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SUMMARY

Scotland has committed to eradicating Hepatitis C (HCV) by 2030. In order to achieve
this goal, rates of HCV diagnosis, treatment and cure need to be escalated. Given that
those most at risk of HCV infection e.g. people who inject drugs (PWID) often belong to
amarginalised part of society and find it difficult to engage in conventional hospital based

medical care, it is important that diagnosis and treatment initiatives are accessible for all.

The aim of the thesis was to determine the efficacy and cost-effectiveness of HCV
diagnosis and treatment pathways in Tayside. A scoping review (Chapter 2) assessed
models of care (MoCs) utilising direct acting antivirals (DAASs) to identify the key
concepts underpinning their success, especially in underserved populations. Findings
from a systematic review and meta-analysis (Chapter 3) demonstrated the feasibility of
decentralising care and providing local services with reach into communities of people

infected with HCV.

The study presented in Chapter 4 analysed a number of specialised pathways for testing
and treatment of HCV amongst the most at-risk populations. Diagnostic pathways
targeting populations most at risk of HCV are more effective at yielding new HCV
diagnoses than standard pathways. A subsequent cost-effectiveness evaluation of the
pathways (Chapter 5) found that testing in injecting equipment provision (IEPS) and in

primary care were most cost effective.

These tailored diagnostic pathways will also resolve some of the health inequalities
around drug use and provide methods of ensuring entry to treatment. We believe using
targeted testing will find the majority of our undiagnosed population. This will help us to

direct resources and achieve our aim of elimination by 2030.
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CHAPTER 1 - INTRODUCTION

1.1 HEePATITISC

Hepatitis C is a blood-borne infectious disease that is caused by Hepatitis C virus
(HCV). Despite only being discovered in 1989 it has had worldwide impact and is
considered a major public health threat. This is due in the most part to the associated
liver morbidity and mortality, with liver cirrhosis, hepatocellular carcinoma, liver
transplantation and liver disease related death being consequences of untreated
infection. Viral hepatitis is the 7th leading cause of death worldwide. HCV has become
the target of World Health Organisation (WHO) strategy to eliminate the virus as a
global public health threat by 2030.(1)

The virus is transmitted through percutaneous exposure to infected blood although
vertical and sexual transmissions have also been described. In developed countries the
most common risk factor for HCV infection is injecting drug use and therefore
individuals and communities most affected by HCV are amongst the most deprived and

marginalised.(2)

The advent of highly effective all oral antiviral treatment for HCV with direct acting
antivirals (DAAs) offering cure rates of over 95% has revolutionised the landscape of
HCV treatment. Previous modelling studies have demonstrated that it may be possible
to eliminate HCV within the next 15-20 years if we combine curative therapy with
increased diagnosis rates and prevention of new infections.(3,4) This knowledge has
enabled health policy makers to set ambitious treatment targets, which modelling has

suggested will make HCV elimination possible.

The challenge therefore is to identify people at risk, test and diagnose HCV infection
and then engage affected individuals in care to provide treatment and cure. This is no
easy feat in a population who are widely stigmatised and wary of health

professionals.(5-7)

This thesis explores some of the original strategies and models of care used in a health
board in Scotland seeking to re-balance the health inequalities by delivering testing and

treatment to those most at risk.
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1.2 EPIDEMIOLOGY

1.2.1 Globally

Current figures suggest that 71.1 million people worldwide are chronically infected with
HCV,(1) which equates to approximately 1% of the world’s population. Annual
mortality rates are approximately 400,000 due to HCV related liver disease.(1,8)

There are wide geographical variations of Hepatitis C infection rates, with Central and
East Asia, North Africa and the Middle East estimated to have high prevalence (>3.5%);
South and Southeast Asia, sub-Saharan Africa, Central and Southern America, the
Caribbean, Australasia, and Europe having moderate prevalence (1.5%-3.5%); whereas
Asia Pacific and North America have low prevalence (<1.5%).(9) Historically Egypt
has had the highest prevalence due to a widespread anti-schistosomal campaign using
injectable anthelmintics therapy from 1950 to 1980. In 2015 Egypt had a seroprevalance
of 10% and viral prevalence of 7%.(10)

In high-income countries (HIC) the prevalence is generally below 2%. Transmission of
the HCV virus most commonly occurs through injecting drug use or the transfusion of
unscreened blood or blood products. Less commonly transmission due to tattooing,
vertical transmission and sexual transmission also occurs. It is estimated that 8.5% of
global infections (6.1 million), are due to recent injecting drug use. However, this figure
does not include those who have contracted HCV through historical injecting drug
use.(11,12)

In low to middle income countries (LMIC) the HCV prevalence is higher. The primary
sources of HCV infection are the iatrogenic use of non-sterilized medical injection
equipment and infusion of inadequately screened blood and blood products.(13) In
addition ritual scarring and circumcision traditional in some cultures also carries a risk

of HCV transmission if the equipment is re-used or unsterilized.

Approximately 2.3 million people are co-infected with HIV and HCV infections. Co-
infection in predominantly seen in men who have sex with men (MSM) and people who
inject drugs (PWIDs).(14)

1.22 UK
80% of HCV infection in UK is due to intravenous drug use as a consequence of high
risk practices such as sharing needles and other injecting paraphernalia. The remaining

20% is accounted for by blood transfusion (occurring prior to screening by the National
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Blood Service in the early 1990’s), tattoos, body piercing, immigration from high

prevalence countries, and sexual or vertical transmission.

The relative importance of these various risk factors has changed since the virus was
originally identified 20 years ago. Due to the development of effective HCV screening
by the National Blood Service, availability of recombinant clotting factors and the use
of erythropoietin (EPO), rates of new transmission due to transfusion of blood or blood
products in the UK are nearly eliminated. Recent data suggesting the risk estimates of
new HCV infections due to UK given transfusions of blood or blood products range
between 0.1 and 2.33 per million donations.(15) However infection rates amongst IV

drug users continues to remain high.

1.2.3 Scotland

Recent estimates suggest 21,000 people in Scotland are living with chronic HCV
infection.(16) 90% of infections were acquired through injecting drug use.(17)
Approximately half (10,500) have been diagnosed to date. Diagnosis rates have fallen in
recent years, despite high levels of testing. 1423 people were newly diagnosed as HCV
antibody positive during 2018-2019, which is the lowest number since 1996.(18)
Among PWIDs the rate of recent infections (i.e. acute HCV infection) was 2.3% for the
year 2017-18.(19)

1.2.4 NHS Tayside health board region

As of December 2018, the total number of people ever diagnosed with HCV in the NHS
Tayside health board area was 3624. 76% (2771/3624) were thought to be alive and
resident in Tayside. Of the 2771, it was estimated that 750 people were living with
chronic HCV and as in the rest of Scotland the predominant risk factor was injecting
drug use. 105 new patients were diagnosed in 2018 (a reduction from previous years
with diagnosis rates of 125, 127, and 195 for the years 2017, 2016 and 2015
respectively) which directly reflects the increased treatment and HCV prevention

activity in the region over this time period.(19)

1.3 NATURAL HISTORY

1.3.1 Virology

HCV is a single stranded, positive-sense, ribonucleic acid (RNA) virus of the
Flaviviridae family.(20) There are seven known genotypes with sixty seven sub types
identified with further sub types as yet unclassified.(21) Genotypes vary in their
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geographical distribution mostly due to viral evolution, but also due to the effect of
migration and in the case of Genotype 4 in Egypt, the unintended consequence of mass
schistosomiasis eradication attempts. Genotype 1 is the most prevalent both worldwide
and within the UK, followed by genotypes 2 and 3. Genotypes 4, 5 and 6 are rarely
encountered in the UK. Until the introduction of pan-genotypic treatment regimes, HCV
treatment was genotype specific, requiring confirmation of genotype before treatment
was prescribed. For economic reasons this remains the case for the majority of infected
individuals.(22)

There are two phases of HCV infection; acute and chronic. The incubation period for
the virus ranges between 15-150 days before onset of clinical symptoms. Symptoms in
acute hepatitis C infection are typically mild and non-specific.(23) It is rare that the
symptoms of malaise, nausea, abdominal pain and flu-like symptoms are recognised as
being due to hepatitis C. Only 20% present with clinical jaundice. On average 15-25%
of patients clear the virus within these first 6 months of acute infection.(24) Studies
have shown that female sex, symptomatic infection and high bilirubin levels are all
positive indicators for spontaneous clearance of the virus in the acute phase and
correspond to a clearance rate of up to 45%.(25) The remaining 80-85% who have viral
persistence beyond 6 months are deemed to have chronic Hepatitis C infection.

People may remain undiagnosed until end stage liver disease occurs with complications
such as cirrhosis, decompensated liver disease and hepatocellular carcinoma.(26) Once
in the chronic phase, the rate of liver disease progression varies among patients. It is
generally a slowly progressive disease characterised by persistent hepatic inflammation
leading to the development of cirrhosis in approximately 20-30% of patients over 20—
30 years of HCV infection.(24)

Once cirrhosis has developed there is a 1-5% annual risk of HCC and a 3-6% annual
risk of hepatic decompensation.(23) HCV accounts for 40% of all chronic liver disease
and is a leading cause of transplantation worldwide.(27) Historically up to 21% of all

liver transplants in the UK occurred in patients with chronic HCV infection.(28)

Transplantation has some inherent shortcomings including; high costs, limited access,
and 10 year post transplant survival rates of approximately 67.9% in patients with liver
failure secondary to HCV infection.(28,29) A recent Japanese study showed that liver

transplantation for HCV related complications was associated with a poorer outcome
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compared to other indications with a 10 year survival of 50.8% for HCV infected

recipients compared with 87% for non HCV infected recipients.(30)

Factors that influence the rate of HCV disease progression include increasing age, male
sex, higher amounts of alcohol consumption, and co-existent steatosis. HIV co-infection
Is associated with a markedly increased rate of disease progression over and above other

risk factors.

The future burden of the disease is uncertain however, as the population of undiagnosed
people infected with HCV is aging. In Europe the seroprevalence of HCV increases
with age to a peak of 55-64 years.(9) This is particularly pertinent as it is likely that the
HCV transmission was historical and they will therefore be at risk of cirrhosis, HCC
and liver related death. Given the historical risk factor, they may be unaware of their “at

risk” status and will potentially present to medical services with advanced disease.

The sexual health and blood borne virus framework collects data on patients with
advanced liver disease at diagnosis in Scotland who either die or are hospitalised. This
number fell for the first time in 2017 with 139 new diagnoses, in contrast to 171 and
169 in previous years. A further drop was noted in 2018 with 103 cases. This is an
indication that the landscape of HCV is changing with interventions such as enhanced
testing enabling earlier diagnosis and treatment and avoidance of the long term

complications.(19)

1.4 DIAGNOSIS

Diagnosis of chronic HCV infection is mostly incidental or through targeted testing as
the condition is asymptomatic in up to 80% of cases due to non-specific symptoms at

the time of infection as previously discussed.

1.4.1 Screening and diagnostic tests

1.4.1.1 Antibody testing

The detection of antibodies to HCV is the initial test to determine whether someone has
active HCV infection. A positive anti-HCV test indicates that the person may be
actively infected, may have spontaneously cleared the infection, or the result may be a
false positive. It is typically performed on venous blood obtained via venepuncture by a
trained healthcare professional. In NHS Tayside, samples are processed via the
detection of HCV antibodies (anti-HCV) by enzyme-linked immunoassays (EIA). By

the third generation of an enzyme-linked immunoassay (EIA) the window period
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between infection and ability to identify the infection was 2-3 weeks.

Immunocompromised individuals may not develop antibodies.(31)

1.4.1.2 RNA testing

Following HCV antibody positivity, active infection is confirmed using RNA testing.
This is also used as a screening test for patients who are known to be antibody positive
to detect the presence of subsequent infections. Nucleic acid testing for HCV RNA is
standard of care. This involves conducting a Polymerase Chain Reaction (PCR) test to
determine presence of viral RNA, indicating an active infection. It also quantifies the
viral load (i.e. number of copies of the virus present in the blood sample), which can be
useful in formulating treatment decisions. Viral RNA can be detected within one to two

weeks of infection.(31)

1.4.1.3 Dried blood spot (DBS) testing

DBS testing involves fingertip capillary sampling, using a lancet, which is a relatively
non-invasive method of sampling. The blood is dropped onto specialist filter paper
(Whatman 903 Protein Saver), which enables stable, easy storage and transport. The
paper can then be analysed for both anti-HCV antibody using EIA (sensitivity and
specificity approaching 100% (32)) and HCV RNA. In order to conduct an anti-HCV
antibody test, three of the five circles on the filter card must be filled. To conduct a
HCV RNA test, all five circles must be filled. Each circle holds approximately 75ul of
sample. In NHS Tayside, the laboratory infrastructure enables antibody testing of DBS
samples across multiple BBVs including HCV, but if a HCV PCR test is requested via
this testing method it must be sent to a remote laboratory for analysis. NICE guidelines
recognise that HCV testing using DBS may be more acceptable to the target population
particularly if obtaining venous bloods through venepuncture is difficult or the
individual is needle phobic. DBS has high sensitivity and specificity, so is a good
alternative in non-hospital settings as non-clinical persons can be taught to safely utilise
DBS testing.(33)

1.4.1.4 Genotyping

If active infection is confirmed, it is current practice to genotype the infection. As
previously mentioned genotypes 1, 2 and 3 are the most common in Scotland.
Treatment course and length currently depends on the genotype isolated. Pangenotypic
antivirals are now available but are more expensive than the genotype specific antiviral
regimens. Economic considerations often mean that genotype specific treatment is used

and the pangenotypic regimens are currently saved for situations where waiting for a
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genotype result will cause an unacceptable delay in starting treatment and/or risk non

engagement.

1.4.1.5 Oral fluid testing

The sensitivity and specificity of oral fluid testing is reduced compared to the gold
standard venepuncture or DBS. However it does offer a viable alternative in individuals
who are needle phobic or difficult to obtain venous samples from. As oral fluid testing
will only give an anti-HCV results, positive tests need to be followed up with
venepuncture for PCR.

1.4.1.6 Point of care testing with Cepheid GeneXpert

Point of care testing allows HCV testing using only a capillary blood sample without
the need for a remote laboratory to process samples. The Cepheid GeneXpert utilises
automated reverse transcriptase polymerase chain reaction (RT-PCR) using
fluorescence to detect and quantify RNA. It can detect and quantify HCV genotypes 1-6
over the range of 10 to 100,000,000 IU/mL. It has a 105 minute run time for sample
processing. It has a sensitivity of 95%.(34,35) It is useful in non-hospital settings such
as Prisons, drug treatment centres and community based clinics where a one-stop-shop

approach could be utilised thereby reducing people lost to follow up.

1.5 ASSESSMENT

After an individual is diagnosed with chronic hepatitis C infection they should undergo
assessment to ascertain the presence and degree of liver fibrosis. Additional blood
sampling should also be performed to detect any associated conditions or consequences
of HCV infection. These include screening for other blood borne viruses such as
Hepatitis B and HIV infection and sexually transmitted infections if sexual transmission
is suspected. Kidney function should be assessed by measuring urea and electrolytes.
Indication of underlying fibrosis and cirrhosis might be seen with a prolonged
prothrombin time and elevated liver blood tests. A low platelet count is an indication of
portal hypertension, a recognised complication of cirrhotic liver disease. Individuals
with advanced fibrosis or cirrhosis may be asymptomatic and have normal blood tests.
The staging of fibrosis is a vital component of the assessment as it impacts upon
treatment options, treatment length and cure rates. Detection of fibrosis will also
determine whether additional evaluation is required such as variceal and hepatocellular

carcinoma screening.
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Modalities of assessing liver fibrosis have evolved since HCV was first discovered.

These include invasive and non-invasive methods.

1.5.1.1 Invasive fibrosis scoring
The gold standard for assessing presence and degree of fibrosis is the liver biopsy.
Severity of fibrosis is reported using the METAVIR scoring system.(36)
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Table 1.1. The METAVIR fibrosis scoring system. Biopsy samples are assessed for
degree of activity (inflammation) and fibrosis.

Activity | AO Al A2 A3
No activity Mild activity | Moderate Severe
activity activity
Fibrosis | FO F1 F2 F3 F4
No fibrosis Portal fibrosis | Portal fibrosis | Numerous Cirrhosis
without septa | with few septa without
septa cirrhosis

However liver biopsy has some significant drawbacks including: complications such as
bleeding, pain and rarely death; unacceptability to some individuals; small sample size
can result in sampling variation and over or underestimation of fibrosis; inter- and intra-
observer variability. These different factors and serious complication risks make serial
liver biopsies to determine progression of fibrosis or response to HCV treatment

impractical.

1.5.1.2 Non-invasive fibrosis scoring

In recent years non-invasive methods of measuring liver fibrosis have been used more
widely. The various methods give an approximation of liver fibrosis based on the
METAVIR fibrosis score, although as non histological methods degree of fibrosis is an
approximation. Degree of fibrosis is reported as FO (no fibrosis), F1 (mild fibrosis), F2

(moderate fibrosis) F3 (advanced fibrosis) and F4 (cirrhosis).

Serological tests have the benefit of being widely available and can be repeated to
enable longitudinal evaluation of liver fibrosis in the context of HCV infection. The
FIB4 score uses indirect markers of hepatic fibrosis and consists of a combination of
platelet count, AST, ALT and age. Studies have shown it demonstrates good

predictability of excluding advanced fibrosis in individuals with HCV.(37,38)

The European Liver Fibrosis panel (ELF score) measures direct markers of hepatic
fibrosis including hyaluronic acid level, amino-terminal propeptide of type 111 collagen
level, and Tissue inhibitor of metalloproteinases-1 (TIMP-1). This propriety panel of
serological tests has demonstrated good sensitivity and specificity of detecting advanced

fibrosis.

Transient elastography (TE / FibroScan) is a method of determining liver stiffness using
shear wave imaging. As shear waves move through the liver their propagation is
measured. Increased liver stiffness correlates with increased fibrosis. TE is relatively

quick, painless and has a high patient acceptance.
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In Tayside all three methods of fibrosis assessment have been used over the years.
Initially only liver biopsies were available, then transient wave elastography
(FibroScan) and more recently a combination of FibroScan and the FIB4/ELF scores
have been used. This combination of serological tests and elastography assessment has

helped to reduce the number of patients with indeterminate fibrosis scores.

1.5.1.3 Treatment

The goal of treatment of chronic HCV infection is eradication of the HCV virus,
regression of fibrosis and a reduction in the development of liver related (hepatic
decompensation and portal hypertension) and non-liver related complications (improved
quality of life, removal of social stigma, and prevention of onward transmission)

resulting in longer and symptom free survival.(39)

Current international guidelines recommend treatment for all people with hepatitis C
infection, if they are willing to be treated and taking into account any life-limiting non-

liver related conditions, which may negate anti-HCV therapy.(39,40)

The aim of therapeutic intervention in Hepatitis C is a viral eradication or sustained
virologic response. A sustained virologic response (SVR) is defined as an absence of
detectable (<101U/mL) HCV RNA using PCR 12 weeks after cessation of antiviral

treatment.

Successful viral eradication improves the morbidity and mortality associated with HCV

infection and aims to improve quality of life.

1.5.2 Therapies pre-direct acting antivirals

Prior to 2015 Interferon therapy was the mainstay of HCV treatment. Initially as a
solitary agent, then later as Pegylated Interferon (PegINF) in combination with
Ribavirin (RBV).

PegINF/RBYV has a wealth of adverse effects up to 85% of patients experience “flu-like”
symptoms and 25-30% report neuropsychiatric symptoms. Other common symptoms

include fatigue, irritability, depression and anxiety.

Historically treatment guidelines excluded PWIDs from treatment due to concerns about
treatment engagement, adherence and risk of re-infection. Latterly clinical studies
showed that PWIDs treated with PEG interferon/ribavirin achieved equivalent SVRs to
non-PWIDs.(41)
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1.5.3 Direct acting antiviral era of treatment
Greater understanding of the Hepatitis C virus structure, lifecycle and enzymes led to
the discovery of Direct Acting Antivirals (DAAS).(42) Initially the first generation
protease inhibitors were combined with PEGylated Interferon and Ribavirin to improve
SVR rates. Latterly second generation DAA’s were combined to form Interferon free
regimes. The combination regimens of DAAS provide cover across genotypes, increase
SVR rates and reduce viral resistance. Currently there are many DAAs approved for
HCV treatment, which are classified according to their chemical structure: protease NS3
inhibitors (boceprevir, glecaprevir, grazoprevir, paritaprevir, simeprevir, telaprevir,
voxilaprevir), NS5A serine protease inhibitors (daclatasvir, elbasvir, ledipasvir,
pribrentasvir, velpatasvir), NS5B RNA-dependent RNA nucleoside polymerase

(sofosbuvir), and non-nucleoside polymerase inhibitors (dasabuvir).(43)

The safety profile and tolerability of DAASs has greatly widened their scope of use.
DAA’s have also proved to be effective in people with cirrhosis (16)., those who are
treatment experienced and those co-infected with HIV, which historically have been
difficult to treat populations. With clinical studies consistently showing SVR rates
>95% and real world data matching this efficacy, the possibility of eradicating HCV has

a chance of being realised.(44)

1.6 HCV VACCINE

An effective vaccine for Hepatitis C does not currently exist. It is clear that a successful
vaccine would prevent transmission and significantly reduce the burden of HCV liver
disease. A partially effective vaccine would also convey benefit by improving immune
response to reduce the transmission rate or boost the proportion of people able to clear
the virus after initial infection.(45) There is evidence to suggest that PWIDs who clear
the infection are less likely to become re-infected(46,47) and spontaneous clearance
rates are higher following a second infection than a primary infection suggesting there is

some acquired immunity after initial HCV infection.(48)

Although there has been significant interest in developing a HCV vaccine the
complexity of the HCV virus is a major challenge which has not yet been overcome.
Scotland is dedicated to clearing the HCV virus through treatment. There may be a
place for a HCV vaccine in prevention of re-infection for those at highest risk or in
those countries who do not achieve HCV elimination through treatment.
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1.7 PoLicy

In 2016, the World Health Organisation promoted a global hepatitis strategy to
eliminate viral hepatitis as a public health threat by 2030. In order to achieve this,
ambitious targets were set including: a 90% reduction in incident cases of hepatitis C
and a 65% reduction in mortality.(49) To reach these targets, 80% of treatment-eligible
individuals with chronic HCV need access to be engaged in care and commenced on

treatment.



Phase 1
Treat 500 Increase Increase
Awareness people/year annual annual
raising \ /_ 2008.09 \ treatment treatment
2006- rates to 1500 rates to 3000
2008 Increase . <5000
Information annual Lift chronically
gathering treatment trea?m_ent infected by
rates to 1500 restrictions 2024

Figure 1.1. The Scottish Government invested in the hepatitis C action plan in 2008 to direct the countries HCV elimination strategy.
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In 2006, the Scottish Government developed a Hepatitis C action plan as detailed in
Figure 1.1, to direct national HCV elimination efforts. During 2018-19 NHS Scotland
exceeded the target to treat more than 1500 people annually (2609 treated), and the
Scottish health secretary has made a commitment to increase annual treatment numbers
to 3000 by 2021.(16,50) By outstripping the number of new infections with people
treated and cured this enables significant headway towards reducing the pool of infected

people and eventually eradication.

1.8 HEPATITIS C CASCADE OF CARE

A cascade of care (CoC) refers to the movement of patients infected with an illness
between stages of an infection. For example, in HCV most CoCs will depict disease

prevalence, diagnosed persons, those who have accessed treatment and those cured.

It is expected that there will be a degree of attrition as people move through the cascade:
As not all people with the illness will be aware of their risk factors or attend for testing;
not all with a positive diagnosis will engage with services or comply with treatment and

even if everyone infected access treatment, not everyone will achieve cure.

Analysing cascade of care for specific areas can be useful in determining where health
and social services can direct efforts: to improve rates of disease detection, improve
access to care, increase drug availability for treatment or improve concordance with

treatment to yield a cure.

In Tayside, we have analysed our cascade of care and can see the benefit of previous
interventions in improving the proportion of people moving through the cascade, for
example streamlining and simplifying the referral and assessment processes prior to
starting treatment and making treatment available in both the community and secondary
care settings and these interventions are examined later in this thesis. The cascade of
care also continues to inform points in the pathway where there are systematic shortfalls
and additional input is required. As we move towards achieving elimination of HCV on-

going analysis of our strategies is vital to ensure we remain on target.
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Figure 1.2. A cascade of care for NHS Tayside between 2015 and 2019.
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Figure 1.2 depicts NHS Tayside’s cascade of care between 2015 and 2019. The
prevalence figure is an estimate assuming 0.55% positivity rate for the Tayside
population. The cascade shows a reduction in patients diagnosed with Hepatitis C over
the 5 year stretch. The year on year rate of new diagnosis varies slightly, but does not
account for the reduction in overall diagnoses. The light blue colour represents
individuals with an existing diagnosis and the dark blue colour represents individuals
who were newly diagnosed that year. The treatment column shows the proportion of
those with a HCV diagnosis who were treated each year. The light purple colour
(previous diagnosis treatment) represents individuals who had been diagnosed in
preceding years, whereas the dark purple colour (new treatment) shows those who were
treated in the same year of diagnosis. It is important to note that both newly diagnosed
individuals and people with a previous diagnosis were started on treatment suggesting
that the treatment pathways are accessible for both new and previously diagnosed
individuals. The proportion of people with HCV who achieve cure closely maps those
started on treatment. This is both a reflection of the efficacy of the DAAs and the
concordance with treatment exhibited by the individuals cured. As the numbers of
patients diagnosed with HCV and awaiting treatment falls we will move closer to

elimination.

1.9 BARRIERS TO CARE
There are significant barriers to care at patient, provider and system levels for PWID.
Individual-level barriers included:

e perceived lack of need

¢ limited knowledge of HCV and potential complications

e competing priorities (e.g., avoiding opioid withdrawal, securing shelter beds).
Interpersonal-level barriers included:

e stigma

e perceived low quality of care for PWID.
Systemic-level barriers included:

o difficulty navigating healthcare systems

e limited number of sites for testing and treatment delivery
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¢ inadequate transportation

These barriers are illustrative of what can prevent the undiagnosed population having

access to testing and, if required, treatment. People who engage in substance misuse are
often amongst the most marginalised in society and are subject to the on-going negative
effects of stigma, discrimination and criminalisation related to their lifestyles, which can

both cause and exacerbate multiple complex health and social needs.

The World Health Organisations’ guidelines for the care and treatment of persons
diagnosed with chronic HCV denote good practice principles for health service delivery.
These include strategies to strengthen linkage from testing to care, simplified service
delivery models, integration with other services, decentralised services supported by
task-sharing and community engagement.(40) These guiding principles were considered
carefully when designing the interventions put in place in NHS Tayside since
committing to HCV elimination by 2030. The implementation of these strategies were
premised on the understanding that they should improve access to testing and care, as
well as lessen the adverse effects of health and social inequalities that PWID

experience.

With the availability and reliable efficacy of DAAs we have the necessary tools to treat
HCV. Outdated diagnosis and treatment pathways do not adequately serve the majority
of people living with HCV who require treatment. We need to focus on treatment
accessibility and delivery rather than drug effectiveness to make a meaningful impact on
the HCV epidemic.

1.10 THESIS AIMS

As recognised by the World Health Organisation, Hepatitis C is now eminently treatable
and healthcare systems should be devising strategies to treat and cure those individuals

with Hepatitis C infection.

Scotland has devised an action plan with clear aims for the numbers treated and cured of

the infection in order to reach elimination targets within the next 5 years.

This thesis aims to explore the strategies required to find and diagnose all those infected
with HCV in the Tayside Health Board.

There are four main aims:
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Review of the relevant literature to identify the aspects of HCV models of care

that promote diagnosis, treatment and cure

Review the relevant literature to evaluate the efficacy of community and primary
care based HCV testing and treatment services using direct acting antivirals

Evaluate the different testing and treatment pathways currently in use in NHS

Tayside with a view to establishing the most effective pathways

Identify the most cost effective pathway(s) in NHS Tayside providing testing
and treatment for HCV positive individuals
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CHAPTER 2 — SCOPING REVIEW OF MODELS OF CARE

This chapter is a revision of a paper entitled “We know DAAs work, so now what?
Simplifying models of care to enhance the Hepatitis C cascade” published in the Journal
of Internal Medicine in 2019.(44) I, along with two co-authors carried out the literature
search for models of care and prepared the tables. All authors contributed to the final
manuscript, reviewed the full draft of the article, subsequent revisions and approved the

final version for submission.

I revised the published paper including an updated literature search for this chapter.

2.1 SUMMARY

Several models of care (MoCs) and service delivery interventions have the potential to
improve outcomes across the HCV cascade of care (CoC), but much of the relevant
research was carried out when interferon-based therapies were the standard of care.
Often it was not practical to scale up these earlier models and interventions because the
clinical care requirements for patients taking interferon-based regimens would have
imposed significant financial and human resource burdens upon healthcare systems. In
addition, low rates of treatment uptake and cure with interferon based regimens would

not have been addressed with expansion of existing models of care.

Despite the adoption of highly effective, all-oral direct-acting antiviral (DAA) therapies
in recent years, approaches to HCV testing and treatment have evolved slowly and often
remain rooted in earlier health service delivery models. The effectiveness of DAAs
allows for simpler models of care and has encouraged countries where DAAS are widely
available to set their sights on the ambitious World Health Organization (WHO) HCV
elimination targets. Since a large proportion of chronically HCV-infected people are not
currently accessing treatment, there is an urgent need to identify, evaluate and
implement existing simplified MoCs. Particularly those MoCs, which address specific
sub-populations’ needs. The goal of this scoping review was to assess the evidence on
MoCs utilising DAAs and identify the key concepts underpinning the simplification of
pathways and explore how these are deployed in the different contexts of the provision
of HCV therapy. Elucidation of these issues, resulted in the development of a road map
enabling stakeholders to simplify the path taken by chronically HCV-infected

individuals from testing to cure and subsequent care and monitoring.
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2.2 INTRODUCTION

Although HCV became a highly curable disease with the introduction of all-oral direct-
acting antiviral agents (DAAS) in 2013, most countries have been slow to provide
unrestricted access to these life-saving drugs(51-53) and thus decrease the disease’s
spread(54) and reduce its prevalence.

In reality, global elimination of HCV will require major increases in services for all
affected populations along the entire cascade of care, including testing, linkage to care,
retention in care, treatment, chronic care and prevention of primary infection and

reinfection.

In 2013, Bruggmann and Litwin found that, whilst HCV treatment had been
successfully delivered to many people, through various multidisciplinary models, few
treatment settings were adapted to the needs of people who inject drugs (PWID).(55)
PWID who have previously engaged with services, e.g. with drug treatment services or
are established on opioid substitution therapy, are often those who are most motivated
to seek out health services. PWIDs without this history of engagement and who are
more marginalised find accessing healthcare difficult. In order to deliver HCV treatment
to all those who require it, especially PWID and other marginalised high-burden
populations, such as migrants and the homeless, distinct models of care (MoC) for are
required for each setting. These MoCs should specifically target at risk populations
whilst taking advantage of the ease of use that characterises DAA therapy. This is a
rapidly changing field as the ease of use of DAAs combined with high cure rates has

greatly expanded the repertoire of treatment delivery options.

There is a wide range of community sites and care providers detailed in this review, and
even more community based models of care that did not meet the inclusion criteria. This
heterogeneity is actually desirable as it indicates that care providers are utilising a wide
variety of measures to treat this global problem affecting mostly marginalised

communities.

In this scoping review, we use MoC to signify a setting-specific framework that outlines
how to provide the relevant services and interventions throughout the HCV cascade of
care. A MoC should address four key questions: where to provide the services, what

services to provide, who to provide them and how to integrate them.
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Selection of new models of hepatitis C care presented in this review

e Nurse-led

e Telemedicine

e Multidisciplinary (including non-medical personnel in the core team, e.g.
social workers, case managers or psychologists)

e Pharmacist-led

e Mobile van units

Figure 2.1. List of the different types of new models of hepatitis C care explored and
presented in this review.

2.3 METHODS

This scoping review was conducted according to the scoping review methodological
framework as described by Arksey & O'Malley.(56) The framework consists of six key
steps; 1. Identify the research question, 2. Identify relevant studies, 3. Study selection,
4. Chart data, 5. Collate, summarize, and report results. The Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed.

2.3.1 ldentifying the research question

In this review, our research aim was to answer the question of how to provide HCV
infected PWIDs with relevant services and interventions throughout the HCV cascade
of care. We wanted to evaluate existing MoCs to identify setting-specific frameworks
that demonstrate these services and interventions. The aim was to address four key
questions: where to provide the services, what services to provide, who to provide them
and how to integrate them. This research question was refined using PICOS criteria and
was intended to provide a broad overview to allow extensive coverage of the MoCs in
use globally and explored comparisons between interventions, programs and approaches

in delivery of Hepatitis C care.

Study populations of people with chronic Hepatitis C were included, those co-infected
with other blood borne virus infections were excluded as their additional care needs
were likely to add complexity to MoCs and therefore not be broadly applicable to
individuals living with chronic HCV infection. Studies published after 2014 were
included to capture literature on MoCs utilising DAAs. MoCs including interferon and
ribavirin-based treatment regimens as the primary intervention were also excluded for

this reason. Studies were restricted to the English language since study resources
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precluded any translation activities. Published studies were utilised including
conference abstracts, in order to capture results from early studies when the first DAAS

were introduced into practice.

Outcomes were wide ranging and included studies which demonstrates awareness
raising and prevention, testing and diagnosis, treatment, linkage to care and access to

medications to ensure coverage of the cascade of care.

Sources included electronic databases, reference lists, hand searches, and gray literature

including conference abstracts and presentations.

The PICOS elements for this review were as follows:

Table 2.1. Elements of the PICOS question defined for this review.

Inclusion Exclusion
Population | Infected with chronic hepatitis C Studies published pre 2014
Studies published after 2014 Co-infection with other blood
borne virus’
Intervention | Provision of hepatitis C treatment in any | Treatment with ribavirin /
Model of Care interferon regimes as the primary
Treatment using any direct acting intervention
antiviral therapy Solitary interventions
Care provider could be any health care

provider.

Comparison | Care in any hospital or secondary care
environment or no comparison group.

Outcome Awareness and prevention, testing and
diagnosis, linkage to care, access to
medications,

Study Observational studies, retrospective or Case studies; qualitative and
design prospective cohort studies, randomised mixed methods studies
trials; conference abstracts; systematic
reviews

2.3.2 ldentifying the relevant studies

The models of HCV care were selected by reviewing the peer-reviewed literature in the

PubMed/Medline database. The following search terms were used:

(HCV[AII Fields] OR ("hepatitis c"[MeSH Terms] OR "hepatitis c"[All Fields] OR
"hepacivirus"[MeSH Terms] OR "hepacivirus"[All Fields])) AND model[All Fields]
AND s[All Fields] AND care[All Fields]

Abstracts and presentations from The Liver Meeting of the American Association for
the Study of Liver Diseases (AASLD 2018); European Association for the Study of the
Liver International Liver Congress (EASL ILC 2018 and 2019), and the International
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Network on Hepatitis in Substance Users (2018) were also examined for the following

terms:
“models of care”, “hepatitis C”, “HCV”, “public health”

2.3.3 Study selection

The results were limited to studies in English, which were published between 2014 and
2019. References and associated bibliographies were also examined for further relevant
articles.

The literature search was conducted by three independent reviewers (ER,JC,CP) who
identified 71 abstracts that reported studies of new models of care to address HCV that
had measurable outcomes. All three reviewers (CP, JC and ER) screened the results of
the literature search. At the end of the initial screening process, the three reviewers
discussed any conflicts or uncertainties. JL was with arbitrator for any

conflicts/uncertainties that we were unable to resolve amongst the three reviewers.

An additional search through publications and recent conference abstracts was carried
out independently by all three reviewers. Inclusion of additional studies was reviewed
and verified by all three reviewers.

Tables were prepared to collate the outcomes from the included literature. All
comparable aspects of the MOCs were identified and populated the tables. For example
providers of MOC:s, setting of MOCs and aspect of the cascade of care covered by the
MOC.

We divided collation of the tables between us. Every table and its contents were
assessed and reviewed by at least two reviewers to ensure agreement. The tables were

then reviewed by JL and amended as required to ensure clarity.

Prior to the analysis all three reviewed re-assessed the tables to ensure there were no

discrepancies or missing data.

2.3.4 Charting the data

The characteristics and findings of the included studies were summarised and structured
using tables. Due to the heterogeneity of the topic data synthesis and interpretation a
descriptive approach in place of a more systematic data extraction was used allowing
for post-hoc development of inclusion/exclusion criteria and data synthesis in terms of
the value yielded by qualitative or quantitative analysis of results. Utilising the

completed tables, we were able to draw conclusions based on what aspect of the model
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of care was demonstrated. When collating, summarising and reporting the results an

analytic narrative account of existing literature was performed.
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Figure 2.2. Flow chart of studies included in the scoping review.

Figure 2.2 shows the flowchart of studies initially identified through database searching,

screened to select appropriate studies and then assessed for eligibility. 71 studies were

deemed to fulfil the PICOS criteria and were analysed in this scoping review.

Characteristics and findings of included studies are set out in Table 2.2.
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2.4.1 Desirable elements in models of care

2.4.1.1 Simplicity

Simplicity is key to the scaling up of interventions and is widely considered a predictor
of its success.(57-60) Fortunately, because DAAs have few side-effects and can be
administered orally, MoCs designed to optimise DAA delivery are much simpler than
those designed for PEGylated interferon treatment, which required more pre-treatment
work up (e.g. pre-treatment liver biopsy, HCV genotyping, psychiatric assessment), as
well as intensive monitoring and dose modification. Other elements that contribute to
simplicity include effective linkage to care and the targeting and integration e.g. co-
location of services.(61) Whilst having services co-located makes linkage and retention
into care easier for patients, it often create more difficulties for health services to
provide resources for testing and treatment especially if outwith a secondary care

environment.

2.4.1.2 Population targeted

Targeting is also essential, delivering interventions to high prevalence or high-risk
populations allows for economies of scale. Populations with identifiable risk factors
may be accessible for testing and treatment in specific locations e.g. prisons and needle
exchange centres. A concerted effort and often more resources are required to test
members of hard-to-reach at-risk populations. Outreach has been used effectively to
approach specific groups within their own milieu rather than waiting for them to present
at healthcare facilities. Table 2.2 presents the ten populations identifies and addressed
by the respective MoC studies identified in this scoping review. Of the 71 studies that
we reviewed for this paper, 42 specifically targeted the PWID population.
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Table 2.2. Categories of populations at risk of HCV infection addressed in the identified models of care.

Populations (n)

Country

N. of study (see appendix)

PWID/ on OST
(42/3)

Australia; Belgium; Canada; Denmark;
France; Georgia; Greece; Ireland;
Norway; Portugal; Spain; Switzerland;
UK; USA

Papaluca et al. (1), Alimohammadi et al. (2), Remy et al. (3). Bourgeois S et al. (4), Chronister KJ et al. (6),
Valencia JA et al. (7), Liberal R et al. (8), Inglis SK et al. (10), Ford MM et al. (11), Borojevic M et al. (12),
Peters L. (13), Williams B et al. (14), Saludes V et al. (15), O’Loan J et al. (16), Grebely J et al. (17), Norton et
al. (30), Morris et al. (31), Schulkind J et al. (33), Saludes V et al. (34), Radley A et al. (35), Alam Z et al. (37),
Sypsa V et al. (40), Kugelmas M et al. (42), Howell et al. (43), Kraichette N et al. (44), Greenan S et al. (45),
Ryder N et al. (46), Doyle J et al. (47), Bielen R et al. (48), Stvilia K et al. (49), Mitchell S et al. (50),
Thompson H et al. (51), Lamond S et al. (53), Sinan F et al. (54),Midgard H et al. (56), Berger SN et al. (57),
Read P et al (60), Mason K et al (62), Hashim A et al (63), Treloar C et al (64), Chronister KJ et al (65), Linnet
et al (65), Barror S etal. (66), Simoes D et al. (68), Nouch S et al (69), Scherer ML et al. (71)

Specifically OST: Inglis SK et al. (10), Radley A et al. (35), Bielen R et al. (48)

General population
(20)

Australia; Canada, Egypt; India; Mexico;
Pakistan; USA

Balcomb A (5), Ford MM et al. (11), Trooskin et al. (18), Chiong F et al. (23), Cooper et al. (24), Capileno et
al. (25), El-Akel et al. (26), Kattakuzhy et al. (29), Dhiman RK et al. (36), Shiha G et al. (38), Shiha G et al.
(39), Greenan S et al. (45), Ryder N et al. (46), Thompson H et al. (51), Perez Hernandez JL et al. (52),
Lamond S et al. (53), Naveed A et al. (55), Koren D et al. (59), Sokol et al (61), Nouch S et al (69)

Prisoners (11)

Australia; France; Ireland; Portugal;
Romania; Spain; Sweden; UK

Papaluca, Remy Al et al. (3), Liberal R et al (8), Cuadrado A et al (9), Inglis SK et al. (10), Vroling H et al.
(20), Olsson A et al. (21), Bartlett SR et al. (22), Overton et al. (41), Barror S et al. (66), McDonald L et al. (70)

Homeless (7)

Australia; Canada, France; Romania;
Scotland; Spain; UK

Alimohammadi A et al. (2), Remy AJ et al. (3), O’Loan J et al. (16), Grebely J et al. (17), Hashim A et al.
(28), Macbeth K et al. (32), Barror S et al. (66)

Sex workers (5)

Australia; Ireland; Italy; Romania; Spain;
Portugal; UK

Chronister KJ et al. (6), Read P et al. (60), Barror S et al. (66), Teti E et at. (67), Simoes D et al. (68)

Migrants (3)

France, Portugal

Remy AJ et al. (3), Saludes V etl al. (34), Simoes D et al. (68)

People with mental
health issues (2)

Canada, France

Mason K et al (62), Remy Al et al. (2)

Other (reviews) (2)

Multi-country reviews

Pourmarzi et al. (19), Wade et al. (27)

Veterans (1)

USA

Fleming BS et al. (58)

MSM (1)

Portugal

Simoes D et al. (68)

Abbreviations: PWID — Persons who inject drugs; OST — Opiate substitution therapy: MSM — Men who have sex with men.
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2.4.1.3 Ease of testing
Among PWID and other vulnerable populations, rapid testing with quick turn around
times e.g. point of care testing has been shown to substantially increase coverage and
referral rates(62—64). To date, many services have not been developed for vulnerable
populations such as the homeless, PWID and prisoners, which must accommodate the
numerous social factors(65-68) that contribute to poor quality of life and poor social
functioning(69,70) in addition to health inequalities(71).

2.4.1.4 Access to treatment

It should be emphasised that HCV treatment should be offered based on clinical rather
than social factors or injecting-related behaviours.(72,73) It is necessary to remove
obstacles which prevent HCV treatment delivery to PWID. In particular, several studies
demonstrate that acceptable outcomes are achieved in people who continue to inject
drugs whilst receiving HCV treatment, and outcomes that are just as good in people on
opiate substitution therapy as in people who do not inject drugs.(74-76) At
governmental level it is paramount that policies are supportive of these endeavours,(77)
since restrictive drug policies and the criminalisation of drug use not only drive much of
the HCV epidemic amongst PWID(78) but also discourage PWID from accessing, harm
reduction services, HCV services and drug treatment services.(79) Harm reduction
services can offer HCV testing, enabling testing to occur in community facilities and
allowing PWID easy access to testing. Many PWID may not otherwise be able to access
testing. Equally as OST clients can pick up their OST prescription daily, this offers an
opportunity to dispense DAAs daily to this cohort and therefore support clients through
their HCV treatment and encourage concordance with the treatment course. This daily
support might also prove beneficial to other vulnerable individuals receiving
treatment.(80)

2.4.1.5 Barriers to effective models of care

Globally the biggest obstacle to the scale-up of HCV services in many settings is
affordability and availability, for both diagnostic tools and treatment. While the World
Health Organisation’s “Right to Health” suggests that anyone infected with HCV should
have access to treatment, irrespective of disease stage and drug use,(81) some people
must pay for DAAs themselves in those countries where high costs and/or
discrimination have led to reimbursement restrictions. In most countries where DAA
therapy is subsidised, there are restrictions to DAAs in terms of rules about who can
prescribe DAAs and limitations on who can receive treatment dependent on disease
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severity.(51) This is despite evidence that treatment is cost-effective at any disease stage
when the long-term costs of morbidity, mortality and onward transmission are included
in the calculations, and provided that harm reduction is widely available.(74,82—-87)
Strategies that have proven successful in bringing DAA costs down to a fraction of the
list price include directly negotiating with pharmaceutical companies, licensing generic
options and committing to scaling up treatment in order to secure bulk discounts and

achieve economies of scale.(74)

Other obstacles also need to be overcome to scale up HCV treatment.(88,89) These
include the heterogeneity of national policies,(90-92) a lack of appropriate
infrastructure for HCV services in tertiary centres and addiction clinics,(55,93-96)
stigma and discrimination(97,98) (including the reluctance of some physicians to treat
PWID(99-101)), limited access to point of care diagnostics(102), and inadequate
knowledge of HCV and HCV treatment and a generally deficient sense of
urgency.(103-105)

Two other essential characteristics of successful MoCs that Bruggmann and Litwin
emphasised in their MoC study,(55) were a multidisciplinary approach and integration
of services, and are addressed below in the sections responding to the questions of who

and how, respectively.

