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Abstract

People who inject drugs (PWID) and HIV-infected men who have sex with men (MSM) are key risk groups
for HCV transmission. Mathematical modeling studies can help elucidate what level and combination of
prevention intervention scale-up is required to control or eliminate epidemics among these key populations.
We discuss the evidence surrounding HCV prevention interventions and provide an overview of the
mathematical modeling literature projecting the impact of scaled-up HCV prevention among PWID and
Hiv-infected MSM. Harm reduction interventions, such as opiate substitution therapy and needle and syringe
programs, are effective in reducing HCV incidence among PWID. Modeling and limited empirical data
indicate that HCV treatment could additionally be used for prevention. No studies have evaluated the
effectiveness of behavior change interventions to reduce HCV incidence among MSM, but existing
interventions to reduce HIV risk could be effective. Mathematical modeling and empirical data indicate that
scale-up of harm reduction could reduce HCV transmission, but in isolation is unlikely to eliminate HCV
among PWID. By contrast, elimination is possibly achievable through combination scale-up of harm
reduction and HCV treatment. Similarly, among HIV-infected MSM, eliminating the emerging epidemics will
likely require HCV treatment scale-up in combination with additional interventions to reduce HCV-related
risk behaviors. In summary, elimination of HCV will likely require combination prevention efforts among
both PWID and HIV-infected MSM populations. Further empirical research is required to validate HCV
treatment as prevention among these populations, and to identify effective behavioral interventions to

reduce HCV incidence among MSIM. (AIDS Rev. 2017;19:97-104)
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Globally, there are an estimated 115 million people
with antibodies to hepatitis C virus (HCV), a disease
resulting in substantial morbidity and mortality!. Of
these, approximately 2.3 million (interquartile range,
IQR: 1.3-4.4) are coinfected with both HCV and HIV2.
If left untreated, HCV can result in liver disease, hepa-
tocellular carcinoma, and death. The Global Burden of
Disease estimated that hepatitis was the seventh most
important cause of mortality in 2013, with roughly half
of this morbidity and mortality attributable to HCV3.

People who inject drugs (PWID) are a key risk group
for HCV transmission, with an estimated 67% of PWID
with antibodies to HCV globally, and many settings
where the prevalence of HCV among PWID exceeds
80%*. Therefore, there is an urgent need for prevention
interventions among this group. Additionally, in recent
years there has been a rapid spread of HCV among
HIV-positive men who have sex with men (MSM) docu-
mented in major urban centers in Europe, Australia,
and the USAS7. Although the burden of HCV is cur-
rently much lower than among PWID (HCV prevalence
is generally at or below 10% among HIV-positive
MSM8), increasing incidence®’ and prevalence?® as ob-
served in several settings indicates an emerging epi-
demic of particular concern. This expansion of HCV
coincides with the expansion of other sexually transmit-
ted infections among MSM, especially among HIV-
positive MSM, and is thought to coincide with increases
in risk taking among HIV-positive MSM on antiretroviral
therapy.

Evidence for HCV prevention interventions

Harm reduction for PWID

As there is no vaccine for HCV, traditional harm re-
duction interventions have so far been the foundation
of HCV prevention among PWID. Primary prevention
interventions, such as opiate substitution therapy (OST)
and needle and syringe programs (NSP), have been
the backbone of the harm reduction response and are
known to reduce the risk of HIV acquisition by 54%
for OST (RR: 0.46; 95% CI: 0.32-0.67)' and by 34% for
any exposure to NSP (RR: 0.66; 95% Cl: 0.43-1.01)'",
with a stronger effect for NSP seen among high-quality
studies.

Accumulating evidence indicates that OST and NSP
can also reduce the risk of HCV acquisition, especially

when used in combination™. A recent Cochrane Li-
brary systematic review and meta-analysis found that
OST is associated with a 50% reduction in HCV inci-
dence among PWID (RR: 0.5; 95% ClI: 0.4-0.63)"2. De-
spite conflicting studies on the impact of NSP (some
finding exposure to NSP related to increased inci-
dence, and others finding it associated with decreased
incidence), the Cochrane review also found weak evi-
dence that exposure to any NSP is associated with a
reduction in HCV incidence (RR: 0.77; 95% CI: 0.38-
1.54)2. The variability between studies may be par-
tially explained by differences in exposure measure. In
combination, OST and NSP can work synergistically to
reduce HCV incidence; the review found exposure to
OST and any NSP reduced HCV incidence by 71%
(RR: 0.29; 95% Cl: 0.13-0.65)".

