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Scaling up prevention and treatment towards the
elimination of hepatitis C: a global mathematical model

Alastair Heffernan, Graham S Cooke, Shevanthi Nayagam, Mark Thursz, Timothy B Hallett

Summary

Background The revolution in hepatitis C virus (HCV) treatment through the development of direct-acting antivirals
(DAAs) has generated international interest in the global elimination of the disease as a public health threat. In 2017,
this led WHO to establish elimination targets for 2030. We evaluated the impact of public health interventions on the
global HCV epidemic and investigated whether WHO’s elimination targets could be met.

Methods We developed a dynamic transmission model of the global HCV epidemic, calibrated to 190 countries,
which incorporates data on demography, people who inject drugs (PWID), current coverage of treatment and
prevention programmes, natural history of the disease, HCV prevalence, and HCV-attributable mortality. We
estimated the worldwide impact of scaling up interventions that reduce risk of transmission, improve access to
treatment, and increase screening for HCV infection by considering six scenarios: no change made to existing levels
of diagnosis or treatment; sequentially adding the following interventions: blood safety and infection control, PWID
harm reduction, offering of DAAs at diagnosis, and outreach screening to increase the number diagnosed; and a
scenario in which DAAs are not introduced (ie, treatment is only with pegylated interferon and oral ribavirin) to
investigate the effect of DAA use. We explored the effect of varying the coverage or impact of these interventions in
sensitivity analyses and also assessed the impact on the global epidemic of removing certain key countries from the
package of interventions.

Findings By 2030, interventions that reduce risk of transmission in the non-PWID population by 80% and increase
coverage of harm reduction services to 40% of PWID could avert 14 -1 million (95% credible interval 13-0-15-2) new
infections. Offering DAAs at time of diagnosis in all countries could prevent 640 000 deaths (620 000-670 000) from
cirrhosis and liver cancer. A comprehensive package of prevention, screening, and treatment interventions could
avert 15-1 million (13-8-16-1) new infections and 1-5 million (1-4-1-6) cirrhosis and liver cancer deaths,
corresponding to an 81% (78-82) reduction in incidence and a 61% (60-62) reduction in mortality compared with
2015 baseline. This reaches the WHO HCYV incidence reduction target of 80% but is just short of the mortality
reduction target of 65%, which could be reached by 2032. Reducing global burden depends upon success of
prevention interventions, implemention of outreach screening, and progress made in key high-burden countries
including China, India, and Pakistan.

Interpretation Further improvements in blood safety and infection control, expansion or creation of PWID harm
reduction services, and extensive screening for HCV with concomitant treatment for all are necessary to reduce the
burden of HCV. These findings should inform the ongoing global action to eliminate the HCV epidemic.

Funding Wellcome Trust.

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

Globally, it is estimated that 71-1 million
(95% uncertainty interval 62-5-79-4) individuals are
chronically infected with hepatitis C virus (HCV),' of
whom 10-20% will develop liver complications
including decompensated cirrhosis and hepatocellular
carcinoma.”® These complications were responsible for
more than 475000 deaths in 2015 and, in contrast with
the malaria, tuberculosis, and HIV epidemics, the
number of deaths from viral hepatitis infection has
risen in recent years.” HCV transmission is most
commonly associated with blood transfusions, health-
care-related injections, and injection drug use.

Transfusion transmissible infections and infections
associated with lapses in injection safety have declined
globally,*” although these remain key risk factors in
lower-income countries.® Infection associated with
injection drug use is the primary transmission route in
countries where other transmission routes have mostly
been eliminated.® Treatment for HCV infection used to
comprise weekly subcutaneous injections of pegylated
interferon and oral ribavirin, which had low success
rates and was associated with a range of side-effects.""
A watershed moment came in 2014 with the
development of highly efficacious direct-acting
antivirals (DAAs),*"* which allow interferon-free
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Research in context

Evidence before this study

In 2017, WHO set targets to eliminate hepatitis C virus (HCV)
infection globally as a public health threat. We searched PubMed
on Feb 23, 2018, for studies published in English that modelled
the epidemiological impact of HCV interventions or modelled
the global HCV epidemic, using the following search strategy:
“(hepatitis C AND model* AND (global OR intervention*))”. We
found 33 relevant studies. Mathematical models have been
developed to investigate the effectiveness of harm reduction
strategies in high-risk groups but these have not examined
impact at the population level. Models of the population impact
of screening and treatment have been developed and used to
investigate WHO mortality targets at both the national and
regional levels. These studies, however, could not investigate
incidence targets because they did not utilise dynamic
transmission models that would allow the impact of prevention
interventions and the effect of treatment on incidence to be
captured. A recent study used a dynamic transmission model to
estimate the population-level impact of both prevention and
treatment interventions in Pakistan. This work found that only
with extremely high coverage of interventions can elimination
targets be met. No study has modelled HCV interventions at the
global scale.

A Cascade of care B Natural history model

Susceptible

Fibrosis progression

Increased mortality

Decompensated
cirrhosis
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Undiagnosed Diagnosed | carcinoma
Treatment
failed

Figure 1: Model structure

Boxes represent compartments of the model and arrows denote annual transition rates that can depend upon
age, sex, risk group, or duration of infection that can vary over time. At any given point, every person is in

one compartment of the cascade of care (A). These compartments are further subdivided by age, sex, and risk
group. Spontaneous clearance occurs in a fraction of those acutely infected who return to the susceptible
population. Treatment can result in cure and reinfection can occur after successful treatment. Infection results in
people entering the natural history model (B): HCV disease progresses through five METAVIR® fibrosis stages,
from FO (no fibrosis) to F4 (compensated cirrhosis). The potential effects of age and male sex on progression and
mortality rates are accounted for in calibration. People in the cured compartment of the treatment cascade have
reduced or zero disease progression rates depending on disease stage. See appendix for full details, including a
list of parameter values with dependencies and the complete model structure diagram. HCV=hepatitis C virus.

treatment, greatly improved cure rates, better side-
effect profiles, and shorter duration of therapy more
amenable to widespread use.""

Advances in HCV therapeutics have led to a com-
mitment from all 194 member states of WHO to
eliminate viral hepatitis as a public health threat."” WHO
HCV elimination targets are defined as a 65% reduction
in mortality and an 80% reduction in incidence by 2030

Added value of this study

To our knowledge, our study is the first to estimate the impact
of interventions on the global HCV epidemic and to address
WHO HCV elimination targets. We explicitly model the
transmission process within and between population groups,
allowing us to model prevention as well as screening and
treatment interventions. The model is calibrated to all global
epidemiological and programme data in a statistically
principled way. We quantify the extent to which prevention,
screening, and treatment could reduce the burden of HCV
globally. Our results highlight the key role prevention has in
reducing the burden of disease, the bottleneck screening places
on the impact of HCV interventions, and the importance of
expanding access to direct-acting antivirals.