2.4.2 Where to provide services

The delivery of HCV services and interventions varies tremendously in practice. Table
2.3 identifies the diverse settings where they can be offered. The following sections

draw on the scientific literature for recent experiences in implementing MoCs for HCV.
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Setting (n)

Country

N. of study (see appendix)

Low-threshold setting (25)

Australia; Belgium; Canada;
Denmark; France; Georgia; Greece;
Italy; Ireland; Norway; Portugal;
Romania; Spain; UK; USA

Alimohammadi A et al. (2), Remy AJ et al. (3), Bourgeois S et al (4), Valencia JA et al.
(7), Ford MM et al. (11), Williams B et al. (14), Saludes V et al (15), O’Loan J et al. (16),
Grebely J et al. (17), Hashim A et al. (28), Morris et al. (31), Schulkind J et al. (33),
Saludes V et al. (34), Sypsa V et al. (40), Howell et al. (43), Stvilia K et al. (49), Mitchell S
et al. (50), Sinan F et al. (54), Midgard H et al. (56), Treloar C et al (64), Chronister KJ et
al (65), Linnet et al (65), Barror S et al. (66), Teti E etal. (67), Simoes D et al. (69),
Scherer ML et al. (72)

Primary care (20)

Australia, Canada, Ireland, Mexico,
Pakistan, Romania, Scotland, Spain,

UK, USA

Balcomb A (5), Chronister KJ et al. (6), Trooskin et al. (18) Capileno et al.(25),
Kattakuzhy et al.(29), Norton et al. (30), Macbeth K et al. (32), Doyle J et al. (47),
Thompson H et al. (51), Perez Hernandez JL et al. (52), Lamond S et al. (53), Naveed A et
al. (55), Koren D et al. (59), Read P et al (60), Sokol et al (61), Mason K et al (62), Hashim
A et al (63), Treloar C et al (64), Chronister KJ et al (65), Barror S et al. (66), Nouch S et
al. (69)

Prison (9)

Australia, Ireland, Romania, Spain,

Sweden, Portugal, UK

Papaluca et al. (1), Liberal R et al (8), Cuadrado A et al (9), Vroling H et al. (20), Olsson A
etal. (21), Bartlett SR et al. (22), Overton et al. (41), Barror S et al. (66), McDonald L et
al. (70)

High-threshold setting (6)

Belgium, Denmark, Switzerland,

Borojevic M et al (12), Peters L. (13), Alam Z et al. (37), Kugelmas M et al. (42), Bielen R

USA et al. (48), Berger SN et al. (57)
Hospital (4) Australia, Canada, India Chiong F et al. (23), Cooper et al. (24), Dhiman RK et al. (36), Ryder N et al. (46)
Rural (4) Canada, Egypt, France Cooper et al. (24), Shiha G et al. (38), Shiha G et al. (39), Kraichette N et al. (44)
Regional setting (3) Canada, Egypt, UK Inglis SK et al. (10), El-Akel et al. (26), Greenan S et al. (45)
Pharmacy (3) Scotland, USA Radley A et al. (35), Fleming BS et al. (58), Koren D et al. (59)

Mobile van (4)

Australia, France, USA

Remy et al. (3), Trooskin S et al. (18), Kraichette N et al. (44), Doyle J et al (47)

Other (2)

Multi-country reviews

Pourmarzi et al. (19), Wade et al. (27)
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As MoCs are setting-dependent, particular attention was directed to the question of
which different environmental settings can provide the primary venue for HCV services.
With reference to Table 2.3 low-threshold and high-threshold settings refer to harm
reduction-based health care centres targeted towards people who use substances. "Low-
threshold" programs are programs that make minimal demands on the patient, offering
services without attempting to control their intake of drugs, and providing counselling
only if requested. "High-threshold™" programs, require individuals to accept counselling
and cease all drug use as a condition of assistance. While a “one-stop shop” may be
ideal, in that it provides continuity, it can be difficult to arrange financing for an
integrated clinic offering a variety of health and social services in a system where
funding comes from narrowly defined budgets. Moreover, clients often access services
according to convenience, and provision of services at diverse sites may offer welcome
flexibility and improve uptake. In such cases, it is critical to coordinate service

provision so that clients receive consistent, seamless care regardless of location.

2.4.2.1 Hospitals

For decades, Hepatitis C has predominantly been managed by specialists in
hospitals.(55,78) As evidence became available on the effectiveness of DAAs for
treatment of HCV, it became clear that there was a for tailored care pathways,
consequently new MoCs were developed. A systematic review of interferon-based
treatment for PWID(106) found satisfactory results in the six studies analysing
sustained virologic response (SVR) and in the five studies analysing re-treatment after
reinfection(107-109) There appeared to be no clear advantage in outcomes when
providing treatment to PWID in hospitals instead of community-based settings.(106)
Most of the studies comparing HCV treatment in the two settings showed generally
better uptake in the community based setting.(110) The main challenge is to provide
simplified care at integrated centres and limit the hospital role in HCV treatment. While
hospital specialists may continue to play a key role in integrated HCV care for
marginalised populations, hospital referrals should ideally be necessary only in cases
with severe complications, such as advanced liver disease and certain co-morbidities
(which are expected to become much less common as DAA therapy becomes more
widespread). However, in order to facilitate this shift to non-hospital setting the

restrictions on DAA treatment in community settings(111) must be lifted.
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2.4.2.2 Primary care facilities
The feasibility of successfully treating PWID receiving OST with interferon-based
regimens has been broadly demonstrated in studies where general practitioners with a
special interest in HCV work alongside nurses, social workers and other professionals in
a primary care setting.(112-114) This model can also benefit from telehealth
technology.(115) This ability to train non specialists to deliver HCV treatment outwith a
secondary care environment can be capitalised upon when considering that DAA

treatment delivery requires less expertise and oversight that interferon-based regimens.

The experience of the Australian Kirketon Road Clinic(116) in Sydney sheds light on
the benefits of delivering DAA therapy in primary care (Table 2.4, Case 1). Among 242
marginalised PWID who started DAA therapy, overall 68% achieved SVR by week 12
(SVR12) and only 2 documented virological failures were observed, per protocol
SVR12 was therefore 99%, with the remainder not attending for an SVR12 test.
Seventy-nine of these people received enhanced support in the form of daily or weekly
administration of DAAs. Homelessness was associated with a need for enhanced
support (see Table 2.4), but reassuringly this support, ensured that virological outcomes
and adherence were high. Further research is warranted on the impact of housing
services on long-term outcomes for PWID.(117,118)

Multidisciplinary primary care facilities in the United States that provide training and
support to professional staff have been found to provide high-quality assessment and
treatment of PWID with HCV,(119-121) but these facilities are in the minority.(122) It
is unclear if shifting from a MoC relying on infectious disease doctors working in
primary care settings to an integrated-care pathway led by general practitioners or
nurse-practitioners can be both productive and cost-effective. General practitioners are
still prohibited from prescribing DAAs in most countries,(51) or are limited to delegated
prescribing. In countries where they may prescribe DAAs freely, such as Australia, the

proportion of general practitioners prescribing DAAs is high.(123)

2.4.2.3 Community health centres

These community-based facilities are not fully integrated into the healthcare system.
The term is used here for centres whose primary focus is not drug addiction. There are
several examples of community health centre MoCs from the interferon era.(110) In
2001-2005, the overall SVR for a Canadian treatment cohort, most of them PWID, was
61%, which was comparable to outcomes from contemporaneous randomised controlled
trials.(124)
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In one systematic review of community-based HCV treatment, most studies were
undertaken at OST facilities, but none assessed DAA delivery in the community
setting.(110) Studies in Toronto(125) and Philadelphia(126) (Table 2.4, Cases 2 and 3)
provide evidence of the effectiveness of community-based MoCs involving OST and
DAAs, and a project in Brighton, UK shows promising preliminary results.(127) A
Melbourne trial is comparing a control group treated with DAAs and followed up in
tertiary level care with an intervention group treated and followed up in community
health centres.(128)

2.4.2.4 Addiction centres and harm reduction centres

Addiction centres include drug addiction treatment centres, primary addiction care units
and facilities providing services to help PWID cope with medical and psychological
issues related to addiction. Harm reduction centres include OST facilities, injecting
equipment provision sites (IEPS) and supervised injecting centres (SIC) with many

incorporating peer-based services with medical oversight and support.

A Danish project has provided important evidence of DAA therapy being delivered in
addiction centres affiliated with hospital infectious disease departments. Preliminary
results show that PWID can be tested and treated outside of hospitals, using specialists
who prescribe DAAs without ever seeing the patient in person (Table 2.4, Case 4).(129)
In an East London study, 83 of the PWID attending an outreach clinic, where a
consultant hepatologist and a nurse reviewed client cases, expressed an interest in
receiving antiviral therapy, 63 initiated treatment and 92% of those completed
treatment. Compliance was greater than 80%; homelessness, active drug injection and
pre-treatment antidepressant therapy were not associated with noncompliance.(130)

Emerging data are available from recent studies using DAAs in OST settings,(131)
though an international trial from 2016 concluded that drug use ought not to be a barrier
to DAA therapy in patients receiving opioid agonist therapy.(132) Further, acceptability
and feasibility of dosing DAAs through an OST infrastructure has been demonstrated in
Australia and Scotland.(133) In Tayside DAAs were successfully delivered alongside

OST prescriptions and yielded superior treatment uptake rates.(80)

IEPS too have been shown to be effective and cost-effective in preventing both
HIV(134) and HCV transmission amongst PWID.(135,136) They are essential for
optimising linkage to care and testing, particularly among the younger PWID
population,(137) and can serve as a venue for HCV treatment. A large Australian study
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of PWID attending IEPS in 1999-2011 found that the proportion treated for HCV
increased over time, although overall numbers never exceeded 10%.(138) A study in an
IEPS in Tayside, Scotland demonstrated effective delivery of interferon and ribavirin
based HCV treatment in PWID who continued to inject with SVR rates comparable to
the non PWID population.(139) A further study in the same IEPS is assessing treatment
update, concordance and outcomes in PWID who continue to inject who are treated with
DAAs.(140)

There is also evidence for the effectiveness of supervised injecting centres (SIC) in
preventing HCV and other blood-borne infections and avoiding other serious medical
complications.(141,142) Assessment for liver disease has proven suitable in this
setting.(143,144) However, beyond a survey of hepatitis C services offered at SIC
globally,(145) there were no studies assessing the implementation of HCV treatment
pathways through such centres. Moreover, models involving these centres, such as the
“service model” used by the European Monitoring Centre for Drugs and Drug
Addiction, rarely address HCV.(146) Basic work is still needed to conceptualise the role

of supervised injecting centres within the HCV cascade.

2.4.2.5 Prisons

PWID, both former and current, form a large proportion of the prison population
throughout the developed world.(147) A study involving 3126 HCV-infected
individuals incarcerated in the United States showed that rates of linkage to care and
treatment for adults were very low, with just 18% being evaluated for initiation of
treatment while incarcerated, and a mere 10% initiating DAAs.(148) The high burden of
HCV infection in prisons, together with the presence of other conditions such as HIV
infection, HBV infection or drug use, creates a synergistic cluster that is difficult to
address. On the other hand, surveillance and movement restrictions allow for
straightforward implementation of diagnostic and therapeutic strategies. For instance, a
recent modelling study concluded that incarceration contributes a 28% risk of HCV
transmission among PWID in Scotland, but scaling up HCV treatment to 80% of
chronically infected PWID with sufficiently long sentences (>16 weeks) upon entrance
to prison was able to reduce both the incidence and prevalence of HCV by 46%.(149)
Offering prisoners HCV services upon incarceration is quite rare, however. Another
recent study using a prevention benefit analysis concluded that increasing HCV testing
in United Kingdom prisons is marginally cost-effective compared to current voluntary

risk-based testing, but it could be highly cost-effective if DAASs are broadly prescribed
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and PWID treatment rates increased.(150) A comparable United States study drew
similar conclusions.(151) Other authors have demonstrated that scaling up harm
reduction services is a prerequisite to effectively tackling HCV, HIV and drug
epidemics in prisons.(152) Another challenge is ensuring prisoners’ uninterrupted
treatment upon release. One study ensured prisoners who had begun DAA therapy while
in prison but were released early were given their remaining medication to complete the
treatment course in the community.(153) This same study also offered prisoners who
were ineligible for treatment, due to short sentences, referrals to healthcare services for

treatment in the community once released.

A systematic review of the effectiveness of MoCs for HCV in European prisons found
that seven studies utilising second-generation DAASs in France, Italy and Spain achieved
SVR rates of 85% to 98%, and one study that switched from interferon therapy to DAA
therapy increased SVR rates from 62%—68% to 90%—98%.(154) An exemplary Spanish
study demonstrated that HCV elimination is possible in a prison setting. Using a test-
and-treat strategy, the prison tested 99.5% of its inmates, treated all who were infected
and would be incarcerated more than 30 days, established a teleconsultation programme
for those who were released, and achieved SVR in 97% of the treated prisoners (Table
2.4, Case 5).(155)

2.4.2.6 Pharmacies

Available evidence supports including pharmacies as essential service venues in MoCs
for treating HCV in PWID (Table 2.4, Case 6).(156,157) Some pharmacies dispense
OST and therefore have daily contact with people on opiate substation therapy, some
also offer needle and syringe provision services. One study demonstrated the feasibility

of implementing DAAS through a community pharmacy for PWID receiving OST.(75)

In addition, both rapid HCV testing using dried blood spot sampling(156) and injecting
equipment provision(158) have been proven effective in community pharmacies. These
findings suggest that any further development of MoC designs and policies to
incorporate HCV services for PWID at pharmacies should be based on the use of
standard community pharmacies rather than hospital or specialist pharmacies, which can
pose barriers to PWID access.

2.4.2.7 Sexual health clinics
Sexual health clinics provide a good platform for linkage to the HCV cascade.

Australian and United Kingdom studies have demonstrated that interferon-based
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treatment in sexual health clinics, including follow-up and regular assessments, resulted
in SVRs comparable to treatment at specialist clinics.(159-161) However, there were no
studies assessing rapid point-of-care testing followed by DAA therapy in this setting.
Other studies from Australia and the United Kingdom linking confirmed HCV
infections in sexual health clinics to injecting drug use have shown that HCV and HIV
screening is feasible there but probably insufficient.(162,163) It has not yet been
determined whether HCV screening in this setting should be clinician-led, as with these
studies (which showed an HCV incidence of around 3%), or whether universal routine
HCV testing should be implemented instead. Guidelines on who to test for hepatitis C in
sexual health services are available, and often risk-factor based.(164) In either case, in
order to achieve elimination in high-risk populations such as men who have sex with
men, primary prevention and the prevention of reinfection will play a major role.(165-
167)
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Table 2.4. Selected case studies by country and population addressed.

Case studies of interest were identified from the literature. Models of care which demonstrated a unique approach or targeted a hard to reach population
were selected.

Study, project,

and location Where (setting)

What (services) Who (providers)

How (integration approach)
Viral hepatitis testing, DAA

therapy, hepatitis A and B
vaccination, “healthy liver

Findings
Integrated primary health care model

assistance; methadone access
and case management; NSP;
street van and bus outreach;
HIV testing and counselling;

general health services

offering anonvmous services {o risk 242 PWID were included, 74% recent or
o ula?ions gAAs can be provided current injectors, 44% enrolled in OST. 79
pop : ! P (32%) of clients chose enhanced daily or
S L7 through a community pharmacy, - .
clinic” with specialized - weekly dosing support options. Enhanced
" LA with a follow-up phone call to - :
. hepatitis service; sexual . S support was associated with homelessness,
Primary health . confirm treatment initiation, USSR .
1.Readetal., . health services; drug and daily injecting, Aboriginality, mental health
2019(116) care facility alcohol counsellin standard of care pathology.
. targeting PWID, 9 . GPs, nurses, Enhanced adherence support
Kirketon Road assessment and referrals; . .
sex workers and U - . social workers includes phone calls or other contact
Centre (KRC), “at-risk” young crisis intervention; housing,
Sydney, Australia people social service and welfare

at least weekly, flexible directly
observed dispensing of the

medications, with or without OST,
linkage to partner organisations,

co-morbidity and poly-drug use (all

p<0.001). Overall adherence was 86%, and
92% of patients missed one or more doses
(median 10, IQR 4-24). The study confirms
that PWID can be successfully treated for

HCV in a real-world setting using an
DAA delivery to prisons, police integrated primary health care model and
2 ! demonstrates the feasibility of scaling DAA
cells, psychiatric units and general
hospital wards.
A partnership

2.Mason et al., between three

2017(125) community health

Toronto

therapy up in high-risk PWID populations.
centres to provide

Community Hep

underserved

Treatment assessment, DAA

C Program
(TCHCP),

Toronto, Canada

populations with
low-threshold
access to HCV

therapy, weekly pre- and
post-treatment
questionnaires, follow-up

Nurses, nurse-
practitioners,
family physicians

Integrated multidisciplinary

74 PWID initiated DAA therapy, achieving
high adherence and SVR with appropriate
support. Participants housing status and
income increased significantly during the
study.

specialist support on site
care
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Study, project,
and location

Where (setting)

What (services)

Who (providers)

How (integration approach)

Findings

3. Trooskin et al.
2015(126)

Do One Thing,

Philadelphia,

United States

Community-based
program in a
medically
underserved
neighbourhood
with high rates of
HCV and HIV

Social marketing campaign,
door-to-door outreach, rapid
HIV and HCV screening in a
mobile medical unit,
immediate phlebotomy for
confirmatory testing of
reactive antibody tests,
facilitation of client
enrolment in health
insurance, linkage to care
and retention in care

Trained HCV test
counsellors,
phlebotomists,
patient navigators,
social workers;
linkage to primary
care physicians
and HCV
subspecialists

Developed and coordinated a local
hospital and local university

Among 1301 people screened, 2.8% were
chronically infected, half of whom were
newly diagnosed. The biggest barrier to

retention in care was obtaining referrals for

subspecialty providers due to a lack of
insurance. Some subjects started treatment,
while many who were eligible were
awaiting approval from insurance
companies. This study illustrates how a
good model of care can adapt to local
circumstances.

4.SACC,
2017;(168)
Linnet et al.,
2017(129)
Shared Addiction
Care Copenhagen
(SACC) Project,
Copenhagen,
Denmark

12 drug
counselling and
treatment centres;
1 hospital
infectious disease
department

Hepatitis and HIV
counselling and testing;
transient elastography, DAA
therapy, management,
follow-up; various drug and
alcohol treatment and harm
reduction services

GPs, hospital
specialists, social
service providers

Decentralised shared care model, in
which hospital infectious disease
department was responsible for
prescription and monitoring the
course of treatment, while the drug
treatment staff were responsible for
testing, assessment, dispensing and
adherence support

More than 700 people were screened for
viral hepatitis and HIV. The proportion of
clients tested for HCV in the treatment
centres increased by 50%, and 208 were
diagnosed with chronic HCV infection; 25
of them ended up being treated and cured.
The model permitted many more people to
be diagnosed and cured than otherwise,
despite little tradition of collaboration
between the centres and the hospital.
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Study, project,
and location

Where (setting)

What (services)

Who (providers)

How (integration approach)

Findings

5. Cuadrado et al.,

HBV, HCV and HIV
screening and diagnosis;

Prison health
team -physicians,
nurses,
pharmacist;
addiction
specialists; social
service providers;
hospital team -

A video collaboration tool was used
for consultations between prison and
hospital teams, as well as between
treatment recipients and a hospital

A test-and-treat strategy enabled the prison
to screen 99.5% of its inmates for HCV,
treated everyone who was infected and

hepatologist, also after any inmate S
2018(155) : DAA therapy, infectious disease | release. Treatment was prescribed by would be in prison more than 30 days,
. Prison healthcare U - . L established a teleconsultation programme
El Dueso Prison - teleconsultation; specialists, the hepatologist and administered by
~ ’ facility : . . . - for those who were released. The
Santofia, phylogenetic analysis of hepatologists, the prison healthcare providers. . .
X . - . programme achieved SVR in 97% of the
Cantabria, Spain nonresponders, followed by specialized Prisoners were consulted on study .
. o . treated prisoners. At the end of the
targeted retreatment nurses, design, and their input contributed to .
. - - programme, no inmate had any detectable
radiologists, ID the use of telemedicine and the
e . . HCV RNA.
specialists, choice of the quickest treatment
pharmacists, regimen (non-ribavirin).
psychologist;
telemedicine
expert
6.Radley et al., HCV testing and treatment is feasible in
2017(75) community pharmacies, especially for
Directly patients already receiving OST there.
Observed Community pharmacies referring Compared to nurse-practitioners,
Therapy for Community Dried blood spot testing, Pharmacists, patients who test positive for HCV pharmacists were much more likely to get
Hepatitis C pharmacies OST, DAA therapy physicians to clinics for assessment and patients to take a rapid HCV test, and for
(DOT-C), treatment clients with reactive tests, the pharmacist
Dundee, were much more successful in getting them
Scotland, United to attend a clinic for assessment and
Kingdom

treatment.
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Study, project,

and location Where (setting) What (services) Who (providers) How (integration approach) Findings
Point of care testing. liver 72 attended the clinic, 71 (99%) were
S g included in the program, 28 (39,4%) were
fibrosis assessment : i
_ (Fibroscan), alcohol and anti-HCV positive, 26/28 consented to
7.Hashim(169) substan(;e misuse further testing, 20/26 were HCV RNA
VALID Hostels, counselling/ social support General One stop HCV clinic at two major posttive, 5/.20 start.ed DAA_tr_eatment.
(vulnerable adults ; . . i . Results in 2019: 131 individuals
liver di Community (provided by primary care practitioner, homeless hostels in Southeast aooroached. 127/131 individuals enrolled in
iver disease) clinics physician) and HCV medical specialist England. PP '

Study, Southeast
England, UK

treatment. A specialist
registrar runs the clinics
under the supervision of a
Hepatologist.

the program, 59/127 were HCV Ab positive,
48/59 were HCV RNA posiitve, 28/48
initiated HCV treatment, 14/17 achieved
SVR12, 13 still on treatment/waiting SVR
results, 1 discontinued the treatment.

8. Shiha(170)
HCV elimination
in general
population, Egypt

Rural setting

Point-of-care testing, liver
fibrosis assessment, complete
laboratory work, treatment
initiation with DAAS

Multidisciplinary

Awareness raising campaign
followed by HCV screening by
using HCV antibody RDT a week
later. Anti-HCV positive got tested
for HCV RNA with GeneXpert 1V,
and on the same day the HCV RNA
positive patients had the Fibroscan,
abdominal ultrasound and basic
laboratory work (liver function,
renal function, CBC, AFP) and
initiated treatment with DAA.

475 individuals were screened for anti-HCV
antibodies by RDT, 56 had PCR HCV RNA,
43 positive for HCV RNA, 40 initiated the
treatment, 3 were excluded due to focal
hepatic lesion and pregnancy.
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2.4.3 What services to provide

The latest HCV guidelines from WHO,(40,171) the European Association for the Study
of the Liver (EASL),(172) the American Association for the Study of Liver Diseases
(AASLD),(173,174) and the International Network on Hepatitis in Substance
Users(175) all include concrete recommendations for providing HCV services to
marginalised populations. The WHO guidelines specifically address the needs of low-
and middle-income countries. In addition, several systematic reviews helpfully provide
an overview of the evidence for various interventions for PWID in the DAA
era.(63,64,176,177)

Simplicity, scalability and patient convenience should be the bywords in developing a
MoC. They call for a test-and-treat model wherever possible, to eliminate the gaps
between testing and treatment.(170,178-182) Strong referral links in all directions
between testing, treatment, harm reduction and social services are of paramount
importance. In countries with high diagnosis rates, attention should be paid to
reengaging individuals who have been diagnosed in the past and bringing them into
care. For a high-prevalence population like PWID, rapid antigen or RNA testing is
appropriate, the latter providing results within an hour,(183-185) and it may be sensible
to omit genotyping if there is no major price differential between pangenotypic DAAS
and genotype-specific ones. If transient elastography is not readily available, it makes
sense to use alternative easily available non-invasive fibrosis assessment tools such as
FIB4 or APRI.(186) Figure 2.3 shows the Models of Care studies from the literature

search organised by the stages in the cascade of care.

Some MoCs focussed on single stages of the cascade of care, for example testing and
diagnosis, whilst others crossed multiple stages. Both have value, however those MoCs
covering more than one stage of the cascade have the benefit of improving linkage or
retention in care; 37 of the 71 studies covered awareness and prevention, linkage to
care, access to treatment and monitoring and evaluation. 11 covered testing and
diagnosis, linkage to care and access to medications. 7 covered testing and diagnosis
and linkage to care. 5 covered testing and diagnosis. 2 covered testing and diagnosis. 3
covered access to treatment, 2 covered monitoring and evaluation. 1 study covered
awareness and prevention, testing and diagnosis and linkage to care. 1 study covered
awareness and prevention, testing and diagnosis, linkage to care, access to treatment and

monitoring and evaluation. 1 study covered awareness and prevention, testing and
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diagnosis, linkage to care and access to treatment. 1 study covered linkage to care and

access to treatment.

Awareness and
prevention, 4

Testing and
diagnosis, 66

Linkage to care,
62

Figure 2.3. Summary of articles included (n=71). These articles were grouped according
to the area or areas of the cascade of care their model of care covered. Some articles
focused on one stage of the cascade e.qg. testing and diagnosis, whilst others covered
multiple stages.

DAA therapy is now the treatment of choice for all patients and everything should be

done to ensure its availability.(74,187) Access to harm reduction services are critical, as
discussed above, to reach key, high-burden populations. Finally, good patient follow-up
and contact are essential to help ensure adherence and maximise cure rates. Appropriate
peer support, as discussed in the next section, can be crucial in increasing service uptake

and retention, particularly in working with marginalised populations.

2.4.4 Who should provide the services

Throughout the HCV cascade of care, multidisciplinary teams of healthcare and social
service professionals can help ensure the best possible outcomes, which in turn will
improve public health. That is why the International Network on Hepatitis in Substance
Users recommends treating HCV in a multidisciplinary team setting.(175)
Multidisciplinary approaches encompassing biomedical, psychoeducational and social
interventions have been shown to improve engagement in care,(188) treatment
uptake,(189,190) patient adherence and retention,(191-196) management of HCV/HIV
coinfection(197) and of HCV in psychiatric patients,(198) stigma reduction and patient
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well-being,(67,125) and reduction in mortality.(182) However, the creation of
multidisciplinary teams or structures where existing structures are functioning

effectively is not a requirement of a good MoC.

As previously mentioned, in evolving from MoCs designed around interferon-based
treatment to MoCs designed around DAAS, HCV services should be provided in a
variety of settings to facilitate scale-up. With DAA therapy, HCV assessment and
treatment no longer require specialist training, so it makes sense to expand who may
evaluate persons with HCV infection and prescribe treatment beyond specialists in
tertiary care centres. With proper training, anyone can undertake assessment and
prescribe DAAs competently, either as a delegated prescriber or a nonmedical
prescriber — which again facilitates scale-up. Evidence has shown good results from the
prescribing of DAAS by primary care providers, drug and alcohol service providers,
nurse-practitioners, nurses, including nurse prescribers, and pharmacists.(199-202)
Delegated prescribing may be a good option where prescribing is limited by statute.
Table 2.5 presents the diversity of providers featured in the 71 recent MoC studies
reviewed for this paper, including 18 studies highlighting the benefits of

multidisciplinary teams.
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Table 2.5 Categories of providers in the models of care identified in the literature search. N=71

Providers (n)

Country

N. of study (see appendix)

Multidisciplinary* (22)

Australia; Canada; Denmark;
Egypt; France; Greece; Ireland,;
Portugal; Romania; Spain;
Switzerland; UK; USA

Alimohammadi A et al. (2) Remy et al. (3), Balcomb A (5), Chronister KJ et al. (6), Valencia JA
et al. (7), Cuadrado A et al (9), Inglis SK et al. (10), Ford MM et al. (11), Borojevic M et al (12),
Peters L. (13), Trooskin S et al. (18), EI-Akel et al. (26), Morris et al. (31), Macbeth K et al. (32),
Shiha G et al. (39), Sypsa V et al. (40), Fleming BS et al. (58), Mason K et al (62), Chronister KJ
et al (64), Linnet et al (66), Barror S et al. (66), Simoes D et al. (68)

Medical specialists” (26)

Australia; Belgium; Canada;
France; India; Norway; Pakistan;
Portugal; Sweden; UK; USA

Papaluca et al. (1), Alimohammadi A et al. (2), Bourgeois S et al (4), Liberal R et al (8), Williams
B et al. (14), Olsson A et al. (21), Bartlett SR et al. (22), Chiong F et al. (23), Hashim A et al. (28),
Kattakuzhy et al. (29), Norton et al. (30), Dhiman RK et al. (36), Alam Z et al. (37), Overton et al.
(41), Kraichette N et al. (44), Greenan S et al. (45), Ryder N et al. (46), Mitchell S et al. (50),
Thompson H et al. (51), Lamond S et al. (53), Midgard H et al. (56), Berger SN et al. (57), Sokol
et al (61), Hashim A et al (63), McDonald L et al. (70), Scherer ML et al. (71)

General practitioners
(12)

Australia; Belgium; Canada;
France; India; Norway; Pakistan;
Portugal; Sweden; UK; USA

O’Loan J et al. (16), Chiong F et al. (23), Hashim A et al. (28), Kattakuzhy et al. (29), Thompson
H et al. (51), Perez Hernandez JL et al. (52), Lamond S et al. (53), Naveed A et al. (55)*, Sokol et
al (61), Mason K et al (62), Barror S et al. (66), Nouch S et al. (69)

*Defined in manuscript as “doctors without speciality training”

Telemedicine (7)

Australia; Spain; Canada; Mexico;
USA

Balcomb A (5), Cuadrado A et al (9), Vroling H et al. (20), Olsson A et al. (21), Cooper et al. (24),
Perez Hernandez JL et al. (52), Komaromy M et al (67)

Nurse-led (14)

Australia; Belgium; Canada;
Georgia; Sweden; UK; USA

Papaluca, Williams B et al. (14), Vroling H et al. (20), Olsson A et al. (21), Kattakuzhy et al. (29),
Schulkind J et al. (33), Doyle J et al. (47), Bielen R et al. (48), Stvilia K et al. (49), Mitchell S et
al. (50), Sinan F et al. (54), Berger SN et al. (57), Hashim A et al (63),McDonald L et al. (70)

Specialist nurse (but not
nurse-led) (12)

Australia; Belgium; Canada;
Norway; UK; USA

Bourgeois S et al (4), O’Loan J et al. (16), Bartlett SR et al. (22), Chiong F et al. (23), Cooper et
al. (24), Radley A et al (35), Overton et al. (41), Greenan S et al. (45), Thompson H et al. (51),
Naveed A et al. (55) Midgard H et al. (56), Fleming BS et al. (58)

Peer-support (3)

Australia; Belgium

Bourgeois S et al (4), Chronister KJ et al (6), Treloar C et al (64)

Pharmacists (3)

Pakistan; UK; USA

Radley A et al. (35), Fleming BS et al. (58), Koren D et al. (59)
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Providers (n)

Country

N. of study (see appendix)

Non-governmental
organization (1)

Pakistan

Capileno et al. (25)

Not reported/Not
specified (8)

Australia; Egypt; Spain; USA

Saludes V et al (15), Grebely J et al. (17), Saludes V et al. 2 (34), Shiha G et al. (38), Kugelmas M
et al. (42), Howell et al. (43), Read P et al (60), Teti E et al. (67)

Other (reviews) (3)

Multi-country reviews

Pourmarzi et al. (19), Vroling H et al. (20) Wade et al. (27)
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In particular, when using non-specialist service providers, it is essential to invest in
human resources i.e. hiring the best people for the job and providing them with
thorough and regular training. One model that has proven useful in helping such
providers serve vulnerable and dispersed populations is the model promoted by Project
ECHO (Extension for Community Healthcare Outcomes).(203) By engaging frontline
service providers with a continuous learning system and specialist mentors, it can

dramatically increase the access of PWID to HCV care and treatment.(204,205)

A peer provider can use shared experience, as someone who has had chronic hepatitis C
and/or someone who has been part of a target population, to connect with vulnerable
people and help them through the cascade of care. They can also use their experience to
help ensure that MoCs reflect client concerns. Limited data from both the interferon
era(206) and the DAA era highlight(207,208) the potential benefit of including peer
support workers in MoCs.

Countries with very broad community access to DAAs, such as Australia,(209) have
been successful in mobilising the peer workforce and training them to provide services
at different points in the cascade of care, where they have been crucial in building

momentum towards HCV elimination.

2.4.5 How to integrate services

In the DAA era, as mentioned above, the ideal form for a successful MoC for PWID
with HCV is either a one-stop-shop approach, in which all relevant services are
integrated in locations where people are already accessing other services, or a flexible
approach, in which various sites and services are well coordinated and strongly linked.
The challenge in implementing the one-stop approach is to evolve towards
comprehensive yet decentralised points of care,(210) for instance through single-visit
diagnoses.(183) Multidisciplinary team working and integration go hand in hand, it is
important MoC for marginalised populations to access MoCs within systems where
these populations already access services, particularly OST and IEPS in the case of
PWID.(211) The aim should be to bring services closer to the client, rather than
expecting the client to seek them out. Secondly, it requires multidisciplinary and
integrated training, which includes task-shifting, so fewer types of professionals are
providing more services in the same settings, thereby necessitating fewer visits to access

them.
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In their seminal review on MoCs for HCV, Bruggmann and Litwin contrast various
integrated MoCs with conventional secondary and tertiary care models.(55) Where it is
feasible and affordable, we advocate integration: delivering integrated care in non-
specialist settings that are better suited to the care of vulnerable individuals. In Scotland,
where managed care networks exemplify integrated multi-agency MoCs, they have been
shown to improve not only HCV outcomes, but also outcomes related to drug
use.(182,212,213)

Although not exhaustive, the presented examples demonstrate that integrated MoCs are
effective in addressing the entire HCV cascade of care (Figure 2.3), plus evidence that
an integrated format might be particularly well suited to primary care, community
health centres, addiction and harm reduction centres, prisons, sexual health clinics,
pharmacies and other settings. Such models of care can successfully target both the
typical young drug user and the veteran of addiction treatment,(214,215) thereby
increasing overall eligibility for HCV treatment(216) while providing the appropriate
counselling, peer support(188) and management of medical, mental health and social
issues for both those on opioid substitution therapy and those who are
not.(114,127,217,218)

2.5 CONCLUSION

Around the world, models of care for HCV need to be redesigned to reflect the recent
widespread availability of DAAs if countries are to meet their commitments to
eliminating HCV as a public health threat by 2030, as set out by WHO. In some
countries, this will require major changes to established care pathways and systems.
One immediate challenge for policymakers and researchers is to develop cost-effective,
easily implemented mechanisms that incorporate health information and reimbursement
systems, and interdisciplinary and multi-facility communication. Healthcare providers,
affected populations and other key stakeholders should be involved in such
development to ensure that the final mechanisms represent relevant perspectives and are
mutually beneficial to all. While further research on the feasibility of different MoCs in
specific settings is needed, much can be learned from examining the innovative MoCs
reviewed here, which suggest that an effective model of care for HCV infection should
be simple, targeted, multidisciplinary, scalable, integrated, patient-centred and
affordable.
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CHAPTER 3 — SYSTEMATIC REVIEW AND META-

ANALYSIS

3.1 ASYSTEMATIC REVIEW AND META-ANALYSIS OF COMMUNITY AND
PRIMARY-CARE BASED HEPATITIS C TESTING AND TREATMENT
SERVICES THAT EMPLOY DIRECT ACTING ANTI-VIRAL DRUG

TREATMENTS

This chapter was published as “A systematic review and meta-analysis of community
and primary-care-based hepatitis C testing and treatment services that employ direct
acting antiviral drug treatments” published in BMC Health Services Research in
2019.(219) I, along with my co-author carried out the literature search. | performed the
meta analysis and prepared the accompanying tables and graphs. All authors reviewed
the full draft of the article.

In keeping with the thesis aims | wished to explore the efficacy of community based
models of care for HCV treatment. Where possible we looked for studies which had

conventional secondary care led HCV services as a comparator.
3.2 SUMMARY

3.2.1 Introduction

Direct Acting Antiviral (DAAS) drugs have a much lower burden of treatment and
monitoring requirements than regimens containing interferon and ribavirin, and a much
higher efficacy in treating hepatitis C (HCV). These characteristics mean that initiating
treatment and obtaining sustained virologic responses (SVR) on completion of
treatment, in non-specialist environments should be feasible. We investigated the
literature evaluating community and primary care-based pathways using DAAS to treat
HCV infection. This was with a view to establishing which pathways would be most
effective for our population with a view to optimising testing and treatment for HCV in
NHS Tayside.

3.2.2 Methods

Databases (Cinahl; Embase; Medline; PsycINFO; Pubmed) were searched for studies of

treatment with DAASs in non-specialist settings to achieve SVR. Relevant studies were
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identified including those containing a comparison between community and specialist
services where available. A narrative synthesis and linked meta-analysis were

performed on suitable studies with a strength of evidence assessment (GRADE).

3.2.3 Results

Seventeen studies fulfilled the inclusion criteria: Five from Australia; two from Canada;
two from UK; eight from USA. Seven studies demonstrated use of DAAS in primary
care environments; four studies evaluated integrated systems linking specialists with
primary care providers; three studies evaluated services providing care to people who
inject drugs; two studies evaluated delivery in pharmacies; one study evaluated delivery
through telemedicine. Sixteen studies recorded treatment uptake. Patient numbers
varied from around 60 participants with pathway studies to several thousand in two
large database studies. Most studies recruited less than 500 patients. Five studies
reported reduced SVR rates from an intention-to-treat analysis perspective because of
loss to follow-up before the final confirmatory SVR test. GRADE assessments were
made for uptake of HCV treatment (medium); completion of HCV treatment (low) and
achievement of SVR at 12 weeks (medium).

3.2.4 Conclusion

Services sited in community settings are feasible and can deliver increased uptake of
treatment. Such clinics are able to demonstrate similar SVR rates to published studies
and real-world clinics in secondary care. Stronger study designs are needed to confirm
the precision of effect size seen in current studies.

3.3 INTRODUCTION

Rates of uptake of HCV testing, linkage to care and treatment remain low across many
countries.(63) Barriers to treatment are both personal and systemic as discussed in
Chapter 1: individuals may prioritise other needs and may be wary of the consequences
of a diagnosis; health systems may present complex and rigid arrangements that must be
navigated in order to access care.(220) The stigma associated with both injecting drug
use and HCV infection is pervasive.(221) The concept of the care cascade has focussed
attention on the performance of different pathways and the attrition of patients accessing

testing, diagnosis, treatment and care.(222)

In many developed and developing countries, HCV treatment is delivered by specialist

clinicians, often from hospital outpatient facilities.(223) As direct-acting antiviral drugs
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(DAASs) have become widely available, treatment with these medicines is simple and
well-tolerated.(187) The safety profile and high efficacy of DAAs means that HCV
treatment can be delivered by a range of non-specialist clinicians including nurses,
pharmacists and general practitioners.(110) Allowing treatment to be delivered in
community and primary care environments, in essence taking treatment to those who
need it, rather than expecting them to negotiate secondary care settings. Progress with
implementing treatment pathways provided by non-specialists in community and
primary care environments has been identified as one of the key steps in the elimination
of HCV.(40) The World Health Authority’s Guidelines for the care and treatment of
persons diagnosed with chronic hepatitis c virus infection promote simplified service
delivery models: integration with other services; decentralised services supported by
task-sharing and community engagement, with the intention of reducing stigma and

increase uptake of treatment.(40)

This review was undertaken to identify rates of treatment uptake, treatment completion
and achievement of sustained virologic response for adults infected with hepatitis C
using DAA-only treatment regimens in community and primary care-based care
pathways, evaluated by studies using observational and experimental study designs.
Studies that compared community-based treatment care pathways with specialist care

were actively sought.

3.4 METHODS

This systematic review was conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.(224)
Methods of analysis and inclusion criteria were specified in advance and documented in
a protocol. The study was registered in PROSPERO (CRD42017069873).

The PICOS elements for this review were as follows:
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Table 3.1. Elements of the PICOS question defined for this review.

Inclusion Exclusion
Population | Age 18 years and over Age less than 18 years
Infected with chronic hepatitis C Co-infection with Hepatitis B virus

Co-infection with HIV.

Intervention | Provision of hepatitis C treatment in | Hepatitis C treatment in prison

any primary care and community populations
environments. Treatment with ribavirin / interferon
Treatment using any direct acting regimes as the primary intervention

antiviral therapy

Care provider could be any health
care provider.

Comparison | Care in any hospital or secondary
care environment or no comparison

group.
Outcome Treatment uptake, treatment
completion and SVR outcomes
Study Observational studies, retrospective Case studies; systematic reviews
Design or prospective cohort studies,

randomised trials; conference
abstracts; qualitative and mixed
methods studies.

The rationale for the inclusion of the above PICOS elements was the intention to
address the WHO Guidance and its recommendations for simplified and decentralised
treatment delivery models, integrated with other services in community and primary-
care environments.(40) Therefore a population aged over 18 were selected, as being
less likely to have gained their infection through vertical transmission. Co-infected
individuals with other blood borne virus infections were also excluded as their care was
likely to be more complex, requiring specialist rather than simplified care. Studies from
prison populations were excluded since these individuals lived in contained
communities. Studies that utilised interferon and ribavirin-based treatment regimens as
the primary intervention were also excluded as the enhanced monitoring and patient
management requirements made simplified and decentralised care less likely. Studies
were restricted to the English language since study resources precluded any translation
activities. Published studies were utilised including conference abstracts, in order to

capture results from early studies when the first DAAs were introduced into practice.

3.4.1 Search strategy

Published research was identified by formal searches of five electronic databases
(Cinahl, Embase, Medline, PsycINFO, PubMed) from January 2013 to December 2017,

as well as Google Scholar. The last search was run on 11 December 2017. Search topics
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included “hepatitis C”, “treatment” and “setting”. A comprehensive list of search terms
related to each of the search topics was used to develop a search strategy for each
electronic database. Search strings were formulated using a combination of keywords
and indexed subject headings (MeSH and EMTREE terms). Primary care was defined
using the World Health Organization accepted terminology that promotes Primary Care
as a key process in the health system: It is first-contact, accessible, continued,

comprehensive and coordinated care.(225)

The full search strategy is set out in Appendix 2/Chpater3. Reference lists of selected
articles, citing articles and relevant review articles retrieved during the initial search
were hand-searched and forward citation checks were performed to identify additional
studies by AR and ER. Abstracts from the selected scientific conferences were screened
for review eligibility by AR and ER. Any discrepancies or uncertainties were discussed
between AR and ER. Where there was no resolution between reviewers, JD was called

upon to arbitrate.

3.4.2 Study selection

Data retrieved through the search strategy were imported into EndNote X8 (Thomson
Reuters, New York, NY, USA) and duplicates removed. Titles obtained from the initial
search strategy were screened and irrelevant citations were removed. Abstracts were
then assessed using the inclusion and exclusion criteria by two reviewers independently
(AR and LT) to establish a relevant pool of evidence for further evaluation. Full-texts
from all abstracts identified for further evaluation and were double-screened
independently by two reviewers (AR and ER) to assess whether they met the defined
inclusion and exclusion criteria. In the event of a disagreement, the senior investigator
(JFD) determined final inclusion. Reasons for exclusion are reported. The AR

contacted abstract authors to attempt to obtain further study results if available.

3.4.3 Data collection process and data items collected

Data from studies included for analysis were extracted by one reviewer author (AR)
using a standardised data extraction form (Microsoft Excel 2010 Redmond, WA, USA).
A second reviewer (ER) checked the extracted data, and disagreements were resolved
by discussion until consensus was reached. The following variables were collected: first
author, title, publication year, study design, study location, setting, intervention
description, comparator description, sample size outcome description, number of

participants achieving SVR12 (and percentage if applicable).
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3.4.4 Risk of bias assessment in individual studies
Risk of bias in individual studies was assessed by two reviewers (AR and ER)
independently using the “Newcastle-Ottawa Scale (NOS) for assessing the quality of
nonrandomised studies in meta-analyses”(226) and the Cochrane Collaboration’s risk of
bias tool for randomised studies.(227) Differences were reviewed and discussed until a
consensus was reached. In the event of a disagreement, the senior investigator (JFD)
determined final inclusion. The NOS measures three items; selection of cases and
controls including their definition and representativeness; comparability of cases and
controls in design and analysis; and exposure ascertainment. The scale has a minimum
score of 0 and a maximum score of 9. Risk of bias was rated as high, medium or low
according to the scores obtained by reviewing the selection, comparator and exposure
categories. Risk of bias was rated low if studies scored 8 or 9 stars; medium risk if
studies were scored as 6 or 7 stars. Studies were rated as having a high risk of bias if
they were scored as having 5 or less stars or scored zero for the comparator

category.(228)

For randomised studies, outcomes were evaluated along the six domains: selection bias,
performance bias, detection bias, attrition bias, reporting bias, and other bias. The
number of domains deemed as ‘high risk’ of bias for each study per outcome was
identified. Outcomes of non-randomised studies were evaluated along seven domains:
bias due to confounding, bias in selection of participants into study, bias in
classification of interventions, bias due to deviations from intended interventions, bias
due to missing data, bias in measurement of outcomes, and bias in selection of the
reported result. The overall risk of bias for each outcome was classified into five
categories: low risk of bias, moderate risk of bias, serious risk of bias, critical risk of

bias or no information.