HCV treatment as prevention

The HCV treatment landscape is rapidly changing,
with the availability of highly effective, interferon-free,
direct-acting antiviral (DAA) therapy, which can cure
the disease in > 80% of cases for both HCV-monoin-
fected and HIV/HCV-coinfected individuals'. These
all-oral, short duration (8-12 week), highly tolerable and
effective DAAs have opened the door for the possibil-
ity of using HCV treatment as a means of prevention™.
However, concerns persist about the potential for rein-
fection after successful treatment (sustained viral re-
sponse, SVR). This is despite evidence indicating that
SVR rates among PWID are similar to the general
population’®, and that reinfection rates are relatively
low'®, although these studies are small and partici-
pants involved are likely highly selected. Among HIV-
infected MSM, high rates of reinfection after SVR (9-15
per 100 person-years) have been documented'®-'8 and
are therefore a particular concern.

Despite numerous mathematical modeling studies
examining the potential impact of HCV treatment as
prevention (discussed below), no empirical studies
have evaluated whether scale-up of HCV treatment can
reduce the incidence at a population level among
PWID. Limited evidence exists among MSM; a recent
analysis in the Netherlands showed a dramatic decline
in HCV incidence among HIV-positive MSM from
1.12/100 person-years (95% Cl: 0.91-1.37) in 2014 to
0.55/100 person-years (95% CI: 0.41-0.72) in 2016
after scale-up of DAA therapy'®. However, it is unclear
whether and how much this reduction was due to HCV
treatment or other factors such as changes in risk
behavior.
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HCV behavioral interventions among MSM:
possibilities and directions

Although harm reduction interventions may be rel-
evant to some MSM who engage in injecting drug
use (IDU), the observation of HCV among MSM with
no history of IDU highlights the need for other pre-
vention interventions. Case-control studies have
identified numerous potential factors associated with
HCV acquisition such as: fisting®®?4, rectal trauma
with bleeding®, condomless receptive anal inter-
course?%2526 group sex?%2425 and IDU%"2%, Addition-
ally, several studies point to a combination of risks,
such as drug use in conjunction with sex, being a
particular risk factor for HCV. Indeed, a case-control
study among MSM in New York found that “sex while
high on methamphetamine” was independently and
very highly associated with incident HCV infection
(OR: 29)%. Additionally, two studies in Amsterdam
found associations between HCV among MSM and
consumption of gamma hydroxybutyrate (GHB)?' or
recreational use of cocaine, ecstasy, GHB, ketamine,
amphetamine, or methamphetamine before or during
sexual contact?®.

Despite the wide body of literature on behavioral
interventions to reduce unprotected anal intercourse
and HIV transmission among MSM?, the data sur-
rounding the effectiveness of interventions to prevent
HCV transmission among MSM is lacking. A Cochrane
review and meta-analysis in 2008 examined 40 behav-
ioral interventions and found evidence that these inter-
ventions reduced occasions of or partners for unpro-
tected anal sex by 27% (95% Cl. 15-37) compared to
no or minimal intervention®’. In the USA, the Centers
for Disease Control and Prevention (CDC) promotes
10 evidence-based behavioral HIV interventions de-
signed for MSM?. One successful intervention geared
toward substance-using MSM, Project ECHO, uses
Personalized Cognitive Counseling to help participants
identify and avoid risky sexual and drug-using be-
haviors®®. In a randomized sample of HIV-negative
MSM who reported sex after substance use in the past
six months, the intervention reduced the number of
condomless anal intercourse events with non-primary
partners by 46% (RR: 0.56; 95% CI: 0.34-0.92) com-
pared to the control group?. An intervention similar to
Project ECHO could possibly be effective for HCV pre-
vention due to associations found between sex/drug
use and HCV infection.

The use of crystal methamphetamine among MSM,
particularly with sex (a practice commonly referred to

as “ChemSex”) is associated with multiple partners
during several episodes that can last for several days®.
The MSM engaging in ChemSex are associated with
more sexual partners, transactional sex, group sex,
fisting, sharing sex toys, IDU, higher alcohol consump-
tion, and the use of “bareback” sexual networking ap-
plications®'. Those MSM engaging in ChemSex who
inject may be less likely to identify themselves as PWID,
less likely to disclose IDU, and less likely to present at
traditional drug-use support services®. Hence, they
are less likely to be exposed to harm reduction mes-
sages provided by the substance misuse healthcare
sector.