Implications of all the available evidence

Across the globe, coverage of key prevention, screening, and
treatment interventions is currently well below the levels we
estimate are needed to have a major impact on the HCV
epidemic. Operations research into how to improve coverage
in all settings, as well as increased funding for effective
strategies, will be required to make progress towards HCV
elimination targets.

from 2015 baseline (the HCV incidence reduction target
combines with a 95% reduction target for viral hepatitis
B incidence to produce the overall viral hepatitis
incidence reduction target of 90%).” This is to be
achieved through a combination of preventing trans-
mission by improving blood safety and infection control
measures, extending harm reduction services aimed at
reducing transmission among people who inject drugs
(PWID), and expanding testing and DAA treatment for
those already infected.!

Although these targets were formulated by WHO
through extensive consultations,” the feasibility of
achieving WHO targets globally is not known. Given the
current focus on these targets, it is imperative we
understand the full effect of HCV interventions at the
global scale. We sought, therefore, to use mathematical
modelling to provide the first estimates of the impact of
combined prevention, diagnosis, and treatment pro-
grammes on the global HCV epidemic and to determine
the achievability of WHO elimination targets.

Methods

Model structure

We developed a mathematical model to project the future
course of the HCV epidemic country by country. We
analysed the impact of a set of intervention packages at
the global scale by combining the results for 190 individual
countries. Our compartmental model simulates the pop-
ulation of a country from 1950 to 2100, grouped according
to infection and treatment status (see the treatment
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cascade in figure 1). Compartments are further stratified
by age, sex, and risk group (PWID and non-PWID).
Infection (the transition from susceptible to acute com-
partments) is specified according to HCV prevalence and
a risk group-dependent, age-dependent, and time-
dependent risk of transmission that is calibrated in model
fitting; perinatal infection can also occur. Background
age-specific, sex-specific, and time-specific mortality is
simulated according to UN projections.” PWID
experience an additional mortality risk compared with
other groups.”* HCV infection results in additional risk
of liver-related mortality (denoted HCV-related mortality);
increased non-liver-related mortality in those infected
with HCV is not simulated because it is a much
less substantial cause of death in HCV-positive individuals
than is liver-related mortality”* and WHO viral hepatitis
targets focus on liver-related mortality* It should be
noted that neglecting non-liver-related mortality will tend
to underestimate the impact of interventions.”*

Past treatment and diagnosis is modelled as follows:
we increase rates of diagnosis and treatment such that
the proportion who are diagnosed, and the proportion
treated, match WHO estimates for these quantities in
2015." DAAs are implemented from 2016 in countries
where their use is reported.”” In these countries, the rate
of treatment is calculated in the model such that the
reported number of DAA treatment courses is matched
by the model.”?* All other countries continue to
implement treatment with pegylated interferon and
ribavirin after 2015. This approach results in 1-76 million
HCV treatment courses being delivered in 2016, of which
86% consist of DAAs.” After 2016 (or 2015 for countries
without 2016 data), the future rates of both diagnosis and
treatment are fixed unless altered through an
intervention. Treatment success depends on the type of
treatment used (ie, pegylated interferon and ribavirin or
DAAEs). Reinfection following cure is also simulated: as a
conservative assumption, reinfection risk is set to be
equal to primary infection risk.”

Following infection with HCV, disease progression
occurs according to a widely recognised natural history
(figure 1B).>**" Progression occurs through the
five METAVIR® fibrosis stages. Increased HCV-related
mortality occurs from compensated cirrhosis (stage F4),
decompensated cirrhosis, and hepatocellular carcinoma.
Disease progression and mortality rates are reduced (to
zero, in some cases) following cure. All parameters in the
natural history model are taken from the literature
(appendix); where values are uncertain, parameters are
drawn from prior distributions informed by the literature.

Model calibration

All uncertain parameters were allowed to vary in
calibration. These parameters include those of the
natural history model and the risk group-dependent, age-
dependent, and time-dependent risks of infection. These
risks of infection are modelled as flexible splines, where

the knot values are drawn from suitable prior dis-
tributions; for full details of the modelling of trans-
mission and a complete list of parameter values and
prior distributions, see the appendix.

We calibrated the model, in a Bayesian framework, to
three sets of information: overall HCV prevalence,"”
PWID HCV prevalence,” and HCV-attributable mortality
(according to age, time, and sex).*** 1000 samples were
drawn from the parameter posterior distributions using
incremental mixture importance sampling.® This self-
monitoring approach to approximating the posterior
distribution proceeds by calculating the importance
weight for a given parameter set and then drawing new
parameter values until the expected fraction of unique
parameter sets in the final resample corresponds to the
case where all parameter weights are equal—ie, such that
no one parameter set dominates the resampled values
(appendix).” The parameter sets drawn from the
posterior distribution were used to make forward
projections of the epidemic under a range of intervention
scenarios.

Intervention scenarios

Six scenarios were constructed to assess the impact of
differing levels of prevention, screening, and treatment
intervention scale-up (table). The status quo scenario,
which represents our best estimate of what the HCV
epidemic will look like with no changes made to
diagnosis or treatment, maintains diagnosis and
treatment rates at their 2016 (or 2015 where 2016 data
were not available) values and assumes no reduction in
general or PWID population risk. We inferred diagnosis
and treatment rates by scaling up these quantities to
match the proportion diagnosed or treated where data
were available,”* or using regional averages where data
were lacking, with DAAs introduced in relevant countries
in 2016 (appendix);* at the global scale, this results in
20% of people diagnosed in 2015, of whom 7% are
treated.’

Four intervention strategies were sequentially added to
the status quo scenario, starting in 2017: (1) blood safety
and infection control, leading to an 80% reduction
in HCV infection risk in the non-PWID population by
2020; (2) PWID harm reduction, whereby 40%* of the
PWID population are reached with a combined package
of opioid substitution therapy (OST) and needle and
syringe programmes (NSP), leading to a 75% reduction
in infection risk in those covered;** (3) offering DAAs at
diagnosis (regardless of disease stage), with status quo
rates of diagnosis maintained (90% accept treatment);
and (4) outreach screening, resulting in 90% of the HCV-
infected population being diagnosed by 2030 (table).
Each intervention builds in the features of the previous
strategies; intervention 4 comprises all interventions and
is referred to as the comprehensive intervention package.