We (AR and ER) assessed the strength of evidence using GRADE.(229) The scheme
evaluates a required group of domains (study limitations, directness, consistency,
precision and reporting bias) and enables grading of the strength of evidence as High;
Moderate; Low or Insufficient. Use of this approach enabled us to summarise the
outcomes and findings and make clear judgements about the effects of the interventions.
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3.4.5 Data analysis
The characteristics and findings of the included studies were summarised and structured
using tables and Forest plots. Studies evaluating similar service environments in

community and primary care-settings were grouped together to facilitate comparison.

Study designs, participants, interventions and reported out-comes varied significantly,
and a meta-analysis was unable to be performed on all included studies. Studies were
excluded from the meta-analysis if the authors considered them to be sufficiently flawed

so as not to contribute meaningfully to the body of evidence.(229)

The meta-analysis was conducted by ER. The characteristics and findings of studies
amenable to meta-analysis were summarised using tables and forest plots. Risk ratio
(RR) and corresponding 95% confidence interval (95% CI) was calculated for each
study outcome, using the initial number of eligible participants included and the number
achieving the outcome of interest in each arm. If the study reported more than one
outcome e.g. treatment uptake and SVR, outcomes were derived separately. Outcomes
were coded to treatment uptake (a), treatment completion (b) and SVR (c). Risk ratio
and confidence interval were calculated using Microsoft Excel 2013 (Redmond, WA,
USA) prior to data importation to STATA for analysis. STATA enables the results of
multiple studies to be combined to estimate an overall effect size. Analyses were

conducted using statistical package Stata v14.0 (College Station, TX, USA).

3.4.6 Data synthesis

3.4.6.1 Deriving pooled estimates of treatment uptake, treatment completion and
SVR
Treatment uptake, treatment completion and SVR and their exact 95% confidence
intervals (Cls) were calculated assuming a binomial distribution in Microsoft Excel.
Pooled estimates were derived using random- or fixed-effects methods, according to
whether significant heterogeneity (defined as 12 > 30%) was or was not present,
respectively. Analysis was initially run with a fixed effect model, however if significant
heterogeneity (defined as 12 > 30%) was detected a random effects model was used.
Sensitivity analysis was used to assess the impact of study quality (restricting to studies
with an NOS score >6) on the pooled estimate of SVR.

Further sensitivity analysis was used to assess the impact of conference abstracts on the
pooled estimate of SVR. We identified studies using similar environments from which
to deliver care and grouped them into categories. Factors identified as linking studies
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within categories were examined as well as factors that differentiated studies from each

other
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3.5 RESULTS
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Figure 3.1. Flow diagram of search results.

3.5.1 Study selection

Further abstracts excluded
Did not fulfil study
criteria (111)

No treatment intervention
(52)

Review or opinion article
)

Others (11)

No article available (7)

The flow diagram of the study analysis is shown in Figure 3.1. The searches yielded

9,154 publications after removal of duplicates. This resulted in 101 articles retrieved
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for full text inspection and 17 included for analysis. Explanations for exclusion of
studies at the full text stage are provided in Figure 3.1. These included “Did not fulfil
inclusion criteria; no treatment intervention; review or opinion article; other (e.g.

insufficient detail reported in conference abstract).

3.5.2 Study characteristics

Studies evaluated care pathways in:

primary care(202,230-235)

e integrated health systems(236-239)

e places where people who inject drugs (PWIDs) are treated(240-242)
e pharmacies(75,243)

e using telemedicine(244)

Characteristics and findings of included studies are set out in Table 3.2. Eight of these
studies originated from United States of America; five from Australia; two from the
United Kingdom; two from Canada. The large proportion of identified studies published
as conference abstracts reflected the length of time that DAAs have been widely
available outside specialist environments. Seven from seventeen studies were only
available as conference abstracts. There were two randomised controlled trials; four
cohort studies, nine retrospective data analyses and two prospective non-experimental
designs. Assessment of studies were described in terms of design and assessment of
bias. Table 3.2 describes the outcomes from the meta-analysis of selected studies and
Table 3.3 defines the Strength of Evidence Assessment for identified studies answering
the PRISMA objective. Details of assessment of bias and design for studies are located

in Appendix Table 1 (non-randomised) and Appendix Table 2 (randomised).



71

Table 3.2. Summary of key findings, outcomes and strength of evidence.

Outcome giﬂgégemgns/No. Findings and Direction of Effect GRADE(229)
1. Uptake of RCT* -2 Two RCTs assessed as having low risk of | Medium
HCV treatment | Cohort — 3 bias reported a positive effect on uptake
Observational — 5 with precision and a consistent positive

direction of effect. One cohort study

assessed as having medium-grade study

limitations also reported a positive effect

on uptake.
2. Completion Cohort - 1 One cohort study with medium study Low
of Treatment Observational 2 limitations reported a positive direction of

effect on uptake.
3. Sustained RCT -2 Two RCTs assessed as having low risk of | Medium
Viral Response | Cohort 4 bias reported a positive effect on SVR but
at 12 weeks Observational -11 were imprecise in the estimate of effect
(%)(SVR12) size. Four cohort studies and 11

observational studies with over 10,000

participants all reported a consistent

positive direction of effect, but with

significant study limitations.

Abbreviations: RCT, randomised controlled trial; SVR, sustained virologic response.

3.5.3 Primary care

Seven studies evaluated interventions to enhance treatment uptake and achievement of
SVR in primary care environments.(202,230-235) One paper was a randomised
controlled trial (RCT), two papers were cohort studies and four were non-randomised
studies. Four studies utilised nurses in delivery of the care pathway. Three papers
included uptake of testing and assessment in their description of care and all papers
discussed uptake of treatment and ascertainment of SVR. Two papers reported a
reduction in potential SVR rates because of failure of participants to complete the
confirmatory blood test at 12 weeks after completion of DAA treatment. All studies
reported increased access to treatment in primary care environments and high rates of
SVR attainment.

3.5.4 Integrated health systems

Four studies provided evaluations of care through integration of specialist centres with
primary care delivery.(236-239) One study was a retrospective cohort study and three
were non-randomised studies. Three of the studies utilised the ECHO care pathway in
which hepatitis specialists support primary care providers through video-conferencing
and collaboration on specific cases, with a defined curriculum and active

mentorship.(204) None of the papers discussed uptake of testing amongst their treated
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cohorts. All papers reported increased access to treatment and high rates of attainment
of SVR.

3.5.5 Places where PWIDs are treated

Three studies evaluated care provision in dedicated settings where people with opioid
addiction received harm reduction and treatment services.(240-242) All papers were
non-randomised analyses of treatment data and assessed the uptake and completion of
treatment by participants using these services. No assessment of the extent of testing of
these populations was reported, which may introduce a selection bias. All papers
reported high rates of treatment uptake and treatment completion in diagnosed
individuals. All papers described problems with retention of participants in the service

post-treatment with consequent reductions in uptake of confirmatory SVR testing.

3.5.6 Pharmacies

Two studies evaluated hepatitis C care provision by pharmacists in community and
primary care settings.(75,243) One paper was a feasibility RCT that compared the
delivery of a community pharmacy test and treatment pathway with standard hospital-
based care. One study was a non-randomised data analysis. The RCT demonstrated an
increase in testing uptake, when the participant received all care in a pharmacy
environment and showed increased retention in care. Data from this study also
demonstrates a marked loss of patients from the care pathway for those randomised to
attend the local hospital for standard hospital-based care. The non-randomised study
concluded that patients treated in pharmacist clinics achieve high rates of SVR similar

to non-pharmacist clinics

3.5.7 Telemedicine

A single cohort database study(244) compared treatment uptake and SVR rates in
participants cared for through a telemedicine pathway (n=157) with participants cared
for through a standard care pathway (n=1,130). The study demonstrated increased
access to care from under-served and remote areas and concluded that the telemedicine

intervention achieved high rates of treatment initiation and SVR.
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Author ‘ Year ‘ Country ‘ Design Intervention Comparator Number ‘ Uptake (%) | SVR (%)
Primary care
Bloom(230) 2017 | Australia Prospective cohort study | Adherence to DAA Treatment by tertiary 1044 503 (40.6) 253 (50.2)
of treatment uptake and treatment protocols care provider
SVR
Francheville(231) | 2017 | Canada Prospective observational | Specialist nurse-led care No comparator group | 242 93(38.4) 82(88.2)
study design
Kattakuzhy(202) | 2017 | USA Non-randomised open Treatment by primary care | Standard care - NP 150 NP 134(89.3)
label study providers and nurse Treatment by PCP 160 .
- . PCP139(86.9)
practitioners secondary care clinic
McClure(232) 2017 | Australia Retrospective data Nurse-led care and GP Specialist care in Nurse-led | 50(74.3) 46(65.7)
analysis of SVR12 remote consultation Tertiary centre 70 '
Miller(233) 2016 | USA Retrospective Treatment by primary care | No comparator group | 95 79(83)
observational study providers
Retrospective cohort Treatment in urban primary | SVR 12 in PWIDs and
Norton(234) 2017 | USA study of SVR care centre non_PWIDs 8 85(95.5)
Wade(128) 2018 | Australia Randomised controlled Testing, assessment and Testing, assessment 59 31(52.5) 14(23.7)
trial treatment in primary care and treatment in
tertiary care
Integrated Health Systems
Abdulameer(236) | 2016 | USA Retrospective data VA-Echo model supporting | No comparator group | 588 318 (54)
analysis of SVR 12 primary care providers
Beste(237) 2017 | USA Retrospective cohort VA-Echo model supporting | Standard care - 6431 1303 (21.4) (58.2)
study of treatment uptake | primary care providers Treatment by
and SVR unexposed primary
care providers
Buchanan(238) 2015 | United Retrospective data Community-based outreach | Standard care - 77 24 (31.2)
Kingdom analysis clinic Treatment by
secondary care clinic
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Author Year | Country Design Intervention Comparator Number Uptake (%) SVR (%)
Georgie(239) 2016 | USA Retrospective data VA-Echo model supporting | Treatment by sub- 623 GT1(99) GT2
analysis of SVR12 primary care providers specialist providers (98) GT3 (79)
Places where PWIDs are Treated
Butner(240) 2017 | USA Retrospective data Opioid treatment No comparator arou 75 75 (100) 64 (85.0)
analysis programme P group
Retrospective data Treatment in a community-
Morris(241) 2017 | Australia analysis of treatment based harm reduction and No comparator group | 127 122(96) 102(80.3)
uptake and SVR treatment facility
Read(242) 2017 | Australia Retrospective data Treatment of PWIDs in 72 59(81.9)
: . - No comparator group
analysis of SVR12 primary care setting
Pharmacies
David(243) 2017 | USA Retrospective data Pharmacy-managed clinics | Treatment by non- 204 170 (83.6)
analysis of SVR12 pharmacist providers
Radley(75) 2017 | United Pilot cluster RCT of Treatment in community Treatment by 26 3(11.5) 3(11.5)
Kingdom treatment uptake and SVR | Pharmacy secondary care clinic
Telemedicine
Cooper(244) 2017 | Canada Retrospective cohort Use of telemedicine Treatment by 157 35 (22.2) 18(11.5)

study of treatment uptake

and SVR

secondary care clinic
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3.5.8 Data synthesis

The 12 studies included in the meta-analysis examined treatment uptake, completion
and SVR in a variety of primary care environments, these were; integrated systems that
linked specialists with primary care providers; places where PWIDs are treated;
Pharmacies; telemedicine and specialist hospital care. The remaining 5 studies were felt
not to be suitable for meta-analysis due to non-reporting of the required outcomes, use
of PEGylated interferon or insufficient follow up time to achieve SVR. Across 12
studies, the pooled estimate is shown in Table 3.4. Forest plots for suitable studies are
set out in Figures 3.2, 3.3 and 3.4. These plots demonstrate that across the variety of
community and primary care environments, a consistent direction of effect to improve

treatment uptake, treatment completion and achievement of SVR is seen.

In this analysis, heterogeneity was noted to be high so a sensitivity analysis restricting
to higher-quality studies (NOS score >6) was performed. Despite this the heterogeneity
remained high. A further sensitivity analysis was performed restricting the meta-
analysis to published studies only. See Table 1 in Appendix 2/Chapter 3. This had no
impact on heterogeneity.
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Table 3.4. Meta-analysis of studies examining treatment uptake, treatment completion and SVR among people with hepatitis C treated in a variety of

community settings or specialist hospital care.

Inclusion Criteria

Treatment Uptake

Treatment Completion

SVR

No. Of | Heterogeneity? Pooled estimate No. Of | Heterogeneity | Pooled estimate No. Of Heterogeneity | Pooled estimate
studies 1? (95% CI) studies 1? (95% CI) studies (B} (95% CI)
Places where PWIDs 2 77.7% 91.9 (82.2-100) 3 0.0% 82.3 (77.8-86.8)
are treated
Integrated health 1 Not applicable 75.6 (68.0-83.2) 1 Not applicable | 96.8 (93.2-100) 2 84.6% 81.3 (66.9 -95.5)
system
Telemedicine 1 Not applicable 22.3(15.8-28.8) 1 Not applicable | 51.4 (34.8-68.0)
Primary care 1 Not applicable 67.4 (53.9 - 80.9) 1 Not applicable | 100 (97.95-100) 5 94.9% 74.4 (60.3 — 88.5)
Pharmacy 1 Not applicable 66.67 (58.3 — 75.1) 2 89.0% 79.0 (79.2-98.9)
Specialist care 2 0.0% 34.5(31.79 - 37.29) 5 96.8% 73.46 (60.9 — 85.9)

Abbreviations: Cl, confidence interval; PWID, people who inject drugs; SVR, sustained virologic response.

a. Random-effects method used if 12 > 30%.
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Study author Pooled effect size (95% Cl) % Weight
Treatment uptake
Wade 2018 [12] — 67.40 (53.90, 80.90) 100.00
Subtotal (I-squared =.%, p =.) & 67.40 (53.90, 80.90) 100.00
Completed treatment
Norton 2017 [6] = 100.00 (95.90, 100.00)100.00
Subtotal (I-squared = .%, p = .) () 100.00 (97.95, 102.05)100.00
SVR
Miller 2016 [4] —+—  83.20(75.70,90.70) 20.78
Norton 2017 [6] =+ 9550(91.20,99.80) 21.63
Kattakuzhy 2017 [10] = 86.90(81.70,92.10) 21.43
McClure 2017 [11] —— 52.90 (42.40, 63.40) 19.67
Wade 2018 [12] —_— 45.20 (27.70, 62.70) 16.48
Subtotal (I-squared = 94.9%, p = 0.000) <>  74.43(60.32,88.54) 100.00
T T
-102 0 102

Figure 3.2. Forest plots of treatment uptake, completed treatment and SVR rates for
selected studies in the primary care location.

Figure 3.2 demonstrates outcomes for studies where HCV care was delivered in the
primary care setting. There is one study apiece demonstrating treatment uptake and
treatment completion with five studies demonstrating SVR outcomes in the primary
care location. The direction of effect is the same for all studies, although this was not
statistically significant.
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Study author Pooled effect size (95% CI) % Weight
Completed treatment
Morris 2017 [5] = 96.10 (92.70, 99.50) 58.12
Read 2017 [7] —+— 86.10 (77.50, 94.70) 41.88
Subtotal (I-squared =77.7%, p = 0.034) <> 94.75 (91.59, 97.91) 100.00
SVR
Butner 2016 [2] —+— 85.30(77.30, 93.30) 31.72
Morris 2017 [5] = 80.30 (73.40, 87.20) 42.64
Read 2017 [7] —<*— 81.90(73.00, 90.80) 25.63
Subtotal (l-squared = 0.0%, p = 0.647) <> 82.30 (77.79, 86.80) 100.00
I I
-99.5 0 99.5

Figure 3.3 Forest plots of completed treatment and SVR rates for selected studies in the
integrated health system location.

Figure 3.3 demonstrates outcomes for studies where HCV care was delivered in the
integrated health system setting. There are two studies demonstrating treatment
completion and three studies demonstrating SVR outcomes in the integrated health
system location. The direction of effect is the same for all studies, although this was not

statistically significant.



Study author

Treatment uptake
Radley 2017 [1]

Subtotal (I-squared =.%,p=".)

SVR
Radley 2017 [1]
David 2017 [9]

Subtotal (I-squared = 80.0%, p = 0.025)

79

Pooled effect size (95% Cl)

- 66.67 (58.30, 75.10)

<> 66.67 (58.27, 75.07)

—+- 93.80 (88.50, 99.10)

—+— 83.70(76.60, 90.80)

<> 89.04 (79.16, 98.92)

% Weight

100.00

100.00

52.85

47.15

100.00

-99.1

Figure 3.4. Forest plots of treatment uptake and SVR rates for studies in the pharmacy

location.

Figure 3.4 demonstrates outcomes for studies where HCV care was delivered in the
pharmacy setting. There is one study demonstrating treatment uptake and two studies

demonstrating SVR outcomes in the pharmacy location. The direction of effect is the

99.1

same for both studies, although this was not statistically significant.
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3.6 DISCuUSSION

This chapter reviews outcomes of care pathways that utilise DAAs in a range of
community and primary care settings. The WHO Guidelines on care and treatment of
persons diagnosed with chronic HCV infection promote simplified service delivery
models; integration with other services; decentralised services supported by task-sharing
and community engagement to address stigma and increase reach.(40) The studies
considered in this systematic review and meta-analysis therefore provide some real

world evidence for the uptake and implementation of these guidelines.

The identified studies that met our inclusion criteria have been grouped according to
location: primary care; integrated health care systems; places where PWIDs are treated;
in pharmacies; and through telemedicine. These care pathways acknowledge the need
to provide local services with roots in the communities and establishments where people
with hepatitis C will have easy access to them.

Uptake of treatment, completion of treatment and attainment of SVR was demonstrated
with a positive outcome reported by all identified studies. However, amongst the
studies that met our inclusion criteria, there were a lack of studies using comparators to
specialist centres. Data contained in these studies nevertheless demonstrated high
uptake of treatment and high rates of attainment of SVR notably among populations of
vulnerable people who normally struggle to access care. Studies that did include
comparators showed no significant differences in uptake or SVR. Several of the studies
reported an increased uptake of treatment, but most reported equivalence. Some studies
reported lower rate of attainment of SVR because of study participants failing to
undergo a confirmatory blood test post treatment, within the study timelines. With the
use of DAAs, SVR rates of greater than 97% are achieved if patients adhere to

treatment, therefore completion of therapy can be a surrogate for SVR.(245)

Previous systematic reviews have considered barriers and facilitators to care, as well as
the views and experiences of people who inject drugs.(220,246) These studies
concluded that the target groups for HCV often had poor levels of knowledge about the
infection and of the processes involved with testing and treatment. A fear of stigma and
discrimination and a reticence to discuss risk behaviours tended to prevent engagement.
These barriers could be addressed through educating participants and integrating HCV

treatment pathways into other services the target group are likely to access.
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Increased uptake of testing has been seen when testing is offered at the same time as
other routine care,(63) with positive outcomes seen when testing is offered along with
services for opioid users and with mental health services. There are advantages to
developing targeted services that address populations with a high predicted prevalence
of HCV.(247) Provision of HCV treatment as part of a directly observed opiate
substitution therapy (OST), increased attainment of SVR.(248) Utilising these pathways
within established health systems needs to be commonplace in order to benefit from the
increased treatment uptake, treatment completion and SVR effect in order for the WHO

target for elimination is to be met.(249)

The results from this systematic review highlight the lack of well-controlled randomised
controlled trials and comparative studies in this area of study, with just two randomised
controlled trials identified and four cohort studies. While the publication of such studies
IS an important step in building confidence that decentralisation of hepatitis C treatment
can be accomplished, the paucity of evidence reflects the difficulty in funding pathways
to care studies and the relatively recent removal of the restrictions on the use of DAAs.
Publication of three study protocols identify that further evaluations of interferon-free

treatments in primary care environments are underway.(128,220,250)

As with any systematic review, the quality of the studies and the heterogeneity of the
study populations included in the analysis present a limitation of this study. The
sensitivity analyses performed for our analysis did not have any impact on
heterogeneity, meaning that an unexplained source of heterogeneity is still present.
These difficulties may reflect the variety of ways in which patients can access HCV
treatment. This could be seen as a positive factor and may be explained by the
development of diverse and more patient centred pathways. These factors prevented a
meta-analysis being achieved for all of the studies identified as eligible through the
PICO question definition for this review. Many of the studies that met the inclusion
criteria were only available as conference abstracts, including one of the randomised
controlled trials. Nevertheless, over 10,000 participants have been included in
identified studies. All studies had a consistent direction of effect, as demonstrated in
the Forrest plots (Figures 3.2-3.4). It is hoped that the addition of future studies will
confirm this direction of effect and define the effect size that should be delivered by
simplifying treatment pathways and decentralising them to primary care. In terms of
further limitations, we acknowledge limitations in the chosen methods for the

systematic review, including potential publication bias especially given that all included



82
studies showed the same direction of effect. We cannot overlook the possibility that
studies which didn’t have statistically significant results or clinically favourable results
were not published, therefore leading to an imbalance in the available literature in this
area. We excluded non-English language studies and may have unintentionally provided

additional bias by our chosen inclusion and exclusion criteria.

3.7 CONCLUSION

This systematic review and meta-analysis identifies studies which demonstrate the
feasibility of decentralising care and providing local services with reach into
communities of people infected with HCV. Such pathways may increase uptake of
treatment and can provide sustained virologic responses equivalent to those attained in
specialist centres. The successful implementation of such pathways to deliver
successful patient outcomes is a key requirement for a “treatment as prevention”

strategy as a pathway to elimination of HCV.(251)
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CHAPTER 4 — THE EVERYONES HCV sTuDY

4.1 SUMMARY

NHS Tayside has instituted a number of specialised pathways for testing and treatment
of HCV amongst the most at-risk populations, including people who inject drugs
(PWID), those on opiate substitution therapy (OST) and prison inmates. Widespread
testing occurs in injecting equipment provision sites (IEPS), community pharmacies and
the prison service as part of a coordinated regional strategy. The aim of the data
presented in this chapter was to analyse the effectiveness of these targeted diagnosis

pathways compared with standard testing.

Data was collected retrospectively for every HCV antibody and PCR test ever done in
NHS Tayside. Each test was attributed to a diagnosis pathway according to the testing
source. Data was cross-referenced with clinical records including testing source and

clinical outcome for every individual with positive antibody results.

Analysis of local data revealed testing in primary and secondary care has tripled (2364
to 7486 antibody tests/year) from 1999 to 2017, with PCR positivity falling from 2.3%
to 0.7%, as more medium/low risk individuals have been tested. In contrast, testing in
prisons yields a rate of 4%, IEPs a rate of 15% and community pharmacies 13.5%.

Diagnostic pathways targeting populations most at risk of HCV are more effective at
yielding new HCV diagnoses than standard pathways. These tailored diagnostic
pathways also resolve some of the health inequalities around drug use and provide
methods of ensuring entry to treatment. The results suggest targeted testing will find the
majority of Tayside’s undiagnosed population, which would be challenging using only
the standard testing pathway. However no single pathway is sufficient on its own,
requiring multiple testing pathways to be deployed. This will help achieve the aim of
HCV elimination within NHS Tayside by 2030.

4.2 INTRODUCTION

Scotland has taken the lead within the UK in tackling HCV with its Hepatitis C Action
Plan,(252) published first in 2006, and the subsequent Sexual Health and Blood-borne
Virus Framework, published in 2015.(19) One of the Hepatitis C Action Plan’s key

goals was to identify undiagnosed infections and identified that access to testing was a
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significant obstacle in achieving this target. Nearly 75% of undiagnosed cases of HCV
within Scotland (16,300) are individuals who were previously classified people who
inject drugs (PWID) but who no longer inject.

Tayside is a geographically defined area covering approximately 3,000 square miles,
with a mix of small villages, medium-sized towns and larger cities, representing a
combination of population densities. The estimated population of Tayside on 30" June
2017 was 416 090 and is comprised of 3 main areas, Dundee city, Perth and Kinross
and Angus,(253) all administered by different councils. Tayside has an unusually stable
population that is confined by the geography of the region, and that co-locates a health
service providing all health care for this area. As a single health board serves all of these
council areas, the population has limited options in accessing health care outside this
board. However, this unitary health provision, combined with the stable population and
wide variety of settlements, makes Tayside an ideal area to conduct natural experiments
at the population level to assess the effectiveness of health interventions.

Several pathways to diagnose and treat HCV-positive patients have been developed in
Tayside and subsequently evolved over the years due to the changing disease and
treatment landscape. There has been a particular focus on diagnosing and increasing
access to care for PWID, given that this population represents both the biggest risk
group in the region and also the highest risk category for onward transmission. Tayside
is recognised to have a relatively high number of both drug-related hospital admissions
and drug-related deaths compared to the rest of Scotland and the UK.(253)

In order to achieve HCV elimination, it is vital that diagnostic activity is optimised and
IS responsive to patient needs and social environment. In order to increase chances of
engagement, cure and reduce risk of onward transmission it is imperative that
individuals with chronic HCV are engaged in care, treated and cured, as soon as
possible after contracting the infection. Evaluation of the relative benefit of being tested
in one pathway or an alternative pathway in terms of diagnosis rate, access to treatment
and retention in care is a vital task in order to allow the health board to continue to plan
future HCV services which will galvanise activities designed to deliver elimination of

Hepatitis C at a regional level.

4.3 AIMS AND OBJECTIVES

In line with Scottish Government targets, NHS Tayside is committed to eliminating the
Hepatitis C virus (HCV) as a public health threat by 2024.(16) With an estimated
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prevalence of 0.5-0.55% we anticipate that 2,000- 2,200 people are living with chronic
HCV in Tayside. Currently 1800 individuals have been diagnosed, leaving 200-400 as

yet undiagnosed.

4.3.1 Primary outcome

To demonstrate the most effective combination of existing pathways to diagnose HCV

infection in a typical developed world population.

4.3.2 Secondary outcome

1. To define effectiveness of each pathway

2. To define rate of conversion of test-to-diagnosis and diagnosis-to-treatment for

each pathway
4.4 MATERIALS AND METHODS

4.4.1 Approvals and trial registration

4.4.1.1 Ethical approval

The clinical trial received favourable ethical opinion from the West of Scotland
Research and Ethics Committee 4 on 18th March 2018, reference number 18/WS/0035.
Research and Development approval was granted for the study to proceed locally in
Tayside on 12" March 2018 (Appendix 3).

4.4.1.2 Calidcott approval
Approval to access relevant clinic data for the trial was received from the Caldicott
Guardian on 9" March 2018 (Appendix 3).

4.4.1.3 Trial registration
The trial was registered on clinicaltrials.gov on 27" March 2018. ClinicalTrials.gov
Identifier: NCT03513796
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4.4.2 Study setting
As already mentioned the Tayside region of Scotland has a population of approximately
416 090 people.(254) In Scotland the prevalence of hepatitis C antibodies is in the
region of 1.0%,(255) and updated figures in NHS Tayside indicate an active infection
prevalence of 0.5-0.6%, which would correspond to approximately 2100 - 2500 people
living with HCV in the region. An overview of some of the milestone developments in
HCYV care, set against annualised figures for testing in NHS Tayside are displayed in
Figure 4.1, whilst established pathways for viral hepatitis diagnosis and management in

Tayside is shown in Figure 4.2.
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Figure 4.1. Graph demonstrating the testing activity in NHS Tayside from 1999-2017 with advances in treatments for hepatitis C noted at the specific
time points. Anti-HCV relates to HCV antibody testing. PCR relates to confirmatory polymerase chain reaction tests to confirm HCV positivity. Levels
of these are noted on the left Y axis denoting HCV testing activity. Anti-HCV reactive refers to positive HCV antibody tests and is represented by the
pale blue line graph corresponding to the right Y axis.
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Viral hepatitis specialist services for Tayside residents, including those who live in
more remote towns and villages to the north and west of Dundee, are based in
Ninewells Hospital and Medical School, which is a tertiary level, university-affiliated
hospital based in Dundee. The hospital is well served by public transport links for those
who are able to attend here, for those unable to attend there are multiple outreach clinics

run by NHS staff with multidisciplinary team support from Ninewells as appropriate.
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Figure 4.2. HCV diagnosis and treatment pathways in NHS Tayside.

Figure 4.2 shows the currently active NHS-based HCV diagnosis and treatment
pathways which are discussed in detail in the next section. This figure does not include
the research-led testing pathways or one-off interventions, which were also included in
the analysis. These research-led pathways were primarily run through IEPS and

community pharmacies around the health board.

4.5 OVERVIEW OF INCLUDED DIAGNOSTIC PATHWAYS

4.5.1 Group 1 - Continuous care pathways for the duration of the epidemic

45.1.1 Pathway 1 — Standard pathway. Primary and secondary care

Following a clinical interaction in either primary or secondary care, there may be
clinical suspicion that the patient has HCV, based on symptoms, risk factors or
abnormalities detected via other investigations such as elevated liver blood tests.
Following blood draw — either in Ninewells Hospital, general practice, phlebotomy
services or in one of the outreach clinics serving the regional towns and villages — an

anti-HCV antibody test is requested, with a HCV PCR often requested concurrently. If a
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patient is positive for HCV antibodies, the HCV PCR test is performed to assess for
active infection. This is known as reflex testing. If the result indicates that individual is
HCV positive, this is fed back to the patient by the requesting healthcare worker and an

onward referral to HCV specialist services is made.

Patients are reviewed at the HCV clinic in Ninewells Hospital or in a regional outreach
clinic. The Ninewells-based team comprises a nurse-led assessment clinic and a
specialist clinic staffed by gastroenterologists, infectious diseases physicians and
hepatology nurses. The outreach clinics are staffed by specialist hepatology nurses, with
weekly multidisciplinary team support. This outreach service provides HCV care for
those who are unable or unlikely to travel for whatever reason to Ninewells Hospital for

an appointment.

4.5.1.2 Pathway 2 — Opiate substitution pathway. Drug treatment services

PWID are the most significant risk group for HCV in the developed world.(256) On the
road to recovery from opiate substance dependence many individuals will be placed on
a programme of opiate substitution therapy. Those clients whose HCV status is
unknown and are being assessed to commence opiate substitution therapy (OST) by the
Tayside Substance Misuse Service (TSMS), or who are already on an opiate substitution
programme, are opportunistically offered a HCV test when they engage with TSMS.
Again, as in pathway 1 results are communicated by the requesting healthcare worker. If
a test returns negative for HCV antibodies (i.e. HCV status is known), clients are
offered annual HCV testing on an ongoing basis in line with prevailing

recommendations on HCV case-finding in Scotland.(257)

A dried blood spot (DBS) test is taken by an addictions worker when the patient
interacts with the TSMS, who then requests a blood-borne virus screen tests via the
local laboratories in Ninewells Hospital. Tests which return antibody positive on DBS
sampling are followed up by another panel of blood tests, obtained by a HCV outreach
nurse, to assess for a confirmatory HCV PCR as well as safety and suitability of the
patient for HCV treatment. If the individual is confirmed to have active HCV infection,
treatment is either initiated by the individual’s community pharmacist, who routinely
dispenses their OST, or by the HCV specialist nurses in the community outreach clinics.

The treatment venue is allocated according to patient preference.
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4.5.1.3 Pathway 3 — Opiate substitution pathway. Community pharmacies
Clients attending community pharmacies to collect OST are typically either previous or
current injecting drug users, meaning they are at high risk of infection with HCV.
Similarly to testing through drug treatment services, at a number of community
pharmacies in Tayside, OST clients are opportunistically offered a HCV test using a
DBS if their status is not already known. If their test returns antibody negative, they are
offered re-testing on an annual basis in line with the prevailing HCV case-finding

guidelines.

Pharmacists and pharmacy workers have been trained by NHS Tayside to perform and
respond to results for both HCV antibody and HCV PCR tests using DBS, and refer any
patients with positive results to the core HCV care team in Ninewells Hospital for
onward care if required. There is a linked payment for pharmacies conducting HCV
testing for their OST clients, on a per-test fee basis, which incentivises pharmacists to
maintain this referral pathway above and beyond the obvious clinical benefits for their

clients, and their own professional practice.

If a non-complex case (bloods results within set parameters, supplied to pharmacists as
part of their training) of HCV infection is confirmed, and the community pharmacist is
an independent prescriber, the client can be initiated on DAA treatment and monitored
by the community pharmacist. This practice is a continuation of a recently completed
clinical trial (SuperDOTC (250)), which has now been embedded into clinical practice.
In more complex cases of infection, individuals can be referred to the HCV specialist
team in Ninewells Hospital for review, and appropriate treatment can then be
commenced in a HCV community outreach clinic or the individual’s community

pharmacy.

45.1.4 Pathway 4 — Injecting equipment provision sites (IEPS)

In NHS Tayside, provision and clean injecting equipment and related paraphernalia,
such as needles, pots, filters, sterile water, antiseptic wipes, citric acid, and so on, are
provided to PWID at no cost in select community pharmacies and larger dedicated
provision sites in collaboration with third-sector partners. People attending these
provision sites are offered HCV testing via DBS by trained third-sector workers
employed by the service provider, or via traditional phlebotomy by trained NHS staff, if

they happen to be on site at the time of exchange.
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If previously HCV positive, routine bloods (i.e. liver function tests, full blood count,
coagulation, anti-smooth muscle antibody), a HIV and Hepatitis B (HBV) screen, and
HCV RNA are taken. If the HCV RNA test is positive, patients are invited to attend a
BBV outreach clinic situated in the IEPS to be started on HCV treatment, which is
monitored via the clinic in the IEPS by specialist nurses with MDT support from
Ninewells Hospital. The specialist nurses can offer this monitoring as they staff the
clinic 9-5, five days a week, to provide a harm reduction and wound dressing service.

Additional services that are available for clients within the larger dedicated IEPS
include wound care, dentistry, broader sexual health care, contraception clinics and

social worker engagement. Substance recovery cafes are also co-located on site.

45.1.5 Pathway 5 — Prisons

PWID are frequently imprisoned, and estimates place HCV prevalence between 3-38%
amongst prison inmates.(258) Modelling studies have confirmed the negative impact of
incarceration on perpetuating the HCV epidemic.(259) National Scottish guidelines
recommend opt-out HCV testing in prisons as the most appropriate model of care, and it

is a required part of NHS service level agreements.(260)

On entry to prison, new inmates are offered HCV and HBV testing as part of the
reception process by the prison staff. If the individual accepts a BBV test, they are
appointed to the prison HCV clinic at the next available appointment and reviewed by
the specialist HCV nurse. HCV testing is conducted by traditional phlebotomy or by
DBS, depending on patient preference and clinical requirements (e.g. patient has
difficult venous access). In late 2019, a Cepheid GeneXpert was introduced to the
largest prison in NHS Tayside in order to provide point-of-care, rapid HCV testing. This
platform enables staff to test for HCV PCR using only a capillary blood sample.

If the test results confirm an individual has active HCV, they are initiated on pan-
genotypic DAA treatment. The prison pharmacist checks for drug interactions before
the medications are dispensed from the prison dispensary, and inmates can choose to
receive either a two-week dispense or to attend for daily observed therapy. If an
individual is liberated prior to treatment completion, they are provided with the
remaining DAA treatment course upon release and followed up in the community to
ensure SVR.
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4.5.2 Group 2 One off interventions and pathways of short duration

45.2.1 Pathway 6 — Community outreach to ethnic minorities

A prior targeted study(261) was performed in 2011 in Tayside, was aimed at both
raising awareness and increasing testing of HCV amongst people of Pakistani descent.
The prevalence of HCV in Pakistan is around 4-5%, compared with 1% in Scotland,
making this population a priority for HCV testing locally. Testing and awareness raising
sessions were conducted in 3 mosques and one Pakistani women’s centre. Following an
afternoon HCV awareness meeting with each group, a temporary outreach HCV clinic
was set up at each site. Participants who volunteered had blood samples taken and filled
out a questionnaire. All results were sent out in the mail. Participants who had a positive
result received a phone call and were invited to attend a HCV clinic to discuss the

results and start treatment.

This community outreach was a one-off intervention to test a population who have a
historical risk, but little on-going risk for future infection (unless they returned to
Pakistan and had further exposure). It was therefore feasible to do a one off outreach
and testing programme, but would yield little in the way of additional diagnosis if this
population was sampled again in the future. This approach also has the effect of raising

community awareness and increasing test requesting via conventional pathways.

45.2.2 Pathway 7 — GP record search

In 2011 a single General Practice in Dundee in an area of high social deprivation (SIMD
category 1) was given health board funding to test 50 patients for HCV. A case record
trawl identified patients in the practice who had both a documentation of drug
dependence and a current or previous methadone prescription. Identified patients were
invited for HCV testing by their GP. 86 people were identified and invited for testing of

which 75 people were tested and resulted in 6 new diagnoses of HCV.

4.5.2.3 Pathway 8 — GP health promotion since 2013

A health promotion campaign was rolled out to 19 general practices in Tayside to raise
awareness of the risk of HCV and advocate testing for those at risk (e.g. in receipt of an
opiate substitution therapy prescription). GPs handed out questionnaires to help patients

identify their risk for HCV when they first registered with the practice.

4.5.2.4 Pathway 9 — Targeted GP screening in Glasgow
A general practice in an area of social deprivation in Glasgow with known increased

prevalence of HCV. Patients between the age of 30 and 54 were offered an information
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leaflet and HCV testing when they attended for non-urgent GP appointments for any

reason

A further eight general practices in areas of social deprivation in Glasgow with known
increased prevalence of HCV. Patients were offered testing if they had a history of
IVDU and fell within the age range of 30-54. If agreeable to HCV testing, they were
offered pre-test counselling and venepuncture for HCV antibody and PCR testing. A

follow-up appointment was offered to discuss results.

4.5.2.5 Pathway 10 — GP record unification

Twenty four general practices in Dundee cross referenced their practice records
regarding HCV testing, results and follow up with the records from the secondary care
HCV services. Patients who had been tested but not referred, declined follow up or lost
to follow up were identified and re-contacted or referred to HCV services. Representing

an exercise in re-linkage to care rather than new diagnostic activity.

4.6 EVALUATION OF THE DIAGNOSTIC PATHWAYS: METHODS

This was a whole population cohort study conducted in a geographically defined region,
based on a prospectively collected data set over 27 years with retrospective analyses.
Diagnosis data is available over 27 years and testing data for 20 years.

The outcomes and activities of all the diagnostic pathways described above were
collated from various data sources including: the NHS Tayside HCV clinical database,
the NHS Tayside virology lab database and previously published pilot studies.(261—
263) Anonymised data from these sources were exported to create a research password
protected spreadsheet on a University of Dundee computer for analysis, which was
stored on a regularly backed-up server. From the source databases the number of tests
sent via each pathway was established and then the number of those tests positive for
HCV. Further analysis was performed to determine the number of positive HCV tests
per pathway, which converted to treatment and cure. Cure was defined as sustained

virologic response (SVR) at least 12 weeks after completion of DAA treatment.

Using the information regarding the source of testing allowed assessment of the efficacy
of the separate pathways, i.e. which pathway yields the highest proportion of HCV-

positive results per number of tests taken.
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4.6.1 Inclusion criteria
Any individual over 18, ever tested for HCV in NHS Tayside between January 1999
and December 2017.

4.6.2 Exclusion criteria

e Test requesting source originating from outside NHS Tayside

e Age under 18

4.6.3 Data collection

4.6.3.1 Virology laboratory data

A fully anonymised dataset was obtained of all serum samples tested for anti-HCV
antibody or HCV RNA in the Virology laboratory of Ninewells Hospital and Medical
School in NHS Tayside from January 1999 to December 2017.

The source of the HCV (anti-HCV antibody or HCV PCR) request was identified and
each test was assigned to one of seven pathways: primary care, secondary care, drug
treatment services, community pharmacies, injecting equipment provision sites (IEPS),
prisons and “GP record search” (pathways: 1, 2, 3, 4, 5 and 7). The results of the anti-
HCV antibody or HCV PCR were further broken down to show: year of testing, and
outcome of the test result i.e. anti-HCV antibody negative or reactive and HCV PCR

negative or positive.

The spreadsheet containing all of these data was stored on University of Dundee
servers, which are GCP compliant and get backed-up regularly, minimising risk to the
data set.

4.6.3.2 Clinical data

The NHS Tayside clinical HCV database was formed during the Interferon and
Ribavirin era in order to document patients’ progression through testing and treatment.
It has evolved over the years to become the single site of information regarding the
HCV status for all patients in the region with an anti-HCV antibody reactive result.

Each month the database is updated with details regarding people who have had a
reactive anti-HCV antibody or HCV PCR in the preceding month. Relevant clinical data
and recent HCV test results are also updated as they become available.

Clinical data held for each individual is input as it becomes available and includes, but

is not restricted to: age, HCV risk factor, intravenous drug use (current or remote),



95
opiate substitution therapy status, fibrosis score, testing year and source, date of last
attendance, engagement with services, treatment history, PCR status, SVR status and
whether they are in follow up.

The following data were collected and entered anonymously into a Microsoft Excel
spreadsheet: demographics; testing source and testing year; results of anti HCV and
HCV PCR testing; injecting drug history; opiate substitution therapy status; on engaging
with the service and on starting treatment; treatment episodes and outcome. Current

PWID were defined as reporting to have injected within the preceding twelve months.

A subsidiary tracker of the NHS Tayside clinical HCV database is the dried blood spot
testing database for patients tested in the IEPS. This database details all blood sampling
performed (both venous and dried blood spot sampling) in the IEPS along with the
relevant clinical data as previously outlined. This was the primary data source for the

IEPS pathways (pathway 4).

4.6.4 HCV testing methods

As previously described, antibody testing is used as the initial test to determine whether
someone has an active HCV infection. A positive anti-HCV test indicates that the
person may be actively infected, may have spontaneously cleared the infection, or the
result may be a false positive. Following HCV antibody positivity, active infection is
confirmed using RNA testing. Dried blood spot testing offers both antibody and PCR
testing on a fingertip capillary sample. This is frequently used in non-clinical settings
and for patients with challenging venous access.

4.6.5 Statistical analysis

Descriptive statistics were used to report the baseline patient characteristics and 95%
confidence intervals calculated for relevant data sets. IBM SPSS statistics 22 software

was used for all descriptive statistics and analysis.

4.6.6 Scottish Index of Multiple Deprivation codes

The Scottish Index of Multiple Deprivation (SIMD) identifies small area concentrations
of multiple deprivation across all of Scotland in a consistent way. SIMD codes were
allocated to the respective general practices in Pathway 1. SIMD rank small areas
(called datazones) from the most deprived to the least deprived people using SIMD.

SIMD 1 is equivalent to the most deprived and SIMD five is the least deprived.
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The SIMD will be applied to HCV testing data obtained on the GP element of pathway
1 in order to assess for deprivation in the community setting, and then explore the
relationship between deprivation and HCV infection.

Details of practice list sizes were obtained from NHS Open Data from NHS Services
Scotland.(264)

4.7 RESULTS

Of 109,430 samples tested for anti-HCV antibodies during the nineteen-year period of
sample collection, 5176 (4.7%) were found to be reactive. A proportion of these tests
were due to repeated testing of individuals who have a persisting risk of contracting
HCV e.g. PWID with active injecting drug use but previously had a negative anti-HCV
antibody test. Of 16 205 samples tested for HCV RNA during the time period, 7332
(45%) were found to be reactive. This number included retesting for relapse or
reinfection in people with a prior HCV infection. HCV PCR testing is repeated
throughout treatment to assess treatment response (this practice has reduced in the era of
DAA treatment, due to the documented safety and efficacy of DAAS) and at the end of
treatment to confirm sustained virologic response (SVR). Therefore, individuals in the
study data set may have undergone multiple testing events for both anti-HCV and HCV
RNA over the time period in question. As the testing data was not linked to individuals

the proportion of people undergoing repeat testing is not known.

Of the 109,430 anti-HCV samples tested: 24,969 (22.8%) had been tested in over 60
general practices, 77,885 (71.2%) within 432 secondary care sites (a diverse range of
wards and specialities including; haematology, renal and respiratory), 2415 (2.2%)
within drug treatment services at 3 sites, 193 (0.2%) within 25 community pharmacies,
753 (0.7%) within one central harm reduction injecting equipment provision centre,
2970 (2.7%) within the regions 2 prisons (and a third, now closed prison), 170 (0.2)
within 3 of Dundee’s mosques and one Pakistani women’s centre and 75 (0.07%)

through the GP record keeping intervention at one central general practice in Dundee.