In a number of international cities, ChemSex health-
care provision has intentionally shifted away from tra-
ditional substance misuse services towards sexual
health/HIV clinics and MSM charitable organizations.
This enables campaigns, NSP, harm reduction meth-
ods, and behavioral interventions that target MSM
who engage in ChemSex to occur in settings already
trusted and frequented by MSM3334 For example, in
one HIV/genitourinary medicine clinic in London, a
pharmacist or doctor prescribing/dispensing HIV and/
or HCV medicines to a newly diagnosed MSM patient
will ask culturally appropriate questions to elicit dis-
closures about ChemSex and/or IDU%*. The clinician
will then either provide culturally appropriate harm
reduction messages and tailored ChemSex packs that
include safer injecting equipment and information®®,
and discuss potential HCV transmission methods
within a ChemSex environment with the patient and
refer to on-site ChemSex behavior change support.
This referral would be followed up after completion
of HCV treatment to support the patient to avoid
reinfection.

Behavior change support for MSM engaging in
ChemSex differs from traditional models of drug ad-
diction support. While drug-reduction plans, craving
management, and relapse-prevention methods are
universal, ChemSex motivations are often imbued with
internalized homophobia and shame around homo-
sexual sex, gay cultural/societal norms, sexual perfor-
mance anxieties, religious, racial, and cultural attitudes
to homosexuality, communication idiosyncrasies that
exist on geo-sexual networking Apps, male body im-
age/masculinity/femininity issues, and the shaming that
can sometimes be normalized online. Successful be-
havioral interventions for MSM at risk of acquiring/
transmitting HCV in ChemSex environments would
need to address these issues with cultural sensitivity
and competence.
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Modeling HCV prevention
among PWID

There is a growing body of literature using mathe-
matical models of HCV transmission to explore the
impact of prevention interventions, such as harm re-
duction, on HCV incidence and prevalence, particu-
larly among PWID. Earlier studies considered the im-
pact of decreasing syringe sharing®-¢ or the overall
level of transmission risk®4" on the HCV epidemic
amongst PWID, suggesting that levels of syringe shar-
ing have to reach very low levels (< 1 per month) to
achieve large reductions in HCV prevalence or inci-
dence. A UK analysis from 2012 explicitly modeled
OST and high-coverage NSP, and indicated that exist-
ing harm reduction (with approximately half of PWID
exposed to harm reduction) has likely prevented very
high levels of HCV among PWID (70% chronic HCV
prevalence among PWID instead of the 40% observed
today)*?, but that further substantial reductions would
require potentially unachievable and/or unsustainable
coverage of harm reduction (Fig. 1 A). A recent model-
ing analysis from Amsterdam*® estimated that scale-up
of harm reduction was required to reproduce the ob-
served declines in HIV and HCV incidence, but a large
proportion of the decrease may be due to other chang-
es in risk across the same period. Additionally, an-
other modeling study found that in settings with low or
no levels of harm reduction, scaling up coverage of
OST and high-coverage NSP can reduce chronic prev-
alence among PWID by up to 40% within 10 years in
a range of settings (20, 40, or 60% chronic prevalence
among PWID). However, further substantial reductions
in prevalence (> 40% reduction) would require scale-
up to very high levels of coverage for several decades
(> 80% for 20 years), which is potentially unachievable
or unsustainable*.

To date, there is no empirical evidence that scaled-
up HCV treatment can reduce HCV incidence among
PWID. However, numerous mathematical modeling
studies have indicated that modest levels of HCV treat-
ment for PWID can result in dramatic reductions in HCV
incidence and chronic prevalence among PWID within
10-15 years in a range of prevalence settings in North
America, Europe, Australia, and Vietnam*+%8. Despite
this encouraging evidence, in many settings the very
low current treatment rates for PWID mean that treatment
will likely have little impact®6-9.6% unless further scale-up
is achieved.

Together, these studies point towards the need for a
combined response for HCV prevention among PWID.

This combination strategy would likely include harm
reduction (OST and high-coverage NSP) in addition to
HCV treatment. One modeling study showed that in
settings with low or no harm reduction, combining harm
reduction scale-up (OST and high-coverage NSP)
alongside modest HCV treatment scale-up among
PWID could reduce HCV incidence and chronic preva-
lence to elimination levels (> 90% reduction) within a
decade in a range of prevalence settings*’. A similar
subsequent UK-based analysis confirmed that in a set-
ting with already high levels of harm reduction, combi-
nation prevention with HCV treatment is required for
elimination within a decade (Fig. 1 B)®'. Two recent
studies have explored the impact of combination pre-
vention in particularly high-prevalence settings. A
study in Athens found that treating 8% of PWID/year
and expansion of harm reduction from 44 to 72% over
15 years could reduce HCV chronic prevalence by
90%%2. Another study in Vancouver also found that
HCV treatment (at a rate of 80/1000 diagnosed PWID
annually) combined with harm reduction for those who
achieve SVR could nearly halve HCV incidence within
15 years®.