Finally, a no-DAA scenario, which is equivalent to
status quo but incorporates only treatment with pegylated
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Risk of infection in Risk of infection in Treatment Treatment coverage Diagnosis coverage

non-PWID population  PWID population

No-DAA scenario As per 2015 risk As per 2015 risk Pegylated interferon Treatment rate fixed at 2015 or 2016 value  Diagnosis rate fixed at 2015 or 2016 value
and oral ribavirin
Status quo As per 2015 risk As per 2015 risk DAAs from 2016 Treatment rate fixed at 2015 or 2016 value  Diagnosis rate fixed at 2015 or 2016 value
Interventions added cumulatively to the status quo scenario
(1) Blood safety and  80% reduction by 2020*  As per 2015 risk DAAs from 2016 Treatment rate fixed at 2015 or 2016 value  Diagnosis rate fixed at 2015 or 2016 value
infection control
(2) PWID harm 80% reduction by 2020*  75% reduction at DAAs from 2016 Treatment rate fixed at 2015 or 2016 value  Diagnosis rate fixed at 2015 or 2016 value
reduction 40% coverage by 20201
(3) Offer DAAs at 80% reduction by 2020*  75% reduction at DAAs from 2016 andin  Treatment offered within 1 year of Diagnosis rate fixed at 2015 or 2016 value
diagnosis 40% coverage by 20201  all countries from 2017 diagnosis; those previously diagnosed are
treated at original treatment rates
(4) Outreach 80% reduction by 2020*  75% reduction at DAAs from 2016 andin  Treatment offered within 1 year of Rate increased linearly such that 90% of
screening 40% coverage by 20201  all countries from 2017 diagnosis; those previously diagnosed are  people infected are diagnosed by 2030

linked back into care for treatment#

PWID=people who inject drugs. DAA=direct-acting antiviral. 0ST=opioid substitution therapy. NSP=needle and syringe programmes. *General population risk reduced linearly from 2016 to 2020. PWID risk
reduction simulated as combined OST and NSP, the method of harm reduction with the strongest evidence of reducing HCV transmission among PWID.**¥ A suitable coverage for this intervention, therefore, is
the so-called WHO high target for OST of 40%,** beyond that reached in most countries to date.** PWID intervention coverage is increased linearly from 2017 to 2020. Coverage only includes opioid-dependent
PWID as suitable for OST.* $Outreach diagnosis campaign facilitates return to care for those already diagnosed, leading to 10% returning annually for treatment.

Table: Details of intervention scenarios modelled

interferon and ribavirin, was included to analyse the
scope of the epidemic if the recent adoption* of DAA
treatment is not maintained.

Sensitivity analysis

Uncertainty in the natural history model is accounted for
in calibration by drawing 1000 samples from the
parameter posterior distributions. The model is run
1000 times with these parameter sets and medians and
credible intervals (Crls; 2- 5th and 97- 5th percentiles) for
all quantities of interest are evaluated. The effects of
other notable model assumptions (ie, reinfection rate,
effectiveness of PWID harm reduction interventions,
and delay in possible retreatment after reinfection) are
investigated through one-way sensitivity analyses
(appendix). We investigated the sensitivity of the
outcomes in the comprehensive package of interventions
by doing one-way sensitivity analyses on the three key
intervention parameters: risk reduction in the non-PWID
population, coverage of harm reduction in the PWID
population, and proportion diagnosed by 2030. For each
of these parameters, we explored the range from no
improvement to 95% (the upper limit is chosen to
represent a highly ambitious increase).” We did another
set of sensitivity analyses in the same manner as this but
using the status quo as our starting point (as opposed to
the comprehensive package of interventions) to explore
the effects of each programme element. Finally, we
evaluated which countries contributed most to infections
and deaths averted under the comprehensive package of
interventions and then re-ran the model without these
countries included in the intervention package, with all
values set to the status quo scenario, to quantify the
sensitivity of our global results to progress made in key
countries.

Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all data in the study, and all authors had final
responsibility for the decision to submit for publication.

Results
We found 69 million (95% Crl 67-71) active viraemic
infections and 512000 deaths (497000-533000) in 2015,
with 277 incident infections (262-294) per 1 million
people, in line with WHO estimates for that year
(figure 2)." The projected proportion of new infections
expected in PWID between 2016 and 2030 was 29%
(95% Crl 27-32) in our model, in keeping with WHO
estimates in 2015 that 22% of new infections were in
PWID.' Projecting the epidemic forwards in the status
quo scenario, we find that the number of active infections
will slowly decrease to 58 million (54-62) by 2050 but
could rise by the end of the century. Likewise, incidence
would gradually decrease to 198 infections (179-218) per
1 million people by 2060 but might increase thereafter.
Mortality from HCV gradually decreases for more than
three decades but can increase thereafter in line with the
possible increasing numbers of active infections
(figure 3). These results reflect our assumptions in the
status quo scenario that risk of infection does not
decrease in any group after 2015 and that numbers of
PWID will not change. Not implementing DAAs at all
results in worse outcomes than in the status quo
scenario, with considerably higher mortality and
incidence (figure 3).

Programmes aimed at curbing the spread of blood-
borne infections among the non-PWID population (inter-
vention 1) can dramatically reduce incidence (figure 3).
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Figure 2: Calibration results

(A) Comparison of the model’s simulated prevalence of HCV with prevalence data for all 190 countries simulated,** colour-coded by GBD super-region (see appendix
for the full list of regions). Overall prevalence values are from 2015 whereas PWID values come from a range of years.”® The diagonal lines mark equivalent estimates.
(B) Comparison of modelled HCV mortality numbers with IHME HCV mortality estimates.*** Countries were calibrated to age-stratified and sex-stratified mortality
estimates; modelled outputs were summed into overall cirrhosis and hepatocellular carcinoma mortality numbers and compared with aggregated IHME estimates for
the years 1990, 1995, 2000, 2005, 2010, and 2015. GBD=Global Burden of Disease Study. HCV=hepatitis C virus. IHME=Institute for Health Metrics and Evaluation.

PWID=people who inject drugs.

Global improvements in blood safety and infection control
(lowering the general population risk of HCV infection by
80%) reduce the annual number of new infections in 2030
by 58% (95% Crl 56—60) compared with the status quo
scenario in the same year. Along with these improvements
in blood and infection safety, extending OST and NSP
harm reduction services to 40% of the opioid-dependent
PWID population (intervention 2) will reduce the number
of new infections in 2030 by a further 7 percentage points
(figure 3). Taken together, these prevention interventions
could avert 14-1 million (95% Crl 13-0-15-2) cumulative
infections by 2030. Due to the long incubation period of
HCV infection, however, such reductions in incidence
will not immediately translate into reductions in mortality:
by 2030, the decrease in mortality will be small in either
scenario (figure 3) and the combination of both inter-
ventions will only reduce mortality in 2050 by 18% (17-19).