The following sections give detailed insights into each pathway’s testing activities over

the study period.
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4.7.1 HCV testing: Entire study period
The figures illustrate the HCV testing activity per pathway over the entire study period.
This data gives a detailed insight into the minutiae of each pathway, allowing
observations of peaks and troughs of testing activity over time.
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4.7.2 Pathway 1: Testing in primary care
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Figure 4.3. a&b Testing activity in primary care (pathway 1). Graph a. shows overall testing activity, with Graph b. showing the same data, but with
only antibody positive results and PCR testing activity and PCR positivity displayed given the smaller scale.
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In primary care, there is a gradual increase in testing evident over a long timeframe,
peaking in 2014-2015, before plateauing and mildly attenuating into the 2016 period
onwards. The 2014-2015 peak clearly aligns with a concurrent peak in PCR positivity.
The graph clearly demonstrates a large volume anti HCV testing, with only a small
proportion of those tested having active HCV infection (determined by PCR positivity).
This predominantly reflects investigation of patients with symptoms or liver blood test
abnormalities rather than risk based screening, hence the low positivity rate. There may
be a proportion of risk based screening, but as more specialist pathways were developed
from 2009 onwards this did not diminish testing activity, suggesting either little risk
based screening activity or minimal overlap between different populations tested by

primary care and specialist pathways.
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Figure 4.4. Testing activity in secondary care (pathway 1).

09 10 11 12 13 14 15 16 17
5186 5024 | 5441 5573 5868 5830 5611 5290 5371
164 157 218 203 222 187 181 130 124
591 589 732 905 1068 1166 @ 1445 1204 | 1192
248 270 346 387 438 463 578 444 466
PCR +ve



101
Testing in secondary care follows a slightly different trajectory to that of primary care
over the same time period. The volume of testing is far greater, and certainly accounts
for the majority of testing in pathway 1. There is a more gradual and sustained level of
activity observed over the 2013-2015 period, in contrast to the peak in primary care
testing, which then broadly holds pattern into 2016 and beyond. Similar to testing in
primary care, it is clear that despite that large volume of anti-HCV testing, only a small
proportion of those tested had active HCV infection. So this reflects investigation of
patients with symptoms or liver blood test abnormalities to exclude HCV, hence the low

positivity rate.
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4.7.4 Pathway 2: Testing in drug treatment services
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Figure 4.5. Testing activity in drug treatment services (pathway 2).
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Figure 4.5 shows testing activity in drug treatment services (pathway 2) over the entire
study period. In contrast to pathway 1, there are marked peaks and troughs in testing
activity here. However, what is noteworthy in this pathway is the exponential increase
in antibody tests conducted from 2010-2011, which aligns with the introduction of DBS
testing through these services; also observable in 2015, which aligns with the increased
availability of DAAs and corresponding increased focus on targeted testing of PWID.
The amount of active infections found through this testing pathway over time has been
substantial in proportion to the number of tests conducted, however there is a disparity
between number of anti-body positive tests yielding positive results, and number of
subsequent PCR tests undertaken, which suggests inadequate follow-up of patients in
this pathway. The variation over time shows how dependent this testing activity is on

staff, and will be influenced by enthusiasm, outcomes and staff turnover.



104

4.75 Pathway 3: Community pharmacies
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Figure 4.6. Testing activity in community pharmacies (pathway 3).
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HCV testing in community pharmacies was introduced in 2015, and as detailed in
Figure 4.6 above. This pathway was instituted initially by providing a research-led
pathway, through a trial of testing and then two clinical trials, Dot-C and subsequently
SuperDOT-C. Following these trials, the pathway was adopted as standard practice.
Testing in 2015 aligns with the pilot study (Dot-C) and the exponential increase over
2016-2017 is activity generated through SuperDOT-C. This pathway specifically targets
clients in receipt of OST, who are predominantly previous or current PWID. It focuses
on an area where patients are incentivised to attend, they are picking up OST, in an
environment they are familiar with and trust. Furthermore due to the fee for service
payment structure for pharmacists they are also financially incentivised to treat patients
as well as deriving increased professional satisfaction by being directly responsible for
clinical care of their patients. It is clear that this testing pathway generated a higher
proportion of HCV-positive results than pathways 1 and 2, the actions of these

incentivising factors on both participants are highly likely to be relevant to this.
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4.7.6 Pathway 4: Testing in injection equipment provision sites
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Figure 4.7. Testing activity in injecting equipment provision sites (pathway 4).
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Testing in IEPS commenced in 2009 (Figure 4.7) and held steady in both number of
anti-HCV and HCV PCR tests conducted up until mid-2012 when the relationship
between them flipped with a dramatic increase in numbers of PCR tests, with antibody
tests remaining relatively stable with the exception of 2016. This reflects the advent of
HCV treatment pathways within the needle exchange service and the need to monitor
for re-infection in the at-risk population that continued to use the needle exchange
service after cure. It is interesting to note that the proportion of new antibody tests that
are positive falls substantially from 64% in 2009 to 17% in 2017, suggesting a treatment
as prevention effect. There was a steep decline in number of PCR tests conducted after
2015, with a concurrent rise in the number of anti-HCV tests, potentially explained by

an increase in clients whose HCV status was unknown using IEPS services.

Testing via this pathway yields a higher proportion of patients with active HCV
infection than pathways 1-3.



4.7.7 Pathway 5: Testing in prisons
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Figure 4.8. Testing activity in prisons (pathway 5).
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HCV testing across prisons in NHS Tayside modestly increased in quantity from 1999-
2012, and held in steady pattern up to that point. In 2012-2013, following introduction
of DBS testing and the inception of a dedicated prison blood-borne virus clinic service,
anti-HCV testing increased rapidly, with a concurrent rise in follow-up PCR tests. The
falloff in number of tests 2016-2017 reflects staff turnover and illustrates the
importance of rolling programs of staff training in high turnover areas. The number of
positive tests and subsequent PCR-positive tests follow broadly the same trends,
indicating a high burden of patients who up until that point had been both untested and
untreated for HCV.
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Figure 4.9. Targeted testing in ethnic outreach clinics (pathway 6). Figure 4.10. Targeted testing in general practice (pathway 7).
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4.7.8 Pathway 6: Testing in mosques

Figure 4.9 shows the testing activity for HCV in the ethnic outreach pathway, this was a
one-off intervention in a closed population with little risk of re-infection or on-going
infection. It is clear that while there was a significant number of anti-HCV tests
conducted, this yielded only a small proportion of PCR positive patients (3%), but this
reflected the population prevalence in the country of origin for this predominantly
Pakistani population. There is another impact in terms of levels of awareness raising

which leads to increase testing via conventional pathways.

4.7.9 Pathway 7: Targeted testing in general practice

Figure 4.10 shows the impact of targeted testing in general practice it follows a similar
pattern, albeit with a slightly higher proportion of PCR positivity in the tested cohort to
Figure 4.9. However the predominant risk factor in this group was previous injection
drug use. Therefore one might have expected a much higher prevalence around 40% as
opposed to the 8% detected here. This may represent the impact of previous testing via
other pathways reaching those at most risk, reducing the prevalence, however if that is
the case this still represents an important missed group that might justify one off

interventions such as this.

Both of these pathways yielded significantly lower proportions of PCR-positive patients

compared to all other pathways, but reached patients others pathways hadn’t.

4.7.10 HCV PCR positivity by testing site

Table 4.1 details the volume of anti-HCV tests performed in Tayside pathways 1-6 and
the proportions of HCV PCR positivity per pathway. Pathway 1 (primary and secondary
care) showed large volume testing with a relatively low PCR positivity. Pathways 3, 4
and 5 (community pharmacy, injecting equipment needle exchange and prison
pathways) resulted in low volume testing but with a higher PCR positivity rate. In
pathway 6 there was a notably low proportion of HCV positivity, given the number of
tests conducted (but reflects HCV prevalence in Pakistan and a “healthy migrant”
effect). It was clear to see that pathway 4 (IEPS pathway) produced the highest

proportion of HCV positivity per number of tests conducted.
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Table 4.1 Proportion of PCR-positive tests conducted in NHS Tayside in pathways 1-6.

Anti-HCV tests

Individuals with

Percentage of

taken PCR +ve PCR +ve
General Practice 24969 718 3%
Secondary care 77885 701 1%
Drug treatment services | 2415 280 12%
Community pharmacies | 193 22 11%
IEPS 753 193 26%
Prisons 2970 428 14%
Mosque 177 6 3%

The stark contrast between pathway 1 and pathway 4 is particularly clear in Figure 4.11

below. This clearly demonstrated that some pathways are much more effective at

finding cases than others, but individual pathways may not find all the patients.
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Figure 4.11. The columns demonstrate volume of HCV testing in 6 pathways whilst the red dots demonstrate proportion of active HCV infection
(determined by PCR positivity) The GP record search pathway is included in the “general practice” pathway due to small number.
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4.7.11 HCV testing NHS Tayside: 2015-2017

In 2015 after the development and evaluation of several new diagnostic and treatment
pathways there was a substantial change in the standard of care for HCV. This saw the
introduction of multiple interventions for HCV testing and treatment in NHS Tayside
with the objective of achieving elimination of HCV as a public health threat. Therefore,
it was important to analyse testing data from this period specifically to assess the impact
of these changes. Figure 4.12 shows anti-HCV testing across Tayside pathways between
2015 and 2017.

General Practice
Secondary care

Drug treatment services
Community pharmacies

IEPS

II"r1||

Prisons

o

1000 2000 3000 4000 5000 6000

Community  Drug treatment

Prisons IEPS Secondary care General Practice

pharmacies services
2015 583 95 4 389 5611 2267
W 2016 314 129 19 336 5290 2226
m 2017 206 82 170 203 5371 2115

2015 m2016 w2017

Figure 4.12. Anti-HCV testing activity in Tayside pathways between 2015 and
2017.The above graph shows volume of anti-HCV blood tests processed in the NHS
Tayside virology laboratory by requesting site for the years 2015 to 2017.

Overall, there were 25 410 tests conducted across testing pathways 1-5. Each year, the
majority of tests were conducted in the secondary care setting. General practice
conducted the next highest number of tests over this period, followed by drug treatment

services, prisons, IEPS and then community pharmacies.

Perhaps surprisingly, year-on-year figures demonstrate a decreasing trend in the number
of tests conducted across all pathways except for community pharmacies, which show

in excess of a forty-fold increase in number of tests conducted from 2015 to 2017, and
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reflected the lag time for this group of healthcare professionals to develop the necessary

skills and confidence to roll out new pathways to be standard of care.

Whilst anti-HCV tests are useful for testing individuals with an unknown HCV status,
the yield of PCR positivity per number of tests conducted is a superior barometer of
appropriate targeted testing. However, HCV testing is not the end point of the process
with the conversion of a patient with a positive HCV PCR to an SVR and viral cure
considered the ultimate goal of the care pathway. Pathways effective at making a

diagnosis may not be as efficient at achieving HCV cure, which is considered next.

4.7.12 HCV treatment activity of each pathway: 2015-2017

Once patients are diagnosed with HCV, the next natural step is to commence
appropriate treatment and be managed through the care continuum. The proportionate
treatment outcomes for patients diagnosed with HCV in each of the 6 pathways in NHS
Tayside from 2015-2017 was reviewed and assessed. This timescale was used as DAAS
were available more widely from 2015 and the newer pathways such as the pharmacy
pathway were in effect. This allowed a per-pathway comparison and highlighted where
diagnosed patients tended to be most likely to have positive outcomes following a
diagnosis. Table 4.2 shows the details of the patients found to be anti-HCV positive via
the different pathways from 2015-2017, along with their treatment outcomes.

Table 4.2. Progress of persons diagnosed with active HCV infection along care pathway
2015-2017.

Source of No. of patients No. of patients No. of patients No of patients with
initial anti-HCV with active HCV commenced on SVR

testing reactive infection treatment

General 99 75 68 59

practice Combined | (76%) | Combined | (90%) | Combined | (86%) | Combined
Secondary 135 234 96 171 (73%) 56 124 (73%) 42 101 (81%)
care (71%) (58%) (75%)

Drug

treatment 91 54 (59%) 42 (77%) 31 (73%)
service

Mosque 7 6 (85%) 6 (100%) 6 (100%)
Pharmacy 72 22 (31%) 21 (95%) 18 (85%)
IEPS 53 34 (64%) 28 (82%) 21 (75%)
Prisons 92 45 (49%) 37 (82%) 24 (64%)

It is important to consider not just the effectiveness of a pathway but also the volume of

patients it reaches. General practice and secondary care (pathway 1) detected the most
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individuals with anti-HCV positivity, closely followed by prisons (pathway 5) and drug

treatment services (pathway 2).

Across all pathways, the proportion of diagnosed individuals who then commenced
treatment was over 70% (general practice & secondary care combined as they represent
pathway 1). Pathway 1 has the highest accumulation of anti-HCV and PCR reactive
patients, as well as the most patients treated and cured, of any of the pathways shown.
However, all other pathways have a higher proportion of patients who commenced
treatment, with pathways 3 (pharmacy) and 6 (mosque) having the highest proportions
(100% and 95% respectively). This would suggest there is an environmental factor at

play that affects likelihood to initiate treatment. .

Persons completing treatment via the pathway 5 (prison) reported the lowest proportion
of SVR, with levels in pathways 2 (drug treatment) and 4 (IEPS), and secondary care,
only moderately superior. There are particular issues in obtaining SVR in prisons due to
the short sentences for many of the people in need of treatment. Pathway 3 (pharmacy),
general practice, and 6 (mosque) report the highest proportions of SVR attainment. The
combined total for pathway 1 is inferior to both pathways 3 and 6, but is still high.

4.7.13 HCV cascades of care

In this section we present our data in the format of a cascade of care, to better illustrate
the transition of testing to treatment and cure, in the context of the whole population.
The HCV cascade of care (CoC) is recognised as an important monitoring component of
the global response to the HCV epidemic. It allows readers, at a glance, to view how
many members of a particular patient group has passed through each stage required for
effective control of the disease.(265) A CoC can be broadly categorised into: estimated
population size; diagnosed population; proportion of that population both treated and

cured.

The CoCs in the following sections give first an overview of the proportion of patients
passing through the HCV CoC in NHS Tayside, and then a per-pathway breakdown of
same for the 2015-2018 period.
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Figure 4.13. HCV cascade of care overview for pathways 1-6.
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Figure 4.13 shows the relative proportion of individuals who were treated and cured of
their chronic HCV infection determined by the testing source that detected that
infection. It is evident that effectiveness is variable across the pathways once a
diagnosis has been reached. A pathway is more effective if persons detected via that
pathway are treated and cured, as opposed to being diagnosed and living with chronic
HCV infection.

The HCV prevalence in the following figures is the estimated population of Tayside
point prevalence in 2015. It is generated from the population of Tayside (416,080)
assuming a HCV prevalence of 0.55% and deducting all those patients who have been
diagnosed, treated and cured, but including only those also alive and still resident in
Tayside. This estimated number of 1436 patients infected with chronic HCV alive and
living in NHS Tayside gives the context of a population denominator that each pathway
is working toward and the overall HCV prevalence for Tayside.

400
350
300
250 10
200

360 Awaiting SVR
150
260 247
100

50

Diagnosed Treated Cured

Figure 4.14. Cascade of care in primary care (pathway 1)

Figure 4.14 shows the CoC for the primary care element of pathway 1. 72 % (260/360)
of people tested in Primary care started on HCV treatment, with 95% achieving SVR.
This total does not include an additional 4% (10/260) who completed treatment and are

awaiting SVR.
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Figure 4.15. Cascade of care in secondary care (pathway 1)

Figure 4.15 shows the CoC for the secondary care element of pathway 1. Of those tested
in secondary care, 61% (225/367) started on HCV treatment, with 89% of patients
achieving SVR. This total does not include an additional 8% (17/225) who completed
treatment and are awaiting SVR.
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Figure 4.16. Cascade of care in drug treatment services (pathway 2)

Figure 4.16 shows the CoC in drug treatment services (pathway 2). Of those individuals
tested in pathway 2, 64 % (152/239) were started on HCV treatment, with 91%
achieving SVR. This total does not include an additional 7% (10/152) who completed
treatment and were awaiting SVR. Although this pathway commenced slightly fewer on
treatment than the primary care element of pathway 1, there was a similar proportion of
patients achieving SVR.
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Figure 4.17. Cascade of care in community pharmacies (pathway 3)

Figure 4.17 demonstrates shows the CoC in pathway 3. Of people tested in community
pharmacies, 85 % (18/21) were started on HCV treatment with 100% of those treated
achieving SVR. The proportions of patients achieving cure was higher than all other
pathways except pathway 6, which achieved the same amount. In this pathway, patients
regularly attended the pharmacy for another health care needs, so the high level of

testing for SVR is not surprising.
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Figure 4.18. Cascade of care in injecting equipment provision sites (pathway 4)

Figure 4.18 shows the shows the CoC in injecting equipment provision sites (pathway
4). Of people tested in injecting equipment provision sites, 69 % (96/140) were started
on HCV treatment, with 83% of those achieving a SVR. This does not include an
additional 5% (5/96) who completed treatment and were awaiting SVR. The lower rate
of SVR may be an indicator of re-infection occurring prior to SVR test, given the
patient population treated through this pathway, who tended to be actively injecting
drugs.
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Figure 4.19. Cascade of care in prison services (pathway 5)

Figure 4.19 shows the CoC in prison services. Sixty-six per cent (96/145) of people
tested in prison services were started on HCV treatment, with 86% of those achieving
SVR. This total does not include an additional 10% (10/96) who completed treatment

and were awaiting SVR at the time of data censoring.
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Figure 4.20. Cascade of care in the ethnic outreach pathway (pathway 6)

Figure 4.20 documents the CoC for the ethnic outreach pathway (pathway 6). Patient
engagement in this pathway was demonstrably high, with every person who was found
to be PCR positive receiving treatment and obtaining SVR.

The variability in the CoC data presented cross the pathways is indicative of the
differing levels of engagement one will find in different patient populations and
treatment settings. Looking across the CoCs, one might surmise that patients receiving
care in stable (pathway 6) and familiar (pathway 3) environments tend to have better

treatment outcomes.
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4.7.14 Patient characteristics: 2015-2017

Baseline characteristics for patients in all pathways from 2015-2017 are displayed in
Table 4.3. Records for individuals tested in these pathways were limited to the years
2015 to 2017 inclusive in order to make equal comparisons across the pathways. The
standard care pathways, primary and secondary care, have been in place since 1999,

whilst the community pharmacy pathway was introduced as discussed earlier in 2015.
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Table 4.3 Patient characteristics for persons in Tayside reported to be hepatitis C anti-HCV positive between 2015-2017.

General practice

Secondary care

Mosque

Drug treatment
services

Pharmacy

IEPS

Prison

(%; 95% Cl)

(%; 95% CI)

(%; 95% Cl)

(%; 95% Cl)

(%; 95% Cl)

(%; 95% Cl)

(%; 95% Cl)

Gender Male 64 (65) 85 (63) 7 (100) 65 (71) 42 (58) 32 (60) 91 (99)
Female 35 (35) 50 (37) 0 (0) 26 (29) 30 (42) 21 (40) 1 ()*
Age Mean (+SD) | 43.0 (+11.2) 413 (+12.2) 36.2 (+10.6) 37.1 (+7.5) 39.1 (+8.1) 37.3 (+7.4) 35.6 (+3.5)
Injecting | Yes 48 (48;C1382- | 96(7L;CI633- | o0 ciggog |9L(100:1000- [ 72(100;1000- |53 (100; 100.0- | 84(91; CIE55-
drug use 57.8) 78.7) ' R 100.0) 100.0 100.0 97.1)
No 51(52;Cl422- | 39(29;Cl21.3- | 7 (100; 100.0- _ _ _ _
oL6) 267 1000) 0(0;C10.0-0.0) | 0(0;Cl0.0-00) |0(0;Cl00-00) |8(9;Cl29-145)
Cirrhosis | Yes gl %7; C19.6- 8 (6;C12.0-10.0) | 0(0;C10.0-0.0) |3(3:Cl-0565) |1(L:Cl-1.341) |1(2ClI-1.855) |2(2: Cl-0.852)
No 82(83;CI 75.6- | 127 (94; C1 90.0- | 7 (100; 100.0- 88 (97;CI1935- | 71(99;CI959- | 52(98;CI945- | 90 (98; Cl 94.8-
90.4) 98.0) 100.0) 100.5) 101.3) 101.8) 100.8)

* Whilst the all the prisons in Tayside are male only, the female in this cohort was an individual who identified as female and was transitioning to female at the time of her HCV

diagnosis.

95% Confidence intervals.
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Across the pathways there is a predominance of male patients compared to female
patients diagnosed with HCV, with the closest pathway to approaching parity being
pathway 4 (IEPS).

The oldest cohorts are within the standard pathways in general practice and secondary
care, with the biggest range of ages compared to the prison population, which has the
youngest cohort. This may reflect younger patients who are still engaged in high risk
behaviour and are more likely to come into contact with drug treatment services and the
criminal justice system compared to older individuals who may have historical risk

behaviour or other risk factors and are detected in non-targeted pathways.

The proportion of individuals who disclosed injecting drug use behaviour as a possible
risk factor to the HCV team is also detailed in Table 4.3 (and displayed graphically in
Figures 4.5-4.7). 100% of individuals tested in drug treatment services, injecting
equipment provision sites and pharmacies all disclosed a history of injecting drug use.
In general practice and secondary care this proportion was much lower and

demonstrates greater heterogeneity.

People found to have cirrhosis at the time of testing is greater in the general practice
population. The prison population with the youngest aged individuals had the lowest

incidence of cirrhosis at diagnosis.

4.7.15 Risk factors per diagnosis pathway

In pathways 2, 3, 4 and 5, the risk factor for HCV infection was almost exclusively
injecting drug use (IDU), as shown in Table 4.3. Risk factors for HCV infection in
primary care, secondary care (pathway 1) and the community outreach to ethnic
pathway (pathway 6) are slightly more heterogeneous, including disclosures such as:
migration from a high HCV prevalence country; infection from contaminated blood
products; non-injecting drug use; sexual contact; tattoo/piercing; co-infection with HIV
combined with IDU; needlestick injury; circumcision; healthcare-associated injections;
and household contact. These risk factors are displayed in Figures 4.5, 4.6 (for pathway
1) and 4.7 (for pathway 6).

In Figure 4.21, the disclosed HCV risk factors for individuals found to have a positive
anti-HCV antibody in the general practice testing population is shown. A wider mix of
patients (i.e. not exclusively PWID) are likely to be seen by healthcare staff through the
general practice element of pathway 1, so there naturally will be a wider variety of

infection sources, which is represented in the data. Whilst injecting drug use makes up
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around half of the population, there is a range of other recognised risk factors including
tattoo/piercing, transfusion of infected blood products and being born in a country of
high prevalence.

This observation of heterogeneity is repeated in the secondary care element of pathway
1, however there is a clear increase in proportion of IDU-related infections here.
Injecting drug use clearly outstrips all other risk factors in this testing pathway, with the
next-most common factor being unknown (Figure 4.22). There is a range of other
recognised risk factors including healthcare associated needle stick injury, HIV,
tattoo/piercing, transfusion of infected blood products and being born in a country of
high prevalence, but the quantity of these factors are demonstrably minute in

comparison to IDU.

Figure 4.23 shows the disclosed HCV risk factors for the individuals found to have a
positive anti-HCV antibody in the Pakistani population tested in the ethnic outreach
pathway. The most common risk factor observe across all pathways (injecting drug use)
does not appear here. Instead circumcision, healthcare-associated injection therapy and
household contacts make up the entirety of the risk factors, which is potentially
explained by a difference in cultural factors. It is not clear what household contact refers
to. These HCV risk factors are more unique to the first and second generation Pakistani

population than the usual Tayside resident, and are an outlier in the NHS Tayside data.
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Figure 4.21. Mode of transmission for individuals tested via their general practice

(pathway 1).
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4.7.16 Reach and impact

The testing and treatment activity and pathways have to be viewed in the context of the
population they are operating within. If all the patients in a geographically area are
diagnosed and treated then numbers of new diagnoses and treatment initiations will fall
to zero, but equally if the reach of an individual pathway has been exhausted then its
outputs will fall to zero, assuming all are parameters of the pathway such as staff are
still in place. So the effectiveness of any diagnostic pathway has to be viewed in the
context of the activity of other pathways and of the HCV prevalent population

As explained earlier the estimated point prevalence of HCV in 2015 was 1436. It was
generated from the population of Tayside (416,080) assuming a HCV prevalence of
0.55% and deducting all those patients who have been diagnosed, treated and cured, but
including only those also alive and still resident in Tayside. If the prevalence is reduced
by 0.25% then the estimated number falls from 1436 to 1332. This estimated prevalence
number of 1436 patients infected with chronic HCV alive and living in NHS Tayside
gives the context of a population denominator that each pathway is working toward and
the overall HCV prevalence for Tayside. In the period from 2015 to 2018 the proportion
of the population infected by chronic HCV diagnosed rose to 1273 out of 1,436
meaning 88.7% had been detected by the pathways described. The proportion of those
diagnosed who entered treatment and completed a treatment course was 826 out of
1273, cumulatively across all pathways 64.9%. This later number will rise given longer
follow-up as the study was primarily focussed on diagnosis and so the follow up period
for entry to treatment was shorter. This suggests that the panel of diagnostic pathways
available were highly effective and approaching being close to saturation point but not
yet reached it, i.e. the goals set by WHO for HCV viral elimination, so the pathways can

be compared and evaluated.

4.7.17 Scottish Index of Multiple Deprivation in General Practice

There is a significant body of evidence, which documents the relationship between
HCYV infection and social deprivation of those who are at risk of being infected with it.
A recent Australian study noted that HCV notifications were seven times more likely to
be from people living in the poorest areas, with high rates of unemployment and
injecting drug use.(266) Whilst recent Scottish data indicates that 20% of the most
deprived of the Scottish population accounts for the same number of HCV cases than
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the rest of the population combined, with infections concentrated in areas with high

levels of injecting drug use.(18)

Figure 4.24 shows the distribution of the HCV-testing general practices in NHS Tayside
mapped against the Scottish Index of Multiple Deprivation categories of their respective

catchment areas.

160000 8.00%
140000 7.00%
120000 l 6.00%
100000 5.00%
80000 4.00%
60000 3.00%
40000 2.00%
20000 I 1.00%
0 - — - — —_ 0.00%
SIMD 1 SIMD 2 SIMD 3 SIMD 4 SIMD 5
mmm Number of anti HCV tests mEEE Patient population Percentage of positive tests

Figure 4.24. Distribution of SIMD deprivation area codes of all the general practices
requesting either anti-HCV or HCV RNA testing compared with the deprivation codes
for the general practices which generated the highest number of anti-HCV and HCV
RNA test.

The skewing to the left (towards SIMD quintile 1) of the number of HCV tests
especially in context of the population is indicative that the highest burden of HCV
testing originates from general practices serving the most socially and economically

deprived clients.
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Figure 4.25. Number of anti-HCV tests from general practice according to SIMD
deprivation code.

There were, as shown in Figure 4.25, an equal number of HCV tests requested by GP
practices serving areas in SIMD quintile 3 — which represents areas of mixed
deprivation with some elements of severe deprivation and other areas of relative wealth
— as there were from those serving quintile 1 (Figure 4.25), however SMID 3 practices
had a higher proportion of the populations. The next highest groups requesting HCV
tests were in quintile 2, whilst the fewest tests are requested from GP practices in
quintiles 4 and 5, which represented the most affluent areas in NHS Tayside. This trend
aligns with the distribution of centrally notified HCV cases across Scotland to end of
2018, so could be considered that the NHS Tayside population is adequately

representative of the population of the general UK population.(18)

4.8 DISCUSSION

When assessing the performance of diagnostic pathways, it is vital to do so in the
context of the population being tested and acknowledging the goals of the health care
provider for HCV treatment and care. Dealing first with the health care provider, there

are two broad aims;

e Firstly to minimise the harms and health service costs by focussing on
prevention of the expensive complications, which will be confined to older

patients with chronic infection.

e Secondly to eliminate HCV from the population by testing and treating

everyone.
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This study was conducted in a population where the health care provider committed to
an elimination strategy and hence the requirement for diagnostic pathways that
delivered all HCV infected patients into treatment. This should be the position of most
health care providers given the WHO plans for HCV elimination. The population being
tested by the health care provider in the case of Tayside is one where infection is mainly
driven by recreational injection drug use, as opposed to an iatrogenic health care related
outbreak, as such it is very representative of the situation in most developed countries

and our findings will be widely applicable.

When assessing the effectiveness of the pathways, it is about scope i.e. how many of the
target population have been diagnosed, and efficacy i.e. how many of those diagnosed
have initiated treatment and been cured as demonstrated by the presented data. The

important outcome of cost effectiveness will be discussed in chapter 5.

The primary observation of this study is that testing and treatment for HCV has
increased significantly across all pathways since 1999. These dramatic increases were
the result of clinical advances (see Figure 4.1), as well as strategic commitments to
HCV elimination in the Tayside region. The step change in diagnostic activity started
around 2014 and the period onwards plateauing rapidly as the new treatment
environment and testing pathways embedded. The 2014-2015 period was when several
developments occurred concurrently leading to the establishment of the modern HCV
era of testing and treatment. These were the arrival of DAAs and rapid reduction in
restrictions on their use, coupled the availability of dried blood spot testing and several
diagnostic pathways coming on line. During the period of the study the diagnostic
pathways were operating below a saturation point of cases. So the study represents the
pathways operating in an optimal diagnostic environment with patients to be detected
and treatment available.

Testing in the standard pathway, both primary and secondary care, show large volume
testing increasing over time without any noteworthy increase in new HCV diagnoses,
which remained relatively static in number and fell in proportion to total testing. The
proportion of positive tests was the lowest of the pathways but the pathway generated
the vast majority of HCV tests, even when the other pathways were operational,
demonstrating the breadth of this pathway. In contrast, testing in the IEPS and prisons
shows a concordant increase in new HCV diagnoses with increased testing, and a

corresponding fall in new diagnoses with a fall in testing activity. This would suggest
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that there are still prevalent cases within the population tested, whilst we may be

reaching the end of cases discoverable in the standard pathways.

There were fluctuations in the level of testing across within the pathways over time.
These are attributable to several factors; related to service provision, where embedded
staff was used to provide testing, staff turnover and need for retraining was a factor.
When staff are under pressure from their main workload, provision of addiction therapy
for instance, the added extras such as HCV testing are less likely to be done. In other
circumstances the development of new services or tests may lead to slow adoption by
staff. The degree of incentivisation of staff will have an impact, this may be novelty,
new professional responsibility or financial, the former two will fade over time. In the
target patient groups those who are more health conscious may take up new
opportunities quickly leading to a surge in uptake which then falls away as the harder to
engage group remains as the only ones not tested. Furthermore with multiple options for
testing patients may believe themselves already tested or prefer to believe that they
remain uninfected as they have been safe in their practices. All of these factors need to

be taken into account when planning a sustainable service.

Each pathway provides coverage for different aspects HCV diagnosis. For example the
risk factors for HCV in the standard pathways are varied including current or former
injection drug use, tattoos, piercings, infected blood products and healthcare associated
needle sticks. It is unlikely that individuals with many of these risk factors would be
tested in any of the other pathways. Equally the ethnic outreach pathway specifically
targets people of Pakistani descent due to the unique risks of being from a country of
higher prevalence. There is some cross over between pathways 2-5, in that they all
target testing for PWID. In fact, clinically these individuals may move between the
pathways and have different aspects of their testing, diagnosis and care provided
through different pathways. This flexibility to move between pathways helps to retain
people in the CoC. It is important to note that as these alternative diagnostic pathways
became fully functional, the demand for testing activity within the standard care
pathway did not drop off, suggesting they were reaching a completely different

population who were not accessing conventional care.

There was a male preponderance across the pathways to varying degrees. This reflects
patient populations from elsewhere where drug use and HCV prevalence is higher in
men. However there is a concern that HCV services may not be appropriate for female

patients, and as such there may be a proportion of female patients who remain
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undiagnosed. The predominance of male patients is easy to account for in the men-only
prisons and in the mosques. The proportion of women being tested via IEPS and
pharmacies appeared to be higher than in drug treatment services and in primary
secondary care. It is not clear whether this difference is significant. Men who inject
drugs outnumber women who inject drugs four to one,(267) however it is well
recognised that women who inject drugs are more vulnerable than their male
counterparts and are more likely to engage in unsafe injecting practices, suffer physical
and sexual violence and experience stigma and discrimination.(268,269) The IEPS
provide sterile injecting paraphernalia, education about injecting risks, sexual health
screening and contraception advice. Whilst these do not directly affect HCV status, by
treating women who inject drugs (WWID) holistically we can improve their health,

safety and well-being.

The age variation across the pathways gives some insight into clinical aspects of the
different patient populations. It would appear from our data that there is a relationship
between age at time of diagnosis and incidence of cirrhosis (with older patients
presenting more commonly with advanced liver disease), this is further borne out by the
literature, it is intuitive that with passing time and therefore ageing, damage to the liver
from a chronic virus would be worse. The higher incidence of cirrhosis in pathway 1
(see Table 4.3) is potentially explained by the increased age observed at time of
diagnosis and, by inference, a longer time period between infection and detection,
allowing HCV to progress undetected for a number of years. This is in contrast to
pathway 5, which has both the lowest age profile at time of diagnosis and lowest
incidence of cirrhosis. Clearly if a health care provider was focussed on reducing harm
as their main aim they would preferentially fund pathway 1 as the most effective

pathway for detecting these patients.

Although there was a mix of risk factors in the general practice population, declared
PWID still accounted for approximately half of the diagnosed population. HCV also
remains a diagnosis strongly associated with social deprivation. This is evidenced by
Figure 4.24, showing the spread of SIMD quintiles amongst requesting GP practices.
Practices in areas of higher social deprivation requested more HCV tests. Tayside GP
practice requesting data matches Scotland-wide data where the majority of HCV
antibody diagnoses are among individuals residing in the most deprived quintile.(18)
This illustrates that Tayside is a representative microcosm of the general Scottish and
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UK population, and that interventions that are beneficial in Tayside are likely to have

wider applicability in Scotland and other areas of UK.

The primary care element of pathway 1 documented a large volume of HCV testing, but
with a proportionately small detection of PCR positivity. However, a high proportion of
those initially tested by primary care then do on to achieve SVR. This trend is worth
investigating as it may be due to the patients’ more stable lifestyle, relative to PWID.
However, if this were the case it would stand in contrast to data from elsewhere which
suggests that PWID are just as likely to adhere to DAA treatment as non-PWID, and by
extension achieve a cure.(270) As a result, it is worth considering that the increased
SVR proportion may be a marker of the patients’ quality of long-term engagement with
their GP. When considering SVR proportions across the pathways, it is clear that
individuals diagnosed with HCV in prison appear least likely to achieve a cure.
However, this is likely skewed due to interruption of treatment or follow-up caused by
liberation of patients to community, or transfer to another prison, which is common.
These factors make it challenging to follow-up patients to obtain SVR blood samples.
More generally the likelihood of achieving SVR from a diagnostic test does show a
relationship with where the test was taken i.e. if the test occurred somewhere the patient
had a long term or recurrent interaction such as primary care or an OST dispensing
pharmacy the rate of SVR was high, whereas it was lower in prisons and needle
exchanges where the relationship is less robust and a change in a patients circumstances
may mean the patient now longer attends those locations e.g. change of address,
incarceration or liberation, so is less likely to return for an SVR test. In the era of DAAS
with efficacy for cure of over 97% the need for SVR has been questioned. It has been
suggested that initiation onto or completion of therapy would be equally good surrogate

makers for cure.

With regards to HCV testing from 2015 from 2017, secondary care testing does
encompass testing done by the HCV team for hospital-based diagnosis and follow up of
at-risk patients. However, it also includes a much larger volume of testing by other
secondary care services including renal services (largely driven by their guidelines), and
in surgical and medical wards in individuals with abnormal LFTs, so this should be
taken into consideration when judging the testing data for this aspect of pathway 1.
Further, community pharmacies and injection equipment provision sites do conduct
fewer tests annually, but the testing in community pharmacies has increased over the

three years due to clinical trials in this setting. Overall, anti-HCV testing activity varies
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widely between the testing pathways. In order to determine the most effective
pathway(s) it is important to assess the proportion of positive tests compared to the total
number of tests taken. Large volume testing of people at low risk of contracting HCV is
very likely to be less effective than targeted testing in known at-risk groups, which
would naturally yield a greater proportion of positive test results. It is plausible that the
PWID-directed pathways would prove better candidates for investing health service
resources. However looking across the pathways it is striking that the two parts of
pathway 1 which are likely to be testing fewer active PWID actually lead to the
diagnosis of the highest total number of HCV infection in NHS Tayside, with a higher
number of HCV PCR positivity compared with those pathways designed to test to
individuals with a high likelihood of injecting behaviour (2-5). Thus it is important to
appreciate the reach of pathways with high volume testing, within standard health care
pathways of low prevalence populations may and in this study did diagnose by far the
greatest overall number of patients. Such pathways require little investment as the
infrastructure already exists and the costs are spread over a large number of other
disease and health service activities that utilise these services. In contrast the IEPS
pathway 4 provides the highest proportion of PCR positivity per volume of testing, and
therefore could be considered the most effective pathway in the health board in linking a
highly burdened cohort to treatment. This is perhaps unsurprising as the individuals who
are tested via this pathway are likely to be the highest risk group of contracting HCV
due to lifestyle factors such as unstable housing, on-going injecting drug use, poverty
and possibly of sharing injecting equipment. However it is important to appreciate that
each pathway serves a slightly different population and together they offer a fair
coverage of those at risk of HCV. Intermediate in this are pathways 2 and 3 based in
drug treatment centres and community pharmacies and represent the patients on opiate
substitution therapy. They have the lowest HCV PCR positivity, this can be explained
by the patient group being amongst the more stable PWID residing in Tayside, who are
therefore more likely to have engaged previously with HCV treatment and/or be less
likely to expose themselves to an on-going risk of contracting HCV, for example
reducing or ceasing injecting due to receipt of OST. Treatment and testing had been
available within drug treatment services for some time before the observation period
started and a clinical trial of treatment had been conducted in pharmacies, which would
have substantially reduced the number patients left to diagnose and treat and these
pathways should not be undervalued because of this as our previous work has

demonstrated their value (11,21).
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It is clear from the data that diagnostic pathways targeting populations most at risk of
HCV are more effective at yielding new HCV diagnoses than standard pathways.
However while the detection rate in standard pathways is low, the volume of use means
they diagnose a large proportion of the target population. However this pathway will not
reach high-risk groups, who require community based pathways to overcome access
barriers and stigma. These tailored diagnostic pathways appear to resolve some of the
health inequalities related to drug use and access to health care, and provide methods of
ensuring connection to treatment. The results suggest targeted testing will find the
majority of NHS Tayside’s undiagnosed population, which would not be possible using

only the standard testing pathway.

4.8.1 Study limitations

As this was a retrospective analysis using routine administrative healthcare data, it is
open to biases and potential errors, including misallocation at input and linkage
problems. Due to volume of testing, we only analysed individual level data for those
patients who were PCR positive. As these results represent gross numbers of tests
performed it is not possible to link all tests (i.e. anti-HCV and HCV RNA) to
individuals, which was possible for those who tested PCR positive. With the clinical
data we were able to use individual unique patient identifiers and could therefore
manually investigate discrepancies where possible. Given the sample size, certainty
regarding potential errors or biases relating to the quality of the data, including possible
duplicate entries is not possible. Furthermore, it was not possible to link all tests to
individuals, so in the primary analysis the results reported likely include a degree of re-
sampling of the same individual(s) (e.g., monitoring for re-infection, on-treatment
response monitoring, end of treatment outcome). The likelihood of re-sampling was
lower for certain pathways (primary/secondary care, ethnic outreach) relative to others
where it was higher (prisons, NSPs, drug treatment centres, pharmacies). This is due to
differences in risk, indication for testing and the way treatment delivery changed over
time. For example individuals tested in the ethnic outreach pathway had targeted testing
and no ongoing risk factors, so would not expect to be re-tested. In comparison those
tested via the injecting equipment provision sites could expect annual testing for re-
infection, in addition to treatment response checks and end of treatment response as
dictated by policies and clinical trials. The proportion of all tests conducted was higher
in pathways with lower likelihood of resampling (94.2%) relative to those with higher

likelihood (5.8%) suggests the overall proportion of duplicates is likely to be low.
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The study has been presented in several sections to reflect and minimise the impact of
this on interpretation. The area where this is most obvious is in the proportion of
antibody and PCR testing and conversion to individual person tests. One would expect
approximately 75% of the positive anti-HCV tests to translate into positive HCV RNA.
There is a clear discrepancy between the numbers of tests taken. This could be due to:
simultaneous anti-HCV and HCV RNA testing, screening for previous positives and
monitoring of therapy (particularly in the interferon era of treatment). These effects are

consistent across all pathways, so the effects are systematic.

4.9 CONCLUSION

It is apparent that all of the testing pathways engage different cohorts and risk groups of
patients, even reaching sub-sections of PWID populations, such as those on OST or in
prison. This widespread engagement has been effective in linking patients to treatment
across all pathways, and brining the overall burden of HCV infection in NHS Tayside

steadily downwards over time.

The majority risk factor for HCV in NHS Tayside is current or previous injecting drug
use and this is reflected in the quantity of pathways targeting PWID (2-5). There is a
smaller burden of infection among certain patient groups, such as those who emigrated
from a high-prevalence country or those infected due to contaminated blood products,
but it would be inefficient only to offer the pathways which serve these patients groups
(1 & 6) in isolation, if HCV elimination as a public health threat is the target for the
health board.

The downward trend in PCR positive patients across all pathways in recent years
indicates that Tayside is nearing the end of the diagnosis of HCV in the region. The
numbers of diagnoses equate nearly 89% of the estimated population prevalence of
HCV at the start of the pathway analysis of this study; this is very strong evidence that
this matrix of diagnostic pathways is the right combination to adopt to achieve HCV
elimination. This trend indicates that the pathways in the region ensure appropriate
coverage of different patient groups, as well as subgroups (e.g. current —v— previous —v—
occasional drug injectors), which represent the highest burden of HCV infection. All
patient groups will be represented in different proportions, and no one pathway will
serve all of those who are at risk of infection. The question now arises as to which

combination is most cost effective.
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CHAPTER 5 - HEALTH ECONOMIC EVALUATION OF

THE TAYSIDE DIAGNOSTIC PATHWAYS

This chapter was published as “Eradicating hepatitis C: Are novel screening strategies
for people who inject drugs cost effective” published in International Journal of Drug
Policy in 2020.(252) | developed the short term model, along with FM. | collected the
data including costings and probabilities for each step along the decision tree either
from local data, published data or derived an “expert opinion” through collaboration
with JFD. FM and | ran the 1000 monte carlo simulations to derive the results for the
cost effectiveness analysis. Data was displayed in cost effective graphs produced by the
statistics software. I, along with FM drafted the manuscript. All authors reviewed the
full draft of the article.

In keeping with the thesis aims to explore strategies required to find and diagnose all
those infected with HCV in the Tayside Health Board a vital part of this work is to
determine the cost effectiveness of the pathways in use in order to determine which is
the most cost effective strategy or mix of strategies providing testing and treatment for
HCYV positive individuals.

5.1 SUMMARY

5.1.1 Background

With advances in HCV treatment leading to curative therapy it is crucial to identify
people with early stage and asymptomatic infections in order to cure their infection and
avoid serious and potentially life-threatening liver damage and escalating healthcare
costs. In Tayside, where HCV prevalence is not endemic, we need to understand how to
prioritise screening strategies and target different population groups effectively in order
to eradicate HCV from the region. This study aims to identify and assess the most cost-
effective strategies for diagnosing HCV infection in different patient populations using

Tayside, Scotland as case study.

5.1.2 Methods
Four key patient populations were identified: intravenous drug users, prisoners and two
subpopulations targeting high risk patients among the general population (high risk

individuals in deprived areas and immigrants coming from endemic countries). A cost-
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effectiveness analysis was undertaken for each of the above populations. Each strategy,
which differed for point of care and targeted subpopulation, was compared against the
standard care diagnostic pathways from the Scottish NHS perspective (a symptomatic
detection during a GP consultation). A decision tree was developed to explore the
incremental cost per additional positive patient detected, over a 1 year time horizon, and
a previously published Markov model was adapted and employed to present lifetime
outcomes in terms of incremental cost per QALY gained. Scenario analysis was
undertaken to explore impacts of introducing re-infection rate in a static framework, as

PWIDs have a higher risk of re-infection.

5.1.3 Results and discussion

Results show that the most cost-effective strategy for PWIDs is testing at Needle
Exchange Services, compared to the current practice of self-referral to GP practice,
which is the least cost-effective strategy. Access to testing is a significant obstacle for
early diagnosis. The most cost-effective strategies are those targeting the highest risk
subpopulations at early age of disease, yet there are obstacles to this implementation in
practice.

5.2 INTRODUCTION

Whilst we are entering in a new era for HCV treatments, little has been done to address
the efficacy of screening at risk individuals in non-endemic areas. Since the UK is not
considered an endemic country, the relatively low prevalence does not justify screening
the entire population under the WHO criteria.(271) Therefore, in countries like the UK,
with a sizeable undiagnosed population, but a low enough prevalence that does not
warrant widespread screening it becomes fundamental to understand how to direct and

prioritize screening to reach those who are infected yet undiagnosed.

This study aims to evaluate the existing HCV diagnosis and treatment pathways to find
the most cost-effective strategy or mix of strategies for diagnosing HCV infection in
both high risk and “under diagnosed’ populations in NHS Tayside in Scotland. The
populations included were the general population, present and past PWIDs, prison
inmates and individuals from Pakistan as a country with a higher prevalence than the
UK.