Modeling HCV prevention
among MSM

In contrast to PWID, the absolute numbers of HCV/
HIV-coinfected MSM are small and most diagnosed
HIV-positive MSM are linked with care, so HCV treat-
ment for prevention may be particularly feasible in this
group. However, very high rates of primary and/or rein-
fection incidence'®'® may limit the ability for HCV treat-
ment alone to control the epidemic. Among HIV-positive
MSM, combination prevention strategies incorporating
behavioral interventions to reduce HCV risk with HCV
treatment will help prevent reinfection, increase popu-
lation impact, and may be necessary to reverse in-
creasing trends in incidence.

The first modeling study of HCV among HIV-positive
MSM examined the UK epidemic, projecting an in-
creasing prevalence of HCV infection and estimating
that existing levels of treatment are unlikely to reduce
HCV chronic prevalence. However, the relatively stable
incidence in the UK (as compared to the increases
found in Switzerland) meant that scaled-up rates of DAA
therapy could substantially reduce both HCV preva-
lence and incidence among HIV-positive MSM within a
decade, but that combining behavioral risk reduction
and treatment could enhance prevention impact com-
pared to treatment alone®. Additionally, substantial and
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Figure 1. Modeling projections of the combined effects of harm reduction alone (Figure 1 A) and combination harm reduction and HCV
direct-acting antiviral therapy (Figure 1 B) on HCV prevalence among people who inject drugs in the UK*9'. (A) Impact of changing
coverage of OST and high-coverage needle and syringe programs (100% NSP) from 50% of each to 0, 60, 70, and 80% over 5-20 years
for a UK setting with a stable 36-44% baseline chronic HCV prevalence®. Middle line is median projection, limits of boxes are 25 and 75%
percentiles, and whiskers are 2.5 and 97.5% percentiles of model projections. (B) Use of DAA therapy per 1000 PWID, OST, and NSP
programs on HCV prevalence during 10 years in a population of PWID with 40% chronic HCV prevalence. Model projections assume a
90% sustained virologic response with future DAA therapy. Gradient lines show percentage reduction for specific combination of HCV
antiviral treatment and OST and high coverage NSP. Heat colors show levels of HCV reductions from 0 (dark) to more than 80% (white)
(Figures reproduced with permission from The Lancet and Addiction). NSP: needle and syringe programs; OST: opiate substitution treatment;
PWID: people who inject drugs.
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Figure 2. Modeling projections of the combined effects HCV direct-acting antiviral therapy and behavior change interventions on HCV
incidence among HIV-infected men who have sex with men in the UK®. (Figures reproduced with permission from Clinical Infectious Diseases).
DAA: direct-acting antivirals; IFN: interferon; MSM: men who have sex with men; RBV: ribavirin; SVR: sustained virological response.

immediate reductions in HCV incidence (> 30% within
two years) require combination HCV treatment and
behavior change (Fig. 2)°.

A recent modeling study of the Swiss cohort®® mod-
eled continued increases in HCV incidence among
HIV-positive MSM, as a result of steady increases in
reported high-risk behavior over the past decade. If
this trend continues, the model predicted that reduc-
tions in HCV incidence would not be achieved through
HCV treatment alone, requiring also a stabilization of
high-risk behavior (perhaps through behavioral inter-
ventions)®,

Finally, preliminary modeling in the Netherlands indi-
cated that DAAs could result in moderate reductions
in HCV incidence among HIV-positive MSM (~ 30%
within 15 years), but observation of a halving of inci-
dence from 2014 to 2016'° has raised excitement about
the potential for treatment as prevention initiatives. Further
modeling work will need to assess whether and to what
extent the observed declines in incidence could be
attributed to HCV treatment.

Discussion

Effective HCV prevention among key populations
such as PWID and HIV-infected MSM will likely require
a combination prevention approach in most settings.
Among PWID, emerging evidence surrounding the effi-
cacy of harm reduction, such as OST and high-cover-
age NSP, in preventing HCV acquisition strengthens

the evidence that these strategies should be the back-
bone of any prevention response. However, modeling
indicates that HCV elimination among PWID popula-
tions will only be achievable through the combination
scale-up of harm reduction and HCV treatment. A com-
bination prevention response will also be required for
MSM; these strategies may require behavioral change
support for MSM engaging in HCV-associated risk be-
haviors in addition to HCV treatment.