Expanding access to DAAs, in addition to the
prevention interventions, is projected to cut future
mortality more substantially. Replacing pegylated inter-
feron and ribavirin with DAAs in all countries where
they have not been rolled out, and offering these at time
of diagnosis (intervention 3), has substantial short-term
impact: we estimate 640000 fewer deaths (95% Crl
620000-670000) from liver cancer and cirrhosis by 2030.
However, compared with intervention 2, there is no
additional effect on incidence (figure 3). This scenario

illustrates that improvements in outcomes can be
attained by ensuring access to DAAs without otherwise
changing diagnosis or treatment programmes. However,
such gains fall well short of WHO mortality targets
(figure 3) and these programmes also offer only minimal
prevention benefits.

Adding outreach screening (intervention 4), such that
the proportion diagnosed reaches 90% by 2030, further
reduces mortality and incidence (figure 3). This scenario
incorporates all prevention, screening, and treatment
elements of the previous strategies. With this compre-
hensive package of interventions, there would be a
61% (95% Crl 60-62) reduction in mortality by 2030
compared with the baseline 2015 value—corresponding
to 1-5 million (95% Crl 1-4-1-6) deaths prevented. Our
estimates show a treatment-as-prevention benefit: com-
pared with prevention interventions alone (inter-
vention 2), the comprehensive package of interventions
averts an average of 950000 additional infections by
2030, resulting in 15 -1 million (13-8-16-1) new infections
averted in total. Achieving such reductions requires a
massive screening programme and demands a rapid
increase in new treatment courses in the short term—
namely, 51-8 million (50-5-53-3) courses of DAA
treatment by 2030 (appendix). In the following 20 years,
by contrast, the total number required is a much more
modest 12-0 million (11-5-12-7) courses. The reduced
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Figure 3: Global intervention results

(A) Number of deaths due to HCV by scenario. Note that due to the high impact of the comprehensive package of interventions (intervention 4) on reducing the
number of deaths, the credible intervals are extremely narrow around the median. (B) Incidence of viraemic HCV infection (number of incident chronic infections
divided by number of people susceptible) by scenario. Note that the incidence curves for interventions 2 and 3 are almost coincident. Vertical dashed lines indicate
baseline (2015) and the year for targeted elimination (2030). Horizontal dashed lines indicate elimination targets: 65% reduction of mortality and 80% reduction in
incidence. In panels (C) and (D), data are shown by GBD region. The end of each bar represents the median year of mortality (C) or incidence (D) elimination. Grey bars
show the status quo scenario; the red portion of each bar shows the comprehensive package of interventions (intervention 4). Where a red bar extends to the edge of
the graph, elimination was not achieved in any scenario before 2100. The dashed vertical line indicates the WHO elimination year target of 2030. DAA=direct-acting
antivirals. GBD=Global Burden of Disease Study. HCV=hepatitis C virus. PWID=people who inject drugs.

treatment requirement after 2030 indicates that rapid
testing and treatment scale-up is a means to control the
epidemic in the long term.

Interventions do not have a uniform impact across
different countries; projections by country are presented
in the appendix. Upon all countries rolling out DAAs and
offering these at diagnosis (intervention 3), most
countries in Africa, along with south Asia, east Asia, and
southeast Asia, experience smaller reductions in mortality
than do countries in other regions (appendix). This
reflects the lower existing diagnosis coverage in these

countries. The effect of prevention interventions on
incidence is also dependent on local epidemiology.
Certain countries, such as Egypt, Mongolia, and Pakistan,
benefit greatly from improvements in blood safety and
infection control (intervention 1) because these reduce
risk of infection in the entire population (appendix).
Countries that have a large proportion of the HCV
epidemic concentrated in PWID—eg, the USA, Australia,
and Spain—show more improvement upon expansion of
PWID harm reduction services (intervention 2; appendix).
All countries experience reductions in both mortality and
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incidence upon implementation of the comprehensive
package of interventions (appendix), reflecting the high
impact a multifaceted approach to tackling the epidemic
can have.

WHO mortality and incidence elimination targets are
narrowly missed in 2030 with the comprehensive
package of interventions: the WHO-defined mortality
elimination target occurs in this model by 2032, whereas
the incidence elimination target is met by 2030 (figure 3).
The comprehensive package of interventions does,
however, lead to a 61% (95% Crl 60-62) reduction in
mortality in 2030 compared with the status quo scenario
(figure 3). The mortality elimination targets could be
reached by 2030 if the coverage of diagnosis were
increased to 95% rather than the 90% assumed above
(appendix). Further incidence reduction is possible, but
this is primarily achieved by increasing PWID harm
reduction coverage: if coverage is increased to more than
80%, incidence rates can be reduced by nearly
90% compared with 2015 baseline values (appendix).

We also examined year of elimination by Global Burden
of Disease Study (GBD) regions. All regions reach the
mortality elimination target at similar times after imple-
menting the comprehensive package of interventions
(figure 3). Although global incidence targets are met,
eight regions do not reach the incidence elimination
target before 2100. A key determinant of whether
incidence elimination is achieved is the proportion of
infections by risk group: the regions that reach incidence
elimination before 2030 are characterised by low
numbers of infections in PWID relative to the rest of the
population (appendix).

Reducing the global burden of hepatitis C depends on
the progress made in just a few countries. Most infections
and deaths averted, after implementation of the compre-
hensive package of interventions, are concentrated in a
small number of countries, in particular China, India,
Pakistan, and Egypt, which are the countries that
contribute most to projected new infections by 2030
(figure 4). If China, India, or Pakistan do not implement

A HCV deaths averted, 2017-30

Percentage of global total (%)

0 3 6 9

12 ~

B HCV infections averted, 2017-30

= ==

e
R 1o =

Figure 4: Distribution of global deaths averted and infections averted when implementing the comprehensive package of interventions compared with the

status quo scenario

Cumulative deaths and infections averted in 2017-30 are shown by country as percentages of the total global number averted.
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the comprehensive package of interventions, the year in
which global incidence elimination is reached is pushed
back to atleast 2047 (appendix), whereas notimplementing
the comprehensive package of interventions in these
countries would result in global incidence reductions
in 2030 of 69% (95% Crl 66-74), as opposed to an
81% (78-82) reduction when all countries implement the
interventions (appendix).