In this chapter there is some terminology and concepts specific to health economics
evaluation. In order to understand the forthcoming analyses and conclusions | have

outlined some of these here;
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Net monetary benefit (NMB) is a statistic calculated as (incremental benefit x
threshold) — incremental cost. This represents the value of an intervention in
monetary terms when a willingness to pay threshold for a unit of benefit e.g.
QALY is known.(272)

Cost per quality adjusted life year (QALY) is a summary measure of health gain
that combines changes in life expectancy and quality of life. It uses health
utilities to weight improvements in life expectancy according to the quality of

life experienced.(273)

Willingness to pay (WTP) is based on the premise that an individual (or in this
case the health system) has a monetary amount that they would be willing to pay
for certain health benefits or a beneficial intervention. In the UK The National
Institute for Health and Clinical Excellence (NICE) has been using a cost-
effectiveness threshold range between £20,000 and £30, 000. The cost
effectiveness threshold is the maximum amount of money a decision maker is

willing to pay for a unit of health outcome.(274)

Incremental cost effectiveness ratio (ICER) is defined as the ratio of the
difference in costs between an intervention and a specified comparator to the
difference in effectiveness between that intervention and the specified
comparator. From the results of a cost-effectiveness analysis, an incremental
cost-effectiveness ratio can be calculated that depicts the extra cost per unit of

outcome obtained, in comparing one treatment option to another.(274)

Dominated. This is a concept where one strategy is more cost effective than
another. Therefore the most cost effective strategy dominates the less cost
effective strategy i.e. the strategy that costs more but does not yield any

additional benefit. Strategies which are dominated should be rejected.(274)

5.3 METHODS

This is an anonymised retrospective study using routine health service data from NHS

Tayside (Scotland) and data output from published Scottish studies to compare and

evaluate a variety of different diagnostic strategies for HCV screening focussing on

those sub populations with recognised risk factors. The different treatment pathways as

described in Chapter 4 represent the different strategies, with the exception of the

secondary care pathway. Costings for the secondary care pathway were similar to the
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primary care pathway, but the diagnosis rate was 1% compared with 3% in the primary
care pathway. The secondary care pathway was therefore dominated, and no further
analyses were performed using this strategy. These strategies grouped according to the
four different patient populations they serve and are compared. The cost-effectiveness
analyses are undertaken using both a short term and lifetime time horizon. The short
term analysis uses a decision tree populated with data directly from observational
studies to determine the cost per additional case detected. The long term analysis is a
cohort Markov Model which extrapolates the short term results to determine the net
monetary benefit and the incremental cost per additional quality adjusted life year
(QALY) gained. The comparator for each strategy is the current standard of care in
Scotland to detect HCV, which is testing at a GP practice due to symptomatic
presentation. The decision analytic model is static; therefore, it is assumed that there is
no interaction between populations, e.g. PWID individuals remain PWID for all their
time in the Markov Model. In order to get the best mix of strategies, we will identify the
most cost-effective strategy between the current practice in NHS Tayside as well as
novel strategies trialled elsewhere in Scotland (described in Chapter 4) for each every of

the four targeted populations.

5.3.1 Cohorts and strategies

We examined 4 different patient populations based on different HCV prevalence. The
four sub groups are: (i) current PWID and PWID who have recently recovered, (ii)
general population, (iii)South Asians living in Scotland and (iv) prisoners. Screening

strategies varied for each of these populations, as was appropriate to that population.

For the PWID population there are three alternative strategies: a) substance misuse
services (SMS), b) injecting equipment provision sites (IEPS) and c) pharmacies,
compared against standard GP visit. For the general population two strategies were
considered: a) GP offering screening to every patient attending the practice for any
reason in deprived areas b) GP offering screening to every patients known to be a
former PWID in deprived areas who attended the practice for any reason, compared to a
non targeted detection during a standard GP visit. For the South Asians living in
Scotland population the strategy was a) outreach testing at religious venues was
compared against the standard GP visit, and for the Prisoners population one strategy a)
opt out HCV testing on entry to prison was compared against Standard diagnoses at GP

for PWID population.
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Table 5.1 details the alternative strategies and the different patient population they

Serve.



Table 5.1. List of the strategies.
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Strategy

Population

Description

1. Standard diagnosis at GP for general population

General population (comparator)

Test requested by a clinician (primary or secondary care) due to a suspicion of HCV
infection highlighted by the presence of symptoms, abnormal blood results or signs
of liver disease. Average age: 43. Majority of the people detected at severe stage of

the disease: F4'. Source: observational data from NHS Tayside.

2. Standard diagnosis at GP for PWID population

PWID (comparator)

Counterfactual built as an average of the PWID strategies and the standard diagnosis
for the general population, to reflect the higher propensity to screen PWID
individuals by GPs. Average age: 39.5. Prevalent disease stage at detection: f0-f1,
Source: expert opinions and averages of other strategies.

3. Substance Misuse Services (SMS)

PWID

People on opiate substitution therapy offered a dried blood spot test at first contact
with a Substance Misuse Service. Population: current and previous PWID. Average
age: 37. Prevalent disease stage at detection: FO-F1. Source: observational data from
NHS Tayside. Comparator: strategy 2

4. Needle Exchanges

PWID

People accessing Needle Exchange Services offered a dried blood spot test.
Population: current and previous PWID. Average age: 32.5. Prevalent disease stage
at detection: FO. Source: observational data from NHS Tayside. Comparator: strategy
2

5. Pharmacies

PWID

Clients receiving Opiate substitution therapies or needles at participating dispensing
pharmacies offered a dried blood spot test. Population: current and previous PWID.
Average age: 39. Prevalent disease stage at detection: f1. Source: observational data
from NHS Tayside. Comparator: strategy 2

6. Prisons

Prisoners

Opt-out testing upon entry for all prisoners in the prison. Population: new prisoners
at prison receptions. Average age: 35 Prevalent disease stages at detection: F2.
Source: observational data from NHS Tayside. Comparator: strategy 2, with different
probabilities to be screened and same disease stage of prisoners.

! F0-4 stands for fibrosis stage at diagnosis. FO is the less severe stage of fibrosis, F4 cirrhosis.




145

Strategy

Population

Description

7. Community outreach to ethnic minorities

Immigrants from endemic countries

Test offered at mosques for first and second generation individuals coming from
Pakistan. Evidence suggests that South-Asian immigrants have higher HCV
prevalence,(275) in particular Pakistani immigrants and descendants.(261)
Population: ethnic minority (sub-population of general population). Average age: 42.
Prevalent disease stages at detection: F4. Comparator: strategy 1.

8. GP Targeted screening: high social deprivation
areas

General population

People aged between 30-54 attending GP for any reason in areas with high social
deprivation were offered an information leaflet and HCV testing. Population:
deprived population (sub-population of general population). Average age: 42.
Prevalent disease stages at detection: F4. Source: Anderson et al(276) Comparator:
strategy 1.

9. GP Targeted screening: high social deprivation
areas with an history of PWID

General population

People aged between 30-54 attending GP with a history of PWID were offered
testing. Population: previous and current PWID in deprived areas (sub-population of
general population). Average age: 42. Prevalent disease stages at detection: F4.
Source: Cullen et al.(262) Comparator: strategy 1
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All the strategies were compared with a symptomatic testing at the GP. However,
primary data sources for the GP cover the general population as a whole. In order to
provide a counterfactual for the subpopulation of PWID being screened at the GP, we
used expert opinion and literature sources, since evidence suggests that PWIDs are more

likely than the general population to be screened in primary care (Table 5.1).

Every strategy, regardless of the patient population (which identifies the prevalence),
differing by 1) attrition across the HCV cascade of care in the short term 2)
demographics 3) treatment uptake, forms a different Markov-cohort in our long term

model.

Regarding the PWID population, it is reasonable that different venues could identify
different subpopulations, which don’t overlap between the services. However, in our
model, we assumed that the PWID macro-population is homogeneous and that every
individual could consider going to any point of care in our strategies and be offered a
test. The likelihood of the average PWID individual going to one point of care instead

of another was discussed and adjusted based on expert opinions.

5.3.2 Model structure

5.3.2.1 Shortterm

We developed a short term model of HCV detection for every strategy to assess the
cost-effectiveness of HCV detection through a decision tree. The outcome of the
decision tree is the incremental cost per positive patient detected and the time horizon
for the decision tree was 1 year. Every strategy in the decision tree included the HCV
cascade of care: test offer, result delivery, confirmatory test and treatment (Figure 5.1).
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Figure 5.1. Decision tree.

1gG= preliminary test to detect HCV antibodies. Individuals can be IgG positive but they can clear on
their own the virus, resulting PCR negative (therefore, not infected). PCR=confirmatory test. PCR is

assumed to be 100% accurate so there will not be false positive and/or false negative individuals.

Treatment delivery depends on the stage of liver disease (different drug regimens and
treatment lengths depending on liver disease stage) and the individuals willingness to be
treated which, according to our data, could vary across strategies. We did not include
treatment delivery and related costs in the short term outcome because the time between
initial test and treatment completion can exceed the 1 year time horizon. The main
differences across strategies over the short term were; costs — personnel involved in the
screening and procedure-; type of test (dried blood spot (DBS) or venous sample); and

patients’ characteristics (demographics and attrition across HCV cascade of care).
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Probability of moving through each node of the decision tree from offer and acceptance
of the first test (IgG) was driven by observational data concerning pilot strategies in
Tayside, Scotland (Strategies 1-3-4-5-6), or previously published Scottish pilot studies
(Strategies 7-8-9). As already mentioned, since evidence suggests(263,277) that there is
a higher propensity to screen PWID for HCV by GPs, the comparator for PWIDs
(Strategy 2) is a counterfactual built on expert opinions and the average of all the PWID

strategies and the GP for the general population.

Strategies concerning the general population (Strategies 8-9) target different sub-
samples of the general population and consequently have different prevalence. In order
to compare these strategies together, and considering them mutually exclusive against
strategy 1, they have been considered as complementary strategies of the current
practice. In other words, the comparison for the general population will be strategy 8 for
its targeted population plus strategy 1 for the remaining general population vs strategy 1
only for all the general population. The same arrangement will occur for strategy 9.
Data on prevalence in different populations came from the literature. Probabilities on
the likelihood of being screened and offered the test came from the literature and expert
opinions. Probabilities in the decision tree subsequent the 1gG acceptance came from
observational data. Sensitivity and specificity of preliminary antibodies test changes in
accordance with the type of test (IgG with a venous sample or DBS). Confirmatory test
(PCR) is assumed to be 100% accurate, as a result, there are not false positive and/or

false negative individuals at the end of the screening process.

5.3.2.2 Longterm

A previously published Markov model(278), modelling the natural history of HCV
patients over a lifetime horizon was adapted to estimate the cost-effectiveness of every
strategy from the NHS Scotland perspective. Given that the long term model is an
extrapolation of the short term results, there are no additional observational data except
for aggregate demographics for the people screened in each strategy (see Table 5.2).
Initial disease stage was assumed to be the same for positive individuals regardless of

their positivity detection.
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Figure 5.2. Model structure. Source: Younossi 2015(278)

DCC= decompensated cirrhosis, D=death due to HCV, F0-4, metavir score (liver fibrosis stage) in
ascending order of severity, HCC, hepatocellular carcinoma, LT, liver transplant, LT+1 after liver

transplant, SVR=sustained virologic response

Length of the cycle in the ‘Markov model is one year. Screening strategies determined
the output of the short term model (the number of people detected and treated out of the
total number of infected) and the entry point into the disease model (Figure 5.2). The
main health economic outcome was the incremental lifetime cost per QALY gained,
expressed both in incremental cost-effectiveness ratio (ICER) and in monetary benefit,
with a threshold of £20,000/quality adjusted life years (QALY).

The average age of HCV detection varies by strategy. In order to allow for comparisons,
pathways testing the same patient cohort are built to have the same time horizon (and
the same number of Markov cycles across strategies). Specifically, all the strategies
serving the same population enter in the Markov model at the same average age of the
strategy in that cohort which detects patients at the earliest age (see Figure 5.3). The
initial stage of liver disease will be the same for all the cohorts addressing the same
populations. Cohorts will receive the screening (and subsequent treatments) at different
ages dependant on the average age of HCV detection for the strategies. Cohorts tested
on average later in life will have more time for disease progression (according to the
Markov transition probabilities) with the absence of detection and subsequent treatment.
Thus, the treatment effect of strategies which screen earlier consists mainly of lower
disease progression prior to detection and treatment, with lower health related costs, and

increase in QALY compared to individuals screened later.
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Screening age
32yrs

Individual detected by Needle Exchange services and elegible teated

Needle Exchangee@

Screening age
All Individuals not treated ~ 37YrS Individual detected by SMS and elegible teated
Substance Misuse Service

Screening age

All Individuals not treated 39yrs Individual detected by Pharmacies and elegible teated
Pharmacies
Screening age
GP All Individuals not treated 40yrs Individual detected by GP and elegible teated

Figure 5.3. Screening timing and disease progression illustration.

Observational data on liver fibrosis stage at the time of detection are available for
Strategies 1,3,4,5,6. However, in most strategies, the number of individuals with
fibrosis staging at detection is lower than the actual sample size of the strategy (see
Table 5.2). This is due in the most part to streamlining HCV services and reducing
delay prior to treatment initiation. The proportion of individuals with fibrosis staging
varies across the strategies, most notably in Strategy 3 with only 24/54 individuals with
initial fibrosis stage reported. Other strategies despite a higher proportion of individuals
with a documented fibrosis stage have a reduced sample size (e.g. Strategy 5 has only
22 positive patients detected, as data was obtained from the pilot study where few
pharmacies were providing HCV tests in Tayside). To prevent biasing the results in the
long term analysis, all the PWID strategies start with an initial fibrosis stage distribution
equal to the disease distribution of the earliest strategy in time -Strategy4- (which is also
the one with highest sample size). In order to try to take advantage of all the
observational data available from NHS Tayside, a sensitivity analysis using
observational data for the initial stage of HCV at the time detection was undertaken (see
Sensitivity Analysis section). In the prison population, both the strategies enter in the

long term model with the disease stage prevalence related to strategy 6.

5.3.3 Data

Model input for the general population and other parameters are summarised in Table
5.2. All data on costs from secondary sources were adjusted to 2017 values. In the long
term analysis, future costs and health benefits were discounted at 3.5% annually. Data
on prevalence from a combination of different sources were discounted at 2017
prevalence values in accordance with the Health Protection Scotland epidemiology
figures of the HCV trend rate over years.(255) We undertook a Probabilistic Sensitivity
Analysis (PSA) using 1000 iterations Monte Carlo Simulation. In this PSA we
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simultaneously varied all the parameter assumptions including data from multiple
sources and expert opinions. Table 5.2 details the distribution form applied to each
parameter. All data showing transition probabilities of every stage are taken from the

literature, costing and utilities data was based on UK pricing.

Overall, in Scotland the prevalence of HCV genotype 3 among the infected patients is
assumed to be 70% and genotype 1 30%.(279) All the strategies are assumed to have
the Scottish genotype prevalence, except for strategy 7, which, in accordance with
previous evidence and expert opinions, is assumed to be only genotype 3, given the
different HCV epidemiology in the migrant population from South Asia.

Background mortality in the Markov model has been adjusted in accordance with the
standardised mortality ratio for the specific populations (PWID and prisoners have
lower life expectancy), which compared to the general population is 3.38 and 14.68 for
prisoners and PWID, respectively.(280,281) Community outreach and the general
population (strategies 7,8-9) are assumed to have the same mortality rate which is in
accordance with the Scottish life tables for 2017. As a consequence, final results of the
long-term analysis are easily comparable within a population but will have to be

interpreted with care between populations.

Treatments in the model were obtained from recommendations by the Scottish
Medicines Consortium: sofosbuvir-velpatasvir and glecaprevir-pibrentasvir for
genotype 1 and 3, respectively. Treatment success is 97% and 95% for f0-3 and f4,

respectively.

The sample size of every strategy based on observational data varies depending on the

number of people tested and recorded in each pathway between 2015 and 2017.
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Table 5.2. Main model parameters.

Observational data lndiVidl.J&_lls \éVith N of HCV positive | N of disease stage
IgG positive detected reported

Strategy 1 99 75 60

Strategy 3 91 54 24

Strategy 4 54 48 1043

Strategy 5 182 22 21

Strategy 6 92 45 24

Input parameter Mean Value Distribution E/?er:??;%; Source

Short term

Strategy 1 population prevalence | 0.01 Dillon(282)

s:g:%r’] Z54s population 0.43 Dillon(282)

Strategy 6 prevalence 0.19 Norm?* 0.19 (0.012) Taylor(283)

Strategy 7 prevalence 0.025 Norm 0.025 (0.002) O'Leary(275)

Strategy 8 prevalence 0.029 Norm 0.029(0.0018) | HPS, 1ISD(284)
HPS,

Strategy 9 prevalence 0.17 Norm 0.017(0.011) Hutchison(285
)

genPop- chance of going to GP 0.81 ISD

once per yr Scotland(286)

genPop- Chance of being tested if | o Norm 0.05(0.003) | Expert opinion

positive

genPop- Chance of being tested It | ) Norm 0.010(0.001) | Expert opinion

negative

IgG -Venous sample sensitivity 0.98 Spach(287)

1gG -Venous sample specificity 0.99 Spach(287)

DBS/oral fluid 1gG sensitivity 0.92 Judd(288)

DBS/oral fluid 1gG sensitivity 0.99 Judd(288)

genPop- 1gG+ but PCR- 0.138 Beta a=12p=75 NHS Tayside

genPop- treatment acceptance 0.907 Beta a=68p=7 NHS Tayside

genPop- PCR acceptance 0.88 Beta a=88p=11 NHS Tayside

Cost of tests NHS Tayside

Cost of clinical and or support ;(?137%]89),

personnel NHS Tayside

Long term

Transition probabilities

Thein,(290) Martin,(291) McEwan,(292)
McGarry,(293)Younossi(294)

Utility values in Markov states

Martin(291)

Cost of Markov states

Martin(291)

Cost of treatment

Scottish Medicine Consortium

2 1gG positivity is intended as initial of cascade of care, HCV+ detection is the end of the short term

model

3 Higher number of stats on disease stage reported because refers to the 2011-17 period.
4 Normal distribution concerning prevalence and other parameters is a truncated normal between 0 and 1.
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5.3.4 Sensitivity analysis
A Probabilistic Sensitivity Analysis (PSA) was undertaken using 1000 iterations Monte
Carlo Simulation in which all key parameter inputs to the model were randomly
sampled from a predefined probability distribution. The probability distributions mean
values and standard errors used for the PSA for the parameters are reported in Table 5.3.
One-way sensitivity analyses were also performed on the following parameters to

evaluate further the impact of uncertainty in assumptions and other areas on results:
e (0-100% discount applied to the list price of HCV drug treatments;
e Assumption of 100% treatment uptake after diagnosis;
e 100% increase in offering 1gG test by GPs.
e 50% decrease in initial prevalence

e Substitution of the model diseases stage prevalence at detection with the
observable data;

e Same age (32 years) and same initial stage of disease across all the strategies
e Treatment regimens assuming all patients were DAA- treatment experienced

e The different likelihood of going to a specific screening site for PWID based on
number of positive PCR collected in each screening setting from 2015-2017.

5.3.5 Scenario analyses

Three scenario analyses were performed:

i) Reinfection scenario: The PWID population has a high risk of re-infection due to their
high risk lifestyle,(295,296) yet re-infection rates are uncertain and vary based on a
variety of risk factors. To account for reinfection in the model, a scenario analysis was
undertaken whereby an additional transition probability was introduced from the SVR
state to the same non-treated state for all the PWID strategies. In effect, this means that
after incurring the cost of treatment, some patients are then immediately re-infected and
continue to progress in the model as if they had received no treatment. For the purpose
of the model we assumed that once an individual is re-infected after treatment, the
individual will not receive further treatment in the future. The reinfection rate adopted
for this scenario was based on the most recent data on HCV re-infection for PWID in
Tayside.(139) This study mapped reinfection within the same needle exchange centre
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included in this analysis. To account for a lower reinfection risk in older
individuals(139)(139)(139)(139)(139)(138)(137)(136)(135)(134)(133) (and the
consequent reduction in sharing propensity), the transition probability of reinfection
used was assumed to decrease over time in accordance with the data.(139) We are
aware that our data came from a small sample that reports higher reinfection rates than
previous publications,(106,297) and that by using a static model a potential herd
immunity factor (see discussion) was not considered, we therefore believe that our final
results are conservative estimates. The reinfection rate at 33 years was 0.10 (average
age of screening at needle exchange pathway), and at 40 is 0.06 (age for PWID going to

GP). The rate of re-infection decreases on an average of 7.5% per year.

i) Complementary GP strategy. Another scenario was analysed for every strategy not
directly involving GPs (Strategies 3-4-5-7), including the prospect of going to the GP in
the decision tree for those not going to the strategy-specific point of care (Figure 5.4).
For example, in strategy 3, PWIDs not going to SMS could attend their GP instead,
which is assumed to always be an option. Therefore, in this scenario, the comparison
will be between a combination of a specific screening pathway or the GP alternative,

against screening at the GP only (strategy + GP vs GP).

People going o SMS normal decision tree for strategy 3, see Pigure 2
HOW people going w GF decision tree for strategy 2, GP
People no going o BME
Strategy & people not going o GIP
People going o SMS normal decision tree for strategy 3, see Pigure 2
e - people going o GF devision tree far strategy 2, GF
People no going o BME

Comparator people not gaing w GP

Figure 5.4. Decision tree scenario complementary GP strategy to strategy 3

The decision tree is similar to the baseline, but people not going to the point of care
specific of the strategy (substance misuse services for strategy 3), have the chance of

going to the GP.

iii) PWID pathways only. As the predominant risk factor for HCV in Scotland is PWID,
we carried out additional cost effectiveness analyses on this subpopulation.

5.4 RESULTS

An overview of the results from the short and long term models are shown in Table 5.3.
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5.4.1 Short term model
Expected cost of the four strategies varied with the GP strategy being the least
expensive and the pharmacy strategy being the most expensive. Once the number of
positive cases detected are added to the model the lowest cost per positive case detected
is in substance misuse services at £150.00 per positive case detected with the pharmacy

strategy remaining the most expensive at £208.00 per positive case detected.

Offering HCV tests at IEPS is the most effective strategy with a 6.7-fold increase in
detecting positive patients. However, according to the observational data, SMS has the
lowest percentage of treatment adherence after HCV detection (maybe due to a low
sample size of positive people). Hence, these short-term benefits were not reflected in

Iong-term outcomes.

Short-term results show that the SMS, IEPS and pharmacies all cost more than the base
base strategy (GP), therefore it is necessary to calculate the ICER for each strategies.
Both SMS and IEPS provide additional health outcomes in comparison to the GP
strategy in terms of additional cases detected. The pharmacy strategy also detects more
cases than the GP strategy, but less than both SMS and IEPS at greater cost. The
pharmacy strategy is consequently deemed to be dominated as it incurs additional cost

without increased health benefit.

The second sub-group compares the base case GP strategy with the two other GP based
strategies which involved targeted screening for higher risk individuals. Cost is similar
for strategy 9 and the base case, but strategy 8 is more costly at £2.23. Once positive
cases detected are entered into the model strategy 9 is cost effective with an ICER of
768, whilst strategy 8 is dominated being both more costly and delivering less positive
results. For the purposes of the model it should be discarded. Strategy 9, targeted
screening in general practice in areas of high social deprivation and history of PWID, is

the most cost effective for the general population.

The third sub-group compares testing of a South Asian population with the GP base
case. The strategy is more costly than the base case at £3.68 compared with £0.80. The
strategy delivers a positivity rate of 6.9% which is almost twice as effective as screening

at GPs, but more than twice as costly.

In the prison sub-group, screening the entire population (strategy 6) increases case

detection by more than 9 times with a positive case detection of 82% versus 8.9%. Cost
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per positive detected is £346.00 compared with £211.00, but the high yield of positive
cases makes this cost effective in the short term.



Table 5.3. Results for the long and short term models for all strategies
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Short term
dEéF())i(t:tgf N;g]sitzc?\:eOf Cost per (Increlrrc1:§1Tal cost
Strategy the detected (% out positive per case detected
Strategy of t_qtal detected (£) £I0ALY)
(E) positive)
PWID population
GP (Strategy?2) 5.82 0.0186(4.3%) 313 -
SMS (Strategy3) 15.08 0.1007(23.4%) 150 113
Needle exchange (Strategy4) 19.11 0.1249(29.0%) 153 125
Pharmacies (Strategy5) 19.66 0.0945(21.9%) 208 Dominated
General population
GP (Strategy 1) 0.62 0.0004(3.5%) 1765 -
Cullen (Strategy 9) 0.77 0.0006(5.6%) 1402 768
Anderson (Strategy 8) 2.23 0.0005(5.2%) 4365 Dominated
South Asian Muslim population
GP (Strategy 1) 0.80 0.0009(3.5%) 912 -
Mosque (Strategy 7) 3.68 0.0017(6.9%) 2107 3305
Prison population
GP at prison (Strategy 2) 3.59 0.0170(8.9%) 211 -
Prison (Strategy 6) 53.94 0.1558(82%) 346 363
Long term
ICER
Strategy Cost (£) QALY ('I”é;i;"s::a NME%,\{)\()E? at
QALY)
PWID population
GP (Strategy?2) 11,397 8.28 - 154,331
SMS (Strategy3) 14,064 8.34 48,141 152,772
Needle exchange (Strategy4) 16,561 8.69 12,586 157,373
Pharmacies (Strategy5) 13,981 8.36 25,052 153,994
General population
GP (Strategy 1) 35,785 9.0314 144,843
Cullen (Strategy 9) 36,370 9.1931 3618 147,492
Anderson (Strategy 8) 36,459 9.1747 Dominated 147,035
South Asian Muslim population
GP (Strategy 1) 35,762 9.0325 - 144,888
Mosque (Strategy 7) 36,431 9.286 2639 149,289
Prison population
GP at prison (Strategy 2) 23,022 10.417 - 185,318
Prison (Strategy 6) 34,064 12.144 6394 208,816

ICER = Incremental Cost-Effectiveness Ratio, NMB = Net Monetary Benefit, QALY = Quality Adjusted

Life Years. NMB calculated using a willingness to pay of £20,000/QALY. NMB=
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[Effectiveness*(Willingness to pay)-Costs]. Due to rounding, figures throughout the table may not add up
to the totals. There may be discrepancies between the reported ICER, NMB and those totals

5.4.2 Long term model

Long-term results show how screening at an earlier age (which corresponds to an earlier
stage of disease in the model) is more cost effective, especially for the PWID
population. Apart from Prisoners with a QALY of 12.14, due to the relative low
difference in in the number of people detected and treated across the other sub group
populations, there is no high variance in QALY. Across all the sub group populations
there is at least one strategy which is cost-effective at £20,000/QALY.

Offering tests at needle exchange centres was associated with a 10% (7.45-fold)
increase in cases detected (Table 5.4). Whereas, for SMS and Pharmacies the increase
was 8.4% and 7.8%, respectively. Whilst the IEPS strategy cost £13 per test more than
GP, the most expensive strategy was screening at Pharmacies at £17.30 and the cheapest
was SMS with £9.47. The highest and lowest strategies in terms of cost per HCV
positive diagnosis detected are a symptomatic screening at GPs (£335) and screening at
SMS (£150), respectively. Screening at SMS costs £112 per any additional person
screened compared to GP. Screening at needle exchange services has an ICER of £124
per additional HCV+ detected against GP. Each strategy has a low ICER value and
could be considered cost-effective compared to the GP current practice in a pairwise
comparison. Using an incremental approach (Table 5.5), screening at SMS is the most

effective strategy in the short term.

The results in the long term differ slightly from the short-term, as the proportion of
positively detected HCV cases incur costs, quality of life and life expectancy
implications over the patient lifetime. In the lifetime analysis all the strategies are
considered cost-effective at £30,000/QALY. Screening at needle exchange was the most
cost-effective strategy, with an incremental cost-effectiveness ratio value of
£12,336/QALY. Indeed, screening at needle exchange generates the greatest QALY
gain (0.4 QALYSs) in the population due to a higher number of people treated compared
to its comparator. Looking at the incremental results, both SMS and Pharmacies are

dominated by Needle Exchange and GP.
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Table 5.4. Short- and long-term results —pairwise comparison (every strategy vs current practice).

Short term
Expected Strategy Proportion of .
Strategy cost £ detected (% _out of Cost per positive detected Incremental cost £ Incremental Effect ICER
total positive)
GP PWID 5.61 0.02 (3.9%) 335.07
SMS 15.08 0.10 (23.4%) 149.82 9.47 8.4% 112
Needle Exchange 19.11 0.12 (28.9%) 152.98 13.49 10.8% 124
Pharmacies 2291 0.09 (21.9%) 242.16 17.30 7.8% 222
Long term
Strategy Cost £ QALY Incremental cost Incremental QALY ICER NMB (£)
(95% Cred Inter.) (95% Cred Inter.)
GP PWID 5143 (3327,7591) 8.29 (7.93,8.66) - - - 160737
SMS 8032 (5692,10190) 8.42 (8.05,8.78) 2889 0.13 22518 160414
Pharmacies 9321 (7012, 11320) 8.44 (8.09,8.79) 4178 0.15 27402 159609
Needle Exchange 10117 (7532,11787) 8.70 (8.31,9.04) 4974 0.40 12336 161814
Reinfection scenario
GP PWID 5162 (3333,7608) 8.29 (7.91,8.62) - - - 160589
SMS 8156 (5758,10371) 8.37 (8.00,8.74) 2995 0.08 35813 159267
Pharmacies 9465 (7104,11526) 8.40 (8.04,8.76) 4304 0.11 39969 158439
Needle exchange 10369 (7629,12140) 8.47 (8.07,8.82) 5207 0.19 28000 159102

ICER = Incremental Cost-Effectiveness Ratio, NMB = Net Monetary Benefit, QALY = Quality Adjusted Life Years. NMB calculated using a willingness to pay of £20,000/QALY.

NMB= [Effectiveness*(Willingness to pay)-Costs]. Due to rounding, figures throughout the table may not add up to the totals. There may be discrepancies between the reported

ICER, NMB and those totals




Table 5.5. Short- and long-term results — incremental comparison.
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Short term
Expected Strategy | Proportion of detected (% Cost per positive Incremental cost £ Incremental Effect ICER

Strategy cost £ out of total positive) detected

GP PWID 5.61 0.02 (3.9%) 335.07

Pharmacies 22.91 0.09 (21.9%) 242.16 strictly dominated by SMS

SMS 15.08 0.10 (23.4%) 149.82 9.47 0.08 118.38

Needle Exchange 19.11 0.12 (28.9%) 242.16 4.03 0.02 201.05
Long term

Cost £ QALY Incremental cost Incremental QALY ICER NMB (£)

Strategy (95% Cred Inter.) (95% Cred Inter.)

GP PWID 5143 (3327,7591) 8.29 (7.93,8.66) - - -

SMS 8032 (5692,10190) 8.42 (8.05,8.78) extended dominated by Needle Exchange and GP PWID

Pharmacies 9321 (7104,11526) 8.44 (8.09,8.79) strictly dominated by SMS

Needle Exchange 10117 (7532,11787) 8.70 (8.31,9.04) 4974 0.4 12336 161814
Reinfection scenario

GP PWID 5162 (3333,7608) 8.29 (7.91,8.62) - - -

SMS 8156 (5758,10371) 8.37 (8.00,8.74) extended dominated by Needle Exchange and GP

Pharmacies 9465 (7104,11526) 8.40 (8.04,8.76) extended dominated by Needle Exchange and GP

Needle exchange 10369 (7629,12140) 8.47 (8.07,8.82) 5207 0.19 28000 159102
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5.4.3 Sensitivity and scenario analyses

The results of the sensitivity analysis suggest that screening at Needle exchange is
highly likely to be a cost-effective strategy. However, there is considerable uncertainty
surrounding the cost-effectiveness of both screening at Pharmacies and Substance
Misuse Services, respectively, depending on the chosen willingness to pay (WTP) for
QALY gains (Figures 5.7, 5.8, 5.9 and 5.10).

Assuming all strategies begin screening at the same age (32 years), with the same
disease severity, makes both SMS and Pharmacy strategies cost-effective, bringing
them below the £20,000/QALY threshold (Figure 5.5). Alternative assumptions
regarding the probability of going to a different point of care based on the number of
PCR positive tests, as well as having a 100% treatment uptake, had little impact on the
cost-effectiveness results. Using the observed value for disease prevalence at detection
makes all the strategies cost-effective at less than £5,000/QALY compared to the
screening at GP (Figure 5.5). An increase in treatment price, such as using a worst-case
scenario where all the individuals are treatment experienced and require costlier
treatments, leads to screening at needle exchange being the only cost-effective strategy
(Fig 3a). However, if discounts on the UK list price of treatments were applied, there is
the potential for all strategies to be considered cost-effective (24% discount at £30,000
per QALY, and 50% discount at £20,000 per QALY) (Figure 5.6).

When reinfection rates are introduced to the base case model, only screening at needle
exchange is likely to be remain cost-effective (ICER: £28,000/QALY).
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£0 £10,000 £20,000 £30,000 £40,000 £50,000
Needle Exchange 0% 12% 98% 100% 100% 100%
GP 100% 88% 2% 0% 0% 0%
Pharmacies 0% 0% 5% 62% 88% 95%
GP 100% 100% 95% 38% 13% 5%
SMS 0% 0% 29% 83% 95% 99%
GP 100% 100% 71% 17% 5% 1%

Figure 5.5. Incremental cost effectiveness plane with all strategies against the current
standard practice — base case scenario. The table represents the probability of being cost
effective for every strategy against the current standard of practice (GP) at different
willingness to pay thresholds.

In the cost effective plane all three strategies (needle exchange, pharmacies and
substance misuse services) yield both a higher cost and increased QALY compared with
the comparator general practice base case. In order to determine whether the increased
benefit in these three strategies is worth the increased cost the willingness to pay
thresholds are then represented in the cost effectiveness plane (Figure 5.5) by the
£30,000 and £20,000/QALY lines. The needle exchange strategy remains cost effective
at the £20,000 threshold and both the pharmacies and substance misuse strategies are
approaching cost effectiveness at the £30,000/QALY threshold.
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Figure 5.6a. Line chart illustrating the respective ICER for the 3 PWID sub group
strategies and their equivalent re-infection scenario ICERs (delineated by the broken
lines). Percentage of treatment cost is along the X axis. This graph demonstrates at what
percentage of the published list price of the HCV treatment regimens each strategy
would be cost effective for the £20,000/QALY and 30,000/QALY WTP thresholds.
Needle exchange scenario is cost effective even at the full list price, whereas the
pharmacy strategy is only cost effective at the £20,000/QALY WTP threshold at 60% of
the list price. Once the reinfection scenarios are included, all would need at reduction
between 40-60% of the list price in order to be cost effective at the £20,000/QALY
WTP threshold. In Scotland, the Scottish Medicines Consortium was able to negotiate a
confidential reduction of the list price of HCV medications, which would render all of
the scenarios cost effective.

5.6b. The different sensitivity analyses comparing the baseline scenarios for the 3
PWID sub groups; Increased treatment costs due to the individuals being treatment
experienced leading to an increased ICER. The same initial disease stage i.e. degree of
fibrosis for each of the pathways leading to a reduction in ICER for SMS and Pharmacy
strategies having had a more advanced fibrosis stage initially. The same age on entering
the models resulting in an increase in ICER for the SMS and Pharmacy strategies. The
likelihood of going to a screening point of care resulting in an increase in ICER for
SMS and a minor reduction in ICER for the Pharmacy and Needle exchange strategies.
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An increase to 100% treatment uptake results in an increase in ICER for SMS, but little
appreciable difference for the Pharmacy and Needle exchange strategies. Reducing the
HCV prevalence to 50% results in an increase in ICER for SMS, but little appreciable
difference for the Pharmacy and Needle exchange strategies. A 100% increase in GPs
offering HCV antibody testing results in an increase in ICER for SMS, but little
appreciable difference for the Pharmacy and Needle exchange strategies.
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5.4.4 Cost effectiveness acceptability curves
The following cost effectiveness acceptability curves are a graphical representation of
the uncertainty associated with the results of the economic evaluation. They summarise
the probability of a strategy being cost effective at different willingness to pay
thresholds. Each simulated ICER value is compared with a ceiling ratio (willingness to
pay threshold), and the proportion of simulated values that are acceptable at that ratio is
calculated. This is repeated for each possible value of the willingness to pay threshold.
The proportion of simulated ICER values that are acceptable will be different for each
willingness to pay.(298) A cost effectiveness acceptability curve plots these together, as

shown in the following Figures 5.7-5.10.

Cost effectiveness acceptability curve - GP vs Needle Exchange

Needle Exchange

Probability of being cost-effective

e,

.

ceee
......................................................

Willingnes to pay

Figure 5.7. Cost effectiveness acceptability curve — GP versus Needle exchange.

Figure 5.7. demonstrates that at a lower willingness to pay threshold the GP strategy
high has higher probability of bring cost-effective. As the willingness to pay increases
the needle exchange scenario becomes more cost effective than the GP strategy. At a
willingness to pay of £20,000 the needle exchange strategy is the most cost effective.
As the GP strategy requires little investment, it is cost effective at lower WTP
thresholds, however an increase in investment makes the needle exchange strategy cost

effective due to the increased HCV detection rate.
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Cost effectiveness acceptability curve - GP vs SMS
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Figure 5.8.Cost effectiveness acceptability curve — GP versus SMS

Figure 5.8. demonstrates that at a lower willingness to pay threshold the GP strategy
high has higher probability of bring cost-effective. As the willingness to pay increases
the SMS scenario becomes more cost effective than the GP strategy. At a willingness to
pay of £20,000 the GP strategy remains the most cost effective. The SMS strategy
approaches but never reaches a probability of 1.0 as being cost effective. We have
already seen that the SMS scenario is less cost effective in the long term due to the
relatively low rate of conversion to treatment compared with the other PWID sub

groups.

Cost effectiveness acceptability curve - GP vs Pharmacy
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Figure 5.9. Cost effectiveness acceptability curve — GP versus Pharmacy

This diagram demonstrates that at a lower willingness to pay threshold the GP strategy
high has higher probability of bring cost-effective. As the willingness to pay increases
the pharmacy strategy becomes more cost effective than the GP strategy. At a
willingness to pay of £20,000 the GP strategy remains the most cost effective. The
pharmacy strategy approaches but never reaches a probability of 1.0 as being cost
effective. The pharmacy strategy was the most expensive of the PWID sub groups and

therefore is likely to be less cost effective.
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Figure 5.10. Cost effectiveness acceptability curve — incremental analysis. GP versus
Needle exchange versus SMS versus Pharmacy.

Figure 5.10. demonstrates the cost effectiveness curves of the three PWID subgroups.
As seen in all the individual comparisons the GP strategy is the most cost effective at a
lower willingness to pay threshold. The needle exchange strategy becomes more cost
effective at approximately £12,500. The SMS and pharmacy strategies are shown to be
dominated on this graph, as the cost is equivalent or more than the needle exchange

strategy, but will less benefit.

If only one strategy could be used for HCV case detection and treatment amongst the
PWID sub-groups, the GP strategy would be most effective at a lower WTP threshold
and the needle exchange would be cost effective with a higher WTP threshold.
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5.5 DIscuUsSION

In this study we compared data from multiple current progressive screening strategies to
shed light on how current screening policies are performing in tackling HCV from a
health economic perspective. We found that novel strategies for targeting and screening
PWID populations are likely to be cost-effective compared to current standard care.

Short-term results show that the most cost-effective approach to detect HCV in current
PWID patients is testing at SMS, followed by needle exchange services. Indeed, these
strategies, which rely on mostly non-clinician personnel are typically less costly.
Although in the long term the higher number of people screened and detected incurs
greater costs, screening current PWID at needle exchange remains cost-effective. The
difference in cost-effectiveness across strategies between short and lifetime horizon is
mainly due to liver fibrosis stage, which is accounted for in the long term. This suggests
that testing at an older age, which is more likely in strategies involving SMS and
Pharmacies, detects disease at more advanced stages and, therefore, with more advanced
liver damage and lower quality of life after treatment. Screening intensification at GPs
for current PWID would increase both the number of people detected, but also the
overall cost of the strategy in the short-term. Even if more people were screened, the
average older age at screening would increase the cost of treatment more than the
potential gain in QALY in the long term (see long term sensitivity analysis, Figure 5.6b.
Nevertheless, age is not the sole driver of the cost-effectiveness results in the lifetime
model: when age is equalised across different strategies, standard screening at the GPs
remains the least effective alternative due to the lower detection rate coming from the

short-term model (see sensitivity analysis).

In the reinfection scenario, only screening at needle exchange centres was below
£30,000/QALY. However, as already mentioned, this is mainly due to our data source
which records higher reinfection rates than the rest of the literature.(41) Moreover, the
reinfection model was designed to consider only treated individuals who could be re-
infected if sharing injecting equipment with those who are infected, reducing the cost-
effectiveness in the model. Given the model’s static framework, it did not consider that
augmenting the number of treated individuals in a population would reduce the pool of
potential HCV positive people spreading the infection. A possible change in the
propensity of sharing needles after treatment was not taken into account either. In a
dynamic scenario, both these two last possibilities could potentially counterbalance the

previous. We suggest that the outcome of our reinfection scenario should be interpreted
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as an extremely conservative scenario. It is reasonable to expect that with these policies
the overall HCV prevalence within the PWID population will decrease. Our results
show that changes in prevalence would impact mainly short-term dynamics, but not

affect long term conclusions (Figure 5.6b).

With respect to the PWID strategies, they all involve the same macro population and
belong to the same model of care piloted and performed in Tayside. However, it is
reasonable to expect that different venues could identify different subpopulations, which
do not necessary overlap. For instance, the regular client of a pharmacy is likely to have
a different profile than the needle exchange frequenter (same reasoning for SMS).
Unfortunately, the lack of data, in particular regarding the PWID access to differing
points of care, means that we were unable to track the different clients’ profile. Thus,
we analysed the PWID population as if it was homogeneous across strategies. The result
is that screening at Needle Exchange is the most cost-effective option. Nevertheless,
there will likely be challenges for the implementation of screening through a single
strategy, such as capacity constraints at a single point of care, individuals’ preferences
or the availability of a specific test setting, and hence complementary strategies should
be considered. To allow for more comprehensive policy suggestions based on
observational evidence, governments should invest in data collection across local PWID
community services (e.g. to map different client profiles to estimate the weight of every
strategy within the model of care) to provide stronger evidence of every strategy’s
characteristics at local levels. We believe that policymakers should run central policies
which include a mix of the most cost-effective approaches reflecting the availability of

specific points of care and the prevalence of user profile in a specific area.

The sensitivity analysis of the treatment listed price shows that the main driver for the
cost-effectiveness analysis is the treatment cost. In Scotland and many other regions and
countries there is a nationally published list price for HCV medications, and from these
there are confidential negotiations that reduce the costs. Therefore, we believe that our
analyses with discounted drug prices on the official listed price by the UK British
National Formulary (BNF 2019) are a more realistic representation of the costs in
clinical practice. In this regard, a discount of 24% of the treatment listed price makes all
the strategies in each scenario cost-effective at a £20,000 WTP threshold. For the re-
infection scenario, a discount equal to or greater than 48% makes all strategies cost-
effective.
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Given the importance of treatment price in our analyses, in countries where the actual
HCV treatment price is still high for the health care providers, further negotiation with
the industry is crucial to reach sustainable cost-effectiveness strategies. In contexts
where this interaction between stakeholders already happens, such as in Scotland, the
focus of policymakers should be more on stratagems to detect individuals at early stage

of disease, improving engagement within the cascade of care and limiting reinfection.

5.5.1 Strengths and limitations

This study sought to evaluate the cost-effectiveness of the current and potential new
approaches to tackle HCV detection. Findings confirm that alternative strategies to
detect individuals with HCV can be highly cost-effective. Specifically, approaches that
detect at earlier stages of infection (which is likely to mean younger individuals) and
higher number of individuals are expected to be the most cost-effective. However, there

are also several limitations to our study.

Firstly, the representativeness of this model of care is unclear as it is based on a small
sample of potential screening locations and on a sample of the drug-user population in
the Tayside area. Moreover, this is a retrospective study using for the first time a
multitude of strategies from a relatively small area. Even if these findings can provide
insights to policy makers, results may have a local perspective. For national
recommendations, prospective cohort studies need to be implemented, which could
overcome the potential bias affecting the selection of our counterfactual. In this regard,
given the need to reflect regional differences, central policies should be tailored on

evidence from a local level.

Secondly, the lack of data on a few key parameters, such as the proportion of people
visiting any point of care that are tested, led to the use of secondary data sources.
Unfortunately, there is currently limited data available on some community services.
Therefore, our HCV test acceptance/offer rate was based on expert and clinical opinions
of personnel working within the services described in our study. However, we tried to
address this by testing assumptions in one-way sensitivity analyses and using wide

uncertainty in the PSA.

Thirdly, the reinfection scenario analysis does not take into account a herd immunity
factor. Indeed, in small areas, there should be a decrease in incidence since treating
people reduces the number of infected people able to transmit the infection. It should be

noted that usually the reinfection rate is not modelled in screening models and, when it
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is, it can be very sensitive to authors’ assumptions.(297) We decided to include the
prospect of reinfection in a scenario analysis in a static setting. As already mentioned,

our reinfection model should be interpreted as an extremely conservative scenario.