Unfortunately, a wide gulf exists between a compre-
hensive combination prevention response for PWID
and the current global reality. Worldwide, harm reduc-
tion provision among PWID is low and the quality and
coverage of these services is highly variable and often
inadequate®. Additionally, although in theory modest
scale-up of DAAs among PWID is possible, several
barriers remain. The high cost of treatment remains a
barrier, even in resource-rich settings. The prioritization
of DAA therapy towards patients with more advanced
liver disease, which is occurring in many settings'3%®,
has meant that PWID, who tend to be younger with less
advanced disease, are not prioritized. Mathematical
modeling in the UK has shown that with the existing
prioritization of advanced liver disease patients, little
impact will be observed on the HCV epidemic among
PWID®8. Additionally, in the USA, many states have
additional insurance reimbursement requirements
based on drug and alcohol abstinence, countering
existing guidelines, and further limiting the availability
of HCV treatment for PWID®’.
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Among MSM, there is a lack of robust evidence sur-
rounding the efficacy of behavioral change interven-
tions targeting HCV risk. It is possible that some inter-
ventions developed to prevent HIV transmission among
MSM may also be effective against HCV, particularly
those targeting substance-using MSM or prevention
of blood-blood contact. There is an emerging body of
literature examining the development of educational
and counseling interventions targeted at MSM who
engage in ChemSex, which may reduce the risk of
acquiring HCV among this population. Further research
is needed examining the development of culturally sen-
sitive ChemSex behavioral change interventions, and the
acceptability and efficacy of these in preventing HCV
infection is required.

Finally, we note that there is very limited empirical
evidence surrounding HCV treatment as prevention.
Rigorous empirical studies showing that scaled-up
HCV treatment for those at risk of transmission to re-
duce HCV incidence at a population level is required.

Conclusion

Mathematical modeling studies indicate that elimina-
tion of HCV will likely require combination prevention
efforts among both PWID and HIV-infected MSM
populations. Further empirical research is required to
validate HCV treatment as prevention among these
populations, and to identify effective behavioral inter-
ventions to reduce HCV incidence among MSM.

Declaration of interest

Funding acknowledgements. NKM and PV were supported by the National
Institute for Drug Abuse (grant number R0O1 DA037773-01A1). NKM was ad-
ditionally funded by the University of California San Diego Center for AIDS
Research (CFAR), a National Institute of Health (NIH)-funded program (grant
number P30 Al036214) that is supported by the following NIH Institutes and
Centers: NIAID, NCI, NIMH, NIDA, NICHD, NHLBI, NIA NIGMS, and NIDDK.
PV acknowledges funding by the National Institute for Health Research Health
Protection Research Unit (NIHR HPRU) in Evaluation of Interventions at the
University of Bristol. BS acknowledges funding from a NIH Research Training
Grant #T32A17384-26 and grant R0O1AI118422-01 funded by the NIAID. The
views expressed are those of the authors and not necessarily those of the Na-
tional Institutes of Health, UK National Health Service (NHS), NIHR, or the UK
Department of Health.

Financial disclosures: NM has received unrestricted research grants from
Gilead and honoraria from Gilead, Merck, and AbbVie. PV has received re-
search grants from Gilead.

References

1. Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epide-
miology and genotype distribution of the hepatitis C virus infection. J
Hepatol. 2014;61:545-57.

2. Platt L, Easterbrook P, Gower E, et al. Prevalence and burden of HCV
co-infection in people living with HIV: a global systematic review and
meta-analysis. Lancet Infect Dis. 2016;16:797-808.

3. 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;388:1081-8.

4,

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Nelson PK, Mathers BM, Cowle B, et al. Global epidemiology of hepati-
tis B and hepatitis C in people who inject drugs: results of systematic
reviews. Lancet. 2011;378:571-83.

. van der Helm J, Prins M, del Amo J, et al. The hepatitis C epidemic

among HIV-positive MSM: incidence estimates from 1990 to 2007. AIDS.
2011;25:1083-91.

. Yaphe S, Bozinoff N, Kyle R, Shivkumar S, Pai N, Klein M. Incidence of

acute hepatitis C virus infection among men who have sex with men with
and without HIV infection: a systematic review. Sex Trans Infec. 2012;
88:558-64.

. Hagan H, Jordan AE, Neurer J, Cleland C. Incidence of sexually trans-

mitted hepatitis C virus infection in HIV-positive men who have sex with
men. AIDS. 2015;29:2335-45.