We found that improving blood safety and infection
control alone (ie, starting from the status quo scenario),
such that the risk of infection in the general population
decreases by 95%, can reduce incidence in 2030 by 72%
(95% Crl 70-73; figure 5). Although HCV-positive PWID
comprise only a minority of global HCV-positive indi-
viduals, programmes that can reduce PWID trans-
mission have a global impact upon incidence: expanding
PWID harm reduction coverage to 95% (in the absence
of any other intervention scale-up) could reduce global
incidence by 33% (31-36) in 2030 (figure 5). Screening
and treatment interventions carry a double benefit: inc-
reasing the proportion diagnosed and treated (without
scaling up the prevention interventions) reduces
both mortality and incidence through a treatment-as-
prevention effect (figure 5). Yet, treatment alone has less
impact than when combined with prevention inter-
ventions: the comprehensive package of interventions
reduces incidence in 2030 by 81% (78-82) compared with
60% (57-62) when prevention interventions are not
implemented.

Because the degree of effectiveness of PWID harm-
reduction programmes is more uncertain than that of
DAA treatment, and the effectiveness of such programmes
probably varies substantially between settings, we did
sensitivity analyses to investigate the dependence of the
results on this aspect of the model. Reducing the
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Figure 5: Reduction in mortality and incidence in the status quo scenario upon improving prevention or

screening intervention coverage

Changes in mortality and incidence by 2030 upon increasing the reduction in general population (ie, non-PWID)
risk, the coverage of PWID harm reduction interventions, and the proportion diagnosed by 2030, from status quo
values. The vertical dashed lines show the values targeted in the intervention scenarios (see table).

effectiveness of OST and NSP interventions from 75% to
20% (within the context of the comprehensive package of
interventions, scenario 4) pushed back the year of
incidence elimination to 2052 (appendix). As shown by
the regional breakdown, this is driven by delays in
elimination in regions in which HCV-positive PWID
comprise a large proportion of the HCV epidemic (such
as western Europe, high-income North America, and
Australasia; appendix). By contrast, simulations in which
PWID harm reduction effectiveness is taken to be 90%
resulted in a median estimate of 470000 fewer courses of
treatment being delivered by 2030 in intervention 4 than
when the effectiveness is assumed to be 75% (appendix).

Year of incidence elimination is sensitive to the extent
of intervention scale-up (appendix). Reducing coverage
of any intervention, within the context of the
comprehensive package, predictably pushes elimination
further into the future. However, the relationship
between the level of diagnosis and impact on incidence
(and year of achieving the elimination target) is found to
be parabolic; that is, intermediate levels of diagnosis led
to lesser reductions in incidence than either no increase
or enormous increases in diagnosis rates. This is because
we have assumed that cured people are at risk of
reinfection and, at lower levels of diagnosis coverage,
infection risk for PWID remains high and so there can
be more infections than with no intervention. At high
levels of diagnosis, this effect is overwhelmed by the
reduction in infection risk that is brought about by the
reduction in the numbers of infectious people. The risk
of reinfection is, however, not known, and if it were lower
than the risk of initial infection then the year of
elimination could be sooner than we have estimated and
thus the non-linear, parabolic effect described disappears
(appendix). Further sensitivity analyses showed that the
delay in accessing retreatment after reinfection had no
impact on the results (appendix).

Discussion

A dramatic decrease in both mortality and incidence in
HCV could be possible through implementation of a
comprehensive package of prevention, screening, and
treatment interventions. Even though it narrowly falls
short of the WHO targets for 2030, such an impact would
be a tremendous stride forwards, averting 15-1 million
new infections and 1-5 million HCV-related deaths by
2030.

Several important challenges must be met and this
analysis raises points of direct relevance to policy and
programme development. First, the benefits of DAAs
will only be fully reaped with an exceptional increase in
diagnosis coverage to 90% by 2030. The treatment of
only those already in care will not translate into
substantial reductions in HCV deaths or incidence.
However, Malta is the only country in which the diagnosis
coverage is estimated to be at such a high level.” Progress
could be made in different ways in the coming years:
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innovative means of increasing awareness and
encouraging HCV testing in a range of settings are being
explored® and new technologies, such as point-of-care
viral load finger-stick tests,” should soon be available.*
Both awareness raising and simpler diagnostics could
facilitate large increases in knowledge of HCV status as
has occurred in the HIV arena.

Second, the HCV epidemic among PWID has a deciding
role in determining whether incidence elimination targets
are met. The modelled strategy that resulted in incidence
elimination being met by 2032 relied upon coverage of
OST with NSP increasing to 40%: however, only 1% of
PWID live in countries with such high coverage of these
harm reduction services.” If the effectiveness of those
programmes is lower than has been estimated in some
settings,” then elimination becomes a much more
remote prospect, with elimination not being reached until
after 2050, even with high coverage of other interventions.
This result, along with the finding that reinfection plays a
key role in delaying the year of incidence elimination,
highlights that PWID prevention must be central to
HCV policy. Targeted treatment-as-prevention approaches
among PWID might reduce incidence,” although this
must be done in the context of enhanced harm reduction
interventions and community involvement.” Eliminating
structural and systemic barriers such as the criminalisation
of PWID or treatment restrictions on active drug users
can improve access to health services.” A Hepatitis C
Action Plan programme in Scotland has shown that
national reductions in incidence are possible through an
integrated approach involving scaling up of OST with
NSP along with increasing awareness and provision of
HCV testing for PWID (including ever-PWID).* Such
progress relies on political will and reliable sources of
funding that, in low-income and middle-income countries
in particular, are often lacking—this is a serious challenge
HCV programmes often face.”

Third, continued improvements in blood safety and
infection control are key components of the global
elimination intervention package and drive a large
reduction in new infections. Although proven safety and
control measures exist and have played a major part in
reducing incidence in many settings,”* only 39% of
countries worldwide operate haemovigilance systems,”
and unsafe (often unnecessary) injections continue to be
a major source of HCV infection.”” The reasons for the
persistence of unsafe injections as a transmission route
are complex,™ and context-specific management methods
are necessary if there are to be continued reductions in
the risk of HCV transmission via these routes.”

Finally, the global HCV epidemic is concentrated in a
set of countries that could face myriad challenges in
implementing the PWID harm reduction, infection
control, and outreach screening initiatives required. This
hurdle might make talk of elimination seem more
tenuous but should also focus attention while illustrating
that major progress can be made with policy changes in

just a few places. In terms of global HCV epidemiology,
and given the stated aims of WHO and the Sustainable
Development Goals to “combat hepatitis”,* progress
made in these settings should be of primary concern.