Lastly, the model is static and, beyond reinfection, it does not allow for a migration
from the PWID status. However, the lack of data regarding this potential transition,
retrospective cohorts referring to heterogenous samples, and the desire to provide a
snapshot of an ongoing policy in its first years of operation led us to build a static model
in line with most of the recent literature on cost-effectiveness of HCV treatment(299)
and screening.(297) Since the static nature of the analysis does not allow direct
assessment of the cost-effectiveness of the strategies over time, a plausible decrease in

prevalence due to these policies was considered in the sensitivity analysis.

This study presents a comprehensive analysis of a regional HCV screening strategy in
the UK and provides insights that need to be addressed to ensure cost-effective
decision-making at a national level. For instance, treatment cost has a crucial role in
determining whether screening strategies targeting a PWID population are likely to be
cost-effective. Overall, the cost-effectiveness of a strategy increases in the short-term
with the engagement in the cascade of care, and in the long term with early diagnosis
(associated with a point of care screening at younger ages) and treatment cost. In
Tayside, screening at all points of care seems to optimise these requirements. Our
results found that screening at Needle exchange was likely to be the most cost-effective
strategy. Indeed, with the application of a plausible discount to the treatment price, the
study demonstrates how all the screening strategies could be considered highly cost-
effective when compared to the current standard care in the UK. Whilst these results are
specific to the Tayside region, the study highlights that there is a need for further
investigation to understand how these strategies would perform elsewhere.
Governments wishing to achieve the 2030 HCV elimination target must shape central
policies based on the effectiveness and cost-effectiveness of different screening
strategies at a sub-regional level. They should, therefore, invest in further research to
enable extensive data collection across regions thus allowing for more comprehensive,

tailored and cost-effective decision-making.
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CHAPTER 6 — DISCUSSION

The development and availability of DAAs has revolutionised the care for people with
hepatitis C.(300) The opportunity this offers to eliminate hepatitis C as a global health
threat was recognised and advocated for by the World Health Organisation.(40)
However there are still significant barriers to overcome to enable people with HCV to
be treated. These include, but are not limited to, access to treatment, stigma and
funding.(154,178,246) This thesis has explored the strategies required to find and
diagnose all those infected with HCV in the Tayside Health Board. This has involved
reviewing the relevant literature by way of a scoping review to identify the aspects of
HCV models of care that promote diagnosis, treatment and cure, and also to analyse the
efficacy of community and primary care based HCV testing and treatment services
using direct acting antivirals. By examining and analysing the different testing and
treatment pathways within NHS Tayside with a view to establishing the most effective
and cost effective pathways we have also gained insights on how to engage different

populations to ensure equity of access.

6.1.1 HCV diagnosis and treatment is feasible for all infected

The scoping review broadly explored models of care that have been developed to
effectively deliver HCV care in the DAA era. It is not enough to solely have an
effective treatment for HCV. Achieving sustained virologic for a population will require
various health system challenges to be addressed.(301) This includes aspects such as
access, coverage, quality of services and safety. Different countries have different health
systems and challenges to overcome.(13,54) The availability of DAAs has triggered the
development of an array of models of care globally which are tailored to meet the needs
of different populations. Lessons can be learnt from these differences and implemented
elsewhere. Successful models of care needed to be specific, scalable, integrated, patient
centred and affordable. In the DAA era, effective MoCs tend to be those with co-located
services e.g. opiate substitution services or needle exchanges, or a combination of
locally delivered services in various environments which are well co-ordinated and
strongly linked. Multidisciplinary team working has been shown to be beneficial
especially when care is delivered by frontline workers who are familiar to the clients
e.g. addictions workers or OST pharmacists. Long term development and

implementation of these strategies requires policymakers and researchers to establish
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cost-effective, easily implemented strategies that incorporate interdisciplinary and
multi-facility communication with input from healthcare providers, affected populations
and other key stakeholders. (301)

The UK health system is split between primary, or community based care and
secondary or hospital based care. Historically HCV treatment has always been delivered
in the secondary care environment. The ease and safety of DAA treatment lends itself to
simplified models of care and possibility of community based treatment. In chapter
three, the literature review evaluating community and primary care based pathways
using DAAs to treat HCV infection looked more closely at community measures and
interventions to increase diagnosis, retention into care and treatment of people with
hepatitis C.(219)

Decentralised HCV care is not only possible but can improve access to care and yield
SVR rates equivalent to those attained at specialist centres. At the time of the literature
review there were relatively few studies exploring the efficacy of community based
HCYV care, but there has further studies since. An Iranian study with an integrated on-
site community-based HCV care model with HCV care including HCV testing and
treatment was shown to successfully deliver care outside of hospitals.(302) An
American study showed intention to treat SVR rates of 88% for individuals managed in
co-located primary care clinics and addiction services with one hospital based primary
care clinic and a second primary care clinic providing OST.(303) A cost effectiveness
analysis in Australia reported significant cost savings with community based treatment,

largely due to increased retention in care.(304)

Whilst many countries and health systems have embraced decentralised care with
simplified and outreach models of care, there has not been any randomised controlled
trials to compare the efficacy. Systematic reviews and meta-analyses such as in Chapter
3 appear to show non inferiority of community based services to conventional models of
care, however outcomes such as treatment uptake and SVR12 in these pooled studies
rarely reaches the rates seen in the original drug trials.(230,232,234) There is a concern
that publication bias has driven this narrative that decentralised models of care are the

most appropriate models of care with the best chance of delivering HCV eradication.

To counter this we should look at the countries that have embraced these novel

pathways, such as Iceland, Australia and Scotland.(305-307) All three have made
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significant progress towards HCV elimination and in fact Iceland has been able to meet
WHO targets ahead of time.(305)

Given how advanced the UK is towards reaching elimination targets, there seems little
value to conducting large scale randomised controlled trials comparing models of care.
Various studies have shown that there can be successful rigorous clinical trials carried
out in populations previously felt to be too unstable and erratic such as PWIDs who are
still actively injecting, so patient concordance is not necessarily a
limitation.(139,140,308) What has been clear from my research is that the population of
people chronically infected with HCV is very heterogeneous even within our health
board, let along throughout the rest of the UK and the world. In order to reach
elimination targets, | believe that different health systems need assess their individual

population needs and plan services accordingly.

6.1.2 Combination of pathways is preferred over prioritising the most effective

Whilst the availability of DAAs has allowed health systems to develop new pathways
and services, it is important to reflect on the pre-existing pathways. When working
toward the WHO targets for HCV elimination, a thorough understanding of the
diagnostic and therapeutic work to date is needed. What is clear is that having a range of
different pathways based in both the community and in hospital settings allows different
populations to access and engage in treatment. Having pathways targeting those most at
risk of HCV, people who inject drugs, allows those most at risk to be treated. It is also
treatment as prevention in action.(305,309) By curing people who are at most risk of

passing HCV onto others, you prevent possible future transmission and harm.

The declining rate of positive PCR tests seen in Chapter 4 is an early indication that this
combination of strategies is yielding results and is enabling Tayside in Scotland to strive

towards its elimination target.

The health economics of these pathways demonstrated some interesting conclusions.
The two different strategies that were felt to be cost effective were so widely different in
terms of costing, patient population and intensity. With the general practice population
being relatively resource light, serving a large population and therefore detecting a
significant number of infections (albeit at a low positivity rate), whilst the needle
exchange pathway was resource heavy, costlier, detected HCV positive patients at an

earlier stage in their disease and had a high positive rate of testing. Needle exchange
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services provided a 7.45- fold increase in detecting positive individuals and an
incremental cost per QALY gained against current practice, with a net monetary benefit
of £163,827. However it is clear, especially when aiming to detect and treat a large
proportion of the patient population that both strategies as well as others are needed to

reach the goal of HCV elimination.

A take home point from the research presented in chapters 4 and 5, is that no single
pathway is enough to provide adequate HCV diagnosis and treatment at a population
level. No population is homogenous, so the pathways for HCV care need to reflect the
different needs of those within the affected group. Both analysing the pathways
themselves and the relative costs of the pathways has demonstrated that each pathway
contributes to the whole. Pathways that are costlier and resource heavy are often those
that serve the subsets of the population who are more difficult to engage and won’t be

reached using conventional pathways e.g. the needle exchange pathway.

6.1.3 Multiple re-access points within the pathways is needed to minimise lost-to-
follow up

There was a degree of overlap in many of the pathways. For example, a patient with a
history of injecting drug use could access HCV care via the needle exchange pathway,
addictions services or via pharmacies. These multiple access points are vital for
retaining or re-engaging people in care. Each of the cascades of care show a drop off
between stages from diagnosis to treatment to confirmation of cure. Having multiple re-
access points with information sharing between sites allows individuals to be retained in

care and reduce those lost to follow up.

6.1.4 Multidisciplinary teams and linked IT systems can help with coordination
between pathways

Tayside benefits from a single health board and a single multidisciplinary team
overseeing Hepatitis C care for the locality. Strong links with the virology lab, a robust
clinical data base and good relationships with key community-based partners such as
pharmacists and addictions workers is essential to provide this joined up care between

different access points.

Advances in recent years both in testing methods and in the availability of DAAs mean
that it has never been easier to test for or treat Hepatitis C infection. Dried blood spot

testing, oral fluid testing and point of care testing devices mean that HCV testing is no
longer restricted to the hospital setting or general practices with access to the hospital-

based laboratory system. This thesis has described the scope of HCV pathways
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currently in practice in non-traditional settings such as mobile vans, needle exchange
centres and pharmacies. Decentralised and accessible care is possible via outreach into
the community and hard to reach populations is both possible and practically

achievable.

Analysing the cascade of care for HCV treatment consistently shows drop off in
between the key stages in the cascade. Pathways which are simplified and streamlined
help to mitigate this attrition. A recent systematic review analysed 148 studies and
found that interventions that simplified HCV testing, including dried blood spot testing,
point-of-care antibody testing, reflex RNA testing, and opt-out screening, significantly

improved testing outcomes compared with a comparator or control.(310)

DAA therapy has revolutionised the whole treatment landscape for people with
Hepatitis C infection. The clear benefits of high efficacy, low side effect burden, few
interactions, all oral medications and monitoring free regimes has enabled many more
people to receive treatment for their HCV, who would previously have been ineligible
for PEGylated interferon and ribavirin due to contraindications such as comorbidities or
advanced disease.(187)

We therefore have the tools needed to diagnose and treat people, quickly and easily.

A study in March 2021 showed that only 11 of 45 countries studied are on track to
achieve elimination by 2030. These countries include Australia, Canada, France,
Germany, Iceland, Italy, Japan, Spain, Sweden, Switzerland and the United Kingdom.
All these countries are high income and have the resources to make Hepatitis C care a
health priority. It is vital that the remaining countries expand screening and treatment in

order to meet the elimination targets.(311)

6.1.5 Stigma and poor ability to access healthcare remains a big issue

People living with hepatitis C experience stigma both in their personal lives and when
trying to access healthcare. The World Hepatitis Alliance recognised that stigma
associated with HCV was a significant factor in patients accessing testing, treatment and
HCV care.(312) A US study found 95.5% their participants with a lived experience of

HCV encountered some degree of disease associated stigma.(313)

In this thesis we have explored how a defined region in Scotland has approached HCV
diagnosis and treatment. Naturally the majority of our efforts were directed towards

engaging PWIDs in out pathways as they represent both being the population at highest


https://www.sciencedirect.com/topics/medicine-and-dentistry/dried-blood-spot
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risk of contracting and transmitting HCV and of being difficult to engage as previously
discussed. However there remain some difficult to reach populations, which may not be
easily reached or served by the existing pathways. Whilst we can be relatively confident
that the existing pathways are effective at reaching the majority of the population, and
indeed in meeting the WHO targets, there is a small but significant group of people who
are still to be reached. A known sub group of PWIDs that are difficult to reach are the
female population. In chapter 4 there was a marked discrepancy in the proportion of
females being tested for HCV, with women making up only 30% of those tested in
some pathways. Whilst it is known that male PWIDs outnumber women who inject
drugs (WWID) it is recognised that WWID are an especially vulnerable population due
to several factors, including mental health problems, physical and sexual violence, sex
work, stigma and discrimination.(314,315) In addition, they have an increased risk of
acquiring HCV and other blood-borne and sexually transmitted infections due to certain
risky practices such as sharing injection equipment or being injected by a peer
compared to their male counterparts.(316,317) Factors linked to social network or

differences in access to care also lead to higher incidences of HCV infection in WWIDs.

A systematic review showed that females were more likely to be HCV positive in
comparison to males at a pooled HCV incidence rate of 20.36 (95% CI: 13.86, 29.90)
for females and 15.20 (95% CI: 10.52, 21.97) for males.(313) A study also showed that
HCV associated stigma was likely to reduce the probability of WWIDs undergoing liver
disease staging or accessing HCV treatment services.(318) A study in Seattle showed
that WWID had 64% lower odds of receiving HCV treatment and were more likely to
be lost along the cascade of care, with lower rates of HCV testing, confirmatory HCV

testing, awareness of positive diagnosis, treatment uptake and SVR.(315)

People with a lived experience of being homeless or in unstable housing are at increased
risk of HCV as there is often an overlap with substance use.(319) It is estimated
between 9.8-52.5% of homeless individuals are HCV positive.(320) Being homeless is
also associated with a risk of unsafe injecting practices.(321) HCV treatment is often
not prioritised as there are other more urgent survival concerns. Poor knowledge of
HCV, distrust in healthcare, substance use and mental illness are some of the potential
barriers to care.(322) Homelessness (AOR 0.39, 0.19—0.80) was associated with a 61 %
lower odds of having received treatment with DAAS.(320)

Recent estimates from Public Health England have suggested that of the 81,000 still
chronically infected with HCV, 21,600 are current or recent PWID, nearly twice that
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number, 50,200, have a history of injecting drug use and 8,700 have no history of
injecting. Whilst modelling is imprecise it is assumed that the remaining numbers are
people with a history of injecting drug use with no contacts in drug treatment services,
prisons or other healthcare settings. Their infection may only come to light when they
present with end stage liver failure or hepatocellular carcinoma.(323) Finding this

unspecified group with no clear means of identifying their risk remains a big challenge.

6.2 CONCLUSION

Irrespective of WHO elimination targets, every individual with hepatitis C should be
given the opportunity to engage in care, receive treatment and attain SVR. Itis clear
that a “one size fits all” diagnostic/treatment pathway will not come close to achieving

that aim.

The pathways examined in this thesis developed organically in response to different
health system and patient needs over a 20-year period. A strength of this diversity in
pathways is the access to key populations such as PWID, those on OST, in prisons and
migrant populations. Each pathway has been shown to be effective in its own right and
together they cover the majority of the HCV population in Tayside and enable

attainment of the Scottish Government and WHO targets.

These targets do not account for one hundred percent of people chronically infected
with hepatitis C and it is important that future work looks to reach the hard to reach and
under-served populations including female PWIDs and those with a lived experience of

homelessness.

As the prevalence of HCV continues to fall due to increased treatment uptake, the cost
effectiveness of the various strategies in their current iteration will reduce. In order to
keep the strategies cost effective, there will need to be further negotiation with the drug
companies to reduce the list price of their treatments. It is vital that once HCV
elimination is reached, that there is ongoing HCV screening and treatment of known
cases to prevent any epidemics. Ensuring that testing and treatment remains cost

effective is vital to this.
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6.3 FURTHER WORK

Integrating newer diagnostic technologies such as point-of-care tests which can provide
results in 60 to 90 minutes, into existing pathways may improve the scalability and
therefore access to some of the community based pathways. Providing a diagnosis in the
course of a single visit has the potential to streamline the cascade of care and reduce

drop off of patients between testing positive for HCV and initiating treatment.

The development of targeted interventions and pathways for female PWIDs and the
homeless population chronically infected with HCV.

Examining the health economics of different diagnostic tests may determine whether
this approach would be feasible. Being able to scale up HCV testing in key populations
such as PWID will make attaining WHO elimination targets more feasible.
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APPENDIX 1/CHAPTER 2: WE KNOW DAAS WORK, SO NOW WHAT?
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Globally, some 71 million people are chronically
infected with hepatitis C virus (HCV). Marginal-
ized populations, particularly people who inject
drugs (PWID), have low testing, linkage to care
and treatment rates for HCV. Several models of
care (MoCs) and service delivery interventions
have the potential to improve outcomes across
the HCV cascade of care, but much of the
relevant resecarch was carried out when inter-
feron-based treatment was the standard of care.
Often it was not pmactical to scale-up these
eardier models and interventions because the

dinical care needs of patients taking interferon-
based regimens imposed too much of a financial
and human resource burden on health systems.
Despite the adoption of highly effective, all-oral
direct-acting antiviral (DAA) therapies in recent
years, approaches to HCV testing and treatment
have evolved slowly and often remain rooted in
carlier paradigms. The effectiveness of DAAs
allows for simpler approaches and has encour-
aged countries where the drugs are widely
available to set their sights on the ambitious
World Health Organization (WHO) HCV elimina-
tion targets. Since a large proportion of chron-
ically HCV-infected people are not currently
accessing treatment, there is an urgent need to
identify and implement existing simplified MoCs
that speak to specific populations’ needs. This
article aims to: (i) review the evidence on MoCs
for HCV; and (ii) distil the findings into recom-
mendations for how stakeholders can simplify
the path taken by chronically HCV-infected
individuals from testing to cure and subsequent
care and monitoring.

Keywords: health systems, hepatitis C, models of
care, people who inject drugs.

Introduction

Viral hepatitis is a leading cause of mortality
gobally, with the hepatitis C virus (HCV) respon-
sible for an estimated 350 000 deaths and 9.7
million disability-adjusted life years in 2016 [1].
The World Health Organization (WHO) estimates
that 80% of the people living with HCV have not
been diagnosed [2]. Although HCV became a highly
cumable discase with the introduction of all-oral
direct-acting antiviral agents (DAAs) in 2013, most
countries have been slow to provide unrestricted

access to these life-saving drugs [3, 4] and thus
decrease the discase’s spread [S) and reduce its
prevalence.

Given the gravity of the epidemic and the effective-
ness of the cure, in 2016 WHO madetheelimination
of viral hepatitis asa public health threatby 2030 the
overridinggoalofits firstglobal health sectorstrategy
onviral hepatitis [6]. The strategy stressesequityand
leaving no affected populations behind in its ambi-
tious targets of achieving an 80% reduction in HCV
incidence and a 65% reduction in HCV mortality by
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2030, as exemplified in its prevention target to
increase the average number of sterile needles and
syringes distributed to people who inject drugs
(PWID) from 20 to 300 annually. Today, the unsafe
injection of illicit drugs is a main driver of the global
HCV epidemic [2, 7]. Itis estimated that 15.6 million
peopleinjected drugs globallyin 2015(8] and that6.1
million of them were living with HCV [9]. Globally, if
theriskofHCV transmission assodated withsharing
unsafe injecting equipment amongst people who
currently inject drugswas removed, 43% of inddent
HCV cases would be prevented between 2018 and
2030 (10).

Evidence shows that in many settings, a relatively
modest increase in treatment mates can enable a
country that already provides good access to DAAs
to achieve the WHO strategy’s targets. A 2017 study
modelling the HCV epidemic in Switzerland con-
cduded that an annual treatment uptake of 10%
would eliminate the disease by 2030in PWID [11]. A
second study made comparable projections for
other European countries, but also found that some
countries would need to scale-up opioid substitu-
tion therapy (OST) and needle and syringe exchange
programmes (NSP) interventions to reduce chronic
HCV prevalence [12]. Yet in most countries of the
world, particularly low- and middle-income coun-
tries, access to DAAs and harm reduction services
remains extremely limited [13-15], and achieving
the WHO targets will require major expansion of
both forms of access [16]. That is because besides
DAA therapy, which enables a sustained virologic
response (SVR), the most effective form of HCV
prevention for PWID is harm reduction, induding
OST, NSPs, and supervised injecting centres.

In reality, global elimination of HCV will require
major increases in services for all affected popula-
tions along the entire cascade of care, incduding
testing, linkage to care, retention in care, treat-
ment, chronic care and prevention of primary
infection and reinfection.

The model of care (MoC): a tool for increasing treatment coverage

In 2013, Bruggmann and Litwin found that, whilst
HCV treatment had been successfully delivered to
many people, through various multidisaplinary
models, few treatment settings were adapted to the
needs of PWID (17]. PWID who have been treated,
for example with OST, are often those who are most
motivated to seck out health services, whilst those
who are more marginalized find access difficult.

S4 © 20 Mhe ksxalon by De Pdicton o De haad o ey Medche
Jarml o Mend Medche 2011 28. 23-25

What is needed is a model of care (MoC) for each
setting that specifically targets PWID and other
marginalized high-burden populations, such as
migrants or the homeless, whilst taking advantage
of the chamacteristics of DAA therapy.

In this review, we use MoC to signify a setting-
spedfic framework that outlines how to provide the
relevant services and interventions throughout the
HCV cascade of care. An MoC should address four
key questions: where to provide the services, what
services to provide, who to provide them and how
to integrate them (Box 1).

The models of HCV care were selected by reviewing
the peer-reviewed literature in PubMed /MEDLINE
since 2014, references from relevant articdles, and
abstracts from The Liver Meeting of the American
Association for the Study of Liver Diseases (AMASLD
2018); European Association for the Study of the
Liver Intemational Liver Congress (EASL ILC 2018
and 2019), and the Intemational Network on
Hepatitis in Substance Users (2018) by three
independent researchers (CP, JC, EMR), who iden-
tified 71 studies that reported studies of new
models of care to address HCV that had measur-
able outcomes. Table 1 presents selected case
studies by country and population addressed,
Table 2 highlights the main populations
addressed, Table 3 describes setting, and Table 4
categorizes the provider type. Figure 1 presents the
stages of the cascade of care addressed (awareness
and prevention, testing and diagnosis, linkage to
care, access to medicine, and patient monitoring
and evaluation) whilst Table S1 summarizes mea-
surable outcomes, including SVR where available.
The search words were as follows:

1 PubMed search string ((HCV[All Fields] OR hep-
atitis ¢'[MeSH Terms|] OR ‘hepatitis c[All Fields|

Box. Selection of new models of hepatitis C care
presented in this review

Nurse-led

Telemedicine

Multidisdplinary (including nonmedical per-
sonnel in the core team, for example sodal
workers, case managers or psychologists)
Pharmadst-led

Mobile van units
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OR  ‘hepacivirusTMeSH Terms] OR  ‘hep-
acivirus TAll Fields])) AND model[All Fields] AND
s[All Fields] AND care[All Fields]

2 Conference abstract search using keywords
‘models of care’, hepatitis C', ‘HCV', ‘public
health’

Omne of the hallmarks of 8 good MoC is simplicity.
Simplicdty is key to the scaling up of interventions
and widely considered a predictor of its success
[18-21]. Fortunately, because DAAs have few side
effects and can be administered orally, MoCs
designed to optimize DAA delivery are much sim-
pler than those designed for pegylated interferon
treatment, which required more pretreatment diag-
nostic procedures (e.g pretreatment liver biopsy,
HCV penotyping) to exclude other causes of liver
disease, as well as intensive monitoring and dose
modification. Other elements that contribute to
simplicity include effective linkape to care and the
targeting and integration (e.g. co-location) of ser-
vices [22).

Targeting is also essential. It begins with a con-
certed effort to test members of hard-to-reach at-
sk populations, using outreach to come in
contact with them where they ame, instead of
waiting for them to present at healtheare fadlities.
Table 2 presents the seven main populations
addressed by MoC studies from the DAA era. Of
the 71 studies that we reviewed for this paper, 42
targeted PWID.

Amongst FWID and other vulnerable populations,
mpid testing has been shown to substantially
increase coverage and referral mtes [23-25]. To
date, many services have not been developed for
vulnemble populations such as the homeless,
PWID and prsoners, which must both contend
with numerous social determinants [26-29] that
contribute to poor quality of life and poor socal
functioning [30, 31] as well as health inequalities
[32]. It should be emphasized that HCV treatment
should be offered based on clinical mther than
social factors or injecting-related behaviours [33,
34], underlining the necessity of overcoming obsta-
des to HCV treatment delivery to PWID. In partic-
ular, several studies demonstrate that HCV
treatment achieves acceptable outcomes in active
injectors, and outcomes that are just as good in
people on OST as in people who do not inject drags
[35-37]. An enabling policy envimnment is para-
mount [38], since restrictive drug policdes and the
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Table 2 Populations addressed in the models of care selected

Population [n)

Country

No. of study (from Table S1)

PWUD*/on OST [42/3)

General population [20)

Prizoners [11)

Homeless (7]

Sex workers [5)

Migrants (3]

People with mental health
izzues (2)
Other (reviews) (2)

Australia; Belgium;
Canada; Denmark;
France, Georgia;, Greece,
Ireland; Norway;, Portugal;
Spain; Switzerland; UK,
UsA

Australia; Canada, Egypt;
India; Mexico, Pakistan;
UsA

Australia; France; Ireland;
Portugal; Romania; Spain;
Sweden; UK

Australia; Canada, France;
Romania; Scotland; Spain;
UK

Australia; Ireland; Italy;
Romania; Spain; Portugal;
UK

France, Portugal

Canada, France

Multi-country reviews

Papaluca T et al. (1), Alimohammadi A et al. (2], Remy AJ
et al [3), Bourgenis 5 et al. (4], Chronister K.J et al (6],
Valencia JA et al (7], Liberal R et al. (8], Inglis SK et al.
(10), Ford MM et al. (11), Borojevic M et al [12], Peters L.
(13), Williams B et al. (14], Saludes V et al. (15], OLoan J
et al [16], Grebely J et al (17), Norton et al. [@30), Morris
et al (31), Schulkind J et al. (33], Saludes V et al. (34),
Radley A et al. (35), Alam Z et al. (37], Sypsa V et al [40],
Kugelmas M et al. (42], Howell et al [43), Kraichette N
et al [44], Greenan 8 et al (45), Byder N et al [446], Dayle
J et al [47], Bielen R et al. (48], Stvilia K et al. [49),
Mitchell 8 et al. (50], Thompson H et al (51), Lamond §
et al (53], Sinan F et al. (54) Midgard H et al. (56], Berger
SN et al. (57), Read P et al. (60], Mason K et al. [62),
Hashim A et al. (63, Treloar C et al [64), Chronister E.J
et al [65), Linnet et al. (65), Barror 8 et al. (66], Simoes D
et al [68), Nouch 8 et al (69), Scherer ML et al. [T1)

Specifically OST: Inglis SK et al (10], Radley A et al. [35),
Bielen R et al. (48]

Balcomb A [5), Ford MM et al. (11], Trooskin et al. (18],
ChiongF et al. (23], Cooper et al. (24), Capileno et al. (25,
El-Akel et al. (26], Kattakuzhy et al. (29]), Dhiman RE
et al (36), Shika G et al. (38), Shiha G et al. [39], Greenan
5 et al (45), Ryder N et al (46), Thompson H et al (51),
Perez Hernandez JL et al. (52), Lamond 8 et al (53),
Naveed A etal [55), Koren D et al. (59), Sokol et al. (61),
Nouch 8 et al. (69)

Papaluca T et al (1], Remy AJ et al. (3], Liberal R et al. (8),
Cuadrado A et al [9), Inglis SK et al [(10), Vroling H et al
[20], Olsson A et al (21), Bartlett SR et al. (22], Overton
et al [(41), Barror 8 et al [(66], McDonald L et al [T0)

Alimohammadi A et al. (2], Remy AJ et al (3], OLoan J
et al [16), Grebely J et al [(17), Hashim A et ol [28),
Macheth K et al [32), Barror 8 et al [66]

Chronister K.J et al. (6], Read P et al [(60), Barror 8 et al
[66], Tet E et at. (67), Simoes D et al [6G8)

Remy AJ et al. (3], Saludes V etl al. {34), Simoes D et al.
(68)

Maszson K et al. (62], Remy AJ et al. [2)

Pourmers et al. (19), Wade et al. (27

& AN The Mesaciadin for Boe Publicatbon of B Joarndl of luesxdl Madiche 511
Journal of el Miadicine. 24 28 3-05
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Table 2 (Continued)

Population (n) Country No. of study (from Table S1)
Veterans (1) USA Fleming BS et al. (58)
MSM (1) Portugal Simoes D et al. (68)

*People who use drugs.

criminalization of drug use not only drive much of
the HCV epidemic amongst PWID [39] but also
discourage PWID from accessing both HCV ser-
vices and drug treatment services [40], whilst harm
reduction services can offer HCV testing that many
PWID would otherwise not access. At the same
time, the daily support typically provided to OST
clients on HCV treatment might also prove benefi-
dal to other vulnerable individuals receiving treat-
ment.

Perhaps the biggest obstacdle to the scale-up of
HCV services in many settings is affordability and
availability, for both diagnostic tools and treat-
ment. Whilst the right to health suggests that
anyone infected with HCV should have access to
treatment, irrespective of discase stage and drug
use [41], some people must pay for them out of
pocket in those countries where high costs and /or
discrimination have led to reimbursement restric-
tions. Most countries that subsidize DAA therapy
have restricted access in tems of who can
prescribe and disease severity [3], despite evi-
dence that treatment is cost-effective when the
long-term costs of morbidity, mortality and
onward transmission are included in the calcula-
tions, and provided that harm reduction is widely
available [35, 42-47). Strategies that have proven
successful in bringing DAA costs down to a
fraction of the list price indude directly negotiat-
ing with phammaceutical companies, licensing
generics and committing to scaling up treatment
in order to secure bulk discounts and achieve
economies of scale [48].

Other obstacdles also need to be overcome to scale-
up HCV treatment [49, 50). They indude the
heterogeneity of national policies [51-53], a lack
of appropriate infrastructure for HCV services in
tertiary centres and addiction clinics (17, 54-57],
stigma and discrimination [58, 59 (including the
reluctance of some physicians to treat PWID [60-
62|, limited access to point-of-care diagnostics
[63], and inadequate knowledge of HCV and HCV
treatment and a generally defident sense of
urgency [64-66].

SI2 © 27 De ksxalos by e Pdlcton o De oand o iteny Medche
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Two other essential characteristics of successful
MoCs that Bruggmann and Litwin emphasized in
their MoC study (17], a multidisdplinary approach
and integration of services, are addressed below in
the sections responding to the questions of who
and how, respectively.

Where

The delivery of HCV services and interventions
varies tremendously in practice. Table 3 identifies
the diverse settings where they can be offered. This
section and the next draw on the scientific litera-
ture for recent experiences in implementing MoCs
for HCV, especially amongst PWID, to explore the
questions of where, what, who and how.

Because MoCs are setting-dependent, we have
devoted particular attention to the question of
where. The rest of this section is devoted to the
different settings that can provide the primary
venue for HCV services. Whilst a ‘one-stop-shop’
may be ideal, in that it provides continuity, it can
be difficult to arrange financing for an integmated
clinic offering a variety of health and sodal services
in a system where funding comes from narrowly
defined budgets. Moreover, clients often access
services according to convenience, and providing
services at a variety of sites may offer welcome
flexibility. In such cases, it is critical to coordinate
service provision so that clients receive consistent,
seamless care regardless of location.

Where to provide the services: hospitals

For decades, hepatitis C has been managed as a
rule by spedalists in hospitals [17, 39]. As evidence
became available on the effectiveness of HCV
treatment and the need for tailored care pathways,
new MoCs were developed. A systematic review of
interferon-based treatment for PWID [67] found
satisfactory results in the six studies analysing
SVR and in the five analysing reinfection [68-70).
Whilst there appeared to be no clear advantage in
providing treatment to PWID in hospitals instead of
community-based settings [67], most of the studies
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Table 3. Setting in the models of care selected

No. of study (from Table S1)

Setting (n) Country
Low-threshold Australia; Belgium;
setting (25) Canada; Denmark;
France; Georgia; Greece;
Italy; Ireland; Norway;
Portugal; Romania; Spain;
UK; USA
Primary care (20) Australia, Canada, Ireland,
Mexico, Pakistan,
Romania, Scotland, Spain,
UK, USA
Prison (9) Australia, Ireland,
Romania, Spain, Sweden,
Portugal, UK
High-threshold Belgium, Denmark,
setting (6) Switzerland, USA
Hospital (4) Australia, Canada, India
Rural (4) Canada, Egypt, France

Regional setting
(3)

Canada, Egypt, UK

Pharmacy (3) Scotland, USA
Mobile van (4) Australia, France, USA
Other (2) Multi-country reviews

Alimohammadi A et al (2), Remy AJ et al (3), Bourgeois S et al (4),
Valencia JA et al. (7), Ford MM et al (11), Williams B et al. (14),
Saludes V et al (15), O'Loan J et al (16), Grebely J et al (17),
Hashim A et al (28), Morris et al. (31), Schulkind J et al. (33),
Saludes V et al (34), Sypsa V et al. (40), Howel et al. (43), Stvilia K
et al. (49), Mitchell S et al. (50), Sinan F et al. (54), Midgard H et al
(56), Treloar C et al. (64), Chronister KJ et al. (65), Linnet et al.
(65), Barror S et al. (66), Teti E et al. (67), Simoes D et al. (69),
Scherer ML et al. (72)

Balcomb A (5), Chronister KJ et al (6), Trooskin et al. (18) Capileno
et al.(25), Kattakuzhy et al(29), Norton et al. (30), Macbeth K et al
(32), DoyleJ et al. (47), Thompson H et al. (5 1), Perez Hemandez JL
et al. (52), Lamond S et al. (53), Naveed A et al. (55), Koren D et al
(59), Read P et al (60), Sokol et al (61), Mason K et al. (62), Hashim
A et al. (63), Treloar C et al (64), Chronister KJ et al. (65), Barror S
et al. (66), Nouch S et al (69)

PapalucaT et al. (1), Liberal R et al. (8), Cuadrado A et al. (9),
Vroling H et al. (20), Olsson A et al. (21), Bartlett SR et al. (22),
Overton et al (41), Barror S et al. (66), McDonald L et al (70)

Borojevic M et al. (12), Peters L. (13), Alam Z et al. (37), Kugelmas M
et al. (42), Bielen R et al. (48), Berger SN et al (57)

Chiong F et al. (23), Cooper et al. (24), Dhiman RK et al. (36), Ryder
N et al. (46)

Cooper et al. (24), Shiha G et al. (38), Shiha G et al. (39), Kraichette
N et al. (39)

Inglis SK et al. (10), El-Akel et al. (26), Greenan S et al. (45)

Radley A et al (35), Fleming BS et al (58), Koren D et al. (59)

Remy et al. (3), Trooskin S et al. (18), Kraichette N et al. (34), Doyle J
et al. (47)

Pourmarz et al (19), Wade et al. 27)

comparing HCV treatment in tertiary/spedalist
settings with community settings in another sys-
tematic review showed generally better uptake in
the latter [71]. The main challenge is thus simpli-
fying care at integrated centres and limiting the
hospital role in HCV treatment. Whilst hospital
spedalists may continue to play a key role in
integrated HCV care for marginalized populations,
hospital referrals should ideally be necessary only
in cases with severe complications, such as
advanced liver disease and certain co-morbidities
(which are expected to become much less common
as DAA therapy becomes more widespread). First,

however, restrictions on DAA treatment in nonhos-
pital settings [72] must be lifted to make such a
shift possible.

Primary care faciities

The feasibility of successfully treating PWID receiv-
ing OST with interferon-based regimens has been
broadly demonstrated in studies where well-
tmined general practitioners work with nurses,
social workers and other professionals in a primary
care setting [73-75]. This model can also benefit
from telehealth technology [76].

© 219 De st by De Pl of De oo of Meny Madche  SI3
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Table 4. Prowiders in the models of oore selected

Providers [n)

Country

No. of study (from Table 51)

Multid eciplinary™
(22

gpecialists® [26)

General
practtioners [12)

Telemedicine [7)

Nurse-led (14)

Specialist nurse
(bt mot marse-
led) (12)

Peer support (3]
Fharmacists (3]
Nongovern mental
organization (1)
Naot reported /Not
specified (8)

Other [reviews) (3]

Australia; Canada;
Denmark ; Egypt;
France; Greece,
Ireland; Portugal;
Romania;, Spain;
Switzerland; UK; USA

Australia; Belgium;
Canada; France, India;
MNorway; Pakistan;
FPortugal, Sweden; UK;
UsA

Australia; Belgium;
Canada; France, India;
Narway; Pakistan;
Portugal;, Sweden; UK;
USA

Australia; Spain;
Canada; Mexico, USA

Australia; Belgium;
Canada; Georgia;
Sweden; UK, USA

Australia; Belgium;
Canada; Norway; UK;
UsA

Australia; Belgium

Pakistan; UK; USA
Pakistan

Australia; Egypt; Spain;
UsA

Multi-country reviews

Alimohammadi A et al (2] Remy et al (3], Baleomb A [5), Chronister B.J
et al. (6], Valencia JA et al. (7], Cuadrado A et al. (9), Inglis SK et al.
[10], Ford MM et al [11), Borojevic M et al [12], Peters L. [13],
Trooskin 8 et al. (18], El-Akel et al. (26), Morris et al [(31), Macbeth K
et al. [32), Shiha G et al (39), SypsaV et al [40], Fleming BS et al
(58], Mason K et al (62), Chronister E.J et al. (64), Linnet et al. [66),
Barror 8 et al. [66], Simoes D et al [G8]

Papahica T et al (1), Alimohammadi A et al (2], Bourgeois 8 et al. (4],
Liberal R et al. (8], Wiliams B et al (14), Olsson A et al. [(21), Bartlett
SR et al. (22), Chiong F et al. [23), Hashim A et al [28), Kattakuzhy
et al. [29), Norton et al. (30), Dhiman RE et al (36), Alam Z et al (37),
Overton et al. @ 1), Kraichette N et al (44), Greenan 5 et al. (45), Ryder
N et al [46), Mitchell § et al [50], Thompson H et al. [(51), Lamond 8
et al. [53), Midgard H et al [56], Berger SN et al (57), Sokol et al. (61),
Hashim A et al. [63], McDonald L et al. (70], Scherer ML et al (T1)

OLoan . J et al [16], Chiong F et al. (23), Hashim A et al. [28),
Kattalnehy et al. (29), Thompson H et al. (51), Perez Hernandez JL
et al. [52), Lamond 8 et al. (53], Naveed A et al. [55)%, Sokol et al [(61),
Maszon K et al. (62), Barror S et al. [66], Nouch 8 et al. [69)

Balcomb A (5], Cuadrado A et al (9], VrolingH et al. (20], Olsson A et al
[21), Cooper et al. [(24), Perez Hernandez JL et al. (52), Komaromy M
et al. [67)

Papahica T et al. (1], Williams B et al. (14], Vroling H et al. (20, Olzson
A et al [21), Kattakuszhy et al. (29), Schulkind J et al. (33), Doyle J
et al. [47), Bielen R et al (48], Stvilia K et al. (49), Mitchell 8 et al. (50),
Sinan F et al (54), Berger SN et al. (57), Hashim A et al. (63),
McDonald L et al [70)

Bourgeois S et al (4], OLoan J et al (16], Bartlett SR et al. (22), Chiong
F et al (23], Cooper et al. (24), Radley A et al (35), Overton et al (41),
Greenan S et al [45), Thompson H et al. [(51), Naveed A et al. (55]
Midgard H et al [56], Fleming BS et al [58)

Bourgeosis S et al. (4), Chronister K.J et al. (6], Treloar C et al [64)

Radley A et al. [35), Fleming B8 et al. (58], Koren D et al [59)

Capileno et al. [25)

Saludes V et al. (15), Grebely J et ol [17), Saludes V et al. 2 (34], Shiha
G et al. (38, Kugelmas M et al (42), Howell et el (43), Read P et al
(60], Teti E et al [67]

Pourmarzi et al. (19), Vroling H et ol [20) Wade et al. [27]

A multidisciplinary team was defined as including nonclinical key personnel on the team in addition to clinicians (i.e.

social worker, case manager, psychaologist, ete.)

"4 medical specialist was defined as any medical doctor that had speciality training such as; hepatologists,
gastroenterologists, infectious disease specialists, sexual health physicians, HCV clinicians).
Defined in manuscript as ‘doctors without speciality training’.

A4 © DN e ksaciaiba lor Be Poboin o Be el o lissy Medeine
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Awareness and
prevention, 4

Acoess to
medicines, 51

Fig. 1 Summary of artides included fn = 7 1) classified by
the stages in the casmde of cane.

The experience of Kirketom Road Clinic [77] in
Sydney sheds light on the benefits of delivering
DAA therapy in primary care (Table 1, Case 1).
Amongst 242 marginalized PWID who started DAA
therapy, overall 68% achieved SVR by week 12 and
only 2 documented vimlogical failures were
observed, per protocol SVR12 was therefore 99%,
with the mmainder not attending for an SVR12
test. Seventy-nine of these people received
enhanced support in the form of daily or weekly
administration of DAAs. Homelessness was asso-
dated with requiring enhanced support, but reas-
suringly this appmach ensured that virological
outcomes and adherence were high. Further
mesearch is warmnted on the impact of housing
services on long-term outcomes for PWID [T8, 79).

Multidisciplinary primary care fadliies in the
United States that provide tmining and support
to professional staff heve been found to provide
high-quality assessment and treatment of PWID
with HCV [80-82], but they ame not yet common
[83]. It is unclear if shifting from an MoC relying on
mfectious disease doctors working in primary care
settings to an integmated-care pathway led by
peneral practiioners or nurse practitioners can
be both effective and cost-effective. General prac-
titioners are still prohibited from prescribing DAAs
in most countres [3], or are limited to delegated
prescribing, but in countries where they may
prescribe freely, such as Australia, the proportion
of DAAs they prescribe is high [84].

Community health centres

These community-based facilities are not fully inte-
grated into the healtheare system. The term is used
here for centres whose primary focus is nof drug
addiction. There are several examples of commumnity
health centre MoCs from the interferon era [71]. In
2001-2005, the overall SVR for a Canadian treat-
ment cohort, most of them PWID, was 61%, which
was comparable to outcomes from contemporane-
ous randomized controlled trials [85].

In one systematic review of community-based HCV
treatment, most studies were undertaken at OST
facilities, but none assessed DAA delivery in the
community setting [71]. Studies in Tomonto [B6]
and Philadelphia [87] [Table 1, Cases 2 and 3)
provide evidence of the effectiveness of community-
based MoCs involving OST and DAAs, and a project
in Brighton shows promising preliminary results
[88]. A Melbourne trial is comparing a control
group treated with DAAs and followed at the
tertiary level with an intervention group treated
and followed at community health centres [89).

Addiction centres and harm reduction centres

Addiction centres include drug addiction treatment
centres, primary addiction care units and facilities
providing services to help PWID cope with medical
and psychological issues related to addiction.
Harmm reduction centres include OST faclities,
NEPs and supervised injecting centres; many
incorporate peer-based services with medical sup-

port.

A Danish project has provided important evidence
of DAA thempy being used in addiction centres
affiliated with hospital infectious disease depart-
ments. Preliminary results show that PWID can be
tested and treated outside of hospitals, using
specialists who prescribe DAAs without ever seeing
the patient in person (Table 1, Case 4) [90]. In an
East London study, 83 of the PWID attending an
outreach dinic, where a consultant hepatologist
and a nurse reviewed cient cases, expressed
interest in receiving antiviral therapy and 58 com-
pleted treatment. Compliance was > 50%; home-
lessness, active drug injection and pretreatment
antidepressant therapy wemn nof assodated with
noncompliance [91].

In an Austmlian multicentre initiative known as
ETHOS, 24% of 415 PWID were treated with

& ENE e lesocilin dor Dot Publcabon of B oursal of liemcdl Madicine 515
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intefferon-based regimes; of them, 62% were
receiving OST. Amongst the treated PWID, adher-
ence was 856% and S8VR 74% [92). Studies of OST
cohorts in Norway [93] and Ikreland [37] show
similafdy encouraging results. Such figures are
expected to improve even more as the use of DAAS
becomes universal.

Scant data are available from recent studies using
DAAs in OST settings [94], though an international
tral from 2016 concluded that drug use ought not
to be a barrier to DAA therapy in patients receiving
opicid agonist therapy [95]. Further, acceptahility
and feasibility of dosing DAAs through an OST
infrastructure has been demonstrated [96].

N&Ps too have been shown to be effective and cost-
effective in preventing both HIV [97] and HCV
transmission amongst PWID [98, 99]. They are
essential for optimizing linkage to care and testing,
especially amongst young PWID [100], and can also
serve as a venue for HCV treatment. A large
Australian study of PWID attending NSPs in
1999-2011 found that the proportion treated for
HCV increased over time, although overall num-
bers never exceeded 10% [101].

There is also evidence for the effectiveness of super-
vised injecting centres in preventing HCV and other
blood-borne infections and avoiding other serious
medical complications [102, 103]. Assessment for
liver disease has proven suitable in this setting [104,
105]. However, beyond a survey of hepatitis C
services offered at supervised injecting centres glob-
ally [106], we found no studies assessn g implemen-
tation of HCV treatment pathways thmough such
centres. Moreover, models involving these centres,
such as the Service model” used by the European
Monitoring Centre for Drugs and Drug Addiction,
marely address HCV [107]. Basic work is thus still
needed to conceptualize the role of supervised inject-
ing centres within the HCV cascade.