. Jordan AE, Periman DC, Neurer J, Smith DJ, Des Jarlais DC, Hagan H.

Prevalence of hepatitis C virus infection among HIV+ men who have sex
with men: a systematic review and meta-analysis. Journal STD AIDS.
2017,28:145-59.

. Martin NK, Thornton A, Hickman M, et al. Can Hepatitis C virus (HCV)

direct-acting antiviral treatment as prevention reverse the HCV epi-
demic among men who have sex with men in the United Kingdom?
Epidemiological and modeling insights. Clin Infect Dis. 2016;62:1072-80.
Macarthur G, Minozz IS, Martin N, et al. Opiate substitution treatment
and HIV transmission in people who inject drugs: a systematic review and
meta-analysis. BMJ. 2012;345:5945.

Aspinall EJ, Nambiar D, Goldberg DJ, et al. Are needle and syringe
programmes associated with a reduction in HIV transmission among
people who inject drugs: a systematic review and meta-analysis. Int J
Epidemiol. 2014;43:235-48.

Platt L, Reed J, Minozzi S, et al. Effectiveness of needle/syringe pro-
grammes and opiate substitution therapy in preventing HCV transmis-
sion among people who inject drugs. Cochrane Database Syst Rev.
2016;2016:CD012021.

AASLD/IDSA. Recommendations for Testing, Managing, and Treating
Hepatitis C. Available at: http://www.hcvguidelines.org/fullreport [Ac-
cessed Feb 27 2017].

Hellard M, Doyle JS, Sacks-Davis R, Thompson AJ, McBryde E. Eradica-
tion of hepatitis C infection: The importance of targeting people who
inject drugs. Hepatology. 2014;59:366-9.

Aspinall A, Corson S, Doyle J, et al. Treatment of hepatitis C virus among
people who are actively injecting drugs: a systematic review and meta-
analysis. Clin Infect Dis. 2013;57(Suppl 2):S80-9.

Ingiliz P, Martin TC, Rodger A, et al. HCV reinfection incidence and
spontaneous clearance rates in HIV-positive men who have sex with men
in Western Europe. J Hepatology. 2017;66:282-7.

Lambers F, Prins M, Thomas M, et al. Alarming incidence of hepatitis C
virus re-infection after treatment of sexually acquired acute hepatitis C
virus infection in HIV-infected MSM. AIDS. 2011;25:F21-7.

Martin T, Martin N, Hickman M, et al. HCV reinfection incidence and treat-
ment outcome among HIV-positive MSM in London. AIDS. 2013;27:2551-7.
Boerekamps A, van den Berk G, Lauw F, et al. Substantial decline in
acute HCV infections among Dutch HIV+MSM after DAA roll out. CROI,
February, 2017, Seattle, Washington. [Abstract 137LB].

Danta M, Brown D, Bhagani S, et al. Recent epidemic of acute hepatitis
C virus in HIV-positive men who have sex with men linked to high-risk
sexual behaviours. AIDS. 2007;21:983-91.

Urbanus A, van de Laar T, Stolte |, et al. Hepatitis C virus infections
among HIV-infected men who have sex with men: an expanding epi-
demic. AIDS. 2009;23:F1-7.

Turner JM, Rider AT, Imrie J, et al. Behavioural predictors of subsequent
hepatitis C diagnosis in a UK clinic sample of HIV positive men who
have sex with men. Sex Transm Infect. 2006;82:298-300.

Matser A, Vanhommerig J, Schim van der Loeff MF, et al. HIV-infected men
who have sex with men who identify themselves as belonging to subcultures
are at increased risk for hepatitis C infection. PLoS One. 2013;8:e57740.
Schmidt AJ, Rockstroh JK, Vogel M, et al. Trouble with bleeding: risk
factors for acute hepatitis C among HIV-positive gay men from Germany
- A case-control study. PLoS One. 2011;6:e17781.

Witt M, Seaberg EC, Darilay A, et al. Incident hepatitis C virus infection
in men who have sex with men: A prospective cohort analysis, 1984-
2011. Clin Infec Dis. 2013;57:77-84.

Fierer D, Factor S, Uriel A, et al. Sexual Transmission of hepatitis C virus
among HIV-infected men who have sex with men - New York City 2005-
2010. MMWR Mor Mortal Wkly Rep. 2011;60:945-50.

Johnson W, Diaz R, Flanders W, et al. Behavioral interventions to reduce
risk for sexual transmission of HIV among men who have sex with men.
Cochrane Database Sys Rev. 2008:CD001230.