These policy points reinforce and augment the
conclusions drawn by other studies. Several modelling
analyses have highlighted the challenge of reducing
transmission among PWID and have advocated simul-
taneously scaling up prevention and treatment inter-
ventions to reduce prevalence. Our work extends this
to show that, even on the global scale where incidence
is dominated by non-PWID transmission, reducing
incidence among PWID plays a key part in determining
whether elimination targets are met. A recent study® has
incorporated dynamic modelling of PWID into a full
population model of the HCV epidemic in Pakistan. The
authors find that only with extremely high coverage of
interventions can elimination targets be met. This
result agrees with what we have shown on a global scale
that even with exceptionally high intervention coverage,
elimination targets are difficult to meet. An EU modelling
study” has suggested that mortality elimination targets
can be met in this region. Similarly, we find that, provided
there are ambitious increases in screening and treatment,
mortality elimination targets are met in most regions by
around 2030. The EU study did not, however, model
incidence dynamically and could not draw conclusions
regarding incidence targets. Our analysis has shown that
even with extensive scale-up of prevention interventions,
several regions do not meet incidence elimination targets
before 2100, driven in large part by ongoing PWID
transmission.

To produce a global analysis, we have had to manage a
variety of data and modelling limitations. We used
modelled estimates of mortality from the GBD project;**
these have been produced for most countries and allow
basic epidemic trends to be inferred even where other data
are lacking. To manage the uncertainty this introduces,
we built the model to be flexible when calibrating to
these inputs because they are estimates rather than data.
To simulate the treatment cascade, we used regional
estimates to extrapolate to countries without data. This
process necessarily smooths out country-level differences
in diagnosis and treatment coverage, introducing error in
some individual country projections. Country-level
cascade information is, however, available for countries
that account for about 60% of the global viraemic
population, giving good resolution on the treatment
cascade for most of the globally infected population.
Furthermore, low overall treatment numbers compared
with the size of the epidemic mean that error introduced
through extrapolating to the remaining 40% of the
viraemic population will have only a small impact on
projections.

There is considerable uncertainty about the source of
infections among the general population, which makes it
impossible to be sure about the extent to which this route
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of transmission is being, and can be, reduced. Although
WHO calls for no unsafe injections and 100% of blood
donations screened with quality assurance,’ both the
difficulty in reaching these targets and the many ways of
being infected with HCV beyond these two routes
(appendix) led us to specify only an 80% risk reduction
among the general population in intervention 1; this is
to be conservative regarding what is a necessarily vague
intervention strategy. We varied this in sensitivity analysis
to explore the impact this programme parameter had on
outcomes. Similarly, the impact of PWID harm reduction
interventions is uncertain outside of the primarily North
American and European settings in which OST and NSP
initiatives have been studied.”*” We varied this quantity in
sensitivity analysis to account for this limitation, but in
implementing PWID harm reduction globally we are
assuming that such programmes can have equal success
in all regions. Lastly, we did not model changes in the
proportion of the population who are PWID. There is
growing concern about potential increases in the number
of PWID in the USA,* for instance, yet the relationship
between non-medical use of prescription opioids and
initiation of injection drug use is not well understood.”
Conversely, in other regions such as Europe, the
proportion of the population who are PWID might have
decreased,” such as in Scotland, which has reported a
decline in injecting drug use over the past decade.” With
such uncertainty regarding possible changes in the
proportion of the population who are PWID, we kept this
quantity fixed and did not simulate possible increases or
decreases in the future. Nevertheless, future structural
interventions could reduce the number of PWID® and so
potentially limit the ongoing spread of HCV.

In conclusion, reaching WHO elimination targets is an
extremely challenging aim that requires a multifaceted
approach combining screening, prevention, and
treatment with a focus on those countries in which
burden is greatest. Such efforts will entail considerable
practical challenges and have large cost implications—
running into the tens of billions of US dollars by 2030 for
a complete viral hepatitis strategy’—Dbut many countries
have made substantial progress despite this: Egypt
empowered local facilities, created numerous oppor-
tunities for HCV screening, and treated 700000 HCV-
infected individuals with DAAs in 2016;*® Australia
has negotiated a volume-based pricing model for DAAs
that encourages, rather than rations, the prescription
of expensive DAA treatment courses;” and Scotland
has successfully coordinated national expansion of harm
reduction services with HCV testing and treatment
provision resulting in a sharp increase in people
achieving sustained virological response.” By using new
tools and the examples of relevant countries to devise
ambitious, integrated interventions, this modelling work
has shown that substantial progress towards global
elimination can be made while greatly reducing the
burden of new infections and premature deaths.

Contributors

AH, GSC, SN, MT, and TBH all jointly conceived of the study.

AH reviewed the literature; devised, programmed, and ran the model;
and wrote the initial draft. GSC, SN, MT, and TBH all reviewed and
revised subsequent drafts.

Declaration of interests

AH declares no competing interests. GSC has acted in advisory or
educational roles for Gilead and Merck Sharpe & Dohme. SN and TBH
have received personal fees from WHO for work related to this topic;
TBH has also received fees from the Bill & Melinda Gates Foundation,
Anansi Health, and Avenir Health for unrelated work. MT has acted in
advisory or educational roles for Abbvie, Gilead, and Merck Sharpe &
Dohme.

Acknowledgments

We acknowledge joint Centre funding from the UK Medical Research
Council and Department for International Development. AH thanks the
Wellcome Trust for funding (grant number 105268/Z/14/Z). MT and
GSC jointly acknowledge the support of the NIHR Biomedical Research
Centre at Imperial College NHS Trust. GSC is supported by NIHR
Research Professorship. We thank Wes Hinsley (Imperial College
London) for technical support getting the model running on the
supercomputer and Jeffrey Eaton (Imperial College London) for
assistance with the model-fitting algorithm.

References

1 WHO. Global hepatitis report, 2017. Geneva: World Health
Organization, 2017.

2 Westbrook RH, Dusheiko G. Natural history of hepatitis C.

J Hepatol 2014; 61: s58-68.

3 Thein H-H, Yi Q, Dore GJ, Krahn MD. Estimation of stage-specific
fibrosis progression rates in chronic hepatitis C virus infection:

a meta-analysis and meta-regression. Hepatology 2008; 48: 418-31.

4 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: 1081-88.

5  Alter M]. Epidemiology of hepatitis C virus infection.

World ] Gastroenterol 2007; 13: 2436.

6 WHO. Global policy report on the prevention and control of viral
hepatitis in WHO Member States. Geneva: World Health
Organization, 2013.

