmis-
sion in England. J Viral Hepatitis. 2016;23:631-643.

Martin NK, Vickerman P, Dore GJ, et al. Prioritization of HCV treat-
ment in the direct-acting antiviral era: an economic evaluation. J
Hepatol. 2016;65:17-25.

Martin NK, Hickman M, Hutchinson SJ, Goldberg DJ, Vickerman
P. Combination interventions to prevent HCV transmission among
people who inject drugs: modeling the impact of antiviral treat-
ment, needle and syringe programs, and opiate substitution ther-
apy. Clin Infect Dis. 2013;57(Suppl 2):539-545.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

WILEY-

Fraser H, Mukandavire C, Martin NK, et al. Modelling the impact
of a national scale-up of interventions on hepatitis C virus trans-
mission among people who inject drugs in Scotland. Addiction.
2018;113(11):2118-2131.

Ward Z, Platt L, Sweeney S, et al. Impact of current and scaled-up
levels of hepatitis C prevention and treatment interventions
for people who inject drugs in three UK settings-what is re-
quired to achieve the WHO’s HCV elimination targets? Addiction.
2018;113(9):1727-1738.

Grebely J, Alavi M, Micallef M, et al. Treatment for hepatitis C virus
infection among people who inject drugs attending opioid substi-
tution treatment and community health clinics: the ETHOS Study.
Addiction. 2016;111(2):311-319.

Newman Al, Beckstead S, Beking D, et al. Treatment of chronic
hepatitis C infection among current and former injection drug users
within a multidisciplinary treatment model at a community health
centre. Can J Gastroenterol. 2013;27(4):217-223.

Strike C, Millson M, Hopkins S, Smith C. What is low thresh-
old methadone maintenance treatment? Int J Drug Policy.
2013;24(6):e51-e56.

Clinical Guidelines on Drug Misuse and Dependence Update 2017
Independent Expert Working Group. Drug Misuse and Dependence:
UK Guidelines on Clinical Management. London: Department of
Health; 2017.

The EuroQol Group. EuroQol - a new facility for the measurement
of health-related quality of life. Health Policy. 1990;16(3):199-208.
McDonald SA, Hutchinson SJ, Palmateer NE, et al. Decrease in
health-related quality of life associated with awareness of hepati-
tis C virus infection among people who inject drugs in Scotland. J
Hepatol. 2013;58(3):460-466.

Nosyk B, Guh DP, Sun H, et al. Health related quality of life tra-
jectories of patients in opioid substitution treatment. Drug Alcohol
Depend. 2011;118:259-264.

MVH Group. The Measurement and Valuation of Health. Final Report
on the Modelling of Valuation Tariffs. York: MVH Group, Centre for
Health Economics; 1995.

Szende A, Janssen B, Cabases J. Self-Reported Population Health: An
International Perspective Based on EQ-5D. Dordrecht: Springer; 2014.
Dimova RB, Zeremski M, Jacobson IM, Hagan H, Des Jarlais DC,
Talal AH. Determinants of hepatitis C virus treatment completion
and efficacy in drug users assessed by meta-analysis. Clin Infect Dis.
2013;56(6):806-816.

Cavalcante LN, Lyra AC. Predictive factors associated with
hepatitis C antiviral therapy response. World J Hepatol.
2015;7(12):1617-1631.

Asselah T, Estrabaud E, Bieche |, et al. Hepatitis C: viral and host
factors associated with non-response to pegylated interferon plus
ribavirin. Liver Int. 2010;30(9):1259-1269.

Weir A, McLeod A, Innes H, et al. Hepatitis C reinfection following
treatment induced viral clearance among people who have injected
drugs. Drug Alcohol Depend. 2016;165:53-60.

Islam N, Krajden M, Shoveller J, et al. Incidence, risk factors, and
prevention of hepatitis C re-infection: a population-based cohort
study. Lancet Gastroenterol Hepatol. 2017;2(3):200-210.

Platt L, Minozzi S, Reed J, et al. Needle syringe programmes and
opioid substitution therapy for preventing hepatitis C trans-
mission in people who inject drugs. Cochrane Database Syst Rev.
2017;9:CD012021.

Simmons B, Saleem J, Hill A, Riley RD, Cooke GS. Risk of late relapse
or re-infection with hepatitis C virus after achieving a sustained
virological response: a systematic review and meta-analysis. Clin
Infect Dis. 2016;62(6):683-694.

Midgard H, Bjgro B, Maland A, et al. Hepatitis C reinfection after
sustained virological response. J Hepatol. 2016;64(5):1020-1026.


http://www.who.int/hepatitis/strategy2016-2021/ghss-hep/en
http://www.hps.scot.nhs.uk/resourcedocument.aspx?id=5863
http://www.hps.scot.nhs.uk/resourcedocument.aspx?id=5863
http://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
http://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/

10 JOURNAL OF VIRAL HEPATITIS
“LwiLey-

40.
41.
42.
43.

44,

45.

46.

SCHULKIND ET AL.

Dalgard O, Bjgro K, Hellum K, et al. Treatment of chronic hep-
atitis C in injecting drug users: 5 years’ follow-up. Eur Addict Res.
2002;8(1):45-49.

Grebely J, Truong Pham S, Matthews G, et al. Hepatitis C virus re-
infection and superinfection among treated and untreated partici-
pants with recent infection. Hepatology. 2012;55(4):1058-1069.
Grebely J, Knight E, Ngai T, et al. Reinfection with hepatitis C virus
following sustained virological response in injection drug users. J
Gastroenterol Hepatol. 2010;25(7):1281-1284.

Marco A, Esteban J, Sole C, et al. Hepatitis C virus reinfection
among prisoners with sustained virological response after treat-
ment for chronic hepatitis C. J Hepatol. 2013;59(1):45-51.

Hilsden RJ, Macphail G, Grebely J, Conway B, Lee SS. Directly ob-
served pegylated interferon plus self-administered ribavirin for the
treatment of hepatitis C virus infection in people actively using
drugs: a randomized controlled trial. Clin Infect Dis. 2013;57(Suppl
2):590-596.

Analysis for this project from Needle Exchange Surveillance
Initiative (NESI) dataset, 2015/2016.

Kimber J, Copeland L, Hickman M, et al. Survival and cessation in
injecting drug users: prospective observational study of outcomes
and effect of opiate substitution treatment. BMJ. 2010;341:c3172.

47. Wade AJ, Veronese V, Hellard ME, Doyle JS. A systematic re-
view of community based hepatitis C treatment. BMC Infect Dis.
2016;16:202.

SUPPORTING INFORMATION

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

How to cite this article: Schulkind J, Stephens B, Ahmad F,
et al. High response and re-infection rates among people
who inject drugs treated for hepatitis C in a community
needle and syringe programme. J Viral Hepat. 2018;00:1-10.
https://doi.org/10.1111/jvh.13035



https://doi.org/10.1111/jvh.13035