US Centers for Disease Control and Prevention. Complete Listing of Risk
Reduction Evidence-based Behavioral Interventions. Available at: https://
http://www.cdc.gov/hiv/research/interventionresearch/compendium/rr/
complete.html.

Coffin PO, Santos G-M, Colfax G, et al. Adapted personalized cognitive
counseling for episodic substance-using men who have sex with men:
A randomized controlled trial. AIDS Behav. 2014;18:1390-400.

103


https://http://www.cdc.gov/hiv/research/interventionresearch/compendium/rr/complete.html
https://http://www.cdc.gov/hiv/research/interventionresearch/compendium/rr/complete.html
https://http://www.cdc.gov/hiv/research/interventionresearch/compendium/rr/complete.html

104

AIDS Reviews. 2017;19

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

McCall H, Adams N, Mason D, Willis J. What is chemsex and why does
it matter? BMJ. 2015;351:h5790.

Hegazi A, Lee M, Whittaker W, et al. Chemsex and the city: sexualised
substance use in gay bisexual and other men who have sex with men
attending sexual health clinics. Int J STD AIDS. 2017;28:362-6.
National AIDS Trust. HIV and Injecting Drug Use. 2013. Available at:
http://www.nat.org.uk/publication/hiv-and-injecting-drug-use

Stuart D, Weymann J. ChemSex and care-planning: One year in practice.
HIV Nurs. 2015;15:24-8.

Pakianathan MR, Lee MJ, Kelly B, Hegazi A. How to assess gay, bi-
sexual and other men who have sex with men for chemsex. Sex Trans-
mi Infect. 2016;92:568-70.

Stuart D. Sexualised drug use by MSM (ChemSex): a toolkit for GUM/
HIV staff. HIV Nursing. 2014;14:15.

Murray JM, Law MG, Gao Z, Kaldor JM. The impact of behavioural
changes on the prevalence of human immunodeficiency virus and hep-
atitis C among injecting drug users. Int. J. Epidemiol. 2003;32:708-14.
Vickerman P, Platt L, Hawkes S. Modelling the transmission of HIV and
HCV among injecting drug users in Rawalpindi, a low HCV prevalence
setting in Pakistan. Sex Transm Infect. 2009;85(Suppl 2):ii23-30.
Vickerman P, Hickman M, Judd A. Modelling the impact on Hepatitis C
transmission of reducing syringe sharing: London case study. Int J
Epidemiol. 2007;36:396-405.

Vickerman P, Martin NK, Hickman M. Understanding the trends in HIV
and hepatitis C prevalence amongst injecting drug users in different
settings — Implications for intervention impact. Drug Alcohol Depend.
2012;123:122-31.

Vickerman P, Martin NK, Roy A, et al. Is the HCV-HIV co-infection
prevalence amongst injecting drug users a marker for the level of sexual
and injection related HIV transmission? Drug Alcohol Depend. 2013;132:
172-81.

de Vos AS, van der Helm JJ, Prins M, Kretzschmar ME. Determinants of
persistent spread of HIV in HCV-infected populations of injecting drug
users. Epidemics. 2012;4:57-67.

Vickerman P, Martin N, Turner K, Hickman M. Can needle and syringe
programmes and opiate substitution therapy achieve substantial reduc-
tions in HCV prevalence? Model projections for different epidemic set-
tings. Addiction. 2012;107:1984-95.

de Vos AS, van der Helm JJ, Matser A, Prins M, Kretzschmar ME. De-
cline in incidence of HIV and hepatitis C virus infection among injecting
drug users in Amsterdam; evidence for harm reduction? Addiction.
2013;108:1070-81.

Martin NK, Vickerman P, Hickman M. Mathematical modelling of hepa-
titis C treatment for injecting drug users. J Theor Biol. 2011;274:58-66.
Martin NK, Vickerman P, Foster GR, Hutchinson SJ, Goldberg DJ, Hick-
man M. Can antiviral therapy for hepatitis C reduce the prevalence of
HCV among injecting drug user populations? A modelling analysis of its
prevention utility. J Hepatol. 2011;54:1137-44.

Martin NK, Pitcher AB, Vickerman P, Vassall A, Hickman M. Optimal
control of hepatitis C antiviral treatment programme delivery for prevention
amongst a population of injecting drug users. PLoS One. 2011;6:€22309.
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 treatment, needle and
syringe programs, and opiate substitution therapy. Clin Infect Dis. 2013;
57(Suppl 2):S39-45.