7 Pépin J, Abou Chakra CN, Pépin E, Nault V, Valiquette L. Evolution
of the global burden of viral infections from unsafe medical
injections, 2000-2010. PLoS One 2014; 9: €99677.

8  Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C
virus infection. Lancet Infect Dis 2005; 5: 558-67.

9  Wasley A, Alter MJ. Epidemiology of hepatitis C: geographic
differences and temporal trends. Semin Liver Dis 2000; 20: 1-16.

10 Manns MP, McHutchison JG, Gordon SC, et al. Peginterferon
alfa-2b plus ribavirin compared with interferon alfa-2b plus
ribavirin for initial treatment of chronic hepatitis C: a randomised
trial. Lancet 2001; 358: 958-65.

11 Yee BE, Nguyen NH, Zhang B, et al. Sustained virological response
and its treatment predictors in hepatitis C virus genotype 4
compared to genotypes 1, 2, and 3: a meta-analysis.

BM] Open Gastroenterol 2015; 2: €000049.

12 Manns MP. Treating viral hepatitis C: efficacy, side effects, and
complications. Gut 2006; 55: 1350-59.

13 Afdhal N, Reddy KR, Nelson DR, et al. Ledipasvir and sofosbuvir for
previously treated HCV genotype 1 infection. N Engl | Med 2014;
370: 1483-93.

14  Lawitz E, Mangia A, Wyles D, et al. Sofosbuvir for previously untreated
chronic hepatitis C infection. N Engl ] Med 2013; 368: 1878-87.

15 Forns X, Lee SS, Valdes J, et al. Glecaprevir plus pibrentasvir for
chronic hepatitis C virus genotype 1, 2, 4, 5, or 6 infection in adults
with compensated cirrhosis (EXPEDITION-1): a single-arm,
open-label, multicentre phase 3 trial. Lancet Infect Dis 2017;

17: 1062—-68.

16 Lens S, Fernandez I, Rodriguez-Tajes S, et al. Interferon-free
therapy in elderly patients with advanced liver disease.
Am ] Gastroenterol 2017; 112: 1400.

17 WHO. Global health sector strategy on viral hepatitis 2016-2021.
Geneva: World Health Organization, 2016.

www.thelancet.com Published online January 28, 2019 http://dx.doi.org/10.1016/50140-6736(18)32277-3



Articles

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Bedossa P. Intraobserver and interobserver variations in liver
biopsy interpretation in patients with chronic hepatitis C.
Hepatology 1994; 20: 15-20.

United Nations Population Division. World Population Prospects
2017 https://esa.un.org/unpd/wpp/ (accessed Nov 30, 2017).
United Nations Office on Drugs and Crime. Booklet 2: global
overview of drug demand and supply. In: World Drug Report 2017,
Vienna: United Nations, 2017.

Mathers BM, Degenhardt L, Bucello C, Lemon J, Wiessing L,
Hickman M. Mortality among people who inject drugs: a systematic
review and meta-analysis. Bull World Health Organ 2013; 91: 102-23.
Innes HA, McDonald SA, Dillon JF, et al. Toward a more complete
understanding of the association between a hepatitis C sustained
viral response and cause-specific outcomes. Hepatology 2015;

62: 355-64.

El-Kamary SS, Jhaveri R, Shardell MD. All-cause, liver-related,

and non-liver-related mortality among HCV-infected individuals in
the general US population. Clin Infect Dis 2011; 53: 150-57.

WHO. Monitoring and evaluation for viral hepatitis B and C:
recommended indicators and framework. Geneva: World Health
Organization, 2016.

Cacoub P, Comarmond C, Domont F, Savey L, Desbois AC,
Saadoun D. Extrahepatic manifestations of chronic hepatitis C virus
infection. Ther Adv Infect Dis 2016; 3: 3—14.

Sherman AC, Sherman KE. Extrahepatic manifestations of hepatitis
C infection: navigating CHASM. Curr HIV/AIDS Rep 2015;

12: 353-61.

Razavi H, Robbins S, Zeuzem S, et al. Hepatitis C virus prevalence
and level of intervention required to achieve the WHO targets for
elimination in the European Union by 2030: a modelling study.
Lancet Gastroenterol Hepatol 2017; 2: 325-36.

WHO. Progress report on access to hepatitis C treatment: focus on
overcoming barriers in low-and middle-income countries. Geneva:
World Health Organization, 2018.

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

Chen SL, Morgan TR. The natural history of hepatitis C virus
(HCV) infection. Int | Med Sci 2006; 3: 47-52.

Seeff LB. Natural history of chronic hepatitis C. Hepatology 2002;
36: s35-46.

The Polaris Observatory HCV Collaborators. Global prevalence and
genotype distribution of hepatitis C virus infection in 2015:

a modelling study. Lancet Gastroenterol Hepatol 2017; 2: 161-76.
Degenhardt L, Peacock A, Colledge S, et al. Global prevalence of
injecting drug use and sociodemographic characteristics and
prevalence of HIV, HBV, and HCV in people who inject drugs:

a multistage systematic review. Lancet Glob Health 2017;

5: e1192-207.

Institute for Health Metrics and Evaluation. GBD results tool. 2017,
http://ghdx.healthdata.org/gbd-results-tool (accessed Oct 13, 2017).
Raftery AE, Bao L. Estimating and projecting trends in HIV/AIDS
generalized epidemics using incremental mixture importance
sampling. Biometrics 2010; 66: 1162-73.

Platt L, Minozzi S, Reed J, et al. Needle and syringe programmes
and opioid substitution therapy for preventing HCV transmission
among people who inject drugs: findings from a Cochrane Review
and meta-analysis: OST and NSP to prevent HCV transmission.
Addiction 2017; 113: 545-63.

Hagan H, Pouget ER, Des Jarlais DC. A systematic review and
meta-analysis of interventions to prevent hepatitis C virus infection
in people who inject drugs. J Infect Dis 2011; 204: 74-83.

WHO, UNODC, UNAIDS. WHO, UNODC, UNAIDS technical
guide for countries to set targets for universal access to HIV
prevention, treatment and care for injecting drug users—2012
revision. Geneva: World Health Organization, 2012.

Larney S, Peacock A, Leung J, et al. Global, regional,

and country-level coverage of interventions to prevent and manage
HIV and hepatitis C among people who inject drugs: a systematic
review. Lancet Glob Health 2017; 5: €1208-20.

Razavi H, Waked I, Sarrazin C, et al. The present and future disease
burden of hepatitis C virus (HCV) infection with today’s treatment
paradigm. J Viral Hepat 2014; 21 (suppl 1): 34-59.