Prisons

PFWID, both former and current, form a lampe pro-
portion of the prison population [108]. A study
involving 3126 HCV-infected individuals incarcer-
ated in the United States showed that mtes of
linkage to care and treatment for adults were very
low, with just 18% being evaluated for initiation of
treatment whilst incarcerated, and a mere 10%
nitiating DAAs [109]. The high burden of HCV
infection in prisons, together with the presence of
HE S DN Thee ksacinlg lor Do Publcaton of B Joarnal of el Medcine
Journal of el Medichee, T 4, 28 3-25

other conditions such as HIV infection, HBV infec-
tion or drug use, creates a syndemic cluster that is
difficult to address. On the other hand, surveillance
and movement restrictions allow for straightforwand
implementation of diagnostic and therapeutic
strategies. For instance, a recent modelling study
concluded that incarceration contributes a 28% risk
of HCV transmission amongst PWID in Scotland,
but scaling up HCV treatment to 80% of chronically
infected PWID with sufficiently long sentences
(=16 weeks) upon entrance to prison was able to
reduce both the inddence and prevalence of HCV by
46% [110]. Offering prisoners HCV services upon
intake is quite rare, however. Another recent study
using a prevention benefit analysis concduded that
increasing HCV testing in United Kingdom prisonsis
marginally cost-effective compared to current vol-
untary rsk-based testing, but it could be highly
cost-effective if DAAs are broadly prescribed and
PWID treatment ratesincreased [11 1] Asimilar U5,
studydrew similarconclusions [ 112]. Other authors
have demonstrated that scaling up harm reduction
services is a prerequisite to effectively tackling HCV,
HIV and dmig epidemics in prisons [113]. Another
challengeis ensuring prisoners uninterrupted treat-
ment upon release. One study offered prisoners who
began DAA therapy whilst in prison but who were
meleased early with their remaining medication to
complete treatment in the community [114]. This
same study also offered short sentence dumtion
prisoners ineligible for treatmen t referrals to health-
care services for treatment in the community once
released.

A systematic review of the effectiveness of MoCs
for HCV in European prsons found that seven
studies utilizing second-peneration DAAs  in
France, Italy and Spain achieved SVR rates of
B5%98%, and one study that switched from
interferon therapy to DAA thempy increased SVR
mates from 62%—68% to 90%98% [115]. A Span-
ish study demonstmted that HCV elimination is
possible in a prison setting. Using a test-and-
treat stmtegy, the prison tested 99.5% of its
inmates, treated all who were infected and would
be incarcerated more than 30 days, established a
teleconsultation programme for those who were
released, and achieved SVR in 97% of the treated
prisoners (Table 1, Case 5) [116].

Pharmacies

Available evidence supports including pharmacies
as essential service venues in Mo Cs for treating HCV
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in PWID (Table 1, Case @) [36, 117]. Some pharma-
des dispense 08T and thus have daily contact with
people on OST, and some also offer needle and
syringe services. One study demonstrated the feasi-
bility of implementing DAAs through a commumnity
pharmacy for PWIDreceiving OST [36].

In addition, both rapid testing using dried
blood spots [118] and syringe distribution
[119] have been proven effective in community
pharmacies. These findings supggest that any
further development of MoC designs and poli-
cies to incorporate HCV services for PWID at
pharmacies should be based on the use of
standard community pharmacies rather than
hospital or specialist pharmacies, which can
pose barriers to PWID access.

Seaal health clinics

Sexual health clinics provide a good platform for

to the HCV cascade. Australism and
United Kingdom studies have demonstrated that
interferon-based treatment in sexual health oin-
ics, induding follow-up and regular assessments,
resulted in SVHs compamble to treatment at
specdalist odinies [120-122]. However, we were
unable to identify any studies assessing rapid
point-of-care testing followed by DAA therapy in
this setting. Other studies from Austmlia and the
United Kingdom linking confirmed HCV infections
in sexual health clinics to injecting drug use have
shown that HCV and HIV screening is feasible
there but probably insufficient [123, 124]. It has
not yet been determined whether HCV screening
m this setting should be chmician-led, as with
these studies (which showed an HCV inddence of
around 3%), or whether universal moutine HCV
testing should be implemented there instead.
Guidelines on who to test for hepatitis C in sexual
health services ame available, and often risk-factor
based [125]. In either case, in order to achieve
elimination in high-risk populations such as men
who have sex with men, primary prevention and
the prevention of reinfection will play a major role
[126-128].

What, who, and how

What senvices to prowide

It is well worth consulting the latest HCV guideli-
nes from WHO [129, 130], the Eumopean Assoda-
tion for the Study of the Liver (EASL) [34], the
American Assocation for the Study of Liver

Diseases (AASLD) [131, 132] and the International
Network on Hepatitis in Substance Users [133].
These guidelines all include concrete recommen-
dations for providing HCV services to marginalized
populations, and the WHO guidelines specifically
addmess the needs of low- and middle-income
countries. In addition, several systematic reviews
helpfully provide an overview of the evidence for
varous interventions for PWID in the DAA era [23,
24, 134, 135].

Simplicity, scalability and patient convenience
should be the bywords in developing an MoC.
They call for a test-and-treat model wherever
possible, to eliminate the gaps between testing
and treatment [136-143]. Strong refermal inks in
all directions between testing, treatment, harm
meduction and sodal services are of paramount
importance. In countries with high diagnosis
mtes, attention should be paid to mengaging
FWID who have been diagnosed in the past and
getting them into came. For a high-prevalence
population like PWID, rapid antigen or RNA
testing is appropriate, the latter providing results
within an hour [137, 144, 145], and it may be
sensible to omit genotyping if there is no major
price differential between pangenotypic DAAs and
penotype-specific ones. If transient elastography
is not readily available, it may male sense to
skip or postpone it too, or use alternative easily
available fibrosis assessment tools such as APRI
[146]. Table 4 summarnzes the findings from the
literature search organized by the stages in the
cascade of care.

DAA therapy is now the treatment of choice for
all patients, and everything should be done to
ensure its availahility [35, 147]. Acoess to harm
reduction services are critical, as discussed
above, to reach key, high-burden populations.
Finally, good patient follow-up and contact are
essential to help ensure adherence and maximize
cure rates. Appropriate peer support, as dis-
cussed in the next section, can be cudal in
mereasing service uptake and retention, particu-
larly in working with marginalized populations.

Whe fo provide the senvices

Thmughout the HCV cascade of care, multidisci-
plinary teams of healthcare and sodal service
professionals can help ensure the best possible
outcomes, which in turn will improve public
health. That is why the International Network on

& IN9 The lesacialion for B Pablicaion of B boarndl of lelemal Madicihe 517
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Hepatitis in Substance Users recommends treating
HCV in a multidisciplinary team setting [133].
Multidisciplinary  apprmaches  encompassing
biomedical, psychoeducational and social inter-
ventions have been shown to improve engapement
in care [148], treatment uptake [148-150], patient
adherence and retention [151-156], management
of HCV/HIV comnfection [157] and of HCV in
psychiatric patients [158], stigma reduction and
patient well-being [28, 87), and reduction in mor-
tality [141]. However, the creation of multidisci-
plinary teams or structures where existing
structures are functionng efectively 15 not a

requirement of a good MoC.

As mentioned above, in moving from MoCs
designed around interferon-based treatment to
MoCs desipned around DAdAs, HCV services
should be provided in a vadety of settings to
facilitate scale-up. With DAA  therapy, HCV
assessment and treatment no longer requine spe-
dalist training, so it makes sense to expand who
may assess HCV infection and prescribe treat-
ment beyond specialists in tertiary care centres.
With prmoper training, anyone can undertake
assessment and prescribe DAAs  competently,
either as a delegated prescriber or a nonmedical
prescriber — which again facilitates scale-up. Ewvi-
dence has shown pood results from the prescrib-
ing of DAAs by primary care providers, drug and
aleohol service providers, nurse practitioners,
nurses, moduding nurse prescribers, and phamma-
dsts [159-162]. Delegated prescribing may be a
good option where prescobing is limited by
statute. Table 4 presents the diversity of providers
featured in the 71 recent MoC studies reviewed for
this paper, including 18 studies highlighting the
benefits of multidisdplinary teams.

Particulady when using nonspecialist service pro-
viders, it is essential to invest in human resources,
hiring the best people for the job and providing
them with thorough and regular training. Cne
model that has proven useful in helping such
providers serve vulnerable and dispersed popula-
tions is the model promoted by Project ECHO
([Extension for Commumnity Healtheare Outeomes)
[163]. By engaging frontline service providers with
a continuous learning system and specialist men-
tors, it can dramatically increase the access of
PWID to HCV care and treatment [164, 165].

A peer provider can use shared experence, as
someone who has had chronic hepatitis C and for
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someone who has been part of a target population,
to connect with vulnemble people and help them
through the cascade of care. They can also use
their experience to help ensure that MoCs meflect
dient concerns. Limited data from both the inter-
feron era [166] and the DAA era highlight [167,
168] the potential benefit of including peer support
workers in MoCs.

Countries with very broad community access to
DAAs, such as Australia [169], have been success-
ful in mobilizing the peer workforce and traiming
them to provide services at different points i the
cascade of care, where they have been crucial in
building momentum towards HCV elimination.

How fo infegrate services

In the DAA e, asmentioned above, theideal form for
asuccessful MoC for PWID with HCV is either a one-
stop-shop approach, in which all relevant services
are integrated in locations where people are already
accessing other services, or a flexible appmach, in
which various sites and services are wellcoordina ted
and strongly linked. The challenge in implementing
the one-stop approachis to evolve towards compre-
hensive yet decentralized pomnts of care [170], for
instance through single-visit disgnoses [137]. Mul-
tidisd plinarity and integration go handinhand, yetit
is important to em phasize two necessary features of
the integration process in developing a robust MoC
for margmalized populations. First, integration
should take place within systemns whene these pop-
ulations already access services, particularly OST
and N&Ps in the case of PWID [171]. The aim should
be to bring services closer to the client, rather than
expecting the clien ttoseck them out. And secondly, it
requires training that is also multidisciplinary and
integrated, which will include task-shifting, so that
fewer kinds of professionals are providing more
services in the same settings, thereby necessitating
fewer visits to access them.

In their seminal review on MoCs for HCV, Brug-
gmann and Litwin contrast various integrated
MoCs with conventional secondary and tertiary
care models [17]. Where it is feasible and afford-
able, we advocate integration: delivering integra ted
care in nonspecialist settings that ane better suited
to the care of vulnerable individuals. In Scotland,
where managed care networks exemplify integrated
multisgency MoCs, they have been shown to
improve not only HCV outcomes, but also out-
comes related to drug use [141, 172, 173].
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Although not exhaustive, we have presented many
examples demonstrating that integrated MoCs are
effective in addressing the entire HCV cascade of
care (Fig 1), plus evidence that an inteprated
format might be particularly well suited to primary
care, community health centres, addiction and
harm reduction centres, prisons, sexual health
dinics, pharmacies and other settings. Such mod-
els of care can target both the typical young drug
user and the veteran of addiction treatment [174,
175], for mstance, thereby ncreasing overall elig-
bility for HCV treatment [176] whilst providing for
appropriate counselling, peer support [148] and
management of medical, mental health and socal
issues for both those on opioid substitution ther-
apy and those who are not [75, 88, 177, 178].

Conclusion

Around the wordd, models of care for HCV need to
be medesigned to reflect the recent availability of
DAAs if countries are to meet their commitments to
elimina ting HCV as a public health threat by 2030,
as set out by WHO. In some countries, this will
require major changes to established care path-
ways and systems. One immediate challenge for
policymakers and researchers is to develop cost-
effective, easly implemented mechamisms that
incorporate health information and reimbursement
systems, and interdisciplinary and multifaclity
communication. Healthcare providers, affected
populations and other key stakeholders should be
mvolved m such development to ensure that the
final mechanisms represent relevant perspectives
and are mutually beneficdal to all. Whilst further
mesearch on the feasibility of different MoCs in
specific settings is needed, much can be learned
from examining the innovative MoCs reviewed
here, which suggest that an effective model of care
for HCV mfection should be simple, targeted,
multidisdplinary, scalable, integmted, patient-
centred and affordable.
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that employ direct acting antiviral drug
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Abstract

Background: Direct Acting Antiviral (DAMs) drugs have a much lower burden of reatrment and manitoring
requiremenits than regimens containing interferon and ribavirin, and a much higher efficacy in treating hepatitis C
[HOW. Thiese characteristics mean that initiating treatment and obtaining a virclogical cure (Sustained Viral
response, SVR) om completion of treatment, in non-specialist envirenmenits should be feasible. We investigated the
English-language literature evaluating community and primary care-based pathways using DAAs to treat HOY
infection.

Methods: Databases (Cinahl; Embase; Medling; PsyelMNFC; PubMed) were searched for studies of treatment with
DAAs in non-specialist settings to achieve SWR. Relevant studies were identified including those containing a
comparison betwesn a community and spedalist services where asvailable. A narrative synthesis and linked meta-
analysis were performed an suitable studies with a strength of evidence assessment (GRADE).

Results: Seventeen studies fulfilled the indusion criteriz five from Australia; two from Canada; twao from UK and
eight from USA Seven studies demonstrated wse of DAAs in primary care environments; four studies evaluated
integrated systems linking specialists with primary care providers; three studies evaluated services in locations
providing care to people wha inject drugs; two studies evaluated delivery in pharmacies; and one evaluated
delivery through telemedicine. Sixteen studies recorded treatment uptake. Patient numbers varied from around &0
participants with pathway studies to several thousand in two large database studies. Most studies recruited less
than 500 patients. Five studies reported reduced 5VR rates from an intention-to-treat analysis perspective because
of loss to follow-up before the final confirmatory SWR test. GRADE assessments were made for uptake of HOY
treatment (medium); completion of HOV treatment {low) and achievernent of SWR at 12 weeks (medium).
Conclusion: Services sited in community settings are feasible and can deliver increased uptake of treatment. Such
dinics are able to demaonstrate similar 5VR rates to published studies and real-world clinics in secondary care.
Stramger study designs are needed to confirm the precision of effect size seen in current studies. Prospera:
CRO4201 7065873,
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Background

OF the 71 million persons infected with HCV, 5.6 million
(8%) currently inject drugs [1, 2|. The World Health
Organization (WHO) has defined global targets for HOV
dizgnosis and treatment, which represents a major step
towards the alm of global elimination by 2030 |3].

However, rates of uptake of HCV testing, linkage to care
and treatment remain low across many countries [4]. Bar-
riers to accessing funded Direct Acting Antivieal (DAA)
drug treatment may be due to provider concerns regard-
ing co-marbidities, adherence, and side effects manage-
ment [5]. Sockl factors affecting treatment access have
been categorised as social stigma, housing, eriminalisation,
health care providers’ attitudes and stigmatising practices,
and gender [6]. Individuals may prioritise other needs and
may be wary of the consequences of a diagnosis on their
circumstances; health systemns may present complex and
rigid arrangements that must be navigated in order to ac-
cess care [7]. The stigma assoclated with both injecting
drug use and HCV infection ks pervasive [B]. The concept
of the care cascade has focussed attention on the perform-
ance of different pathways and the attrition of patients
accessing testing, diagnosis, treatment and care [9].

It is common in many developed and developlng coun-
tries, for specialist clinicians to provide HCV treatment,
often from hospital cutpatient facilities [10]. Recently, pre-
scribing of DAAS has become common practice in many
countries [10]. Treatment of HOV with these medicines 1s
simple and well-tolerated [11]. The safety profile and high
efficacy of DAAS means that HOV treatment can be deliv-
ered by a range of non-specialist clinicians including
nurses, pharmacists and general practitioners, therefore
providing enhanced access to virological cure (SVE]) [12].
The ease of transferring care to community and primary
care environments i assisted by the use of treatment regi-
meens that do not contain dbavirin or interferon [13). Pro-
gress with implementing treatiment pathways provided by
non-specialists in community and primary care environ-
ments has been identified as one of the key steps in the
elimination of HCV [14]. The Warld Health Organiza-
tion’s Guidelines for the care and treatment of persons

Table 1 Elernents of the PICOS question defined for this review

Page Xof 13

diagnosed with chronie hepatitis C vires infection pro-
mote simplified service delivery models: integration with
other services; decentralised services supported by task-
:]u.ring,- and community engagement, with the intention
of reducing stigma and increase uptake of treatment [14].

This review was undertaken to identify rates of treat-
ment uptake, treatment completion and achievement of
sustained viral response for adulis infected with hepatitis
C using DA A-only treatment regimens in community and
primary care-based care pathways, evaluated by studies
using observational and experimental study designs. Stad-
les that compared community-based treatment care path-
ways with specialist care were actively sought.

Methods

This systematic review was undertaken and reported ac-
cording to the Preferred Reporting [tems for Systematic
Reviews and Meta-Analyses (PRISMA) statement [15].
The methods of analysis and defined Inclusion criteria
were specified in advance and decumented in a sbudy
protocel. The study was registered in FROSFERO
[CRDM2017069873). The PICOS elements defined for
this review are set gut in Table 1.

The rationale adopted in the design of the PICOS ele-
ments was intended to provide some answers to the
questions raised by the WHO Guidance and its recom-
mendations for simplified and decentralised treatment
delivery models, integrated with other services in com-
munity and primary-care environments [14]. Therefore a
population over 18 vears old was selected, as being less
likely te have gained their infection through vertical
transmission. Co-infected individuals with other blood
borne virus infections were also excluded as their care
was likely to be more complex, requiring spedialist ra-
ther than simplified care. Studies from prison popula-
tions were excluded since these individuals lved in
contalned communites. Studies that wtilised Interferon
and ribavirin-based treatment regimes as the primary
intervention were also excluded, since monitoring and
patient management requirements, made simplified and
decentralised care less likely. Sustained viral response at

Inchusion

Exclusion

Age = than 18 years
Co-irfection wath Hepatitis B winus

Co-irfectian wath HIV

Hepatitis C treatment in prisan populations
Treatrmert with ricavnn / imerfseon regimes
as the primary inbervention

Population Age 18 years and aover
Infiected with hepatites C
Intervention  Prowison of hepattis C seatment in amy primary care and community envionments
Trestment using amy direct acting antiviral theragy
Cave provwider could be any health care provider
Comparson  Cae inany haspital or secondary cane environment or no compansan group
Outcome  Treatment uptake, trestment comgletion and SVE oucomes
Study Obsersational studies, retrospective ar peospectve cohort studies, randomised triaks;

design corfererce absiracts; quaktative and mixed methods studies

Came shudies; systemabic peviews.
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12 weeks (SVEL2) was taken a5 a marker for virological
cure; fallure to achieve SVR may be attributed to both
treatment failure and loss to follow-up [16]. Studies were
restricted to the English language since study resources
precluded any translation activities. Published studies
were utilized including conference abstracts, in order to
capture results from early studies when the first DAAs
were introduced into practice.

Search strategy

Published research was identified by formal searches of
five electronic databases (Cinahl, Embase, Medline, Psy-
cINFO, PubMed) from January 2013 to December 2017,
as well as Google Scholar. The last search was run on 11
December 2017. Search topics included “hepatitis 7
“treatment” and “setting”. A comprehensive list of search
terms related to each of the search topics was used to
develop a search strategy for each electronic database.
Search strings were formulated by using a combination
of keywords and indexed subject headings (MeSH and
EMTREE terms). Primary care was defined using the
WHO accepted terminology that promotes Primary Care
as a key process in the health system: “it is first-contact,
accessible, continued, comprehensive and coordinated
care” [17] and community environments being the geo-
graphical locations where groups of people Live.

The full search strategy s set out in Additional file 1. Ref-
erence lists of selected articles, citing articles and relevant
review articles retrieved during the initial search were hand-
searched and forward citation checks were undertaken to
kentify any additional studies. Abstracts from the selected
schentific conferences were screened for review eligibility.

Study selection

Data retrieved through the study search strategy were
imported into EndNote X8 (Thomson Reuters, New York,
NY, USA) and any duplicates remowved. Titles obtained
from the initial search strategy were screened and irrelevant
citations were removed. Abstracts were then assessed wsing
the inclusion and exclusion criteria by two reviewers inde-
pendently (AR and LT) to establish a relevant pool of evi-
dence for further evaluation. Full-texts from all abstracts
identified for further evaluation and were double-screened
independently by the two reviewers to assess whether they
met the defined inclusion and exclusion criteria. In the
event of a disagreement, the senlor investigator (JFLY) deter-
mined final inclusion. The lead author contacted confer-
ence abstract authors (o attempt to obiain further study
results if available. Studies published from identified confer-
ence abstracts were screened for review.

Data collection process and data [tems collected
Drata from studies included for analysis were extracted by
the lead author (AR) using a standardised data extraction

Page 3 of 13

form {Microsoft Excel 2010 Redmond, WA, USA) A sec-
ond reviewer (ER) also independently assessed the ex-
tracted data, and disagreements were resolved by
discussion until consensus was reached. The following
variables were documented: first author, title, publication
vear, study design, study location, setting, intervention de-
scription, comparator description, sample size outcome
description and number of participants achieving SWVR12
[and percentage if applicable).

Risk of blas assessment In individual studles

The risk of bias in individual smdies was assessed by two re-
viewers [AR and ER)} using the Cochrane Collaboration’s risk
of bias tool for randomised stdies |18] and the “MNewcastle-
Oitawa Scale (NOS) for assessing the quality of nonrando-
mised studies in meta-analyses” [19). For randomised studies,
these putcomes were evaluated along the six domalne: selec-
reporting bias, and other bias. The domains deemed as Thigh
risk’ of blas for each study per outcome were determined.
(utcomes for the non-randomised sudies were evaluated
along seven domains: bias due to confounding: bias in selec-
ton of participants lnto study; blas in classification of inter-
ventions; bias dee to deviations from intended Interventions;
bias due to missing datx; bias in measurement of outcomes;
and bias in selection of the reported result. The overall risk
of bias for these studies was dassified into five categories:
low risk of bias moderate risk of bias; serious risk of bias;
critical risk of bias o o informeation

The MOS scale measures three ltems: selectlon of
cases and controls including thelr definition and repre-
sentativeness; comparability of cases and controls in de-
sign and analysis; and exposure ascertainment. The scale
has a minimum score of O and & masdmum score of 9.
Risk of bias was rated as high, medium or low according
to the scores obtained by reviewing the selection, com-
parator and exposure categories. Risk of bias was rated
lovw if studies scored 8 or % medium risk if studies were
scored as 6 or 7. Studies were rated as having a high risk
of bias If they were scored as having 5 or less or scored
zero for the comparator category [20].

We assessed the strength of evidence using GRADE
[21]. The scheme evaluates a required group of domains
(study limitations, directness, consistency, precision and
reporting bias) and enables grading of the strength of
evidence as High; Moderate; Low or Insufficient. Use of
this approach emabled us to summarise the outcomes
and findings and make dear judgements about the ef-
fects of the interventions.

Data analysis

The characteristics and findings of the studies included
were summarised and structured using tables. Studies
evaluating similar service environments in community
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and primary care-settings were grouped together to fa-
cilitate comparison.

Study designs, participants, interventions and reported
outcomes varted significantly, and a meta-analysis was
unable to be performed on all included studies. Studies
were excluded from the meta-analysis If the reviewers
considered them to be sufficiently flawed a0 as not to
contribute meaningfully to the body of evidence [21].

The characteristics and findings of included studies
amenable to meta-analysis were summarised using tables
and forest plots. Risk ratio (RR) and corresponding 95%
confidence Interval (95% Cl) was caleulated for each study
outcome, using the initial number of eligible participants
included and the number achieving the outcome of lnter-
est in each arm. Analyses were conducted using statistical
package Stata v14.0 {College Station, TX, USA).

Data synthesls
Deriving pooled estimates of ireatment wptake, reatment

completion and SKR
Treatment uptake, treatment completion and 5¥E and

thelr exact 95% confidence Intervals [Cls) were calcu-
lated assuming a binomial distribution. Peoled estimates
were derived using random- or fixed-effects methods,
according to whether significant heterogeneity (defined
as [*> 30%) was or was not present, respectively. Sensi-
tivity analysis was used to assess the impact of study
quality {restricting to studies with an NOS score = 6} on
the pooled estimate of SVE.

of conference abstracts on the pooled estimate of SVE. We
identified studies using similar environments from which to
deliver care and grouped them into categories. Factors iden-
tified as linking studies within categories were examined as
well as factors that differentiated studies from each other.

Results

Study selection

The searches yielded 9137 publications after removal of
duplicates (Fig. 1). This resulted in 121 articles retrieved
for full text inspection and 17 incuded for analysis. Ex-
planations for excluslon of studies at the full text stage
are provided in Fig. 1. These included: did not fulfil in-
clusion criteria; no treatment intervention; review or
opinion article; other (eg. insufficlent detall reported In
conference abstract).

Study characteristics

Studies evaluated care pathways in primary care [22-28];
in integrated health systems (Extension for Community
Healthcare Qutcomes, ECHO) [29-32]; in oploid treat-
ment centres [33-35); in pharmacies/pharmacist clinkes
[38, 37] and by telemedicine [38]. Characteristics and
findings of included studies are set out in Table 2. These
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studies originated from United States of America (8);
Australia (5); United Kingdom (2); and Canada (2). The
number of identified studies published & conference ab-
stracts reflected the length of time that PAAs have been
widely available outside specialist environments. Six
from seventeen studies were anly avallable as conference
abstracts. There were two randomised controlled trials,
four cohort studies, nine retm:pedlve data anal},rsﬁ and
two prospective non-experimental designs. All were con-
ducted on populations at high risk of HCV infection,
such as people who inject drugs and people on Oplold
Substitution Therapy (OST) programmes. Table 3 de-
scribes the outcomes from the meta-analysis of selected
studies and Table 4 defines the Strength of Evidence As-
sessment for identified studies answering the PRISMA
objective. Detalls of assessment of bias and design for
studies are located in Additional file 2 (non-rand omised)
and Additional file 3 (randomised)).

Prirmary care
Seven studies evaluated interventions to enhance treat-
ment uptake and achievement of SVR in primary care
environments [22-28]. One stdy was a randomised
contralled trial (RCT), two were cohort studles and four
were non-randomised stuedies. Four studies  wtilised
nurses in delivery of the care pathway. Three studies in-
cluded uptake of testing and assessment in their descrip-
thon of care and all the studies discussed uptake of
treatment and ascertainment of SVE. The RCT reported
a significant difference between those commencing
treatment in primary care arm than in the Standard of
Care arm (S0C) (75% Vs 34%, p < 0.001) and proportion
gaining an SVR12 was significantly higher in the primary
care arm than in the SOC arm (49% vs 34%, p = (0043).
Two studies reported a reduction in potential SVE
rates because of fallure of participants to complete the
confirmatory blood test at 12 weeks after completion of
DAA treatment. All studies reported increased access to
treatmeent in primary care environments and high rates
of SVE attalnment.

Integrated health systems (ECHO)

Four studies provided evaluations of care through in-
tegration of specialist centres with primary care deliv-
ery [29-32]. One study was a retrospective cohort
study and three were non-randomised studies. Three
of the four studies utilised the "ECHO™ care pathway
in which hepatitis specialists support primary care
providers through video-conferencing and collabor-
athon on specific cases, with a defined curebeulum and
active mentorship [39]. None of the studies discussed
uptake of testing amongst their treated cohorts. All
studies increased access to treatment and high rates
of attainment of SVE.
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Oplold treatment Centres

Three studies evaluated care provision in dedicated set-
ting where people with opiold addiction received harm
reduction and treatment services [33-35]. All three stud-
bes were pon-randomised analyses of treatment data and
asseased the uptake and completion of treatment by par-
ticipants using these services. No assessment of the ex-
tent of testing of these populations was discussed. All
studies reported high rates of treatment uptake and
treatment completion n diagnosed individuals. These
studies all described problems with retention of partici-
pants in the service post-treatment with consequent re-
ductions in uptake of confirmatory SVER testing.

Pharrmacies | pharmackst clinles
Two studies evaluated hepatitis C care provision by phar-
macists in community and primary care settings [36, 37].

One study was a feasibility RCT that compared the delivery
of a community pharmacy test and treatrnent pathway with
standard hospital-based care. Onpe study was a non-
randomised data analysis The RCT demonstrated an in-
crease in testing uptake, when the particdpant received all
care in a pharmacy environment and showed incressed re-
tention in care. Data from this study also demonstrates a
marked loss of patients from the care pathway when they
were askind to attend the bocal hospital. The non-randomised

study concluded that patients treated in pharmacist dinkcs
achieve high rates of SVR similar to non-pharmacist cdinics.

Telemedicine

A single cohort database study [28] compared treatment up-
take and SVE rates in participants cased for through a tele-
medicine pathway (#=157] with participants cared for
through a standard care pathway (= 1130). The study
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Table 3 Meta-analysis of studies exarmining treatment uptake, reatment comgletion and SWVA among pecple with Hepatitis C

treated in a vaniely of cormmiuinity Senings of specialist hospital cana

Inclusion Criteria~ Teeatment Uptake

Treatment Completion

R

No. Of  Hetemogensity Pooled estimate Mo Of  Heterogensity Pooled estimate Mo, (F Hetesogeneity  Poaled estimate
studies  (F) [ ] shudies [E5% CI studies (] Lt
Opicid Teeatrment 2 7% 15 EI-100p 3 it B2 3 (77 B-B6E)
Centres
Integrated Health 1 Mat 756 (GR0-8%7) 1 Mok G68 (0331000 2 B 55 B13 [66.5-55.5)
System ([ECHD) appiicable applicabie
Telemedicine 1 Mat 213 (158-2a0) 1 Mot 514 BaB-E80
appiicable appiicable
Primary Cape 1 Mat 674 (539-8049) 1 Mot 100 (9755-1000 5 ] 744 I603-885)
appiicable applicabie
Pharmacies / 1 Mat 667 (383-T51) 2 49 0% 790 [Fal-5E9
Pharmacist Clinics applicable
Specislist Care 2 % 3.5 (31.79-37249) 5 06 0% T340 BOS-859)
Abkwgd ), Conliderse inberaal; 5WF, Sumained virslogic response

& Ramcdoern-afiacts method wed B P > 30%

demonstrated Increased access to care form under-served
amd remote areas and conduded that the telemedicine inter-
vention achieved high rates of treatment initiation and SVE

[rata synthesls

The 12 studies eligible for meta-analysis examined treat-
ment uptake, completion and SVR in a variety of primary
care environments; Integrated systems (ECHO) that linked
:peﬁllst_ﬂ. with prh'iary care p.rmrhder:-. nplnl'd treatrment
centres; pharmacies [ pharmacist clinics; telemedicine and
specialist hospital care. The remaining five studies were
unsuitable for meta-analysis due to non-reporting of the
required outcomes, use of Pegylated interferon or insuffi-
clent time to achleve SVR. Across the 12 studies, the
pooled estimate s shown in Additional file 4 Table 53
Forest plots for sultable studies are set out in Figs. 2, Fig. 3
and Fig. 4. These plots demonstrate that across the variety
of community and primary care environments, a consist-
ent direction of effect to lmprove treatment uptake, treat-
ment completion and achievement of SVE is seen. Greater

uptake was seen for the Primary Care and Pharmacy Loca-
tions, compared to the Specialist Care Location and com-
parahle SVR rates were demonstrated (Table 2]

In this analysis. hetnl_-mgeneity was noted to be hhgh )
a sensitivity amalysis restricting te higher-quality studies
[WO¥S score = 6) was performed. Despite this the hetero-
geneity remained high. A further sensitivity analysis was
performed restricting the meta-analysis to published
studies only. See Additional file 3 in the appendix. This

had no impact on heterogeneity.

Discussion

This paper reviews evaluations of care pathways that
utilise DAAs In a range of community and primary care
settings. The WHO Guidelines on care and treatment of
persons diagnosed with chronke HCV infection promote
simplified service delivery models; integration with other
services; decentralised services supported by task-sharing;
amd community engagement to address stigma and Increase
reach | 14]. The studies considered in this systematic review

Table & Summary of key findings, oucomes and strength of evidence

Cutcome Study desugns’ Firdings and Direction of Effect GRAD Ef21]
Nou Studies
1. Uptake of HOY treatment RCT-2 Two RCTs assessed 25 having low risk of bias Medium
Cohort - 3 reparted & positiee sffect on uptake with precision
Dibsenational - 5 and a consistent positie direction of effect. One
cohort shudy assessed as having medium-geade
study kmitations also reparied a pasitive
effect on uptake.
1. Comgiletion of Treabment Cohort - 1 Ore cohort shudy with medium study limitabons Lirwy
Dsenational - 2 reparted & posithee direction of effisct on uptake.
3. Sustained Wiral Pesporss at 12 weeks [SEWH1 RCT -2 Two RCTs assessed as having low risk of bias Medum
{Cohort -4 reparted & positiee effect on SWA but were imprecse
Obsenational - 11 in the estimate of effect size. Four cohaort sbudies and

11 ohsenational studies with over 10,000 participants
all reported a consistent positive dieection of effect,
bbut with significant sbudy limitations.
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and meta-analysis therefore provide some evidence for the
extent of implementation of these guidelines.

The studies identified that met our inclusion criteria were
grouped sccording to location: primeary care; integrated
health care systems (ECHO); opioid treatment centres; in
pharmacies | pharmacist clinies; and throwgh telemedicine.
These care pathways acknowledged the need to provide
local services with reach into the comuminites where
people with hepatitis C live their lives.

In all three areas assessed in our study: uptake of treat-
ment; completion of treatment; and attainment of SVE, a
positive outcome was reported by all identified studies. This
was seen across each of the distinct environmeents fieom
which the care was provided. Since the positive outoomes
were drawn from distinetly different pathways of care, fue-
ther confidence might be inferred from this consistency of
direction of effect. However, amongst the studies that met
our inclusion n’tterla,ﬂmrewasalxknf:tu:isuﬂngcmn-
parators from specialist centres. Data contained in these
studies nevertheless demonstrated high uptake of treatment
and high rates of attainment of SVE: among populations of
vulnerable people who normally struggle to access care.
Studies that did include comparators showed no significant
differences in uptake or SVE. Several of the studies re-
ported an increxsed uptake of treatment, but most reported
equivalence. Some studies reported lower rates of attain-

ment of SVE, because of study participants falling to
undergo a confirmatory blood test post-treatment, within

the study tmelines. With DAAs SVR rates of greater than
UT% are delivered if patients adhere to treatrnent, therefore
completion of therapy can be a surrogate for SVR [16].

Previous systematic reviews have considered barrviers
and facilitators to care, as well as the views and experi-
ences of people who inject drugs [7, 40]. These studies
concluded that the target groups for HCV often had
poor levels of knowledge about the infection and of the
processes involved with testing and treatment. A fear of
stigma and discrimination and a reticence to discuss risk
behaviours tended to prevent engagement. These bar-
riers could be addressed through educating participants,
increasing awareness and redress of institutionalised
stigmia and integrating HOV treatment pathways into
other services where the target group were likely to go.

Increased uptake of testing has been observed when
testing is offered at the same time as other routine care
[4]; with integrated services for both oploid users and
with mental health services. There are advantages to tar-
geting services at populations with predicted high preva-
lence of HCW [41]. Provision of HCV treatment as part
of a directly observed treatment arrangement, increased
attainment of SVE [42]. Achievement of these factors
within local health systems needs to be commonplace if
the WHO target for elimination s to be met [43]. There
is some evidence that this is now happening [44].

The results from this systematic review highlight the
lack of well-controlled randomised controlled trials and
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comparative studies, with just two randomised con-
trolled trials kdentified and four cohort studies. While
the publication of such studies s an important step in
building confidence that decentralisation of hepatitis T
treatment can be accomplished, the paucity of evidence
reflects the difficulty in funding pathways to care studies
and the relatively recent removal of the restrictions on
the use of DAAs. Two further studies have been com-
menced identify that further evaluations of interferon-
free treatments in primary care environments are under-
way [45, 46].

As with mwst systematic reviews, the quality of the
studies and the heterogeneity of the study populations
included in the analysis present a limitation of this
study. The sensitivity analyses performed for our ana-
Iysis did not have an impact on heterogeneity, mean-
ing that an unexplained source of heterogeneity may
be present. These difficulties may reflect the variety
of ways in which patients can access HCV treatment.
This may be positive and may be explained by the
development of more patient centred pathways. These
factors prevented a meta-analysis belng achbeved for
many of the studies identified as eligible through the
PICOS guestion defined for this review. Many of the
studies that met the inclusion criteria were anly avail-
able as conference abstracts at the time of review, in-
cluding one of the randomised controlled trials.
Mevertheless, over 10,000 participants were [ncluded
in the identified studies. All studies had a consistent
direction of effect, providing optimism that future
evaluations will confirm with precision the effect size
that should be delivered by simplifying treatment
pathways and decentralising them to primary care. In
terms of further limdtations, we a:knuwledge limita-
tions in the chosen methods for the systematic re-
view, Including potential publication blas to  the
ﬁndi.ngs 'h:,' er.::ludhng nn.n-En.g]j.':h language studies; or
any other biases intreduced by our chosen inclusion
and excluslon criteria.

Conclusion

This systematic review and meta-analysis identified stud-
ies which demonstrate the feasibility of decentralising
care and providing local services with reach into com-
munities of people infected with HCV. Such pathways
miay Increase uptake of treatment and can provide sus-
tained wviral responses equivalent to those attained in
specialist centres. Further studies are needed to confirm
the promising start to the implementation of interferon-
free treatment regimens. The successful implementation
of such pathways to deliver successful patient outcomes
& a3 key requirement for a “treatment as prevention”
strategy as a pathway to elimination of HCW [47].
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APPENDIX 2/CHAPTER 3: FULL SEARCH STRATEGY FOR “A SYSTEMATIC

REVIEW AND META-ANALYSIS OF COMMUNITY AND PRIMARY-CARE-BASED

HEPATITIS C TESTING”

Sample search strategy for MEDLINE(R) Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to

Present

# Searches

1 exp Hepatitis C/

2 exp Hepatitis C, Chronic/

3 exp Hepatitis C Antibodies/bl
4 Hepacivirus/

5 Hepatitis C.mp.

6 hepatitic C.mp.

7 Direct Acting Antiviral.mp.

8 Direct-Acting Antiviral.mp.
9 Antiviral Agents/

10 ("hepatitis C" or HCV).mp.
11 9and 10

12 lor2or3ord4or5or6or7or8orll
13 treatment*.mp.

14 family.mp.

15 general.mp.

16 local.mp.

17 regional.mp.

18 walk-in.mp.
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43
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communit*.mp.
primary.mp.
outreach.mp.
maternal.mp.

GP.mp.

GPs.mp.
dentist$1.mp.
healthcentre$1.mp.
health centre$1.mp.
healthcenter$1.mp.
health center$1.mp.
healthcare.mp.

health care.mp.
pharmacy.mp.
pharmacies.mp.
pharmacist$1.mp.
Opiate Substitution Treatment/
methadone.mp.
buprenorphine.mp.
((opioid or opiate) adj1 (substitution or replacement)).mp.
Remote Consultation/
Telerehabilitation/
telemedicine.mp.
telehealth.mp.

teleconsultation$1.mp.
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44 accessibil*.mp.

45 marginal*.mp.

46 underserved.mp.

47 under-served.mp.

48 14 or150r 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or
280r290or300r31or32o0r33o0r34or350r36or37or38or39or40or4lor42or
43 or 44 or 45 or 46 or 47

49 12 and 13 and 48

50

.1/ 49 yr=2013-2018
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APPENDIX 2/CHAPTER 3: ASSESSMENT OF RISK OF BIAS FOR INCLUDED

STUDIES

Table 1: Assessment of risk of bias for included studies — Newcastle/Ottawa

Assessment non-randomised studies

Study Design Assessment of Bias Comments
Compara
Selection bility Outcome
Abdulameer | Retrospective data analysis of | 4 0 1 Conference
SVR 12 abstract
Beste Retrospective cohort study of | 4 2 3
treatment uptake and SVR12
Bloom Prospective cohort study of 4 2 3 Conference
treatment uptake and SVR 12 abstract
Buchanan Retrospective data analysis 3 1 1 Conference
abstract
Butner Retrospective data analysis 4 2 3
Cooper Retrospective cohort study of | 4 2 3
treatment uptake and SVR
David Retrospective data analysis of | 4 1 2 Conference
SVR12 Abstract
Francheville | Prospective observational 2 0 1
study design
Georgie Retrospective data analysis of | 4 2 2 Conference
SVR12 Abstract
Kattakuzhy | Non-randomised open label 3 0 3
study
McClLure Retrospective data analysis of | 4 0 2 Conference
SVR12 abstract
Miller Retrospective observational 3 0 3
study
Mortis Retrospective data analysis of | 3 0 1
treatment uptake and SVR 12
Norton Retrospective cohort study of | 3 1 3
SVR 12
Read Retrospective data analysis of | 3 0 3
SVR12
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APPENDIX 2/CHAPTER 3: COCHRANE ASSESSMENT OF RANDOMISED

STUDIES

Table 2: Cochrane Assessment of Randomised Studies

Radley | Pilot cluster RCT of treatment RIA|S |O|Bp |Bo |I
uptake and SVR 12 CILILILCIL L L

Wade | Randomised Controlled Trial of R|A|S |[O|Bp |Bo |l | Conference
treatment uptake and SVR 12 LiL L L lL L | | abstract
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APPENDIX 2/CHAPTER 3: META-ANALYSIS OF PUBLISHED STUDIES
EXAMINING SVR AMONG PEOPLE WITH HCV TREATED IN COMMUNITY

SETTINGS OR SPECIALIST HOSPITAL CARE

Table 3: Meta-analysis of published studies examining sustained virologic response

among people with Hepatitis C treated in a variety of community settings or specialist

hospital care.

Inclusion SVR
Criteria
No. Of Heterogeneity? | Pooled
studies (1% estimate
(95% ClI)
Places where 3 0.0% 82.3 (77.8-
PWIDs are 86.8)
Treated
Community 1 Not applicable | 88.2 (81.6 —
outreach 94.8)
Telemedicine |1 Not applicable | 51.4 (34.8-
68.0)
Primary care 3 81.3% 88.9 (81.6 —
96.3)
Pharmacy 1 Not applicable | 93.8 (88.5 —
99.1)
Specialist care | 2 97.8% 72.1(49.9 -
94.2)
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APPENDIX 3/CHAPTER 4: R+D APPROVAL FOR THE EVERYONES HCV

STUDY

12 March 2018

Professor John Dillon

Prafessor of Hepatology and Gastroenterology
Department of Digestive Diseases

Ninewells Hospital and Medical Schoaol
DUMDEE

Scotland

DD 98y

Dear Professor Dillon,

R&D MANAGEMENT APPROVAL — TAYSIDE

Title: Evaluation of multiple HCV diagnosis pathways for efficacy, cost effectiveness and cure, in
a regionally defined general population. The EVERYONES HCV Study.

Chief Investigator: Professor John Diillon

Principal Investigator/Local Collaborator: Professor John Dillon
Tayside Ref: 2016C00] NRS Refl: N/a

REC Refl: 15/WS/0035

Sponsor: University of Dundee and WNHS Tayside

Funder: Gilead

Many thanks for your application to carry out the above project here in MHS Tayside. 1am pleased to
confirm that the project documentation (as outlined below) has been reviewed, registered and
Management Approval has been granted for the study to proceed locally in Tayside.

Approval is granted on the following conditions:-

«  ALL Research must be carried out in compliance with the Research Governance Framework
for Health & Community Care, Health & Safety Regulations, data protection principles,
statutory legislation and in accordance with Good Clinical Practice (GCP).

+  All amendments to be notified to TASC R&D Office via the correct amendment pathway.
Either direct to the R&D Office or via the Lead Co-ordinating Centre depending on how the
study is set up (hitpYwww. hra.nhs.ukmhshsc-rd-uk-process-management-amendments/).

» Al local researchers must hold cither a Substantive Contract, Honorary Rescarch Contract,
Honorary Clinical Contract or Letter of Access with NHS Tayside where required
(http:/fwww.nihrac.uk/about-us'CCF/policy-and-standards/rescarch-passports. htm).

*  TASC R&D Office to be informed of change in Principal Investigator, Chief Investigator or any
additional research personnel locally.

Version 8.1 - 13/01/17 -1-
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e Matification to TASC R&D Office of any change in funding,

e As custodian of the information collated during this research project you are responsible for
ensuring the seeurity of all personal information collected in line with WHS Scotland IT Security
Policies, untll destruction of this data.

#  All eligible and adopted studies will be added to the Central Portfolioc Management System
(CPMS). Recruitment figures for eligible and adopted studies must be recorded onto the
Portfolio every month. This is the responsibility of the lead UK site. 1f vou are the lead, or only
LK site, we can provide help or advice with this, For information, contact Sarah Kennedy
(01382 383882 or sarah.kennedy17{@nhs.net) or TASCportfolictayside@@nhs.net,

«  Annual reports are required to be submitted 1o TASC R&D Office with the first report due 12
manths from date of issue of this management approval letter and at wearly intervals until
completion of the study.

«  Motification of carly termination within |5 days or End of Trial within 90 days followed by End
of Trial Report within 1 year to TASC R&D Office.

= You may be reguired to assist with and provide information in regard to audit and monitoring
of study.

Please note you are required to adhere to the conditions, if not, NHS management approval
may be withdrawn for the study.

Approved Docoments

Document - Version Date
IRAS Form
SSI form
REC MNotice of Valid Application Letter 00218
REC Favourable Opinion Letter with Conditions 120218
REC Favourable Opinion Letter with Conditions Met 090318
Sponsorship Letter 16/01/18
Tnsurance Certificate (University of Dundeg) 2900617
Signed Investigator Sponsored Research Agreement
Caldicott Guardian Approval Letter 09/03/18
Funding Award Letter 2000217
Protocol 1.0 16/01/18
CV Prof John Dillon
CV Dr Emma Robinson 2410017

May | take this opportunity to wish you every success with your project,
Flease do not hesitate to contact TASC R&D Office should you require further assistance.