Vickerman P, Martin N, Hickman M. Can Hepatitis C virus treatment be
used as a prevention strategy? Additional model projections for Austra-
lia and elsewhere. Drug Alcohol Depend. 2011;113:83-5.

Zeiler |, Langlands T, Murray JM, Ritter A. Optimal targeting of Hepa-
titis C virus treatment among injecting drug users to those not enrolled

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

in methadone maintenance programs. Drug Alcohol Depend. 2010;
110:228-383.

Durier N, Nguyen C, White LJ. Treatment of hepatitis C as prevention:
A modeling case study in Vietnam. PLoS One. 2012;7:e34548.
Cousien A, Tran VC, Deuffic-Burban S, Jauffret-Roustide M, Dhersin J-S,
Yazdanpanah Y. Hepatitis C treatment as prevention of viral transmission
and liver-related morbidity in persons who inject drugs. Hepatology.
2016;63:1090-101.

Rolls D, Sacks-Davis R, Jenkinson R, et al. Hepatitis C transmission and
treatment in contact networks of people who inject drugs. PLoS One.
2013;8:€78286.

Hellard M, Rolls DA, Sacks-Davis R, et al. The impact of injecting net-
works on hepatitis C transmission and treatment in people who inject
drugs. Hepatology. 2014;60:1861-70.

Scott N, McBryde ES, Thompson A, Doyle JS, Hellard ME. Treatment
scale-up to achieve global HCV incidence and mortality elimination
targets: a cost-effectiveness model. Gut (in press).

Rozada I, Coombs D, Lima VD. Conditions for eradicating hepatitis C in
people who inject drugs: A fibrosis aware model of hepatitis C virus
transmission. J Theor Biol. 2016;395:31-9.

Lima VD, Rozada I, Grebely J, et al. Are interferon-free direct-acting
antivirals for the treatment of HCV enough to control the epidemic among
people who inject drugs? PLOS One. 2015;10:e0143836.

Durham DP, Skrip LA, Bruce RD, et al. The impact of enhanced screen-
ing and treatment on hepatitis C in the United States. Clin Infect Dis.
2016,62:298-304.

Echevarria D, Gutfraind A, Boodram B, et al. Mathematical modeling of
hepatitis C prevalence reduction with antiviral treatment scale-up in
persons who inject drugs in metropolitan Chicago. PLoS One. 2015;
10:e0135901.

Martin NK, Vickerman P, Grebely J, et al. HCV treatment for prevention
among people who inject drugs: modeling treatment scale-up in the age
of direct-acting antivirals. Hepatology. 2013;58:1598-609.

Martin NK, Foster GR, Vilar J, et al. HCV treatment rates and sustained
viral response among people who inject drugs in seven UK sites: real
world results and modelling of treatment impact. J Viral Hepatitis. 2015;
22:399-408.

Williams R, Aspinall R, Bellis M, et al. Addressing liver disease in the
UK: a blueprint for attaining excellence in health care and reducing
premature mortality from lifestyle issues of excess consumption of alco-
hol, obesity, and viral hepatitis. Lancet. 2014;384:1953-97.

Gountas |, Sypsa V, Anagnostou O, et al. Treatment and primary
prevention in people who inject drugs for chronic hepatitis C infection:
Is elimination possible in a high prevalence setting? Addiction. 2017.
doi: 10.1111/add.13764.

Salazar-Vizcaya L, Kouyos RD, Zahnd C, et al. Hepatitis C virus transmis-
sion among human immunodeficiency virus-infected men who have sex
with men: Modeling the effect of behavioral and treatment interventions.
Hepatology. 2016;64:1856-69.

Harm Reduction International. The Global State of Harm Reduction 2016.
Available at: https://http://www.hri.global/files/2016/11/14/GSHR2016_14nov.
pdf. 2016.

European Association for the Study of the Liver. EASL Recommendations
on Treatment of Hepatitis C 2016. Available at: http://www.easl.eu/me-
dias/cpg/HCV2016/Summary.pdf [Accessed Feb 27, 2017].

Harris RJ, Martin NK, Rand E, et al. New treatments for hepatitis C virus
(HCV): scope for preventing liver disease and HCV transmission in
England. J Viral Hepat. 2016;23:631-43.

Barua S, Greenwald R, Grebely J, Dore GJ, Swan T, Taylor LE. Restrictions
for medicaid reimbursement of sofosbuvir for the treatment of hepatitis ¢
virus infection in the united states. Ann Intern Med. 2015;163:215-23.