41

42

43

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

Chan HLY, Chen CJ, Omede O, et al. The present and future
disease burden of hepatitis C virus infections with today’s treatment
paradigm—volume 4. | Viral Hepat 2017; 24 (suppl 2): 25-43.
Hatzakis A, Chulanov V, Gadano AC, et al. The present and future
disease burden of hepatitis C virus (HCV) infections with today’s
treatment paradigm—volume 2. | Viral Hepat 2015;

22 (suppl 1): 26-45.

Sibley A, Han KH, Abourached A, et al. The present and future
disease burden of hepatitis C virus infections with today’s treatment
paradigm—volume 3. ] Viral Hepat 2015; 22 (suppl 4): 21-41.
WHO. Global report on access to hepatitis C treatment. Focus on
overcoming barriers. Geneva: World Health Organization, 2016.
UNAIDS. Fast track: ending the AIDS epidemic by 2030. Geneva:
Joint United Nations Programme on HIV/AIDS, 2014.

Tucker JD, Meyers K, Best J, et al. The HepTestContest: a global
innovation contest to identify approaches to hepatitis B and C
testing. BMC Infect Dis 2017; 17 (suppl 1): 701.

Grebely J, Lamoury FM, Hajarizadeh B, et al. Evaluation of the
Xpert HCV Viral Load point-of-care assay from
venepuncture-collected and finger-stick capillary whole-blood
samples: a cohort study. Lancet Gastroenterol Hepatol 2017;

2: 514-20.

Grebely ], Applegate TL, Cunningham P, Feld JJ. Hepatitis C
point-of-care diagnostics: in search of a single visit diagnosis.
Expert Rev Mol Diagn 2017; 17: 1109-15.

Martin NK, Vickerman P, Dore GJ, Hickman M. The hepatitis C
virus epidemics in key populations (including people who inject
drugs, prisoners and MSM): the use of direct-acting antivirals as
treatment for prevention. Curr Opin HIV AIDS 2015; 10: 374-80.
Harris M, Albers E, Swan T. The promise of treatment as
prevention for hepatitis C: meeting the needs of people who inject
drugs? Int | Drug Policy 2015; 26: 963—69.

Strathdee SA, Hallett TB, Bobrova N, et al. HIV and risk
environment for injecting drug users: the past, present, and future.
Lancet 2010; 376: 268-84.

Wolfe D, Carrieri MP, Shepard D. Treatment and care for injecting
drug users with HIV infection: a review of barriers and ways
forward. Lancet 2010; 376: 355-66.

Palmateer NE, Taylor A, Goldberg D], et al. Rapid decline in HCV
incidence among people who inject drugs associated with national
scale-up in coverage of a combination of harm reduction
interventions. PLoS One 2014; 9: €104515.

Cook C, Davies C. The lost decade: neglect for harm reduction
funding and the health crisis among people who use drugs.
London: Harm Reduction International, 2018.

WHO. The 2016 global status report on blood safety and availability.
Geneva: World Health Organization, 2017,

Hutin Y, Hauri A, Chiarello L, et al. Best infection control practices
for intradermal, subcutaneous, and intramuscular needle
injections. Bull World Health Organ 2003; 81: 491-500.

Qureshi H, Bile KM, Jooma R, Alam SE, Afridi HUR. Prevalence of
hepatitis B and C viral infections in Pakistan: findings of a national
survey appealing for effective prevention and control measures.
East Mediterr Health J 2010; 16: S15.

Reeler AV. Anthropological perspectives on injections: a review.
Bull World Health Organ 2000; 78: 135-43.

Gore C, Lazarus ]V, Peck R]J, Sperle I, Safreed-Harmon K.
Unnecessary injecting of medicines is still a major public health
challenge globally. Trop Med Int Health 2013; 18: 1157-59.

UN Sustainable Development Knowledge Platform. Sustainable
Development Goals. 2018. https://sustainabledevelopment.un.org/
sdgs (accessed Aug 9, 2018).

Gountas, Sypsa, 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?
Addict Abingdon Engl 2017; 112: 1290-99.

Fraser H, Martin NK, Brummer-Korvenkontio H, et al. Model
projections on the impact of HCV treatment in the prevention of
HCV transmission among people who inject drugs in Europe.

] Hepatol 2018; 68: 402—11.

Lim AG, Qureshi H, Mahmood H, et al. Curbing the hepatitis C
virus epidemic in Pakistan: the impact of scaling up treatment and
prevention for achieving elimination. Int | Epidemiol 2018;

47: 550-60.

www.thelancet.com Published online January 28, 2019 http://dx.doi.org/10.1016/50140-6736(18)32277-3

11



Articles

12

64

65

66

67

US Centres for Disease Control and Prevention. Increase in
hepatitis C infections linked to worsening opioid crisis.

Feb 19, 2018. https://www.cdc.gov/nchhstp/newsroom/2017/
hepatitis-c-and-opioid-injection.html (accessed May 15, 2018).
Roy E, Arruda N, Bruneau J, Jutras-Aswad D. Epidemiology of
injection drug use: new trends and prominent issues.

Can ] Psychiatry 2016; 61: 136—44.

European Monitoring Centre for Drugs and Drug Addition.
Trends in injecting drug use in Europe. Luxembourg: Publications
Office of the European Union, 2010.

Information Services Division. Scottish drug misuse database:
overview of initial assessments for specialist drug treatment
2016/17. Edinburgh: NHS National Services Scotland, 2018.

68

69

70

71

Hughes CE, Stevens A. What can we learn from the Portuguese
decriminalization of illicit drugs? Br J Criminol 2010; 50: 999-1022.
Heffernan A, Barber E, Cook NA, et al. Aiming at the global
elimination of viral hepatitis: challenges along the care continuum.
Open Forum Infect Dis 2018; 5: 0fx252.

Alcorn K. Australia shows an alternative to rationing hepatitis C
treatment. NAM Aidsmap. June 6, 2016. http://www.aidsmap.com/
page/3061523/ (accessed Nov 20, 2016).

Wylie L, Hutchinson S, Liddell D, Rowan N. The successful
implementation of Scotland’s Hepatitis C Action Plan: what can
other European stakeholders learn from the experience? A Scottish
voluntary sector perspective. BMC Infect Dis 2014; 14 (suppl 6): S7.

www.thelancet.com Published online January 28, 2019 http://dx.doi.org/10.1016/50140-6736(18)32277-3



	Scaling up prevention and treatment towards the elimination of hepatitis C: a global mathematical model
	Introduction
	Methods
	Model structure
	Model calibration
	Intervention scenarios
	Sensitivity analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