Y ours sincerely

eobell (G

Elizabeth Conte
Head of Mon-Commergial Research Services

TAyside medical Science Cenire (TASC)

Version 8.1 - 13/01/17 -2-
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APPENDIX 3/CHAPTER 4: CALDICOTT APPROVAL = THE EVERYONESs

HCV sTuDY

Information Governance

Maryfield House South

Mains Loan

Dundee

DD4 76T

Tel. 01382 740074

Ext. 70249

www.nhstayside scot.nhs.uk
Dr Emma Robinson Date 9 March 2018
Clinical Research Fellow/ Your Ref
Gastroenterology ST6 Our Ref IGTCALATE2
Division of Clinical and Molecular Medicine  Enquiries to  MrJ. Donnelly
Level 5 Ninewells Hospital Extension 702459
Dundee Direct Line  N/A
DD1 38Y Email joseph.donnelly@nhs.net
Dear Dr Robinson

CALDICOTT APPROVAL — The EVERYONEs HCV Study
Proposal Sponsor: Professor John Dillon, Professor of Hepatology, NHS Tayside

Data User(s): Dr Emma Robinson, Clinical Research Fellow/Gastroenterology STE, NHS
Tayside

Caldicott approval is given for you to obtain anonymised data on the total number of Hepatitis
C antibody and RNA tests sent to the NHS Tayside Virology Laboratory, sorted into positive
and negative tests, and referral source. Approval is also given for you to access the Hepatitis
C treatment database to determine what percentage of patients per pathway went on to
receive treatment for Hepatitis C, and to create an anonymised database for analysis at the
University of Dundee, as described in your application and supporting information.

Thank you for your co-operation in providing us with the information requested by us in this
process.
Please contact me should any queries arise from the application of this approval.

Yours sincerely
_Joseph Donnelly

Joseph Donnelly
Data Protection Officer

Everyone has the best cave experlence possible
dlsuhhty Headguarters: Minewells Hospital & Medical School,
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WoSRES NH S

West of Scotland Research Ethics Service v
Greater Glasgow
and Clyde

Professor John Dillon West of Scotland REC 4
Level 5, Division of Clinical & Molecular Medicine Research Ethics
Ninewells Hospital Clinical Research and Development
University of Dundee West Glasgow Ambulatory Care Hospital
Dundee Dalnair Street
DD1 9sY Glasgow

G385)

(Formerly Yorkhill Childrens Hospital)

Date 9 March 2018

Directline 0141 232 1808

E-mail WoSREC4{@ggc.scot.nhs.uk
Dear Professor Dillon
Study title: Evaluation of multiple HCV diagnosis pathways for

efficacy, cost effectiveness and cure, in a regionally
defined general population. The EVERYONES HCV

study.
REC reference: 18/WS/0035
IRAS project ID: 242643

Thank you for your email of 9 March 2018. | can confirm the REC has received the documents

listed below and that these comply with the approval conditions detailed in our letter dated 22
February 2018.

Documents received
The documents received were as follows:

Document Version |Dafe
Other [Caldicoit Approval Letter] A 08 March 2018

Approved documents
The final list of approved documentation for the study is therefore as follows:

Document Version |Dafe

Evidence of Sponsor insurance or indemnity (non NHS Sponsors only) 29 June 2017
[Sponsor insurance or indemnity]

IRAS Application Form [IRAS_Form_08022018] 08 February 2018
Letter from funder [Letter from Gilead Re funding] 20 February 2017
Letier from sponsor [Sponsor letter] 16 January 2018
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Document Version |Dale

Other [Caldicott Approval Letter] MIA 09 March 2018
Research protocol or project proposal [Study protocol] 10 16 January 2018
Summary CV for Chief Investigator (CI) [Cl CV John Dillon]

Summary CV for student [Student CV Emma Rohbinson] 24 October 2017

You should ensure that the sponsor has a copy of the final documentation for the study. It is the
sponsor's responsibility to ensure that the documentation is made available to R&D offices at all

participating sites.

[ 18/WS/0035 Please quote this number on all correspondence |

Yours sincerely

iﬁ%\'&m

Rozanne Suarez
REC Manager

Copy to: Dr Emma Robinson, University of Dundee

Dr Feruza Nurfova
Liz Coote, Tayside Medical Science Centre
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2025 in England (APPG, 2018) and 2024 in Scotland (Health Protection
Seotland, 2019). This has encouraged governments to make meatments
more widely available, and subsequently, the number of patients re-
celving HCV treatment has increased worldwide (WHO, 20187 Whilst
there have been vast improvements in HCWV drug development, the
availahility of treatment alone & not enough to achieve WHO targets.
Enhanced disgnosiz and screening stmtegies are also  mequired
(Schrbeder e al, 2019}

In the developed wordd, those most at risk of HCV infection are
people who injects drugs (PWID, particularly individuak with unsafe
injerting  practices, such as sharing injecting equipment. In the LUK
143,000 people are living with chronic HCV (Public Health England,
20197 and it is estimated that 90% of them hawve a history of injecting
drug use (MICW, 2012). Yet, this number is conzsidered to be only the
“tip of the iceberg” as nearly half of people infected with HCV remain
undiagnosed (Dillon, Barlay, Fraser, & Hayes, 2018; Public Health
England, 2019). Therefore, to reach the 2030 goal, undemtanding how
to prioritize screening within high-risk populations to reach infected
undiagnosed individuals is crucial. In this regard, new models of care
hased on a complementary imvobrement of traditional and non-tradi-
tiomal zites of screening have been designed to increase patent en-
gagement in HCV testing and treatment. These non traditional sites of
areening include a varety of community settings and points of care.
Given the relative newness of these sites of screening there is a need to
understand their cost, cos-effectiveness and implications.

The aim of this sdy was to evaluate the cost-effectiveness of al
temative screening strategies for targeting and diagnosing PWID for
HCV infections using Tayside (Scotland, UK) as a case study. In recent
years, Scotland, and in particular Tayside, has piloted a variety of novel
areening strategies. Seotlands Hepatts C Action Plan (Goldberg
David., [nnes, & Dillon, 3019 Goldberg et al., 2008), outlined strategies
auch a3 moving HCV sereening coser to high-rigk individuals, including
PWIDs, in order to optimize diagnosis and engagement in care. This
analyss asessed three alternative screening strategies for HCV detec-
tion in PWID that have been piloted in MHS Taysde, Scotland, and
compares them to the current UK standard practice of detection during
a General Practitioner (GF) consultation.

Methods
Screendng srategies & maodel overview

The stmtegies we analysed were part of an extensve multpronged
model of care for HCV detection developed in Tayside, Scotland. The
key difference between the three novel strategies and the standard care
was the locationpoint of care where the screening ook place Nowvel
lorations were: a) substance mizuse services [SMS), b) neadle exchange
®rvices, ¢) community pharmacies providing opiate substinute thera-
ples and injecting equipment. Standard care was screening during GP
appointment (see Table 1 for stmtegies’ details). All the strategies were
designed to amplify the cascade of care for patients, moving the point
of care closer to high-risk individuals and streamlining the screening
process, relying on neadle exchange workers, nurses or phamaciss
mather than doctors. In Tayside, these three novel strategies have all
been implemented simultaneoudy and alongside the standard screening
srategy, comprizing a pilot of a single complex model of care The
haseline comparator was the current standard care practice in Scotland
to detect HCW, which was a sereening at a GP practice based on
symptoms or high-risk factors. Patents in every strategy differed by (1)
attrition acms the HCV cascade of care in the short-term (2) demo-
graphics, and (%) treatment uptake (see Tables 2 and 3 for detaik).
Testing comprises a HCV antibody test (either dried blood spot test or
venous blood test) and a confirmatory PCR test for antibody positive
individuals The PCH iz a venous blood test which iz more expensive
than the antibody test, but provides a confirmed diagnosis of active
infection. Different tests require a different amount of time to obtain
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Table 1
HCV Screening strategies.

Screening Srateges

General practitoner (GF During a rowtine GF appoi ntment, there is clindcal
suspicion fhat the padentmay have HCV and avenoms antibody et & requeced.
The hlood sample & smnt away for tesing and e patient called badke in a few
days with the resnls. If positive, 2 PCR test & also requested. i the resnlt i
positive, this is fed back with a further contct to the patient in a fow days by the
requesting healshoare worker and amward referral i made . HOV specialist
saviees.

Substance Misuse Servies: Chents who arebaing ascecsed to begin recalving Oplate
Suhetitme Thermies (OST) by the Tayside Sobstance Misuse Service (SME), or
who are already onan 05T, are offered a hepatitis C test A dried blood spot
{DBS) testis taken by an addiction worker af the SME. Positive antibody tests on
DES are then direcdy referred o a HEV spedalist morse an site faking rontine
blond tess and HOV PCH, ar warking doseby inaMNesdle exchangs cenme (5 min
walking dme) If g person & oom firmed to have HOV, the patients is oontacted
in few days o sant fhe treamment, sther indtiated by the commond ty phammaciss
dispensing O8T or the HCV spedalist murses in the omirech dinles.

Phamacies Cliens agending partcipating commun ity pharmacies to ool ke thedr
OET are op portnndsteally o fiared 2 HOV et if not previoushy tesed. Cliens with
peositive DES antibody tess recetve 2 subsaquent confirmarory HOV AMA and
genonpetesting, and ghar resnbs are de tvered ina few days f HOV dnfertion is
confirmed, clients are refamed © 2 HOV sorvice and then they indtiate eatment
via the community pharmacist or ane refered o the HOV spedal ist nurses for
review and treatment in @ HOV outmeach clinic. Pharmacies romning screenings
recedve faes per patients for ueing teos, admindsrative ootz and o manage ge
risk of ordering high eost medicatons.

Needle exchange centres: People astending the needle exchanges ane affered HEV
testing via DES by mained saff & fie needle axchange sevice. If positive,
patients are referred o 2 HEY norse who take rontine bloods tests, inchding
HECV ANA, on site. If the HCV RNA is positive the diens are then conmeed in
few days and invited to atend an oumeach o inde at the nesdle exchange canmre to
e staried on HCV eradicagion.

resulis, and consequently, this translated into different dynamics and
attrition within the cascade. The number of people atending services
differed across the strategies, as did the number of tests taken, positive
tests results and user-engagement beyond initial testing. Inputs {(pre-
valence, effectivensss, resource use estimates) for the model were de-
rived from observational data from the pilot studies and published lit-
emture and were then supported by the knowledge of dinical experts.
The mode] was pammeterised to the Scottish and UK context through
publizhed life @pectancy estimates, utility values, unit cost values and
dats on PWID-HCW prevalence in Seotland. Model dedgn was based on
clinical expert advice and previoudy published studies analysed in a
literature review of ecomomic evaluation of screening strategies for
HCV detection (see Supporting Information for detaik). The nesdle
exchange centre strategy data were obtained from the Cairn Centre
Harm Reduction Service in Dundes, which serves approximately 50% of
the people who inject drugs in Tayside (NHS Tayside audit data).
Pharmacy data were derived from 33 pharmacies dispensing opiate
substitute therapies and injecting eguipment which provide HCWV
screening acms NHE Tayside. The Dundee Integrated Substance Misuse
Service provided the data for SMS service. General Practices across NHS
Taysde provided data for the standard practice arm, however, data
from this strategy refemred to the general population and not to current
PWIDs only. Since there & evidence suggesting that there is a higher
propensty to sereen PWIDs for HCV by GPs (Datia, Horwood, Hickman,
& Sharp, 2014; McLeod et al, 2017), and ako a likely difference in
compliance in the cascade of care, a counterfactual strategy for current
PWiDs was built. The counterfaciual was hased on the average of all the
three observed PWID strategies and the available data for screening at
GPs for the general population, this estimate was then validated ar
adjusted based on dinicians’ opinions (Table 3). Asumptions regarding
the likelihood of 2 PWID going to a specific testing location were hased
on adviee from dinical experts directly invobeed in the PWID model of
care. The economic analyss initially compares each strategy against the
GP stmategy (standard care) (pairwise comparison). Strategies are also
analysed incrementally to provide the relatve cost-effectiveness and
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Table 2
Coharts' figures.
Obsarvaional dan Indhvidmals with lgi positive] HOV + detected Mo individmalk with HOV stige assescment Average age
G for general population * 75 60 a2
EME @ 54 24 =
Neadle Exchange Centres a1 L] 1043 35
Pharmacies ksl 22 a1 k)

! IgG positivity is intended as initial of the caseade of care, HOV + detedion is the end of the shortderm madel.
2 Figure referring to the geneml population, counterfactiml is the result of the sversgs of the other thres drategies with the general population.
7 The higher number of mported disese stage observatons is dus to mpeat moecaments during the 2011-17 period.

net monetary benefit of each strategy.

Maodal strucnme

We used a deterministic mode] of HCV treatment and screening to
compare the four different screening strategies in the Tayside area. The
masde]l comprised a short-term decision tree covering the first vear and a
Markov model extending it to a lifedme horizon Theshort-term diag-
nosis outeomes fed into the long-term analyss (see Fig. 1. The eco-
nomic analyss took the UK NHE perspective The decision tree illus
trates the HCV cascade of care: the propensity of going to a point of care
(screening strategy), type of test offered, result delivery, and if antibody
positive a confirmatory PCR test. The main differences across stmtegies
over the short-term wem: profesdonal/personnel delivering the
sereening and type of test (dried blood spot (DBEE) or venows sample),
timing in delivering the confirmatory test and patients' chamcteristics
(demographics and atriton across the HCV cascade of cam). The
outcome of the short-term analysis was the incremental cost per addi-
tional case detected.

A previously published Markov model (Youncossi e al, 2015) was
adapted and wsed to model the treatment and subsequent management
pathway which, after screening, followed the natural history of HCV
patients owver a lifetime horizon. In the model, individuals who had been
diagnosed with active HCV infection could be treated or could decline
treatment,/ not respond. If successfully treated, individuals entered into
the treatment arm achieving a sistained virologic response [(SVR),
where they had a much lower pmobability of progresive liver disease.
Patients who were HCV positive but were either untreated, or the
treatment failed, moved into the ‘no treatment’ arm (see Fig. 1) Pa
tients who remained undetected in the shon-term model also moved
imto the ‘no trestment’ am in the Markov model, where the natural
oourse of untreated HCV dizease progresses (Fig. 1). Patients in both
ams could enter the mode]l from mild (stage FO) to severe fibrosis
stages (stage F4) and could then potentially progress in the disease
moving then further into decompensated cirthosis (DCC); hepatocel
lular carcimoma (HOC); liver transplant (LT); post-liver transplant
(LT +1) and death. Outcomes for the lifetime analyzis are reported in
terms of the incremental cost-effectivensss ratio (ICER) and net
monetary benefit (NMB), based on a willingness to pay threshold of
E20,000 per quality-adjusted life year gained (QALY) (MICE 2012).

The different screening strategies determined the outcome of the
short-term model (proportion of people detected and treated out of the
total mumber of infected) and their average age at detection.
Epecifically, the observational data showed a dgnificant difference in
mean age of the people accesing the different screening stmategies and,
therefore, this was applied in the model (Table 1) Thus, all the stra-
tegies enterad in the mode] at the same age (32 years, the avemge age
of the population in the strategy with the earliest starting age) but
atarted the sereening according to their average age at detection. Dis
ease sage progreses annually with transiton probabilities in the
model. Hence, strategies with higher avemge age of screening had a
mare advanced disease stage at detection (see Supporting Information
for mome details). A sensitivity analysis using observational data for the
inidal liver disease severity stage at the tme of detection was

undertaken (see supporting information and sensitivity analyss see-
tion]. The length of each cycle inthe Markov model was one year. After
each cycle patents could remain in their state or change state in line
with the model tramsition probabilites As the long-term model is an
extrapolation of the short-term results, the data coming from smtegies’
observatons were limited to the aggregate demographics of the people
screened. The treatment uptake rate, transitdon probabilities across
Markov states, utility values for each state and mortality rates came
from published literature relevant to the UK HCV population.

Parameters

Data on the prevalence of current PWID used in the short-term
miodel came from published literature (Dillon, Barclay, Fraser, & Hayes,
2018; Hutchinzon, Bird, & Goldberg, 2005 Survellance report. hepa-
titis ¢ antibody podtive cases in seotland: resulis to 31 december 2017,
20171and experts' advice from dinicians involved in the Taysde model
of care (Tshle 5). The probahbility of being screened and offered the test
‘was also based on clinicians’ opinion. Data on prevalence were derived
from a combination of sources and adjusted to year 2017 according to
the Health Protection Scotland epidemiology figures of the HCV trend
rate over years (Surveillance report. hepatitis ¢ antibody positive cases
in scotland: results to 31 december 2017, 2017). This was validated by
the cliniclans imvolved in designing the strategies. The probability of
every node following the offer or acceptance of the firs test (IgG) was
driven by observational data from the pilot strategies in Tayside,
Seotland. The probability at every node was the proportion of people
continuing in the cascade of care. Evidence for the PWID population
screened at GPs was based on the average of the figures of the thmee
strategies regarding PWID, with the data coming from the NHS Tayside
general population and obtained from GP pmetices. Sensitvity and
specificity of preliminary antibody tests depends on the type of test (a
venous sample or DBS). The sample size of every smtegy derived from
ohservatonal data on the number of people tested and recorded in each
strategy betwesn 2015 and 2017,

Treaiment, mortality and health wnlines

HCV treatments applied in the model are the direct-acting antiviral
(DAA) regimens recommended by Healthcare Improvement Scotland
(Dillon, Barclay, Fraser, & Hayes, 2018). Owverall, in Tayside the pre-
valence of HCV genotype 3 amongst the infected patients is asumed to
be 7% and genotype 1 iz 30%, in sccordance with the local data.
Treatment varies based on genotype and on being treatment naive or
experenced (Dillon, Barclay, Fraser, & Hayes, 2018). Treatment regi-
mens were modelled as if all the patients were treatment nave, a worst-
case scenario where all patients were treatment experienced was con-
sidered in the sensitivity analysis. Background mortality in the Markov
maodel wasadjusted with the standardised mortality ratio for the PWID
population, im  accordance with their lower life expectancy
(Mathers ef al., 2013%). Parameters for HCV progression and health
utilities for each Markov state were taken from previous published
studies (using UK values) (Castelnuovo et al, 2006, McEwan, Kim, &
Yuan, 2013 Younossi et al, 2018 (Table 3).
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Table 3
Main input parmmeters.
Faramater Mean valne  Dismibotion Sonroe
Fopulsion characerisics
PWID prevalence 043 Hemo=5657 i=749) {Dillon, Harclay, Fraser, & Hayes, 2018 Hutchingon etal, 2005; Sorvedllan o report.
hepatiths ¢ antibod y positive cases in scofland: resulis to 31 december 207, 2011 7)
Canzade of care
PWID chance of going to GP 025 Norm{p=0250=0015) Assumgtion
Chanee of baing soeensd for all ghe a7 Morm{p=07 o= 0043) Aszumgtian
vemues excepl GF
PWID GP - Chance of being excted if 020 Morm{p=020=0013) Aszumgtian
posiiive
G -Venouws sample sanzigvity [iL:E} {Colin =t al | 2001)
gl «Venows sample specificity 099 (Calin et al, 2001y
RS aral fluid Ig6 sens ity a9z {Calin et al , 2001; Judd =t al , 2003)
Dz oral flud lgG specificdiy 099 (dudd et al, 2003)
GP Comerfactml. 16+ bot PCR- 0138 Beafo=12=75) HNHS Tayside
GF Comnierfactoal: freatment T Beafo=s8fi=7) NHE Tayside
BoepRance
G Comerfartml. POH aorepanee EE] Benfo=88f=11) NHS Tayside
SME- IgGi+ b POR- a14 Befo=12f=54) HNHS Tayside
SME. Telment Joreqtance 63 Benfn= 45 =28) NHS Tayside
EME- PCH acceqtance a7 Benafo =66 =25) NHE Tayside
Meedle Exchange. IgGi+ bot PCH- a2z Benfn=6fi=I7) NHS Tayside
Hendle Exchange freatment accepi@anee 076 Bemo= 103, fi=33) HNHS Tayside
Heedle Exchange. PCH acrepmnes iL:] Benfn=I7fi=3) NHS Tayside
Fhammacies. IgGi+ bt PCR- as49 Benfo=50=73) NHE Tayside
Fhammacies. meImnent dooeptance 095 Benfo=fi=1) NHS Tayside
Pharmacizs. PCH acoeptance whs Betmo= 24 =21) NHS Tayside
Tramsson )
Fm a117 Unifarm + 20% {Coffin, Scott, Galden, & Sullivan, 2012; Thein, ¥i, Dore, & Krahn, 2008)
Flm F2 05 Unifarm & 20% (Coffin et al | 2013 Thein = al | 2008)
ok a1 Unifarm + 10% {Coffin et al, 2013 Thein o al, 2008)
Fim Fa 0114 Unifarm & 20% (Coffin et al | 2013 Thein = al | 2008)
F3 o HCC a2 (Coffin et al, 301% McEwan ot al, 201%; Thein et al, 2008)
P4 m HOC w14 Betafo =193 fi=136.11) (McEwan et al , 201%; Younoesi ot al , 2018)
P4 m DE il Befo=14482 f=38017) {Mastin et al, 2012, X018)
I o HOC 014 Benfn=193 fi=13611) (Mamin eral | 3012, X014 Younoes e o, N018)
o LT LTS Bela =653 f=210.99) (Mastin et al, 2012)
Bom D 13 Beno=147.03f =95397) {Mastin et al, 2012)
HE o LT a1 {Mofarry et al , 3013 Martin et al , 3013
HEm D a4zr Benfn=117.1fi=15573) (MoGarry et al | 3013 Martin et al | 301 ¥, Younassi e al_, 2018)
LTtaD 0210 Hem{o=1624 f=123) (Mastin et al, 2012)
LT1ta D ns? Bemo=229 fi=378 88) {Mastin et al, 2012)
EVRF3 to SVR F2 0267 (Younossi = al., 2015)
SVHFS ta VA F3 il (Youmeoss e al | 2015)
SVH relative risk B4 o HOS* 024 (Morgan o al., 2013; Younassi et al, 2015)
SVR relative risk F3 i HOC* 024 {Morgan e al_, 2013)
SVH relative risk P4 o DC* [T (Morgan = al., 2013)
Treatment sneress, genatype 1 (FO-3)" a7 {Ahmed = 2l 20018)
Treatment success, genofype 1 (F4)* 095 (Atmed et al., 2018)
Treatment suocess, genatype 3 (FO-3)° 098 {Peester =t 2l , 2015)
Treatment success, genotype 3 (P4 093 (Paster et al, 2015)
Uinilisles
FikF1 a7y Betafo= 571 24 i =15565) (Mastin et al, 2012)
FoFd e Bemo=168 25f <8687 ) {Mastin et al, 2012)
4 ass5 Betafo= 571 24 =15565) (Mastin et al, 2012)
HE a4s Befo=121 75 =151.25) {Mastin et al, 2012)
i 045 Benfo=133 75 =15125) (Mamin eral | 2013)
LT a4s Bemfo=123 75 =151.25) {Mastin et al, 2012)
EVH FOF1 08z Bealo=6587 fi=14.4) (Mastin et al, 2012)
SVRF2E3 ara Bemo= 5806 fl=22 28) {Mastin et al, 2012)
SVHF4 sl Benfn= 5805 f=37_11) (Mamin eral | 2013)
Mz Shert v et cost (£ per pasies)
Diried blood spot test 1155 NHE Tayside{2018)
PCH =t 5025 NHE Tayside(2018)
IgG venons hlood sample 1250 NHE Tayside(2018)
Specialist nurse time 1525 {Curtis & Bums, 2017)
P commlntion tme 2800 (Curtis & Bums, 2017)
Codts (£ per year)
i 12,334 PRGammafy= 36 02 fi= 253 16) (Caselnoovo et al, 2006)
HI 10, 0 PPxGamma = 18.11, fi= 228 5) {Caselnuowa ot al, 2008)
T 3, i PRI ammae = 8975, fi= 304.5) {Caselnuowa =t al, 2008)
LT+1 1458 PrRixGammaje= 1522 f=9101)  (Caselnuove et al, 2008)
P4 meated penple moniioring expensss 284 NHS referenee anets for Minewsk proced ures
Tremimest costs per oyclke
Gen] cirrhatic 3, 500 HNF 2019 prices

{mmtinued on nect page)
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Table 3 (contmued)

Farameer Mean value  Disiri bution Souree

e <nom d rrhatic 34,500 BNF2M9 prces

Gand irrhanic 39,740 BNF,2019 prces

{5end -nom o rrhotic 25,9857 BNF2M9 prces

Zandardiced mornlity ratio for PWID 1468

[Mathers ot al, 20 3)

* Treatment succes mte and rebytive sk paameters do not have digtributions, and they were added with no uncertainty nto the PSA

EHOAT TERM MODEL

LSHG TERH HODEL

M TREATWENT

Sereening
i At e FLR ksl
-
Pacple L —
scresned
rop O vl gl ol
MO s | Passplsra:
b 2] <1

Fig. 1. Shart term decision tree & lifetime Markov Model. Markoy mode] structure taken fom (Younossi et al., 2008) and adaped to this study. Short tenn modet
Igh= preliminary test to detect HOV antibodies. Individuals can be IgG pasitive, but they can clear on their own the vins resulting PCR negative (thersfore not
infected). PCR = confirmatory test. Long term madel DEC = decompensated cirthosiz, D= death, Fl-4 = metavir score (liver fibrosis stage ) in ascending onder of
severity, HOC= hemtocellular carcinoma, IT= liver tamplant, LT+ 1= after ane year of liver tansplant, SVE =sustained vimlogic reponse.

Cists

Cost data were obtained directly from Minewells Hospital (Tayside)
and NHS Reference costs in accordance with Ninewells procedures.
Costs included in the model are those relevant from the UK NHS per-
spective. This comprised the cost of screening, equipment, testing,
treatment and monitoring (Table 3). Al costs were adjusted to 2017
prices and discounted anmually at 3.5% (NICE 201 Z). Patients detected
and treated at P, F1, F2 or F3 do not incur further costs. Following
treatment patients detected at F4 were assumed to be monitored an-
mually, in accordance with Ninewells Hospital (Tayside) procedures.
Scottish national guidelines (Dillon, Barclay, Fraser, & Hayes, 2018)
determined the treatment wsed in the model. Treatment cost was ob-
tained from the British National Formulary. In line with the original
mde] (Martin et al, 2012, individuals with undetected or detected but
not treated HCV, weme ssumed to have no treatment related costs in
the model until reaching decompensated cirrhosis. This is the stage
when liver dizease becomes severe and symptomatic and therefore,
patents are asumed to eceve care.

Sensltvity amalysis

A Probabilistic Sendtivity Analysis (PSA] was undertaken using
1000 iterations Monte Cado Simulation in which all key parameter
imputs to the model were randomly sampled from a predefined prob-
ahility distribution. The probability distributions mean values and
standard errors wsed for the PSA for the parameters are reported in
Table 3 One-way sendtivity analyses were ako performed on the

following parameters to evaluate further the impact of uncertainty in
asmimptions and other areas on resulis:

& (-1 ({F% dizcount applied to the list price of HCV drug treatments.

* Asumpton of 100% treatment uptake after diagnosis.

® 1({Fh increase in offering lgG test by GPs.

® 5(f% decrease in initial prevalence.

& Substitution of the mode] dizeases stage prevalence at detection with
the observable data.

® Same age (32 years) and same initial stage of disease across all the
strategies.

* Treatment regimens asuming all patients were treatment experi-
enced.

s The different likelihood of going to a specific screening site for
PWiDbased on the number of podtive PCR collected inm each
sereening setting from 2015 to 2017,

Scenarie analyss

The PWID population has a high sk of re-infection due to their
high risk lifestyle (needle and syringe sharing) (Falade-
Nwulia, Sulkowski Merkow, Latkin, & Mehta, 2018; Schulkind et al,
20197}, yet re-infecton rates are uncertain and vary based on a variety
of risk factors. To account for reinfection in the model, a8 scenario
analysis was undertaken whereby an additional transition probability
was introduced from the SVR states to the same non-treated state for all
the PWID stmtegies. In effect, this means that after incurring the cost of
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Table 4a

Shart- and long-term resuls pairwise comparisan (every strategy v cumment practice]
Shorttam
Smategy Expected Strategy cost £ Proportion of detected (% out of tal  Cost per positive Incremental cost £ Incremental Effect ICER

[positive) dewcted

GF PWID hal L2 (3.9 bty
EME 1508 010 {(23.4%) 14982 Ly H.5% 11z
Heedle Exchange 1mm 12 (28.9%) 152598 1349 pLE. o 124
Fharmacies o9 w9 (21.9%) 24218 1730 TER 2
Lomg wm
Smategy Comt £(95% Cred Iner) QALY (95% Cred Inter.) Incremental st Incremental QALY ICER NMBE(E)
P PWID 5143 {3327 TH1) 429 (7.93.8 88) = = = 160,737
EME B2 (552,10, 190) 042 (8.058.78) 285 13 22518 160414
Pharmacies 9321 {AN2, 11,3240) EEEREN TR ] 178 a1s 27,402 158,609
Mezdle Exchange 10,117 (753211,787) 470 (4.31,9.04) T4 an 12336 1614914
Renfaction scemono
GF PWID 5162 (3333, 7608) 229 (7.91,8.42) = = = 160,589
EME H156 (5758,10,371) 837 (8.008.74) 2995 [ile] 35Mm3 159,267
Fharmacies a5 (7104,11, 526) 840 (8.048.76) 304 a1 39,909 158,439
Meadle Exchange 100, 369 (TR29,12,140) 847 (A.07.8.83) 5207 a1g 2H000 158,102

ICER = Incremental Cost-Effectivenes Ratio, NME = Net Monetary Benefit, QALY = Quality Adjusted Life Years. NMEB calculated using a willingnes to my of
EX0, 00AQALY. NMB= [Efectiveness*{ Willingness to payCosis]. Due to munding, Figures thmoughout the table may not add up to the totak. Thers may be

diserepomeies betwesn the reported ICER, NME and those totals

treatment, some patients were then immediately re-infected and con-
tmue to progress in the model as if they had received no treatment. It
was assumed that once an individual was re-infected after treatment,
the individual did not ecelve further treatment in the fiture The re-
infection rate adopted for this scenario was based on the mos recent
data on HCV me-infection for PWID in Tayside (Hosd et al., 2018]). This
study mapped reinfection within the same needle exchange centre
analysed for the study. To account for a lower reinfection sk in older
individuals (Hessi et al, 2018) (and the consequent reduction in
sharing propensity], the transition probability of reinfection used was
asumed to decrease over time in accordance with the data (Hossi et 4.,
2018). The reinfection rate at 33 years was (.10 (avemge age of
sereening at needle exchange pathway), and at 40 years was (L06 (age
for PWID going to GP). The rate of re-infection decreased on an average
of 7.5% per year.

Hesults

Offering tests at needle exchange centres was asociated with a
1% (7. 45fold) increase in cases detected compared to the standard
care (Iable 4a). Whereas, for SMS and pharmacies the increase was
B.4% and 7 8%, mespectively. Whilst the needle exchange strategy cost
E13 per case detected more than screening at GP practices, the most
expengve sirategy was screening at phamacies at £17.30 and the
cheapest was SMS with £9.47. The highest and lowest stmategies in
temms of cost per HCW 4 detected are 8 symptomatic screening at GPs
(£335) and screening at SMS (£150), respectively. Screening at SMS
cost £112 per any additional pemon sceensd compared to GP.
Screening at needle exchange services had an ICER of £124 per addi-
tiomal HCW + detected against GP. Each strategy had a low ICER value
and could be considered cost-effective compared to the GP cumrent
practice in a pairwise compardson. Lsing an incremental approach
(Table 4b), screening at SMS was the most cost-effective strategy in the
short term.

The mesults in the long-term differ from the shom-term. Indeed,
looking at the cost per QALY ina life time horizon rather than at the
oost per case detected, needle exchange was the most oost-effective
altermative setting to a screening at GPs. This is because the proportion
of positively detected HCV cases incurred eosts, quality of life and life
expectancy implications over the patient lifetime. In the lifetime ana-
lyss only screening at needle exchange was cost-effective with an in-
cremental cost-effectiveness ratio value of £12 336 QALY generating
the greatest QALY gain (L4 QALYs) in the populaton due toa higher

number of people treated compared to its comparator. Based on the
imcremental analysis, both SMS and pharmacies were dominated by
needle exchange and GP.

Sensinivily & scemerio amnalyses

The resulis of the PSA suggest that sereening at needle exchange was
highly likely to be 8 cost-effective strategy. However, there was ocon-
sidemble uncertainty surmounding the cost-effectivenes of bath
sereening at pharmacies and SMS, repectively, depending on the
chosen willingness to pay (WTF) for QALY gains (Fig. Z) (CEAC in
Supporting Infiom ation).

Assuming all strategies began screening at the same age (32 years)
and, with the same disease severity, made both SMS and Phamacy
strategies cost-effective, bringing them below the £20,000/0ALY
threshold (Fig. 3b). Alternative assumptions regarding the probability
aof going to a different point of care based on the number of PCR+, as
well a5 having a 100% treatment uptake, had little impact on the cost-
effectivensss results. Usng the observed value for disease severity at
detection made all the strategies cost-effective at less than £5000,0QALY
compared to the sereening at GP (Fig. 3b). An increase in treatment
price, such s using a worst-case seenario where alindividuals were
treatment experienced and require costlier treatments, led to screening
at needle exchange being the only costeffertive strategy (Fig 3b)
However, if a 24% discount on the UK list price of treatments was
applied, there was the potential for all stmtegies to be conddered cost-
effective. (Fig. 3al.

When reinfection rates were introduced to the hase case model, all
strategies were not cost effective at a threshold of £20,000 per QALY.

Discussion

In this study we compared each of the three HCV screening strate-
gies both individually and incrementally against the curent practice.
To the best of our knowledge, this is the first time that data coming
from multiple current vanguard screening strategies have been com-
pared to shed light on how cumrent sereening policies are performing in
tackling HCY from a health economic perspective. We found that novel
strategies for targeting and sereening PWID populations are likely to be
cost-effertive compared to current standard care.

While screening at needle exchange resulted in the highest number
af cases being detected, the lowest cost per case detected was asoriated
with SMS5. Hence, screening at SMS was the most cost effective



233

¥ Manca, et al Internagonal Journal of Drag Poitcy 82 (2020) 102811
Table 4b
Short. and kongterm results incremental comparison.
Shorrtam
Smategy Expected Strategy Proportion of detected (% out  Cost per pasitive d. d l cost £ Incremental Effect  ICER
st £ of total pasitive)
GP PWID 561 0.02 (39%) 33507
Pharmacies 29 0.09 (21.9%) 24216 Strialy dominated by
SMS
SMS 1508 0.10 (23.4%) 14982 947 008 11838
Needle Exchange 1911 0.12 (289%) 24216 403 0.2 20105
Long tam
Smategy Cost £ (95% Cred QALY (95% Cred Inter.) Incremental cost Incremental QALY 1CER NME (£)
Inter.)
GP PWID 5143 (B2.7591) 829 (7.93 866) - - -
sMS 5042 (5692.10,190) 842 (805878) extended dominated by Nesdle
Exchange and GP PWID
Pharmacies 9321 (710411,526) 8.42 (A9 879) stricdy dominased by SMS
Needle Exchange 10,117 (753211,787) 870 (831,9.04) 4974 a4 12336 161814
Reinfecrion scenario
GP PWID 5162 (3333,7608) 829 (7.91 862) - - -
SMs 8156 (5758,10371) 837 (800 874) extended dominated by Needle
Exchmnge and GP
Pharmacies 9465 (7104,11,526) 840 (804.876) extended daminated by Needle
Exchange and GP
Needle Exchange 10369 (7629,12,140) 847 (807 882) 527 a19 28000 159,102
000
£30,000/QALY £:20,000/QALY
G000 %0 °
L)
@
O
5000
«
Deri ()
7]
=]
S 4000
E:
g
g 3000
1
2
—
2000 K @ Noodle Exchange
@ Pharmacics
1000 # Substance Misuse Services
) / Incremental QALY
0.2 0 0.2 0.4 0.6 0.8
Pairwise Probability of being cost effective at different willingness to pay thresholds
comparisoi £0 £10,000 20,000 £30,000 £40,000 £50,000
Needle exchange 0% 22% 8% 100% 100% 100%
GP 100% 88% 2% 0% 0% 0%
Pharmacies 0% 0% 5% 62% 88% 95%
GP 100% 100% 95% 38% 12% 5%
SMS 0% 0% 29% 83% 95% 99%
GP 100% 100% 61% 17% 5% 1%
Fig. 2. Incrementa] cost effectiveness plme with all the strategies against the current standard practice - Base case i Talle the prolubility of being

ot effective for every strategy against the current standard practice (GP) at different willingness to pay.
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Fig. 3. 3a Line chart illustrating ICER for scresning by the pemmentage of treatment listed price for beseline amd recinfection scenaro 3h. One-way sensitivity

amal ysis.

approach to detect current PWID postive patients, followed by
acreening at needle exchange services. Indeed, these stmategies, which
mly on mostly non-clinician pemonnel ae typically les costly.
Although in the long term the higher number of people screened and
detected incurred greater costs, screening current PWID at needle ex
change remained cost-effective. The difference in cost-effectvensss
across strategies between short and lifetime horizon was mainly due to
dizease stage, which was accounted for in the long term. This suggests
that screening at an older age, which & mome likely in strategies in-
volving SMS and pharmacies, detects disesse at more severe stages and,
therefore, with more advanced liver damage and lower quality of life
after treatment. Screening intensification at GPs for current PWID
would increase both the number of people detected, but also the owverall
oot of the strategy in the short-term. However, even if more people
were screened, the average older age of screening would increase the
cost of treatment more than the potential gain in QALY in the long term
(see long term senstivity analysis, Fig. 3h). Nevertheless age was not
the sole driver of the cost-effectiveness results in the lifetime model:
holding age constant across different strategies, standard sereening at
the GPs remained the least effective altemative due to the lower de-
tection rate coming from the short-term model (see sensitivity analysis).

In the reinfection scenario, only screening at needle exchange cen-
tres was below £30,000/0ALY. This may be the result of our data
coming from a small sample that reported higher reinfection rates than

previous publications (Aspinall et al, 201% Dimova et al, 2013)
Momeover, the minfection mode]l was dedgned to consider only treated
individuals who could be re-infected if sharing injecting eguipment
with those who are infected, reducing the cost-effectivensss in the
maodel. However, given the model's static framewaork, it did not consider
that augmenting the mumber of treated individuak in a population
would educe the poaol of potential HCV positive people spreading the
infection. A posible change in the propensity of sharing needles after
treatment was not taken into account either. In a dynamic scenario,
both these last two effects could potentially counterbalance the pre-
vious We suggest that the owtcome of our reinfection scenario should
be interpreted as an extremely conservative scenario. It is reasonable to
expect that with these policies the ovemll HCV prevalence within the
PWID population will decrease. Our results show that changes in pre-
valence would impact mainly short-term dynamics, but not affect long
term condusons (Fig 3bl

All the stmategies imvolved the same macro population and belonged
to the same model of care piloted and performed in Tayside. However,
it iz measonable to expect that different screening stes could identify
different subpopulations, which do not necessarily overdap. For in-
stance, the regular client of a pharmacy is likely to have a different
profile than the needle exchange frequenter (same reasoning for SMSL
Unfortunately, the lack of data, in particular regarding the PWID access
to differing points of care, means that we were unshle to track the
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different clients' profile. Thus, we analysed the PWID population as if it
was homogeneous acmss strategies. The result was that screening at
neadle exchange was the maost cost-effective option. Nevertheless, there
will likely be challenges for the implementation of screening through a
single strategy, such as capacity constraints at a single point of care,
individuals' preferences ar the availability of a specific test setting, and
hence complementary strategies should be considered. To allow for
mare comprehensive policy suggestions based on observational evi-
dence, govemments should invest in data collections across local PWID
community services (e.g. to map different client profiles to estimate the
weight of every strategy within the model of cam) to provide gmonger
evidence of every strategy's characteristics at local levels. Policymakers
should run central policies which include a mix of the most cos-ef-
fective approaches reflecting the availability of specific points of care
and the prevalence of wer pmfile in a specific area.

The sensitivity analyss of the treatment list price shows that the
main driver for the cost-effectivenes analysis is the treatment cost. In
Scotland and many other regions and countries there is a nationally
published list price for HCV medications, and from these there are
confidential negotiations that reduce the costs dependant on volume of
sles and other factors. From personal communications reductions in
costs are the norm and in the HEV field they are well in excess of 50%.
Themfore, analyses with discounted drug prices on the official listed
price by the UK British National Formulary (BNF 2019) should be a
maore realistic representation of the costs in clinical practice. In this
megard, a discount of 24% of the trestment listed price made all the
Arategies in each scenario cost-effective ata £20,000 WTP threshold.
Faor the me-infecton scenario, at discount equal to or greater than 48%
made all gmategies ct-effective Given the importance of treatment
price in our analyses, in countries where the actual HCV treatment price
iz 511l high for the health care providems, further negotiation with the
industry is crucial to reach sustainable cost-effectiveness strategies. In
contexts where this interaction between stakeholders already happens,
auch as in Scotland where meductions in list costs are the norm,
sereening strategies am likely to be cost-effective Hence, the focus of
policymakers should be more on stratagems to detect individuals at
early stage of disease, improving engagement within the cascade of care
and limiting reinfection.

This study sought to evaluate the cost-effectiveness of the curmrent
and potential new appmaches to tackle HCV detection. Our findings
confirm that altemative strategies to detect positive PWID can be highly
cost-effective. Specifically, approaches that detect at earlier stages of
infection (which is likely to mean younger individuals) and capture a
higher number of individuak are expected to be the mos cost-effective.
However, there wem also several limitations to our study.

Fimstly, the representativeness of the model of care is unclear as it
was based on a small sample of potential screening locations and on a
sample of the drug-user population in the Tayside area. Moreowver, this
was a retrospective study using for the firgt time a multitude of stra
tegies from a melatively small area. Even if these findings can provide
insights to policy makers, mesults may have a loeal perspective. For
national recommendations, prospective cohort studies need to be im-
plemented, which could overcome the potential bias affecting the se-
lection of our counterfactual. In this regand, given the need to reflect
megiona differences, central paolicies should be talored on evidence
from a local level.

Secondly, the lack of data on a few key parameters, such as the
proportion of people visiting the different screening sites, led to the use
of secondary data sources. Unfortunately, there is currently limited data
avalable on some community services. Therefore, our HCV test ac-
ceptance /offer rate was based on expert and clinical opinions of per-
somne] working within the services described in our study. However,
thizs was addressed by testing our asumptions in one-way sensitivity
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analyses and using wide uncertainty in the PSA

Thirdly, the reinfection scenario analyss did not take into account a
herd immunity factor. Indeed, in small areas, there could be a decrease
in incidence since treating people reduces the number of infected
people able to transmit the infection. Howewer, it should be noted that
wsually the reinfection rate is not modelled in screening models and,
when it ig, it can be very sensitive to authors' sssum ptions (Geue et al.,
2015). We decided to include the prospect of reinfection in a scenario
analysis in a static setting. As already mentioned, our reinfection model
should be interpreted as an extremely conservative scenario.

Lastly, the maode]l was static and, beyond reinfection, it did not allow
for a migration from the PWID status. However, the lack of data re-
garding this potential transition, the fact that these were retmospective
oohorts referring to heterogeneous samples, and the desire to provide a
smapshot of an ongoing policy in its first years of opemtion, led us to
build a static model in line with most of the recent literature on cost-
effectiveness of HCV treatment (Chhatwal, He, & Lopez-Olivo, 2016)
and screening (Geue et al, 201 5). Since the static nature of the analysis
does not allow direct assessment of the cost-effectiveness of the sira-
tegies over time, a plausible decrease in prevalence due to these policies
was considered in the sensitivity analysis.

This study presents a comprehensive analyss of a regional HCV
sereening strategy in the UK and provides insights that need to be ad-
dressed to ensume cost-effective decision-making ata national level For
instance, treatment cost has a crucial role in determining whether
srreening strategies targeting a PWID population are likely to be cost-
effective. Overall, the cost-effectiveness of a smtegy increases in the
short-term with the engagement in the cascade of care, and in the long
term with eafy diagnesis (associated with a point of care sereening at
younger ages) and treatment cost. In Taysde, screening at all the al-
ternative screening sites seems to respect these requirements. Our re-
sults found that screening at needle exchange was likely to be the most
coat-effective stmategy in the long-term. Indeed, with the application of
a plansible discount to the treatment price, the study demonsirates how
all the screening strategies could be considered highly cost-effective
when compared to the current standard care in the UK. Whilst these
resulis are specific to the Tayside region, the study highlights that there
iz a need for further investigation to understand how these strategies
would perform elsewhere. Governments wishing to achieve the 2030
HCV aimination target must shape central policies based on the ef-
fectiveness and cost-effectiveness of different screening strategies at a
sub-national level. They should, therefore, invest in further research to
enable extensive data collection across regions thus allowing for more
comprehensive, tailored and cost-effective decision-making.
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